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Welcome to the MOL2NET International Conference, 5–15 December 2015, Online

The full title of this conference is MOL2NET, the 1st International Conference on Multidisciplinary Sciences. MOL2NET (the
conference's running title) will be held from 5-15 December 2015 on the Sciforum platform. This running title is inspired by the
possibility of multidisciplinary collaborations in science between experimentalists and theoretical scientists; represented
disciplines will encompass the molecular and biomedical sciences, social networks analysis, and beyond. More specifically, this
conference aims to promote scientific synergies between groups of experimental molecular and bio-medical scientists. Relevant
fields include chemistry, pharmacology, cancer research, proteomics, the neurosciences, the nanosciences, and epidemiology.
Moreover, the conference welcomes computational and social sciences experts from different areas, such as computational
chemistry, bioinformatics, social networks analysis, big data predictive analytics, biostatistics, etc.

The conference per se is the result of the synergy between the Department of Organic Chemistry, University of Basque Country
(UPV/EHU), and IKERBASQUE, Basque Foundation for Sciences, with the Faculty of Informatics, University of Coruña
(UDC). Accepted papers will be published in the proceedings of the conference, and selected papers will be considered for
publication in the journal International Journal of Molecular Sciences (IJMS), ISSN 1422-0067, JCR Impact Factor 2014 IF = 2.86.
This is an open access publication journal of MDPI in the field of Molecular and Biomedical Sciences
(http://www.mdpi.com/journal/ijms). The link to the call for papers of this special issue is:
http://www.mdpi.com/journal/ijms/special_issues/QSAR_QSPR_Chemistry. In addition, promotional videos in different languages
and additional materials of related topics are expected to be released in the YouTube channel of MOL2NET http://bit.do/mol2net,
in MOL2NET's Twitter account @mol2net, and in the Facebook group of the conference
https://www.facebook.com/groups/chembioinfo.networks/, which has +8000 followers at this moment. We also invite all
colleagues to share the conference website through social media. Some of the main topics of interest are explained in the section
details.

Sincerely yours,

Conference Chairman 
Prof. Humberto González-Díaz 
Ikerbasque Senior Professor, humberto.gonzalezdiaz@ehu.eus 
 
(1) Department of Organic Chemistry II, University of Basque Country / Euskal Herriko Unibertsitatea (UPV/EHU), 48940, Leioa,
Sarriena w/n, Bizkaia. 
(2) Ikerbasque - Basque Foundation for Science, 48011, Bilbao, Bizkaia, web: http://www.ikerbasque.net/humberto.gonzalez 
 
Researchgate: http://www.researchgate.net/profile/Humbert_Gonzalez-Diaz

Prof. González-Díaz H. holds a position as Senior Ikerbasque Research Professor at the Department of Organic Chemistry II,
University of the Basque Country UPV/EHU, Bizkaia Campus. This position is a research chair endowed by Ikerbasque, Basque
Foundation for Science of the Basque Government / Eusko Jaurlaritza. Prof. González-Díaz H. obtained a PhD in Organic
Chemistry in 2005 from the University of Santiago de Compostela (USC), and was supervised by Profs. E. Uriarte and L. Santana.
He also received a Lic. degree in Pharmaceutical Sciences from the Central University of Las Villas (UCLV), where he was
supervised by Prof. E. Estrada. Prof. González-Díaz H. is a Senior Research Professor with a Hirsch Index H > 50 (Google Scholar),
>150 publications, >10 PhD theses supervised, >10 software developed, and 2 patents in nanoscience and neuroscience. He is
also the Europe Editor of the journal Curr Top Med Chem and guest editor of several special issues. He has served as a pro bono
consulting reviewer of research project proposals for various public agencies, including the US National Foundation for Science
(FSA), the UK Biotechnology and Biological Sciences Research Council (BBSRC), and the German Federal Ministry of Education &
Research (BMBF), etc.

Prof. González-Díaz H.'s research interests encompass multidisciplinary studies in chemoinformatics, networks, and data science.
Specific interests include, but are not limited to, the application of network sciences and data analysis tools to the study of
structure-property relationships in molecular structures, biological networks and complex systems in cheminformatics,
bioinformatics, systems biology, neurosciences, nanosciences, omics, ecology, and epidemiology.
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Conference Organizers

Conference Chairman
Prof. Humberto González-Díaz

 Ikerbasque Senior Professor, humberto.gonzalezdiaz@ehu.eus 
  

(1) Department of Organic Chemistry II, University of Basque Country / Euskal Herriko Unibertsitatea (UPV/EHU), 48940, Leioa,
Sarriena w/n, Bizkaia.

 (2) Ikerbasque - Basque Foundation for Science, 48011, Bilbao, Bizkaia, web: http://www.ikerbasque.net/humberto.gonzalez

Researchgate: http://www.researchgate.net/profile/Humbert_Gonzalez-Diaz

Advisory Committee
Presidents (Experimental Sciences) 

 Prof. Esther Lete, esther.lete@ehu.eus 
 Department of Organic Chemistry II,

 University of Basque Country (UPV/EHU), Leioa, Sarriena w/n, Bizkaia.
 Researchgate: https://www.researchgate.net/profile/Esther_Lete

  
Prof. Nuria Sotomayor, nuria.sotomayor@ehu.es

 Department of Organic Chemistry II,
 University of Basque Country (UPV/EHU), Leioa, Sarriena w/n, Bizkaia.

 Researchgate: https://www.researchgate.net/researcher/35044059_Nuria_Sotomayor
  

President (Theoretical Sciences) 
 Prof. Alejandro Pazos, Ph.D., D.M., alejandro.pazos@udc.es, 

 Chair and Director of Department of Computer Sciences, 
 University of Coruña (UDC), Coruña, Spain.

 Researchgate: https://www.researchgate.net/profile/Alejandro_Pazos
  

President (Law, Ethics, Biosciences)
 Prof CM Romeo Casabona, Full Professor of Law, carlosmaria.romeo@ehu.es

 University of Basque Country (UPV/EHU), Bilbao, Bizkaia.
 Director of Law & Human Genome Interuniversity Chair, 

 UPV/EHU-University of Deusto, Bilbao, Bizkaia.
 Chairweb: http://www.catedraderechoygenomahumano.es/

Members of Honor

Prof. Fernando Cossío, President of IKERBASQUE, Basque Foundation for Science, Prof. Department of Organic Chemistry I,
University of Basque Country (UPV/EHU), Donostia - San Sebastián Campus, Gipuzkoa.

Full Professor Esther Domínguez Pérez, Dean of Faculty of Science and Technology, Department of Organic Chemistry II,
University of Basque Country (UPV/EHU), Leioa, Sarriena w/n, Bizkaia.

Prof. Claudio Palomo Nicolau, Department of Organic Chemistry I, University of Basque Country (UPV/EHU), Donostia - San
Sebastián Campus, Gipuzkoa.

  
Prof. Allen B. Reitz, Ph.D., CEO Fox Chase Chemical Diversity Center, Inc., Doylestown, PA, USA. Editor-in-Chief of the journal
Current Topics in Medicinal Chemistry, Adjunct Professor at Drexel University College of Medicine, Moore Fellow in the
Management of Technology University of Pennsylvania (Wharton, Penn Engineering), Founder CEO of ALS Biopharma, LLC.

Prof. James J. Chou, Department Biological Chemistry & Molecular Pharmacology (BCMP), Harvard Medical School, Boston, MA
02115, USA.

Prof. Dr. Peter Langer, Full Professor (C4) of Organic Chemistry, Vice Director Institute of Chemistry, University of Rostock, Head of
the Department of Organic Chemistry. Universität Rostock Institut für Chemie Abteilung für Organische Chemie Albert-Einstein-
Straße 3a 18059 Rostock.

Prof. Danail Bonchev, Director of Research on Bioinformatics, Center for the Study of Biological Complexity. Professor, Department
of Mathematics and Applied Mathematics, Virginia Commonwealth University (VCU), USA. 

  
Prof. Ernesto Estrada, Department of Mathematics and Statistics, Department of Physics, Chair in Complexity Sciences, Institute of
Complexity Systems, University of Strathclyde Glasgow, G1 1XQ, UK. Editor-in-Chief of Journal of Complex Networks, Oxford
Academic Press.
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Prof. Jose María Pitarke, Full Professor of Condesed Matter Physics, UPV/EHU, Director of Nanomaterials Cooperative Research
Center (CICNanoGune), Tolosa Hiribidea, 76, E-20018 Donostia – San Sebastian, Gipuzkoa.

  
Porf. Jesús Jimenez Barbero, Ikerbasque Professor, Scientific Director of Center for Cooperative Research in Biosciences
(CICBiogune), Bizkaia.

  
Prof. Luis M Liz-Marzán, Ikerbasque Senior Professor, Scientific Director of Center for Cooperative Research in Biomaterials
(CICbiomaGUNE), Gipuzkoa. 

  
Prof. Victor M. Preciado, Raj and Neera Singh Term Assistant Professor Electrical and Systems Engineering (ESE), Penn
Engineering, University of Pennsilvania, USA.

  
Prof. Roberto I Vazquez Padron, Ph.D, D.M., Research Associate Professor of Surgery, Molecular and Cellular Pharmacology, Miller
School of Medicine, University of Miami, USA.

  
Prof. Mariano Provencio, Ph.D., D.M., Head of Medical Oncology Service, Universitary Hospital Puerta de Hierro (HUPH),
Autonomous University of Madrid (UAM), Madrid, Spain.

  
Dr. A Rodríguez-Antigüedad Zarrans, Head of Medical Service of Neurology Hospital of Basurto, Bilbao, President Spain Society of
Neurology (SEN). Prof. Department of Neuroscience, Faculty of Medicine UPV/EHU, Leioa, Sarriena w/n, Bizkaia. 

  
Prof. Daniel Graham, Professor of Chemistry, Loyola University of Chicago, USA.

  
Prof. Roberto Todeschini, Head of Milano Chemometrics and QSAR Research Group. Professor of Chemometrics, Department of
Environmental Sciences of the University of Milano-Bicocca, Milano, Italy.

  
Prof. Francesc Illas Riera, Director of Institute of Theoretical and Computational Chemistry (IQTCUB), Physical Chemistry
Department, Faculty of Chemistry, University of Barcelona.

  
Prof. Kuo Chen Chou, Computational Biology, Gordon Life Science Institute, Belmont, MA 02478, USA, Center of Excellence in
Genomic Medicine Research (CEGMR), King Abdulaziz University, Jeddah 21589, Saudi Arabia.

Prof. Bairong Shen, Director of Center of Complex Systems, University of Soochow (SUDA), PRC, China. China Coordinator of
SUDA-UVP/EHU Collaboration Agreement.

Prof. María Isabel Loza, Department of Pharmacology, USC, Pharmatools Digital Interactive Services, Allelyus, USEF Drug
Screening Platform, President R+D Network for Medicines in Galicia, Santiago de Compostela, Spain.

Prof. Javier Luque Garriga, Department of Physical Chemistry, Faculty of Pharmacy and Institut of Biomedicine (IBUB), Universitat
de Barcelona.

  
Prof. Jorge Galvez, Department of Physical Chemistry, Faculty of Pharmacy, Universitat de Valencia, Spain.

  
Prof. Subhash Chandra Basak, Ph.D. Senior Scientist and Adjunct Professor, Department of Chemistry & Biochemistry, University of
Minnesota Duluth, Duluth, MN, USA. 

Full. Prof. Yiyu Cheng, Director of Pharmaceutical Informatics Institute, Zhejiang University (ZJU), China.

Full. Prof. Miguel Ángel Gutiérrez Ortiz, Department of Chemical Engineering, University of Basque Country (UPV/EHU), Leioa,
Sarriena w/n, Bizkaia.

Prof. Pilar Goya, Institute of Medicinal Chemistry (IQM), CSIC, Juan de la Cierva st., Madrid.
  

Prof. Florencio M. Ubeira, M.D., Ph.D. Department of Microbiology and Parasitology, University of Santiago de Compostela (USC),
Santiago, Spain.

  
Prof. Ramon García Domenech, Department of Physicalchemistry, Faculty of Pharmacy, Universitat de Valencia, Spain.

  
Prof. Luis Manuel Leon Isidro, Department of Physical Chemistry, University of Basque Country (UPV/EHU), Leioa, Sarriena w/n,
Bizkaia.

  
Prof. Néstor Etxebarria Loizate, Director Department of Analytical Chemistry, University of Basque Country (UPV/EHU), Leioa,
Sarriena w/n, Bizkaia.

  
Prof. Julio Seijas Vasquez, Department of Organic Chemistry, University of Santiago de Compostela (USC), Campus Lugo, Lugo,
Spain. Chairman of Electronic Conference on Synthetic Organic Chemistry (ECSOC), SciForum, MDPI Switzerland.

  
Prof. Yagamare Fall, Department of Organic Chemistry, University of Vigo (UVIGO), Vigo, Spain. Africa Editor of Current Topics
Medicinal Chemistry.
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Neurosciences, University of the Basque Country (UPV/EHU), Head of Psychiatry Research of Osakidetza (Basque Public Health
System), Head of Medical Psychiatry Service, University Hospital Santiago Apostol de Vitoria-Gasteiz, Vitoria.

  
Assoc. Prof. Jose Ramon Rey Caeiro, M.D., Head of Traumatology and Orthopedic Surgery, University Hospital of Santiago de
Compostela (USC). SERGAS, Xunta de Galicia, University of Santiago de Compostela (USC).

  
M.D. Javier Castro Alvariño, Head of Department of Gastroenterology, Ferrol University Hospital Complex, SERGAS, Xunta de
Galicia.

Scientific Committee
President (Experimental Sciences) 

 Assoc. Prof. Sonia Arrasate Gil, sonia.arrasate@ehu.eus
 Department of Organic Chemistry II, 

 University of Basque Country (UPV/EHU), Leioa, Sarriena w/n, Bizkaia.
 Researchgate: https://www.researchgate.net/profile/Sonia_Arrasate

  
Presidents (Theoretical Sciences) 

 Prof. Juan Ruso, juanm.ruso@usc.es
 Faculty of Physics, University of Santiago de Compostela (USC), Spain.

 Researchgate: https://www.researchgate.net/profile/Juan_Ruso
  

Prof. Natalia Cordeiro, Associate Professor with Habilitation, ncordeir@fc.up.pt
 Theoretical Chemistry Network REQUIMTE / Department of Chemistry and Biochemistry, University of Porto, Portugal. 

 Researchgate: https://www.researchgate.net/profile/Natalia_Cordeiro2

Members

Assoc. Prof. Jose Luis Vicario, Department of Organic Chemistry II, University of Basque Country (UPV/EHU), Leioa, Sarriena w/n,
Bizkaia. 

  
Assoc. Prof. Maria Luisa Carrillo Fernández, Department of Organic Chemistry II, University of Basque Country (UPV/EHU), Leioa,
Sarriena w/n, Bizkaia.

  
Assoc. Prof. Kazuhiro Takemoto, Department of Bioscience and Bioinformatics, Kyushu Institute of Technology, Iizuka, Fukuoka
820-8502, Japan.

  
Assistant Prof. William H Bisson, Ph.D. (Sr Res) Department of Environmental and Molecular Toxicology (EMT), College of
Agriculture & Life Sciences Building, Oregon State University (OSU), Corvallis, OR, USA.

  
Assist. Prof. Efraim Reyes Martín, Department of Organic Chemistry II, University of Basque Country (UPV/EHU), Leioa, Sarriena
w/n, Bizkaia. 

  
Assoc. Prof. Inmaculada Arostegui, Department of Applied Mathmatics and Statistics, University of Basque Country (UPV/EHU),
Leioa, Sarriena w/n, Bizkaia.

  
Assoc. Prof. David Quesada, PhD, Assoc. Prof. of Physics, School of Science, Technology, and Engineering Management, Saint
Thomas University, Miami, USA. 

  
Assoc. Prof. Aresatz Usobiaga, Academic Sec.of Department of Analytical Chemistry, University of Basque Country (UPV/EHU),
Leioa, Sarriena w/n, Bizkaia.

  
Assoc. Prof. Kunal Roy, Ph.D., Department of Pharmaceutical Technology, Jadavpur University, Kolkata, India. Associate Editor
Molecular Diversity, Springer. Research Fellow at Manchester Institute of Biotechnology, University of Machester (MIB), Manchester,
United Kingdom. 

  
Assoc. Prof. Angeles Sánchez-Glez Guerra, Department of Inorganic Chemistry, University of Santiago de Compostela (USC),
Santiago, Spain.

  
Assoc. Prof. Jose M. Amigo, Prof. Department of Food Science, Quality & Technology. University of Copenhagen. Denmark.

  
Prof. Alessandro Giuliani, Instituto Superiore da Sanita (ISS), Rome, Italy.

  
Assoc. Prof. Xerardo García Mera, Department of Organic Chemistry, University of Santiago de Compostela (USC), Santiago,
Spain.

  
Assoc. Prof. Maite Insausti, Department of Inorganic Chemistry, University of Basque Country (UPV/EHU), Leioa, Sarriena w/n,
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Bizkaia.
  

Assoc. Prof. Julio Caballero, Center of Bioinformatics and Moleclar Simulation, Director of Department of Applied Sciences,
University of Talca, Chile.

  
Ph.D. Sonsoles Martin-Santamaría, Staff Scientist, CIB-CSIC, Mardid, Spain.

  
Assoc. Prof. Jose Luis Vilas, Department of Physical Chemistry, University of Basque Country (UPV/EHU), Leioa, Sarriena w/n,
Bizkaia.

  
Assoc. Prof. Cristian Robert Munteanu, FIC, University of Coruña (UDC), Spain.

  
Assoc. Prof. Izaskun Gil de Muro, Academic Sec. Department of Inorganic Chemistry, University of Basque Country (UPV/EHU),
Leioa, Sarriena w/n, Bizkaia.

  
Ph.D. Jose Manuel Laza Terroba, Researcher Department of Physical Chemistry, University of Basque Country (UPV/EHU), Leioa,
Sarriena w/n, Bizkaia.

  
Ph.D. Andrey Toropov, Senior Researcher at Mario Negri Institute for Pharmacological Research, Milan, Italy.

  
Ph.D. Ailette Prieto Sobrino, Department of Analytical Chemistry, University of Basque Country (UPV/EHU), Leioa, Sarriena w/n,
Bizkaia.

  
Ph.D. M.D. Marta Arrasate, Dr. Psychiatry Osakidetza, Adjunct Prof. Department of Neuroscience, University of Basque Country
(UPV/EHU), Leioa, Sarriena w/n, Bizkaia.

  
Ph.D. Jose Manuel Laza Terroba, Researcher Department of Physical Chemistry, University of Basque Country (UPV/EHU), Leioa,
Sarriena w/n, Bizkaia.

  
Ph.D. Ricardo Grau-Crespo, Lecturer Department of Chemistry, University of Reading, Reading, United Kingdom.

  
Ph.D. Robersy Sánchez, Computational Biology Research Assistant Professor, Department of Agronomy & Horticulture, University
of Nebraska–Lincoln, Lincoln, NE, USA.

  
Assoc. Prof. Marcus Tullius Scotti, Departamento de Engenharia e Meio Ambiente Centro de Ciências Aplicadas e Educação
Universidade Federal da Paraíba, Campus IV, Paraíba, Brasil.

  
Prof. Carolina Horta Andrade, Head of LabMol Group, Faculdade de Farmacia, Universidade Federal de Goias, Setor Leste
Universitario, Goiania, Brazil.

  
Ph.D. Anuraj Nayarisseri, Principal Scientist, Eminent Biosciences, Vijaynagar, Indore, India.

Assoc. Prof. Maité Sylla, Enseignant Chercheur, Conservatoire National des Arts et Métiers (CNAM), Paris, France

Assoc. Prof. Fernanda Borges, Department of Chemistry and Biochemistry, University of Porto, Portugal.

Prof. José Maria Monserrat, Instituto de Ciências Biológicas (ICB), Universidade Federal do Rio Grande - FURG, Rio Grande, RS,
Brazil.

Assoc. Prof. Jose Luis Ayastuy Arizti, Department of Chemical Engineering, University of Basque Country (UPV/EHU), Leioa,
Sarriena w/n, Bizkaia.

Prof. Yovani Marrero-Ponce, Universidad Tecnológica de Bolívar (UTBVirtual), Colombia.
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A: Research in Inorganic, Analytical, Physical, and Organic Chemistry  
 

This section covers: both experimental and theoretical research in Chemistry including, but not limited to, Inorganic, Analytical, Physical, and Organic

Chemistry. The topics are expected to be of wide scope.  For instance, in experimental studies: Organic synthesis, Chemical reactivity, Catalysis,

Solid State Chemistry, Inorganic Crystals, Crystal Symmetry, and Complexes. Physicochemistry and Analytical chemistry techniques; Spectroscopy

(X-Ray, NMR, IR, EPR, Mass Spectroscopy), Chromatography and sample preparation techniques, TEM and SEM Microscopy. Also, in theoretical

and computational studies: Computational Chemistry, Quantum Mechanics (Ab inition, DFT, MP3, AM1 methods), Monte Carlo (MC) algorithm,

Quantitative Structure-Reactivity, Structure-Property, or Structure-Retention Relationships (QSPR/QSRR) models in organic, inorganic, physical and

analytical chemistry. Chemometrics, Experimental Design, and Data Analysis in Analytical chemistry.
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B: Medicinal Chemistry, Pharmacology, Biotechnology, and Drug Discovery  
 

This section covers: Experimental and theoretical methods applied to drug discovery, biomarkers and target validation, vaccine design, in

biosciences. In experimental studies: Pharmacological assays, Toxicity and Cytotoxicity studies, Molecular Biology and Biotechnology.
Proteomics, Genomics, and Metabolomics (OMICS methods) like Sequencing, Cloning, DNA microarrays, and Mass Spectroscopy
in Clinical Proteomics.  Also, theoretical studies:  Molecular Mechanics and Molecular Dynamics (MM/MD) for Drug-protein Docking studies,

Quantitative Structure-Activity / Toxicity Relationships (QSAR / QSTR) models. Bioinformatics analysis of Disease Biomarkers and Computational

vaccine design (Alignment and Alignment-free techniques). Determination of the 3D proteins structure using NMR and X-ray techniques.

Experimental and computational study of RNA (Rnomics), secondary RNA structure prediction, miRNA biomarkers.
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C: Soft Matter Physics, Polymers, Materials, and Nanosciences  
 

This section covers: experimental and/or theoretical analysis of artificial polymers, biopolymers, materials, nanomaterials, etc.  Experimental and

theoretical study of carbon nanomaterials (Graphene, Fullerenes, Nanotubes, Diamonoids), Ceramic materials, Alloys. Biopolymeric Nanomaterials

for biosciences (drug carriers, diagnosis tools, medical imaging) including Dendrimer, Protein nanoparticle. Shape Memory Polymers,

Nanopatterning, and Surface Imprinting.
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D: Clinical Medical Sciences, Biomedical Engineering, and Medical Informatics  
 

This section covers: experimental and/or computational medical diagnostic tools in cancer research, neurosciences, clinic and biomedical

engineering. Including, but not limited to, EEG and structural NMR in clinical diagnosis in neurology and brain research. EEG, fNMRI, microscopy,

tomography, study for tissue connectivity analysis, including the use of experimental techniques and complex networks computational analysis in

neurosciences, bone tissue connectivity, vascular system connectivity, etc.
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E: Statistics, Artificial Intelligence, Data Science, Complex Networks Analysis  
 

This section covers: connectivity analysis in biology, environment, epidemiological, and  social networks; including the computational analysis of

metabolic pathways in Metabolomics, Protein interaction networks in proteomics, food webs, and other biological-ecological networks like host-

parasite, prey-hunter, etc. Geographical Information Systems (GIS), land covering networks, atmospheric reactions networks. Study of social

collaboration, electronic social networks (Facebook,  Twitter, etc.), disease spreading networks and epidemiology, vaccination models in epidemic

networks, legal and law citing networks, networks in sociology and criminology, etc. This section covers also: technological, industrial, and economic

connectivity, including the analysis of computer connectivity, Internet, wireless networks, satellite networks, electrical networks, airport and other

transport networks, financial networks, trade networks, etc. In addition, we cover pure theoretical aspects in network science and data analysis

theory, including but not limited to theoretical studies in network sciences, topological indices, node centrality, network robustness, multiplex

networks, network attack, and new spatial statistical analysis, time series analysis, biostatistics, machine learning and big data analysis methods.
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F: Scientific Software  
 

This section is aimed at presenting the most commonly used software tools in Multidisciplinary Science. Include, but is not limited to, new scientific

software, web servers, databases, etc. with applications in Chemistry (all branches), Bioinformatics, Proteomics, Biotechnology, Medical Informatics

and Biomedical Engineering, Computer Science, etc. 
 

 

The short communications should present computational tools that may be desktop/web/mobile applications/scripts, open code or private software.

The tool may be original or a pipe of other tools. It should contain a software description, case uses in order to understand how to employ it, links to

the open repositories (GitHub, GitLab, Personal Webs, etc.) or official Webs of the private products, and references of the publications where the

tools have been applied. The authors may include in the communication a link to their personal webs, web servers, repositories, databases, etc.
 

 

Special attention will be paid to the links to tutorials (blogs, videos, etc.), print screens with the tools in action, pseudocodes, examples of input and

outputs, script examples while using the tools, and links to the social network posts for the tools. The emphasis of this section is on the software per

se. Communications that make use of a software to solve a practical problem but do not put emphasis on describing it could be suitable for other

sections.
 

 

Enjoy programming for science!

SECTION COORDINATORS:

Assoc. Prof. Cristian Robert Munteanu, muntisa@gmail.com, Information and Communications Technologies Department, Faculty of Computer

Science, University of A Coruna, Campus de Elviña s/n, 15071 A Coruña, Spain.

PhD. Yasset Perez Riverol, Bioinformatician - Hermjakob team, yperez@ebi.ac.uk, EMBL-EBI, Wellcome Trust Genome Campus, Hinxton,

Cambridgeshire, CB10 1SD, UK.

IKERBASQUE Prof. Humberto González-Díaz, humberto.gonzalezdiaz@ehu.eus, Department of Organic Chemistry II, University of Basque

Country UPV/EHU, 48940, Leioa, Sarriena w/n, Bizkaia, Spain.
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Abstract: Many complex systems may be represented as complex networks of ith parts or nodes 

(ni) interconnected by some kind of bonds, ties, relationships, links (Lij). For instance, Fowler et al. 

represented all case citations (Lij) in the U.S. Supreme Court as a network of nj cases citing 

and/or cited by other. These huge collections of nodes/links are impossible to remember and 

rationalize by a single person in order to assign correct links in new situations. Fortunately, 

Artificial Neural Networks (ANNs) can help us in this task. If we want use ANNs to predict links 

in complex networks, first we need to transform all the information into numerical input 

parameters to feed ANNs, second: we need to find the best ANN to predict our network. We can 

solve the first problem quantifying the structural information of the complex system (Brain, 

Ecological, Social, etc.) with universal information measures known as Shannon entropy (Sh). 

We can quantify topological (connectivity) information of both the complex networks under 

study and a set of ANNs trained using Shannon measures. Then using both sets of information 

parameters as inputs we can develop a dual QSPR model to discriminate between SANNs and 

not efficient ANN topologies. Here we used this QSPR method to develop potential HPC schedulers 

for complex systems. We studied 663072 citations to majority opinions in 43 sub-networks; each 

one with 5,000 (5K) citations to U.S. Supreme Court decisions (5KCNs). The overall accuracy of 

the ANN found was of >85% for 5KCNs; in training and validation series. 

 

Keywords: SANN Scheduler; Markov-Shannon Entropy; U.S. Supreme Court; Social Network 

Analysis. 

 

1. Introduction 

Many important systems, in center of 

attention of modern science, may be approached 

as complex networks of ith parts or nodes (ni) 

interconnected by some kind of links (Lij), 

bonds, ties, or relationships [1-7]. The diversity 

of systems susceptible to be studied by complex 

networks is very high; e.g.,: Human brain [8], 

Ecosystems [9-11], or the citations to U.S. 

Supreme Court decisions [12]. All these 

collections of nodes and links are so large that it 

SciForum 
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is impossible for a person to remember and 

rationalize all possible connections. We can 

solve this problem using Quantitative Structure-

Activity/Property Relationships (QSAR/QSPR) 

models [13-18]. In QSAR/QSPR modeling we 

can represent the system as a graph of 

interconnected nodes and use as inputs theoretic-

information parameters that quantify information 

about the structure of the graph. In this context, 

Shannon entropy quantifies the information 

contained in a message, usually in units such as 

bits [19-36]. The software MARCH-INSIDE 

(Markov Chains Invariants for Network 

Simulation and Design) has become a very useful 

tool for QSAR/QSPR studies [37-45]. 

In this occasion we selected the dataset of 

Fowler et al. [12], represented all case citations 

(Lij) in the U.S. Supreme Court as a network of 

nj cases citing and/or cited by other. Fowler used 

a complex network approach to quantify links in 

citations between cases and unravel the most 

relevant precedents. The work opens the door to 

the use of complex network structural parameters 

like topological indices and/or information 

measures to predict the future citation behavior 

of state courts, the U.S. Courts of Appeals, the 

U.S. Supreme Court, as well as other legal 

systems [45, 60-62].  

The number of nodes and connections in 

complex systems is very large and the problem 

of prediction of correct links may become a 

computationally expensive task for large 

collections of complex systems. Artificial Neural 

Networks (ANNs) can help us in this task. ANNs 

are powerful bio-inspired algorithms able to 

learn/infer large datasets. There many examples 

of applications of ANNs to seek QSPR-like 

models [63-66]. ANNs can mange, for example, 

to learn to discriminate the correct collections of 

nodes (nj) and links present in complex systems 

(Lij) from other connectivity patterns not correct 

and/or distributed at random. We have at least 

two major problems if we want use ANNs to 

predict links in bio-systems and complex other 

networks. First, we need to transform all the 

information into numerical input parameters to 

feed ANNs. Next, we have to train many ANNs 

to detect which topology is better learning the 

structure of the system under study.  

In this work, we introduce a new type of 

algorithm to solve this problem. The idea is 

simple: if ANNs are networks with nodes 

(neurons) and links (functions) we should treat 

them as such. In so doing, we can quantify 

topological (connectivity) information of both 

the complex networks under study and a set of 

ANNs trained using Shannon measures. Using 

both sets of information parameters as inputs we 

can develop a dual Quantitative Structure-

Property Relationship (QSPR) model to 

discriminate between SANNs and not efficient 

ANN topologies. Here we used this QSPR 

method to develop potential HPC scheduler for 

complex systems. We studied 663072 pairs in 43 

sub-networks; each one with 5,000 (5K) citations 

to U.S. Supreme Court decisions (5KCNs). The 

overall accuracy of the SANN-HPC schedulers 

found was of >81% for 5KCNs; in training and 

validation series (see Figure 1). This report of 

QSPR models potentially useful as task 

schedulers for HPC or Cloud Computing of 

ANNs with the subsequent can help to safe time 

and computational resources in the prediction of 

Complex Networks. 

Linear Discriminant Analysis (LDA) models: 

Once the values of the Markov-Shannon 

entropies were obtained, we carried out a Linear 

Discriminant Analysis (LDA) by means of the 

STATISTICA software [76]. Let be qS(Lij) the 

output variable of a HPC schedule model used to 

score the ability of a given ANNq to predict 

correctly the link Lij between two nodes i-th and 

j-th (Lij = 1). We can use LDA to seek a linear 

equation with coefficients aik, bjk, cqk, dijqk, 
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and e0. These are the coefficients of the Shannon 

entropies for the first node (Shik), for the second 

node (Shjk), and for the ANN graph 

(Shk(ANNq)), used as input for the LDA model. 

The k subindex indicates that this Shk value 

codify information for all nodes placed at least at 

topological distance d = k from the node of 

reference. We can use different statistical 

parameters to evaluate the statistical significance 

and validate the goodness-of-fit of LDA 

equation: n = number of cases, χ2 = Chi-square, 

p = the error level, as well as the Accuracy, 

Specificity, and Sensitivity of both train and 

external validation series [77]. We can write the 

LDA equation with the parameters mentioned 

above in the following form, see also Figure 1. 

2. Results and Discussion 

Social Network Analysis (SNA) emerged in 

1930 to become one of the more powerful tools 

in socials sciences [80]. With the rise of network 

search, commerce, consume, and socialization 

companies like Google, Facebook, Twitter, 

LinkedIn, Amazon, and others, SNA have 

become a very important tool for the analysis of 

the high amount of information of users 

interactions in the web [refs]. However, the 

application of these methods in legal studies is 

still at the beginning [81, 82]. Network tools may 

illustrate the interrelation between the different 

law types/judicial cases and help to understand 

law/judicial cases effect in the legal system and 

its effectiveness to regulate aspects of necessity 

in society or not. We have applied the present 

methodology the design new schedulers for HPC 

of ANN models useful to predict one important 

legal network. The example selected was the 

USSCC network and the best model found was: 

 

Where Shk(Lti) and θk(Lti+1) are the entropy 

parameters that quantify information about the 

Legal norms (Laws) of type L introduced in the 

Spanish legal system at time ti and ti+1 with 

respect to the previous or successive kth norms 

approved. The model behaves like a time series 

embedded within a complex network. This is 

because it predicts the recurrence of the Spanish 

law system to a financial norm of class c when 

socio-economical conditions change at time ti+1 

given that have been used a known class of norm 

in the past at time ti. The model correctly re-

constructed the network of the historic record for 

the Spanish financial system with high Accuracy, 

Specificity, and Sensitivity (Table 1).  

 

Table 1. Results of models for USSC network. 

Model Training Series Model Cross-Validation Series 

Param.a % Class Lij = 0 Lij = 1 Param.a % Class Lij = 0 Lij = 1 

Sp 92.8 Lij = 0 219919 17161 Sp 92.8 Lij = 0 74552 5780 

Sn 73.8 Lij = 1 41449 116831 Sn 73.0 Lij = 1 13817 37391 

Ac 85.2 Total 

  

Ac 85.1 Total 

  Rows: Observed classifications; Columns: Predicted classifications; Cij = Calculation with high priority; NCij = No Cij. 
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Figure 1. General workflow used in this work to develop new ANN for USSC network. 

 

3. Materials and Methods 

Datasets: U.S. Supreme Court (USSC) 

Network. We used a complex network 

constructed by Fowler et al. [75]. The authors 

included 26,681 majority opinions written by the 

U.S. Supreme Court. The dataset contains all 

cases that cite this U.S. Supreme Court decisions 

from 1791 to 2005. In this network each case is 

represented by a node. The links between two 

nodes Ai and Bj (arcs) express that the case jth 

cites the ith case previous to it (precedent). In 

order to both make more tractable the dataset for 

computation of Shk(Ai) and Shk(Bj) values and 

focused on specific intervals of time we split the 

data in 43 sub-networks. Each one represent one 

slot of 5000 (5K) citing cases, 5K-Citations 

Network (5KCNs) for > 22,000 cases of the U.S. 

Supreme court. 

Computational Methods: Markov-Shannon 

Entropy Centralities for nodes. 

We construct the classical Markov matrix 

(1Π) for each network as follows. First, we 

download from public resources the connectivity 

matrix L or obtain the data about the links 

between the nodes to assemble L (n by n matrix, 

where n is the number of vertices). Next, the 

Markov matrix Π is built. It contains the vertices 

probability (pij) based on L. The probability 

matrix is raised to the power k, resulting (1Π)k, 

and multiplied by the vector of the initial 

probabilities (0pj). The resulting vectors contain 

the absolute probabilities to reach the nodes 

moving throughout a walk of length k from node 

ni (kpj) for each k and are the base for the 

entropy centrality (Shk) calculation: 

  

4. Conclusions 
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In this work we confirm that it is possible to 

combine Markov Chains and Shannon Entropy in 

order to calculate higher order entropy 

parameters. We also show that these parameters 

can be used to quantify information about local 

and global node-node connections in different 

types of complex networks. For it, we have used 

MI-NODES, a new tool for the study of complex 

networks which is an upgrade of the software 

MARCH-INSIDE, classically used to study 

drugs and proteins. 
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Abstract: Ionic liquids (ILs) possess a unique physicochemical profile providing a wide range of 

applications. However, their “greenness”, specifically their claimed relative non toxicity has been 

frequently questioned, hindering their REACH registration processes and so, their final 

application. In this work we introduce a reliable, predictive, simple and chemically interpretable 

classification and regression tree (CART) classifier enabling the prioritization of ILs with a 

favourable cytotoxicity profile. By inspecting the structure of the CART several moieties that can 

be regarded as “cytotoxicophores” were identified and used to establish a set of SAR trends 

specifically aimed to prioritise low cytotoxicity ILs. We also demonstrated the suitability of the 

joint use of the CART classifier and a group fusion similarity search as a virtual screening strategy 

for the automatic prioritisation of safe ILs disperse in a data set of ILs of moderate to very high 

cytotoxicity. Additionally, we decided to complement the quantitative results already obtained by 

applying the network-like similarity graphs (NSG) approach to the mining of relevant structure-
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cytotoxicity relationships (SCR) trends. Finally, the SCR information concurrently gathered by 

both, quantitative (CART classifier) and qualitative (NSG) approaches was used to design a 

focused combinatorial library enriched with potentially safe ILs. 
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†
 The full content of this communication can be found in Cruz-Monteagudo M, Ancede-Gallardo E, 

Jorge M, Dias Soeiro Cordeiro MN. Toxicol Sci. 2013; 136(2):548-65 and Cruz-Monteagudo M, 

Cordeiro MN. Toxicol Sci. 2014; 138(1):191-204. 

 

1. Introduction 

Ionic liquids (ILs) constitute one of the hottest 

areas in chemistry since they have become 

increasingly popular as reaction and extraction 

media [1]. Their almost limitless structural 

possibilities, as opposed to limited structural 

variations within molecular solvents, make ILs 

‘‘designer solvents’’ [2]. They have also been 

widely promoted as “green solvents” [3] but such 

a “greenness” has been frequently questioned [1].  

Despite the scarcity of reports of the prediction 

of the cytotoxicity of ILs by using a classification 

approach [4], we consider that a computational 

prediction system based on the use of 

classification methods is well justified and can 

offer a practical tool for the identification of new 

and safe ILs. So, in this work we intend to 

introduce a computational system allowing a fully 

automatic and chemically interpretable IPC-81 

cytotoxicity profiling of ILs. In addition to test the 

predictive capabilities of the system, its potential 

as the core of a virtual screening (VS) strategy 

directed to prioritise safe ILs will be 

demonstrated. Additionally, we complemented 

these results by applying the NSG approach to the 

mining of SAR trends relevant for the cytotoxicity 

of ILs, namely, structure-cytotoxicity 

relationships (SCR) trends which can be used as 

useful tips guiding the molecular design of new 

and safe ILs. Finally, the SCR information 

concurrently gathered by both, quantitative 

(CART classifier) and qualitative (NSG) 

approaches was used to design a focused 

combinatorial library enriched with potentially 

safe ILs. 

2. Results and Discussion 

Cytotoxicity CART Classifier. The main goal of 

this work is to derive a reliable tool for the 

automatic prioritisation of safe (low cytotoxicity) 

ILs. The decision tree corresponding to the 

simplest best performing CART classifier found 

is shown in Figure 1.  

In general terms, the classifier exhibits a good 

classification performance. The levels of accuracy 

(ILs correctly classified), sensitivity (Class_1 ILs 

correctly classified) and specificity (Class_0 ILs 

correctly classified) achieved by the CART were 

around 86%, evidencing the discrimination power 

and statistical significance of the pattern found. 

See details in Table 1. 
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Cytotoxicophores Identification. The influence of 

the SMFs must be interpreted as a function of the 

level occupied by the respective SMFs in the 

decision tree (the influence of the SMF decreases 

from the base to the leaf of the tree). So, 

considering the structure of the decision tree 

depicted in Figure 1 and the structural information 

of the SMFs it is possible to identify several 

moieties on ILs inducing a moderate-to-very high 

cytotoxicity that can be regarded as 

“cytotoxicophores”. According to this analysis, in 

order of influence, the cytotoxicophores identified 

are: 

 Cationic linear alkyl side chain of length > 

5. 

 Anions with highly fluorinated alkyl side 

chains (a fluorocarbonated side chain of length 

≥ 2 or two or more trifluoromethyl groups). 

 Cationic aromatic N-heterocycles with 

linear alkyl side chain of length ≥ 4. 

 Six membered aromatic rings with a methyl 

substituent, which can be either the cation head 

group or its substituent. 

Only one moiety was found to have a positive 

influence on the cytotoxicity profile of ILs, 

reducing their cytotoxicity from moderate-to-

very high to low: 

 Short alkyl side chains functionalized with 

polar nitrile groups on (essentially although not 

restricted to) aliphatic cation head groups 

containing nitrogen atoms. 

It is important to highlight that the five SMFs 

identified can also be directly used as 

cytotoxicophores suitable for automatic 

procedures of ILs prioritisation such as expert 

systems, in addition to the cytotoxicity CART 

classifier proposed in this work. 

 

Figure 1. Chemically interpretable decision 

tree corresponding to the best preforming 

CART classifier found. 

Table 1. Classification matrix and 

classification performance metrics of the 

CART classifier for the training, test and 

external evaluation sets. 

 
TRAINING 

SET 

TEST 

SET 

EXTERNAL 

EVALUATION 

SET 

P
re

d
ic

te
d
 

 
Observed 

0 1 0 1 0 1 

0 125 8 20 2 25 3 

1 21 51 4 8 5 9 

Acc. (%) 85.85 82.35 80.95 

Se. (%) 86.44 80.00 75.00 

Sp. (%) 85.62 83.33 83.33 

FN (%) 13.56 20.00 25.00 

FP (%) 14.38 16.67 16.67 

MCC (%) 68.34 60.39 55.90 

FClass 1 (%) 77.86 72.73 69.23 

FClass 0 (%) 89.6 86.96 86.21 

Acc.: Accuracy; Se.: Sensitivity or true positives (TP) rate; 

Sp.: Specificity or true negatives (TN) rate; FN: False 

negatives (FN) rate; FP: False positives (FP) rate; MCC: 

Matthews correlation coefficient; FClass 1: F-measure for Class 

1; FClass 0: F-measure for Class 0. 
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Joint Use of CART Classifiers and Group Fusion 

Similarity Searches for the Automatic 

Prioritization of Safe ILs. The use of the 

cytotoxicity CART as a virtual screening tool 

could provide a practical solution to the automatic 

prioritisation of safe (poorly cytotoxic) ILs. 

First, a group fusion similarity search (GFSS) 

approach [5] was applied. The set of reference 

structures consist of 20 structurally diverse ILs of 

lowest cytotoxicity, specially focused on the 

anion species. The degree of structural proximity 

by the corresponding values of 1 – the normalized 

Euclidean distance (1ED). Finally, the set of 

1ED values between each reference IL and each 

database IL is combined into a fused similarity 

score () by averaging the 20 corresponding 1ED 

values. In this way,  "captures" the structural 

patterns determining ILs of low cytotoxicity and 

thus can be used independently as a ranking 

criterion in a GFSS task. However,  was derived 

to modify PPClass_1 and attain the variability 

required for library ranking. So, the result of using 

 as a weighing factor of PPClass_1 is a new scoring 

metric that quantifies the likelihood of an IL to 

exhibit a favourable cytotoxicity profile based on 

probabilistic (PPClass_1) and structural similarity 

() criteria.  This new scoring metric will be 

denoted from now on as  and it is defined as the 

geometric mean of PPClass_1 and  ( Π =

 √𝑃𝑃Class_1  ×  𝜀). 

So, decided to simulate an experiment to 

evaluate the ability of the approach to retrieve just 

those 12 ILs of low cytotoxicity (Class 1) of the 

external evaluation set dispersed in the full set of 

200 ILs of moderate-to-very high cytotoxicity 

(Class 0). For comparison purposes we decided to 

estimate also the enrichment ability of the 

independent use of the GFSS approach by using 

as ranking criterion the fused similarity score . 

The respective values of AUAC and ROC 

metrics obtained from the application of the 

CART-GFSS approach suggest that it is able to 

rank a safe IL earlier than an IL of moderate-to-

very high cytotoxicity with a probability > 0.85. 

Instead, the values of these metrics obtained for 

the GFSS approach show a still good overall 

enrichment performance (ROC = 0. 78), but 

inferior to the CART-GFSS approach by about 

8%. 

The analysis of RIE at the respective top 1%, 

5%, 10% and 20% fractions also points to an 

attractive early recognition ability of both 

approaches, consistently favouring the CART-

GFSS approach. This pattern is also observed 

when the metric analysed is BEDROC. See details 

in Table 2. 

Network-like Similarity Graph SAR Mining. The 

analysis was directed to detect in the ILs NSG 

highly discontinuous regions (clusters of ILs) 

Table 2. Classic and early recognition 

enrichment metrics computed to evaluate the 

enrichment performance of the CART-GFSS 

and GFSS approaches, respectively.a 
Metric CART-GFSS GFSS 

Classic Enrichment Metrics 

AUAC 0.8557(±0.0014) 0.7775(±0.0013) 

ROC 0.8771(±0.0015) 0.7942(±0.0014) 

EF1% 11.7778(±0.3200) 11.7778(±0.3200) 

EF5% 6.4242(±0.0766) 4.8182(±0.0574) 

EF10% 5.6212(±0.0449) 3.2121(±0.0257) 

EF20% 3.6977(±0.0197) 3.2868(±0.0175) 

Early Recognition Metrics 

RIE1% 6.9142(±0.1692) 6.9116(±0.1691) 

RIE5% 6.5692(±0.0717) 5.8978(±0.0643) 

RIE10% 5.3265(±0.0397) 4.3204(±0.0322) 

RIE20% 3.9049(±0.0190) 3.1222(±0.0152) 

BEDROC1% 0.3914(±0.0234) 0.3913(±0.0234) 

BEDROC5% 0.4435(±0.0053) 0.3982(±0.0047) 

BEDROC10% 0.5042(±0.0028) 0.4089(±0.0023) 

BEDROC20% 0.6065(±0.0014) 0.4849(±0.0012) 

a: The relative error associated to each enrichment metric is 

reported. AUAC: area under the accumulation curve; ROC: 

area under the ROC curve; EF1%/5%/10%/20%: enrichment factor 

at χ = 1%/5%/10%/20%, respectively; RIE1%/5%/10%/20%: robust 

initial enhancement at χ = 1%/5%/10%/20%, respectively; 

BEDROC1%/5%/10%/20%: Boltzmann-enhanced discrimination of 

ROC at χ = 1%/5%/10%/20%, respectively. 
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encoding minimal structural variations leading to 

significant cytotoxicity changes, with a special 

interest on those containing cytotoxicity cliffs. 

Figure 2 shows the NSG obtained at 95% 

similarity threshold. 

This network is characterised by the 

coexistence of regions with continuous and 

discontinuous SARs. Regions of continuous SAR 

are characterized by clusters of small green nodes 

whereas discontinuous regions involve clusters 

composed of large green and red nodes 

(highlighted with a circle around). Clusters of ILs 

combining large red and green nodes connected 

by an edge are cytotoxicity cliff markers that can 

be easily identified. These types of cluster were 

visually inspected in order to identify the key 

structure-cytotoxicity relationship (SCR) trends 

dominating this ILs network. 

The most significant cytotoxicity cliff pair in 

this network (see Figure 2) it is constituted by N-

Methyl-N,N-dioctyl-1-octanaminium 

bis(trifluoromethylsulfonyl)imide and N-Ethyl-

N,N-dimethyl-1-butanaminium 

bis(trifluoromethylsulfonyl)imide (nodes 1 and 2 

in the network) which is a clear example of the 

influence of the alkyl side chain length over the 

cytotoxicity of ILs [6-10].  

The cluster including the ILs represented by 

nodes 3, 4 and 5 clearly suggest the effect of 

highly fluorinated anions over cytotoxicity. A 

quite explicit correlation between the degree of 

fluorination of the anion and cytotoxicity it is 

observed, as reported in previous studies [11].  

The last cluster analysed (nodes 6, 7, 8 and 9) 

suggest a weak influence of the cation head group 

over cytotoxicity. However, another previous 

finding can be confirmed in this cluster: the 

relatively higher cytotoxicity of aromatic cation 

head groups [12, 13].  

 

 

Design and Assembling of a Focused 

Combinatorial Library Enriched with Potentially 

Safe ILs. Finally, the SCR trends identified were 

used to assemble a focused combinatorial library 

enriched with potentially safe ILs. The final result 

is a focused combinatorial library of 697748 ILs. 

We estimate the quality of the library assembled 

based on the use of a combined scoring metric () 

that quantifies the likelihood of a IL to exhibit a 

favourable cytotoxicity profile. The values of  

near to 1 will be obtained for ILs with a high 

probability of exhibiting a favourable cytotoxicity 

profile. The analysis of the combinatorial library 

revealed that 75.57% of the ILs in the library 

exhibited values of  ≥ 0.8, while just 17.72% 

 

 

Figure 2. NSG constructed with the software 

SARANEA for a set of 281 ionic liquids using 

a Tanimoto similarity threshold of 0.95. The 

molecular structure and the respective EC50 

values for IPC-81 leukaemia rat cell lines of the 

nine ionic liquids conforming the three clusters 

analysed are highlighted in three respective 

square boxes. These three clusters are 

highlighted in the NSG by red circles while the 

rest of clusters including ILs inducing a high 

discontinuity (connected large red and green 

nodes) are highlighted with black circles and 

further subjected to SAR pathway analysis. 
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exhibited values of  < 0.5. The mean value of  

obtained for the library was of 0.67. Considering 

these values one can expect that an IL randomly 

selected from the library assembled will have a 

probability of exhibiting a favourable cytotoxicity 

profile around 67%. 

3. Materials and Methods 

Data Collection. The UFT/Merck IL DB reports 

the half cytotoxic concentration (EC50) values 

(expressed in micromolar units) towards the rat 

leukemia cell line IPC-81 for 309 ILs and related 

salts. 

Structure Codification. The structural codification 

was conducted by using the approach proposed by 

Prof. Varnek ś group and depicted in [14]. 

Design of the Experiment. The dataset of 281 ILs 

was subdivided by applying an EC50 threshold of 

5000 µM into 81 safe or low toxicity ILs 

(Class_1) and 200 ILs with moderate-to-very high 

toxicity (Class_0). Once the classes were 

assigned, we proceeded to split the dataset into 

three subsets: training, test and external 

evaluation sets, as part of the model validation 

scheme [15]. 

Feature selection, Modelling and Validation. The 

full vector of ISIDA SMFs was reduced by means 

of the mRMR software [16] to a minimally 

redundant vector of size 50 composed of 9/41 

anion/cation SMFs. Once this subset was found, 

the definitive subset of features, and consequently 

the final classification model, was directly 

determined by using the Classification and 

Regression Trees (CART) approach  implemented 

on the Data Mining module of STATISTICA 8.0. 

Both the learning and predictive ability of the 

classification tree model were assessed by 

checking overall and class-specific performance 

measures on training, test and external evaluation 

sets, respectively [17]. 

Enrichment Analysis. The main goal in a virtual 

screening effort is to select a subset from a large 

pool of compounds (typically a compound 

database or a virtual library) and try to maximise 

the number of known actives in this subset. That 

is, to select the most “enriched” subset as possible. 

Several enrichment metrics have been proposed in 

the literature to measure the enrichment ability of 

a VS protocol [18]. In this work, we use some of 

the most extended metrics. 

Network-like Similarity Graphs Analysis. For this 

task we resort to SARANEA [9], a freely available 

program that implements a graphical user 

interface to NSGs and NSG-based data mining 

techniques. In SARANEA, as a criterion for edges 

between nodes in NSGs, connected ILs needed to 

exceed a predefined Tanimoto similarity 

threshold value. To search for highly 

discontinuous regions in the network containing 

“cytotoxicity cliffs” pairs encoding critical 

structure variations for cytotoxicity we used a 

Tanimoto similarity threshold of 0.95. 

Combinatorial Library Generation. The 

assembling of the focused combinatorial library 

was based on three sets of 15 cationic head 

groups, 20 cationic side chains and 31 anions 

previously identified as favouring the cytotoxicity 

behaviour of ILs. A combinatorial library of 

22508 unique cations was generated with the aid 

of the SmiLib software [19] by using as inputs the 

corresponding SMILES notation of the two sets of 

head groups and side chains. The SmiLib software 

generated an SDF file comprising 22508 unique 

cations. The SDF file comprising the 31 anions 

was generated by using the ChemAxon ś JChem 

for Excel software [20]. Both, cation’s and 

anion’s SDF files were submitted to the ISIDA 

Fragmentor software [21] to compute the 

corresponding 371/2136 SMFs used to establish 

the structural reference space for the similarity 

assessment of the initial set of 281 ILs. Finally, 

the corresponding SVM output files provided by 

the ISIDA Fragmentor were converted to a fixed 

format/length vector file and concatenated into a 

unique vector file of size 2507 (including the 
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corresponding vector files of 371/2136 

anion/cation SMFs) for each one of the 697748 

ILs of the combinatorial library. The similarity 

assessment and the corresponding basic statistical 

analysis of the combinatorial library were 

conducted by using a MatLab implementation 

developed in our group. 

Conclusions 

In this work we have derived a reliable, 

predictive, simple and chemically interpretable 

CART classifier enabling the prioritisation of ILs 

with a favourable cytotoxicity profile. The 

analysis of the structure of the corresponding 

decision tree allowed us to identify several 

moieties that can be regarded as 

“cytotoxicophores. We also demonstrated the 

suitability of the joint use of the CART classifier 

and a group fusion similarity search (the CART-

GFSS approach) as a virtual screening strategy for 

the automatic prioritisation of safe On the other 

hand, the NSG approach and NSG-based data 

mining techniques implemented on SARANEA 

have proved to be an efficient tool to mine 

relevant SCR information guiding the design of 

potentially safe ILs. The adaptation of the NSG 

approach proposed here to the particular and 

special case of disconnected molecular structures 

such as ILs also contributes to the integration of 

approaches like the traditional T-SAR analysis 

and the computational mining and visualisation of 

relevant SCRs of this interesting family of 

chemicals. Finally, the SCR information gathered 

from both quantitative (CART classifier) and 

qualitative (NSG) approaches guided the design 

of a focused combinatorial library of about 

700000 ILs with a likelihood to exhibit a 

favourable cytotoxicity profile of about 80%. 

Such a virtual library represents a valuable 

decision making element for the development of 

ILs for various technical applications that fulfil 

the principles of green chemistry. 
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Abstract: Different aspects about the epidemiology, drugs, targets, chem-bioinformatics, and 

systems biology methods, related to AIDS/HIV have been reviewed. Next, we developed a new 

model to predict complex networks of the AIDS prevalence in U.S. counties taking into 

consideration the Gini coefficient (income inequality) and activity/structure data of anti-HIV 

drugs in preclinical assays. First, we trained different Artificial Neural Networks (ANNs) using 

as input Markov and Symmetry information indices of social networks and of molecular graphs, 

respectively. We obtained the data about AIDS prevalence and Gini coefficient from the 

AIDSVu database of the Rollins School of Public Health at Emory University and the data about 

anti-HIV compounds from ChEMBL database. To train/validate the model and predict the 

complex network we needed to analyze 43,249 data points including values of AIDS prevalence 

in 2310 US counties vs. ChEMBL results for 21,582 unique drugs, 9 viral or human protein 

targets, 4856 protocols, and 10 possible experimental measures. The best model found was a 

Linear Neural Network (LNN) with Accuracy, Specificity, Sensitivity, and AUROC above 0.72-

0.73 in training and external validation series. The new linear equation was shown to be useful to 

generate complex network maps of drug activity vs. AIDS/HIV epidemiology in U.S. at county 

level. 

 

 

Keywords: anti-HIV drugs, Gini coefficient, neighborhood symmetry indices; complex 

networks. 

 

Mol2Net YouTube channel: http://bit.do/mol2net-tube  

 

 

SciForum 

http://sciforum.net/conference/mol2net-1
mailto:dianamariahi@gmail.com
http://bit.do/mol2net-tube


Mol2Net, 2015, 1(Section B), pages 1-6, Proceeding                         2               

http://sciforum.net/conference/mol2net-1 

 

1. Introduction 

Human immunodeficiency virus (HIV) is a 

retrovirus belonging to the family of 

lentiviruses that causes AIDS. Retroviruses1 

can use their RNA and host DNA to make viral 

DNA, and are known for their long incubation 

periods. There are two types of HIV: HIV type 

1 and HIV type 2. Despite progresses, HIV2 

remains a public health challenge. After thirty 

years in the AIDS epidemic, there are over 34 

million people living with HIV3
, and still 2.5 

million new infections and 1.7 million deaths 

each year.  

 

A useful chemoinformatics-

pharmacoepidemiology model must be multi-

level to account molecular and population 

structure. We need to process diverse types of 

input data. Initially, we need the information 

about the anti-HIV drugs, such as chemical 

structure of the drug (level i) and preclinical 

information, like biological targets (level ii), 

organisms (level iii), or assay protocols (level 

iv). Afterwards, we need to incorporate 

population structure descriptors (level v) that 

quantify the epidemiological and 

socioeconomic factors affecting the population 

selected for the study. 

2. Results and Discussion 

 

After analysis of the previous results, we 

decided to test the predictive power of these 

indices in a simpler model using the 

STATISTICA 6.04 software. In so doing, we 

trained the LNN predictors using only each 

family of information indices of drugs (qIC5f) of 

5- order, their MA operators (ΔqIC5fj)) and the 

fifth MA operator of the U.S. counties (ΔIa5s). 

The LNN model based on qIC51 (LNN-IC51) 

presented the higher values of Sn = 72.04/72.81 

and Sp = 72.38/72.50 in training/ and external 

validation sets (see Table 1). LNN-IC51 presented 

also the higher values for the AUROC in train 

and validation series (0.73 and 0.74 

respectively).  Analyzing all the previous results 

for this dataset, we found that the ICk index 

appears to be the most important to predict the 

drug structure-activity relationships. We can 

conclude it by comparison to the other indices, 

which have lower values of classification. The 

equation of LNN-IC51 this model is the 

following: 
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Last, we used this LNN-ALMA model to 

generate/predict a complex network of the 

prevalence of AIDS in the United States at 

county level with respect to the preclinical 

activity of anti-HIV drugs (Figure 1). The 

bipartite network has two types of nodes 

(counties vs. drug). Thus, this is a multiscale 

network similar to bipartite networks of drugs vs. 

target proteins reported by other groups5-7. 

However, the nodes in the present network 

contain information about the molecules, i.e., 

chemical structure as well as assay conditions 

(target protein, organism, experimental measure, 

etc.). Additionally, the other set of nodes contain 

information about socioeconomic factors, such as 

the income inequality in the county.  
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Multiscale networks of this type have been 

discussed by Barabasi et al.8 as one of the more 

important tools to perform trans-disciplinary 

research. The links of this complex network are 

the outputs Laq(cj)pred = 1 of our model. In 

Figure 1, we illustrate the sub-network of AIDS 

prevalence vs. Anti-HIV drug preclinical activity 

for the state of Florida. For instance, the model 

predicts a high effectively for the drug 

Zidovudine to treat AIDS in Nassau County.  

 

 

 

 

 

 

 

 

 

 

Table 1. LNN classifier for symmetry information indices of 5-order 

Type of Index Observed Lpq = 1 Lpq = 0 Lpq = 1 Lpq = 0 AUROC 

  Training  Validation   

qIC51 

Parameter a Sn Sp Sn Sp (T / V) 

Predicted 72.04 72.38 72.81 72.50 0.73 / 0.73 

Lpq = 1 8255 5746 2775 1908  

Lpq = 0 3203 15060 1036 5031  

 

 

Figure 1. Sub-network of AIDS prevalence vs. Anti-HIV drug activity for U.S. state of Florida (FL) 

 

 

3. Materials and Methods 

 

In the present paper, we changed the Balaban 

information indices (Iqk) by Symmetry 

information content indices (qICkf)9. These 

indices are calculated for H-included molecular 

graph and based on neighbor degrees and edge 

multiplicity.10, 11 The symmetry information 
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indices are calculated by partitioning graph 

vertices into equivalence classes; the topological 

equivalence of two vertices is that the 

corresponding neighborhoods of the kth order are 

the same. However, we used the Iak(s) indices to 

characterize the different populations. We used 

the software DRAGON12 to calculate the qICkf 

indices for the molecules of the ChEMBL dataset 

of anti-HIV drugs. In this case we calculated a 

total of Nindices = Nk•Nf = 6*5 = 30 values of 
qICkf  indices with Nk = 6 different orders (k) that 

belong to Nf = 5 different families of descriptors 

(f). We have used Markov chains to calculate 

Shannon information indices of different systems 

including simulations of disease spreading 

relevant to epidemiology. 13 

 

 

The codification of the chemical structure of the 

compounds is the first step here. We have data 

about a large number of assays developed in very 

different conditions (cj) for equal or different 

targets (molecular or not). The non-structural 

information here refers to different assay 

conditions (cj) like concentrations, temperature, 

targets, organisms, etc. A solution may rely upon 

the use of the idea of Moving Average (MA) 

operators used in time series analysis with a 

similar purpose. We have developed a similar 

approach called ALMA (Assessing Links with 

Moving Averages) using also MA operators. 

ALMA models remember those used in ARIMA 

models of time series analysis14. They are 

adaptable to all molecular descriptors and/or 

graphs invariants or descriptors for complex 

networks. In consonance with the previous 

section, we use a similar terminology. The inputs 

of one ALMA model are the descriptors Dq
k of 

type kth of the qth system (compound or drug dq 

in this case) represented by a matrix M. On the 

other hand, the outputs of one ALMA model are 

the links (Laq = 1 or Laq = 0) of a complex 

network with Boolean matrix L and formed by 

different pairs of input systems. We developed 

different ANN models using all the set of 

parameters as well as simple models using 

different sub-sets of descriptors. The new ALMA 

model developed using these other set of indices 

has the following general form: 
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4. Conclusions  

This work presents a review of several aspects of 

the disease, including the epidemiology, 

pathophysiology, treatments, etc. We also 

developed a model called LNN-ALMA to 

generate complex networks of the prevalence of 

AIDS in the counties of the U.S. with respect to 

the preclinical activity of anti-HIV drugs. The 

best classifier found was the LNN-IC51; this 

classifier has only six inputs based on 

neighborhood information content indices, 

compared to the other models, the ICk index 

seems to be the most important to predict the 

drug structure-activity relationships. The new 

model has similar performance but is notably 

simpler than a previous model based on 

Balaban’s information indices with >20 inputs.
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Abstract: In the last years the demand of activated carbons for environmental remediation and 

medical applications has been growing. This situation has stimulated the study of new precursors 

for the synthesis of these adsorbents. This work shows the kinetic parameters of activation 

process of Marabou Wood (Leptoptilus Crumeniferus) using a simple mathematical model. 

These parameters were compared with ones corresponding to other tropical biomasses studied 

under similar conditions. To conduct the study, a thermo-gravimetric analysis was carried out in 

steam water. The study was carried on from room temperature to 1000°C with a heating rate of 

10°C/min, additionally; the crystallinity was determined by X-rays diffraction analysis. The 

characterization of the activated carbon was carried out through parameters that provide an 

indirect measure of the mechanical resistance. Interesting correlations for the analyzed thermal 

conversion processes were also obtained. 

 

 

Keywords: biomass, activated carbons, thermo-gravimetric study, kinetic parameters, X-ray, 

mechanical resistance. 

 

1. Introduction 

Various studies about the morphological and 

textural characterization during the thermal 

conversion of biomasses resources have been 

reported. These works studied mainly coconut 

shell and olive stones as raw materials. (5, 6, 13, 16) 

However, other resources that are nowadays 

widely available in tropical areas, with less 

competence in other applications, have been 

barely studied. (13, 17, 19)  

Marabou is an exotic wood that is increasingly 

infecting cultivated fields of Central American 

Countries. In the last years, important efforts 

have been conducted, in order to find different 

alternatives to reduce the negative environmental 

impact of these great amounts of biomass that is 

difficult to manage.  

 

Moreover, the possibility to valorize them could 

allow the achievement of a sustainable 
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agricultural development. The preparation of 

activated carbon, an expensive adsorbent highly 

demanded in the international market, could be 

an interesting alternative. (2, 4, 8) 

In this work, the kinetic parameters of the 

activation processes of Marabou Wood were 

determined. These parameters were compared 

with those obtained for other woods studied 

under similar conditions. Besides, some useful 

correlations between the mechanical properties 

and the kinetic parameters were also inferred. 

2. Materials and Methods 

Marabou (Leptoptilus Crumeniferus) was the 

biomass precursor studied in this work. Other 

nine woods were also included with comparative 

purposes. (19) 

2.1. Physical- chemical and activation 

studies 

The physical-chemical study of the activation 

processes consisted in the determination of some 

kinetic parameters such as: activation energy, 

kinetic constant and reaction order. To conduct 

the study, non-isothermal thermo-gravimetric 

registers were executed using a Shimatzu-TGA 

50 equipment. 

 

The experimental conditions were similar to 

those used in previous studies with others 

biomasses what minimize possible diffusive 

effects, time and money. The final temperature 

used in this study was 1000°C and the heating 

rate of 10°C/min. (18) 

2.2. Kinetic parameters evaluation 

For the evaluation of the kinetic parameters, a 

simple model known as “Transient kinetic model 

in non-stationary state” was used. This model 

has been widely used to study chemical reactions 

between gas and solid products. (9) There are 

various works that used this model in the kinetic 

characterization of the heterogeneous catalysis 

and the carbonaceous materials activation with 

CO2, O2 and/or H2O. (3, 11, 15)  

For these reasons, this model should be adequate 

to study the kinetic of carbonaceous adsorbents 

preparation.  

This model considers the thermo-chemical 

reactions of biomasses as processes that occur in 

a single global stage. This assumption allows the 

mathematical modeling of the experimental data 

with a reduced number of parameters using a 

single following expression: 

 
n

X1k
dt

dX
     [1] 

Where: X is the solid conversion: 
0

0

m

mm
X




 [2] 

t, the time; k, the kinetic constant of the global 

reaction of activation and n the reaction order 

with respect to solid. The experimental data X vs. 

t was modeling by non-lineal regression. The 

characteristics parameter of the model was 

estimated by minimizing the objective function 

OF: 
2

N

1=i calexp ii
dt

dX

dt

dX
 = OF  













    [3] 

Where: N is the experimental data amount; expdt

dX

is the experimental reaction rate, obtained from 

the thermo-gravimetric registry and caldt

dX

 is the 

reaction rate calculated by the model.  

The kinetic energy, AE was calculated by 

Arrhenius equation: 









RT

AE
expkk 0

 

  [4] 

Where: k0 is the pre-exponential factor; AE is 

the activation energy of the global reaction and R 

the gases universal constant. 
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2.3. X-Ray Diffraction study 

Marabou was characterized by X-ray diffraction 

analysis using Philip equipment with the 

following characteristics: radiation of Co 

(=1,78897Å), 40kV, 30mA and 1°2*min-1. 

The particles size was below 62µm obtained by 

grinding in agate mortar and sieving and then 

located on a glycerin film.  

The measurement of the intensities and positions 

of the diffracted beams in X-Ray Diffraction 

(XRD) spectrum, and the use of structure factor 

equations are necessary in order to determine the 

atoms distributed in the unitary cells. (1, 20) 

In order to determine the crystallinity (η) of the 

precursors was considered that the energy 

involved in the diffraction keep constant. Then it 

can be affirmed that the sum of the dispersed 

radiation and diffracted one is constant allowing 

the calculation of the crystallinity through the 

following expression:  

%η= *
It 

 I 100    [5] 

Where: I is the dispersed radiation and It is the 

total intensity of the radiation. In order to 

evaluate the crystallinity using equation 5, firstly, 

the area under the curve in the angular range 

from 10° to 45° was determined. The XRD 

pattern of the studied precursor presents a wide 

band in this interval indicating the presence of 

high amount of non-crystalline substances. (12) 

Finally, the mechanical resistance of the 

activated carbon obtained from Marabou was 

measured. (10) This simple method used a known 

mass of the granular material that is impacted by 

six glass balls into a semispherical container of 

stainless steel. The perceptual relation between 

the fragmented mass retained in a 0.5 mm mesh 

and the initial mass is used to estimate the 

mechanical resistance of the activated carbon. (7) 

3. Results and Discussion 

Non-isothermal thermo-gravimetric registry that 

characterizes the activation of the raw material is 

shown in Figure 1. In this Figure w is the 

conversion that can be calculated by: w = (1 - 

X)*100. 

The thermo-gravimetric curve is divided in 3 

sections. In section one, up to 220°C it can be 

clearly observed that the weight loss is minimal. 

This first loss can be associated with the 

elimination of absorbed water and the removing 

of some volatile compounds. In section 2, 

temperatures higher than 220°C and up to 380°C, 

a strong weight loss can be observed. This loss is 

attributed mainly to the pyrolysis o de-

volatilization process; in this process a loss of 

50% of total mass was registered.  
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Figure 1. Thermo-gravimetric registry of 

Marabou. 

 

In section 3, temperature above 380°C the carbon 

content increased significantly obtained a more 

porous solid product. This last section is 

considered, in the majority of revised works, as 

the activation process. 

The carbonized product increases the porosity 
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with the temperature, producing an excellent 

adsorbent. Furthermore, it is advisable to use low 

heating rates to avoid undesirable morphological 

damages during the activation process. It is also 

necessary to point out that temperature higher 

than 800°C, significantly affects the yield 

without notable increase of the micro-porosity. 

Hence to obtain a better product, it is advisable 

temperatures near 800°C or below. (6, 18) 

Taking into account previous observations 

derived from Figure 1, the temperature interval 

from 380°C to 800°C was used to estimate the 

kinetics parameters of the thermo-chemical 

reaction studied. The previously defined 

mathematical model (Equation 1) was used. The 

results are reported in Table 1. 

Table 1. Kinetics parameters of Marabou activation compared with other woods under similar 

conditions 

Sample AE (kJ/mol) k(min-1) n S.D.(%) V.C.(%) 

Iron Wood (Schinosis Balansae) 101.88 9.38*106 1.15 0.19 0.25 

Holy Wood (Bulnesia Sarmientoi) 96.18 4.82*106 1.00 0.20 0.23 

Teak (Tectona Grandis) 89.52 9.94*106 1.00 0.22 0.26 

River Oak (Casuarina Cunninghamiana) 90.52 1.04*105 1.00 0.37 0.44 

Eucalyptus (Eucalyptus Robusta) 85.93 5.00*106 1.07 0.16 0.20 

Marabou (Leptoptilus Crumeniferus) 84.42 5.43*106 1.00 0.12 0.13 

White Carob-tree (Prosopis Alba) 76.60 8.00*105 0.97 0.03 0.03 

Mahogany (Jacaranda Semiserrata) 72.72 6.11*105 0.69 0.09 0.11 

Pine (Araucaria Angustifolia) 50.00 1.98*105 0.74 0.21 1.04 

Cedar (Cedrela Balansae) 49.50 3.89*105 0.98 0.05 0.15 

(AE: activation energy; k: kinetic constant; n: reaction order; S.D.: standard deviation; V.C.: variation coefficient). 

 

From Table 1 it can be deduced that the thermal 

conversion of Marabou has values similar to semi-

hard woods. The reaction orders obtained are, in 

all cases near to one. Should be noted that the 

higher values correspond to the Red Quebracho or 

Iron Wood, what is attributable to its higher 

hardness and hence it’s lower reactivity. The very 

low values for standard deviations (< 0,40%) and 

variation coefficients (0,45%) are indicative 

that the method applied to estimate the kinetic 

parameters is adequate. 

The crystallinity degree (η) of the raw materials 

was evaluated from the XRD registry (Figure 2) 

such as the mechanical resistance. This value 

was compared with other materials in Table 2. 

 

Figure 2. X-Ray Diffraction Registry of 

Marabou. 

Table 2. Crystallinity (η), Mechanical Resistance (Rm) and Density (d) of Marabou and other 

Materials. 

Sample η (%) Rm (%) d (g/cm3) 

Iron Wood (Schinopsis Balansae) 55.36 98.97 1.200 

Holy Wood (Bulnesia Sarmientoi) 53.01 96.63 1.150 
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Teak (Tectona Grandis) 47.32 92.72 1.100 

River Oak (Casuarina Cunninghamiana) 45.53 90.15 0.900 

Eucalyptus (Eucalyptus Robusta) 42.86 89.00 0.800 

Marabou (Leptoptilus Crumeniferus) 39.10 86.63 0.780 

White Carob Tree (Prosopis Alba) 41.84 85.76 0.764 

Mahogany (Jacaranda Semiserrata) 39.72 81.04 0.850 

Pine (Araucaria Angustifolia) 35.49 79.47 0.551 

Cedar (Cedrela Balansae) 35.14 77.64 0.483 

From Table 2 it should be noted that significant 

differences were appreciated in the crystallinity 

degree for the analyzed precursor, compared to 

the others. Although, in principle, it can be 

attributed a low reactivity to a greater 

crystallinity degree, it should be also considered 

the influence of other factors, for example the 

chemical composition of the precursor. 

The mechanical resistance (Rm) of the activated 

carbon from Marabou has an appropriate value. 

Compared with other materials the Iron Tree or 

Red Quebracho has the higher value. From this 

table it can also be inferred that the less reactive 

precursors are the harder activated carbons. The 

differences between the Rm values could be due 

to the different chemical composition of the 

original products. 

The mechanical resistance is very useful to 

evaluate differences between precursor’s 

reactivity. It is known that the diffusion of weak 

oxidative reagents, in the structure of precursors 

of high hardness is hindered; consequently the 

necessary energy to favor the activation reactions 

would be higher. Hence, the mechanisms of 

thermo-chemical conversion differ from one 

sample to other. During this complex process, 

different arrangements of the carbon chains take 

place with the increment of temperature. The 

thermo-chemical conversion process will be 

conditioned by the operational conditions used 

such as the mechanical properties of the 

materials. 

From Table 1 and 2 some correlation between 

physical-chemical and mechanical parameters 

can be obtained as show following: 

Rm = 0.373*AE + 58.104 (R² = 0.8762) [6] 

d = 0122*AE - 0.1155 (R² = 0.8353) [7] 

η = 0.338*AE + 16.607 (R² = 0.784) [8] 

 

4. Conclusions 

The simple model used in the present study, was 

an appropriate tool for the determination of the 

kinetic parameters of Marabou Wood activation 

with steam water. 

The kinetic parameters that characterize the 

synthesis of activated carbon from Marabou 

Wood are similar to those reported to semi-hard 

woods. These values assure the feasibility of this 

precursor in the production of this adsorbent. 

The statistical parameters assure the right 

adaptation of the experimental results of the 

Theoretical Model used, what means that this 

study is adequate and accurate. 

 

Some useful correlation for the analyzed thermal 

conversion process was also obtained. 

The crystallinity degree of the precursor during 

the thermo-chemical process studied was 

determined from the X-ray diffraction analysis.  
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Abstract: This communication shows a classification model for prediction of mycobacterial promoter 

sequences (mps), which constitute a very low sequence homology problem. The model developed 

(mps = –4.664·0ξM + 0.991·1ξM – 2.432) was intended to predict whether a naturally occurring 

sequence is an mps or not on the basis of the calculated kξM value for the corresponding RNA 

secondary structure. The model predicted 115/135 mps (85.2%) and 100% of control sequences (cs). 

The detailed results have been published in detail in: Bioorg Med Chem Lett. 2006 Feb;16(3):547-53, 

the present is a short communications.  

 

 

Keywords: Mycobacteria; Protein synthesis promoters; RNA secondary structure 

 

1. Introduction 

Harshey and Ramkrishnan stated that 

Mycobacteria have a low transcription rate and a 

low RNA content per unit DNA and that their 

genomes are rich in Guanine and Cytosine (g + 

c) content. Given that the g + c content of a 

genome affects the codon usage and the promoter 

recognition sites in an organism, Nakayama et 

al., and Ohama et al. predicted that the 

transcription and translation signals in 

Mycobacteria may be different from those in 

other bacteria such as E. coli. Therefore, 

understanding the factors responsible for the low 

level of transcription and the possible 

mechanisms of regulation of gene expression in 

Mycobacteria requires examination of the 

structure of mycobacterial promoter sequences 

(mps) and their transcription machinery, 

including information concerning the RNA 

macromolecules involved. Unfortunately, mps 

present a very low sequence homology and 

mathematical methods to assign biological 

activity based on sequence alignment are not of 

practical use in this case. Different mathematical 

methods have been used for the analysis of 

genome information. The group of Professor 

Grau has reported results on genome algebras. 

Markov models are also well-known tools for 

analyzing biological sequence data. However, 

SciForum 

http://sciforum.net/conference/mol2net-1
mailto:alcidopb@yahoo.com


Mol2Net, 2015, 1(Section B), pages 1-6, Proceeding                         2               

http://sciforum.net/conference/mol2net-1 

 

advances have not been reported concerning the 

treatment of this macromolecular structure-

activity problem from the point of view of the 

corresponding RNA structure. 

A real possibility to address this problem 

involves the analysis of structure-activity 

relationships for naturally occurring RNA 

macromolecules, synthetic polymers and small 

molecules in general with Markov molecular 

descriptors. For this reason, one may expect 

higher success for classical molecular indices in 

branched biomacromolecules. However, it must 

be remembered that the more commonly known 

branched biomacromolecule is the RNA 

secondary structure as described by Mathews and 

Zukker.  

Researchers worldwide have reported 

increasing interest in the characterization of 

biomacromolecules, particularly the RNA 

macromolecular structure, by computational 

techniques. In this context, we propose here that 

2D-RNA-QSAR is a promising field within 

biomacromolecules research. New analogues of 

our stochastic molecular descriptors will be 

introduced for the RNA secondary structure and 

these descriptors have been largely applied to 

small molecules and biomacromolecules. Two 

preliminary studies into secondary QSAR of 

RNA macromolecules have also been published, 

but these focus only on local properties of a 

single RNA molecule. As a consequence, the 

main aim of the present paper is to introduce in 

RNA-QSAR studies the Markov electrostatic 

potentials (kξM) previously used for proteins 

QSAR. In this sense, we intend to predict 

whether a naturally occurring DNA sequence is 

an mps or not on the basis of the kξM calculated 

for the macromolecular secondary structure of its 

putative RNA. Consequently, a more specific but 

still important aim of this work is to introduce a 

novel approach to predict mps. This work has led 

to the first 2D-RNA-QSAR to discriminate 

between two groups comprising several RNA 

macromolecules, including 135 mycobacterial 

promoters and 450 control sequences. 

2. Results and Discussion 

Several authors have studied the mycobacterial 

promoter sequence problem from the point of 

view of DNA. Mulder et al. listed −35 and −10 

DNA regions of a few mycobacterial promoters. 

Mycobacteriophage I3 and M. paratuberculosis 

promoter sequences and their similarity with the 

E. coli promoters have been studied by Ramesh 

and Gopinathan and Bannantine et al., 

respectively. Kremer et al. studied the DNA 

sequences essential for transcription in promoters 

like M. tuberculosis 85A. It is possible that DNA 

promoters with a high GC content in the −10 

region52 are the true representatives of the 

mycobacterial type. An analysis of M. smegmatis 

and M. tuberculosis promoters by Bashyam et al. 

showed that there are similarities to E. coli 70 

promoters; however, in this case the −35 regions 

showed greater sequence variability. Strohl 

studied DNA promoter sequences for 

Streptomyces promoters.  

O’Neill and Chiafari have also made efforts to 

develop statistical algorithms for sequence 

analysis and motif prediction by searching for 

homologous regions or by comparing the 

sequence information with a consensus sequence. 

Two studies by Mulligan and McClure and 

Mulligan et al. pointed out that the variations that 

exist within individual promoter sequences are 

primarily responsible for the unsatisfactory 

results yielded by the promoter-site-searching 

algorithms, which in essence perform statistical 

analysis. It can therefore be inferred that 

recognition of mycobacterial promoter sequences 

requires a powerful technique that is capable of 

unravelling those hidden pattern(s) in the 
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biomacromolecule structure – patterns that are 

difficult to identify visually.  

Linear Discriminant Analysis was used to 

classify RNA macromolecules as mycobacterial 

promoter sequence (mps) or control group 

sequence (cs). In the development of the LDA 

the output was a dummy variable, mps, which 

codifies whether a sequence lies within the mps 

class (mps = 1) or belongs to the cs group (mps = 

0). In this problem the inputs were the Markov  

electrostatic potentials (kξM) of interaction 

between nucleotides located with respect to each 

other at a topologic distance k within the 2D-

RNA backbone, with k it is in the range [0, 5]. 

The kξM are parameters derived by means of a 

Markov chain model and are used here as 

molecular descriptors to encode RNA secondary 

structure (see methods section for details). The 

best discriminat equation found to discriminate 

between mps and the control group was: 

 

001.0p8.38F41.0585N

1432.2991.0664.4mps M

1

M

0




 

Where λ is Wilk’s statistic, N is the number of 

RNA sequences studied, F is Fisher’s statistics 

and p is the p-level (probability of error) <0.001. 

This latter factor means that the hypothesis of 

groups overlapping with a 5% error can be 

rejected. A high Matthews’ regression coefficient 

(C = 0.903) was observed and this high C value 

indicates a strong linear relationship between the 

structural descriptors of the biomacromolecules 

and the classification of the RNA sequences. The 

significance of the two variables (0ξM and 1ξM) in 

the model was demonstrated with the stepwise 

analysis (see original work). Conversely, the 

second order potential 2ξM does not have a 

significant relationship with the mps 

characteristic or RNA sequences. In physical 

terms the above results show that, as in other 

studies, there is a relationship between the 

electrostatic potential of the RNA molecule and 

its biological activity. However, in this case not 

all the electrostatic interactions affect the activity 

in the same way. The RNA-QSAR predicts that 

the possibility of a sequence acting as an mps 

decreases by a factor of 4.664 per unit of 

electrostatic potential on considering isolated 

nucleotides (0ξM). Conversely, the variations of 

global electrostatic potential (1ξM) due to 

secondary structure folding65 as a result of direct 

covalent and/or hydrogen bonds between 

nucleotides increase by a factor of only 0.991 

with respect to the possibility of RNA being 

encoded as an mps. Finally, long-term 

electrostatic interaction potentials between 

nucleotides at distances longer than 1 (2ξM, 3ξM, 
4ξM) do not correlate with the mps activity. The 

detailed results of the forward stepwise analysis 

are given in the original work.  

Jack-knife cross validation (cv) experiments 

were performed by the re-substitution technique, 

leaving out four different groups selected at 

random and containing 25% of the RNA 

molecules. The cross validation accuracies and 

the average cross validation accuracy (cv-

average) were cv1 = 95.9%, cv2 = 96.6%, cv3 = 

96.6% and cv4 = 96.5%, respectively, with the 

average Cv-average = 85.7.  

The testing of the model fit to data and its 

robustness – although very important – is not the 

only characteristic of an acceptable QSAR.  

The data for mps name, sequences, training and 

cross-validation probabilities for all the RNAs 

used in this work are given in Table 2SM and 

Table 3SM of the supplementary material of the 

original work. Finally, as far as the quality of the 

model is concerned, we would like to point out 

that the present linear QSAR model compares 

very favourably to a previous non-linear model 

reported by Kalate et al. in terms of simplicity 

(two variables: 0ξM and 1ξM). This non-linear 

model presented only slightly higher accuracy 

(97%) but makes use of very large space 
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parameters to describe DNA sequences rather 

than RNA structure. The success of our RNA-

QSAR model, which uses only two variables, can 

be explained by considering that RNA structure 

molecular descriptors encode not only sequences 

(as is the case for DNA linear sequence 

descriptors) but also molecular branching.  

The present paper introduces the simplest up-to-

date reported method to predict mycobacterial 

promoters. With this ultimate aim in mind, we 

changed the classical point of view and used 

RNA 2D-macromolecular descriptors instead of 

DNA sequence analysis. In this sense, this work 

opens a new way for the application of classical 

QSAR approaches to biomacromolecules. 

 

 

Figure 1. Circular representation for a folded 

RNA macromolecule of mps T3 from M. 

tuberculosis, note main stem highlighted in red. 

 

4. Conclusions 

 

In accordance with the aims of the work 

presented here, two main conclusions can be 

drawn from the results and discussion. Firstly, 

the 2D structure of RNA can be encoded with 
kξM to develop QSAR studies in the presence of 

low sequence homology, as in the mps problem. 

Secondly, there is a very simple linear QSAR 

model for mps prediction that involves the first 

two members of the kξM series (0ξM, 
1ξM). 
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Abstract: Orthology detection still requires more effective scaling algorithms. Combinations of 

alignment, synteny, evolutionary distances and protein interactions have been used in different 

unsupervised algorithms to improve effectiveness while many available databases are concerned 

with the scaling problem. In this paper, a set of gene pair features based on similarity measures, 

such as alignment scores, sequence length, gene membership to conserved regions and 

physicochemical profiles are combined in a supervised Pairwise Ortholog Detection (POD) 

approach to improve effectiveness considering low ortholog ratios in relation to all possible 

pairwise comparisons between two genomes. In this POD scenario, big data supervised 

classifiers managing imbalance between ortholog and non-ortholog pair classes allow for an 

effective scaling solution built from two genomes and extended to other genome pairs. The 

supervised approach for POD was compared with Reciprocal Best Hits (RBH), Reciprocal 

Smallest Distance (RSD) and a Comprehensive, Automated Project for the Identification of 

Orthologs from Complete Genome Data (OMA) algorithms by using (i) Saccharomyces 

cerevisiae - Kluyveromcyes lactis, (ii) Saccharomyces cerevisiae - Candida glabrata and (iii) 

Saccharomyces cerevisiae - Schizosaccharomyces pombe yeast genome pairs as benchmark 

datasets. Four datasets derived from each genome pair comparison with different alignment 

settings were used. Because of the large amount of instances (gene pairs) and the data imbalance, 

the building and testing of the supervised model was only possible by using big data supervised 

SciForum 

http://sciforum.net/conference/mol2net-1
mailto:deborah@uclv.edu.cu
mailto:srio@decsai.ugr.es
mailto:herrera@decsai.ugr.es
mailto:aantunes@ciimar.up.pt
mailto:gchapin@ciimar.up.pt


Mol2Net, 2015, 1(Section E), pages 1-10, Proceeding                         2               

http://sciforum.net/conference/mol2net-1 

classifiers managing imbalance. Evaluation metrics taking low ortholog ratios into account were 

applied. From the effectiveness perspective, MapReduce Random Oversampling combined with 

Spark Support Vector Machines outperformed RBH, RSD and OMA, probably, because of the 

consideration of gene pair features beyond alignment similarities combined with the advances in 

big data supervised classification. 

 

Keywords: ortholog detection; big data supervised classification; similarity measures  

1. Introduction 

Ortholog detection (OD) algorithms should 

distinguish orthologous genes from other types 

of homologs such as paralogs evolving from a 

common ancestor through a duplication event. A 

great deal of unsupervised graph-based 

approaches has been developed to identify 

orthologs resulting in corresponding repositories 

for pre-computed orthology relationships.  

When OD is based only on sequence 

similarity, it has been limited by evolutionary 

processes such as recent paralogy events, 

horizontal gene transfers, gene fusions and 

fissions, domain recombinations or different 

genetic events [1-2]. In fact, the identification of 

homologs is a difficult task in the presence of 

short sequences, those that evolved in a 

convergent way, and the ones that share less than 

30% of amino acid identities (twilight zone). 

Algorithm failures have been particularly shown 

in benchmark datasets from Saccharomycete 

yeast species that underwent whole genome 

duplications (WGD) presenting rampant 

paralogies and differential gene losses [3]. To 

tackle these shortcomings, some OD solutions 

merge sequence similarity with synteny genome 

rearrangements, protein interactions, domain 

architectures and evolutionary distances.  

On the other hand, the integration of different 

gene or protein information and the massive 

increase in complete proteomes highly increase 

the dimensionality of the OD problem and the 

total number of proteins to be classified. In a 

thorough paper from the Quest for Orthologs 

consortium [4], the authors emphasize the idea 

that this increase in proteome data brings out the 

need to work out not only efficient but effective 

OD algorithms. As they mention, the increase in 

computational demands in sequence analyses is 

not easily met by an increase in computational 

capacities but rather calls for new approaches or 

algorithmic implementations [4]. They 

summarized some methodological shortcuts 

implemented by the existing orthology databases 

to deal with the scaling problem. 

In this paper, we propose a new supervised 

approach for pairwise OD (POD) that combines 

several gene pairwise features (alignment-based 

and synteny measures with others derived from 

the pairwise comparison of the physicochemical 

properties of amino acids) to address big data 

problems [4]. Our big data supervised POD 

approach allows scaling to related species and 

data imbalance management (low ortholog ratio 

found in two or more genomes) for an effective 

OD. The methodology consists of three steps: (1) 

the calculation of gene pair features to be 

combined, (2) the building of the classification 

model using machine learning algorithms to deal 

with big data from a pairwise dataset, and (3) the 

classification of related gene pairs.  

Since traditional supervised classifiers cannot 

scale large datasets, the supervised classification 

for the POD problem should be addressed as a 

big data classification problem according to [5-7]  

and big data solutions should be applied for 

binary classification in imbalanced data such as 

the ones presented in [8].  
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Finally, we evaluate the application of several 

big data supervised techniques that manage 

imbalanced datasets [8-9] such as cost-sensitive 

Random Forest (RF-BDCS), Random 

Oversampling with Random Forest (ROS+RF-

BD) and the Apache Spark Support Vector 

Machines (SVM-BD) [9] combined with 

MapReduce ROS (ROS+SVM-BD). The 

effectiveness of the supervised approach is 

compared to RBH, RSD and OMA algorithms, 

taking data imbalance into account. All the 

algorithms were evaluated on benchmark 

datasets derived from the following yeast 

genome pairs: S. cerevisiae and K. lactis, S. 

cerevisiae and C. glabrata [3] and S. cerevisiae 

and S. pombe [10]. The S. cerevisiae and C. 

glabrata pair is particularly complex for OD 

since both species had undergone WGD. We 

found that our supervised approach outperformed 

traditional methods, mainly when we applied 

ROS combined with SVM-BD. 

2. Results and Discussion 

For the evaluation of POD algorithms, we 

compare the supervised solutions and the 

unsupervised ones following the evaluation 

scheme in Figure 1. The process separates the 

pairs into train and test sets and calculates 

pairwise similarity measures (average of local 

and global alignment similarity measures, length 

of sequences, gene membership to conserved 

regions (synteny), and physicochemical profiles 

within 3, 5 and 7 window sizes) for the pairs of 

both sets. The sequences of the test sets should 

be used to run the unsupervised reference 

algorithms. The train set should be used for 

building the supervised models to be tested only 

with the test set. 

The performance quality evaluation involves 

the calculation of the Geometric Mean (G-Mean) 

[11], seeking to maximize the accuracy of the 

two classes (orthologs and non-orthologs) by 

achieving a good balance between sensitivity and 

specificity that consider misclassification costs; 

and the Under the ROC Curve (AUC) [12] to 

show the classifier performance over a range of 

data distributions [13]. 

In Experiment 1, we evaluated the algorithms 

inside a genome by partitioning at random 75% 

of the complete set of pairs for training and 25% 

for testing, while in Experiment 2 we built the 

model from a genome pair and tested it in two 

different pairs. Specifically, in Experiment 1 we 

divided the S. cerevisiae - K. lactis set into 

16.986.996 pairs for training and 5.662.332 pairs 

for testing. The four datasets (BLOSUM50, 

BLOSUM62_1, BLOSUM 62_2 and PAM250) 

of each genome pair were built from 

combinations of alignment parameter settings. 

On the other hand, in Experiment 2, we built the 

classification model from 22.649.328 pairs of S. 

cerevisiae and K. lactis genomes and tested it in 

29.887.416 pairs of S. cerevisiae and C. 

glabrata, and 8.095.907 pairs of S. cerevisiae 

and S. pombe genomes.  

Comparison of big data supervised classifiers 

The G-Mean values of the supervised 

algorithms change only slightly with the 

selection of different alignment parameters 

(Table 1). These results may be either caused by 

the aggregation of global and local alignment 

scores in a single similarity measure or by the 

appropriate combination of scoring matrices and 

gap penalties in relation to the sequence diversity 

between the two yeast genomes [14].  

The average results of AUC and G-Mean 

obtained in experiments 1 and 2 for the 

supervised algorithms with different parameter 

values are shown in Table 1. The average  

𝑇𝑃𝑅𝑎𝑡𝑒 and  𝑇𝑁𝑅𝑎𝑡𝑒 are also depicted in Figure 2. 

SVM-BD has been left out from the table due to 

its very poor performance in G-Mean caused by 

its imbalance between 𝑇𝑃𝑅𝑎𝑡𝑒  and 𝑇𝑁𝑅𝑎𝑡𝑒 . Both 

Table 2 and Figure 2 prove that big data 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section E), pages 1-10, Proceeding                         4               

http://sciforum.net/conference/mol2net-1 

 

supervised classifiers managing imbalance outdo 

their corresponding big data supervised versions.  

The ROS pre-processing method for big data 

makes SVM-BD useful for POD and improves 

the performance of RF-BD even more with a 

higher value for the resampling size parameter of 

130% [15]. In contrast, both experiments show 

that the variation in this parameter value from 

100% to 130% does not significantly influence 

on the performance of the SVM-BD classifier 

with different regulation values. 

Specifically, RF-BDCS shows the best 

performance in S. cerevisiae - C. glabrata and S . 

cerevisiae - K. lactis when the classification 

quality is measured by G-Mean and AUC 

metrics, because it enhances the learning of the 

minority class. The criterion used to select the 

best tree split is based on the weighting of the 

instances according to their misclassification 

costs, and such costs are also considered to 

calculate the class associated with a leaf [8]. This 

cost treatment does not explicitly change the 

sample distribution and avoids the possible 

overtraining, that it is present in the ROS 

solutions due to replicated cases. The election of 

the cost values (𝐶(+| −) = 𝐼𝑅  and 𝐶(−| +) =

1) may also define the success of the algorithm. 

In the case of SVM-BD, the fixed 

regularization parameter defines the trade-off 

between the goal of minimizing the training error 

(i.e., the loss) and minimizing the model 

complexity to avoid overfitting. The higher is its 

value, the simpler the model. Nonetheless, 

setting an intermediate value, or one close to cero 

may produce a better performance in 

classification [16]. This is the case of the ROS 

(RS: 100%) + SVM-BD (regParam: 0.5) 

classifier that exhibits the best AUC and G-Mean 

values in S. cerevisiae - S. pombe, and the best 

balance between 𝑇𝑃𝑅𝑎𝑡𝑒 and  𝑇𝑁𝑅𝑎𝑡𝑒 in the three 

datasets (Figure 2). 

In order to balance time with classification 

quality, time consumption is another aspect to 

have in mind when comparing big data solutions. 

Table 3 contains run time in seconds for all big 

data solutions in each dataset and the faster 

algorithms are highlighted in bold face. These 

results allow us to prove that the time required is 

directly related to the operations needed for each 

method, as well as to the size of the datasets used 

to build the model. The fastest algorithm 

considering the average run time is SVM-BD 

followed by SVM-BD combined with ROS. 

Thus, the fastest algorithms coincide with the 

ones with better performance. In general, the 

ROS (RS: 100%) + SVM-BD (regParam: 0.5) 

classifier can be considered the best supervised 

solution considering both performance and time. 

Comparison of supervised vs. unsupervised 

classifiers  

The average results of AUC and G-Mean 

obtained for the best supervised algorithms and 

the unsupervised algorithms with different 

parameter values are shown in Table 4 for 

experiments 1 and 2. The supervised classifiers 

outperform the unsupervised ones. Among the 

unsupervised algorithms, RSD reaches the 

highest G-Measure value by setting E-value = 

1e-05 and  = 0.8 (recommended values in [17]) 

in S. cerevisiae - C. glabrata where similar 

results can also be seen for AUC and 𝑇𝑃𝑅𝑎𝑡𝑒 

values. On the contrary, OMA was the best 

among the unsupervised algorithms in S. 

Cerevisiae - S. pombe datasets (Table 4).  

In general, the performance of all classifiers 

declined in S. Cerevisiae - S. pombe datasets due 

to the fact that S. pombe is a distant relative of S. 

cerevisiae [18]. The  supervised classifiers 

performance is affected for the same reason and 

also, by the difference in data distribution 

between the train and test sets [19]. On the 

contrary, ROS (RS: 100%) + SVM-BD 

(regParam: 0.5) remained stable in S. Cerevisiae 
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- C. glabrata and S. Cerevisiae - S. pombe 

datasets when considering the balance between 

𝑇𝑃𝑅𝑎𝑡𝑒  and 𝑇𝑁𝑅𝑎𝑡𝑒 . Superior results in S. 

cerevisiae - C. glabrata are outstanding, since 

both genomes underwent a WGD and a 

subsequent differential loss of gene duplicates, so 

that algorithms are prone to produce false 

positives. Thus, this dataset contains “traps” for 

OD algorithms [3].  

The reduced quality shown by RBH, RSD and 

OMA, mainly in the case of RBH, could be 

caused by their initial assumption that the 

sequences of orthologous genes/proteins are 

more similar to each other than they are to any 

other genes from the compared organisms. This 

assumption may produce classification errors [1], 

in spite of the fact that BLAST parameters can be 

tuned as has been recommended in [20]. 

Conversely, RSD not only compares the 

sequence similarity, but it relies on maximum 

likelihood estimation of evolutionary distances to 

detect orthologs between two genomes, and as a 

result, it finds many putative orthologs missed by 

RBH because it is less likely than RBH to be 

misled by existing close paralogs.  

The OMA algorithm also displays advantages 

over RBH. It uses evolutionary distances instead 

of alignment scores. This algorithm allows the 

inclusion of one-to-many and many-to-many 

orthologs. It also considers the uncertainty in 

distance estimations and detects potential 

differential gene losses. 

From the point of view of the intrinsic 

information managed by the algorithms, the 

success of big data supervised classifiers 

managing imbalance over RSD and OMA may 

be explained by feature combinations calculated 

for the datasets together with the learning from 

curated classifications. With the aggregation of 

global and local alignment scores we are 

combining protein structural and functional 

relationships between sequence pairs, 

respectively. Besides, we incorporate other gene 

pair features: (i) the periodicity of the 

physicochemical properties of amino acids that 

allows us to detect similarity among protein pairs 

in their spectral dimension [21]; (ii) the 

conserved neighbourhood information, which 

considers that genes belonging to the same 

conserved segment in genomes of different 

species will probably be orthologs; and (iii) the 

length of sequences  

Table 1. Geometric mean results of the best supervised classifiers in each dataset. 
Dataset ROS (RS: 

100%) + 

RF-BD        

(Scer-Klac) 

ROS (RS: 

130%) + 

RF-BD        

(Scer-Klac) 

RF-

BDCS  

(Scer-

Klac) 

ROS (RS: 

100%) + 

RF-BD         

(Scer-Cgla) 

ROS (RS: 

130%) + 

RF-BD          

(Scer-Cgla) 

RF-

BDCS 

(Scer-

Cgla) 

ROS (RS: 100%) + 

SVM-BD 

(regParam: 1.0)         

(Scer-Spombe) 

ROS (RS: 100%) + 

SVM-BD 

(regParam: 0.5)         

(Scer-Spombe) 

Blosum50 0.9818 0.9818 0.9896 0.9889 0.9885 0.9934 0.8393 0.8673 

Blosum621 0.9801 0.9818 0.9855 0.9891 0.9903 0.9932 0.8707 0.8959 

Blosum622 0.9793 0.9793 0.9905 0.9910 0.9910 0.9929 0.8536 0.8694 

Pam250 0.9818 0.9818 0.9899 0.9912 0.9905 0.9941 0.8495 0.8839 

Table 2. AUC and G-Mean results of supervised classifiers in experiments 1 and 2. 
  S.cerevisiae-S.Klactis S.cerevisiae-C.glabrata S.cerevisiae-S.pombe 

Algorithm AUC G-Mean AUC G-Mean AUC G-Mean 

RF-BD 0.6979 0.6291 0.7455 0.7005 0.5172 0.1851 

ROS (RS: 100%)+RF-BD  0.9809 0.9807 0.9901 0.9900 0.6096 0.4527 

ROS (RS: 130%)+RF-BD  0.9813 0.9812 0.9901 0.9901 0.6121 0.4581 

RF-BDCS  0.9889 0.9889 0.9934 0.9934 0.7294 0.6745 

ROS (RS: 100%) + SVM-BD (regParam: 1.0) 0.9477 0.9477 0.9542 0.9542 0.8632 0.8533 

ROS (RS: 100%) + SVM-BD (regParam: 0.5) 0.8845 0.8791 0.9540 0.9539 0.8845 0.8791 

ROS (RS: 100%) + SVM-BD (regParam: 0.0) 0.6135 0.4961 0.9432 0.9431 0.6135 0.4961 

ROS (RS: 130%) + SVM-BD (regParam: 1.0) 0.8164 0.7956 0.9523 0.9522 0.8164 0.7956 

ROS (RS: 130%) + SVM-BD (regParam: 0.5) 0.8629 0.8528 0.9539 0.9539 0.8629 0.8528 

ROS (RS: 130%) + SVM-BD (regParam: 0.0) 0.6248 0.5147 0.9429 0.9428 0.6248 0.5147 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section E), pages 1-10, Proceeding                         6               

http://sciforum.net/conference/mol2net-1 

 

Table 3. Run time results in seconds of the big data solutions in experiments 1 and 2. 
Algorithm S.cerevisiae-S.Klactis S.cerevisiae-C.glabrata S.cerevisiae-S.pombe 

RF-BD 1201.59 2174.90 2060.99 

ROS (RS: 100%)+RF-BD  2983.75 4562.38 4440.03 

ROS (RS: 130%)+RF-BD  3345.04 4805.50 4681.51 

RF-BDCS  1302.41 2362.04 2025.15 

SVM-BD 461.87 482.85 480.45 

ROS (RS: 100%) + SVM-BD (regParam: 1.0) 867.38 1011.59 1012.46 

ROS (RS: 100%) + SVM-BD (regParam: 0.5) 874.62 1008.77 1013.32 

ROS (RS: 100%) + SVM-BD (regParam: 0.0) 859.17 1008.24 999.31 

ROS (RS: 130%) + SVM-BD (regParam: 1.0) 927.14 1079.19 1079.58 

ROS (RS: 130%) + SVM-BD (regParam: 0.5) 929.17 1084.19 1076.33 

ROS (RS: 130%) + SVM-BD (regParam: 0.0) 924.42 1076.37 1077.21 

Table 4. AUC and G-Mean of the unsupervised and the best supervised classifiers.  
  S. cerevisiae-.K. lactis S. cerevisiae-C .glabrata S. cerevisiae-S. pombe 

Algorithm AUC G-Mean AUC G-Mean AUC G-Mean 

RBH 0.1497 0.0062 0.8196 0.7995 0.4697 0.4525 

RSD 0.2 1e-20 0.5862 0.4862 0.9238 0.9206 0.4874 0.4438 

RSD 0.5 1e-10 0.5926 0.4643 0.9340 0.9316 0.4980 0.4063 

RSD 0.8 1e-05 0.5886 0.4518 0.9382 0.9362 0.5009 0.3899 

OMA 0.5765 0.4904 0.9287 0.9259 0.5151 0.4644 

RF-BDCS  0.9889 0.9889 0.9934 0.9934 0.7294 0.6745 

ROS (RS: 100%) + SVM-BD (regParam: 1.0) 0.9477 0.9477 0.9542 0.9542 0.8632 0.8533 

ROS (RS: 100%) + SVM-BD (regParam: 0.5) 0.8845 0.8791 0.9540 0.9539 0.8845 0.8791 

 

 

Figure 1. Workflow of the evaluation of supervised vs. unsupervised POD algorithms. 
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Figure 2. Average true positive and true negative rate values of supervised classifiers 

obtained in experiments 1 and 2. 

3. Materials and Methods 

Datasets 

The characteristics of the datasets are 

summarized in Table 5 where the label #Atts 

represents the number of attributes or gene pair 

features, and #Class (maj; min), the number of 

pairs in both classes. S. cerevisiae - S. pombe 

dataset contains ortholog pairs representing 

95.18% of the union of the Inparanoid7.0 and 

GeneDB classifications described in [10]. On the 

other hand, S. cerevisiae - K. lactis and S. 

cerevisiae - C. glabrata datasets contain all 

ortholog pairs in the gold groups reported in [3]. 

When we built the set of instances with all 

possible pairs, we excluded some genes since we 

didn’t find their genome physical location data in 

the YGOB database [22], required for the 

conserved membership feature calculation. 

Big data supervised classification managing 

data imbalance 

We use the open-source project Hadoop [23] 

with its highly scalable and fault-tolerant Hadoop 

Distributed File System (HDFS). We also utilize 

the scalable Mahout data mining and machine 

learning library [24] with machine learning 

algorithms adapted according to the MapReduce 

scheme as the MapReduce implementation of the 

(Random Forest (RF) algorithm [25]. Finally, we 

use the Apache Spark framework [9] interacting 

with HDFS, when the implementation of SVM-

BD in the scalable MLLib machine learning 

library [16] is combined with the MapReduce 

ROS implementation [8]. 

Table 5. Characteristics of the datasets. 
Genome pair #Atts #Class (maj; min) Imbalance ratio (IR)  Excluded genes 

S. cerevisiae - K. lactis 1  6  (22.646.914; 2414)  9381.489  89 de 5861 genes de S. cerevisiae 

37 de 5215 genes de C. glabrata  

1403 de 5327 genes de K. lactis  
S. cerevisiae - C. glabrata 1 6  (29.884.575; 2841)  10519.034  

S. cerevisiae - S. pombe 2 6  (8.090.950; 4.957)  1632.227   
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4. Conclusions 

 

 

The development of effective supervised algorithms for POD in a big data scenario was made 

possible by: (i) the availability of curated databases (authentic orthologs), (ii) the combination of 

traditional alignment measures with other gene pair features (sequence length, gene membership to 

conserved regions and physicochemical profiles) to complement homology detection, and (iii) the 

treatment of the low ratio of orthologs to the total possible gene pairs between two genomes. By 

applying evaluation metrics such as G-mean, AUC and the balance between 𝑇𝑃𝑅𝑎𝑡𝑒 and 𝑇𝑁𝑅𝑎𝑡𝑒, our 

results show that gene pairwise feature combinations provide excellent POD in a big data supervised 

scenario that consider data imbalance. The SVM-BD classifier combined with the ROS (RS: 100%) 

pre-processing with regulation parameter 0.5 outdid  the rest of the big data supervised solutions and 

the popular unsupervised (RBH, RSD and OMA) algorithms even when the supervised model was 

extended to datasets containing “traps” for OD algorithms. The classification performance of the 

supervised algorithms measured by G-Mean and AUC metrics did not significantly change in the four 

test sets obtained with different alignment parameter settings. When the balance between time and 

classification quality is considered, ROS (RS: 100%) + SVM-BD (regParam: 0.5) also proves to be the 

algorithm of choice. In future research, the introduction of new gene pair features might improve the 

effectiveness and efficiency of the supervised algorithms for POD. 
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Abstract: The present communication introduces a new classification model for fatty acids (FA) 

distribution networks in ruminal microbe membrane based on experimental and computational studies. 

In the experimental part, long chain fatty acids and volatile fatty acids in ruminal microbe membrane or 

liquid phase were investigated by supplementation of different ratios of Omega-6 / Omega-3 and in the 

processes of base- / acid- methylation. In the computational part, Perturbation Theory (PT) and Linear 

Free-Energy Relationships (LFER), combined with corresponding Box-Jenkins (ΔVkj) and PT Operators 

(ΔΔVkj) were applied into the calculation of physicochemical parameters (Vk) of fatty acids. The best 

PT-LFER model found to predict the effects of perturbations over the FA distribution network with 

Sensitivity, Specificity, and Accuracy > 80% for 407,655 cases. In final, PT-LFER model based on LDA 

was used to reconstruct the complex networks of perturbations in the FA distribution and compared with 

random Erdős–Rényi network models. The detail results have been published in Mol. BioSyst., 2015, 

Aug., the present is a short communications.  

 

 

Keywords: Fatty acids, Distribution networks, Computational, Experimental, Ruminal membrane 

 

1. Introduction 

The ω-6/ω-3 ratio plays an important role not 

only in the pathogenesis of cardiovascular 

diseases, but also in inflammatory, cancer and 

autoimmune diseases1-3. It is an efficient way to 

benefits the fatty acids composition in the diets by 

enrichment of ruminant meat or milk with ω-3 

polyunsaturated fatty acids (PUFAs). However, 

the ruminal complex biohydrogenation process 

limits their bioavailability of Omega-3 4. On the 

other hand, methylation methods are directed 
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effected the experimental values of PUFAs or 

volatile fatty acids (VFAs) distribution5-7. In the 

view of biology, the structure properties of long 

chain fatty acids (LCFAs, especially the number, 

location or topology structure of double bonds) 

are highly related to the chronic disease. To 

address this problem, it was postulated that the 

LCFAs in ruminal microbial membranes change 

with the supply of ω-6/ω-3 ratios. 

Chemoinformatics is related to Chemometrics, 

data mining, Machine Learning 8 accompany with 

Chemistry, Information Science, and the areas of 

topology, chemical graph theory. A new Corwin 

Hansch model is based on lipophilicity-activity 

relationship 9. 

2

i43a2i10i )(logPaMRapKalogPaa)f(ε   

Steric, electrostatic, and hydrophobicity factors 

combined with water/n-octanol partition 

coefficients (Pi), molecular refractivity (MR), 

acidity constants logarithmic (pKa) 10 etc. might 

be biologically relevant were set as input variables 

of model 11, 12. A molecular property (εi) or a 

function of this property f(εi) for a given chemical 

compound or molecular entity (mi) was set as 

output of the model. 

Hansch model is an extra-thermodynamic 

approach closely related to LFER 13, 14. The input 

variables (iVk) can be calculated as 

physicochemical parameters or molecular 

descriptors. In fact, the basic assumption for 

Hansch’s analysis is based on the theory of similar 

molecules with similar activities.15-17 In addition, 

the “small” variations or perturbations at the 

molecular structural level need to be quantified. 

The Perturbation Theory (PT)18 can be used to 

account for “small” problem by the view of 

Chemoinformatics. In this work, PT and LFER 

ideas were used to formulate a new PT-LFER 

approach for complex networks of FA distribution 

in Lipidomics. In this work, the first experiments 

were carried out to determine LCFA compositions 

in the rumen microbiome by addition of different 

ratios of omega-3 / omega-6. Then, 

Chemoinformatics study was provided, and the 

validation of new PT-LFER classification models. 

Artificial Neural Networks (ANNs) were used to 

test PT-NLFER models (compared to Non-

Linear). Next, the best PT-LFER model found 

was used to predict the effect of perturbations on 

initial boundary conditions over a large complex 

network of FA distribution/uptake in the ruminal 

microbiome. After that, the observed complex 

network was constructed and compared to the 

predicted network and random networks model 

with similar scale for the first time.  

In a word, the present work paves the way to 

combine the perturbation theory with complex 

fatty acids molecular systems under the 

consideration of chemical structures and various 

boundary experimental conditions. 

 

2. Results and Discussion 

The imbalance intake of ω-6/ω-3 has the 

potential to induce some chronic diseases, such as 

inflammation, asthma, vascular disease 19. In this 

study, long chain fatty acids (LCFAs) in microbial 

membrane, volatile fatty acids (VFAs) in media 

were differentiated on the conditions of 

exogenous ω-6/ω-3 ratios. First, cis-FA increased 

and trans-FAs decreased with exogenous ω-3 

PUFA in bacteria phase. This reflects that the ratio 

of cis/trans-FAs increased with the exogenous ω-

3 PUFA ratios. That means exogenous PUFAs are 

degraded by rumen microorganisms to some 

extent, or have more complex metabolism 

processes to intermediary metabolism in both of 

cis- and trans- unsaturated FAs formulation. This 

study showed that ω-3 PUFA (α-linolenic acid) 

could increase the cis-FAs content compared to ω-

6 PUFA (linoleic acid) on both of bacteria and 
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protozoa phases. The biohydrogenation of linoleic 

acid (cis 9, cis 12- C18:2) is first isomerized to 

conjugated linoleic acid (CLA, cis 9, trans 11- 

C18:2 isomer) in rumen environment, then 

conversion to vaccenic acid (trans 11- C18:1), or 

further reduction to stearic acid (saturated C18:0) 
20. Whereas the bio-hydrogenation of α-linolenic 

acid (ALA) in rumen is first characterized by 

isomerization to isomer (9, 11, 15- cis, trans, cis- 

C18:3) and subsequent reduction by isomerase 

and/or reductase via cis, trans- isomers of C18:2, 

C18:1 and in final to stearic acid 21. 

A new model was developed powerful to predict 

FAs distribution networks in various phases of 

ruminal microbiome in addition of/out of 

exogenous PUFAs after perturbation dealing 

within chemical molecular descriptors (Vk) and 

initial experimental boundary conditions (cj). 

Each ʹƒ(Lnr)new represents a corresponding 

coefficient in the new model for predicting 

IPA(%)new. This model can classify as high (Lnr = 

1)/ low (Lnr = 0) of the expected values of FAs 

(LCFAs/VFAs) between the new and reference 

states after changed the boundary conditions (cj). 

The parameter n(Lnr = 1) represents the number of 

cases in the sub-set with Lnr = 1 (links in complex 

network), or means the IPA(%)new of new sub-set 

is higher than that of reference (IPA(%)ref). 

Meanwhile, n(Lnr = 0) represents the number of 

cases observed and predicted in the sub-set with 

Lnr = 0 (without connected nodes in complex 

networks) or implied that IPA(%)new is lower than 

IPA(%)ref. The best PT-LFER model found using 

the LDA algorithm theory has only 12 

independent variables and presented as following 

algorithm. 

       

 

005.0     244,532.9;;655,407

7236.13))((0182.0)( 1682.0)(  0036.0

)(0037.0)(0044.0)(0063.00237.0

103  1264.16  0709.1  3713.00026.0021.0'
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The output function 'f(Lnr)new is useful to classify 

the pairs of states (pairs of nodes). Some input 

terms were expanded as follows. Like, ΔΔVk(cj) = 

p(cj)new·ΔVk(cj)new – p(cj)ref·ΔVk(cj)ref. This can be 

further expanded in turn as ΔΔVk(cj) = p(cj)new 

(newVk - <Vk(cj)>new) - p(cj)ref (refVk - <Vk(cj)>ref), 

<Vk(cj)> is the average of Vk for each cj. The 

statistical parameters, such as specificity (Sp), 

sensitivity (Sn), and accuracy (Ac) are always 

used to evaluate a new model. For the present 

study, the best new model found predicted the 

effects of perturbations under the initial 

conditions (cj) over FA distribution with Sn, Sp, 

and Ac greater than 80% for a total of = 407,655 

cases in training and external validation series. 

Additional machine learning techniques were 

used to do some artificial neural networks - linear 

and non-linear ANNs (LNNs and MLPs) for 

comparing them with LDA model found. The best 

11 ANN models were found to compare with the 

best LDA classification. In present study, the 

LNN models are based on 8 to 12 variables and 

MLP models have 5 to 12 input variables. The 

best MLP model (MLP 12:12-11-1:1) has 12 input 

variables and only one hidden layer with 11 

neurons with 93.73% of accuracy in training set 

and 92.54% in validation set. The PT-NLFER 

model obtained with MLP number 6 classified our 

dataset better than the LDA PT-LFER model. 

However, PT-LFER is notably simpler and shows 

a direct relationship between the input variables 

and the output. Thus, the LDA model has a better 

prediction capacity than all LNNs but less than 

MLPs. In addition, LDA model has the lower 

training and validation errors compared to all 

ANNs. In a word, MLP models were better 
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problem solving capacity, but notably more 

complicated. 

Network biology 22 is a very useful approach to 

shed light on the functional organization of the 

cell. Thus, the observed complex networks were 

built for perturbations in FA 

metabolism/distribution between ruminal media 

and microbial membrane. Two states are 

connected (Lnr = 1) for both IPA(%)obs (f(εij)new) 

and IPA(%)ref (f(εij)ref), if IPA(%)obs - IPA(%)ref > 

0, and Lnr = 0 otherwise. It was considered that Lnr 

= 1 (lined nodes) if both values of ꞌf(εij)new and 

ꞌf(εij)ref predicted by new model have the 

probability p(cij) > 0.5 with f(εij)ref = IPA(%)obs - 

IPA(%)ref > 0. 

Last, two random networks models (random 

network 1 and 2) were built. To set each model 

with a number of nodes and links as similar as 

possible to the observed and predicted networks, 

respectively. The results showed that the average 

values of the topological distance, node degree 

and closeness are similar between the observed 

and predicted networks (1.83 vs. 1.77, 72.75 vs. 

80.29, and 0.000755 vs. 0.000836, respectively). 

 

4. Conclusions  

Combined with experimental and computational 

methodology are useful to study the effect of 

multiple conditional factors over fatty acids 

distribution networks on ruminal microbiome and 

liquid phase. Meanwhile, PT and LFER ideas can 

be combined to develop a PT-LFER model on 

fatty acid distribution network. PT Operators and 

Box-Jenkins of physicochemical parameters are 

useful to define some inputs. ANN algorithms are 

also valuable to test the performance of alternative 

PT-NLFER; Non-Linear models. In final, ER 

random network models can be carried out the 

comparative studies with the observed and 

predicted networks referred to the effect of 

perturbations on the fatty acid distribution 

processes. 
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Abstract: In this work we use in silico tools like de novo drug design, molecular docking and 

absorption, distribution, metabolism and excretion (ADME) studies in order to develop new 

inhibitors for tyrosine-kinase protein (including its mutate forms) involved in myeloid leukemia 

disease. This disease is the first cancer directly associated with a genetic abnormality and is 

associated with hematopoietic stem cells that are manifested primarily with expansion 

myelopoiesis. Starting from a family of fragment and seeds from known reference drugs, a set of 

more than 6k molecules were generated. This first set was filtered using the Tanimoto similarity 

coefficient as criterion. The second set of more dissimilar molecules were then used in the docking 

and ADME studies. As a result, we obtain a group of molecule that inhibit the tyrosine-kinase 

family and have ADME properties better than the reference drugs used in the treatment of myeloid 

leukemia. 

 

Keywords: tyrosine-kinase; de novo design; fragment docking; myeloid leukemia 

 

1. Introduction 

The Chronic Myeloid Leukemia (CML) was 

initially reported in 1825 in France. French 

literature describes an autopsy done on a 63 years 

old woman where a large increase in the spleen 

and liver size was found. The spleen, due to the 

disease, had been increased 20 times compared to 

the healthy spleen [1,2]. 

Another important step on the understanding of 

CML was given in 1960, with the identification of 

a chromosomal abnormality as the source of the 

disease. This anomaly is the subtle exchange of 

the ends of the chromosomes 9 and 22, 

respectively (referred to as ABL and BCR gene), 

thereby creating a new hybrid chromosome which 

has been assigned the name Philadelphia 

chromosome. This hybrid chromosome has the 

ability to start the disease by encouraging 

disordered cell division of some blood cells [3-7]. 

The tyrosine-kinase mechanism of BCR-ABL 

works by binding ATP (adenosine triphosphate) 
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and transferring a phosphate group from ATP to 

tyrosine residues on various substrates [8,9]. 

Activation of these pathways can lead to lack of 

control of cell proliferation and apoptosis. The 

major drugs used to fight the disease use these 

mechanisms to inhibit tyrosine-kinase, choosing 

tyrosine-kinase as a perfect target for the study 

and design of new drugs [10]. 

 

2. Materials and Methods 

The structure of the tyrosine-kinase in its wild 

form (without any mutation) was downloaded 

from the Protein Data Bank (PDB) with code 

1OPJ and resolution equal to 1.75 Å [11]. To 

obtain the mutate forms, we apply the mutations 

following the codes used in the literature for the 

protein with code 3QRI [12].  

Prior to docking studies, the proteins structure 

was prepared using the Protein Preparation 

Wizard protocol as implemented in the 

Schrödinger Suite [13] using the Maestro 

interface [14]. This protocol adds hydrogen 

atoms, corrects bonds, complete chains, etc. 

The computational modelling of new inhibitors 

for the tyrosine-kinase was divided into three 

steps. In the first step, the de novo design was 

carried out using the LigBuilder software [15]. In 

this work we used the growing/linking modes and 

the explore mode. In the second step, the 

generated molecules were used as ligands in the 

docking studies with all the protein family. The 

docking studies were carried out using the Glide 

software [16] from the Schrödinger Suite [13]. To 

evaluate each pose, it uses an scoring function 

called GlideScore that consider the van der Waals 

energy, the Coulomb energy, a lipophilic contact 

term, an hydrogen-bonding term among other 

terms [17, 18]. The GlideScore (or GScore) has 

units of kcal/mol and the lower it is, the better the 

interaction is. All the docking simulations were 

performed considering the protein as a rigid 

structure and the ligand as flexible. In the last step, 

some physicochemical descriptors related to the 

Absorption, Distribution, Metabolism and 

Excretion (ADME) properties were calculated. In 

this work, we used the QikProp software [19]. 

 

3. Results and Discussion 

Using the de novo design technic, a universe of 

more than 6000 molecules was obtained. To 

validate the structural diversity of the generated 

library we calculated a 2D linear hashed 

fingerprint with a 64-bit address space. Then, we 

used the Tanimoto metric to compute the 

similarity among all the molecules (if the 

Tanimoto coefficient of two structures is greater 

than 0.85, the structures are considered similar) 

[20-22]. In the second step of our methodology, 

we dock all the molecules into the active site of all 

the protein family (with and without mutations). 

To provide a comparative of the potential of the 

generated molecules, we did the molecular 

docking of the 4 reference drugs must used as 

tyrosine-kinase inhibitor: imatinib, dasatinib, 

nilotinib and ponatinib. Comparing the score of 

the reference drugs with the generated molecules 

presented in table 1, we can see that in all the cases 

(including the mutated proteins) there is more 

than one molecule with better scores, suggesting 

potentials tyrosine-kinase inhibitor stronger than 

the reference drugs. 

From the results in table 1, we can see that 

among the whole population of molecules, the 

compounds 680, 781 and 723 repeatedly appear as 

well ranked ligands. Especial attention for the 

structure 781 that have a higher score than the 

reference drugs in all cases. 

A comparison of the docking poses of 781 and 

imatinib in the binding site of the T315I protein is 

shown in figure 1. The imatinib is interacting with 

T315I through 4 hydrogen bonds with amino 

acids Asp400, Ile379 and Met337 and Glu305, a 

π–cation interaction with His380 and 2 π−π 

interactions between Phe401 and Tyr272 residues 
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and the imidazole ring of imatinib. These 

interactions are dispersed over the whole imatinib 

molecule. In the case of 781, it mades 3 hydrogen 

bonds with residues Glu305, Tyr272 and Asn341 

and a π−π interaction between the Tyr272 and the 

benzofuran ring. In this case the interactions are 

distributed over the whole molecule structure 

also. 

A widely used descriptor to study the 

drugability of molecules is the Lipinski’s rule of 

five [24]. It predicts that a molecule will have poor 

absorption if its molecular weight (MW) is greater 

than 500Da, the average estimated number of 

hydrogen bonds that would be accepted by the 

solute from water molecules (HBAcceptor) is 

greater than 10, the average estimated number of 

hydrogen bonds that would be donated by the 

solute to water molecules (HBDonor) is greater 

than 5 and its octanol/water partition coefficient 

(QPlogPo/w) is greater than 5 [24]. Another 

descriptor that it is important is the QPlogHERG 

that simulate the blockage of human ether-a-go-

go hERG K+ channels. 

From table 2 we can see that the reference 

drugs nilotinib and ponatinib violate the Lipinski’ 

s rule of five. Both have the molecular weight over 

500Da and the ponatinib also have a partition 

coefficient out of the recommended values. On the 

other hand, our best molecules do not have any 

violations.  

A special attention is needed for the predicted 

QPlogHERG descriptor. Recently, it has been 

found that several non-cardiac drugs inhibit the 

hERG K+ channel causing cardiac side effects. 

Among them we can mention sudden cardiac 

death, significant QT prolongation (period 

between the start of ventricular depolarization and 

repolarization) and life-threatening ventricular 

arrhythmia. These undesirable drug interactions 

make the drugs withdrawn from the market owing 

to cardiovascular  toxicity associated to them [25]. 

The values of QPlogHERG are concerning when 

bellow −5 [19]. From our simulations, all the 

molecules have values lower than −5 but the 

reference  grugs imatinib, nilotinib, dasatinib and 

ponatinib have the more high-risk values. As it 

can be found elsewhere, heart problems is a 

recurrent side-effect of these drugs.  

The other compounds (680, 723 and 781) also 

have the QPlogHERG bellow the recommended 

value but in a lower extend. In the case of 

compound 781, it have the higher value (less risk) 

among all the studied molecules. 

 

Table 1. Docking score (GScore) for the best molecules and for the references drugs. 

Protein 

Mutation 

Molecule: GScore Imatinib Dasatinib Nilotinib Ponatinib 

1OPJ 680: -15.34 -13.96 -9.08 -13.63 -12.96 

T315I 781: -13.57 -13.31 -7.22 -4.89 -11.92 

T315A 781: -14.16  -13.05 -9.90 -13.49 -13.09 

M244V 723: -14.95 -13.16 -10.40 -13.51 -13.19 

E355G 781: -16.13 -10.22 -11,01 -13.58 -12.98 

H396A 781: -15.82 -13.02 -9.69 -14.12 -13.68 

 

Table 2. ADME properties (quantities out of recommendation values are underlined). 

Compound MW QPlogPo/w HBDonor1 HBAcceptor1 QPlogHERG 

Imatinib 493.610 3.476 2 10.00 -9.280 

Dasatinib 488.006 2.509 3 10.00 -6.672 

Nilotinib 529.523 5.870 2 8.00 -8.246 

Ponatinib 532.567 4.602 1 9.50 -9.243 
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680 487.511 1.856 5 10.00 -6.307 

723 430.502 4.471 3 6.25 -8.392 

781 459.498 4.96 3 6.75 -5.837 
1 As they are average values, they can be non-integers. 

 

 

 

Figure 1. 2D interaction diagram between 781 (left) and imatinib (right) with mutation T315I. 

 

  

4. Conclusions 

The myeloid leukemia is a fatal disease, so it is 

of great importance to keep the patients in chronic 

phase where they stay asymptomatic. The 

fragment based drug design method used in this 

work turns to be a good alternative to create drugs 

that can control this neoplasm. Based on the 

calculated GScore, the de novo designed 

molecules have better inhibitor capacity than the 

tyrosine-kinase inhibitors most used in the 

market. These molecules shown strong potential 

to become drugs capable to inhibit all mutations, 

mainly the T315I mutation, now the leading cause 

of deaths due to the difficulty of inhibitors to 

control it. 
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Abstract: The influenza virion is characterized by two surface proteins, hemagglutinin (HA) and 

neuraminidase (NA). The changes in their surface antigenic sites have given rise to several 

subtypes – H1 to H16 for the hemagglutinin and N1 to N9 for the neuraminidase, and each 

influenza strain is identified with these subtypes such as the H5N1, H7N9, etc. Of the 16 x 9 

combinations possible, only certain combinations are observed to proliferate in the wild, such as 

the H1N1, H3N2, H5N1, etc. This interdependence of the HA and NA on certain subtypes have 

been noticed, and experimentally demonstrated, but the underlying cause or its systematics have 

been unknown. We have hypothesized that the base distribution characteristics of the HA and 

NA constitute a coupling between them. We estimate the coupling strength by measuring the 

distance in graph radii between the two genes in a graphical representation scheme. We found 

that this distance was characteristic of each subtype combination and forced combinations with a 

different HA or  NA subtype led to widely different values, which by our hypothesis, and the 

experimental findings of Zhang et al, implied unstable combinations. This hypothesis implies 

that given a stable subtype of pathogenic influenza, we can estimate using the coupling constants 

which other subtype combinations could emerge through reassortment. Thus in the case of the 

H5N2 strain which had an epidemic form in North America in 2015, we have calculated the 

consequences of altering the NA component. We found that only H5N4, H5N6 and H5N9 

combinations could match the coupling strength of the H5N2, thus implying that the next 

epidemics could arise from these combinations rather than other subtypes of H5. This allows for 

more focused monitoring of emerging flu strains for epidemic potential. 

.

Keywords: influenza HA-NA 

interdependence; new subtypes; HA-NA 

coupling strengths; bird flu, neuraminidase; 

hemagglutinin 
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1. Introduction 

Influenza is a widely prevalent seasonal viral 

infection that afflicts several million people 

annually with fatalities that range into tens of 

thousands. The influenza virus is of three main 

types, Influenza A, B and C, of which Influenza 

A is the most prevalent and affects birds, 

mammals and humans. The influenza A virus 

genome is a segmented negative strand RNA 

virus with eight distinct pieces of the nucleic acid 

coding for 11 proteins. Two of these -

hemagglutinin (HA) and neuraminidase (NA) - 

are surface situated glycoproteins responsible for 

virus endocytosis and progeny elution. On the 

basis of their antigenic segments several 

subtypes of these proteins have been identified – 

16 for the HA and 9 for the NA, enabling the 

viral strains to be characterized as H1N1, H3N2, 

H7N9, etc. 

It has been observed that while 16 x 9 

combinations of the HxNy variety of viral strains 

are possible, only certain combinations seem to 

predominate in the wild [1], as can be seen from 

the database population of the various flu strains 

[2]. The reason for this interdependence of one 

subtype of HA for a specific subtype of NA and 

vice versa is not known, but that such an 

interdependence exists has been verified by the 

experiments of Zhang et al [3] who swapped 

different subtypes to show that outside the 

preferred subtype combinations the strains were 

not stable or adequately infective; this has also 

been observed in other subtype combinations [4]. 

This issue is quite critical. The evolution of 

different strains of influenza leads to the 

possibilities of emergence of epidemic and 

pandemic strains that can affect very large 

number of host species as had happened with the 

Spanish Flu (subsequently identified as a H1N1 

subtype) of 1918 where the human death toll 

exceeded 20 million, the Swine Flu (H1N1) of 

2009 where several million people were infected 

and over 25,000 died within one year, the H5N1 

bird flu that apparently surfaced around 1997 and 

the H7N9 flu of 2013 whose containment 

necessitated culling of millions of chicken, and 

the recent H5N2 avian flu epidemic in North 

America (2015) that has led to culling of millions 

of poultry and farm birds. Such strains arise 

through genetic shift and drift, of which 

reassortments among the various genes, 

especially the glycoproteins, which can occur 

when two flu strains infect a single cell, are 

among the most important processes [5,6]. Such 

possibilities require incessant monitoring of 

evolving subtypes and combinations worldwide, 

a rather daunting, but inescapable task. Taking 

interdependence of HA and NA into account can 

help to reduce this task to more manageable 

proportions since monitoring one of them, say 

HA, automatically accounts for the associated 

NA that can retain the infectivity. Quantifying 

the interdependence of HA and NA therefore can 

be instrumental in this enterprise. 

Our study of this HA-NA interdependence [2] 

led us to hypothesize a coupling between the two 

glycoproteins arising out of their base 

distribution and composition characteristics 

which are best visualized in a graphical 

representation. Our research showed that the 

major influenza subtype combinations had very 

distinct coupling strengths and interchange 

between different subtype components 

compromised such strengths, an outcome in 

keeping with Zhang et al’s experimental results 

[3]. As a consequence of this model, we 

considered the current H5N2 avian epidemic in 
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the USA and could forecast two possible 

reassortment products that could conceivably 

fuel new epidemics [7]. This report very briefly 

summarizes our methodology and these results 

and observations. 

.

2. Results and Discussion 

Graphical representation of the HA and NA 

sequences of H1N1, as described in the Methods 

section and shown in Fig.1, depicts the base 

distributions of the two genes. Our hypothesis of 

a coupling between the two genes is predicated 

upon the assumption that the base distributions 

are mutually dependent; indeed, Hu [8] has 

shown that mutational changes in one lead to a 

coupled mutational change in the other. We 

quantify this inter-dependence by the distance 

between the end-points of the graph radii of the 

two plots as defined in the Methods section. 

The point is that if the coupling between the 

HA and the NA were to be characteristic of the 

specific subtype, implying co-ordinated change 

of some kind, then irrespective of the genetic 

shifts in the two gene sequences, the coupling 

factor as measured by the distances of the graph 

radii should remain constant within a reasonable 

limit. As shown in Table 1, taking a large sample 

of the H1N1 strains we found that the coupling 

factor worked out to 39.49±8.19. Similar 

analyses for other strains of recent interest 

showed similar trends. Table 1 lists the results of 

our analysis with all viral strains in our database 

showing the coupling actors for each individual 

viral strain and also an average for each flu 

subtype where adequate number of strains was 

available. We notice that this average is different 

for each subtype with a reasonably low standard 

deviation implying that each flu subtype has a 

specific coupling strength, which we may refer to 

as its characteristic value. 

For the coupling to be characteristic of each 

flu subtype, replacing one gene with another 

variety should produce quite different result for 

the coupling factor. In fact, as we replaced the 

H1 sequence of A/South Dakota/01/2011(H1N1) 

with a H5 sequence from 

A/duck/France/05066b/2005(H5N1), the 

coupling factor changed from 33.97 to 12.03; 

exchanging only the NA between the two strains 

changed the coupling factor to 69.72 implying 

gross lack of compatibility between the HAs and 

NAs of the two strains. This effect we found in a 

wide variety of samples tested as shown in Table 

2. We note that the HA exchange produced less 

dramatic or insignificant effects than NA since 

the HA sequences are more homologous across 

all HA subtypes compared to the NA subtypes: 

taking typical examples each of all subtypes of 

HA and NA, we find that in terms of the 

composition of the four bases a, c, g, t the 

standard deviation from the average composition 

values is <3% for a and t (a: 2.6%, t: 2.8%) and 

<4% for g and c (g:3.7%, c:3.8%) for the HA, 

whereas these figures are >3% for a,t (a:3.7%, 

t:9.2%) and >6% (g:6.7%, c:6.2%) for the NA; 

the wide variation of the NA and the 

comparatively lesser variation of the HA 

subtypes is evident too in the graphical 

representations shown in Ref 2.  

These results of our analyses, summarized in 

Tables 1 and 2, show that forced exchanges 

between the HA and NA of the flu strains often 

lead to coupling factors widely different from the 

characteristic values. Our observations tie in 

neatly with the experimental results of Zhang et 

al [3] who found from HA, NA exchanges within 

a set of 1918 pandemic H1N1, a 2009 pandemic 

H1N1 and a HPAI H5N1 that the NA exchanges 

led to significant decline in influenza infectivity 

whereas the effect was comparatively much less 

when the HAs were exchanged. This he 

attributed to lack of “matching patterns” between 

the NA of the H5N1 with the HAs of the H1N1s 
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in the experiment. From the observation noted 

earlier that the availability in the wild of only a 

few wild subtypes of flu may imply low stability 

of other subtypes, and the observations of wide 

variation in the computed coupling value and 

Zhang et al’s results, we may infer that such 

“forced” subtypes will not yield stable or 

efficient infective strains. 

This leads us to an interesting prognosis. This 

year has witnessed a sudden epidemic of highly 

pathogenic avian influenza (HPAI) H5N2 

infection among poultry and farm raised birds 

like chicken and turkeys in the North American 

west and mid-west leading to death through 

infection or culling of millions of birds [9]. 

While the virus has not affected humans yet, 

strict monitoring is being done to ensure 

adequate warning in case the virus develops 

human-to-human transmission ability [10]. At 

the same time a watch has to be kept on the 

possibility that the virus could undergo 

reassortments and give rise to new subtypes, 

though one does not know which of the possible 

subtypes could be highly pathogenic too. 

Our analysis provides a guideline here. Once 

we know that the H5N2 is a HPAI virus, we can 

forecast which of the possible reassortants have 

the potential to be stable and possess pathogenic 

ability [7]; it is pertinent to note here that 

according to the USDA, the current H5N2 

subtype is itself a combination of Asian HPAI 

H5 and North American N2 [11,12]. We 

accessed all North American H5N2 gene 

sequences available at the time, i.e., around mid-

May 2015, and determined that the magnitude of 

the coupling for these strains as measured 

through the delta-gR was 38.58±1.46. To assess 

possible reassortments from these strains we are 

mindful of the fact that Asian H5 is a highly 

pathogenic virus that in its H5N1 bird flu form 

had caused high level of human fatalities at a 

mortality rate of 1 per 2 infections [13], and a 

continuing fear that the virus may mutate to a 

form causing human-to-human transmission 

leading to a new pandemic [14]. Taking such a 

HA as one component of the possible 

reassortants, we tried combinations with all 

subtypes of the NA available from typical flu 

sequences (Table 3). Taking a cue from the 

results given in Table 1 that the standard 

deviations of the coupling values between the 

various strains of the flu subtypes is 18.85% 

(range: 7.65% – 29.12%), we can look for those 

HA-NA combinations that lie within this range. 

The results as shown in Table 3 indicate that only 

combinations of the H5 with a possible N4, N6 

or N9 fall within this coupling value range and 

therefore could be the new HPAI to evolve from 

reassortments of the H5N2 with other flu 

subtypes. Our research showed that flu subtypes 

with these varieties of the neuraminidase have 

been reported in various places in North 

America, indicating that it is possible for 

reassortments of the HPAI H5N2 with these 

subtypes to take place. While monitoring for 

genetic shifts and drifts of the H5N2 in North 

America, close attention, therefore, may be given 

to development of H5N4, H5N6 and H5N9, if 

any, of which H5N9 may bear extra scrutiny 

since a hitherto benign to human H7N9 strain in 

China suddenly developed a mutation in 2013 

that led to human fatalities. Such focused 

scrutiny might reduce the monitoring overhead to 

some extent to concentrate on the more potent 

possibilities. The same exercise can be done with 

other HA subtypes, but as we have seen, the flu 

subtypes are more sensitive to the changes in 

NA. 
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Table 1. Coupling factors of HA-NA interdependence. The last two columns provide summary data 

for each major flu type indicated in the first column 

 
Locus ID 

  
gR values Coupling Group 

Flu 
Type 

HA NA Virus Strain Description Year NA HA factor η Averages Std Dev 

H1N1 CY016699 CY016701 A/South Australia/58/2005(H1N1) 2005 113.6024 100.9997 25.37991 
  

 
GQ150342 CY039988 A/Nonthaburi/102/2009(H1N1) 2009 95.58367 118.4997 32.45575 

  

 
KC881952 KC881951 A/South Dakota/01/2011(H1N1) 2011 95.53349 120.0206 33.97239 

  

 
CY039893 CY039895 A/New York/1669/2009(H1N1) 2009 95.73236 120.473 35.51551 

  

 
FJ998208 FJ998214 A/Mexico/InDRE4487/2009(H1N1) 2009 94.97363 120.473 36.33877 

  

 
CY039999 CY040001 A/New York/3008/2009(H1N1) 2009 95.49054 120.9794 36.44679 

  

 
CY039901 CY039903 A/New York/1682/2009(H1N1) 2009 95.45042 120.8896 36.68635 

  

 
KF648252 KF648260 A/Washington/05/2013(H1N1) 2013 93.2853 118.2515 36.95131 

  

 
CY040007 CY040009 A/New York/3012/2009(H1N1) 2009 95.49054 121.9571 37.39781 

  

 
GQ338364 GQ117071 A/Minnesota/02/2009(H1N1) 2009 94.78558 122.4494 38.14657 

  

 
CY148235 CY039528 A/Netherlands/602/2009(H1N1) 2009 92.11382 120.1784 38.49428 

  

 
FJ966952 FJ966956 A/California/05/2009(H1N1) 2009 93.60996 121.7123 38.42935 

  

 
KC781785 GQ377078 A/California/07/2009(H1N1) 2009 94.87404 121.6822 38.93651 

  

 
CY134351 CY134353 

A/green-winged 
teal/California/123/2012(H1N1) 

2012 91.47518 83.26524 40.19993 
  

 
CY134359 CY134361 

A/northern 
shoveler/California/138/2012(H1N1) 

2012 93.76871 77.66515 33.03013 
  

 
CY134367 CY134369 A/northern pintail/California/183/2012(H1N1) 2012 94.10496 76.34555 34.85523 

  

 
CY077076 CY077078 A/mallard/Sanjiang/390/2007(H1N1) 2007 85.39725 96.98963 55.31523 

  

 
EU026037 EU026039 A/mallard/Maryland/170/2002(H1N1) 2002 89.38879 76.97491 36.1104 

  

 
EU743306 EU743308 A/blue winged teal/LA/B228/1986(H1N1) 1986 87.14094 83.45928 33.5418 

  

 
AB546149 AB546151 A/pintail/Aomori/422/2007(H1N1) 2007 80.85941 88.08622 47.88056 

  

 
AB670330 AB472014 A/duck/Tsukuba/718/2005(H1N1 2005 83.23725 91.84633 54.27835 

  

 
HM193551 HM193628 A/mallard/Alaska/44430-088/2008(H1N1) 2008 91.17319 78.89723 41.29855 

  

 
FJ432778 FJ432780 A/goose/Italy/296426/2003(H1N1) 2003 84.48628 95.62911 54.02458 

  

 
CY014627 CY005686 A/duck/AUS/749/1980(H1N1) 1980 81.72422 92.90199 21.36802 

  

 
FJ536818 FJ536824 A/swine/Shandong/443/2008(H1N1) 2008 88.04054 113.9492 50.04761 

  

 
AB741039 AB741041 A/swine/Narita/aq21/2011(H1N1) 2011 95.94873 122.2932 36.65832 

  

 
GQ229357 GQ229362 A/swine/Hong Kong/9656/2001(H1N1) 2001 109.2822 128.8602 42.5942 

  

 
EU004444 EU004442 A/swine/Tianjin/01/04(H1N1) 2004 105.3392 106.7129 46.18326 

  

 
CY085774 CY085776 A/swine/Hong Kong/434/2006(H1N1) 2006 99.01507 119.5231 52.64454 39.48903 8.187229 

          

H1N2 JX069105 JX069107 A/ostrich/South Africa/AI2887/2011(H1N2) 2011 76.81041 86.06502 17.21649 
  

 
AB741007 AB741009 A/swine/Tochigi/2/2011(H1N2) 2011 91.94878 113.8709 22.75411 

  

 
CY133290 CY133292 A/mallard/Mississippi/10OS4593/2010(H1N2) 2010 82.69537 79.35445 33.5879 

  

          

H3N1 CY005943 CY004711 A/mallard duck/ALB/26/1976(H3N1) 1976 87.08971 76.95153 63.14924 
  

          

H3N2 CY006467 CY006469 A/New York/516/1997(H3N2) 1997 86.58321 91.76747 21.82011 
  

 
CY091261 CY091263 A/Singapore/NHRC0007/2003(H3N2) 2003 83.2928 96.42491 22.33844 

  

 
AB295605 AB295606 A/Aichi/2/1968(H3N2) 1968 77.86263 63.87713 27.37842 

  

 
CY092233 CY092235 A/Australia/NHRC0010/2005(H3N2) 2005 85.46052 101.1324 27.38328 

  

 
CY116638 CY116639 A/Tbilisi/GNCDC0557/2012(H3N2) 2012 88.55144 103.2946 28.25711 

  

 
CY105870 CY105872 A/KhanhHoa/KH475/2008(H3N2) 2008 84.56058 106.1538 30.82751 
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CY105886 CY105888 A/HaNoi/311/2005(H3N2) 2005 87.52267 105.8014 31.34143 

  

 
AB741031 AB741033 A/swine/Yokohama/aq138/2011(H3N2) 2011 90.78071 97.3364 13.3909 

  

 
CY131029 CY131031 A/swine/Ohio/10SW136/2010(H3N2) 2010 84.88113 98.66828 16.12007 

  

 
AB277754 AB277755 A/duck/Hokkaido/5/1977(H3N2) 1977 79.99952 67.8499 31.90895 

  

 
KC422461 KC422462 A/feline/Guangdong/1/2011(H3N2) 2011 81.79576 94.96184 37.39615 

  

 
KF155145 KF155147 A/canine/Korea/MV1/2012(H3N2) 2012 81.43785 95.31512 37.58191 

  

 
KC422456 KC422458 A/feline/Korea/01/2010(H3N2) 2010 83.5886 92.22999 41.06222 28.21588 8.21681 

          

H5N1 AB212054 AB212056 A/Hong Kong/213/2003(H5N1) 2003 82.66458 110.4352 48.87837 
  

 
GU052518 GU052520 A/chicken/Scotland/1959(H5N1) 1959 86.35189 92.52505 33.31591 

  

 
CY053325 JF758823 A/wood duck/Ohio/623/2004(H5N1) 2001 94.39676 112.5891 36.4933 

  

 
AJ971297 AJ972921 A/duck/France/05066b/2005(H5N1) 2005 94.821 85.81665 43.58987 

  

 
AF144305 AF144304 A/goose/Guangdong/1/1996(H5N1) 1996 76.56076 102.1669 44.23744 

  

 
EF607855 EF607897 A/mute swan/MI/451072-2/2006(H5N1) 2006 87.95686 115.3977 45.63799 

  

 
AF364334 AF364335 A/Goose/Guangdong/3/97(H5N1) 1997 74.52595 101.9541 47.47952 

  

 
KC815853 KC815851 A/mallard/Italy/3401/2005(H5N1) 2005 83.11546 99.35829 52.03776 

  

 
AY585373 AY585404 A/duck/Guangdong/07/2000(H5N1) 2000 82.8014 105.5828 52.64266 

  

 
GU052073 GU052075 A/Goose/Hong Kong/3014.5/2000(H5N1) 2000 92.07489 107.368 53.95241 

  

 
AY747617 AY747618 A/swine/Fujian/F1/2001(H5N1) 2001 86.5242 103.6867 56.02981 46.7541 7.134044 

          

H5N8 CY134101 CY134103 A/mallard/California/2559P/2011(H5N8) 2011 76.93981 112.062 56.45905 
  

          

H6N1 AB298279 AB298280 A/duck/Hokkaido/W159/2006(H6N1) 2006 87.5451 102.213 24.3545 
  

 
HM144392 HM144562 A/duck/Hunan/177/2005(H6N1) 2005 85.58079 90.42478 24.70176 

  

 
HM144388 HM144558 A/mallard/Jiangxi/227/2003(H6N1) 2003 83.2108 90.20036 30.04321 

  

 
EF681878 EF681880 A/chicken/Taiwan/2838V/00(H6N1) 2000 89.26956 92.06014 31.88554 

  

 
AB294215 AB294216 A/duck/Hong Kong/716/1979(H6N1) 1979 78.10185 95.91201 33.8106 

  

 
GQ414872 GQ414903 A/spot-billed duck/Korea/545/2008(H6N1) 2008 89.70904 92.77493 40.21473 

  

 
GQ414864 GQ414904 A/mallard/Korea/L08-8/2008(H6N1) 2008 89.54615 94.47328 42.40703 32.4882 6.987585 

          

H7N3 CY125730 CY125728 A/Mexico/InDRE7218/2012(H7N3) 2012 86.18209 73.54771 33.07789 
  

          

H7N9 KC853228 KC853231 A/Shanghai/4664T/2013(H7N9) 2013 103.7236 91.82757 38.80746 
  

 
KC885956 KC885958 A/Zhejiang/DTID-ZJU01/2013(H7N9) 2013 106.4451 93.09385 40.50441 

  

 
KC853766 KC853765 A/Hangzhou/1/2013(H7N9) 2013 105.9556 93.48328 41.09839 

  

 
KC994453 KC994454 A/Fujian/1/2013(H7N9) 2013 108.0189 93.09385 41.31705 

  

 
KF420298 KF420296 A/Changsha/1/2013(H7N9) 2013 106.6576 93.71526 42.77973 

  

 
KF278746 KF226113 A/Jiangsu/1/2013(H7N9) 2013 106.8237 92.96191 43.35736 

  

 
KF469231 KF261988 A/Nanchang/1/2013(H7N9) 2013 106.6445 93.71526 42.52465 

  

 
KC899669 KC899671 A/chicken/Zhejiang/DTID-ZJU01/2013(H7N9) 2013 106.2791 85.76458 38.11029 

  

 
AY999981 KF695256 A/Mallard/Sweden/91/02(H7N9) 2002 104.6166 72.43222 40.03544 

  

 
GU060482 GU060484 A/goose/Czech Republic/1848-K9/2009(H7N9) 2009 98.69629 74.68026 43.06948 

  

 
CY133649 CY133651 

A/northern 
shoverl/Mississippi/11OS145/2011(H7N9) 

2011 111.8206 69.69097 63.20246 
  

 
CY067678 CY067680 

A/blue-winged teal/Guatemala/CIP049-
02/2008(H7N9) 

2008 113.4246 72.32552 64.78273 
  

 
AB481213 AB481212 A/duck/Mongolia/119/2008(H7N9) 2008 120.3336 79.60081 50.0517 

  

 
KJ508892 KJ508890 A/tree sparrow/Shanghai/01/2013(H7N9) 2013 106.631 91.28917 41.58104 45.0873 8.488588 
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H9N2 JQ440373 JQ916910 A/chicken/Egypt/114940v/2011(H9N2) 2011 80.29504 113.7064 40.8703 
  

          

mixed CY103245 CY103247 A/mallard/Alberta/115/2007(mixed) 2007 89.43659 82.58275 21.97967 
  

          

H5N1 short stalk strains: 
       

H5N1 AB239125 AB239126 A/Hanoi/30408/2005(H5N1) 2005 68.38075 112.7598 59.9053 
  

 
DQ371928 EU128239 A/Anhui/1/2005(H5N1) 2005 75.77015 112.8584 69.38676 

  

 
CY098681 CY098683 A/Anhui/1/2007(H5N1) 2007 73.62005 112.5678 66.89482 

  

 
DQ835313 DQ835315 A/China/GD01/2006(H5N1) 2006 73.4652 115.0801 72.79483 

  

 
AB478025 AB478033 A/quail/Thanatpin/2283/2007(H5N1) 2007 73.76582 113.7522 63.76267 

  

 
AB780494 AB780496 A/duck/Vietnam/OIE-2212/2012(H5N1) 2012 80.98051 118.7173 70.41153 

  

 
KC261463 KC261473 A/duck/Eastern China/057/2007(H5N1) 2007 76.04691 116.5277 71.06516 

  

 
FR687258 FR687259 A/chicken/Egypt/Q1182/2010(H5N1) 2010 69.47943 113.5217 76.67715 68.86228 5.266735 

(Reproduced by permission from Current Comput Aided Drug Design, Ref 2) 

Table 2. Coupling factors for forced matches between HA and NA for different strains and subtype 

combinations 
Flu 

 
Natural Computed coupling 

 
SubTypes Virus strain description coupling factor for first strain Notes 

  
factor* HA2+NA1 HA1+NA2 

 
      H1N1 A/Mexico/InDRE4487/2009(H1N1) 36.338769 39.4250615 49.7303551 

 
H3N2 A/Aichi/2/1968(H3N2) 27.378422 

   
      H1N1 A/New York/1669/2009(H1N1) 30.403674 31.0935325 82.399158 1 

H5N1 A/chicken/Egypt/Q1182/2010(H5N1) 76.677153 
   

      H1N1 A/California/05/2009(H1N1) 38.429353 34.7546642 73.6664097 1 
H5N1 A/Anhui/1/2005(H5N1) 69.386759 

  
3 

      H1N1 A/South Dakota/01/2011(H1N1) 33.972387 12.0340407 69.723639 2 
H5N1 A/duck/France/05066b/2005(H5N1) 43.589874 

   
      H1N1 A/Netherlands/602/2009(H1N1) 38.494277 2.74553914 67.1634074 

 
H6N1 A/mallard/Jiangxi/227/2003(H6N1) 30.043214 

   
      H1N1 (A/New York/3008/2009(H1N1)) 36.446792 18.7330372 40.9006368 

 
H7N9 A/Fujian/1/2013(H7N9) 41.317053 

   
      H3N2 A/Tbilisi/GNCDC0557/2012(H3N2) 28.257107 8.37696138 62.7612626 2 

H5N1 A/duck/France/05066b/2005(H5N1) 43.589874 
   

      H3N2 A/Australia/NHRC0010/2005(H3N2) 27.383275 11.0170769 59.7319878 
 

H6N1 A/duck/Hunan/177/2005(H6N1) 24.701758 
   

      H3N2 A/Singapore/NHRC0007/2003(H3N2) 22.338436 12.262058 34.451943 
 

H7N9 
A/blue-winged teal/Guatemala/CIP049-

02/2008(H7N9) 
64.782725 

   

      H5N1 A/goose/Guangdong/1/1996(H5N1) 44.237442 20.1662511 58.710981 2 
H6N1 A/chicken/Taiwan/2838V/00(H6N1) 31.885536 

   
      H5N1 A/swine/Fujian/F1/2001(H5N1) 56.029805 43.2469843 30.6110415 2 

H7N9 A/Shanghai/4664T/2013(H7N9) 38.807458 
   

      H6N1 A/duck/Hunan/177/2005(H6N1) 24.701758 44.7498079 61.0380129 
 

H7N9 A/Zhejiang/DTID-ZJU01/2013(H7N9) 40.504412 
   

            Notes: * Values as per Table 1 
    

 
1 H5N1 with short stalk neuraminidase 

    
 

2 H5N1 with long stalk neuraminidase 
    

 
3 Strains used  in Zhang et al's (2010) experiments 

   
      (Reproduced by permission from Current Comput Aided Drug Design, Ref 2)  
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Table 3. Hypothetical combinations from 2015 North American H5N2: Coupling a H5 with different 

NA subtypes. 

 

Gene 

Locus ID –  
typical  

examples Typical subtype / averages for avian ‘flus 

Average 
Seq 

Length 
Average 

Mu X 
Average 

Mu Y 
Graph 

radius gR 

Delta gR 
for 

sample 
HA with 

other NAs 

Diff 
from 

Average 
in Table 
1 (in %) 

Sample HA KP739389 
A/domestic duck/Washington/61-
16/2014(H5N2) 1704 -97.9695 -29.4883 102.31118 

  of H5N2 
              

 
NA N1 H1N1 EU743308 Average for H1N1 subtype 1410 -54.4152 -65.8155 85.39725 56.71546 47.02 

NA N1 H6N1 HM144562 Average for H6N1 subtype 1410 -55.4681 -65.6722 85.962449 55.81799 44.69 

NA N1 ls H5N1 KC815851 Average for H5N1 long stalk subtype 1410 -58.4532 -60.6701 84.247486 50.33731 30.48 

NA N1 ss H5N1 KC261473 Average for H5N1 short stalk subtype 1350 -45.6463 -59.3848 74.900875 60.26209 56.21 

NA N2 H3N2 AB277755 Average for N2 data from H1N2 and H3N2 1413 -63.7702 -47.3914 79.451709 38.60201 0.06 

NA N3 H7N3 CY125730  A/Mexico/InDRE7218/2012(H7N3) 1410 -86.1333 -2.89858 86.182091 29.10508 24.55 

NA N4 H4N4 AY207533  A/gray teal/Australia/2/79(H4N4) 1413 -56.1826 -30.2852 63.825366 41.79449 8.34 

NA N5 H6N5 FLASHEAU  A/shearwater/Australia/1/1972(H6N5) 1407 -56.2971 -57.3163 80.340011 50.10975 29.89 

NA N6 H4N6  JX454731 A/wild bird/Korea/GS26/2006(H4N6) 1413 -87.0035 
  

2.248408 87.032586 33.57779 12.96 

NA N7 H10N7 EU747332  A/quail/California/1022/1999(H10N7) 1347 -78.66 -15.3846 80.150346 23.91174 38.02 

NA N8 H2N8 KC899750  A/wild duck/SH38-26/2010(H2N8) 1413 -42.2151 -48.0602 63.967938 58.76616 52.33 

NA N9 H7N9 KC899669 Average for H7N9 subtype 1409 -108.696 
  

3.491663 108.75254 34.6806 10.10 

Note: ss - short stalk; ls - long stalk; Delta-gR is the coupling factor  

(Reproduced by permission from Current Comput Aided Drug Design, Ref 7) 
 

 
 

Figure 1. 2D graphical representation of HA (blue) and NA (red) sequences (cds) of 

A/Washington/05/2013(H1N1)
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3. Materials and Methods 

All sequences were downloaded from the 

NCBI GenBank database within the past year 

[15]. The IDs of the various sequences are given 

in the tables in Refs 2 and 7 and the details can 

be accessed from the NCBI website, Ref.11. 

The 2D graphical representation method used 

here [16] is a simple device to visualize the base 

distribution of any DNA/RNA sequence. On a 2-

dimensioanl Cartesian cor-ordinate system, the 

four cardinal directions are identified with the 

four bases which preferentially are: adenine with 

the –ve x-direction, cytosine with the positive y-

direction, guanine with the +ve x-direction and 

thymine with the –ve y-direction. The query 

sequence is plotted starting from the origin and 

moving one step in the direction indicated for the 

base sequentially. This traces out a curve that 

reflects the distribution of bases along the 

sequence. Fig.1 is an example of two gene 

sequences, of the HA and NA, on the same 

graph. 

Quantitative assessments of the different 

sequences, e.g., descriptors of the two sequences 

in Fig.1, can be made as a first approximation by 

defining weighted centre of mass (µx,µy) of a 

sequence as 

𝜇𝑥 =  
∑ 𝑥𝑖

𝑁
𝑖=1

𝑁
⁄   ,   𝜇𝑦 =  

∑ 𝑦𝑖
𝑁
𝑖=1

𝑁
⁄ . 

𝑔𝑅 = √𝜇𝑥
2 + 𝜇𝑦

2 

where (xi,yi) represent the co=ordinates of the ith 

base, N is the total number of bases and we 

define the distance from the origin to the centre 

of mass as gR. Then the difference between two 

sequences can be represented by the distance 

between the end points of the graph radii of the 

two sequences as 

∆𝑔𝑅 = √(𝜇𝑥 + 𝜇𝑥′)
2 + (𝜇𝑦 + 𝜇𝑦′)

2 

We use the gR as an indicator of the coupling 

between the two sequences as explained earlier. 

More discussions on the properties of gR and gR 

can be found in the earlier papers and related 

documents. 

. 

. 

. 

. 

. 

.

4. Conclusions 

In this brief report we have discussed the observation of interdependence of hemagglutinin and 

neuraminidase in influenza A subtypes that appear to restrict the proliferation of influenza subtypes to 

a few combinations, although theoretically a much larger number should be possible. We believe the 

origins of this phenomenon must lie in the base distribution and composition of the related sequences; 

observations of Hu [8] on HA, NA mutations show that mutations in one sequence appear to regulate 

mutational changes in the other. To quantify this phenomenon we have hypothesized a coupling of the 

two sequences with a coupling factor that is characteristic of the related subtypes. Our investigations 

into real sequences of several different subtypes using graphical representation techniques yielded 

specific numbers for each flu subtype within a reasonable tolerance level; forced replacements of one 

gene with another subtype led to different coupling strengths, which was more dramatic in the case of 

NA exchanges [2]. 

Since the influenza genome is known to undergo genetic drift to new reassortants quite frequently 

due to its inherent segmented structure, this interdependence of the HA and NA serves to restrict such 

reassortants to a reduced subset of possible stable pathogenic varieties. Our methodology described 
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above, and reported previously in Ref 2, allows us to compute possible such subtypes of the influenza. 

In response to the recent epidemic of H5N2 influenza among North American poultry, we have made a 

prognosis on this basis of possible new pathogenic reassortants that may arise out of the current 

epidemic [7]. This has important consequences on monitoring of influenza strains and mutations that 

allows opportunity to focus on possible more pathogenic subtypes. On a larger scale, our approach 

provides an opportunity worldwide to compute and monitor evolution of highly pathogenic influenza 

viruses. 

.  
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Abstract: In the present study, three different physicochemical molecular properties for peptides 

were calculated using the program MARCH-INSIDE: atomic polarizability, partition coefficient, 

and polarity. These measures were used as input parameters of a Linear Discriminant Analysis 

(LDA) in order to develop three different quantitative structure-property relationship (QSPR)-

perturbation models for the prediction of B-epitopes reported in the immune epitope database 

(IEDB) given perturbations in peptide sequence, in vivo process, experimental techniques, and 

source or host organisms. The accuracy, sensitivity and specificity of the models were >90% for 

both training and cross-validation series. The statistical parameters of the models were compared 

to the results achieved with the electronegativity QSPR-perturbation model previously reported. 

The results indicate that this type of approach may constitute an interesting route for predicting 

“in silico” new optimal peptide sequences and/or boundary conditions for vaccine development. 

 

 

Keywords: Epitopes; Vaccine design; Perturbation theory; QSAR/QSPR models; Markov 

Chains 

 

 

1. Introduction 

The immune epitope database (IEDB) 

contains data related to antibody and T cell 

epitopes for humans, non-human primates, 

rodents, and other animal species (1). This 

system registers an important amount of 

information about the molecular structure and the 

experimental conditions (cij) in which different i-
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th molecules were determined to be immune 

epitopes or not. 

Quantitative structure-activity/property 

relationship (QSAR/QSPR) methods let 

transform molecular structures into numeric 

molecular descriptors (λi) and find relationships 

between these structures and their biological 

activity. On the other hand, perturbation theory 

comprises methods that add “small” variation 

terms to the mathematical description of 

problems with known solutions in order to find 

an appropriate solution for related problems with 

no known solutions. 

In a recent work, González-Díaz et al. (2) 

have developed an electronegativity QSPR-

perturbation model for B-epitopes reported in 

IEBD able to predict the probability of 

occurrence of an epitope after a perturbation in 

the peptide sequence (mi), source organism (so), 

host organism (ho), immunological process (ip), 

and experimental technique (tq) used. In 

principle, there are more than 1,600 different 

molecular descriptors (λi) that may be 

generalized and used to solve QSPR problems in 

chemical structures (3). In the present study, 

three different physicochemical molecular 

properties for peptide sequences reported in 

IEDB were calculated in order to develop three 

different QSPR models able to predict the 

efficiency of a new peptide as B-epitope given 

perturbations in mi, so, ho, ip, and tq.

2. Results and Discussion 

In the present work, three different QSPR-

perturbation models were developed, one for 

each class of molecular descriptor calculated 

with the software MARCH-INSIDE (Table 1). In 

these equations, N is the number of cases used to 

train the models, RC is the canonical correlation 

coefficient, and U is the Wilk’s lambda or U-

statistic. In line with González-Díaz et al. (2), the 

output of the models λ(εij)new is a real value 

function that scores the propensity with which a 

new peptide obtained after perturbation of the 

initial conditions acts as B-epitope. On the other 

side, the first input term λ(εij)ref is the scoring 

function λ of the efficiency of the initial process 

εij. The function λ(εij)ref = 1, if the i-th peptide 

could be experimentally demonstrated to be a B-

epitope in the assay of reference (ref) carried out 

in the conditions cj. λ(εij)ref = 0 if otherwise. The 

perturbation terms Δλcj = λ(mq)ref - λ(mi)new are 

the difference in the mean value of the molecular 

property in question for all amino acids in the 

sequence of the peptide of reference. The 

independent variables ΔΔλcj = Δλcj-ref - Δλcj-new = 

[λ(mq)ref – *λ(cqr)ref] – [λ(mi)new – *λ(cij)new] 

quantify values of the conditions of the new 

assay cj-new that represent perturbations with 

respect to the initial conditions cij-ref of the assay 

of reference. The quantities *λ(cij) and *λ(cqr) are 

the average values of the mean values λ(mi) and 

λ(mq) of the molecular property in question for 

all new and reference peptides in IEDB that are 

epitopes under the j-th or r-th boundary 

condition. 

The models obtained here are very stable and 

robust, yielding values of accuracy, sensitivity 

and specificity > 90% for both training and 

cross-validation series. These models are not able 

to improve the model developed by González-

Díaz et al. (2). However, the results obtained are 

very similar and the values of different statistical 

parameters demonstrate the high significance of 

the models, validating the consistency of the 

method. Thus, the information obtained from the 

four different types of QSPR-perturbation 

models developed to date may be combined to 

increase the likelihood of a correct prediction of 

new epitopes or the optimization of known 

peptides towards computational vaccine design.
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Table 1. The best QSPR-perturbation models found in this work. 

. 

Atomic polarizability (α) 

   

01.0p18.0U91.0Rc155169N

0103.2096.47668.21

482.16683.4

tqip

sohoseqrefijnewij





 2.66744.099-

 

Partition coefficient (P) 

   

01.021.089.0155169

851.1851.69073.7

378.307.74198.689-345.4
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PPP

tqip
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Polarity (Pol) 

   

01.016.092.0155169

084.2274.661545.204

803.20637.565708.845-846.4
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3. Materials and Methods 

The same database recently utilized by 

González-Díaz et al. (2) was used in the present 

study. The calculation of the molecular 

descriptors was implemented in the in-house 

program MARCH-INSIDE (4), which makes use 

of a Markov Chain method to calculate the k-th 

mean values of different physicochemical 

molecular properties kλ(mi) for i-th molecules 

(mi) (5). In the present work, three new QSPR-

perturbation models for prediction of B-epitopes 

reported in IEDB were developed using different 

types of molecular descriptors λ(mi) to codify 

structural information: atomic polarizability (α), 

partition coefficient (P), and polarity (Pol). The 

construction of this type of models has been 

explained in detail before (2); therefore, only the 

general equation is presented: 

   
0

'
4

1j
ij

'

ref0

'

new
·d ec

ijqrqrij
 

  

Here, λ(εij)new is the efficiency function as 

epitope of a new peptide obtained after a change 

in the structure and/or the boundary conditions cj 

≡ (c0, c1, c2, c3… cn) of a peptide of reference. 

The set of boundary conditions used here are the 

same reported in IEDB: c0 = the specific peptide; 

c1 = the organism that expresses the peptide (soj); 

c2 = the host organism exposed to the peptide 

(hoj); c3 = the immunological process (ipj); and 

c4 = the experimental technique (tqj). The 

variable λ(εqr)ref refers to a known efficiency 

function as epitope of a peptide of reference 

experimentally determined under a set of cj 

boundary conditions. The function λ(εij) was 

defined as a discrete value function for 

classification purpose: λ(εij) = 1 for epitopes 

reported in the conditions cj and λ(εij) = 0, when 

otherwise. The values c0 and dij are the 

coefficients obtained for the Linear Discriminant 

Analysis (LDA) classification functions. The 

variational perturbation terms ΔΔλijqr account 

both for the deviation of the molecular 

descriptors of all amino acids in the sequence of 

the new peptide with respect to the peptide of 

reference and with respect to all boundary 

conditions. The constant e0 represents the 

independent term of the model. 
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An LDA was carried out using the 

STATISTICA 6.0 software (6). A forward 

stepwise strategy was used for variable selection, 

and the statistical significance of the models was 

determined by calculating the canonical 

correlation coefficient (Rc) and U-statistic. The 

accuracy, specificity, and sensitivity for the 

training and cross-validation series were also 

examined (7). 

4. Conclusions 

This work has demonstrated that atomic polarizability, partition coefficient, and polarity values 

calculated with MARCH-INSIDE seem to also be good molecular descriptors for finding QSPR-

perturbation models which are able to predict the results of variations in peptide sequences and 

experimental assay boundary conditions reported in IEBD. Consequently, this type of approach may 

constitute an interesting route for predicting “in silico” new optimal peptide sequences and/or 

boundary conditions for vaccine development. In addition, this study may serve as a basis for building 

better and more reliable models in the future (e.g., consensus QSPR models). This computational 

technique is by no means aimed at replacing experimentation but rather helps us to somewhat 

rationalize this process, while at the same time reducing costs in terms of material resources and time. 
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Abstract: Today classification of drug candidates on the Biopharmaceutics Classification 

System (BCS) has become an important issue in pharmaceutical researches. In this work, we 

provide a potential in silico approach to predict this system using two separately classification 

models of Dose number and Caco-2 cell permeability. 18 statistical linear and nonlinear models 

have been constructed based on 803 0-2D Dragon and 126 Volsurf+ molecular descriptors to 

classify the solubility and permeability properties. The voting consensus model of solubility 

(VoteS) showed a high accuracy of 88.7% in training and 92.3% in test set. Likewise, for the 

permeability model (VoteP), accuracy was 85.3% in training and 96.9% in test set. A 

combination of VoteS and VoteP appropriately predicts the BCS class of drugs (overall 73% 

with class I precision of 77.2%). This consensus system predicts the BCS allocations of 57 drugs 

appeared in the WHO Model List of Essential Medicines with 87.5% of accuracy. A simulation 

of a biopharmaceutical screening assay has been proved in a large data set of 37,377 compounds 

in different drug development phases (1, 2, 3 and launched), and NMEs. Distributions of BCS 

forecasts illustrate the current status in drug discovery and development. It is anticipated that 

developed QSPR models could offer the best estimation of BCS for NMEs in early stages of 

drug discovery. 
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1. Introduction 

After almost 20 years of the introduction and 

exploration of the Biopharmaceutics 

Classification System (BCS), it has gained a 

major impact on the regulation and development 

of immediate release (IR) solid oral drug 

products [1,2]. Based on the principal factors that 

determine the rate and extent of drug absorption, 

the BCS provides a scientific framework for 

classifying drug substances into one of four 

categories. According to BCS, IR solid oral 

dosage forms are categorized as having either 

rapid or slow in vitro dissolution, and then 

classified based on aqueous solubility and 

intestinal permeability of the active 

pharmaceutical ingredient (API) [1]. This system 

has been formally adopted by the US FDA [3], 

the European agency EMEA [4] and the World 

Health Organization (WHO) [5] as a technical 

standard for waiving BE test requirements for 

oral drugs. A recent study of the economic 

impact of granting biowaivers for class I and III 

BCS demonstrated an impressive saving annual 

expenditure on running BE studies, being more 

than 120 million dollars between the two classes 

[6]. Because it avoids unnecessary drug 

exposures to healthy subjects, while maintaining 

the high public health standard for therapeutic 

equivalence, the BCS is, without doubt, a 

potential tool for speeding up and reducing the 

cost of drug development. 

There is a continuing effort worldwide to 

detect, in the early discovery, the possible BCS-

based biowaiver candidates, e.g. BCS class I 

drugs [7]. One of the common strategies is based 

on BCS provisional classification in which the 

drugs are classified by two sources: dose related 

solubility data (Dose number, Do) and estimated 

human absorption data, i.e. in vitro permeability 

(usually determined by the Caco-2 cell cultured 

method) [3,8], or simple in silico partition 

coefficient calculation [9]. In this regard, in silico 

approach presents the two most important 

advantages: (i) provides a flexible approach that 

can be applied in different stages of drug 

development with different purposes, and (ii) 

allows estimating the BCS classes of new 

molecular entities (NMEs) without knowledge of 

therapeutic dosage. Definitely, with respect to 

experimental methods, computational approaches 

are cost-saving and no sample requirement 

methods. 

However, up to now, robust in silico 

approach, i.e. Quantitative Structure-

Activity/Property Relationships (QSAR/QSPR) 

modeling, has not been explored sufficiently in 

the BCS studies. Based on published findings 

[10], and to respond to the rising need of early 

identification of possible biowaiver drugs, in this 

work, we attempt to develop robust QSPR 

models to classify the solubility and permeability 

terms that compose the BCS (Figure 1). These 

models were rigorously validated on various 

published BCS class drug sets [5,9,11-13] and 

the feasibility of performing PBC prediction in 

early drug discovery is discussed. 
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Figure 1. Summary scheme of current in silico study 

 

2. Results and Discussion 

 

In 2004, a number of 123 orally administered 

drugs on the World Health Organization (WHO) 

Essential Medicine List (EML) were initially 

classified into BCS [9,11]. Later, 200 oral drug 

products in the United States, Great Britain, 

Spain, and Japan were classified based on 

published solubility data and permeability data 

estimated by calculated log P [12]. Recently, 

increasing attention has been turned out for 

determining the Provisional Biopharmaceutical 

location of orally administered immediate-

release (IR) drug products using different 

estimated gastrointestinal permeability, such as 

partition coefficients (log D and log P), 

molecular surface area (PSA) or other in vitro 

permeability.[14-17] It has been emphasized that 

the distribution of BCS class I, II, III, and IV in 

each classification are quite different. In this 

report, taking advantage of the availability of 

experimental in vitro Caco-2 cell data a 

Provisional Biopharmaceutical Classification 

(PBC) of 322 oral drug products gathered from 

literature was performed. To our knowledge, it is 

the largest data set for such classification. 

Classifications of current data are described in 

[7]. 

Physicochemical profiling of PBC. It is very 

useful to analyze the similarity between 

physicochemical spaces characterized by PBC 

classes, especially for developing computational 

predictions of current PBC and further BCS. 

Thus, six commonly used physicochemical 

parameters were calculated by Dragon and 

Volsurf+ for this analysis:[18,19] molecular 

weight (MW), polar surface area (PSA), Mlog P, 

log D6, log D7.5, total number of hydrogen bond 

donors and acceptors (nHA+B), number of free 

rotatable bonds (RBN), and estimated ionization 

states. The average and median values of 

maximum dose strength (Dmax) as well as Caco-2 

Papp were also analyzed for each class.  

Unsurprisingly, class II drugs display the 

highest lipophilicity, while class III and IV are 

more hydrophilic. Class I drugs represent a 

balanced physicochemical profile even though 

they tend to be more lipophilic. In general, only 

the hydrogen bonding term is fairly different 

from one class to another. There is certain 

physicochemical similarity between class I and II 

(Mlog P, log D at basic medium), class III and 

IV (nHA+B, PSA), or class II and III (MW), etc. 

Values of Dmax do not present any trend. It is 

demonstrated that poor bioavailability is more 

likely when the compounds violate two or more 

of the Lipinski’s rules (Ro5): (i) log P <5, (ii) 

MW< 500, (iii) HBD (hydrogen bond donors) < 

5, and (iv) HBA (hydrogen bond acceptors) < 

10.[20] Current data was collected mostly among 

successful drugs. Then, it is easy to understand 

that many of them (>95%) passed the Ro5. 

Computational models to predict PBC class 

from chemical structures. Solubility and Caco-

2 permeability were modeled independently. The 

final computational PBC classification was 
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achieved using two voting consensus 

(permeability and solubility) systems.  QSPR 

models obtained by different statistical 

techniques for each property are described 

below. 

Solubility modeling. Three model series were 

obtained using LDA, QDA and BLR. Different 

molecular descriptors (MDs) were used for 

building QSPR models. From every model series 

constructed with every technique, the best one 

was selected (detailed comparisons are described 

in supplement documents). Table 1 summarizes 

the mathematical equations and performances of 

the three best models for PBC solubility 

prediction. 

Permeability modeling. The same procedure 

was carried out to select the best classifiers for 

PBC permeability class. Table 2 displays the 

relevant information of permeability models. 

Classifications of four PBC classes. The two 

obtained voting models were finally combined to 

estimate the four PBC classes of the data (322 

compounds). Table 3 displays the confusion 

matrix of this consensus system. A good overall 

accuracy of 73.0 % was obtained by this system.. 

Analysis of molecular descriptors (MDs). 

Interestingly, the PBC solubility and 

permeability terms are well described using a 

small set of MDs.  

Table 1. Performances of the three best models for PBC solubility classification 

Technique 
Descriptor 

family 

MCC Accuracy Specificity Sensitivity Precision 
AUC (Ts)b 

% (Tr/Ts)a  

LDA (S1) 
0-2D Dragon 

plus Volsurf+ 
0.66/0.54 83.3/76.9 82.2/79.3 84.0/75.0 86.9/81.8 0.88±0.04 

QDA (S2) 0-2D Dragon 0.63/0.75 81.7/87.7 82.2/82.8 81.3/91.7 86.5/86.8 0.97±0.04 

BLR (S3) 0-2D Dragon 0.60/0.69 80.5/84.6 75.5/82.1 84.1/86.5 83.0/86.5 0.96±0.03 

VoteS All 0.68/0.87 84.4/93.9 85.0/89.3 84.0/97.2 88.7/92.3 – 

Mathematical equations 

CLASSDo(+/-) = –1.59 – 0.54×PˍVSAˍvˍ3 + 0.80×nArC=N + 0.65×C-005 – 0.84×CATS2Dˍ04ˍAL  

+ 0.79×DLSˍ04 + 4.51×ID3 + 0.28×A – 0.41×LgD5 

(S1) 

 

 N = 257 λ = 0.60 D2 = 2.74 F = 25.61 p < 0.0001  

CLASSDo (+/-) = –0.36 – 0.90×Me – 1.40×nCt – 0.79×NssNH + 1.22×BLTD48 + 0.87×DLSˍ04   

– 0.82×CMC-50 – 1.86×nArC=N×N-067 + 0.41×N-067×NssNH  

– 0.73×Me×CMC-50 + 0.51×nR102 

(S2) 

 N = 257 λ = 0.59 D2 = 2.88 p < 0.0001  

Ln (P+/P-) = 2.63 – 0.59×nCp + 4.44×nArC=N + 0.20×H-052 + 1.82×N-067 – 1.32×NssNH 

+ 1.09×BLTD48 + 4.58×LDSˍ04 – 1.38×CMC-50 – 0.38×nO (S3) 

aMeasured performances of training/test set; bArea under the ROC curve determined on test set by non-parametric 

assumptions in 95% asymptotic confidence interval. 

 

Table 2. Performances of the three best models for PBC permeability classification 

Technique 
Descriptor 

family 

MCC Accuracy Specificity Sensitivity Precision 
AUC (Ts)b 

% (Tr/Ts)a  

LDA (P1) 
0-2D Dragon 

plus Volsurf+ 
0.63/0.69 81.6/84.9 81.9/85.7 81.4/84.2 82.0/88.9 0.93±0.03 

QDA (P2) 0-2D Dragon 0.65/0.76 82.4/87.9 81.1/89.3 83.7/86.8 81.8/91.7 0.94±0.03 

BLR (P3) 
0-2D Dragon 

plus Volsurf+ 
0.64/0.73 82.0/86.4 79.5/89.3 84.5/84.2 80.7/91.4 0.92±0.03 

VoteP All 0.70/0.77 85.2/87.9 85.0/96.4 85.3/81.6 85.3/96.9 – 

Mathematical equations 

CLASSPapp(+/-) = –5.91 + 0.01×PˍVSAˍsˍ6 – 1.62×nRNR2 – 0.74×C-016 + 2.64×CATS2Dˍ08ˍAP  

+ 4.23×LLSˍ01 + 0.01×WN2 + 3.79×CACO2  

(P1) 

 

 N = 256 λ = 0.57 D2 = 2.81 F = 22.24 p < 0.0001  

CLASSPapp (+/-) = 0.32 – 1.02×GATS2m + 0.95×GATS2s – 0.55×nRNR2 – 0.52×B03[O-O]   (P2) 
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– 1.95×SAdon + 0.82×LLS -01 + 3.46×nC=N-N<×B04[O-Cl]  

+ 0.37×nRNR2×SAdon + 0.32×CATS2Dˍ03ˍDD×SAdon – 0.46×B08[C-O]2 

 N = 256 λ = 0.55 D2 = 3.18 p < 0.0001  

Ln (P+/P-) = 5.49 – 2.05×nRNR2 + 3.74×CATS2Dˍ07ˍDP + 1.88×CACO2  – 5.04×GATS2m 

– 22.48×nFuranes – 0.02×SAdon – 1.05×nRCOOH (P3) 

aMeasured performances of training/test set; bArea under the ROC curve determined on test set by non-parametric 

assumptions in 95% asymptotic confidence interval. 

 

It is important to note that there are some 

MDs directly related to polarizability and 

dispersion forces within molecules (nCp, nCt), 

molecular size (nR10, P_VSA_v_3), lipophilicity 

and hydrophobicity (BLTD48, CATS2D_04_AL, 

CMC-50), and especially, the polar, chargeable 

and hydrogen bond forming capacity (A, Me, nO, 

nArC=N, C-005, N-067, NssNH, LgD5). Beside, 

rule based MDs, which represent common 

physicochemical combination trends of known 

drug-like and lead-like dataset,[21,22] are 

selected. Generally, current finding structure-

property (Do) relationship (SDoR) are rather 

similar with Khandelwal et al.’s analysis.[23] 

On the other hand, the ionization state 

(GATS2s, P_VSA_s_6, nRNR2), molecular size 

(GATS2m, nFuranes, C-016) and hydrogen bond 

donor and acceptor regions (nRCOOH, nRNR2, 

nC=N-N<, CATS2D_03_DD, CATS2D_07_D, 

CATS2D_08_AP, SAdon, WN2 etc.) are well 

correlated with Caco-2 permeability. The ADME 

descriptor CACO2 was selected two times in 

permeability models. Please note that numeric 

values of this variable are result of partial least 

square (PLS) discriminant analysis developed by 

Zamora et al.[24] Unfortunately, the use of this 

descriptor does not provide precise knowledge of 

descriptor impacts on PBC permeability class. 

Regulatory validation and applications of in 

silico PBC models. A robust forecast of PBC 

class is very useful in early drug discovery. 

Especially, for many NMEs whose therapeutic 

dose-ranges are not available in preclinical 

stages. This is also important for estimating 

possible BCS memberships, since there is a great 

correspondence between proposed PBC and BCS 

cited in regulatory guidelines [5].  

Table 3. Confusion matrix of consensus system for the prediction of PBC classes 

 

Predicted 

PBC Class I 

Predicted 

PBC Class II 

Predicted 

PBC Class III 

Predicted 

PBC Class IV 
Total 

Accuracy 

(%) 
MCC 

PBC Class I 61 11 18 1 91 67.0 0.62 

PBC Class II 10 59 2 5 76 77.6 0.67 

PBC Class III 7 4 74 12 97 76.3 0.63 

PBC Class IV 1 8 8 41 58 70.7 0.63 

Total 79 82 102 59 322   

Precision (%) 77.2 72.0 72.5 69.4    

  

Biopharmaceutical Screening Simulations 

Finally, a large database of drugs, clinical and 

non-clinical trial compounds was subjected to 

computational prediction using in silico PBC 

consensus model. A total number of 37,202 

compounds were analyzed (Figure 2). Recently, 

this database was classified by in silico BDDCS 

consensus models to estimate the distribution of 

BDDCS class.[10] In contrast to that study, 

obtained models here are employed for 

comparing the predictions and then making a 

round estimation of the distribution of BCS class. 

It is important to note that some compounds 

obtained non-conclusive-classification due to 
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their condition of outliers of Ads. 1699 

compounds (4.6% of prediction data) are 

classified as I/II, I/III, II/IV, and III/IV. Most of 

them (1512 compounds) are low-activity (W6) 

and high-activity (W9) compounds.[10] 

Especially, 29 compounds could not be classified 

by in silico models. Among those conclusively 

predicted as PBC class I, II, III and IV, there 

exists similar proportion between launched and 

clinical phase 3 drugs, between clinical phases 1 

or 2 drugs and W6 or W9 compounds. 

As can be appreciated from Figure 3, more than 

40% of drugs and phase 3 are similar to PBC 

class I. The phase 3 compounds similar to PBC 

class II significantly overcome the PBC class III 

but for drugs, their percentage become similar. 

Compounds classified as PBC class IV take the 

minimal proportion in the two drug sets (7-8%). 

In contrast, about 50% of phase-1 and phase-2 

drugs are predicted as PBC class II. This 

percentage is even greater (62-63%) in W6 and 

W9 datasets. Compounds predicted as PBC class 

I maintain the same proportion with respect to 

phase 1, 2, W6 and W9 whole dataset. There is a 

noticeable change of the predicted PBC class III 

for phase 1 and 2 drugs (15-18%) compared to 

W6 and W9 (7%) compounds. Particularly, 

compounds of W6 data set, predicted PBC class 

IV compounds outnumber those of predicted as 

PBC class III. These trends of PBC class 

predictions reflect the drug development process 

and agree, in turn, upon some points with 

previous findings.[10,25] 

 

Figure 2. William’s plots based on solubility and permeability models for training and screening large 

medicinal-chemistry database 

 

3. Materials and Methods 

Data set. BCS based-provisional classification 

requires both solubility and permeability 

measurements. In this work, a set of 322 drugs 

was obtained from published works. A 

provisional classification was executed by means 

of an extensive literature revision of 

experimental values and assigned classes, as 

follows. 
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Solubility data. The drug solubility data (in 

mg/mL) can be obtained from standard 

references,[9] such as the Pharmacopeia [26] or 

the Merck Index.[27] Due to the extensive 

survey, herein we only report the lowest 

solubility under the conditions listed above. In 

addition, scale-up guidelines were taken from 

Kasim et al. whenever solubility data was not 

available or was undefined.[9] 

Maximum Dose Strength. Two reference 

sources were mainly used for searching values of 

maximum dose strength (mg): (i) the WHO 

Model List of Essential Medicines,[28] and (ii) 

Orange Book.[29] For drugs that are not included 

in these documents or exist in different market 

presentations, the first introduced strengths were 

revised and used as highest dosages. Doses in 

mg/kg were transformed into mg assuming 70Kg 

as body weight.  

Dose Number Calculations. The dose number 

(D0) was calculated using the following equation 

S

VM
D

)0/0(
0       (1) 

where, M0 is the highest dose strength (mg), S is 

the aqueous solubility (mg/mL) under conditions 

mentioned above and water volume V0 is 

assumed to be 250 mL.[1,9] Drugs with D0 ≤ 1 

were classified as high-solubility drugs. 

Conversely, drugs with D0 > 1 were assigned as 

low solubility drugs.[9] 

Permeability Estimations. In this work, in vitro 

Caco-2 cell permeability is used to classify drug 

according to BCS. For this purpose, we take 

advantage of our previous research where an 

extensive literature survey of this kind of data 

was processed.[30] Besides, we have adopted the 

same method proposed by Kim et al.,[31] taking 

the average permeability value of Metoprolol 

(average apparent permeability Papp = 20×10-6 

cm/s) for benchmarking the high permeability 

class boundary. Due to the large revised 

literature, the mean values were listed, excluding 

those laid outside of the mean±2SD (standard 

deviation) ranges. Additionally, available data 

obtained on both directions apical to basolateral 

(Papp, A-B) and viceversa (Papp, B-A) were taken into 

account. 

Computational methods. Taking all above 

together, in this work efforts have been made to 

establish really useful statistical predictors for 

BCS classes of NMEs based on two separate 

model series of dose number and Caco-2 cell 

permeability. To attain this purpose, the 

following computational procedures should be 

considered: (i) suitably computing 

physicochemical and molecular descriptors, (ii) 

rational selection of training and test sets, (iii) 

establishment of modeling strategy and 

appropriated variable selection, and (iv) 

ascertainment of BCS predictions for NMEs in 

the context of regulatory statements. 

Molecular descriptor calculations. 803 simple 

(0-2D) descriptors belonging to 29 families 

implemented in Dragon software version 6.0,[19] 

and 126 molecular descriptors in VolSurf+ 

version 1.0.4 [18] were calculated. 

Model building and feature selection. Three 

statistical classification algorithms were applied 

in order to detect all possible (linear or non-

linear) relationships between 

solubility/permeability and computed 

parameters: LDA (Linear Discriminant 

Analysis), QDA (Quadratic Discriminant 

Analysis) and BLR (Binary Logistic Regression). 

Performances of models were evaluated using 

false positive rate (FPr), true negative rate (TN, 

for specificity), true positive rate (TP, for 

sensitivity), Matthews Correlation Coefficient 

(MCC) and predictive accuracy, as defined 

below: 

Specificity = TN/(TN+FP)    (2) 

Sensitivity = TP/(TP+FN)     (3) 
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Precision = TP/(TP+FP)    (4) 

MCC = [(TP×TN) × 

(FP×FN)]/[(TP+FP)(TP+FN)(TN+FP)-(TN+FN)]1/2

       (5) 

Accuracy = (TN+TP)/(TN+TP+FN+FP)  (6) 

For reliable predictions of these three external 

datasets, it is important to consider all 

applicability domains (ADs) defined by the 

chemical spaces of the training set. There are 

many approaches for AD estimation.[32] Here, 

the leverage approach, a geometric method 

commonly used for QSAR problems, was 

employed. The leverage of a compound in the 

original variable space is defined as hi = 

[X(X’X)-1X’], where X is the descriptor matrix 

derived from the training set descriptor values. 

The warning leverage (h*) is defined as 

h*=3(p+1)/n, where n is the number of training 

compounds, and p is the number of predictor 

variables [32]. Compounds with hi > h* were 

observed to reveal their influence on 

classification performance. It is not necessary to 

exclude them from predictions although they 

appear to be outside AD. However, compounds 

are considered to be outliers if they lay outside 

the ±3 standardized residual (δ) range [32]. 

 

Figure 3. . Distribution comparison of 

computational PBC assignments of launched 

drugs, compounds in different drug development 

stages (phase 1, 2, 3), and bioactive micromolar 

(W6) and nanomolar (W9) compounds.[10]

4. Conclusions 

In this report, a systematic study was carried 

out in order to standardize a BCS-based 

provisional classification of 322 drugs and 

develop computational predictions of BCS class 

for NMEs. It is of great interest to assign as soon 

as possible the probable BCS class of a drug 

candidate. By using extensively revised 

references of solubility and in vitro Caco-2 

permeability, a very commonly used preclinical 

assay in pharmaceutical industry, a better in vivo 

BCS classification of drugs is anticipated. 

Consequently, the classification results in this 

study display a high concordance with BCS 

classification of common regulatory authorities 

(WHO, FDA). Other classification schemes were 

compared with PBC. Large additional 

information concerning the BCS classification of 

current data was analyzed in order to identify 

advantages as well as limitations when using 

PBC. As an attempt to develop QSPR models 

able to predict the PBC class, it was 

demonstrated the possibility of screening NMEs 

in the early phase of drug development.A 

combination of in silico and in vitro approaches 

provides a basis for robust estimation of the BCS 

class of NMEs without clinical information and 

contribute to early selection of biopharmaceutical 

promissory drug candidates. As a relevant 

limitation, this data set consists of a small 

number of drugs. Besides, the uncertainty of the 

relationship between absorption extent and 

proposed provisional classification (especially 

for low absorbed drugs) remains. A modification 

of BCS classification scheme (particularly for 
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class II and III) is needed. A further compilation 

of in vitro permeability data and aqueous 

solubility may enhance the applicability domain 

of in silico classifications.Main text paragraph. 

. 
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Abstract: Hemagglutinin (HA) and neuraminidase (NA) are glycoproteins encoded by several types of 

viral particles. Most notably, they exercise complementary chemical functions during infection and 

propagation of influenza A. This research focuses on the primary structure information of the proteins, 

applying a computational model from previous research.   Data for multiple influenza A subtypes are 

illustrated via information signatures and phase plots.  These illuminate new ways of evaluating molecules 

for their virulence potential.   The results further point to mutation strategies for attenuating the functions.  

 

 

Introduction 

Hemagglutinin (HA) and neuraminidase (NA) 

are glycoproteins in the surface membrane of 

influenza particles [1].   Infection of a host is 

initiated by HA while NA catalyzes the release 

of newly-made viral particles [2].   The 

antibodies of the molecules form the means of 

classifying the influenza A subtypes: H1N1, 

H2N2, H3N2, etc. [3].  At present, there are at 

least 16 and 9 known subtypes for HA and NA, 

respectively.   Given the risks of viral exposure 

to global populations, intense effort is directed 

toward understanding the molecular mechanisms.   

Further, the design and formulation of drugs 

which subvert the mechanisms are on-going 

challenges [4]. 

 

Influenza HA and NA have presented 

thousands of variants.   For example, two HA 

sequences are:  

 

MKARLLILLCALSATDADTICIGYHANNST

DTVDTVLEKNVTVTHSVNLLEDSHNGKLC

RLKGIAPLQLGKCNIAGWILGNPECESLLSN

RSWSYIAETPNSENGTCYPGDFADYEELRE

QLSSVSSFERFEIFPKERSWPKHNITRGVTA

ACSHAKKSSFYKNLLWLTEANGSYPNLSKS

YVNNKEKEVLVLWGVHHPSNIEDQRTLYR

KENAYVSVVSSNYNRRFTPEIAERPKVRGQ

AGRMNYYWTLLEPGDKIIFEANGNLIAPW

YAFALSRGLGSGIITSNASMDECDTKCQTP

QGAINSSLPFQNIHPVTIGECPKYVRSTKLR

MVTGLRNIPSIQSRGLFGAIAGFIEGGWTG

MVDGWYGYHHQNEQGSGYAADQKSTQN

AINGITNKVNSVIEKMNTQFTAVGKEFNKL

EKRMENLNKKVDDGFLDIWTYNAELLVLL

ENERTLDFHDSNVKNLYEKVKNQLRNNAK

EIGNGCFEFYHKCDNECMESVKNGTYDYP
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KYSEESKLNREKIDGVKLESMGVYQILAIY

STVASSLVLLVSLGAISFWMCSNGSLQCRIC

I      

 Seq. (1)     

 

 

MEARLLVLLCAFAATNADTICIGYHANNST

DTVDTVLEKNVTVTHSVNLLEDSHNGKLC

KLKGIAPLQLGKCNIAGWLLGNPECDLLLT

ASSWSYIVETSNSENGTCYPGDFIDYEELRE

QLSSVSSFEKFEIFPKTSSWPNHETTKGVTA

ACSYAGASSFYRNLLWLTKKGSSYPKLSKS

YVNNKGKEVLVLWGVHHPPTGTDQQSLY

QNADAYVSVGSSKYNRRFTPEIAARPKVRD

QAGRMNYYWTLLEPGDTITFEATGNLIAP

WYAFALNRGSGSGIITSDAPVHDCNTKCQT

PHGAINSSLPFQNIHPVTIGECPKYVRSTKL

RMATGLRNIPSIQSRGLFGAIAGFIEGGWTG

MIDGWYGYHHQNEQGSGYAADQKSTQNA

IDGITNKVNSVIEKMNTQFTAVGKEFNNLE

RRIENLNKKVDDGFLDIWTYNAELLVLLEN

ERTLDFHDSNVRNLYEKVKSQLKNNAKEI

GNGCFEFYHKCDDACMESVRNGTYDYPK

YSEESKLNREEIDGVKLESMGVYQILAIYST

VASSLVLLVSLGAISFWMCSNGSLQCRICI

      

 Seq. (2)  

 

 

Two NA sequences are:   

 

MNPNQKIITIGSICMAIGTISLILQIGNIISIWV

SHSIQTGSQNHTGICNQRIITYENNTWVNQT

YVNISNTNVVAGKDTTSMILAGNSSLCPIR

GWAIYSKDNSIRIGSKGDVFVIREPFISCSHL

ECRTFFLTQGALLNDKHSNGTVKDRSPYRA

LMSCPIGEAPSPYNSRFESVAWSASACHDG

MGWLTIGISGPDDGAVAVLKYNGIITEIIKS

WRKQILRTQESECVCVNGSCFTIMTDGPSD

GPASYRIFKIEKGKITKSIELDAPNSHYEECS

CYPDTGKVMCVCRDNWHGSNRPWVSFNQ

NLDYQIGYICSGVFGDNPRPKDGKGSCDPV

NVDGADGVKGFSYRYGNGVWIGRTKSNSS

RKGFEMIWDPNGWTDTDGNFLVKQDVVA

MTDWSGYSGSFVQHPELTGLDCMRPCFWV

ELIRGRPREKTTIWTSGSSISFCGVNSDTVN

WSWPDGAELPFTIDK   

      Seq. 

(3) 

     

     

MNPNQKIITIGSICMVVGIISLILQIGNIISIWV

SHSIQTGNQNHPETCNQSIITYENNTWVNQ

TYVNISNTNVVAGQDATSVILTGNSSLCPIS

GWAIYSKDNGIRIGSKGDVFVIREPFISCSHL

ECRTFFLTQGALLNDKHSNGTVKDRSPYRT

LMSCPVGEAPSPYNSRFESVAWSASACHD

GMGWLTIGISGPDNGAVAVLKYNGIITDTI

KSWRNNILRTQESECACVNGSCFTIMTDGP

SNGQASYKILKIEKGKVTKSIELNAPNYHY

EECSCYPDTGKVMCVCRDNWHGSNRPWV

SFDQNLDYQIGYICSGVFGDNPRPNDGTGS

CGPVSSNGANGIKGFSFRYDNGVWIGRTKS

TSSRSGFEMIWDPNGWTETDSSFSVRQDIV

AITDWSGYSGSFVQHPELTGLDCMRPCFW

VELIRGQPKENTIWTSGSSISFCGVNSDTVG

WSWPDGAELPFSIDK 

      

     Seq. (4) 

 

 

The sequences offer detailed information.  Yet 

a computer-unassisted reading of them is 

bewildering.   This is apparent because, among 

other things, one cannot distinguish the 

extraordinary from ordinary.   The above include 

formulae allied with the “Spanish flu” pandemic 

of 1918 [5].   But which ones are these?   The 
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correct answers are Seqs. (2) and (4).    The 

reader’s uncertainty is understandable given the 

lengths and complexities of the sequences.      

 

Our approach to proteins has looked for 

guidance from information theory [6 - 10].   Here 

we focus on the HA and NA primary structure 

information.   The results draw contrasts between 

seasonal molecules and ones with high virulence 

potential.   The data further point to mutation 

strategies for re-directing and possibly 

attenuating the functions.    

 

Proteins and Sequence Information 

 

The approach builds on research from the 

mid-2000s.   Work in this lab quantified the 

correlated information CI expressed by the 

naturally occurring amino acids based on their 

atom and covalent bond structure [6, 8].   An 

average < CI > and standard deviation σCI were 

established and a dimensionless quantity 
)(i

CIZ  

was based on each amino acid’s CI contribution 

relative to the average CI, e.g.  

 63.2)( W

CIZ   691.0)( F

CIZ

 128.0)( M

CIZ  476.0)( A

CIZ  

There are twenty amino acids and thus sixteen 

more 
)(i

CIZ
 
to note as in reference [6].   The 

superscript symbols refer to the amino acid while 

the numerical value represents the CI distance 

from the average in standard deviation (σCI) 

units.  The sign reflects whether the amino acid 

contributes information above or below the 

natural average.   The Z-terms largely follow 

chemical intuition.  Tryptophan (W) features a 

network of aromatic bonds and functional 

groups; it exerts nearly +3σCI  impact in a 

protein.   Alanine (A) is a simple aliphatic and 

contributes CI below average at ca. -0.5σCI.   The 

methodology originated in an information study 

of ribonuclease A and lysozyme [8, 9].    

 

A dimensionless function G(k) is constructed 

for a sequence by adding 
)(i

CIZ  in the N- to C-

terminal order; k is a counting index less than or 

equal to N number of residues in the protein.    

G(k) tracks the accumulation and fluctuations of 

information:   

       

 

  





Nk

j

i

jCI

i

kCI

i

CI

i

CI

i

CI ZZZZZkG
1

)(

,

)(

,

)(

3,

)(

2,

)(

1, ...

   (1) 

Proteins generally host a majority of low 

information residues.   As a consequence, G(k) 

scales linearly with negative slope and is well 

accommodating of least squares analysis.   The 

analysis establishes an ensemble of linear 

regression functions Lj(k) with typical correlation 

coefficient R2 > 0.95.   

 

 The ensemble leads to information 

signatures { Hj(k) }:  
     )}()({}{ kLkGkH jj 

     (2)  

As examples, G(k), {Hj(k)}for Seqs. (1) and 

(4) appear in Figure 1.  The proteins originate 

from a human host H1N1 isolate harvested in 

Albany, New York in 1951.   The accession 

details are:  

gb:CY021821|gi:145279077|UniProtKB:A4U7A

6|.   

 

Graphs such as in Figure 1 serve as signatures 

of the primary structure information.   They 

reflect more than a molecule’s local composition.  

If a substitution is made at site j, the collection in 
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Eq. (2) is altered.  The amplitude is impacted at 

all sites k = 1, 2, …,  N.    The information 

signatures can be strikingly different, depending 

on the subtype.   There are as many signatures as 

there are HA and NA variants.     

 

In thermodynamics, the variance of an 

extensive property such as enthalpy and entropy 

scales with a capacity [11].   In the same way, the 

variance in Hj(k) can be viewed in terms of a 

protein’s functional capacity.   Molecules 

composed of only one type of amino acid, e.g. 

AAAAAAAAA…., offer zero capacity.   They 

are of no biochemical utility because they lack 

diversity of information.   This is borne out in the 

signatures: their G(k) trace perfect lines (R2 = 

1.000); corresponding H(k) express zero 

amplitude.    

 

The information signature variance is 

calculated as follows:   
222 HHH   

    

 (3) 

The square root σH is the standard deviation, 

so indicated in Figure 1 by the vertical black 

arrows.   Linear regression computes an 

ensemble of H(k) functions from G(k), and 

accordingly, a distribution of σH.   Capacities 

form robust descriptors of thermodynamic 

systems; σH play equally vital roles regarding 

protein information.  
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Figure 1. Information Functions for HA and NA. Plots of G(k) and H(k) derive from Seqs. (1) and (3) 

of the Introduction.  The vertical arrows in the lower panels indicate the standard deviation in the 

fluctuations of H(k).   
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Results 

 

Nearly sixty thousand primary structures were 

analyzed; the HA and NA sequences were 

obtained as FASTA downloads from the 

Influenza Research Database (IRD).   The data 

were catalogued according to viral subtype: 

H1N1, H2N2, H3N2, and so forth.   For every 

molecule, G(k), { Hj(k) }were established along 

with distributions of the variance and standard 

deviation.   A viral isolate locates a coordinate 

(plus error bars) on a σHA, σNA phase plot.   

Multiple variants establish a neighborhood of 

points for a subtype.  The distance from one 

neighborhood to another is dictated by the 

information effects of antigenic drift and genome 

re-assortments.      

 

The phase plot for influenza A is illustrated in 

Figure 2.  Each filled circle marks the average 

σHA, σNA
  

for the labeled subtype while the bars 

mark the standard deviations about the averages.  

Several bars are of widths less than the symbols.   

These reflect that a sparse number of isolates was 

available for analysis.  That being said, every 

attempt was made to be exhaustive.   Figure 2 

derives from HA and NA across a spectrum of 

hosts: human, avian, equine, bat, etc..   There 

will be more neighborhoods to map as new 

subtypes and hosts are discovered. Figure 2 

teaches two things, the first concerning 

boundaries.  There are astronomical possible 

variants of HA and NA.   The ones selected for 

viral infection and propagation are concentrated 

in the following ranges: 

0.65.2  NA
 
0.88.3  HA

 
 

Note the ranges to be substantive despite the 

intense selection pressure to preserve the protein 

functions.     
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Figure 2. Phase Plot for Influenza HA and 

NA.  Each filled circle marks the average σHA, 

σNA
  
for the labeled subtype.  The error bars mark 

the standard deviations about the averages. 

 

The second lesson is that the neighborhood 

distribution is markedly uneven.  A significant 

fraction of influenza subtypes clusters in the 

upper third of Figure 2 while fewer ones occupy 

the lower third.   Further, there are several low-

density regions: these correspond to HA, NA 

variants which have yet to manifest, or are 

outright avoided by natural selection.       

Information signatures discriminate the 

subtypes.  What do things look like for proteins 

specific to human populations?    For humans, 

the major circulating strains of influenza A have 

been H1N1, H2N2, and H3N2; the global 

pandemic of 1918 was attributed to the first of 

these [5].  The avian strain H5N1 has rarely 

infected humans, although it poses high virulence 

potential. 
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Figure 3 shows a phase plot based on human 

host isolates.   Different color symbols 

distinguish the subtypes while the isolate years 

are included.   Not all years are represented as 

the analysis was directed to complete genomes.   

The point locus for the 1918 pandemic year 

sample (Brevig Mission, 

>gb:AF250356|gi:8572169|UniProtKB:Q9IGQ6|

) is marked in red.    It is considerably removed 

from the H1N1 neighborhood.   Its nearest 

neighbors derive from H5N1 isolates. 

 

 

3 4 5 6 7 8

HA

2

3

4

5

6

7


N

A

HA, NA from human host isolates

H1N1

1918

H1N1, 1933 - 2013

H5N1, 2004 - 2012

H2N2, 1957 - 1965

H3N2, 1968 - 2013

 

Figure 3. Phase Plot for Human Host HA and 

NA.  The blue symbols are placed by H1N1 

samples collected between 1933 and 2013.   The 

red symbol is placed by HA and NA from 

pandemic year 1918.    The black, green, and 

violet symbols are placed, respectively, by 

H5N1, H2N2, and H3N2 samples.    

 

Discussion 

 

HA and NA exercise complementary 

functions: the former enables attachment of 

influenza particles to a cell surface while the 

latter catalyzes the release [1, 2].   Given the 

essentialness of the functions, there is significant 

pressure for variants to manifest over time.   

Variants enable the virus to sidestep host 

immune responses and to thwart drug therapy.   

There are >105 HA and NA sequences on record, 

yet this is a paltry number compared to the 

possibilities.            

 

Thermodynamic analysis of a system 

commences with variables and functions of state.  

This has been the approach to HA and NA in 

constructing information G and H.    The 

functions track the information accumulation and 

fluctuation in a manner dependent on all the 

amino acids.  No one site or region is viewed as 

more important than others.        

 

One learns several things, the first being an 

information method of evaluating HA, NA pairs.   

All sequences are confounding by their 

complexity.   However, using a spreadsheet and 
)(i

CIZ  look-up table, it is straightforward to 

compute G-functions plus regression L and 

signature H.  The signatures lead immediately to 

σHA, σNA  and the neighborhood of the phase 

diagram.   To be sure, the evaluation is not 

without tentativeness given the overlap of 

neighborhoods.   However, the analysis points to 

the information and virulence similarities of the 

viral subtypes.    

  

The second insight is the contrast between 

seasonal- and pandemic-year proteins.   HA and 

NA from the 1918 pandemic places an outlier 

point on the phase plot.   This placement stems 

from a lower fluctuation amplitude, compared 

with that of seasonal proteins.   This suggests 

that lower chemical noise in the primary 
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structures underpins a more invasive chemical 

function.     

 

The third insight is a strategy for re-

directing—and possibly attenuating—the 

functions.  Natural selection favors molecules 

which promote viral infection and suppresses 

variants that serve otherwise.   We conjecture 

that the latter type place state points in the low 

density regions of Figure 2.        

 

 

Figure 4 revisits Figure 2 and includes four 

pathways.  Each tracks a succession of 

substitutions on Seqs. (1) and (4).  With each 

substitution, there is a displacement of the σHA, 

σNA coordinate.  As the primary structures belong 

to the H1N1 subtype, each pathway commences 

near the center of the H1N1 neighborhood and 

terminates in a zero-to-low density region.   The 

paths are annotated by the following ordered- 

pair sequences: 

 

Pathway 1  Pathway 2  Pathway 3  Pathway 4 

HA   NA  HA     NA      HA     NA  HA     NA  

E199G, D199V  P504A, H144K  Y209N, C279A  E51R, T362I 

F432V, D329C  Y246K, V291N  L335T, D79W  R238K, T381G 

R514I, C238F  P135Y, G342R  S179K, A271K  G411V, R52W 

S275Y, S166P  A302S, K369R  K328N, L127H  K511Q, I20S 

E260D, P326D  W553M, N235T  A379H, M188C  L547C, K150F

  

E449G, P337T  W553K, G333H  V428I, W458E  D456W, 

V149W 

L250F, H126A  I530E, Y208L  R344Q, S168H  G76W, L22Y 

N177T, H185M  L512A, P328K  N448D, V75K  Q386I, G109T 

L417M, N141P  S160N, N171Q  L37M, P169R  A156D, N325I 

 

 

 

The pathways (and countless more) are 

readily charted using a forced random walk 

algorithm.   One selects a target locale on the 

phase plot.  The sequences are then subject to 

trial substitutions.  With each trial, G, H, and 

σHA, σNA are computed.  The substitutions are 

accepted if the state point is inched closer to the 

target and declined otherwise.  Each pathway in 

Figure 4 is traversed via nine pair-substitutions.  

This demonstrates that the proteins do not have 

to be radically altered for the information 

signatures to move out of the virulent 

neighborhood of origin.    In Figure 4, pathways 

1 and 2 direct HA and NA away from all the 

subtype neighborhoods.   In contrast, pathways 3 

and 4 cross territory allied with highly virulent 

subtypes.  In re-directing HA and NA functions, 

the upward-going pathways 1 and 2 would seem 

preferable.   Molecules with information 

removed from the active neighborhoods would 

likely offer diminished potency, yet stimulate 

some production of host antibodies.   This would 
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enhance the overall immunity of host 

populations.  
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Figure 4. Pathways for Re-locating Phase 

Points.  Each pathway tracks a succession of 

amino acid substitutions on the H1N1 Seqs. (1) 

and (3) of the Introduction.  The pathways are 

annotated above.   

 

Summary and Closing 

The primary structure information expressed 

in influenza HA and NA was investigated using a 

model established in previous research.    The 

model enabled computation of signatures based 

on the accumulation and fluctuation of 

information.    The signatures were encapsulated 

in G, H-functions and phase plots.   These 

illuminated information methods for 

discriminating variants and attenuating the 

molecular functions.    
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Abstract: Cytosine DNA methylation (CDM) is a highly abundant epigenetic heritable but 

reversible chemical modification to the genome. Herein, a machine learning approach, was applied 

to analyze the accumulation of epigenetic marks in 150 methylomes from Arabidopsis thaliana 

ecotypes.  We hypothesize that these marks are chromosomal footprints that account for different 

ontogenetic and phylogenetic and histories of individual members of the sampling population.  Our 

results support this hypothesis and suggest a statistical-physical relationship between CDM 

changes and single nucleotide polymorphism (SNPs). Furthermore, the genome-wide 

redistribution of CDM changes ensures the thermal stability of the DNA molecule preserving the 

integrity of the genetic message continuously stressed by thermal fluctuations in the cell 

environment. 

 

Keywords: Epigenetics, Epigenomics, Information thermodynamics, Linear discriminant analysis 

 

1. Introduction  

Cytosine DNA methylation (CDM) is one of 

the molecular processes that result in epigenetic 

modifications to the genome. In particular, 

cytosine methylation is a widespread regulatory 

factor in living organisms. Changes introduced by 

DNA methylation can be inherited from one 

generation to the next. Some methylation changes 

can regulate gene expression and cause genomic 

imprinting [1,2]. Cytosine methylation arises 

from the addition of a methyl group to a cytosine’s 

C5 carbon residue. Distinct pathways regulate 

methylation status by the action of 

methyltransferases [3]. The addition or removal of 

a methyl group to a cytosine C5 residue produces 

a change of information that is recognized by the 

molecular transcription machinery and can be 

verified by current sequencing technologies [2]. 

However, it is still undefined whether or not the 

observed methylation changes could be linked to 

genome-wide information patterns. 

The development of DNA bisulfite conversion 

methodology coupled with next-generation 

sequencing approaches (Bis-seq) allows 

determination of the methylation status of nearly 

every cytosine in a genome. In this way, the 

methylation status of particular cytosine sites is 

SciForum 
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often expressed in terms of methylation level

 iiii nonCCCp ###  , where iC# and 

inonC# represent the numbers of methylated and 

non-methylated read counts observed at the 

genomic coordinate i , respectively. At tissue 

level, the methylation status (methylated or non-

methylated) of cytosine iC at the genomic 

coordinate i  can be analyzed as a random variable 

that takes value “methylated” with probability ip

and “non-methylated” with probability ip1 . 

Then, the formula 

       i iii xplogxpxpH 2  (1) of 

Shannon’s entropy of a random event with 

probability distribution  ixp  can be applied to 

estimate the uncertainty of the methylation events 

at given cytosine site i  as: 

           iiiii CplogCpCplogCpCH  11 22
(2). 

The entropy defined by Eq. 2 is therefore the 

expected value of the logarithm base 2 of the 

methylation level [4]. Assuming that, as a result 

of variations in environmental conditions, a 

change of methylation status in a genomic region 

R takes place, the uncertainty decrease in the 

genomic region R leads to a gain of information 

given by: 

     


Ri

before

iRi

after

iR CHCHI   (3) 

Where 
before

iC  and 
after

iC stand for the 

methylation status before and after the variations 

of environmental conditions, respectively [5]. 

Eq.3 expresses an information theoretical derived 

concept with a thermodynamic and biophysical 

meaning [5,6]. 

Herein, our study is focussed in the analysis of 

the genome-wide CDM information patterns 

induced by the changes in the enviromental 

conditions. In particular, we analyzed whether or 

not these information patterns carry 

discriminatory information in the form of 

chromosomal footprints. 

2. Results and Discussion 

The genome-wide evaluation of Eq.3 indicates 

the existence of methylation hotspots along the 

chromosomes (Fig.1). Genomic regions (GRs) 

can be classified according to the value of the RI

as: 1) highly variable methylation regions, 2) 

variable regions, and 3) low variable or constant 

regions. The regions with information gain 

(orange to black lines in the heatmaps color bar) 

or loss (light yellow to sky-blue) (Fig. 1) are 

observed at specific positions with a high line 

density in the pericentromeric region. The lines in 

yellow correspond to regions where the difference 

between the entropies 
ecotype

RH  and 
0Col

RH is close 

to zero. According to Eq. 3, methylation hotspots 

are the ecotype chromosomal regions with a 

remarkable decrease in uncertainty with respect to 

Col-0. 

Methylation hotspots shared by a set of 

individuals at fixed chromosomal positions 

suggest the existence of specific informative 

landmarks (Fig. 1 and 2). That is, most of the 

CDM changes observed in natural variation and 

silencing mutants occur at specific methylation 

GRs, which are delineated in the heatmaps as 

chromosomal landmarks. These landmarks 

frequently cover transposable elements (TEs) and 

protein-coding regions (Fig. 2). 

Discriminatory Informative Patterns in 

natural Arabidopsis ecotypes 

The heatmaps suggest the existence of specific 

landmark informative patterns in all 

chromosomes across the ecotype samples that 

may or may not be shared by several individuals.  

These patterns comprise chromosomal regions 

carrying discriminatory information. That is, it is 

possible to distinguish between the individuals 

and among subsets of individuals by considering 

their discriminatory information patterns. 

Figure 1. Methylation hotspots along 

chromosome 5 from 150 Arabidopsis thaliana 

ecotypes [7]. The color bar indicates the 
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magnitude of RI values.

 

Applying hierarchical clustering based on the 

levels of C-DMRs, Schmitz et al. [7] found that 

the 150 Arabidopsis thaliana ecotypes from North 

America and Asia reflect their geographical 

distributions. Herein, the consecutive application 

of principal component analysis (PCA) and linear 

discriminant analysis (LDA) to the same ecotype 

set supports the hypothesis that the landmark 

patterns constitute chromosomal footprints that 

may account for ontogenetic and phylogenetic 

differences among individuals (Fig.3 A and C). 

This analysis supports not only the ecotype 

classification according to their geographical 

location for North America and Asia [7]), but also 

for all geographical regions. 

These footprints are not only connected to the 

environment, but also to the single nucleotide 

polymorphisms (SNPs) detected throughout the 

DNA sequences (Fig.3 B and D). The 

classification of the Arabidopsis thaliana 

ecotypes according to their geographical 

distribution was retrieved not only from their 

landmark patterns, but also from their SNPs 

patterns (Fig.3). A summary of the classification 

results is presented in Table 1. 

The similarity between the hierarchical 

clusters suggests that some statistical-physical 

relationship must exist between the SNPs and 

methylation changes. The two (2D) and three-

dimensional (3D) kernel density plots presented in 

Fig.4 support the last hypothesis. The 2D kernel 

density plots indicate that the frequency of 

normalized read-counts supporting SNPs decrease 

with the increment of methylation changes, 

expressed here in terms of gain or loss of 

information RI (Fig. 4A). This statistical trend is 

emphasized in the empirical 3D kernel density 

plots (Fig. 4B) and in the modelled Farlie-

Gumbel-Morgenstern copula distribution built 

from the non-linear fit of the marginal 

distributions (Fig. 4C). 

Figure 4 suggests that most of the observed 

CDM changes tend to preserve the integrity of the 

message carried by the DNA molecule, which is 

challenged by thermal fluctuations in the cell 

environment. This is consistent with the report that 

CDM changes alter the mechanical properties of 

the DNA molecule [8]. Thus, a statistical-physical 

relationship between CDM changes and SNPs is 

expected. Indeed, depending on the DNA sequence 

context, the addition or removal of a methyl group 

to a cytosine residue could increase or decrease the 

local thermodynamic stability of the DNA 

molecule and the nucleosomes [8–12]. The density 

plots of the experimental data indicate that the 

greatest frequency of SNPs is found in those GRs 

where the methylation status remains unchangeable 

with respect to the control (Col-0, Fig. 4).
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Figure 2. Annotation of several hotspots on chromosome 2 from eigth Arabidopsis gene 

silencing mutants involving methylation.  

 

 

 

Figure 3. Classification of the Arabidopsis thaliana ecotypes according to their 

geographical distribution. A and B, LDAs based on RI and SNPs, respectively. C and D, 

fan dendrograms based on the individual coordinates estimated from the LD functions. The 

dendrograms were built by applying hierarchical clustering with Euclidean distance and 

UPGMA as agglomeration method. 
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Table 1. Performance of the classifications presented in Fig. 3. 

Sample a Classifier 
Accuracy 

Mean 

2.5% 

quantile 

97.5%  

quantile 

CG ecotypes 

(2482 DIRs) 

AUC+PCA+LDA 93.08352 88.05678 97.4359 

AUC+PCA+SVM 93.52517 91.83673 95.2381 

AUC+SVM 96.42381 95.91837 96.59864 

SNPs ecotypes 

(2590 DIRs) 

AUC+LDA 90.85758 85.42125 95.89744 

AUC+PCA+SVM 95.01642 94.02985 96.26866 

AUC+SVM 95.77007 95.23810 95.91837 

a 1000 ten-fold cross-validations were performed for each classifier. 

 

 

Figure 4. A: 2D kernel density plot. B: 3D kernel density plot. C: 3D plot of the density 

probability distribution of the Farlie-Gumbel-Morgenstern copula built from the non-linear 

fit of the marginal distributions estimated for RLC  (a Weibull PDF) and RI  (a Skew-

Laplace PDF). These estimations were performed for several Arabidopsis ecotypes. The 

results for the ecotypes La-0 and Fr.2 are shown. 

 

 

 

Hence, for an Arabidopsis plant, the adaptation 

to a new environment implies a genome-wide 

redistribution of CDM changes that will ensure 

the thermal stability of DNA. These are frequent 

methylation changes, which dynamically can vary 

from cell to cell in the same tissue. CDM changes 
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induced by thermal fluctuations are the simplest 

natural explanation to the “spontaneously 

occurring variations” of DNA methylation in 

Arabidopsis thaliana plants propagated by single-

seed descent throughout generations [13,14]. 

An important subset of CDM changes 

regulates the process of gene expression and 

functional adaption to the environment [12]. 

These are specific molecular signals from the 

regulatory methylation machinery. At this point, 

the challenge is whether or not we would be able 

to sort out the regulatory methylation signals from 

the CDM background (“noise”) induced by 

thermal fluctuations. This challenge has been 

already confronted (although in a different field, 

see references [15,16]) and a concrete application 

in the context of CDM is illustrated in Fig. 5. It is 

not possible to separate the regulatory methylation 

signal from the CDM background induced by 

thermal fluctuation. Even a simple regulatory 

methylation change could alter the mechanical 

properties of the DNA molecule [2,8,10] and, 

consequently, it could require an additional local 

readjustment. Therefore, the receiver (a device 

used by the experimenter to detect the signal) 

must set up a criterion for response, in this case, a 

threshold level of activity in its sensor (i.e., a 

function of the methylation levels). This threshold 

in combination with the PDFs for noise and signal 

plus noise determine the probabilities of correct 

detection [17] (Fig. 5). 

Hence, any statistical analysis of the regulatory 

signals of CDM changes must consider the 

statistical thermodynamics subjacent to the 

methylation process. This concept conveys a 

suitable approach to discriminate the regulatory 

signals from the “noise” induced by the thermal 

fluctuations. 

 

Figure 5. Signal detection in noise according to 

reference [15,16] and, here, applied to the 

detection of regulatory CDM signals. 

 

3. Materials and Methods 

Equation 3 was used to compute the RI  for 

several samples with methylation data available in 

online databases (see below). 

Arabidopsis thaliana methylation data 

According to Eq. 3, RI is computed for a 

subject sample with respect to a given reference 

sample. The RI values were computed for 150 

Arabidopsis ecotypes [7]. The TSV files taken 

from NCBI GEO under accession GSE43857 [7] 

were read and transferred to R software version 

3.2.1 [18] by using the Bioconductor (version 

2.14) R-package GenomicFeatures [19]. Ecotype 

Col-0 was used as reference (152 ecotypes 

including Col-0). The mutant data used in Fig. 2 

were reported in reference [20] (GEO accession 

numbers GSE39901). 

Machine learning approach 

To test the hypothesis that different 

environmental conditions must leave different 

landmark patterns on chromosomes, a machine 

learning approach was followed.  

The estimation of the area under the ROC 

curve (AUC) for the current multiple-class 

classification problem was performed according 

to reference [21] and applied to reduce the space 
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dimension and to detected potential discriminant 

informative regions. This method was applied by 

using the R-package HandTill2001. Principal 

component analysis (PCA) was also used to 

reduce space dimensions.  

AUC and PCA outputs were used with two 

classifiers: linear discriminant analysis (LDA) 

and support vector machine (SVM). These 

computations were performed by using the R-

packages adegenet and e1071, respectively. 

Logarithm of the normalized reads counts 

The lists of SNPs and 1-bp deletions with a 

quality score of 25 and above of each ecotype 

samples were taken from 1001 Genomes Data 

Center (http://1001genomes.org/datacenter/; 

http://1001genomes.org/data/Salk/releases/). For 

a given number of non-repetitive reads supporting 

the base substitution  (𝑟) , the normalized reads 

counts (𝑟𝑁)  were estimated as  𝑟𝑁 =

 𝑟 𝐶𝑜𝑛𝑐𝑜𝑟𝑑𝑎𝑛𝑐𝑒, where 𝐶𝑜𝑛𝑐𝑜𝑟𝑑𝑎𝑛𝑐𝑒 stand for 

the read ratios supporting a predicted feature to 

the total coverage. Next, the sum of logarithm 

base 2 of DNA-base substitution counts at a given 

region 𝑅 was computed as: 

 


Ri NR i
rlogLC 2   4.

4. Conclusions 

 

 

The CDM changes observable at the heatmaps do not take place at random genomic regions, but at 

specific locations in chromosomes, hotspots of methylation changes, which are noticed as chromosomal 

landmarks in the heatmaps. The phylogenetic and ontogenetic history of each individual is reflected in 

the variations of landmark patterns, which like footprints carries discriminatory information about the 

individual. 

Results indicate that, as a statistical tendency, most of the CDM changes preserve the thermodynamic 

stability of the DNA molecules. In addition, our study also leads to a new open practical problem: the 

discrimination between the regulatory methylation signals from the CDM background (“noise”) induced 

by thermal fluctuations. 

 

Acknowledgments 

 

This work was supported by a grant from the Bill and Melinda Gates Foundation (OPP1088661) to 

S.M. 

 

Conflicts of Interest 

 

The authors declare no conflict of interest 

 

References 

1.  Belanger AS, Tojcic J, Harvey M, Guillemette C (2010) Regulation of UGT1A1 and HNF1 

transcription factor gene expression by DNA methylation in colon cancer cells. BMC Mol Biol 

11: 9. doi:10.1186/1471-2199-11-9. 

http://sciforum.net/conference/mol2net-1
http://1001genomes.org/datacenter/
http://1001genomes.org/data/Salk/releases/


Mol2Net, 2015, 1(Section E), pages 1-9, Proceeding                         8               

http://sciforum.net/conference/mol2net-1 

 

2.  Dantas Machado AC, Zhou T, Rao S, Goel P, Rastogi C, et al. (2015) Evolving insights on how 

cytosine methylation affects protein-DNA binding. Brief Funct Genomics 14: 61–73. 

doi:10.1093/bfgp/elu040. 

3.  Law J a, Jacobsen SE (2010) Establishing, maintaining and modifying DNA methylation patterns 

in plants and animals. Nat Rev Genet 11: 204–220. doi:10.1038/nrg2719. 

4.  Shannon C. E (1948) A Mathematical Theory of Communication. Bell Syst Tech J 27: 379–423. 

5.  Schneider TD (1991) Theory of molecular machines. II. Energy dissipation from molecular 

machines. J Theor Biol 148: 125–137. 

6.  Tribus M, McIrvine EC (1971) Energy and Information. Sci Am 225: 179–188. 

doi:doi:10.1038/scientificamerican0971-179. 

7.  Schmitz RJ, Schultz MD, Urich M a, Nery JR, Pelizzola M, et al. (2013) Patterns of population 

epigenomic diversity. Nature 495: 193–198. doi:10.1038/nature11968. 

8.  Severin PMD, Zou X, Gaub HE, Schulten K (2011) Cytosine methylation alters DNA mechanical 

properties. Nucleic Acids Res 39: 8740–8751. doi:10.1093/nar/gkr578. 

9.  Římal V, Socha O, Štěpánek J, Štěpánková H (2015) Spectroscopic Study of Cytosine 

Methylation Effect on Thermodynamics of DNA Duplex Containing CpG Motif. J Spectrosc 

2015: 1–8. doi:10.1155/2015/842810. 

10.  Yusufaly TI, Li Y, Olson WK (2013) 5-Methylation of cytosine in CG:CG base-pair steps: a 

physicochemical mechanism for the epigenetic control of DNA nanomechanics. J Phys Chem B 

117: 16436–16442. doi:10.1021/jp409887t. 

11.  Portella G, Battistini F, Orozco M (2013) Understanding the connection between epigenetic DNA 

methylation and nucleosome positioning from computer simulations. PLoS Comput Biol 9: 

e1003354. doi:10.1371/journal.pcbi.1003354. 

12.  Flores KB, Wolschin F, Amdam G V (2013) The role of methylation of DNA in environmental 

adaptation. Integr Comp Biol 53: 359–372. doi:10.1093/icb/ict019. 

13.  Schmitz R, Schultz M, Lewsey M (2011) Transgenerational epigenetic instability is a source of 

novel methylation variants. Science (80- ) 334: 369–373. doi:10.1126/science.1212959. 

14.  Becker C, Hagmann J, Müller J, Koenig D, Stegle O, et al. (2011) Spontaneous epigenetic 

variation in the Arabidopsis thaliana methylome. Nature 480: 245–249. doi:10.1038/nature10555. 

15.  Wiley RH (2006) Signal Detection and Animal Communication. Adv Study Behav 36: 217–247. 

doi:10.1016/S0065-3454(06)36005-6. 

16.  Wiley RH (2013) Signal Detection, Noise, and the Evolution of Communication. In: Brumm H, 

editor. Animal Communication and Noise. Berlin Heidelberg: Springer-Verlag, Vol. 2. pp. 7–31. 

doi:10.1007/978-3-642-41494-7. 

17.  Wiley RH (2013) A receiver–signaler equilibrium in the evolution of communication in noise. 

Behaviour 150: 1–37. doi:10.1163/1568539X-00003063. 

18.  R Core Team (2014) A language and environment for statistical computing. 

19.  Lawrence M, Huber W, Pagès H, Aboyoun P, Carlson M, et al. (2013) Software for computing 

and annotating genomic ranges. PLoS Comput Biol 9: e1003118. 

doi:10.1371/journal.pcbi.1003118. 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section E), pages 1-9, Proceeding                         9               

http://sciforum.net/conference/mol2net-1 

 

20.  Stroud H, Greenberg MVC, Feng S, Bernatavichute Y V, Jacobsen SE (2013) Comprehensive 

analysis of silencing mutants reveals complex regulation of the Arabidopsis methylome. Cell 152: 

352–364. doi:10.1016/j.cell.2012.10.054. 

21.  Hand DJ, Till RJ (2001) A Simple Generalisation of the Area Under the ROC Curve for Multiple 

Class Classification Problems. Mach Learn 45: 171–186.  

 

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions defined by MDPI AG, the publisher of the Sciforum.net 

platform. Sciforum papers authors the copyright to their scholarly works. Hence, by submitting a paper 

to this conference, you retain the copyright, but you grant MDPI AG the non-exclusive and un-revocable 

license right to publish this paper online on the Sciforum.net platform. This means you can easily submit 

your paper to any scientific journal at a later stage and transfer the copyright to its publisher (if required 

by that publisher). (http://sciforum.net/about). 

http://sciforum.net/conference/mol2net-1
http://sciforum.net/about


Mol2Net, 2015, 1 (Section B), pages 1-9, Proceedings      1 

http://sciforum.net/conference/mol2net-1        

 

 

  
Mol2Net  

 

 

14N NMR Spectroscopy Study of Binding Interaction 

between Sodium Azide and Hydrated Fullerene  
 

Tamar Chachibaia1,2,* and  Manuel Martin Pastor3 

1.  Department of Analytical Chemistry, Food Science and Nutrition, Faculty of Pharmacy, University 

of Santiago de Compostela, Spain 

2.  Department of Public Health and Epidemiology, Faculty of Medicine, Tbilisi State University, 

Georgia  

3.  Magnetic Resonance Unit, CACTUS, University of Santiago de Compostela, Spain 

* Author to whom correspondence should be addressed; E-Mail: nanogeorgia@gmail.com. 
 

Received: 1 November 2015 / Accepted: 4 November 2015 / Published: 4 December 2015 
 

Abstract: The presence of human pharmaceutical compounds in surface waters is an emerging 

issue in environmental science. Low levels of many active pharmaceutical ingredients are 

detected in the aquatic environment as a result of pharmaco-chemical industrial waste spill-offs 

in draining water. In the manufacturing of pharmaceutical drug substances azides are used as 

reagents or when they are generated somehow in the synthesis, it may be necessary to 

demonstrate that these impurities are sufficiently removed to levels below an appropriate safety 

threshold. Sodium azide is an example of an azide for which the environmental exposure limits 

have been reasonably well characterized. The treatment of waste and industrial water can be 

conducted by removing dissolved materials and ions in water using membrane separation 

technology with ultra- and nanofiltration (NF) and reverse osmosis (RO) membranes. To achieve 

better effluent water quality, tertiary treatment with activated carbon adsorption is used.  To 

analyze the risk of pharmaceuticals in the environment, a proposed validated methodology by 

NMR spectroscopy will support the evaluation of the eco-toxicological hazards during the early 

development process of pharmaceuticals. 
 

 

Keywords: sodium azide; fullerene; 14N NMR spectroscopy; nanofiltration. 
 

 

1. Introduction 

The presence of pharmaceutical active 

compounds (PhACs) in the surface, drinking, and 

wastewaters is an emerging issue in 

environmental science. [1,2,3,4,5,6,7,8,9]. Low 

levels of many pharmaceutical active compounds 

are detected in the aquatic environment as a 

result of pharmaco-chemical industrial waste 

spill-off in draining water.  It may be necessary 

to demonstrate that these impurities are 

sufficiently removed to levels below an 

appropriate safety threshold.  

Sodium azide is an example of an azide 

for which the environmental exposure limits 

have been reasonably well characterized.  

In the manufacturing of pharmaceutical 

drug substances azides are used in the synthesis, 

or they are generated as intermediate substance. 

Sodium azide (NaN3) is widely used as starting 

molecule in the synthesis of Sartans, for the 

treatment of hypertension since the 1990s [10]. 

Some of these products have reached a market 

volume of several 100 t/a with an upward trend 

and are therefore considered as blockbusters. 

SciForum 
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Besides Sartant it is used in the synthesis other 

pharmaceuticals, such as Alfentanil (analgesic), 

Azosemid (diuretic), (anti-inflammatory) 

Broperamol and others.  

There are required regulations for the 

analysis of pharmaceutical wastewater treatment 

and removal using membrane bioreactors 

(MBR). The waters treatment can be conducted 

by removing dissolved materials and ions in 

water using membrane separation technology 

with ultra- and nanofiltration (NF) and reverse 

osmosis (RO) membranes. [11]  

To achieve better effluent water quality, 

tertiary treatment with activated carbon 

adsorption is used [12].  Activated carbon filters, 

which may contain fullerene retains extremely 

effective by mechanical filtration effect 

[13,14,15,16]. In 2009 by Chae and coworkers 

was developed technology of membrane coating 

by hydrated fullerene for improvement of 

filtration properties of membranes.   

To analyze the risk of pharmaceuticals in 

the environment, proposed validated 

methodology by NMR spectroscopy will support 

the evaluation of the eco-toxicological hazards of 

PhACs during the early development process - 

the questions brought forward by many academic 

and regulatory scientists. 
 

Aim: 

Aim was to study deviation of signals of 

sodium azide obtained by 14N NMR 

spectroscopy under influence of hydrated 

fullerene to examine binding properties of 

sodium azide with hydrated fullerene. In current 

study we propose innovative method for 

detection of sodium azide by 14N NMR 

spectroscopy.  
 

Background: 

Detection and inactivation of sodium 

azide in the environment is global issue, due to 

its widespread use in many spheres of human 

activity, in pharmaco-chemical industry in the 

synthesis of pharmaceuticals, as well pesticides, 

direct use in agricultural sphere, as herbicide, 

pesticide and insecticide, wine fermentation 

inhibitor, in automotive industry in the content of 

detonators of airbags and bactericidal agent for 

inhibition of germ growth.   

The Organization for Economic Co-

operation and Development (OCDE) [ 17 ] has 

included sodium azide in the list of 5,235 High 

Production Volume Chemicals (HPV) with a 

production or import greater than 1,000 tons per 

year (McKeen, 2010).  

Sodium azide (NaN3) has inhibitory 

effect on heme-containing mitochondrial 

respiratory chain enzyme Cytochrome C 

Oxidase, which is cause of CNS anoxia and 

hypoxia in case of acute intoxication, while in 

case of chronic exposure to its lower doses long-

term outcome is dementia.  

Against NaN3 not exists any antidote, and 

thus the only method of treatment remains 

hemodialysis affected patients. In case of chronic 

intoxication prevention is possible by 

administration of antioxidants to workers.  

For prevention of sodium azide impact is 

important to decrease the risk of exposure, as 

from occupation workplace atmosphere and also 

from the environment. 

The environmentalist and atmospheric 

scientists are concerned about the safety of the 

use of sodium azide. Despite the widespread 

opinion of proponents of sodium azide  use in 

water and soil, arguing that this chemical 

undergoes rapid hydrolysis and degradation 

(Rodríguez-Kábana & Robertson, 2000, 2001). 

[ 18 ], their opponents (Betterton, 1999, 2003, 

2010).[19] claimed that this is not exactly what it 

can be anticipated, since they discovered water 

and soil samples containing residual amounts of 

sodium azide.  

 One of the most important issues is 

control of runoff waters and adequate membrane 

filtration barrier setup.  

For industrial wastewater, as well 

municipal and hospital dialysis centers water 

treatment systems are using modern membrane 

filtration technologies. 

Physicochemical modifications of 

membrane materials have been tried to improve 

performance of membrane processes for a long 

time. Numerous studies dealing with the surface 

modification of membranes have achieved by 

coating or grafting a functional group on the 

prepared membrane surface. [20]. 

In addition to the conventional ways of 

surface modification, researchers are focusing on 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1 (Section  B), pages 1-9, Proceeding.       3 

http://sciforum.net/conference/mol2net-1                                      

 

 

the application of nanomaterials to modify the 

membrane properties thanks to recent 

developments of nanotechnologies. Among 

others, fullerene (C60) is the potential candidate 

expected to show an improved performance 

when used to modify the membrane properties. 

[ 21 , 22 , 23 ] Chae et al. (2009) examined the 

modification of ceramic microfiltration 

membranes coated by fullerene solution dip-coat-

evaporation procedure. [ 24 ]. The dip coating 

procedure consisted of an initial immersion of 

membrane into solution for 2 seconds, drip-

draining of excess solvent, followed by solvent 

evaporation under vacuum for several days. The 

surface concentration of C60 on the membranes 

was varied by repeating the dip-coating 

procedure anywhere from one to nine times. The 

final concentration of C60 on the membrane was 

determined by measuring the change in 

membrane weight. The surface morphology of 

the membrane coated with various amounts of 

C60 was investigated using a scanning probe 

microscope (SPM). The C60 nanoparticles used 

in this study were not chemically bound to the 

membrane surface. 

 

Pic. 1. Surface morphology of the ceramic membranes: (left) anodisc 200 nm with C60 0.030mg cm−2 

and  (right) anodisc 200 nm with C60 0.058mg cm−2 (Source: doi:10.1016/j.memsci.2008.12.023. 

Courtesy Chae at el. 2009). 

2. Materials and methods: 

We studied binding properties between 

sodium azide and hydrated fullerene, without 

adding any catalyst, heating or microwave 

irradiation, under conventional conditions, to see 

if any interaction may occur to recommend in 

water filtration and pharmaceutical waste-water 

treatment applications, e.g. in different phases of 

filtration, as in membranes and carbon filters 

enriched by fullerenes.  

The experimental part of this project is 

performed in the Magnetic Resonance Unit at the 

Center of Technology Innovation and Transfer 

(CACTUS) of the University of Santiago de 

Compostela. Experiments were conducted 

during 2012-2014 and obtained results analyzed.  

University of Santiago de Compostela 

(USC) is equipped with NMR spectroscopy and 

propriety technology of MESTRE Labs, which is 

the software used worldwide.   

The Magnetic Resonance Unit at the 

University of Santiago de Compostela provides 

the optimum research instrumentation required 

for this part of the project. The NMR facility 

provides three state-of-the-art high magnetic 

field NMR spectrometers of 500 MHz and 750 

MHz.   

Experimental  

C60hyfn production, characterization 

and preparation of C60FWS 

For C60FWS preparation (C60HyFn 

water solution), C60 fullerene samples with 

purity of more than 99.5% (MER Corporation, 

Tuscon, AZ, USA) have been used. C60FWS 

was produced without using of any solubilizers 

or chemical modification [25]. 

C60HyFn concentration of 8.88×10–4 M 

was used as stock solution for preparing 

C60FWS prior the experiment.  This method is 

based on transferring of fullerene from organic 

solution into the aqueous phase with the help of 

ultrasonic treatment. To obtain C60FWS is 

possible with C60 concentration up to 5.5×10–3 

M (~4 mg/ml).  

 

Titration: 

We performed 14N NMR spectroscopy of 

pure sodium azide water solution and obtained 

satisfactory results with visualization of two 

peaks corresponding to three atoms of nitrogen 

with chemical shifts corresponding to 204.78 

ppm and  56.06 ppm.[26]  
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We added hydrated fullerene 50 mM 

solution (144 mg/l) (IPAC, Ukraine, Kharkov) to 

sodium azide water solution with titration.  

In our study we performed two series of 

experiments, with different concentrations of 

sodium azide. First, with molar concentration of 

1M, and second, with 10M solution.  

We performed titration by fullerene water 

solution with decreasing concentrations. Thus, 

ratios of NaN3:C60 were <10:1 in the first set of 

experiment. In the first series of experiment we 

used standard addition method of titration. 

Standard is hydrated fullerene C60 and with 

decreasing the ratios of NaN3:C60 which were 

subsequently 10:1, 1,36:1, 0,88:1 and 0,38:1.  

In the second set of experiments we used 

higher concentration of sodium azide 10M with 

ratio of NaN3:C60 which was equal to 100:1. 

3. Results 

 

The sample prepared at molar ratio 

NaN3:C60 100:1 show a small change in the 

peak position and so does a change in the 

linewidth respect to the other samples explored 

in the titration study. Those changes could be 

indicative of a weak binding interaction between 

NaN3 and C60. At high molar ratio NaN3:C60 

100:1. The 14N peaks of sodium azide have 

observable CSPs and changes in Linewidth. The 

two effects are stronger for the two external 

nitrogens of sodium azide (signal B) than for the 

central nitrogen (signal A). The mentioned 

effects could indicate a weak binding interaction 

between NaN3 and C60. 

 

Fig. 1 14N NMR titration study. C60 fullerene added to NaN3 water solution. Superimposition of two 

spectra of sodium azide: black line is corresponding to pure sodium azide water solution and green to 

sodium azide titrated with fullerene water solution at lowering concentrations. At low molar ratio 

NaN3:C60 (<= 10 :1) no appreciable  change of 14N chemical shift or linewidth occurs for two peaks of 

NaN3 (Signals A and B). 

 

Linewidth 24.8 Hz 

Linewidth 25.2 Hz 

Signal A  

NaN3 (204.78 ppm) 

 

Signal B 

NaN3 (56.06 ppm) 

NaN3:C60 

Molar ratio  

- 10:1  

- 0,38:1 

NaN3:C60 

Molar ratios  

-10:1  
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Linewidth 49.8 Hz 

Linewidth 53.9 Hz 
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Figure 2. 14N NMR superimposition of four different spectra at low molar ratios of  NaN3:C60  (<= 

10:1).  

 
 

  

 

Figure 3. Superimposition of two spectra at high ratio of NaN3:C60 (>10 :1), particularly 100:1 There 

are some subtle changes of 14N chemical shift and linewidth of both NaN3 peaks.  
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Figure 4. Chemical Shift Perturbations (CSP) and Linewidth study of 14N peaks of NaN3 at several 

molar ratios. 

To confirm obtained results it is required 

extra experiment measuring the 14N spectrum of 

a sample containing only sodium azide in water 

at the same concentration of 10 M without C60 

to discard a false positive. There were anticipated 

two possible outcomes of this experiment: if the 

changes mentioned above does not occur in this 

sample, then they must be due to C60, and 

therefore the weak-binding is confirmed, but if 

the changes mentioned above do occur also in 

this sample, then there is likely an effect of the 

high concentration of NaN3 in the sample, but we 

cannot say that we have detected a weak-binding 

between C60 and NaN3.  

The results obtained with the control 

sample of pure NaN3 at 10 M demonstrated that 

there are changes in the chemical shift position 

and line-broadening related to the molar 

ratio 100:1 of NaN3:C60 in the sample. These 

results can be interpreted as binding 

interaction occurring between NaN3 and C60 

molecules, from the two 14N peaks of NaN3, the 

one that is more affected is the one that resonates 

at approximately 56 ppm.  

Discussion: 

Some solutes, such as C60 can have a 

dynamic interaction of binding with other 

solutes, such as Na N3.  They are exchanging 

during time between a bound state when the two 

molecules are packed together and unbound state 

in which the two molecules are 

independent.  Chemically this is represented by 

equilibrium: 

 N3    +    C60                 <====>         N3:C60              

 Free state                                        Bound state 

The double arrow indicates that the 

equilibrium moves in both direction during time, 

in our case the timescale of this reaction is likely 

below <100 ms for moving in both directions. 

In the instant that the two molecules are 

bound their atoms are packed together and as 

consequence their electron clouds introduce a 

slight shielded/de-shielded of the external 

magnetic field that is felt by the nuclei of any of 

the two molecules. Thus, the 14N NMR peaks of 

N3 molecule feels on average a slightly different 

magnetic field when C60 is present and therefore 

resonate at a slightly different chemical shift than 

when C60 is not present. We made a titration 

with C60 and followed the changes of chemical 

shifts of 14N.  The fact that changes are observed 

by addition of C60 demonstrates that the two 

molecules interact and bind together 

dynamically. 

The influence of C60 in the chemical 

shifts of NaN3 is not linear with the 

concentration, i.e. the two molecules interact one 

to one proportion as indicated above, it has a 

quadratic dependence with the concentration.  

4. Conclusion: 

The results demonstrate that there are 

changes in the chemical shift position and line-

broadening related to the molar ratio NaN3:C60 

in the sample (100:1). One of two peaks of 14N, 

which resonates at 56 ppm and corresponds to 

two external nitrogen atoms of NaN3 is more 

affected by influence of hydrated fullerene C60. 

These results can be interpreted as binding 

interaction occurring between NaN3 and C60 

molecules.  
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Abstract: Site-occupancy disorder, defined as the non-periodic occupation of lattice sites in a 

crystal structure, is a ubiquitous phenomenon in solid-state physics and chemistry. Examples are 

mineral solid solutions, synthetic non-stoichiometric compounds and metal alloys. The 

experimental investigation of these materials using diffraction techniques only provides averaged 

information of their structure. However, many properties of interest in these solids are 

determined by the local geometry and degree of disorder, which escape an “average crystal” 

description, either from experiments or from theory.  In this paper, I describe a methodology for 

the computer simulation of site-disordered solids, based on the consideration of configurational 

ensembles and statistical mechanics, where the number of occupancy configurations is reduced 

by taking advantage of the crystal symmetry of the lattice. Thermodynamics and non-

thermodynamic properties are then defined from the statistics in the symmetry-adapted 

configurational ensemble. I will briefly summarize and discuss some recent applications of this 

methodology to problems in materials science. 
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1. Introduction 

 

 

There are many problems in materials science 

involving the solution of two or more crystalline 

materials with some level of randomness in the 

occupancy of lattice sites. We define site 

disorder as the kind of disorder that results from 

non-periodic occupation of lattice sites in a 

crystal structure. Amorphous disorder differs 

from lattice site disorder in that the latter does 

not destroy the long-range periodicity of the 

lattice sites, except possibly with small local 

atomic displacements with respect to lattice sites. 

Examples of site-disordered materials include 

metallic alloys, mineral solid solutions, and 

synthetic non-stoichiometric compounds. The 

computational modeling of these solids is 

challenging because periodic boundary 

conditions cannot be applied in the same 

straightforward way as in the simulation of 

ordered crystals.  

 

2. Classification of site-disorder models 

 

The models employed in the literature to 

investigate site-disordered solids can be 

classified in three broad groups (figure 1).  

 

 
 

Figure 1. Classification of methods 

to represent site-disorder in solids 

 

The first group comprises all methods in 

which a sort of average atom is defined, thus 

allowing recovering the perfect periodicity of the 

crystal. In the context of classical calculations, 

based on analytical interatomic potentials, this is 

done by making each site experience a potential 

which is the mean or weighted average of all 

possible configurations corresponding to 

disordered atomic positions. This approach is 

implemented, for example, in the GULP code 1,2, 

and can sometimes be useful for preliminary 

simulations of very disordered (random) systems. 

An equivalent method in the world of quantum-

mechanical simulations is the virtual crystal 

approximation (VCA), where the potential felt by 

electrons is the one generated by average atoms, 

i.e. average of potentials of atoms that can 

occupy a given site and its periodic images. The 

main drawback of this kind of methods is that the 

local structure around each particular ion in a 

real material is very poorly represented by the 

geometry around these average ions.  

 

In the second group of methods for treating 

site-disordered solids, a large periodic supercell 

is employed with a more or less random 

distribution of ions at the sites. This type of 

representation is computationally more 

expensive than the “average-ion” models, but it 

provides a better description of the local 

geometries found in the real system. It is 

assumed that (a) distribution of atoms on lattice 

sites is random, and (b) the supercell is large 

enough to include a large number of possible 

local arrangements of ions, amounting to spatial 

averaging over configurations. A useful variation 

of this model is the special quasi-random 

structure, where the ion positions in the supercell 

are chosen to mimic as closely as possible the 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section c), pages 1-21, Proceedings  3 

http://sciforum.net/conference/mol2net-1 

 

most relevant near-neighbor pair and multisite 

correlations of a random substitutional alloy 3. 

Special quasi-random structures are particularly 

useful in evaluation of the electronic structure 

and related properties such as magnetic moments 

of site-disordered solids. Their main limitation 

comes from the inflexibility of the ion 

distribution in the structure, which is fixed to 

mimic a disordered (a truly random) solid. 

However, we often desire to investigate varying 

degrees of disorder, for example, short-range 

ordering can be present depending on the 

temperature used in the synthesis, for which we 

need a more flexible representation.   

 

The third type of methods is the multi-

configurational supercell approach, which is the 

focus of the present paper. Within this approach, 

an infinite site-disordered solid is modeled with a 

set of configurations with of various site 

occupancies in a supercell representing a piece of 

the solid. Each configuration corresponds to a 

particular arrangement of the atoms within the 

supercell, and has associated a probability of 

occurrence. The idea behind the method is that 

listing all possible configurations and their 

probabilities can provide a reasonable description 

of the distribution of the ions and their level of 

disorder, at least within the range marked by the 

supercell size.  

 

In order to attribute experimental meaning to 

this kind of representation, we can image the 

case of a site-disordered surface that is being 

studied with an electron microscope, capable of 

taking atomic resolution photographs of the 

surface.  If we take a very large number of 

photographs at randomly selected sections of the 

surface, we have all the information required to 

describe any distribution pattern with ordering 

range shorter than the size of the photographs. 

The probability of a given configuration can then 

be defined as its frequency of appearance in the 

limit of a very large number of images. In the 

limit of infinite size of the system, this scheme 

becomes exact. 

 

From a theoretical point of view, the central 

challenge in the multi-configurational supercell 

approach is the calculation of the probabilities of 

occurrence of the configurations, under the 

assumption of configurational equilibrium. A 

typical approximation consists of assigning an 

energy to each configuration, and then applying a 

formalism based on Boltzmann-Gibbs statistical 

mechanics, in such a way that those 

configurations with lower energies have higher 

probabilities, and the dispersion of the 

distribution is controlled by the temperature: at 

low temperatures only the most stable 

configurations occur, whereas at high 

temperatures more configurations are accessible 

to the ions, leading to higher degree of disorder.  

 

We should note that the existence of a well-

defined energy characterizing the stability of 

each configuration is not trivial, as strictly 

speaking the energy contribution from a given 

ionic configuration in a cell depends on the 

configuration of the ions in the neighboring cells. 

Only for large supercells, where intracell 

interactions are much more important than 

intercell interactions, the energy of a given 

configuration can be considered a function of the 

arrangement of the ions within the supercell. In 

what follows we will consider that this is the 

case, i.e., the energy of a given configuration is 

independent of the distribution of cations next to 

the cell boundary. Then, we could as well 

assume that the distribution of ions in the region 

adjacent to supercell is identical to that in the 

supercell used in simulations. Thus, we can 

simply calculate the configuration energy using 

periodic boundary conditions, which is 
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straightforward using modern computer 

programs for solid state simulations.  

 

Orthogonally to the classification of the 

methods in terms of the representation of 

disorder, we can also classify the methods in 

terms of the types of methods used for evaluating 

the energy of the periodic configurations in the 

crystal. This is actually a typical task in 

computational physics and chemistry, and the 

different methods and approximations involved 

have been widely discussed elsewhere (e.g. 4). 

We only present here a simple classification in 

increasing order of sophistication and 

computational cost: 

 

Type I methods: in this case the energy is a 

function of only the site occupancies. Electronic 

and structural (geometric) degrees of freedom are 

not included explicitly, but are implicit within a 

model that yields the energy from nearest-

neighbor (NN), next-nearest-neighbor (NNN) 

configurations or longer-distance effective pair 

interactions, or including terms for clusters of 

more than two ions.  These types of methods 

include Ising-type models of alloys and cluster 

expansion methods, and have been used 

extensively in determination of phase diagrams 

of alloys.  

 

Type II methods: including geometric relaxations 

explicitly, but electronic effects only implicitly. 

The energy is evaluated in this case via a 

classical interatomic potential function or force 

field, which is a function of the ionic 

coordinates. These are quite efficient 

computationally and can be used in studies of 

symmetry-breaking structural phase transitions 

such as those in a ferroelectric or a shape 

memory alloy. In such a case, the structural 

degrees of freedom are directly relevant to the 

problem and cannot be integrated out. 

Type III methods: they include explicit geometric 

and electronic relaxation for each configuration. 

This category comprises all quantum-mechanical 

methods, including those based on the density 

functional theory (DFT) and its extensions, 

Hartree-Fock (HF) and post-HF approaches, 

hybrid DFT/HF, semi-empirical methods like 

tight-binding, etc. Computationally, these 

methods are quite expensive and can be used 

only with relatively small supercells. They have 

to be used in problems that involve electronic 

phase transitions (such as magnetic or metal-

insulator transition), and those where site-

specific chemistry is relevant, for example in 

catalysts. 

 

In the evaluation of energies of a large 

number of configurations to investigate the 

thermodynamics of disorder, type I methods are 

still the most commonly employed. Not only 

they are computationally cheaper, but they are 

also easier to integrate with sampling algorithms 

(e.g. Metropolis – Monte Carlo) within a single 

computer program. In contrast, energy 

evaluations using type II and type III methods 

are more expensive and typically require a 

specialized program that deals with only one 

geometric configuration at a time. 

Configurational sampling in these cases requires 

multiple calls to the quantum-mechanical or 

interatomic potential code from an external 

program, and has very long running times.  

However, there are good reasons to move 

towards more sophisticated (type II and III) 

methods to evaluate energies in a multi-

configurational simulation. First, such 

calculations not only provide energies, but many 

other properties too (e.g. local geometries and 

cell parameters, and in the case of type III 

methods, electronic structure information). Any 

property that can be obtained for each 

configuration can be averaged over the ensemble 
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to obtain effective values for the disordered 

solid. Second, methods of type II and III also 

provide access to vibrational properties of the 

solid and its response to external pressure, 

therefore allowing an integration of 

configurational and vibrational degrees of 

freedom in the construction of complex phase 

diagrams (as a function of composition, 

temperature and pressure). Finally, if interactions 

in the system are long-range, energy evaluations 

in terms of simple type I methods might not 

provide good precision, or would require a large 

number of terms and parameters 5.  The main 

disadvantage of methods of type II and III, while 

evaluating a large number of configurations, is 

their computational cost, but with the 

developments in computer hardware and efficient 

algorithms, they are becoming much more 

affordable.   

 

3. Statistical formulation of the method 

 

3.1 The Boltzmann equations 

 

 

 

 

 

We now present the statistical formulation of 

the configurational equilibrium in a site-

disordered binary system. For the sake of 

simplicity, in this initial formulation all 

configurations are constrained to have the same 

compositions, and we will ignore vibrational and 

pressure effects in the thermodynamics; the 

corresponding generalizations are introduced 

later in this chapter.  

 

The extent of occurrence of the each 

configuration (labeled with an index k) is 

described in this approximation by a Boltzmann-

like probability which is calculated from the 

energy Ek of the configuration and the 

temperature T:  

B

1
exp( / )k kP E k T

Z
 

   (1) 

 

where kB is Boltzmann’s constant (it is 

formally equivalent to use the gas constant R 

instead, and expressing the molar energies of 

supercells, but we follow here the usual notation 

in statistical mechanics in terms of kB),  

B

1

exp( / )
K

k

kZ E k T


 
   (2) 

 

is the partition function, and K is the total 

number of configurations with the given 

composition in the supercell.  For a binary 

system, K can be calculated as a number of 

combinations: 

!
  

( )! !

N
K

N n n


     (3) 

 

where N is the number of exchangeable sites 

in the supercell, and n is number of ions of one 

of the species (it can also be a vacancy) that can 

occupy these sites. The molar concentrations are 

then x=n/N  for the first species, and 1-x for the 

second species.  

 

The definition of the configurational ensemble 

and the associated probabilities allows us to 

obtain the effective value in the disordered solid 

of any quantity that can be theoretically obtained 

for each ordered configuration. If Ak is the value 

of the given magnitude for configuration k, then 

the effective value in the disordered solid is: 

 

1

K

k k

k

A P A



    (4) 
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In this way, it is possible to obtain effective 

values even for quantities like the cell 

parameters, which are not strictly defined but 

still have experimental meaning in a solid with 

non-periodic distribution of ions on lattice sites. 

Equation (4) also allows us to obtain the 

effective energy of the solid from the 

configurational energies Ek, as: 

 

1

K

k k

k

E P E



    (5) 

 

In evaluating the thermodynamic stability of a 

disordered solid at a given temperature, not only 

the energy but also the configurational 

multiplicity of the system should be taken into 

account, which is done by introducing the 

(configurational) free energy: 

B

1
B Bln exp( / )

k

K

k

F k T Z k T E k T


    
 (6) 

 

The difference per temperature unit between 

the average energy and the free energy defines 

the configurational entropy, which can also be 

expressed in terms of the probabilities Pk: 

B

1

ln
K

k k

k

E F
S k P P

T 


   

  (7) 

 

We can distinguish two important limiting 

cases here:  

 

Perfect order: this occurs when one 

configuration (say k=1) is much more stable than 

the rest, i.e., it is separated from the other 

configurations by an energy difference much 

larger than kBT.  In this case P1=1, while Pk=0 

for k≠1, and the system will have zero 

configurational entropy. The configurational free 

energy simply corresponds to the energy of the 

most stable configuration.  

 

Perfect disorder: this occurs when the 

energies of all the configurations are very similar 

(again in comparison with kBT) or formally in the 

limit T→∞. In this case, all configurations have 

the same probability Pk=1/K and the 

configurational entropy reaches its maximum 

possible value: 

 

max

!
ln ln

[ (1 )]![ ]!
B B

N
S k K k

N x Nx
 

  (8) 

 

which, in the limit of an infinitely large 

supercell (N→ ∞ at constant x), using Stirling’s 

formula, converts to the well-known expression: 

 

ideal ln (1 ) ln(1 ))(BS k x x x xN    
 (9) 

 

Intermediate to these two limiting cases, there 

is a continuum of situations with varying degrees 

of ordering, which can be described within the 

same formalism, leading to temperature-

dependent entropy values given by Eq. (7). It is 

clear from the equations above that any finite 

supercell is unable to describe exactly the perfect 

disorder limit. In order to correct for this, it is 

convenient to re-write the free energy (Eq. 6) as: 

 

 B

1
B Bln ln

1
exp /

K

k

k

F k T K k T E k T
K 

  
 

 
 


      (10) 

 

as suggested by Becker et al.6. The first term 

represents the entropy contribution in the limit of 

perfect disorder, while the second term contains 

the energy contribution plus the correction to the 

entropy contribution due to partial ordering. The 

first term can then be adjusted to its correct 

value, i.e.: 

 

 

 B

1

B

B ln

ln (1 ) ln(1 )

1
exp /

K

k

k

F Nk T

k T

x x x x

E k T
K 





  

 
 

 


 (11) 

 

which is equivalent to amending the 

temperature-dependent entropy by a term 
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Scorr=Sideal-Smax, thus guaranteeing the correct 

behavior in the limit of perfect disorder. 

However, this adjustment also breaks down in 

the description of the perfect order limit, by 

introducing a spurious configurational entropy 

contribution to the free energy (which should be 

zero in this limit). Therefore this correction 

should be applied only to simulations of systems 

with nearly-perfect disorder. 

 

3.2 Including vibrational contributions 

 

This basic methodology can be made more 

sophisticated to include other effects, depending 

on the problem in hand. For example, in order to 

consider vibrational contributions to the 

thermodynamics of a disordered solid within the 

multi-configurational formalism, we can write 

the total partition function of the system as: 

 

B,

1

exp( / )
K

k v
k v

Z E k T


 
  (12) 

 

where v is an index (or strictly speaking, a 

collection of indices) that characterizes each 

vibrational state (with energy Ek,v) of 

configuration k. In terms of the vibrational 

partition function 
( )vib

kZ
and the vibrational free 

energy 
( )vib

kF
of each configuration, this becomes: 

 

( )

B

11

( )
exp( / )

K K
vib

k

kk

vib

kZ Z F k T


 
 (13) 

 

which, by comparison with Eq. (6), indicates 

that the formalism including vibrational 

contributions is equivalent to the one introduced 

in the previous section, except that now the 

vibrational free energy 
( )vib

kF
 of each 

configuration should be used to define the 

probabilities (1) instead of energy kE
of the 

configuration. Using methods of type II and III, 

where the energy depends explicitly on ionic 

coordinates, vibrational free energies can be 

evaluated from the vibrational frequencies of 

each configuration, by invoking the harmonic 

approximation7. This, of course, adds 

considerably to the cost of the simulations, 

especially if the equilibrium geometry of each 

configuration is obtained by minimizing the free 

energy and not just the energy, but can become 

affordable if methods of Type II are being used 

(e.g. ref. 8).  

 

Analogously, if we want to introduce the 

effect of a finite external pressure p, we should 

use the Gibbs free energy: 

 
( ) ( ) ( )vib vib vib

k k k k kFG pV H TS   
  (14) 

 

to calculate the configurational probabilities, 

where kV
 , kH

 and 
( )vib

kS
are the supercell 

volume, the enthalpy and the vibrational entropy, 

respectively, for the particular configuration. In 

this case, the effective thermodynamic potentials 

for the disordered solid are: 

1

K

k k

k

H P H



    (15) 

 

B

( )

1
B exp( / )

K
vib

k

k

G k T G k T


  
  (16) 

and 

 

( )

B

1 1

ln
K K

vib

k k k k

k k

H G
S P S k P P

T  


   

 (17) 

 

where in the last expression for the entropy, 

the first term is the vibrational contribution and 

the second term is the configurational 

contribution. The correction defined by 

expression (11) can be analogously applied here 

to treat highly disordered systems. 
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3.3 Accessing the configurational space 

 

Computing energies and other properties of all 

possible configurations of ions in a mixed solid 

can be a rather demanding task, even for 

relatively small cells. Let us consider the case of 

a body-centered cubic (bcc) binary alloy, with a 

2×2×2 supercell, which has only 16 

exchangeable sites. The number of 

configurations as a function of the substitution 

fraction x increases very quickly and reaches a 

maximum at x=0.5, when there is a total of 

12870 configurations (figure 2). This number is 

tractable with methods of type I, or even type II, 

but already becomes too expensive for type III 

methods. In a 3×3×3 supercell, with 54 exchange 

sites, the maximum is  ~2×1015 configurations, 

which becomes very expensive even for type I 

methods. 

Figure 2. Number of configurations (K) in a 

model of a binary alloy with bcc structure using a 

2x2x2 supercell, in comparison with the number 

of symmetrically inequivalent configurations. 

 

 

It is therefore clearly necessary to find 

strategies to reduce the number of configurations 

to evaluate. We will discuss here three possible 

routes: i) taking advantage of the crystal 

symmetry, ii) random sampling, and iii) 

importance sampling using Metropolis – Monte 

Carlo algorithms.  

 

3.4 Taking advantage of the crystal symmetry 

 

If we are dealing with relatively small 

supercells, for example, when doing quantum-

mechanical calculations for each configuration, it 

is possible to reduce the number of 

configurations by taking advantage of the crystal 

symmetry of the lattice 9. Within this approach, 

two configurations are considered equivalent 

when they are related by a symmetry (an 

isometric) operation, for example, a reflection. A 

list of all possible isometric transformations is 

provided by the group of symmetry operators in 

the parent structure (the original structure 

without any substitutions). They include the 

symmetry operators in the space group of the 

crystal unit cell (scaled in an appropriate way to 

account for the cell multiplicity of the supercell), 

the supercell internal translational operators, and 

the combinations between them. It is then 

possible (at least for small systems) to start with 

all possible configurations through explicit 

enumeration and reduce to those which are 

symmetrically inequivalent for energy/properties 

evaluation. We also need to keep track of the 

degeneracy of each independent configuration, 

that is, how many times it repeats in the whole 

configurational space (this is similar to a number 

of members in the star of k-points in the 

Brillouin zone in the representation and group 

theory of crystals). This algorithm is 

implemented in the SOD (Site Occupancy 

Disorder) program 9,10. 

 

It is necessary to slightly adapt the equations 

for configurational statistics to operate in the 

reduced space of inequivalent configurations. If 

Em is the energy and Ωm is the degeneracy of the 

independent configuration m (m=1,…, M), its 
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contribution to energy or other properties needs 

to be weighted by a probability: 

Bexp( / )
m

m mP E k T
Z


 

  (18) 

 

which means that if we want to compare the 

stability of two independent configurations in 

energetic terms, we should not use their energies 

mE
but instead the value 

lnB mmE k T 
. 

Average values can be obtained using the 

equation analogous to (4): 

 

1

M

m m

m

A P A



    (19) 

 

For scalar properties, i.e. if Am is the same for 

all the Ωm equivalent configurations that the 

inequivalent configuration m represents. For 

example, if we are modeling a cubic system, we 

cannot obtain the average cell parameter a from 

the cell parameters am of the inequivalent 

configurations, as this result could be different 

from the direct average of the bm or cm values, 

breaking the cubic symmetry. We therefore need 

to find first a related magnitude that is invariant 

in the subspace of equivalent configurations, e.g. 

the volume Vm  in the given example. We can 

then define the average cell parameter of the 

cubic system as: 

 
1/3

1

M

m m

m

a P V


 
  
 


    (20) 

 

Otherwise, one needs to explicitly symmetrize 

the property obtained using Eqn. (19) with all the 

symmetry operations used in obtaining the 

reduced set of configuration (for example, 

electric dipole or polarization in a ferroelectric).  

Symmetry reduction is only practical when 

working with relatively small supercells. This is 

typically the case when properties other than the 

energy are being evaluated, using type II and 

type III methods. When evaluating the 

thermodynamic functions of the solution, the 

enthalpy tends to converge very quickly with 

supercell size, but the convergence of the 

entropy, which depends on configuration 

counting, is much slower. Therefore, for a 

complete thermodynamic characterization of 

solid solutions it is generally necessary to 

consider supercells much larger than those 

tractable by symmetry-reduction methods.  

4. Examples of applications 

 

4.1 Using symmetry-adapted ensembles to 

identify favourable ion distributions  

 

We start with the simplest possible use of the 

multi-configurational representation of the ionic 

distribution in a mixed solid: finding the most 

stable configurations. We use the iron oxide γ-

Fe2O3 (maghemite) as a first example.  

 

Maghemite is the second most stable 

polymorph of iron (III) oxide. Its magnetism, 

chemical stability and low cost led to its wide 

application as magnetic pigment in electronic 

recording media since the late 1940’s 11.  

Maghemite nanoparticles are also widely used in 

biomedicine, because their high magnetic 

moment allows manipulation with external 

fields, while they are biocompatible and 

potentially non-toxic to humans 12,13.  Despite the 
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compositional simplicity, its precise structure has 

been the subject of debate for decades. Like 

magnetite (Fe3O4), maghemite exhibits a spinel 

crystal structure, but while the former contains 

both Fe2+ and Fe3+ cations, in maghemite all the 

iron cations are in trivalent state, and the charge 

neutrality of the cell is guaranteed by the 

presence of cation vacancies. The debate about 

the maghemite structure has focused on the 

degree of ordering of these vacancies in the solid.  

 

The unit cell of magnetite can be represented 

as (Fe3+)8[Fe2.5+]16O32, where the brackets () and 

[] designate tetrahedral and octahedral sites, 

respectively. The maghemite structure can be 

obtained by creating 8/3 vacancies out of the 24 

Fe sites in the cubic unit cell of magnetite. These 

vacancies are known to be located in the 

octahedral sites 14 and therefore the structure of 

maghemite can be approximated as a cubic unit 

cell with composition (Fe3+)8[Fe3+
5/6 ⁮1/6]16O32. If 

the cation vacancies were randomly distributed 

over the octahedral sites, as it was initially 

assumed, the space group would be Fd3m like in 

magnetite. However, there is a evidence about a 

higher degree of ordering. Braun 15, for example, 

noticed that maghemite exhibits the same 

superstructure as lithium ferrite (LiFe5O8), which 

is also a spinel with unit cell composition 

(Fe3+)8[Fe3+
3/4Li1+

1/4]16O32, and suggested this 

was due to similar ordering in both compounds. 

In the space group P4332 of lithium ferrite, there 

are two types of octahedral sites, one with 

multiplicity 12 in the unit cell, and one with 

multiplicity 4, which is the one occupied by Li. 

In maghemite, the same symmetry exists if the 

Fe vacancies are constrained to these Wyckoff 4b 

sites, instead of being distributed over all the 16 

octahedral sites. It should be noted, however, that 

some level of disorder persists in this structure, 

as the 4b sites have fractional (1/3) iron 

occupancies. Finally, there is also evidence of a 

fully ordered structure, exhibiting a tetragonal 

cell with space group P41212 and c/a≈3 (spinel 

cubic cell tripled along the c axis) 16,17.  

 

A computational investigation of the 

energetics of vacancy ordering in maghemite was 

presented in 18. A 1x1x3 supercell of the cubic 

structure was used to obtain the spectrum of 

energies of all the ordered configurations which 

contribute to the partially disordered P4332 cubic 

structure. The energies were evaluated using 

long-range Coulomb contributions and classical 

interatomic potentials to describe short-range 

interactions (parameters derived by Lewis and 

Catlow19). The core-shell model of Dick and 

Overhauser20 was employed to account for the 

polarizability of the anions.  The calculations 

were performed with the GULP code 1,2,21. 

Although not as sophisticated as quantum 

mechanical calculations, this methodology 

allows for accurate calculations of ion 

relaxations and configuration energies.  

 

The total number of combinations of the 4 Fe 

ions on the so-called L sites of the supercell 

(figure 3a) is 12!/(4! ×8!)=495, but only 29 of 

these are inequivalent, as determined using the 

SOD program 9. The calculated energies for 

these 29 configurations is shown in Fig. 4b.  

Only one of these configurations has the space 

group P41212, found by Shmakovet al. 16 for 

fully ordered maghemite. This configuration is 

indeed the most stable one, with a significant 

energetic separation from the second most stable 

configuration (32 kJ/mol). The energy range 

covered by the configurational spectrum is quite 

wide (~850 kJ/mol), indicating that full disorder 

is very unlikely. The distinctive feature of the 

most stable configuration (P41212) is the 

maximum possible homogeneity of iron cations 
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and vacancies over the L sites.  This 

configuration is the only one in which vacancies 

never occupy three consecutive layers; there are 

always two layers containing vacancies separated 

by a layer without vacancies, which instead 

contains Fe3+ cations in the L sites (e.g. positions 

L1 - L4 - L7 - L10) and the P41212 configuration 

is therefore the one that minimizes the 

electrostatic repulsion between these cations. 

In order to interpret the energy differences in 

the configurational spectrum in terms of the 

degree of vacancy ordering in the solid, we can 

calculate the probability of occurrence of each 

independent configuration. Figure 4 shows the 

probabilities of the most stable configuration 

(P41212) and of the second most stable 

configuration (with space group C2221) as a 

function of temperature. At 500 K, a typical 

synthesis temperature for maghemite 16, the 

cumulative probabilities of all the configurations 

excluding the most stable P41212 is less than 

0.1%. This contribution increases slowly with 

temperature, but at 800 K this cumulative 

probability, which measures the expected level of 

vacancy disorder, is still less than 2%. At 

temperatures above 700-800 K maghemite 

transforms irreversibly to hematite (α-Fe2O3), 

and considering higher temperatures is therefore 

irrelevant. It thus seems clear that perfect crystals 

of maghemite in configurational equilibrium 

should have a fully ordered distribution of cation 

vacancies. Further analysis of the cation 

distribution in this oxide can be found in Ref. 18.  

 

4.2 Configurational averages in the bulk and 

the surfaces: Ce1-xZrO2 solid solutions 

 

We discuss now some applications of the 

concept of configurational average, using the 

Ce1-xZrO2 solid solution as a case study. This 

material is used as a support for the noble metals 

in the catalyst employed for the reduction of 

harmful emissions from car exhausts. A 

computational study of this solid solution was 

presented in ref. 22.  

 

A supercell with 36 atoms was used there to 

model the bulk system, in particular the Ce-rich 

part of the solid solution (0<x<0.5 in Ce1-xZrxO2), 

which exhibits cubic symmetry (23,24). In this 

case, all calculations were performed using 

quantum-mechanical calculations, based on the 

density functional theory (DFT), as implemented 

in the VASP code 25,26. From the calculations, it 

was immediately clear that the lowest-energy 

configurations were those where all the Zrions 

are grouped together, indicating a tendency to 

ex-solution. The tendency to ex-solution within 

bulk phases can be quantified by calculating the 

enthalpy of mixing: 

 

mix 1- 2

2 2

[Ce Zr O ]

(1 ) [CeO ] [c-ZrO ]

x xH H

x H xH

  

 
  

      (21) 

 

where 2[CeO ]H
 and 2[c-ZrO ]H

 are the DFT 

energies per formula unit of ceria and cubic 

zirconia, respectively, and  1- 2[Ce Zr O ]x xH
 is the 

effective energy of the solid solution, calculated 

as a configurational average. The resulting 

enthalpy of mixing is strongly positive, in 

agreement with recent calorimetric 

measurements24 (Figure 5).  

 

Assuming a regular solid solution model 

(e.g.27, 28), the enthalpy of mixing at low Zr 

content was fitted with a polynomial of the form: 

 

mix
= (1- )H Wx x

    (22) 
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as in previous experimental work (24,29), 

which gives W=38 kJ/mol. This result is 

intermediate between  the value of 28 kJ/mol 

obtained by 29) from fitting a regular solution 

model to experimental solubility data, and the 

value of 51 kJ/mol obtained by 24) by fitting 

directly to calorimetric measurements. The 

positive values of the enthalpy of mixing suggest 

that cation ordering is not a stabilizing factor in 

ceria-zirconia solid solutions, at least for the 

compositions examined here, and confirm that 

the Zrions have an energetic preference to 

segregate or form a separate Zr-rich phase. The 

origin of this tendency to is the difference 

between the ionic radii of the cations 

(r[Ce4+]=0.97 Å and r[Zr4+]=0.84 Å, for 8-fold 

coordination, according to 30). It should be noted 

that real samples, where homogeneity at the 

atomic level can be achieved using special 

synthesis methods (e.g.23,31), might not 

experience this trend unless subjected to 

temperatures high enough to overcome the cation 

diffusion barriers.   

 

In order to describe the thermodynamic 

stability of the solid solution at any finite 

temperature, entropies and free energies of 

mixing should be also calculated. It was found 

that, even assuming ideal configurational 

entropy, the resulting free energy of mixing is 

positive except for very small values of x. 

Furthermore, since Zr-rich phases are known to 

be monoclinic (32) at the temperatures of interest 

here, the mixing free energy should be calculated 

with respect to the more stable monoclinic 

zirconia phase (m-ZrO2), which makes the mixed 

phase even less stable with respect to phase 

separation. In order to estimate the solubility 

limit of Zr in CeO2,  the mixing free energy 

function: 

mix ( , ) (1 )

[ ln (1 ) ln(1 )]t

G x T Wx x

H x RT x x x x

  

    
  

 

(23) 

 

was considered, where the enthalpy of the 

monoclinic-cubic zirconia phase transformation 

tH
=8.8 kJ/mol33 was introduced. The use of 

the ideal entropy is justified because at very low 

Zr content the disorder should be nearly perfect. 

This analytical function allows the interpolation 

to x values smaller than those directly obtainable 

with the simulation supercell, and its minimum 

with respect to x at a given temperature provides 

an estimation of the solubility limit. Figure 6 

shows that the maximum equilibrium solubility 

of Zr from monoclinic zirconia into the ceria 

structure is ~0.4 mol% at 973 K, and increases to 

2 mol% at 1373 K. Thus, although ceria-zirconia 

solid solutions in the whole range of 

compositions can be synthesized under adequate 

conditions (e.g.31), these results taken together 

with previous experimental evidence clearly 

show that these solid solutions are metastable 

with respect to phase separation into Ce-rich and 

Zr-rich phases. This phase separation can 

actually occur in a close-coupled catalytic 

converter, where temperatures of up to 1373 K 

could lead to rearrangement of the cations in the 

solid solution.  

 

Simulations of the distribution of cations near 

the (111) surface of the solid were performed in 

the same study, by using the periodic slab model 

shown in Fig. 8. The number of configurations in 

the slab was reduced by only including those 

keeping the inversion symmetry of the cell and 

then selecting the symmetrically inequivalent 

ones. The equilibrium zirconium content of a 

particular cation layer parallel to the (111) 
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surface, depends both on the overall zirconium 

content of the slab and on the temperature, and 

can be calculated by taking the configurational 

average: 

 

B

B

exp( / )

exp( / )

ml m m

m
l

m m

m

E k T

E k T

f

c

 

 




  

      (24) 

 

where mlf
 is the fraction of sites occupied by 

Zr in the layer l for configuration m. The results 

are shown in Fig. 8 for temperatures between 800 

and 1600 K. The most obvious feature of the 

cation distribution is the low concentration of Zr 

at the top (111) layer. Even for the 50:50 solid 

solution, at the highest temperature considered 

(1600 K), the equilibrium Zr content of the 

surface is only ~10%. The dependence of the 

calculated concentrations on temperature is 

relatively weak, especially at the top layer, but it 

is clear that increasing temperatures lead to more 

homogeneity in the composition of the interior of 

the slab, by equalizing the Zr content in the 

second and third layers. Thus, according to these 

results, the redistribution of cations at high 

temperatures should occur with significant Ce-

enrichment of the (111) surface of ceria-zirconia, 

regardless of the overall composition of the solid 

solution. These conclusions are discussed in 

detail, in comparison with the experimental 

evidence, in ref. 22 

 

4.3 Stability of titanium oxynitrides  

 

TiN and TiO2 (the most stable nitride and 

oxide phases of titanium) have an impressive 

number of interesting properties and potential 

applications in key technological fields. 

However, the properties are very different from 

one to other, and a complete change in the 

electronic and geometric structures takes place 

when TiN is oxidized to TiO2 and when TiO2 is 

nitrided to TiN. A number of intermediate phases 

of general composition TiOxNy, called 

“oxynitrides”, appear in these complex 

processes. Obviously, the properties of the 

oxynitrides will be similar to those of the 

respective pure nitride and oxide when their 

compositions are close to those of the pure 

systems, and they will change progressively from 

those of the nitride to those of the oxide and vice 

versa when the compositions move to 

intermediate values. In principle, one could 

control and modulate the properties of the system 

by controlling the composition of the 

oxynitrides. In that way, potentially interesting 

combined properties could be obtained. But there 

are a number of questions to solve: are those 

oxynitrides stable phases which we are able to 

synthesize? What are their structures? Are their 

properties a result of the combination of those of 

the pure solids? Are we really able to control 

these properties as a function of the composition 

TiOxNy?  

In order to answer these questions we made 

use of the SOD code. We performed34 DFT 

calculations using a Generalized Gradient 

Approximation (GGA) implemented in the 

VASP code.25 A plane-wave cutoff energy of 

500 eV was used. We chose a supercell model of 

(1x1x3) for TiN (24 atoms) and one of (1x1x1) 

for α-TiO (20 atoms). These models allow us to 

change the composition progressively while still 

having a computationally affordable size, since 

we optimize the geometries with high accuracy 

(cutoff of 500 eV, saturation of k-points and 

demanding convergence criterions) for all the 

possible different configurations for each 

composition (240 configurations). The 

calculations were carried out using a (7x7x3) 
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mesh for TiN and oxynitrides with NaCl-type 

structure, and a (6x4x6) mesh for TiO and 

oxynitrides with α-TiO-type structure. 

 

We performed an exhaustive study of all the 

possible configurations of the systems, i.e. we 

studied all the different arrangements of the N 

and O atoms in the unit cells. For example, if we 

want to model a TiN1-xOx system with NaCl-type 

structure, in which the N/O ratio is 0.5, we use 

the supercell (1x1x3) for TiN (which has 24 

atoms), and we substitute 6 out of the 12 N 

atoms by O atoms. The number of different 

possibilities in which we can carry out the 6 

substitutions is 940. In principle, if we wanted to 

make sure that we have found the most stable 

configuration of the system TiN0.5O0.5 we should 

perform the 940 geometry optimisations, which 

would be an impossible task, given the current 

computer time limitations. In order to perform 

the exhaustive study of all the configurations, 

while still using an acceptable amount of 

computer resources, we employed the SOD code, 

which makes use of the symmetry of the system 

to reduce drastically the number of 

configurations.  

In the previous example, most of the 940 

configurations are found to be equivalent. Two 

configurations are equivalent when they are 

related by an isometric operation (such as 

translations, rotations or reflections within the 

supercell, which are consistent with the 

symmetry operations of the crystal). Using the 

SOD code to remove the equivalent 

configurations we find that the number of non-

equivalent configurations of the cited example is 

only 34, which is tractable with our computer 

resources. Employing the SOD code we also 

performed a statistical analysis of all the possible 

configurations of the TiN0.5O0.5 system, with 

which we obtained the energy of the system as a 

weighted average of the 940 configurations. 

In order to study the TiN1-xOx systems with 

NaCl-type structures, for x=0, 0.16, 0.33, 0.5, 

0.66, 0.83 and 1, we substituted respectively 0, 2, 

4, 6, 8, 10 and 12 of the 12 N atoms in the NaCl-

type TiN supercell by O atoms. Using the SOD 

code we calculated the number of non-equivalent 

configurations, which is 1, 5, 21, 34, 21, 5 and 1 

respectively. The total number of configurations 

we studied with the NaCl-type structure is 

therefore 88.   

   

In the case of the TiN1-xOx systems with 

alpha-TiO structures, the supercell had 10 Ti 

atoms and 10 N or O atoms. The concentrations 

studied are x=0, 0.2, 0.4, 0.6, 0.8 and 1, which 

are achieved by substituting 0, 2, 4, 6, 8 and 10 

of the 10 O atoms in the alpha-TiO supercell by 

N atoms. The number of non-equivalent 

configurations in this case is 1, 15, 60, 60, 15 and 

1 respectively, giving a total number of 152. 

Note that, even with a smaller number of atoms 

in the supercell (20 as opposed to 24), the 

number of non-equivalent configurations in the 

case of the α-TiO structure is almost twice as 

large as that in the case of the NaCl-type 

structure. The reason of that is the high 

symmetry of the latter structure, which allows a 

great reduction of the number of configurations. 

The structural evolution of TiN1-xOx compounds 

has been studied through the evolution of the 

formation energy with both the composition (x) 

and the structure (NaCl and α). The formation 

energy was calculated as follows: 
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Where n is the number of Ti atoms, E(Ti 

bulk) is the energy of the bulk of metallic Ti per 

Ti atom, and E(N2) and E(O2) are the energies of 

the isolated N2 and O2 molecules respectively. 

Obviously, when x is close to 0 the 

system will have tendency to arrange itself as 

NaCl-type structure, since that is the most stable 

structure for TiN. Analogously, when x is close 

to 1 the system will try to arrange itself as alpha 

structure since this is the most stable structure for 

TiO. What we have to calculate is the limit 

composition at which the change of crystal 

structure takes place, and whether this limit 

composition depends on the temperature. Figure 

8 shows the evolution of the formation energy 

with the composition for both structures at 10 K. 

As it was predicted to happen, the NaCl-type 

structure is the preferred one for compositions 

close to x=0 (TiN), while the alpha structure is 

the most stable for compositions close to x=1 

(TiO). The crossing point is found to be at the 

limit composition of x=0.55-0.60, approaching 

0.60 as the temperature increases (curves were 

calculated at 10 K, 300 K and 600 K). The 

system will tend to acquire the NaCl-type 

structure for compositions x<0.6 while it will try 

to be ordered as alpha structure for compositions 

x>0.6. In the later case one should expect to find 

a number of vacancies in both Ti and N/O 

sublattices, since this is one of the main 

characteristics of the alpha structure. This is 

important from a technical point of view, since 

the presence of vacancies may change drastically 

the surface stability of the solid and generate 

highly reactive surfaces, which would be a 

serious drawback for microelectronic devices or 

technologies based on thin-films, but it could 

become interesting from a chemical point of 

view. 

 

5. Conclusions 

Site disorder is an important phenomenon that 

affects the structure and properties of materials.  

We have reviewed here some strategies for 

modeling and simulations to capture the physics 

and chemistry of disorder in influencing various 

properties of materials. These typically involve 

access to configurational information at different 

levels, like electronic properties, atomic 

displacements, and have varied computational 

cost. While cluster expansions have been used 

extensively in determination of phase diagrams 

of alloys and similar problems, we have 

emphasized here the methods that attempt 

essentially an exact statistical thermodynamic 

analysis using the SOD technique with a 

relatively smaller system, but having access to as 

much information and properties as possible. 

Such an approach is becoming quite practical in 

understanding and design of disordered 

materials, thanks to advances in computers and 

algorithms.  
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Figure 3. a) The exchangeable sites in the maghemite tetragonal cell: 4 Fe ions and 8 vacancies are 

distributed over these “L” sites. b) The calculated configurational spectrum. 

 

 

 

Figure 4.  Probabilities of the two most stable configurations in the maghemite supercell as a function 

of temperature.  
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Figure 5. Calculated enthalpies of mixing for Ce1-xZrxO2 in comparison with experimental results 24. 

The curved line represents the fitting of a regular-solution quadratic polynomial to the calculated 

values for low Zr concentrations. 
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Figure 6. Free energies of mixing for low Zr concentrations. The vertical dotted lines mark the 

solubility limit of Zr in CeO2 at the particular temperature. 
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Figure 7. Calculated equilibrium concentrations of Zr as a function of the distance to the (111) surface 

in the Ce1-xZrxO2 solid solution. Because of the slab construction, layers 1, 2 and 3 are equivalent to 

layers 6, 5 and 4, respectively.  

 

 

Figure 8. Evolution of the formation energy per Ti atom (eV) with the composition for the both 

structures NaCl-type (black circles) and α-type (white circles).  
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regression modeling approach. Although it is not recommended from a statistical points of view 

due to loss of information and power, the categorization of continuous variables is a common 

practice in the development of prediction models. However, there are no unified criteria for the 

selection of the cut points in the categorization process. In order to provide valid cut points 

whenever a categorization is going to be performed, we have developed a valid methodology to 

categorize continuous variables in a logistic regression model based on the maximization of the 

AUC. This methodology has been implemented in an R package called CatPredi. This is a 

package of R functions that allows the user to categorize a continuous predictor variable in a 

univariate or multiple logistic regression model. It provides the optimal location of cut points for 

a chosen number of cut points and returns the estimated and bias-corrected discriminative ability 

index for this model. Additionally, it allows a comparison of two categorization proposals for 

different number of cut points and the selection of the optimal number of cut points. 
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1. Introduction 

Prediction models are gaining importance in 

many areas such as medicine, meteorology, 

finance, toxicology, etc. In this context, a 

common distribution for the response variable is 

the binomial distribution and hence the logistic 

regression model is a commonly used regression 

modeling approach. Although it is not 

recommended from a statistical points of view 

due to loss of information and power, the 

categorization of continuous variables is a 

common practice in the development of 

prediction models. However, there are no unified 

criteria for the selection of the cut points in the 

categorization process. In order to provide valid 

cut points whenever a categorization is going to 

be performed, we have developed a valid 

methodology to categorize continuous variables 

in a logistic regression model based on the 

maximization of the discriminative ability of the 

model measured by the area under the ROC 

curve – AUC. 

2. Methods 

We have developed a methodology to 

categorize continuous variables in a logistic 

regression model. The proposed methodology 

consists on the maximization of the AUC. Two 

alternative algorithms have been proposed to 

select the optimal cut points to categorize 

continuous variables named AddFor and Genetic 

respectively. This methodology has been 

presented elsewhere (Barrio et al. 2015). This 

methodology has been implemented in an R (R 

Core Team 2015) package which is explained 

below. 

 

3. The CatPredi Package 

CatPredi is a package of R functions that 

allows the user to categorize a continuous 

predictor variable either before or during the 

development of a prediction model. The 

CatPredi package can be used to categorize a 

predictor variable in a univariable or a 

multivariable setting. It provides the optimal 

location of cut points for a chosen number of cut 

points, fits the prediction model with the 

categorized predictor variable and returns the 

estimated and bias-corrected discriminative 

ability index for this model. Additionally, it 

allows a comparison of two categorization 

proposals for a different number of cut points 

and the selection of the optimal number of cut 

points. 

The CatPredi package has been designed 

similarly to other packages in R. It has a main 

function called catpredi() which categorizes 

a continuous predictor variable in a logistic 

regression model.  

Numerical and graphical summaries of the 

fitted objects can be obtained by using 

print.catpredi, summary.catpredi 

and plot.catpredi for catpredi type 

objects. Furthermore, one more main function 

has been developed comp.cutpoints to 

obtain the optimal number of cut points in a 

logistic regression model. Table 1 contains a 

description of all the functions available in the 

package. 

Below, we give a general overview of the 

package and its general use.  

 

2.1 catpredi() function 

The catpredi() function provides the 

optimal cut points to categorize a continuous 

predictor variable in a logistic regression model. 
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This function creates an object of class 

catpredi. The main arguments of this 

function are presented in Table 2. The call to the 

function is as follows: 

 

catpredi(formula, cat.var, 

cat.points, data, method = 

c("addfor","genetic"),range=NULL, 

correct.AUC=TRUE, control = 

controlcatpredi()) 

 

In the formula argument users must specify 

the prediction model setting in which they want 

to categorize the predictor variable X specified in 

the cat.var="X" argument. If the model is a 

univariate logistic regression model, then the 

formula would be specified as Y~1, with Y being 

the response variable available in the data set 

specified in the argument data. However, if the 

model is a multiple logistic regression model, 

and the aim is to categorize the predictor variable 

X together with another predictor Z, then the 

formula would be specified as Y~Z. 

Additionally, in the argument cat.points the 

user must specify the number of cut points to 

look for. The range argument allows for 

modifying the range of the predictor variable X 

in which to look for the cut points. By default it 

would be NULL, which represents the entire 

range of X. Finally, if correct.AUC is set to 

TRUE, the bias-corrected AUC would be 

estimated.  

A numerical summary of the results of the 

categorization method can be obtained by calling 

the functions print.catpredi() or 

summary.catpredi(). When the method 

selected is the AddFor, the summary returns the 

estimated AUC for each of the selected cut 

points. For example, if cat.points = 2 is 

chosen, it returns the estimated AUC for one and 

two cut points. Additionally, if 

correct.AUC=TRUE is chosen it returns the 

bias-corrected AUC for two cut points. If the 

method selected is the Genetic, estimated cut 

points, AUC and bias-corrected AUC will be 

given only for the selected number of cut points. 

 

Table 1. Summary of the functions in the CatPredi package. 

Function Description 

catpredi() 

Returns an object with the optimal cut points to categorize 

a continuous predictor variable in a logistic regression 

model. 

controlcatpredi() 
Function used to set several parameters to control the 

selection of the optimal cut points in a logistic regression 

model 

print.catpredi() Print method for objects of type catpredi. 

summary.catpredi() Produces a summary of the catpredi object. 

plot.catpredi() 

Plots the relationship between the continuous predictor and 

the response variable obtained by fitting a Generalized 

Additive Model (GAM), together with the location of the 

optimal cut points.  

comp.cutpoints() Compares two objects of type catpredi. 

print.comp.cutpoints() Print method for objects of type comp.cutpoints 
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Table 2. Summary of the arguments in the catpredi() function. 

Argument Description 

formula A formula giving the model to be fitted. 

cat.var Name of the continuous variable to categorize. 

cat.points Number of cut points to look for. 

data Data frame containing all needed variables. 

method 

The algorithm selected to search for the optimal cut points- 

"addfor" if the AddFor algorithm is chosen; otherwise, 

"genetic". 

range 
The range of the continuous variable in which to look for 

the cut points. By default NULL, i.e., the entire range. 

correct.AUC 
A logical value. If TRUE the bias-corrected AUC is 

estimated. 

control Output of the controlcatpredi() function. 

 

4. Conclusions 

We have developed a user-friendly R 

package, named CatPredi, to obtain optimal 

cut points to categorize continuous predictor 

variables in a logistic regression model in 

practice, either in a univariable or multivariable 

setting. The CatPredi package can be freely 

download from 

https://sites.google.com/site/biostit/lineas-de-

investigacion/software/catpredi. 
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Abstract: The use of in silico methods for identifying new drugs to a target of interest is a step 

of a process called Rational Drug Design. The insilico analysis of a set of drug candidates is 

performed by a computational technique named as Virtual Screening (VS). In a previous work, 

we have developed a novel web tool for configuring different types of VS experiments using 

AutoDock Vina docking software. The presented tool is a framework that generates python 

scripts to run VS experiments in the users’ computer according to the users’ configuration on the 

framework web interface. In this paper we propose to apply the developed framework in a 

specific VS experiment considering one target receptor and a set of ligands. For this VS 

experiment the researcher informs the location of receptor and the ligands files as well as their 

formats. It is also possible to set receptor and ligand flexibility.  After this, the user indicates the 

output folder where all the results in the user’s computer will be stored after the script execution. 

Then, the user should configure the box area that indicates where ligands will be docked in the 

receptor molecule. The box size and the center must be configured, the variation of box center 

could be configured if user wants to execute an experiment that search the binding site in the 

entire molecule.  In this way, this paper demonstrates the usage of the proposed framework for 

VS where we considered as receptor the structure of the human voltage-dependent anion channel 

(PDB code: 2JK4) and as ligands different types of carbon nanotubes. In the experiments 

performed we have defined both receptor and ligands as rigid and considered only one box for 

representing the receptor binding site. 
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1. Introduction 

In Bioinformatics, one of most important 

research area is the Rational Drug Design (RDD) 

[3], a process where the costs and time involved 

are high. One of the RDD steps is the molecular 

docking, a computational technique used for the 

approximate determination of the interaction 

energy between the macromolecule receptor and 

a ligand candidate inhibitor [5]. One of the major 

challenges in RDD is related to the 

understanding of the behavior of biological 

macromolecules receptors as proteins and how 

they interact with a set of different small 

molecules or ligands, a strategy called Virtual 

Screening (VS) [2]. 

    Here, in order to approximate the in-silico step 

of RDD process to the in vitro and in vivo tests 

the VS should consider that under physiological 

conditions, biomolecules experience various 

types of movement and conformational changes 

often crucial to their functions [7]. This flexible 

behavior of biological macromolecules can be 

simulated by molecular dynamics (MD) 

trajectories [2]. To incorporate flexibility in the 

receptors in a VS process, a possible approach is 

the implementation of a series of molecular 

docking using in each experiment a different 

receptor conformation generated by DM [4]. 

   For the execution of a VS process, in addition 

to the target receptor (rigid or flexible), it is 

necessary a set of compounds which may be 

obtained in different public databases. These 

ligands should be in a specific file format and 

can be considered as rigid or flexible. 

Another problem is when the target binding site 

is unknown. Thus, the entire conformational 

space of the target molecule should be 

investigated by further increasing the complexity 

of this kind of experiment. In a previous work we 

proposed a framework for virtual screening 

where the user can easily configure a VS 

experiment[7]. Different types of configurations 

can be set by researchers, from the generation of 

a simple experiment containing a receptor and a 

binder to a more complex experiment that will 

contain in its implementation, several receptors 

with various ligands and also the possibility of 

variation box (receptor molecule coordinate 

where the drug candidates, also called ligands, 

will be tested). 

Therefore, this paper aims at presenting the 

application of the previously web framework for 

a VS experiment. In this experiment we consider 

only one rigid receptor and a group of different 

carbon nanotubes.  This framework uses the 

AutoDock Vina [8] to perform the molecular 

docking. 

.

2. Results and Discussion 

In this section we present the application of 

the proposed framework for a virtual screening 

experiment. The experiment performed to 

analyze the application of the framework  

consists in one target receptor, called human 

voltage-dependent anion channel (PDB ID: 

2JK4) and a set of single walled carbon 

nanotubes (SWCNT-pristine amchair). 

The framework's web interface consists in two 

parts. Part one (Figure 1) is called Input/Output 

Area where the configuration of the receptor(s) 

and ligand(s) are filled. The part two (Figure 2) 

is called Box Area where the box size and the 

center of the box (receptor molecule coordinate 

where the drug candidates will be tested) are 

filled. 

Firstly, according to Figure 1, before any 

receptor or ligand configuration is performed the 

user must answer a question about the 

operational system (OS) where the generated 
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Python script is going to be performed. For this 

case it was selected “Linux” OS. The second 

question regards the amount of times that the 

user wants to run the same experiment. This is 

implemented in the framework since the 

AutoDock Vina starts its tests by choosing a 

random initial position for the ligand inside the 

delimited box, a parameter called seed. For this 

case “No” was selected. 

The next area to configure is the receptor, it 

provides to the user the possibility of selecting a 

flexible receptor model or only one receptor 

structure. In the present case, we considered as 

the receptor the protein human voltage-

dependent anion channel PDB ID: 2JK4 that is 

stored in the path “/home/script_vs/receptor/” 

according to figure 1.  The receptor type was 

selected as PDBQT. The PDBQT format 

indicates that this receptor input file has already 

the charges for each atom and hydrogens were 

added. After this, the user needs to configure the 

ligand area.  In this case, the ligand is one set of 

SWCNT (SWCNT-pristine amchair) and it is 

located in “/home/script_vs/ligand/”.  It is 

important to notice that the ligand type was 

selected as “MOL2 (file with multiple 

structures)” thus the  the file “SWCNT.mol2” 

can have either one or a set of ligands. In our 

case study, the input ligand file is composed by 

many ligand files that corresponds to different 

types of carbon nanotubes. This functionality 

was implemented when user wants to perform a 

virtual screening considering many ligands in an 

experiment. In addition, the user can choose to 

consider the ligand(s) as rigid by selecting the 

checkbox Rigid Ligand or flexible by not 

selecting the checkbox. 

Another parameter of a VS experiment 

(Figure 1) is the “Output Folder” that indicates 

where results should be stored on the user’s 

computer during the execution of the Python 

script. If the user selects the type of receptor or 

ligand input file different of PDBQT format, the 

MGL Tools space appears in the interface called 

MGL Tools path. This path is provided by the 

user indicating where the MGL Tools are 

installed on his own computer. 

The Box area (Figure 2), is the module where 

the user configures the simulation box that 

represents the binding site of receptor. During 

the molecular docking simulations AutoDock 

Vina analyses the best conformation and 

orientation of the ligand(s) inside the 

framework’s interface Box section according to 

the figure 2.  For the present experiment we 

configured the field Box Size with the following 

values: X = 20, Y = 20 and Z = 20. For the Box 

Center field we configured the following values: 

X = 28.097, Y = 3.078 and Z = 8. The user can 

also configure a variation on the box: the user 

fills in an initial area (X, Y and Z fields of the 

Box center area), a final area (X-final, Y-final 

and Z-final in Box center area) and a particular 

step (X-step, Y-step and Z-step in the Box Center 

area). 

After the configuration of the Box Area, the 

user needs to answer a question in relation to the 

analysis module. This module allows the user to 

obtain a script to perform the analysis of the 

receptor-ligand interaction using the software 

LigPlot[7]. The question in the interface is “Do 

you want LigPlot results?”. According to the 

figure 1, we have answered “Yes”, thus a script 

that have to be executed after the mais script 

execution is generated. The user needs to inform 

where LigPlot is installed in his own computer in 

the field “LigPlot Folder” as presented in figure 

2. 

The LigPlot script reads all results generated 

by the main script creating spreadsheets to 

facilitate the analysis of contact between residues 

of receptor and ligand atoms.  Finally, to 
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generate the main script, the user needs to click 

in “Generate Script” and execute it in his own 

computer to perform the VS experiment.  

For the performed experiment we consider 

SWCNT-pristine amchair. The average FEB was 

-14.44 and the standard deviation was 2.38. It 

indicates that almost all tested carbon nanotubes 

had a good interaction with the protein human 

voltage-dependent anion channel. 

. 

. 

. 

 

 

Figure 1. Input/Output section in the Framework interface.  

 

 

Figure 2. Box section in the Framework interface. 

 

 

3. Materials and Methods 

This section presents the materials and 

methods applied in the development of the 

proposed experiment using the VS experiment. 

This is a client-server architecture 

implementation that works in the web 

environment. For performing the VS experiment 

the user needs to have installed Python and 

AutoDock Vina in his own computer.  

For the development of the protein-ligand 

interaction module the software LigPlot was 

integrated to our tool. This software also needs to 

be installed on user’s computer.  

According to [9], LigPlot is a software that 

evaluates the intermolecular interactions that 

occurs in a receptor-ligand complex formation.  

 

. The main objective of this work was to 

implement a tool that generates scripts enabling 

users to perform different types of VS 

experiments.  

In relation to the experiment used as example,  

most of the results were good according to the 

average FEB, showing that interactions between 

receptor and ligands for all experiments are 

present. 

With this tool, researchers from different 

fields can perform VS experiments according to 

their necessities. More importantly, with the use 

of the presented tool the VS process is automated 

making it easier to run complex VS experiments..
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4. Conclusions 

The main objective of this work was to 

implement a tool that generates scripts enabling 

users to perform different types of VS 

experiments.  

In relation to the experiment used as example, 

most of the results were good according to the 

average FEB, showing that interactions between 

receptor and ligands for all experiments are 

present. 

With this tool, researchers from different 

fields can perform VS experiments according to 

their necessities. More importantly, with the use 

of the presented tool the VS process is automated 

making it easier to run complex VS experiments. 
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Abstract: The growing increase in the amount and type of nutrients in food created the necessity for a 

more efficient use applied to dietetics and nutrition. Flavonoids are exogenous dietetic antioxidants 

and contribute to the total antioxidant capacity of the food. This paper aims to explore the data using 

different algorithms of artificial intelligence to find the one that best predict the total antioxidant 

capacity of food by the oxygen radical absorbance capacity (ORAC) method. A record of composition 

data based on the Database for the Flavonoid Content of Selected Foods and the Database for the 

Isoflavone Content of Selected Foods, was created. The KNN (K-Nearest Neighbors) and supervised 

unidirectional networks MLP (MultiLayer Perceptron) technics were used. The attributes were: a) 

amount of flavonoid (mean), b) class of flavonoid, c) Trolox equivalent antioxidant capacity (TEAC) 

value of each flavonoid, d) probability of clastogenicity and clastogenicity classification by 

Quantitative Structure-Activity Relationship (QSAR) method and e) total polyphenol (TP) value. The 

variable to predict the activities was the ORAC value. For the prediction, a cross-validation method 

was used. For the KNN algorithm the optimal K value was 3, making clear the importance of the 

similarity between objects for the success of the results. It was concluded the successful use of the 

MLP and KNN techniques to predict the antioxidant capacity in the studied food groups. 

 

Keywords: Flavonoid, Artificial intelligence, MultiLayer Perceptron algorithm, K-Nearest 

Neighbors algorithm. 
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1. Introduction 

 

 

In the recent years, database including 

information about the emerging food 

composition database were created [1-3]. These 

databases are centred in the composition of 

bioactive substances including flavonoids. 

Flavonoids are present in several sources in the 

vegetal kingdom and display a large range of 

biological properties. They are already proved 

their benefits for health [4,5]. Therefore, their 

study is a topic of interest. One of the most 

important activities is related to their antioxidant 

capacity [1,6-8].  

An antioxidant is a substance, even in small 

amounts comparing to the substrate, that is able 

to decrease the oxidation of that substrate [9]. 

Furthermore, the antioxidant activity is 

correlated to the prevention of chronic diseases 

of high prevalence in different countries [10]. 

The food composition database of flavonoids 

has huge chemical information due to the 

structural diversity of the compounds included 

on it. This database provides researchers with 

new values on the flavonoid content of many 

foods in order to better ascertain the impact of 

flavonoid consumption against several chronic 

diseases [2, 3]. Flavonoids, particularly flavan-3-

ols, have been associated with the reduction in 

the risk of cardiovascular diseases by modulating 

different mechanisms of primary and secondary 

prevention [11]. 

This project was developed taking into account 

the possibility of generating predictive 

information related to the data found in the food 

composition database. In particular, we were 

looking for a tool to predict the antioxidant 

capacity of food containing different compounds 

with flavonoid scaffold (dietary exogenous 

antioxidants). This project was focus on the idea 

that a dietary antioxidant is a substance that 

significantly decreases the adverse effects of 

reactive species, such as reactive oxygen and 

nitrogen species, on normal physiological 

function in humans [12]. 

The data regarding the composition of food is 

complex and extensive [13]. Therefore, it is hard 

to process all the information regarding the 

different assays presented in the literature. 

However, the processing of the information is 

still performed by classic statistical 

methodologies [14,15]. When the problem is 

complex and mediated by non-lineal behaviours, 

it could be studied either by a multivariate 

perspective or by using artificial intelligence 

technics (AI) [16]. In particular, artificial 

neuronal networks (ANN) are able to develop a 

predictive model that automatically includes 

relationships between the analysed variables, 

with no necessity of included them in the model. 

In the biomedical field, several unidirectional 

supervised networks were used, specially based 

on the MultiLayer Perceptron (MLP) [16]. 

However, as far as we know, these technics were 

never been used related to food composition 

databases. Therefore, the current work is centred 

in the development of an AI algorithm that allow 

the prediction of the total antioxidant capacity of 

the food, based on quantitative information, 

topologic-structural and the bioactivity of 

flavonoids. 

 

2. Results and Discussion 

 

The studied food was divided in 11 groups 

(Figure 1). Vegetables, vegetable spices and 

herbs, are the groups with more flavonoid-
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containing aliments: 39 % and 37 %, 

respectively. 

The monomeric dietary flavonoids present in 

the studied data (class of flavonoid attribute) are 

from the chemical subclasses: flavonols, 

flavones, flavanones and flavan-3-ols (Table 1). 

Flavonoids from the anthocyanidin subclass can 

be found in several aliments. However, they were 

not included in this study due to their structure, 

which invalided the application of Topological 

Substructural Molecular Design, TOPSMODE 

approach [17]. 

In Table 2 it is shown the chemical structure, 

the SMILE codes and some examples of sources 

of the studied flavonoids. 

Oxygen radical absorbance capacity (ORAC) 

was the studied parameter related to the 

antioxidant potential of the studied compounds. 

The results obtained in the predictions show that 

the assigned weights to each attribute were 

correct. 

Figure 2 shows the obtained prediction by the 

KNN algorithm for the conjuncts # 1-5. X 

represents the number of rows in the database, in 

which everyone has an ORAC value represented 

in Y. In the graphics, it is possible to notice the 

correspondence between the predicted and the 

experimental ORAC values. The prediction 

resulted better when the method PSO+RST was 

used. 

The results obtained with MLP algorithm 

(Figure 3) showed a less exact prediction. In this 

graphic it is possible to correlate the real and the 

predicted values. The ranges of error when 

algorithms were applied are: MAE (1.7601); 

RMSE (4.1569). 

 

 

Figure 1.Percentage represented by each alimentary group in the studied data. 

 

 

0.56 %

0.56 %

37.22 %

39.44 %

5.56 %

5.56 %

6.11 %

2.22 %

0.56 %

1.67 %

0.56 %

04 - Fats and Oils

01 – Dairy and Eggs

02 – Spices and Herbs

11 – Vegetables and Vegetable 
Products

12 – Nuts and Seeds

14 - Beverages

16 – Legumes and Legume 
Products

19 - Sweets

20 – Cereal Grains and Pasta

09 - Fruits and Fruit Juices

18 - Baked Products
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Table 1. Examples of the conformation of the data and the respective attributes. 

 

ALIMENTARY 

GROUP 

NDB 

CODE 
FOOD 

ATTRIBUTES 

CLASS 

ATTRIBUTE 

(ORAC EXP)  

Flavonoid 

Class of 

flavonoid 

Amount 

of 

flavonoid 

(mean) 

Flavonoid 

TEAC value  

Probability of 

clastogenicity activity by 

QSAR methods  

TPexp  

Mean 

 

Ref 
TEAC

exp 
Ref 

% 

prob. 
Classif. Ref mean Ref 

11 – 

Vegetables 

and 

Vegetable 

Products 

11090 

Broccoli, 

raw 

(Brassica 

oleracea 

var. italica) 

(+) -Catechin Flavan-3-ols 0 2.4 [18] 60.5 G2:1 [19] 

316 [20] 1510 
[20-

23] 

(-)-

Epigallocatechin 

3-gallate 

Flavan-3-ols 0 4.93 [18] 84.6 G2:1 * 

Hesperetin Flavanones 0 1.37 [18] 85.9 G2:1 [19] 

Naringenin Flavanones 0 1.53 [18] 52.6 G2:1 [19] 

Apigenin Flavones 0 1.45 [18] 66.2 G1:-1 [19] 

Luteolin Flavones 0.8 2.09 [18] 51.3 G2:1 [19] 

Kaempferol Flavonols 7.84 1.34 [18] 53.0 G2:1 [19] 

Myricetin Flavonols 0.06 3.1 [18] 79.6 G2:1 [19] 

Quercetin Flavonols 3.26 4.7 [18] 67.6 G2:1 [19] 

02 – Spices 

and Herbs 
99428 

Guava, red-

fleshed 

Apigenin Flavones 0 1.45 [18] 66.2 G1:-1 [19] 

247 [24] 1990 [24] 

Luteolin Flavones 0.8 2.09 [18] 51.3 G2:1 [19] 

Kaempferol Flavonols 0 1.34 [18] 53.0 G2:1 [19] 

Myricetin Flavonols 0 3.1 [18] 79.6 G2:1 [19] 

Quercetin Flavonols 1 4.7 [18] 67.6 G2:1 [19] 

*Unpublished; Trolox equivalent antioxidant capacity flavonoid value (TEACexp); Total polyphenol value (TPexp); Ref (Literature 

reference); prob. (Probability); classif. (Classification by Linear Discriminate Analysis (LDA) method); G2:1 (active); G1:-1 (inactive). 
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Table 2. Examples of the chemical information of flavonoids and their presence in food contained in 

the studied database. 

  

FLAVONOIDS STRUCTURE SMILE FOOD (NDB No.)* 

(-) -Epicatechin 

3-gallate 

O

OH

HO

OH

OH

O

O

OH

OH

OH

 

C1C(C(OC2=CC(=CC(=C21)O)

O)C3=CC(=C(C=C3)O)O)OC(=

O)C4=CC(=C(C(=C4)O)O)O 

Apples, Fuji, raw, with skin 

(NDB No., 97066) 

(+) –Catechin 

OH

HO

HO

O

OH

OH  

OC1CC2=C(O)C=C(O)C=C2O

C1C3=CC=C(O)C(=C3)O 

Bananas, raw (Musa 

acuminata colla)  

(NDB No., 9040) 

Hesperetin 
O

OH

O

OHO

OH

 

O=C(CC(C3=CC(O)=C(OC)C=

C3)O2)C1=C2C=C(O)C=C1O 

Juice, orange, raw  

(NDB No., 9206) 

Naringenin 

OH

O

OHO

OH

 

OC1=CC=C(C=C1)C2CC(=O)C

3=C(O2)C=C(O)C=C3O 

Melons, honeydew, raw 

(Cucumis melo) 

(NDB No., 9184) 

Apigenin 
O

OH

OHO

OH

 

O=C(C=C(C3=CC=C(O)C=C3)

O2)C1=C2C=C(O)C=C1O 

Pineapple, raw, all varieties 

(Ananas comosus) 

(NDB No., 9266) 

Luteolin 
O

OH

OH

OHO

OH

 

O=C(C=C(C3=CC(O)=C(O)C=

C3)O2)C1=C2C=C(O)C=C1O 

Pomegranates, raw (Punica 

granatum) 

(NDB No., 9286) 

Kaempferol 
O

OH

OH

OHO

OH

 

O=C(C(O)=C(C3=CC=C(O)C=

C3)O2)C1=C2C=C(O)C=C1O 

Broccoli, cooked, boiled, 

drained, without salt 

(NDB No., 11091) 

Quercetin 
O

OH

OH

OH

OHO

OH

 

O=C(C(O)=C(C3=CC(O)=C(O)

C=C3)O2)C1=C2C=C(O)C=C1

O 

Mushrooms, white, raw 

(Agaricus bisporus) 

 (NDB No., 11260) 

Myricetin 

OHOHO

HO

HO

O

OH

OH

 

O=C(C(O)=C(C3=CC(O)=C(O)

C(O)=C3)O2)C1=C2C=C(O)C=

C1O 

Potatoes, red, flesh and skin, 

raw (Solanum tuberosum)  

(NDB No., 11355) 

* Bhagwat S, Haytowitz DB, Holden JM (2012) 
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PSO+RST 

 

Manual values 

1 

  

2 

  

3 

  
4 

  
5 

  

Figure 2. Prediction done using KNN algorithms: based in PSO+RST and manual feature weight 

calculation. ( ̶) ORAC experimental, ( ̶ ) ORAC predicted. 

 

 

Figure 3. Prediction using MLP.  
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MAE (1.7601) and RMSE (4.1569) 

3. Materials and Methods 

1. Conformation of the data related to the 

food composition 

The information was obtained in different 

food composition database: a) database for the 

flavonoid content of selected foods, Release 3.1 

(FDB 3.1) and b) isoflavones database released 

by the USDA in 2008 (IDB 2) [2,3]. Therefore, it 

was used the estimation techniques for 

calculating unavailable values, and decision 

making procedure described by Bhagwat S et al 

[15]. This information was used to prepare the 

register of the data related to the composition of 

flavonoids in different foods. The Standard 

Reference (SR) [5] was used to identify each 

unique food entry if it matches a food in SR.  

2. Prediction using AI algorithms 

Training set and test set. To obtain the 

training set and test set it was used k-fold cross 

validation method of k10 iterations [4]. 

Attribute selections and weight assignation. 

To the attributes, different weights were assigned 

taking into account their influence in the attribute 

class: 

i) Trolox equivalent antioxidant capacity 

flavonid value (TEACexp),  

ii) Class of flavonoid, 

iii) Flavonoids,  

iv) Amount of flavonoid (mean),  

v) Total polyphenol value (TPexp),  

vi) Probability of clastogenicity and 

clastogenicity classification by 

Quantitative Structure-Activity 

Relationship (QSAR) method. 

These experimental parameters were taken 

from the scientific literature. The variable 

selected (attribute class) to predict was the 

ORACexp value, expressed in μmolTE/100 g. 

ORAC was selected because it is considered to 

be the preferable methodology to evaluate the 

antioxidant capacity due to the biological 

relevance to the in vivo antioxidant efficacy [25]. 

The assay has been used to measure the 

antioxidant activity of foods and measures the 

degree of inhibition of peroxy-radical-induced 

oxidation by the compounds of interest in a 

chemical milieu. 

ORACexp and TPexp (mgGAE/100 g) for each 

substrate were found in the literature. The 

analytical method developed by Prior et al was 

used as the reference method for select published 

sources [26]. 

A different weight was assigned to each 

attribute using the measure of the quality of a 

similarity decision system. Weights were 

assigned manually and using the Particle Swarm 

Optimization+Rougt Set Theory method 

(PSO+RST) [21,22,27]. PSO+RST was 

implemented in PROCONS software.  

AI algorithms. KNN (K-Nearest Neighbors) 

and supervised unidirectional networks MLP, 

MultiLayer Perceptron algorithms, were used. 

These algorithms were implemented in the 

PROCONS software version 4.0 [27] and 

WEKA version 3.5.7, respectively. 

i) KNN, K-Nearest Neighbors 

KNN method is based in the paradigm that 

similar entrance values have the same similar 

exits. They are calculated based on the nearest 

neighbors. 

Using KNN, if the neighbors k{e1,…,ek}                 

have values {v1,..,vk} for the studied variable, 

tan the value e’ is:  
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a) if all are similar weights: 

𝑣 =
∑ 𝑣𝑖

𝑘
𝑖=1

𝑘
  (I) 

b) if they are different weights: 

𝑣 =
∑ 𝑤𝑖𝑣𝑖

𝑘
𝑖=1

∑ 𝑤𝑖
𝑘
𝑖=1

  (II) 

 

ii) MLP, MultiLayer Perceptron 

Units called neurons compose a neuronal 

network. Each neuron receives a series of 

entrances related to interconnexions and emits an 

exit. Furthermore the weights and connexions, 

each neuron was associated a transference 

mathematic function. This function generates the 

exit signal of the neuron based on the entrance 

signals. 

 

Evaluation of the precision of the 

algorithms. To evaluate the precision of the 

results obtained for both methods, they were 

used [28]: (a) Mean Absolute Error, MAE and 

(b) Root Mean Square Error, RMSE, (III)-(IV): 

 

𝑀𝐴𝐸 =
∑ |𝑎𝑖−𝑦𝑖

𝑎𝑖
|𝑁

𝑖=1

𝑁
∗ 100 % (III) 

𝑅𝑀𝑆𝐸 = √∑ |𝑎𝑖−𝑦𝑖
𝑎𝑖

|
2

𝑁
𝑖=1

𝑁
∗ 100 % (IV) 

 

Where: ai is the desirable exit value; yi is the 

value produced by the method and N is the 

numbers of objects. 

 

In Figure 5 it is shown a general scheme of 

the methodology used in this study.  

 

 

 

 

Figure 5. Scheme of the applied methodology. 

 

4. Conclusions 

 

QSAR studies 

Consulting of scientific literature 

Selecction of attributes   

1. Amount of flavonoid (mean) 
2. Class of flavonoid 
3. Trolox equivalent antioxidant capacity (TEAC) 

value of flavonoid, 
4. Probability of clastogenicity 
5. Clastogenicity classification by QSAR method 
6. Total polyphenol (TP) value 

Preparation of the new register of the food composition data 

 

Consulting of BDCA for the flavonoid content of selected foods and 

database for the isoflavone content of selected foods 

 

K-Nearest Neighbors  

 

MultiLayer Perceptron  

 

PROCONS software WEKA software 

The variable to predict: ORAC food value 
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The best results were obtained when the calculation of weight and similarity were included in the 

algorithms. Using KNN, the optimum k value was 3, making evident the importance of the similarity 

between objects for the good predictive results. The results obtained in the predictions show that the 

weights assigned to the attributes, taking into account their influence in the attribute class (ORACexp) 

were right. 

It was concluded the importance of the use of KNN and MLP technic for the prediction of the 

antioxidant activity en different alimentary groups. These algorithms can be used, in future work, to 

identify the responsible features for the relationship between quantity of flavonoids, topologic-

structural information and alimentary matrix. It will be further studied the relationship between 

antioxidant capacity of the food and the composition in flavonoids of a complex alimentary matrix. 
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Abstract: Protein Data Bank (PDB) is a public web database with more than 100,000 biological 

macromolecular structures. With this large amount of protein structures available on PDB the use of 

tools for acquisition and analysis of specific sets of biological macromolecules is a necessity. Hence, 

in this work we propose the development of a tool for acquiring, storing and analyzing specific sets of 

proteins from the PDB database. The proposed tool runs on desktop environment allowing the user to 

acquire the structures from the RESTful web-service provided by PDB server. After the acquisition of 

a set of interesting PDBs the user can manipulate these data in an off-line environment through a local 

database that stores the information about the characteristics of the structures, for example, ligands, 

mutations, residues, sequences and docking results. The protein files are locally stored in the users’ 

computer and can be used, for instance, for molecular docking simulations and alignment of sequences 

and structures. Having a set of proteins of interest available locally and using our proposed tool the 

user can perform analysis related to alignments and visualize important proteins characteristics 

improving the knowledge about specific target. Besides, the user can select PDB files to be visualized 

on a graphical environment that is integrated in our tool. Other features are related to the exporting of 

sequence alignments results in csv (comma separated value) format or exporting sequences that have a 

similar identity in a format that can be easily loaded on graph tools. These alignments allow the user to 

visualize which proteins are similar and discard those that are not.  

 

Keywords: Protein Data Bank; Sequence alignment; Structural alignment 

 

1. Introduction 

With the large growth of protein data stored in 

the databases available on the web, appears the 

necessity to create different computer 

applications that help researchers in knowledge 

discovery. Protein Data Bank (PDB) [1] is a 

public web database containing over 100.000 

biological macromolecular structures. So, with 

this large amount of protein structures available 
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in PDB and other global servers that store 

various information of macromolecular 

structures, it becomes clear that the use of tools 

for the acquisition and analysis of specific sets of 

biological macromolecules is a need to facilitate 

the search for a specific target protein. In this 

work, we proposed the development of a tool for 

acquisition, storage and analysis of specific sets 

of proteins from PDB in an environment that 

integrates different functionalities. The proposed 

tool is executed on the desktop environment 

allowing the user to perform acquisition of the 

molecular structures from RESTful web-service 

provided by the PDB own server. 

 

 

2. Results and Discussion 

In this section we present the proposed tool 

showing all modules and functionalities. Figure 1 

shows all modules of our proposed tool. In the 

following each module is discussed:     

 Proposed tool – This module is the 

application itself, where the local 

database and the interface are located 

in this scheme; 

 PDB module - This module represents 

the public web database PDB (Protein 

Data Bank). The proposed tool 

connects with this database for 

acquiring molecular three-dimensional  

structures through the web-service 

RESTfull provided by the PDB. After 

the data acquisition, the user relates 

these data to a unique project that can 

be edited or deleted later; 

 Sequence alignment module – This 

module performs sequence alignments. 

Having this feature, the user can align 

the sequences of all structure proteins 

of one project. As a result we have a 

matrix nxn where n is the number of 

proteins of a project and each cell is 

the identity between two sequence of 

proteins. Thus, it is possible to 

visualize proteins that have higher 

sequence similarity; 

 Protein visualization module – This 

module opens an external protein 

visualization tool called PyMol[3]. 

Having this module the user can 

visualize the proteins of a project in a 

three-dimensional environment;  

 Ligand visualization module – This 

module presents a list with all ligands 

presented in a protein structure 

discretized by chain linked to an user 

project; 

 Structural alignment module - This 

module is for alignment of the tertiary 

structures. With respect to this 

operation, the user selects one of the 

proteins of his project to be the 

reference structure for all other 

structures of one project. Then, an 

algorithm is performed to align the 

tertiary structure of all proteins of a 

project with the reference structure. 

This functionality is important for  

Virtual Screening (VS) process, 

because to consider a set of receptor 

proteins with an equal grid box for 

docking  all the structures need to have 

the same cartesian coordinate system. 

 

The proposed tool was developed for the 

desktop environment. Using its interface, the 

user starts searching for a target receptor through 

a keyword in the search field. Next, a set of 

possible protein structures related to the specific 

target is listed in the tool showing all their PDB 

id’s. Thus, the user can perform the acquisition 
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of these proteins structures. This acquisition 

process is possibl using the web-service Restful 

provided by PDB itself together with the local 

database provided by our tool.  The purpose of 

this database is to provide access to features of 

the molecular structures of a specific project in 

an offline environment. This database is 

populated after each time the user performs the 

acquisition of a set of specific data from the 

proposed tool. Then, with the inclusion of 

molecular structures in the local database 

completed, the user can use all the modules 

presented in the figure 1. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. System’s modules. 

 

 

3. Materials and Methods 

This section presents the materials and 

methods applied in the development of the 

proposed tool.  

Our proposed tool was developed using 

Python language programming. Python [5] is a 

high level interpreted and interactive language 
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that provides to the developers the use of a 

strong and dynamic typing. Furthermore, the 

language provides an easy syntax to understand, 

turning the programming faster and more 

productive. Besides, Python presents another 

relevant feature that is the use of the virtual 

machine bytecode, what makes the code 

portable. This means that the program can be 

compiled in one platform to be executed on other 

platforms. 

The local database of the proposed tool was 

implemented using MySQL. MySQL [4] is an 

open-source database management system that is 

the most popular in the world. Its uses SQL 

(Structured Query Language) as interface 

allowing an easy handling, excellent 

performance and stability.   

For development of the tool it was used the 

IDE (Integrated Development Environment) 

PyCharm [6] and to develop the local database 

the Navicat [7] software was employed. 

The Alignment sequence and alignment 

structural tools were developeded using   

Biopython libraries. 

According to Cock et al [2], Biopython is a 

mature and open source tool that provides 

libraries in Python that help in a wide range of 

problems commonly found in Bioinformatics. 

Moreover, Biopython has modules for reading 

and writing files with different formats and 

multiple sequence alignments. It also has 

modules that deal with tertiary macromolecular 

structures, perform access to the PDB database 

available on the web and also provide numerical 

methods for statistical learning. Since its 

founding in 1999, Biopython has grown to 

currently having a large collection of modules. 

This tool is intended for developers of 

computational biology that need to incorporate in 

their scripts or their own software modules that 

help in their specific problems. 

For the development of molecular 

visualization module the Pymol library was used. 

According to Schrödinger [3] Pymol is a 

molecular visualization system that provides 

high quality three-dimensional images of small 

and larger macromolecules such as proteins. 

Pymol is one of the few viewing open source 

tools available for use in computational biology 

[3]. 

 

4. Conclusions 

This paper presents a tool developed to allow 

the investigation of a set of different 

macromolecular structures related to a specific 

target.  

Having our proposed tool, the researcher can 

perform a number of manipulations in a set of 

protein structures, working in a unique 

environment with modules for performing the 

alignment of sequences and structures, for 

visualization of these structures, to list the 

associate ligands and so on. 
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Abstract: The antiviral QSAR models today have an important limitation. Only they predict the 

biological activity of drugs against only one viral species. This is determined due the fact that most 

of the current reported molecular descriptors encode only information about the molecular 

structure. As a result, predicting the probability with which a drug is active against different viral 

species with a single unifying model is a goal of major importance. In this we use the Markov 

Chain theory to calculate new multi-target entropy to fit a QSAR model that predict by the first 

time a ms-QSAR model for 900 drugs tested in the literature against 40 viral species and other 207 

drugs no tested in the literature using entropy QSAR. We used Linear Discriminant Analysis 

(LDA) to classify drugs into two classes as active or non-active against the different tested viral 

species whose data we processed. The model correctly classifies 31 188 out of 31 213 non-active 

compounds (99.92%) and 432 out of 434 active compounds (99.54%). Overall training 

predictability was 98.56%. Validation of the model was carried out by means of external predicting 

series, the model classifying, thus, 15 588 out of 15 606 non-active compounds and 213 out of 217 

active compounds. Overall validation predictability was 98.54%.  The present work report the first 

attempts to calculate within a unify framework probabilities of antiviral drugs against different 

virus species based on entropy analysis. 

 

 

Keywords: Antiviral drugs; QSAR; Entropy; Mutli-tasking Learning; Markov Chain model; 
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1. Introduction 

Examples of diseases caused by viruses 

include the common cold (produced by any one of 

a variety of related viruses), AIDS (caused by 

HIV) and cold sores (caused by herpes simplex); 

which produced some of the major health 

problems in the last 30 years. Other relationships 

are being studied such as the connection of 

Human Herpesvirus 6 (HHV6), one of the eight 
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known members of the human herpes virus 

family, with organic neurological diseases such as 

multiple sclerosis and chronic fatigue syndrome. 

Recently, it has been shown that cervical cancer is 

caused, at least partially, by papillomavirus, 

representing the first significant evidence in 

humans for a link between cancer and an infective 

agent. The relative ability of viruses to cause 

disease is described in terms of virulence. 

Consequently, there is an increasing interest on 

the development of rational approaches for 

discovery of antifungal drugs. In this sense, a very 

important role may be played by computer-added 

drug discovery techniques based on Quantitative-

Structure-Activity-Relationship (QSAR) models 

(1). Unfortunately, almost QSAR studies, 

including those for antiviral activity and others, 

use limited databases of structurally parent 

compounds acting against one single fungus 

species (2). One important step in the evolution of 

this field was the introduction of QSAR models 

for heterogeneous series of antimicrobial 

compounds; see for instance the works of Cronin, 

de Julián-Ortiz, Galvéz, Gárcía-Domenech, 

Gosalbez, Marrero-Ponce, Torrens, et al. and 

others (3-15). As a result, researchers may predict 

very heterogeneous series of compounds but often 

need to use/develop as many QSAR equations as 

microbial species are necessary to be predicted. In 

any case, if you aim to predict activity against 

different targets you still need to use one different 

QSAR model for each target.  

An interesting alternative, is the prediction of 

structurally diverse series of antimicrobial 

compounds (antiviral in this case) against 

different targets (mechanisms) using complicated 

non-linear Artificial Neural Networks with multi-

class prediction, e.g. the work of Vilar et al. (16). 

We can understand strategies developed in this 

sense as Multi-Objective Optimization (MOOP) 

techniques; in this case we pretend to optimize the 

activity of antiviral drugs against many different 

objectives or targets (viral species). A very useful 

strategy related to the MOOP problem use 

Derringer's desirability function desirability 

function and many QSAR models for different 

objectives (17). In this sense, it is of major 

importance the development of unified but simple 

linear equations explaining the antimicrobial 

activity, in the present work antiviral activity, of 

structurally-heterogeneous series of compounds 

active against as many targets (viral species) as 

possible. We call this class of QSAR problem the 

multi-target QSAR (mt-QSAR) (18, 19).  

 

There are near to 2000 chemical molecular 

descriptors that may be in principle generalized 

and used to solve the mt-QSAR problem. Many of 

these indices are known as Topological Indices 

(TIs) or simply invariants of a molecular graph G. 

We can rationalize G as a draw composed of 

vertices (atoms) weighted with physicochemical 

properties (mass, polarity, electro negativity, or 

charge) and edges (chemical bonds) (20). In any 

case, many of these indices have not been 

extended yet to encode additional information to 

chemical structure. One alternative to mt-QSAR 

is the substitution of classic atomic weights by 

target specific weights. For instance, we 

introduced and/or reviewed TIs that use atomic 

weights for the propensity of the atom to interact 

with different microbial targets (21) or undergoes 

partition in a biphasic systems or distribution to 

biological tissues (22-24). The method, called 

MARCH-INSIDE approach, Markovian 

Chemicals In Silico Design, calculates TIs using 

Markov Chain theory. In fact, MARCH-INSIDE 

define a Markov matrix to derive matrix 

invariants such as stochastic spectral moments, 

mean values, absolute probabilities, or entropy 

measures, for the study of molecular properties. 

Applications to macromolecules have extended to 

RNA, proteins, and blood proteome (25-30). In 

particular, one of the classes of MARCH-INSIDE 
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descriptors is defined in terms of entropy 

measures; which have demonstrated flexibility in 

many bioorganic and medicinal chemistry 

problems such as: estimation of anticoccidial 

activity, modelling the interaction between drugs 

and HIV-packaging-region RNA, and predicting 

proteins and virus activity (24, 31-33). We give 

high importance to entropy measures due to it 

have been largely demonstrate as an excellent 

function to codify information in molecular 

systems, see for instance the important works of 

Graham (34-39). However, have not been studied 

the proficiency of entropy indices (of MARCH-

INSIDE type or not) to solve the mt-QSAR 

problems in antiviral compounds.  

The present study develops the first mt-QSAR 

model based on entropy indices to predict 

antiviral activity of drugs against different viral 

species. The model fits one of the largest datasets 

used up-to-date in QSAR studies, number of 

entries 47 000+ cases; which is the result of 

forming different (antiviral compounds/viral 

target) pairs.   

 

2. Results and Discussion 

 

One of the main advantages of the present 

stochastic approach is the possibility of deriving 

average thermodynamic parameters depending on 

the probability of the states of the MM. The 

generalized parameters fit on more clearly 

physicochemical sense with respect to our 

previous ones (24, 41, 42). In specific, this work 

introduces by the first time a linear mt-QSAR 

equation model useful for prediction and MOOP 

of the antiviral activity of drugs against different 

viral target species or objectives. The best model 

found was: 
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In the model the coefficient λ is the Wilk’s 

statistics, statistic for the overall discrimination, χ2 

is the Chi-square, and p the error level. In this 

equation, kθs where calculated for the totality (T) 

of the atoms in the molecule or for specific 

collections of atoms. These collections are atoms 

with a common characteristic as for instance are: 

heteroatom (Het), unsaturated Carbon atoms 

(Cunst), saturated Carbon atoms (Csat) and 

hydrogen bound to heteroatom (H-Het. The model 

correctly classifies 31 188 out of 31 213 non-

active compounds (99.92%) and 432 out of 434 

active compounds (99.54%). Overall training 

predictability was 98.56%. Validation of the 

model was carried out by means of external 

predicting series, the model classifying, thus, 15 

588 out of 15 606 non-active compounds and 213 

out of 217 active compounds. Overall validation 

predictability was 98.54%.  

The more interesting fact is that kθs have the 

skill of discerning the active/no-active 

classification of compounds among a large 

number of viral species. This property is related to 

the definition of the kθs using species-specific 

atomic weights (see supplementary material file 

for method). It allows us to model by the first time 

a very heterogeneous a diverse data with more 

than 47 470 cases (one of the largest in QSAR). 

Another interesting characteristic of the model is 

that the kθs used as molecular descriptors depend 

both on the molecular structure of the drug and the 

viral species against which the drug must act. The 

codification of the molecular structure is basically 

due to the use of the adjacent factor αij to encode 

atom-atom bonding, molecular connectivity. The 

other aspect that allows encoding molecular 

structural changes is that the entropy kθs are atom-

class specific. This property is related to the 

definition of the kθs. For example, one change in 

the molecular structure of, e.g. S by O, necessarily 

implies a change in the moments of interaction.  

Moreover, the most interesting fact is that kµs are 
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the molecular descriptors reported for 

antimicrobial mt-QSAR studies able to 

distinguish among a large number of viral species. 

The present work is the first reported mt-QSAR 

model using entropy kθs as a molecular descriptor 

that allow one predicting antiviral activity of any 

organic compound against a very large diversity 

of viral pathogens.  

 

3. Materials and Methods 

 

3.1. Markov entropy (θk) for drug-target k-th 

step-by-step interaction 

One can consider a hypothetical situation in 

which a drug molecule is free in the space at an 

arbitrary initial time (t0). It is then interesting to 

develop a simple stochastic model for a step-by-

step interaction between the atoms of a drug 

molecule and a molecular receptor in the time of 

desencadenation of the pharmacological effect. 

For the sake of simplicity, we are going to 

consider from now on a general structure less 

receptor. Understanding as structure-less 

molecular receptor a model of receptor which 

chemical structure and position it is not taken into 

consideration. Specifically, the molecular 

descriptors used in the present work are called 

stochastic entropies θk, which are entropies 

describing th connectivity and the distribution of 

electrons for each atom in the molecule (40). The 

initial entropy of interaction a j-th atom of the 

drug with the target 0θj(s) is considered as a state 

function so a reversible process of interaction may 

be came apart on several elemental interactions 

between the j-th atom and the receptor.  The 0 

indicates that we refer to the initial interaction, 

and the argument (s) indicates that this energy 

depends on the specific viral species. Afterwards, 

interaction continues and we have to define the 

interaction probability kθij(s) between the j-th 

atom and the receptor for specific viral specie (s) 

given that i-th atom has been interacted at 

previous time tk. In particular, immediately after 

of the first interaction (t0 = 0) takes place an 

interaction 1pij(s) at time t1 = 1 and so on. So, one 

can suppose that, atoms begin its interaction whit 

the structure-less molecular receptor binding to 

this receptor in discrete intervals of time tk. 

However, there several alternative ways in which 

such step-by-step binding process may occur (24, 

41, 42). 

The entropy 0θj(s) will be considered here as a 

function of the absolute temperature of the system 

and the equilibrium local constant of interaction 

between the j-th atom and the receptor 0γj(s) for a 

give microbial species. Additionally, the energy 
1θij(s) can be defined by analogy as γij(s) (24, 41, 

43): 

           1log1log 1100 sTRssTRs ijijjj  

 

The present approach to antimicrobial-species-

specific-drug-receptor interaction has two main 

drawbacks. The first is the difficulty on the 

definition of the constants. In this work, we solve 

the first question estimating 0γj(s) as the rate of 

occurrence nj(s) of the j-th atom on active 

molecules against a given specie with respect to 

the number of atoms of the j-th class in the 

molecules tested against the same specie nt(s). 

With respect to 1γij(s) we must taking into 

consideration that once the j-th atom have 

interacted the preferred candidates for the next 

interaction are such i-th atoms bound to j by a 

chemical bond. Both constants can be then written 

down as (24, 41, 43):  
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Where, αij are the elements of the atom 

adjacency matrix, nj(s), nt(s), 0θj(s), and 1θij(s) 

have been defined in the paragraph above, r is the 

universal gases constant, and t the absolute 

temperature. The number 1 is added to avoid scale 

and logarithmic function ś definition problems. 

The second problem relates to the description of 
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the interaction process at higher times tk > t1. 

Therefore, mm theory enables a simple 

calculation of the probabilities with which the 

drug-receptor interaction takes place in the time 

until the studied effect is achieved. In this work 

we are going to focus on drugs-microbial structure 

less target interaction. As depicted in figure 1, this 

model deals with the calculation of the 

probabilities (kpij) with which any arbitrary 

molecular atom j-th bind to the structure less 

molecular receptor given that other atom i-th has 

been bound before; along discrete time periods tk 

(k = 1, 2, 3, …); (k = 1 in grey), (k = 2 in blue) 

and (k = 3 in red) throughout the chemical 

bonding system. The procedure described here 

considers as states of the mm the atoms of the 

molecule. The method arranges all the 0θj(s) 

values in a vector θ (s) and all the 1θij(s) entropies 

of interaction as a squared table of n x n 

dimension. After normalization of both the vector 

and the matrix we can built up the corresponding 

absolute initial probability vector φ(s) and the 

stochastic matrix 1(s), which has the elements 
0pj(s) and 1pij(s) respectively. The elements 0pj(s) 

of the above mentioned vector φ(s) constitutes the 

absolute probabilities with which the j-th atom 

interact with the molecular target or receptor in 

the species s at the initial time with respect to any 

atom in the molecule (24, 41, 43):  
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Where, m represents all the atoms in the 

molecule including the j-th, na is the rate of 

occurrence of any atom a including the j-th with 

value nj. On the other hand, the matrix is called 

the 1-step drug-target interaction stochastic 

matrix. 1(s) is built too as a squared table of 

order n, where n represents the number of atoms 

in the molecule. The elements 1pij(s) of the 1-step 

drug-target interaction stochastic matrix are the 

binding probabilities with which a j-th atom bind 

to a structure less molecular receptor given that 

other i-th atoms have been interacted before at 

time t1 = 1 (considering t0 = 0) (18, 24, 41, 43):  
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By using, φ(s), 1(s) and chapman-

kolgomorov equations one can describe the 

further evolution of the system.10-17 summing up 

all the atomic free energies of interaction 0θj(s) 

pre-multiplied by the absolute probabilities of 

drug-target interaction apk(j,s) one can derive the 

average changes in entropies kθs of the gradual 

interaction between the drug and the receptor at a 

specific time k in a given microbial species (s) 

(24):  

                    6,
n

1j

j

0
n

1j

j

k110 ssjps k

Akk

s

k 


  ssssss 

 

Such a model is stochastic per se (probabilistic 

step-by-step atom-receptor interaction in time) 

but also considers molecular connectivity (the 

step-by-step atom union in space throughout the 

chemical bonding system).  

 

3.2. Statistical analysis 

As a continuation of the previous sections, we 

can attempt to develop a simple linear QSAR 

using the MARCH-INSIDE methodology, as 

defined previously, with the general formula: 
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Here, kθs act as the microbial species specific 

molecule-target interaction descriptors. The 

calculation of these indices has been explained in 

supplementary material by space reasons. We 

selected Linear Discriminant Analysis (LDA) to 

fit the classification functions. The model deals 

with the classification of a set of compounds as 

active or not against different microbial 

species(43). A dummy variable (Actv) was used 

to codify the antimicrobial activity. This variable 
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indicates either the presence (Actv = 1) or absence 

(Actv = –1) of antimicrobial activity of the drug 

against the specific species. In equation (1), ak 

represents the coefficients of the classification 

function and b0 the independent term, determined 

by the least square method as implemented in the 

LDA module of the STATISTICA 6.0 software 

package(44). Forward stepwise was fixed as the 

strategy for variable selection(43). The quality of 

LDA models was determined by examining 

Wilk’s U statistic, Fisher ratio (F), and the p-level 

(p). We also inspected the percentage of good 

classification and the ratios between the cases and 

variables in the equation and variables to be 

explored in order to avoid over-fitting or chance 

correlation. Validation of the model was 

corroborated by re-substitution of cases in four 

predicting series (43, 44). 

3.3. Data set 

The data set was formed by a set of marketed 

and/or very recently reported antiviral drugs 

which low reported MIC50 < 10 μM against 

different virus. The data set was conformed to 

more of 1100 different drugs experimentally 

tested against some species of a list of 40 virus. 

Not all drugs were tested in the literature against 

all listed species so we were able to collect 47 470 

cases (drug/species pairs) instead of 1100 x 40 

cases.  

4. Conclusions 

Entropy based mt-QSAR equation is able to 

predict the biological activity of antiviral drugs in 

more general situations than the traditional QSAR 

models; which the major limitation is predict the 

biological activity of drugs against only one viral 

species. The present model with a very large data 

set improves significantly the previous QSAR 

models and may help to perform MOOP of drug 

activity against different viral species. This mt-

QSAR methodology improves models using 

entropy as a molecular descriptor that allow 

predicting antiviral activity of any organic 

compound against a very large diversity of viral 

pathogens. 
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Abstract: Objective: to analyze the predictive value of affective symptomatology in a first 

psychotic episode sample followed up during three and five years, regarding to hospitalization, 

relapses, suicidal behaviour, working level, social activity and global functioning. Method: 112 

inpatients with a first psychotic episode were included in a longitudinal-prospective study 

followed up during three (N=91) and five-year (N=82). Assessments included the YMRS and 

HRDS-21, the GAF, the Strauss-Carpenter prognostic scale, the PANSS and the Phillips pre-

morbid adjustment scale. We used descriptive and logistic analysis to determine the predictive 

factors associated to the number of relapses, hospitalizations and suicide attempts; depressive, 

manic, activation and dysphoric dimensions as covariables. Results: 91.46% of relapses and 

21% of suicide attempts at fifth year. The GAF discriminated among prognostic groups from the 

third year (p 0.020), with the poorest prognosis in the schizophrenia group, while bipolar 

disorders and the rest of the diagnoses achieved an intermediate prognosis. The Strauss-

Carpenter scale, specifically working, social activity and global functioning items, discriminated 

among three diagnostic groups and between affective and non-affective psychosis (p<0.05); 

while schizophrenia scored the poorest outcome, bipolar disorder scored the highest. Depressive 

dimension was significantly associated with a lower number of relapses and hospitalizations (p= 

0.045 and p= 0.012) and manic dimension with more relapses (p= 0.023). Conclusion: The 

depressive dimension presents the best prognosis. On the contrary, the activation dimension, in 

general, gives a more favourable prognosis with regards to functionality (social) and 

unfavourable with respect to relapses. Finally, the manic dimension is associated with a worse 
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evolution regarding relapses. Only the dysphoric dimension is not associated with syndromic 

and/or functional prognosis. 

 

 

Keywords: prognostic, affective, dimension, first psychosis. 

 

1. Introduction 

First episode psychosis includes a 

heterogeneous population which represents an 

extensive number of diagnoses. Today’s 

classifications systems are every time more 

focused in the inclusion of dimensions versus 

categories in psychiatry, and the clinical 

definition of psychosis may involve only one part 

of the total psychosis phenotype1.  

Little is studied about the influence of 

affective symptomatology in functional 

psychosis and results are frequently 

controversial. Moreover, these studies are nearly 

non-existent in first psychotic episode, and only 

a few of them used a dimensional approach. 

Therefore, dimensional representations would be 

useful to predict the clinical course and treatment 

needs in first episode psychosis. 

Crow 2 and van Os 3 suggested the hypothesis 

of the psychopathological continuum where 

different diagnostic categories share dimensional 

factors which could refer to similar 

neurobiological mechanisms for each of the 

dimensions regardless of the type of psychosis. 

Dimensions are not diagnostic-specific and have 

been reasonably replicable in psychosis, stable 

solutions in a variety of settings, diagnostic 

groups and patient samples 4. Initial work was 

done on schizophrenia, finding a three-factor 

solution, with positive, negative and disorganized 

dimensions 5. Afterwards, Cassidy 6, Serretti 7 

and Disalver 8 examined the factor structure of 

the bipolar disorder. González-Pinto et al. 9 

obtained a five-factor solution in a 103 bipolar 

disorder sample. Later, samples included the full 

spectrum of psychosis, and five-factor solutions 

were found, including manic and depressive 

dimensions 10-15. Finally, factor structure 

analyses were targeted to first psychotic episode 

samples 4,16-21.  

Regarding to the influence of the affective 

symptomatology in psychosis, some authors 

found that affective symptomatology associates 

good prognosis 17,22-25; some of them associated 

the better prognosis specifically with the 

depressive dimension 26; others, like Paillére-

Martinot 27 associated the better prognosis to a 

higher score on the GAF (Global Assessment of 

Functioning) 28. Both van Os 17 and Allardyce et 

al.4 associated the manic dimension with a good 

outcome; the first one specified fewer symptoms 

and their lesser severity, while the latter 

associated it with being married and working; 

McIntosh et al.19 also found a good outcome 

related to depression dimension. 

However, others researchers found a negative 

association between depression and outcome: 

Geddes et al 29 found early relapse and more time 

in hospital; Birchwood 30 found early relapse; 

Meng et al. 31 also associated it with a poor 

prognosis. Thara et al.32 associated longer time 

with symptoms with manic descompensation. 

Power et al.33 associated affective symptoms 

with more hospitalizations. Finally Sipos et al.34  

also associated it with a poor outcome. 

In conclusion, our objective was to study the 

predictive value of affective symptomatology in 

a first psychotic episode sample followed up 

during three and five years, using a dimensional 
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approach. We studied outcome in terms of 

hospitalization, relapses, suicidal behaviour, 

working level, social activity and global 

functioning. 

.

2. Results and Discussion 

Patient Sociodemographic and Clinical 

Characteristics 

A total of 112 patients with a first psychotic 

episode were included in the study at baseline. 

Of these 112 patients, 91 (81.25%) and 82 

(73.2%) patients were available for analysis at 3 

and 5 years’ follow-up. At baseline, the mean 

age of the total sample was 28.8 years (SD = 

10.3) and 75 (67%) were men. Initial DSM-IV 

diagnosis at baseline included bipolar disorder 

(23.2%), schizophrenia (15.2%) and other 

diagnosis (61.6%). Sociodemographic and 

clinical baseline characteristics are describe in a 

previous work50. 

There were no differences between patients 

followed or not followed with respect to the 

following baseline variables: age (U= 1023, 

p=0.62), sex (χ2 =0.30, p=0.58), marital status 

(Fisher, p= 0.69), socioeconomic level (Fisher, 

p=0.27) and tobacco use (Fisher, p= 0.53). 

Diagnostic Categories 

The patient sample was classified both into 

three diagnostics groups: (1) those with 

schizophrenia diagnosed; (2) those with bipolar 

disorder diagnosed; and (3) those with other 

psychosis, and two diagnostic groups: affective 

psychosis (bipolar disorder, depressive disorder) 

and non-affective psychosis (the rest of the 

psychosis).  

Of the 91 patients at 3-year follow-up, 25 

(27.47%), had a diagnosis of schizophrenia, 34 

(37.36%) bipolar disorder and 32 (35.17%) were 

classified as other psychosis. Final diagnosis at 

fifth year were: 34.14% of the patients have 

schizophrenia, 37% bipolar disorder and 29.26% 

other psychosis. 

Prognostic Groups 

Of the 91 patients, 20.9%had a good 

prognosis (GAF ≥71), 51.6% intermediate 

prognosis (GAF 51-70) and 27.5% (GAF ≤50) 

had a bad prognosis at 3-year. And of the 82 

patients at fifth year, 23.7% had a good 

prognosis, 51.3% intermediate prognosis and 

25% bad prognosis. See table 1 for Strauss-

Carpenter. 

Affective Dimensions 

As previously reported, factor structure 

analysis 9 produced a five-factor  solution 

explaining 60.8% of the total variance in a 

sample of patients with bipolar disorder. In the 

present study, we analysed four of these affective 

dimensions. The depressive dimension at 

baseline included symptoms of depressed mood, 

suicidal thoughts, feeling of guilt, obsessive and 

compulsive symptoms, and anxiety, and had a 

mean score of 3.92 (SD = 3.65). The dysphoric 

dimension at baseline included disruptive-

aggressive behaviour, irritability, and lack of 

insight, and had a mean score of 8.55 (SD = 

4.89). The manic dimension at baseline included 

appearance, sexual interest, elevated mood and 

reduced sleeping, and had a mean score of 5.27 

(SD = 3.44). Finally, the activation dimension at 

baseline included speech difficult to understand, 

increased motor activity-energy and language-

thought disorder, and had a mean score of 5.37 

(SD = 4.78).  
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Clinical Characteristics at Follow-up 

Of the 91 patients at third year: 80.2% had 

relapses, 61.5% hospitalizations and 19.8% 

suicide attempts during the follow up. Of the 82 

at fifth year: 91.46% have relapses, 73.17% 

hospitalizations and 21% suicide attempts along 

the total follow-up period. 

Outcome by GAF and Diagnostic Categories 

The GAF discriminated among prognostic 

groups from the third year of the follow up (X2 

11.725; p 0.020): the poorest prognosis in the 

schizophrenia group, while bipolar disorders and 

the rest of the diagnoses achieved an 

intermediate prognosis, with the bipolar disorder 

group as having a slightly better prognosis. 

Figure 1. 

Outcome by Strauss-Carpenter and Diagnostic 

Categories 

The Strauss-Carpenter scale, specifically 

working item (X2=10.551; p 0.032 / X2=8.661; p 

0.013), social activity item (X2= 16.231; p 0.003 

/ X2=6.237; p 0.044) and global functioning item 

(X2=12.742; p 0.013 / X2=11.443; p 0.003) 

discriminated among three diagnostic groups and 

between affective and non-affective psychosis 

(X2=8.611; p 0.013 for hospitalization item; 

X2=6.237; p 0.044 for working activity item and 

X2=11.443; p 0.003 for social activity item) at 

fifth year. At work functioning: in schizophrenia, 

53.6% have a bad prognosis, 28.6% intermediate 

prognosis and 17.9% a good one; in bipolar 

disorder, 41.2% bad prognosis, 5.9% 

intermediate and 52.9% good prognosis; for the 

rest of psychosis, 45% bad, 15% intermediate 

and 40% a good prognosis. At social functioning: 

in schizophrenia, 35.7% bad, 35.7% intermediate 

and 28.6% good prognosis; in bipolar disorder, 

20.6% bad, 11.8% intermediate and 67.6% good 

prognosis; and for the rest of psychosis, 15% 

bad, 5% intermediate and 80% good prognosis.  

At global functioning: in schizophrenia, 42.9% 

have bad prognosis, 50% intermediate and 7.1% 

good prognosis; in bipolar disorder, 17.6% bad, 

35.3% intermediate and 47.1% good prognosis; 

and finally, for the rest of psychosis, 25% bad, 

45% intermediate and 30% good prognosis. 

Therefore, while schizophrenia scored the 

poorest outcome at work functioning, social 

activity and global functioning, bipolar disorder 

scored the highest. Figures 2, 3, 4 

Diagnostic Predictive Value of Affective 

Dimensions 

The predictive value of affective 

symptomatology was also determined by 

analysing the influence of dimensions on 

hospitalizations, relapses, suicidal behaviour, 

working activity, social activity and global 

functioning, using regression models. 

With respect to the depressive dimension, we 

observed that it significantly associated with a 

lower number of relapses  at fifth year and 

hospitalizations at 3-year ( coef  -0,03, 95 % CI  

0,94  0,99, p 0.045 and  coef  -0,08, 95 % CI  

0,87  0,98, p 0.012), meanwhile manic dimension 

was significantly associated with more relapses 

(Coef. 0,04, 95 %  CI 1,01  1,08, p 0.023) at 

fifth year. Finally,  activation dimension was 

significantly associated with the presence (OR 

1,13; 95 % CI 1  1,27, p 0.050) and higher 

number of relapses (OR 1,10, 95 % CI 1  1,22, p 

0,050) and with a more benign illness in terms of 

social activity in Strauss-Carpenter (Coef. 0,03, 

95%  CI 1,01  1,06, p 0.016) at fifth year. 

However, dysphoric dimension was the unique 

dimension not significantly associated with any 

of the tested variables. Table 2. 
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Table 1. Frequencies in % in respect to Strauss-Carpenter at third and fifth years by prognostic groups. 

 

Strauss-Carpenter     Prognosttic groups 
Third 

year 

Fifth 

year 

Hospitalization 

Good prognosis 

(punctuation: 4) 

 

62,6 % 92,7 % 

Intermediate prognosis 

(punctuation:2 and 3) 

 

36,3 % 4,9 % 

Bad prognosis 

(punctuation:0 and 1) 

 

1,1 % 2,4 % 

Work activity 

Good prognosis 

(punctuation:4) 

 

31,9 % 37,8 % 

Intermediate prognosis 

(punctuation:2 and 3) 

 

36,3 % 15,9 % 

Bad prognosis 

(punctuation: 0 y 1) 

 

31,9 % 46,3 % 

Social activity 

Good prognosis 

(punctuation: 4) 

 

35,2 % 57,3 % 

Intermediate prognosis 

(punctuation: 2 and 3) 

 

38,5 % 18,3 % 

Bad prognosis 

(punctuation:0 and 1) 

 

26,4 % 24,4 % 

Global functioning 

Good prognosis 

(punctuation:4) 

 

16,5 % 29,3 % 

Intermediate prognosis 

(punctuation:2 and 3) 

 

62,6 % 42,7 % 

Bad prognosis 

(punctuation:0 and 1) 

 

20,9 % 28 % 
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Table 2. Results of functional evolution. 

Functional evolution. Results

________________Dysphoric dimension

Positive relation with Strauss- social activity

(OR 1,10, 95 % CI 1  1,22, p 0,050;  logistic regression)

Higher activation dimension, higher nºrelapses

(Coef. 0,03, 95%  CI 1,01 1,06, p 0,016; Poisson

regression)

Presence of relapses

(OR 1,13; 95 % CI 1  1,27, p 0,050; 
logist ic regression)

Activation dimension

Higher manic dimension, higher nºrelapses
(Coef. 0,04, 95 %  CI 1,01 1,08, p 0,023; Poisson

regression)

________
Manic dimension

Higher depressive dimension, lower nºrelapses
( coef -0,03, 95 % CI  0,94 0,99, p 0,045;;Poisson

regression)

Higher depressive dimension, 
lower nºhospitalizations

( coef -0,08, 95 % CI  0,87 0,98, p 

0,012; Poisson regression)

Depressive dimension
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Figure 1. Prognostic by GAF and by diagnostic groups, at 3rd year. 

 

Figure 2. Working activity prognosis by diagnostic groups, at 5th year.  

 

Figure 3. Social activity prognosis by diagnostic groups, at 5th year. 

 

Figure 4. Global functioning prognosis by diagnostic groups, at 5th year. 
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3. Materials and Methods 

Study Design and Participants 

This was a prospective, longitudinal study of 

112 patients presenting with a first episode of 

psychosis between January 1996 and December 

1997, and who were admitted to the only 

psychiatric inpatient unit in the Vitoria-Gasteiz 

region of Spain. First episode psychosis was 

defined as the first time a patient presented with 

psychotic symptomatology, consisting of the 

presence of one or more of the following 

symptoms: delusions, hallucinations, grossly 

disorganized behaviour and marked thought 

disorder.  

Patients, aged 16-65 years, were included in 

the study if they met the diagnostic criteria of the 

fourth edition of the Diagnostic and Statistical 

Manual of Mental Disorders35 (DSM-IV) for 

schizophreniform disorder, schizoaffective 

disorder, schizophrenia, delusional disorder, brief 

psychotic disorder, atypical psychosis or 

psychotic disorder not otherwise specified, 

bipolar I or II disorder, or major depressive 

disorder with psychotic symptoms (American 

Psychiatric Association, 1994). The DSM-IV 

axis I diagnosis was made using the Structured 

Clinical Interview for DSM-IV36 (SCID-I) 

(Spitzer et al., 1996); the same interviewers for 

baseline and follow-up assessments. Subjects 

with mental retardation, organic brain disorders 

and substance-induced psychotic disorders as 

their main diagnosis were excluded from the 

study. 

The study was approved by the ethics 

committee of the hospital and all participants 

provided informed consent. 

Assessments 

Assessments were made at baseline and at 3 

and 5 years of follow-up. The baseline 

assessment was performed within 24 hours of 

hospitalization for the first psychotic episode and 

reflected the patient’s clinical status during the 

previous week. After hospital discharge, subjects 

attended their corresponding mental health care 

centre.  

Data collected included patient 

sociodemographics and clinical characteristics. 

Patients were assessed by different raters from 

those who assessed the diagnosis, using the 

following scales: Young Mania Rating Scale 

(YMRS) (Young et al., 1978)37, Hamilton 

Depression Rating Scale (HDRS-21) (Hamilton, 

1960) 38,39, Global Assessment of Functioning 

(GAF) (American Psychiatric Association, 1987) 
40, Phillips Rating Scale of Premorbid 

Adjustment in Schizophrenia (Phillips) (Phillips, 

1953) 41, Strauss-Carpenter Scale (Strauss and 

Carpenter, 1972) 42 and the Positive and 

Negative Syndrome Scale (PANSS) (Kay et al., 

1986) 43. Additional information provided by 

family informants and from staff observations 

was incorporated into the rating process. All 

interviews were carried out independently by one 

psychiatrist and one psychologist who 

demonstrated good inter-rater reliability for 

SCID diagnoses (κ = 0.88), YMRS (κ = 0.90), 

HDRS-21 (κ = 0.93), GAF (κ = 0.94), Phillips (κ 

= 0.80), Strauss-Carpenter (κ = 0.81) and PANSS 

(κ = 0.82).  

The affective dimensions used in the present 

study were based on a previous factor structure 

analysis using the YMRS and HDRS-21 in 103 

patients with bipolar disorder9. This gave a five-

factor solution and the component symptom 

loadings obtained for each of the affective 

dimensions (depressive, dysphoric, manic, 

psychosis and activation) is summarised in a 
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previous work (González-Pinto et al., 2003) 9. 

Factor structure analysis has been widely used 

for research purposes and in clinical trials for 

studying the symptom dimensions of psychosis 
4,11,14, 16-19, 34, 44. In the present study, we analysed 

four affective dimensions (depressive, dysphoric, 

manic and activation; baseline scores); the 

psychosis factor was not used because all 

patients presented with psychosis symptoms.  

The patient sample was classified both into 

three diagnostics groups: (1) those with 

schizophrenia diagnosed; (2) those with bipolar 

disorder diagnosed; and (3) those with other 

psychosis, and into two diagnostic groups: 

affective psychosis (bipolar disorder, depressive 

disorder) and non-affective psychosis (the rest of 

the psychosis).  

In respect to the GAF Scale, the followings 

groups were considered to describe outcome 

among diagnostic categories (schizophrenia, 

bipolar disorder and the rest of the psychosis): 

good prognostic for the punctuation ≥71, 

intermediate prognostic for 51-70 and bad 

prognostic for ≤50. 

Likewise, for the Strauss-Carpenter 

Prognostic Scale, a good prognostic group when 

4 punctuation was scored in all the items 

evaluated, an intermediate prognostic group for 2 

and 3, and finally a bad prognostic group for 1 

and 0. 

Statistical Analysis 

Statistical packages used for the analyses were 

SAS, SPSS and R 2.5.1. 

Baseline characteristics of the total study 

sample were described using summary statistics 

(means and standard deviations (SD) or median 

and range, as appropriate, for continuous 

variables, and frequencies for categorical 

variables). Statistical comparisons between 

groups were performed using the 2 test (or 

Fisher’s test where n≤5) for categorical variables 

and the Student’s t test or Mann-Whitney U test 

(depending on the distribution of the sample) for 

continuous variables.  

The prognostic value of affective dimensions 

was examined using regression models, with 

number of hospitalizations, relapses, suicidal 

behaviour, working level, social activity and 

global functioning as the dependent variable. A 

logistic regression model including all four 

affective dimensions as independent variables 

was used to identify which dimensions were 

predictive of the evolution of first-admitted 

psychotic patients. Logistic regressions were 

adjusted by age and gender, negative symptoms 

(PANSS-N) and premorbid state (Phillips Rating 

Scale of Premorbid Adjustment) according to the 

method used by other researchers since it is 

known these variables influence the outcome. 

Effect sizes are expressed as odds ratios (ORs) 

and 95% confidence intervals (CIs) with P 

values.  Poisson regressions effect sizes are 

expressed as β coefficient, 95% confidence 

intervals (CIs) with P  values. Associations were 

considered significant when P ≤ .05.  

We established three cut-points for GAF for 

statistical purposes: 70, which, in our opinion, 

divided the sample in two groups, related to a 

complete recovering or not; 60 25,34,45; and 

finally, 50, following criterions of other 

researchers 26.  

In the case of the Strauss-Carpenter scale, the 

cut-points were the followings: 4 vs the rest of 

the values for the hospitalization item 25,46,47, 

working activity item 48,49and the global 

functioning item25; we considered 0 and 1 vs the 

rest of the values for the social activity item, 

considering that this cut-point divided patients in 

two completely different groups 49. 
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4. Discussion 

This prospective, longitudinal study of the 

predictive diagnostic value of affective 

symptomatology in a sample of hospitalized 

first-episode psychosis patients followed-up over 

5 years shows that affective dimensions (manic, 

activation, dysphoric and depressive) have 

different kind of influence in the prognostic of 

psychosis. 

Regarding number of relapses, our percentage 

is high, 80.2%-91.46% . While  Robinson et al.51 

also found a high percentage of relapse (86.2% at 

fifth year),  most authors 27,30,52-54  find 58-78%. 

Diverse definitions of the “relapse term” may be 

considered; besides, our patients are hospitalized 

and their severity is higher. In our study, manic 

and activation dimensions are associated with 

higher number of relapses, while depressive 

dimension protects against them. 

In respect to the number of hospitalizations, 

while 61.5% of the total samples were 

hospitalized sometime in the first three years, 

73.17% were hospitalized at the end of the 

following period; Power et al.33 confirmed this 

percentage. Means of both periods are similar 

and identical to Sipos et al.34. Some authors find 

higher number. This point depends on a variety 

of factors: organization of both intra and extra 

mental services and accessibility. In our study, 

depressive dimension  protects against 

hospitalizations. 

With regard to the number of suicides, 19.8% 

at third year and 21% at fifth year, our 

percentages are identical to Birchwood et al.30, 

van Os et al.17, Verdoux et al.55 and Robinson et 

al.51, and the mean is similar in both periods. 

Two patients committed suicide in the last two 

years (2.4%); unfortunately, not for being the 

first years of the illness, suicide risk is 

disminished 30. 

Additionally, and with respect to the outcome 

assessed by the Strauss-Carpenter Prognostic 

Scale: this scale discriminates among the three-

diagnostic groups, schizophrenia, bipolar 

disorder and other psychotic disorders, for  

working and social activity  at third and fifth year 

and for global functioning at fifth year;  also  

discriminates among affective and non-affective 

psychosis. Prognosis  gets better within time of 

evolution. While schizophrenia scored the 

poorest outcome at work functioning, social 

activity and global functioning, bipolar disorder 

scored the highest. 

Furthermore, the GAF discriminates among 

prognostic groups from the third year of the 

follow-up: while the schizophrenia has the 

poorer prognosis 26, the bipolar disorder has the 

best 24-25 ;  the rest of the psychosis have an 

intermediate prognosis in the outcome. 

Considering the three diagnostic groups, the 

majority of the patients are in the group of 

intermediate prognosis.  

In summary, prognosis improved along time 

of evolution. Although the percentage of relapses 

is high in our sample, many patients maintained a 

good level of functioning. Tohen et al.24 and 

Swaran et al.25 pointed out the importance of 

both sindromic and functional outcome, 

separatedly.  

Additionally, and concerning the prognostic 

value of affective dimensions, the depressive 

dimension is significantly associated with fewer 

relapses and hospitalization at fifth and third 

years respectively; therefore, it conferres a good 

prognosis. Many authors confirm a better 

outcome 14,19,25-27,56   in the presence of 

depressive symptomatology. Lindenmayer and 

Kay 57  nevertheless,   question themselves about 

the influence of negative symptoms in that result. 

We obviously took this problem into account, 

since our statistical analyses were adjusted by 
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baseline negative symptomatology. Also Peralta 

et al.58 found that depressive dimension was 

associated to negative factors. So, we used  

assessment  tools which are specifically designed 

for rating affective rather than negative 

symptomatology.  There are also both authors 

who do not find an association between 

depressive dimension and outcome17,32,47,53,59 and 

some who  describe a worse course 10,29,31,60.  

The manic dimension is significantly 

associated with a higher number of relapses at 

the end of the follow-up period. The activation 

dimension is also associated with the presence of 

relapse at the third year and a higher number of 

relapses at the fifth year. It is also significantly 

associated with better social functioning. 

Therefore, the activation dimension is related to 

the outcome in two ways: better social 

adjustment, but increased relapse risk.  

Consequently, both manic and activation 

dimensions are related to a poorer symptomatic 

outcome; activation dimension, nevertheless, 

confers a good functional prognostic. Tohen et 

al.24 agree with this afirmation.  

Sipos et al.34 and Gift et al.59 also find a major 

risk for hospitalization and Erickson et al.22 and 

Allardyce et al.61 confirmed the better social 

outcome for manic dimension. On the contrary, 

Murray et al.14, McIntosh et al.19 and van Os et 

al.17 described a better symptomatic outcome.   

Besides, manic dimension was associated with 

the absence of suicide attempts as a tendency. In 

the opinion of the majority of the researchers the 

depressive dimension is the one which is 

associated with poorer outcome regarding this 

subject 14,62,63.  

The activation dimension was also nearly 

significantly associated with a better work level 

at the third year, which agrees with Allardyce et 

al.61. 

Finally, the dysphoric dimension was not 

associated with any of the variables described 

above and it do not discriminate among all 

groups. 

The fact that these results have been adjusted 

by negative symptomatology and premorbid 

adjustment make the results consistent. 

In summary, only one of the dimensions is not 

associated with syndromic and/or functional 

prognosis, the dysphoric dimension. The 

depressive dimension presents the best 

prognosis. On the contrary, the activation 

dimension, in general, gives a more favourable 

prognosis with regards to functionality (social) 

and unfavourable with respect to relapses. 

Finally, the manic dimension is associated with a 

worse evolution regarding relapses.  

Our results suggest that the affective 

symptomatology gives a determined prognosis to 

the evolution of the psychotic illness. Therefore,  

the systematic evaluation of affectivity will 

permit us to reach important conclusions 

regarding the prognosis. The intervention on the 

patients with manic and activation syndrome 

could be beneficial in decreasing relapses in the 

first episodes.  

It is of maximum interest to point out that our 

original contribution is the using of affective 

dimensions obtained from a bipolar disorder 

sample and their application to a sample with 

functional psychosis.    

We also would like to mark the 

representativeness of the sample as our unit is the 

unique one for acute inpatients in our region. 

Besides, our study is longitudinal and includes an 

heterogeneous sample. It also includes a large 

time of follow-up. 

Nevertheless, some limitations must be 

considered. First, a number of patients were 

taking medication; we tried to overcome this 

limitation assessing them within 24-48 hours of 
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hospitalization. Secondly, patients with more 

severe conditions are probably overrepresented; 

thus, the results generalization is limited to 

patients who are hospitalized. Nevertheless, more 

than 80% of first psychotic episodes are 

hospitalized. Also, a few of the assessments had 

been done by telephone when coming was not 

possible for them. Finally, the main limitation  is 

that we have not adjusted results by drugs; 

cannabis use is frequent in this kind of patients 

and we know its influence in psychotic episodes. 

Therefore, we will choose this issue for future 

studies. It have not been possible to introduce 

one more variable for statistical reasons; we 

adjusted by age,sex, negative symptomatology 

and premorbid adjustment following the method 

of most of the authors. 

Despite these limitations, definitively our 

results suggest that  affective symptomatology 

confers a certain prognosis to the course of the 

illness, so that systematic evaluation of 

affectivity will make possible conclusions to be 

obtained in regard to prognosis. Also, 

intervention in patients with manic and activation 

syndrome could be benefitial to disminish 

relapses in first psychotic episodes. The fact that 

these results were obtained after controlling the 

analyses by the presence of negative symptoms 

and premorbid adjustment and, therefore, basal 

functionality, makes the data be consistent.  

Of course, the evolutions of determined 

variables do not have any reason to reflect the 

general evolution as was clarified through an 

evolution study by the World Health 

Organization 64; the variables that determine the 

global evolution are different and varied. This 

affirmation is in harmony with that mentioned 

previously with respect to the need to 

differentiate between the syndromic and 

functional recovery. One must take into account 

that this differentiation has its value when 

proposing the prevention and improving the 

prognosis of the patients with real possibilities of 

recovery. 
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Abstract: In the crisis of fast diminishing fossil fuels, looking for alternative energy sources by 

utilizing solar energy has the highest research priority and engineered nanoparticles play a very 

important role here. Using a specially designed photoelectrochemical cell and  a mixture of  two 

dyes, Phenosaffranine (PSF) and Azure C (AZC) conjugated with oxidized multi-walled carbon 

nanotubes (OMWCNTs) we have been able to generate photovoltage of reasonably high 

magnitude (763 mV). The storage time is also quite high ~ 66 hrs. The photovoltage cycle was 

reproducible upon further illumination. Energy conversion efficiency (η%) of the cell has been 

calculated for the system (η% = 4.33). Spectral studies show that with addition of OMWCNTs to 

a fixed concentration of PSF and  AZC solution, the absorbance increases throughout the spectral 

range. FTIR spectrum reveals that there is no chemical change in the mixed system indicating 

that only the dyes got adsorbed on the side walls on the OMWCNTs. From fluorescence 

vspectral study, it has been seen that while fluorescence intensity of PSF quenches with addition 

of AZC, which does not have any fluorescence of its own, the  intensity regains with addition of  

OMWCNTs. This emphasizes the role of oxidized multi-walled carbon nanotubes in the 

performance of photoelectrochemical cell of mixed dye system. 

. 

. 

 

Keywords: mixed dye system; oxidized multi-walled carbon nanotubes; photovoltage; storage 

capacity; energy conversion efficiency 
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1. Introduction 

The depletion of fossil fuels at an alarming 

rate and their  hazardous combustion products 

pose a serious challenge to the scientists for 

developing alternative energy sources. In this 

endeavor utilization of solar energy has become 

the most promising one. Owing to the limitations 

of conventional silicon technology based 

photovoltaics, other cost effective options for 

harvesting solar energy more efficiently are 

being explored during the last couple of decades. 

Use of compound semiconductors caused high 

optical absorbance and hence good conversion 

efficiency [1-3]. The invent of nanoparticles, 

which possess the unique assets of altered 

chemical and physical properties with size and 

shape variations, has a strong impact in widening  

the of possibility in photovoltaic technology [4]. 

The important factor which limits the 

performance of conventional solar cells is the 

mismatch between incident solar spectrum and 

the spectral absorption properties of the material 

[5,6]. In the present study we have used 

photosensitive dyes conjugated with carbon 

nanotubes as the light energy harvester in 

photoelectrochemical (PEC) cell. Two dyes 

having absorption bands in two different spectral 

regions have been chosen in order to overcome 

band absorption limits of each dye.  

Materials used:  

Multiwall Carbon Nanotubes of diameter 2–3 

nm were purchased from Arry International, 

Germany with 60% purity. The dyes 

Phenosaffranine [C18H15ClN3] (M.W. 322.79) 

and Azure C [C13H12ClN3S] (M.W. 277.77) were 

purchased from Sigma- Aldrich, India and were 

used after recrystallization. Cholesterol (E. 

Merck, Germany) was oxidized and 

recrystallized from n-octane (E. Merck, 

Germany). N-decane and iodine were purchased 

from E. Merck, Germany and before use iodine 

was purified by resublimation.  

 

                         

 

 

                 Phenosafranine                                                

Azure C 

Preparation of Oxidised Multi-wall carbon 

nanotubes  (OMWCNTs): 

 

For oxidation Multi-wall carbon nanotubes 

(MWCNTs) were at first refluxed with 2M nitric 

acid at 150oC for 18 hrs and then sonicated for 6 

hrs using an ultrasonic bath sonicator (Model 

229; Imeco Ultrasonic, India) in the same acid. 

Resulting material was collected by filtration and 

then washed with water and ethanol for several 

times until the pH of the solution became neutral 

i.e, 7. After drying the solution in hot air oven at 

60oC for 8 hrs, we got oxidized MWCNTs 

(OMWCNTs) and those were well dispersed in 

water owing to presence of hydrophilic groups, 

such as carboxyl (-COOH), hydroxyl (-OH) and 

carbonyl groups (>C=O) along their side walls 

[7]. 

Preparation of mixed dye-OMWCNTs system:  

 

The OMWCNTs were dispersed in water 

(concentration 1 mg mL-1) and concentration of 

aqueous stock solution of both dyes was 1x10-4 

M. The required concentrations of dye solutions 
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for photovoltage (PV) studies were prepared 

after further dilution of the stock solutions. 

Individual dye solution was then mixed with 

OMWCNTs solution and sonicated in an 

ultrasonic bath for 4 hrs at room temperature and 

then different dye-OMWCNTs solutions were 

mixed together in a desired specific ratio by 

diffusion method. 

Absorption spectra of dye-OMWCNT conjugates 

were recorded in a PERKIN ELMER Lambda 25 

UV/VIS Spectrometer (Shelton, CT064844794). 

 

Details of the experimental set-up:. 

 

.

Table 1. The characteristics of the PEC cell. 

 

 

Different  

parameters 

Barrier: Planar lipid membrane 

Sample Used 

PSF & AZC PSF & AZC adsorbed CNTs 

Open circuit 

voltage (Voc) 

in mV 

254 763 

Short circuit 

current in µA 

3.9 54.2 

Time taken for 

Voc in hrs 

0.8 1.5 

Decay time 5.7 66.5 

Storage 

duration in hrs 

5 66 

Fill factor 0.09 0.38 

Energy 

conversion 

efficiency 

(η%) 

0.005 4.33 
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Figure 1. Schematic diagram of photoelectrochemical cell. S: PLM barrier, pt E - 

Electrode, E - electrometer, R - variable discrete resistance, A – ammeter. 

 

Fig 2. Growth and decay curve of photovoltage (Voc ) generation using planar lipid 

membrane as barrier for   (a)PSF & AZC, (b)PSF & AZC adsorbed CNTs system. 
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Fig 3. Current vs. voltage characteristic curves of the PEC cells for (a) PSF & AZC and (b) 

OMWCNTs adsorbed PSF & AZC. 

 

Fig 4. Absorption spectra of (a) PSF & AZC and (b to g) OMWCNTs adsorbed PSF & 

AZC systems. Concentration of PSF (a to g) 3 x 10-5M, AZC (a to g) 3 x 10-5M and 

OMWCNTs (x10-7 Kg/L) (a) 0.0, (b) 2.2, (c) 4.1, (c) 6.5, (d) 8.3, (e) 10.4, (f)11.1 and (g) 

12.2.  
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Fig 4. FITR spectra for (a) PSF, (b) AZC, (c) OMWCNTs, (d) Mixed system of PSF, AZC 

and OMWCNTs. 

The PEC cell consisted of two L-shaped glass 

tubes (fig 1). A barrier was mounted on one tube 

which was fitted into the other by means of a 

standard joint. Here we have used a planar lipid 

membrane of oxidized cholesterol as barrier. One 

side of the barrier was bathed with Iodine Iodide 

(I-/I3-) solution and thve other side with aqueous 

solution in OMWCNT conjugated with PSF and 

AZC, in a 1:1 concentration ratio. A pair of 

platinum electrode was placed symmetrically 

across the barrier. A 60W lamp was used for 

illumination and the light intensity was measured 

by using a Luxmeter with photodetector (D & L 

Instrument, MS6610). Photovoltages and 

currents were measured by using Keithly digital 

multimeters (DM196). The energy conversion 

efficiency of the cell was calculated by using 

standard methods [8-10]. Keeping the cell under 

illumination, we recorded the photovoltage (Voc) 

generation.  

Results and Discussion: 

 

Upon illumination the photovoltage started 

increasing, attained a saturation value and 

remained constant till the illumination was there. 

When the light was switched off voltage started 

decreasing slowly (Fig 2). The storage time was 

quite high nearly 66 hrs. The photovoltage cycle 

was reproducible upon further illumination. 

From the current-voltage curve (Fig 3) we 

calculated the fill factor (FF) and energy 

conversion efficiency (η%) of the cells using  

equations (1) and (2).  

FF = (Vpp x Ipp) / (Voc x Isc) ------------ (1) 

η% = (Voc x Isc x FF x 100) / Incidient light 

power -------------- (2) 

 

The values of  open circuit voltage (Voc), short 

circuit current (Isc), storage duration, fill factor 

(FF), energy conversion efficiency (η%)  are 
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summarized in the table . It is evident that the 

presence of OMWCNTs causes radical increase 

in the values of Voc, Isc, storage time, FF and η%.  

 

. Spectral studies showed that with addition of 

OMWCNTs to a fixed concentration of PSF & 

AZC solution, the absorbance of PSF & AZC 

increased throughout the spectral range without 

any shift in the absorption peaks. The results 

clearly indicated that the dye molecules got 

adsorbed on OMWCNT side walls without any 

change in chemical as well as photochemical 

properties. Increase in the absorbance was a 

definite indication to the enhancement of the 

absorption of the incident photons which resulted 

in the amplification of efficiency of the cells [7]. 

One dimensional carbon nanotubes have 

excellent electron-storage capacity (one electron 

for every 32 carbon atoms) and exhibit metallic 

conductivity similar to metals [11].We propose 

that the presence of OMWCNT in the conjugate 

resulted in further improving the efficiency by 

improved charge transfer, charge transport and 

efficient charge collection [12].  

Moreover, the hydrphobic barrier offered by 

the planar lipid barrier planar lipid membrane 

due to its low dielectric constant hindered back 

recombination of the photodissociated charges 

and as a result of which the efficiency as well as 

the storage duration of the cell increased further. 

. We got maximum PV for OMWCNTs conc. 

(10.4 x10-7 Kg/L).  

 

For further support to our proposed idea, we 

will perform FTIR of all sample. From Infrared 

Spectra, it can be suggested that the basic 

structure of the dyes remain changed as all the 

peaks from two dyes and OMWCNTs are found 

in the same position as previous, for the mixed 

system FTIR spectrum.  

 

Conclusions 

 

Our studies showed that the light-harvesting 

performance of such PEC cells was much better 

in presence of dye-CNT mixed systems. As a 

particular dye absorbed only a certain fraction of 

the incident light spectrum, being transparent to 

the rest, we used two different dyes to overcome 

the band absorption limits of each dye. The 

presence of OMWCNT boosted the absorption of 

incident photons. The use of lipid membrane 

barrier played an important role in enhancing the 

storage duration of the photovoltage and the 

overall efficiency of the cell. These low cost cells 

were easy to assemble compared to the intricate 

device fabrication techniques of other 

conventional solar cells 
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Abstract: Use of Azo dyes, having one or more azo bond (-N=N-), are more than 70% among all 

textile dyes used. The stability and the xenobiotic nature of reactive of these azo dyes make them 

recalcitrant and hence they are not totally degraded by conventional wastewater treatment 

processes that involve physical, chemicals or activated sludge methods.  The dyes are therefore 

released into the environment, in the form of colored waste water.  Color of the waste effluent is 

an important parameter for a long time. So the main criteria of removing the waste and degrade 

is to first remove the color of the effluent.  Some common techniques which are used for 

degrading the chemically complex dye have several harmful side effects and they   are not very 

cost effective and some require long retention time.  So extensive research is going on to find a 

simple method which should obviously be a low cost process, will need less time to complete the 

process and will have minimum harmful side effects. 

. 

 

Keywords: Cuprum metallicum, methyl orange, UV-Vis spectroscopy, dye degradation, 

antimicrobial property 

 

1. Introduction 

Synthetically prepared colorful azo dyes are 

mostly used in textile, leather, pharmaceuticals, 

paper, and cosmetic industries. These dyes are 

marked as waste water pollutants. The water 

effluent which is coming from industrial waste, 

gets into the water bodies and cause extreme 

pollution.1Effluent containing compounds are 

chemically complexed and are not easily 

degradable for example with the help of bacteria 

or common chemical degradation process. 
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.

2. Results and Discussion 

                         Methyl orange dye 

 

Due to their complex structure they 

sometimes prevent the sunlight to penetrate 

inside the water bodies, because of which the life 

cycle of aquatic flora and fauna get hampered.  

Use of azo dyes, having one or more azo bond (-

N=N-), are more than 70% among all textile 

dyes. 2.  Color of the waste effluent is an 

important parameter since long time. So the main 

criteria of removing the waste and degrade is to 

first remove the color of the effluent. The 

stability and their xenobiotic nature of reactive 

azo dyes makes them recalcitrant hence they are 

not totally degraded by conventional wastewater 

treatment processes that involve physical, 

chemicals or activated sludge methods 3. The 

dyes are therefore released into the environment, 

in the form of colored waste water. Some 

common techniques which are used for 

degrading the chemically complex dye,  are 

precipitation, coagulation, adsorption, 

flocculation, flotation, electrokinetic coagulation, 

silica gel, membrane filtration, ion exchange, 

activated carbon, NaOCl, photochemical 

,electrochemical destruction, fenton’s reagent 

,ozonation.  However, every possible side effects 

obtained like some techniques produce sludge 

and harmful by-products. Another important 

factor is that these methods are not very cost 

effective and some requires long reaction time. 4 

and 5 So scientist are trying to find a simple 

method which should obviously  be  a low cost 

process and will need less time to complete the 

process. 4 and 5.  

Methyl orange, 4-[4-(dimethylamino) 

phenylazo] benzenesulfonic acid, is  an azo dye 

that forms orange crystals and is also used in 

laboratories and industries as a coloring agent 

having a negative impact on natural resources. 6 

Cuprum metallicum is a triturated medicine, 

which contains copper as a main constituent and 

by increasing the potency their size become in 

nanoform.  

Conventional drugs available in the market, 

having antibacterial activity can lead to cause 

resistivity among different strains of bacteria. So 

research has been focusing on those materials 

which are new to the strains and do not have bad 

impact on the environment. So scientists are 

opting for alternative methods as antimicrobial 

agent. Copper nanoparticles are often used as an 

antibacterial agent7 

Here cuprum metallicum can be utilized on 

different aspects with varied application. 

Different potencies of the drug (Cuprum 

metallicum) were used against the azo dye 

methyl orange and tried to degrade the effluent 

and function as a remediating material. 

Nanoparticles are very helpful as antimicrobial 

agent and the drug behaved as nanomedicine at 

higher potency 5 so we tried to find that whether 

at higher potency , the drug can show better 

result or not.  

Parallelly they have been used here on 

pharmaceutical ground against two bacterial 

strains of gram positive and gram negative 

bacteria. 

Material and methods: 

Methyl orange dye was obtained from Merck, 

Bacterial strains i e, gram positive 

Staphylococcus aureus and gram negative 

N

N N

CH3

CH3

S

O

OH

O
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Escherichia.coli was from Microbial type culture 

collection and gene bank (MTCC) Institute of 

microbial technology, Chandigarh, India. 

Peptone, beef extract, yeast extract, sodium 

chloride, agar-agar was purchased  from  

HiMedia. Cuprum metallicum of three different 

potencies were obtained as a gift from HAPCO. 

All the chemicals were used without purification 

as are all analytical grades. Throughout the 

experiment double distilled water was used. 

Methods: 

10-3M Methyl orange dye was weighted and 

mixed with water so total solution is up to 300µl 

and 2ml of Cuprum metallicum of three different 

potencies (6C,30C,200C) were added 

individually, distilled water was added and make 

up to 4ml by volume. 

Degradation of Methyl orange:  

The kinetic study of the degradation of methyl 

orange (azo dye) with respect to time was 

thoroughly studied with the help of UV-Vis 

spectrophotometer .The time dependant 

degradation of the dye was investigated through 

change in the color and the absorbance of the 

dye.  Just after addition of water with dye, the 

absorbance was measured and the sample was 

named as sample I. Then sample containing dye 

was placed in dark condition which was named 

as sample II. Then sample named as sample III 

which contained dye and water was placed under 

light condition only. Sample IV, V, VI contained 

dye and water .Then cuprum metallicum of 6C, 

30C, 200C was added to IV, V, and VI and 

placed under exposure of visible light source. 

Finally absorbance was recorded at 464nm. And 

comparative study was carried out and checked 

whether cuprum metallicum would help in 

degradation process if the answer is yes then next 

query was that is 200C potency of the drug 

showed better result than 6C and 30C. 

Antibacterial activity:  

 The second application was Cuprum 

metallicum of three different potencies were used 

against gram positive S.aureus sub species 

aureus (MTCC no.96) and gram negative E.coli  

DH5 alpha(MTCC no.1652) bacterial strain . The 

most common method of spread plate technique 

was used and both the strains were individually 

treated with Cuprum metallicum of three 

potencies (6C, 30C, 200C).Bacterial strains were 

grown in recommended liquid media which 

contains peptone (0.5%) beef extract (0.1%), 

yeast extract (0.2%), Nacl (0.5%) and distilled 

water.10μl of subcultured  bacterial strains were 

inoculated in each test tube along with drug of 

different potencies. After overnight growth with 

antibacterial agent they were plated next day in 

an agar plate (Liquid media with 1.8% agar-agar) 

and colonies were counted with reference to 

control plate where no antibacterial agents were 

given.. 

. 
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Figure 2. UV- Vis spectroscopic absorbance of dye treated with 6C, 30C, 200C and light. 

 

Figure 3. Antibacterial activity of cuprum metallicum for Gram negative bacteria.(E.coli). 
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Result and discussion: 

Methyl orange dye treated at various 

conditions. Sample I showed image just after 

addition of dye in water. Sample II was the 

image taken after it was kept at dark condition 

for 24 hrs. Image named sample III was taken 

after it was placed at light condition only for 24 

hrs. Sample IV, V, VI was the image of dye 

treated with cuprum metallicum 6C, 30C 200C 

respectively. The visual observation was clearly 

explained that color intensity of dye when treated 

with 200C was maximum detoriated. It means 

200C work most effectively than other samples. 

In figure 2 we could see UV-Vis absorbance of 

dye individually treated with cuprum metallicum 

at a particular interval of time which was around 

6 hrs gapping and it was for 24 hrs. Absorbance  

was taken at 464 nm 8The graph named 

6C,30C,200C  was the graph where four 

absorbance of the sample contained 

6C,30C,200C  cuprum metallicum along with 

dye and also was kept under light condition were 

taken. Absorbance was compared with respect to 

time. The graph named light was the absorbance 

of dye when kept at light condition only. The 

result was when dye treated with 6C+light, and 

then with respect to time the absorbance was 

decreased at 24 hr. It means when absorbance 

decreased that means chemical complex also 

degraded with time. The degradation was 

maximum observed in case of 200C when 

compared with initial time (6hr).So it can be 

proved that 200C showed a very impressive 

result. 

 

In figure 3 we could see four images named 

1,2,3,4. Image 1 showed growth of bacteria when 

nothing was treated. In Image 2, 3, 4 plates were 

treated with 6C,30C, 200C drug of cuprum 

metallicum where bacterial growth was 

maximum restricted in case of 200C treated 

plate. It means 200C could easily kill bacteria of 

gram negative strain. 

The above experiment showed a quite positive 

result regarding the remediation and 

detoxification of azo dye also the nanomedicine 

cuprum metallicum worked as a potent source 

against gram strains. According to the previous 

reports it has already been proved by different 

characterization methods that higher potencies of 

the drug particle act as nanoparticles as size of 

the particles were reduced with dilution.9 So 

from the above experiment It has been found that 

three different potencies of cuprum metallicum 

were able to degrade the azo dye as with respect 

to time more the dye degrade more the colour 

intensity get lowered which was further 

confirmed by taking the absorbance of the dye. 

Previous reports were their where visible light 

can help to degrade dye samples through photo 

degradation. 10  Here it was observed that 

Sample VI showed maximum decrease in color 

intensity. Copper has always been a good and 

stable photo catalyst which can work better in 

presence of visible light.11  It is because of the 

excitation  of surface Plasmon resonance(SPR) 

which is actually oscillation of charge density 

that promote at the interface between metal and 

dielectric medium.12 Here cuprum metallicum of 

three different potencies (6C, 30C, 200C) were 

used against two different strains of bacteria 

(Gram positive and gram negative).The best 

result was obtained against gram negative 

bacteria ie, E.coli and among different potencies 

of the drug, 200C of cuprum metallicum showed 

the best result. They can able to kill maximum 

no. of bacteria and few numbers of colonies were 

observed in the agar plate. The more the potency 

of the drug were used, more the antibacterial 

activity was shown by the drug. That means 

200C showed maximum antibacterial effect and 

6C showed minimum effect as compared to 
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control where no drugs were used for treatment. 

The reason behind this result was copper 

nanoparticles is the prime component of cuprum 

metallicum and copper nanoparticles has multi 

toxicological effect against gram negative 

bacteria. They can generate reactive oxygen 

species (ROS) which cause DNA degradation, 

lipid peroxidation, protein oxidation in E. coli 

cells. 13 

Nanoparticle can attached to the membrane of 

bacterial cell by electrostatic interaction and 

disrupt the integrity of the membrane of the cell. 

At higher potency means in case of 200C the 

individual particles have less chances of 

aggregation and so each individual particle can 

have its own separate surface area to interact 

with the bacterial membrane. More the surface 

area more chance of interaction which leads to 

more toxicity. So that is why higher potency of 

nanomedicine showed more antibacterial activity 

and they simply destroy bacterial cells.14 

.
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Abstract: Cobalt Alumino Silicate Ceramic (CASC) composites, with different molar weight 

concentration (i.e. G0=0, G1=0.4, G2=0.6, G3=0.8, G4=1.0, and G5=1.2 (M.W.)) of cobaltus 

acetate are prepared via sol-gel route. XRD shows mullite and cobalt aluminate phase which is 

found to depend on the concentrations of Co+2 ions. Field emission scanning electron microscope 

(FESEM) images show for all samples of CASC nanocomposites after sintering at 1400oC, nano 

sized cobalt aluminate grains are embedded in evenly spread mullite grains; but in case of G0, 

there are only evenly spread mullite grains. The study of dielectric property of the composite 

samples at room temperature shows that at all concentration (G1, G2, G3, G4 and G5) the dielectric 

constant is higher than pure mullite (G0) and there is a critical concentration of cobaltus acetate 

(G3) where there is maximum enhancement of dielectric constant in the higher frequency range 

from 40 KHz to 2 MHz. The dielectric constant varies from 44.77 to 37.75 for G3 and from 29.8 

to 24.12 for G0 respectively. The tangent loss of composite with G3 has the lowest value than that 

of other concentrations including pure mullite in the frequency range 40 KHz to 2MHz. Due to 

high dielectric constant and low tangent loss, the composite with specific concentration and in 

the high frequency range has great importance as an electronic material. 

. 

Keywords: Mullite; dielectric constant; tangent loss; electronic material; sensor; capacitor 
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1. Introduction 

During past decades Alumino silicate ceramic 

composite was used as an advanced structural 

ceramics and now it is well known as a 

promising electronic material with some great 

properties such as high melting point, anti-

erosion, better chemical stability to oxidation as 

well as good resistance to most chemical attack, 

great coercivity, good electrical resistance, good 

mechanical strength, low thermal expansion 

coefficient, very good high temperature strength 

and also a low cost material 1-4. 

So this composite have been increasingly 

gaining importance for high frequency circuit 

packaging and electronic substrate application 

due to their low dielectric constant1,5-7 since last 

few decades. But recently researchers have been 

trying to enhance their dielectric constant by 

making composites by doping metal ions so that 

it can maintain its physical properties as earlier 

and also enhance the electrical and electronic 

properties. These composites with metal ions 

have wide range of application in electrical and 

electronic industries8,9. So CASC composite is a 

leading candidate for high transmitting IR 

windows, electronic material, humidity sensors, 

protective coatings with pigments, electrical 

insulators, and turbine engine components etc10-

13. 

Cobalt aluminate composite behaves like an 

outstanding dielectric material due to so cobalt 

aluminate mullite ceramic composites have been 

studied widely because of its potential 

applications such as in high charge storage 

multilayer ceramics capacitors (MLCC), 

transducer because of its high polarization, high 

permittivity and very low tangent loss and can be 

promising candidate in Microelectronic 

industries, interconnect technology8,14-17.. 

 

2. Experimental 

 

Chemicals used in the preparation of 

precursor gels, C9H21O3Al11, puriss (Spectrochem 

Pvt.Ltd., India.), and Si (OC2H5)4,(MERCK, 

Germany 99.9%),), were simultaneously added 

to 0.5 M solution of Al (NO3)3, 9H2O, extra 

pure(MERCK, India,99.9%), in double distilled 

water. The molar ratio of C9H21O3Al and Al 

(NO3)3, 9H2O is 7:2.  In the resulting sol 0.4 

(G1), 0.6 (G2), 0.8 (G3), 1.0 (G4) and 1.2 (G5) 

molar weighted (CH3COO) 2Co, 4H2O, extra 

pure (MERCK, India 99.9.%), salt were added to 

the mixture separately. The amount of given salts 

for the increasing doping concentration of 

cobaltus acetate in alumino silicate ceramic 

system is shown in Table 1. 

After stirring the solution for 3 hours, gel 

formation was completed and was kept overnight 

at 60°C for ageing the solution. The gel was then 

dried at 120°C and after grinding. the samples 

were then pelletized in cylindrical pellet form of 

1 mm thickness by pressing powder to 70 MPa in 

a 10 mm diameter stainless steel die using 

hydraulic press and sintered in air environment at 

1400°C for 2 hours at the heating rate of 

5°C/minute18-20. Sintering was performed in air 

environment only to maintain the neutrality of 

the sample. Silver paste was painted on both 

surfaces of the pellet and then dried using hot air 

flow for 10 to 15 minutes. 

. 
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Table 1. Different amount of salts given to prepare CASC composites, with different molar 

weight concentration. 

Salts G0 G1 G2 G3 G4 G5 

 

Al(NO3)3, 9H2O  (g) 

3.75  3.75  3.75  3.75  3.75  3.75  

 

C9H21O3Al11 (g) 

7.30     7.30     7.30     7.30     7.30     7.30    

 

Si(OC2H5)4  (g) 

3.40 3.40 3.40  3.40  3.40  3.40  

 

(CH3COO)2Co, 4H2O  (g) 

0.00   1.922     2.988    3.984     4.981    5.977 

Table 2. Elementary distribution (norm.wt.%) for all CASC composites. 
Elementary 

Distribution. 

(In norm.[wt.%]) 

G0  G1 G2 G3 G4 G5 

Aluminum  42.56  43.34 42.81    30.87    32.57    19.12    

 

Silicon  

 

9.22     

 

3.96      

 

2.58     

 

7.82     

 

3.51     

 

5.66     

 

Cobalt 

0.00 9.64      13.60     24.93    30.95    51.75    

 

Oxygen 

48.22    43.06     41.01    36.37    32.97    23.46    

 

Fig.1 (a).X-ray diffraction pattern of pure mullite and all CASC composites containing 

increasing doping concentration of Cobaltus Acetate. (b).XRD patterns of composites with 

different concentration between 2θ from 35° to 37.5°. 
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Fig. 2(a),(b) and (c). FESEM micrograph for G0,G3 and G5  CASC composites 

respectively. Fig.2(d),(e)and(f). Energy-dispersive X-ray spectroscopy (EDX) image of G0, 

G3 and G5 CASC composites respectively. 

 

Fig.3. Frequency response Dielectric Constant (εr) behavior for all CASC composites. 
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Fig.4. Frequency response Tangent loss (Tanδ) behavior for all CASC composites. 

 

Fig.4. Frequency response of A.C. Conductivity (σa.c) for all CASC composites. 
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Fig.6.(a) Concentration dependent Dielectric Constant (εr) and corresponding Tangent loss 

(Tanδ) and Fig.6.(b) A.C. Conductivity (σa.c) behavior  for all CASC composites at 50KHz. 

 

The micrographs of mullite composites G0 

and G3 and G5 are shown in Figure 2(a) and 2(b) 

and 2(c) respectively. Micrograph of G0 shows 

sphere shaped morphology of mullite grains with 

100-300 nm size which is evenly distributed in 

the whole matrix. On the otherhand micrograph 

of G3 shows crystalline plate like grains of cobalt 

aluminate of average size 3-6 m embedded in 

uniformly spread numerous smaller mullite 

particles along with amorphous aggregates 

9,18,19,24. For further increased concentration of 

cobalt salt (i.e. for G5) large amount of 

agglomerated particles along with bulk cobalt 

aluminate grains has been observed.  

 

3. Used Instruments 

The electrical properties of the pellets as a 

function of frequency were studied at room 

temperature by using LCR meter (Agilent 4294A 

precision impedance analyzer 40Hz-110MHz) in 

the frequency range of 40 KHz to 2 MHz. X-ray 

diffractometer (XRD) (Bruker D8 Advanced) 

was used to identify the crystalline structure and 

phases of the samples with different 

concentrations after sintering. The observations 

were made at angle between 10°-70°. The 

morphology and energy-dispersive X-ray spectroscopy 

(EDX) of the fracture surface of mortared dust 

was observed by using field emission scanning 

electron microscope (FESEM) (FEI Inspect F50). 

4. Results and Discussion 

4.1. XRD Analysis 

Figure 1(a) and 1(b) shows the XRD spectrum 

of all CASC composite. Sample G0 shows the 
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prominent peaks of a single phase mullite that 

can be indexed with the standard JCPDS file 

number (JCPDS Card No-150776). The peaks of 

CoAl2O4 emerge when it is added to the mullite. 

Intensity of the CoAl2O4 peaks increase with 

increasing of its concentration in the composites 

upto G3 and then decrease for higher 

concentration [peak C (440)]. Intensity of the 

individual mullite peaks decrease with increasing 

concentration of cobalt aluminate in the 

composites [peak M (111)].. 

Intensity of the peaks of CoAl2O4 increases 

with increasing concentration of cobalt aluminate 

in the composites upto G3 and then decrease for 

higher concentration [peak C (311),and C (220)]. 

Figure 1(b) illustrates the XRD patterns of 

composites with different concentration between 

2θ of 35° -37.5° showing the strong mullite 

peaks M (111) and common peaks M (130) and 

C (311). Decrement of mullite phase with the 

increasing concentration of cobalt acetate is due 

to increment of cobalt aluminate phases formed 

by Co+2 ions. In earlier papers 18, 19, 21, 22, 24, it has 

been reported that mullite phase increases with 

the increment of metal ions upto certain 

concentration and then decreases, same 

characteristics is reported here. It has been 

observed here that due to the formation of cobalt 

the catalytic action of the metal decreases 

because of the developed strain within the 

composite as a result mullite phase decreases 

with increasing concentration of Co+2 ions. The 

phase variation in mullite was due to the change 

of concentration of metal ion and was due to 

John–Teller distortion. The observed difference 

in mullite formation of metal ions was due to 

weak ligand field. For weak ligand field the 

metal ions will be in high spin configuration. The 

unpaired electron in the t2g orbital of Co2+ (d7) 

will cause John– Teller distortion of CoO6 

octahedra in the gel matrix. 

4.2. FESEM and EDX Analysis 

Figure 2(d), 2(e) and 2(f) stands for elemental 

distribution (in normality weight %) analysis for 

the sample G0 and G3 and G5 CASC composites 

respectively. Figure (2)d confirms that there is no 

cobalt content. Fig 2(e) and 2(f) confirms 

increasing concentration of cobalt content. As the 

given cobalt content increases peak intensity of 

cobalt content also increases.  Here Au content 

arises from the gold coating unit. 

Table 2 shows elementary distribution 

(norm.wt.%) for all CASC composites which 

confirms that with the increasing concentration 

of cobalt acetate normality weight % of cobalt 

also increases. 

 

5. Electrical Properties Analysis

5.1. Frequency Dependent Analysis 

5.1.1. Dielectric Constant Behavior 

The variations of dielectric constant of all 

CASC composites with frequency are shown in 

Figure 3. From the figure it is clearly seen that 

throughout the frequency ranges 40 KHz to 2 

MHz, dielectric constant continuously decreases 

with increasing frequency for all concentration of 

CASC composites which can be explained by the 

electron hopping model of Heikes and 

Johnston23. The effect of polarization is to reduce 

the field inside the medium. Therefore, the 

dielectric constant of a substance decreases 

substantially due to the limited dipole response. 

As the frequency is increases dipole response is 

limited and the dielectric constant attained a 

saturation tendency24. In this case the internal 

individual dipoles contribute the dielectric 

constant. At comparatively lower frequency 

range the dipoles can orient easily with electric 

field and so they can contribute improved 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section C), pages 1-10, Proceedings                         8               

http://sciforum.net/conference/mol2net-1 

 

 

polarization which is mainly responsible for the 

enhancement of the dielectric constant 23-26. 

5.1.2. Tangent Loss Behavior 

Figure 4 shows the variation of tangent loss 

with frequency for G0 to G5 in the high frequency 

range 40 KHz to 2 MHz. From the figure it is 

clearly seen that throughout the whole frequency 

ranges, tangent loss continuously decreases with 

increasing frequency for all concentration of 

CASC composites. At comparatively lower 

frequency range the dipoles can orient easily 

with external electric field due to more relaxation 

time. This phenomenon is mainly responsible for 

intermolecular friction or vibration which 

contributes the higher tangent loss. As frequency 

increases, less polarization effect continues due 

to less relaxation time. So intermolecular friction 

or vibration diminishes which is responsible for 

decreasing tangent loss 23-26. 

5.1.3. Frequency Dependent A.C. Conductivity 

(σa.c) Behavior 

A.C. conductivity (σa.c) is calculated using the 

formula, 

σa.c. = 2π f tanδ єr єo                Where,                                                                           

σa.c = AC conductivity,  

f = frequency in Hz,  

tanδ = tangent loss factor,  

єr = dielectric constant of the material and  

єo = vacuum permittivity respectively. 

The variation of A.C conductivity with frequency 

is shown in figure 5. It shows A.C. conductivity 

increases with frequency. Increase of frequency 

increased a.c. conductivity by increasing hopping 

of conducting electrons present in CASC 

composite. At higher frequency range, rapid 

increase of conductivity with increasing 

frequency is referred to electronic polarization 

effect 23-26. 

5.2. Concentration Dependent Dielectric 

Constant (εr) and Corresponding Tangent loss 

(Tanδ) and A.C. Conductivity (σa.c) Behabior. 

 

From fig.6(a) it is clearly seen that throughout 

the frequency ranges 40 KHz to 2 MHz, 

dielectric constant has substantially higher value 

in case of G1, G2, G3, G4 and G5 than G0 and it 

also increases almost sharply with increasing 

concentration of cobalt acetate upto (0.8M.W.%) 

concentration i.e. (G3), above which it decreases. 

This phenomenon can be explained by Maxwell–

Wagner–Sillars (MWS) interfacial polarization 

effect which appears in heterogeneous medium 

consisting of different phases with different 

permittivity and conductivity due to 

accumulation of the charges at the interfaces. At 

low cobalt concentration (i.e.≤0.8M.W.%), the 

well crystalline nano mullite particles are well 

separated from each other with no such effective 

interaction between them. On the otherhand well 

crystalline CoAl2O4 grains is embedded in good 

and homogeneously distributed nano crystalline 

mullite matrix. So the number of nanoparticles 

and their interfacial area per unit volume 

increases while the interparticle distance 

decreases. This improves the average 

polarization associated with the particles and the 

coupling between neighboring grains, resulting 

in the significant enhancement of dielectric 

constant as well as significant decrement of 

tangent loss. This phenomenon observed upto G3 

i.e.(0.8M.W.%).  

For further increment of cobalt content 

(i.e.>0.8M.W.%), the grain size of CoAl2O4 

transformed into bulk form which is dissolved 

into agglomerated alumino silicate matrix. So the 

interfacial area per unit volume decreases while 

the interparticle distance decreases. This 
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decreases the average polarization associated 

with the particles resulting in the further 

decrement of dielectric constant and ac 

conductivity as well as increment of tangent loss. 

This phenomenon is also clearly observed from 

their microstructures (FESEM) [Fig. 5(a),(b) and 

(c)].  

It is also seen that the value of A.C 

conductivity is higher for all CASC composite 

than G0. The increase of σa.c    is due to the 

increase of Co+2 ions and their mobility. The 

electrical conductivity fully depends on the 

mobility of the metal ions, so for the increasing 

number of metal ions electrical conductivity is 

also increased substantially 6, 24,26. Presence of 

cobalt ions in the mullite matrix increases the 

mobility of ions, so a.c. conductivity increases 

with the increasing concentration of cobalt. It has 

been also observed upto G3 (i.e.≤0.8M.W.%) 

concentration ac conductivity increases and for 

further increasing (i.e.>0.8M.W.%) 

concentration ac conductivity decreases. This 

may be due to more agglomerated glassy phase 

and amorphous matrix(27-30). 

6. Conclusions 

CASC nanocomposites with different 

concentrations of cobalt acetate have been 

synthesized by sol-gel technique and their phase 

evolution and dielectric properties have been 

investigated. The dielectric constant of all CASC 

nanocomposites is higher than alumino-silicate 

composite throughout the frequency range 40 

KHz to 2 MHz and there is a critical 

concentration i.e. G3 (0.8M.W.%) of metal ions 

(Co+2) where the dielectric constant is maximum. 

The tangent loss of G3 (0.8M.W.%) composites is 

lower than pure alumino-silicate composite in the 

frequency range 50 KHz and sample G3 has 

minimum tangent loss in that frequency range. 

The A.C conductivity increases with frequency 

for all samples and is higher for metal doped 

mullite composite than pure alumino-silicate 

composite for presence of mobile metal ions in 

the composites. Thus pure alumino-silicate 

composite which has comparatively low 

dielectric constant can be modified into materials 

with high dielectric constant and low tangent loss 

by making a composite with cobalt acetate with 

molar weight concentration 0. 8M.W.%. These 

metal doped mullite composites may be used as 

dielectric material for the fabrication of high 

charge storing capacitors and also as ceramic 

capacitors and can be promising candidate for 

electronic industries. 
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Abstract: In Bioinformatics, review of the state of the art about computational tools, including the 

interpretation of generated outputs and the restrictions of each software, contributes for choosing the 

best application to a specific problem. This way, an important research topic is the study of the impact 

of mutations in the treatment of complex diseases. Mutations have fundamental roles in evolution by 

introducing diversity into genomes, however, they can affect protein stability. Actually, researchers 

need accurate computational tools for prediction of how single point amino acid mutations affect the 

stability of a protein structure. Recent works show significant advances in predicting stability upon 

point mutation. This paper presents an evaluation of computational tools for thermodynamics and 

structural analysis of protein stability upon point mutation prediction. We choose to evaluate for 

thermodynamic analysis the software CUPSAT (Cologne University Protein Stability Analysis Tool) 

and mCSM (mutation Cutoff Scanning Matrix), and for structural analysis the software FoldX and 

Modeller. These software were chosen these software due to their popularity in this type of analyzes. 

In our proposed evaluation we verified the software outputs and evaluated the proximity to 

experimental results. As a case study we selected a set of 25 proteins extracted from: (i) MutaProt, 

which analyses pairs of PDB files whose members differ in one, or two, amino acids; (ii) ProTherm, 

database that contain experimentally determined thermodynamic parameters of protein stability. Each 

mutation in the datasets has attributes, as: PDB code, mutation, solvent accessibility, pH value, 

temperature and energy change (ΔΔG). A stability prediction model was successfully created, and the 

majority of the point mutations were predicted successfully having a high correlation and low standard 

error.  
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1. Introduction 
 

Mutations have fundamental roles in 

evolution of organisms by introducing diversity 

into genomes [7]. Methods for protein structure 

prediction have advanced rapidly in recent years. 

There are a wide range of strategies for 

estimating protein energy, most of the methods 

are based on the statistical analysis of known 

protein structures [2]. The core functionality of 

these computational methods is an energy 

function that calculates the free energy of the 

system [8]. 

The understanding about the mutations that 

affect protein stability often resulting in diease is 

an important subject. Accurate prediction of   

point mutations effect on protein stability  that 

can appear upon mutagenesis is fundamental  

when it is necessary to understand the structure-

function relationship of a protein or in the cases 

where a new protein needs to be designed [4]. 

In addition to the natural variations in single 

mutations on proteins among organisms, 

bioinformaticians frequently introduce single 

amino acid residue replacements by site-directed 

mutagenesis in the laboratory to explore 

structural and functional features of proteins [4]. 

Several recent papers focused on testing  

sophisticated potential functions for 

conformational search and development of new 

scoring functions for side-chain modeling, 

reporting improved accuracy compared to earlier 

approaches [8, 10].  

This paper aims at evaluating computational 

tools for thermodynamics and structural analysis 

of protein stability upon point mutation 

prediction. We choose to evaluate for 

thermodynamic analysis the softwares CUPSAT 

(Cologne University Protein Stability Analysis 

Tool) [6] and mCSM (mutation Cutoff Scanning 

Matrix) [7]. For structural analysis the software 

FoldX [9] and Modeller [3] were chosen. Our 

choice for these tools is because they are 

commonly used in these kind of analyzes.  

As a case study we selected a set of 50 

proteins extracted from: (i) MutaProt, which 

analyses pairs of PDB files whose members 

differ in one, or two, amino acids [2]; (ii) 

ProTherm, a database that contain 

experimentally determined thermodynamic 

parameters of protein stability [5]. 

This paper is organized as follows: the 

obtained results and discussion are described in 

Section 2. Section 3 introduces the protein 

stability predictors. Finally, Section 4 presents 

the conclusion. 

 

2. Results and Discussion 

 

A good computational biology method to 

predict stability changes upon mutation will help 

in designing new or altered proteins with specific 

levels of stability, enzymatic activity and binding 

to other molecules [8]. However, the number of 

false positives and false negatives returned by 

the programs, is generally substantial [4]. 

In this study, the prediction performances 

were evaluated based on accuracy measure. 

Accuracy is defined as a percentage of correctly 

identified mutations on the total number of 

mutations.  

For evaluation of computational tools for 

thermodynamics analysis we use the difference 

in the calculated free energies (ΔΔG) between 

the mutant and the wild-type, well with it was 

observed structural changes by RMSD (Root-

Mean-Square Deviation) also mutant and the 

wild-type. RMSD values are considered as 

reliable indicators of variability when utilized to 
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very similar proteins, like alternative 

conformations of the same protein [1].  

For the set of selected proteins, none of the 

methods was able to accurately predict ΔΔGs for 

all mutations, as there is a significant deviation 

between experimental and calculated values. As 

seen in Table 1, often we are more interested to 

know whether a mutation is stabilizing or 

destabilizing, than to obtain the exact ΔΔG 

value.  

In thermal experiments, it was observed that 

for the 25 mutations 88% were correctly 

predicted by mCSM to be either stabilizing or 

destabilizing. However, with a lower score, 

CUPSAT hit 72% of the predictions. 

Table 2 shows the accuracy of the methods 

used for the three-dimensional structure 

prediction upon  mutation point. The testing set 

consists of 25 pairs of known protein structures 

differing by a single mutation. The RMSD 

average between experimental and predicted 

structures values were 0,4Å for both methods, 

FoldX and Modeller. 

 

 

 

Table 1. Accuracy of predicted change in ΔΔG upon point mutation. 

Method Accuracy  

CUPSAT 72% 

mCSM 88% 

 

Table 2. Accuracy of predicted change in RMSD upon point mutation. 

Method Average Standard deviation 

FoldX 0,402Å  0.322 

Modeller 0,404Å  0.323 

 

 

 

 

 

 

 

 

Figure 1. After collecting information from the used two datasets, we integrated the results 

into a non redundant dataset of protein stability change effects data. 

 

3. Materials and Methods 
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In the current study, we chose two different 

methods that were previously reported as being 

able to predict the effects in protein stability 

(ΔΔG) upon mutation: CUPSAT [6] and mCSM 

[7]. Also, we tested two other methods for the 

modeling of point mutation in protein structures: 

FoldX [9] and Modeller [3].  

CUPSAT (Cologne University Protein 

Stability Analysis Tool) is a web tool to analyse 

and predict protein stability changes upon single 

amino acid point mutations [6]. 

The approach, called mutation Cutoff 

Scanning Matrix (henceforth called mCSM), 

encodes distance patterns between atoms to 

represent protein residue environments [7].  

FoldX is an empirical force field that was 

developed for evaluation of the effect of 

mutations on the stability, folding and dynamics 

of proteins and nucleic acids [9].  

Modeller is a method to model point 

mutations in protein structures with two cycles of 

the conjugate gradients: molecular dynamics 

with simulated annealing, and conjugate 

gradients phases [3]. 

The effects of mutations on protein stabilities 

were predicted using the default parameters of 

the analyzed tools. As shown in Figure 1, for the 

purpose of this job a data set of mutations was 

compiled from two sources. The first, called 

MutaProt, was a list of single mutations that was 

published previously by Eyal et al. [2]. The 

second set of single mutations was obtained from 

the ProTherm database [5]. Some of the 

mutations in the datasets were listed several 

times. Therefore, in such situations, it was 

filtered to exclude any mutation that is listed 

more than once, or has incomplete information.  

 

 

4. Conclusions 

 

This paper evaluated the accuracy of common methods used to predict stability changes in proteins 

upon mutation. In our proposed evaluation we have verified the software outputs and analyzed the 

proximity to experimental results. In general there was good agreement between the methods in 

predicting the direction of change when compared with the experimental data.  

The validation tests with mCSM showed that 90% of the mutations were correctly predicted for 

thermal stability. To evaluate the structural rearrangements upon mutations we calculated the RMSD 

of backbone movements upon single mutation. The results from both methods were identical and, in 

addition, Modeller is relatively faster than many of the FoldX method. 

All the tested computational methods showed a correct trend in their predictions, but failed in 

providing the precise values. In summary, the current computational methods are clearly good enough 

for most of the tasks they are used for. 
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Abstract: Influenza virus is well recognized for high level of mutations that lead to development 

of new strains and subtypes, primarily through genetic shifts and drifts. Another mechanism of 

genetic change is through recombination, often observed in mammalian genes but controversial 

in viral genomes, which involves exchanges of short nucleotide sequences between two strains 

that coinfect the same cell. While evidence of such recombinations are rare to disputed in 

influenza genomes, we have observed that well-defined segments of influenza genes such as the 

hemagglutinin and neuraminidase have shown identical sequences between various strains that is 

best explained by segment exchange. Thus we had in our earlier study of the spread and 

proliferation of H5N1 bird flu observed that the neuraminidase with three segments – the 

transmembrane, stalk and body – shows evidence of exchange of one or other segments between 

different strains. Extending our work to the hemagglutinin of various subtypes, we noticed the 

same phenomena: Hemagglutinin has two segments, HA1 and HA2, where we found several 

instances where the segments seem to have been exchanged. Our analyses was based on RNA 

descriptors calculated in a 2D graphical representation scheme which have been proved to easily 

identify identical sequences. In this paper we discuss some of the details of this phenomenon in 

influenza genes which could be important in monitoring development of new highly pathogenic 

strains..

. 
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1. Introduction 

Influenza A virus (IAV) has caused pandemic in 

human population since antiquity. It belongs to 

family Orthomyxiviridae and is a negative sense 

RNA virus with the genome divided into 8 

segments which code for 11 proteins. The virus 

has been classified into different subtypes based 

on their cell-surface proteins hemagluttin (HA) 

and neuraminidase (NA). There are there are 18 

HA and 11 NA subtypes identified [1]; however 

only few subtypes docking discrete combinations 

are found in nature [2]. These subtypes are 

further identified into different strains depending 

upon host type, geographical origin, strain 

number and year of isolation. Influenza exhibits 

remarkable degree of variability. Two well 

known mechanisms for the cause of variability 

are antigenic drift due to lack of proof-reading 

activity of RNA polymerase and antigenic shift 

by means of reassortment among the segmented 

genes of the genome [3]. There is also the 

question of whether recombination can cause 

variability, a phenomenon highly debated in 

negative sense RNA viruses [4].  Theoretically it 

can happen by non-homologous recombination 

between different genes or homologous 

recombination between same genes of different 

strains co-infecting the same cell. Our aim is to 

study the possibility of occurrence of 

homologous recombination in the HA and NA 

genes.  

  The choice of the two surface proteins, HA and 

NA, for our study is guided by the fact while HA 

is responsible for viral entry into the host cell, 

NA is responsible for exit of the progeny virions 

from the host cell. NA gene has three subunits 

consisting of transmembrane (TM), stalk (ST) 

and body (BD) (Fig 1); The HA gene consists of 

two subunits, HA1 and HA2 (Fig 2). Since 

recombination relates to exchange of whole 

sections of the sequence, we want to study 

whether homologous recombination can happen 

at the cleavage points of the segmented HA and 

NA genes. We hypothesize that during 

replication the RNA polymerase swaps its 

template from one strain to the other at the 

cleavage point of the subunits, thus producing 

unique recombinant having genetic segments of 

both strains undergoing recombination (Fig 3).  

To determine whether recombination could 

have taken place by exchange of segments as we 

hypothesized, we analyzed the major human 

infecting influenza HA gene sequences, viz., the 

H1N1, H5N1, H3N2 and H7N9 subtypes over 

the period 2010 to 2014 in Asia, and the H5N1 

bird flu NA from 1997-2009 reported previously 

[5]. We report here the results of our study that 

yielded several instances where sequence 

identities between segments of various strains 

could be interpreted as homologous 

recombination via segment exchange, albeit as a 

small fraction of subtypes tested, but implying 

enlarged possibility of evolution of new strains 

of such negative sense RNA viruses. 

. 

 

 

2. Results and Discussions  

Our previous analyses of the neuraminidase 

sequences of the H5N1 bird flu epidemic of 

1997-2009 had shown as an aside from the main 

thrust of the paper that there were worldwide 

evidences of duplications in part and whole of 

the sequences [5]. In particular, considering that 

the NA had three well-identified segments – 

transmembrane, stalk and body, there were 

evidences of sequences that had duplicates of one 

or two segments also. E.g., the transmembrane 

segment of A/treesparrow/Henan/4/2004(H5N1) 

was found to be identical to sequences from 

Hong Kong in 1999 and 2001 
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(A/Environment/HongKong/437-6/99(H5N1), 

A/Goose/HongKong/76.1/01 (H5N1)). The 

identity search among the rather large number of 

sequences was facilitated by computation of 

descriptors, gR, of each segment whose equality 

implies sequence identity in the 2D graphical 

representation system as described in the 

Materials and Methods section. 

  This led to a number of sequence identities 

within each individual segment, which we had 

interpreted as being the result of RNA 

polymerase jump during replication in cases of 

co-infection in the same host cell, i.e. a 

homologous recombination. Although this was a 

preliminary study [5], the large number of such 

duplicated segmental sequences implied a new 

observation of homologous recombinations in 

negative sense viral genes. 

  These observations led us to replicate the 

analyses for possible such recombinations in 

hemagglutinin sequences of the Influenza 

genome. Our analysis of over a thousand 

hemagglutinin sequences using the 2D graphical 

representation descriptor, gR, again revealed 

segmental duplication (more complete report in 

Ref [6]); though this time at a much lesser 

proportion than we had observed for the H5N1 

neuraminidase. Of the 1200+ HA sequences 

analyzed, we found evidence for recombination 

in 73 instances of a daughter strain having its two 

segments from two parents under a strict protocol 

of considering only those daughter strains whose 

collection dates are marked later than the 

putative parents, and preferably from the same 

locality or country; Table 1 displays a short list 

of some selected sequences that display such 

connections indicated by the gR values.. We 

expect such rigor if applied at the time would 

have reduced the number of recombination hits 

observed in the case of the neuraminidase counts. 

  However, some parent-daughter triplets have 

been identified with long time lag between their 

appearances, or the daughter sequence identified 

appears to have collection date before the parent. 

Based on previous studies that have shown that 

influenza strains can survive in the wild for years 

under suitable benign conditions depending on 

salinity, pH, temperature and other factors [7] it 

is possible that the apparent incongruent strain 

had taken part in the recombination in due 

course, but only discovered much later. 

  Segment exchange of the type we have 

hypothesized here do not fall into the 

“breakpoint” analysis favoured by researchers 

into these aspects. We note that such 

recombinations, if they are to happen, will take 

place during replication events when the RNA 

polymerase during its replication could jump 

from one template to another. For such jumps to 

take place accurately to create useful replicates, 

there has to be trigger points like the 

“breakpoints”. This we hypothesize to be the 

cleavage point between the HA1 and HA2 which 

is well conserved. Table 2 illustrates this motif 

by listing 10 bases, 5 on either side, around the 

cleavage junction. Our hypothesis is that since 

there are two segments on the HA, the RNA 

polymerase can jump from one template to 

another at the cleavage point and continue 

replicating till the end. 

  This should be slightly more difficult for the 

neuraminidase with three segments where 

replication with jumps from the transmembrane 

or the stalk will require the polymerase to jump 

back to the remainder of the first template. The 

fidelity of the transit points on the neuraminidase 

sequences are yet to be studied in detail. 

   We note too that not all segmental exchanges 

take place at the same frequency. The percentage 

of recombination observed amongst the total 

number of strains investigated in the 
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neuraminidase genes varied significantly 

between segments. E.g., 2/3rds of all 

transmembranes showed high degree of 

similarity as shown in Table 4 of Ref [5]; taking 

a maximum of 1/3 of these being recombinants, 

that works out to 2/9ths of all H5N1 strains 

investigated, admittedly an upper bound. 

Similarly, it works out to <1/5th for the stalk 

region and <2% for the body segment. For the 

hemagglutinin, the recombinations varied by 

subtype: from 3.74% for H1 of H1N1 to 5.71% 

for H5 of H5N1, 7.35% of H3N2 and 7.87% of 

the H7N9 in our database. 

  It is noteworthy to watch the apparent disparity 

among four HA subtypes exhibiting different 

recombination frequency. However the 

phenomena can be explained by the fact that  

sometimes they have different evolutionary 

history as exemplified by H1 and H3 subtypes [8, 

9] or a low pathogenic avian influenza virus 

(LPAIV)  being suddenly mutated to a highly 

pathogenic avian influenza virus (HPAIV) as  

exemplified by H5 and H7 subtypes of H5N1 

and H7N9 Influenza A virus which created bird 

flu and China Flu, 2013[10]. Often these HPAIV 

are adapted to human host; though possibility of 

human to human transmission remains debatable. 

More details can be found in our comprehensive 

report [Ref 6]. Interestingly, all valid 

recombinant possibilities noted above appears to 

have been restricted to parents and daughters 

from the same hemagglutinin subtype, i.e. there 

were no examples of mixed subtype marriages. It 

appears probable that the distinct antigenic sites 

in the different subtypes play a role to restrict the 

possible recombinations; the different base 

compositions, apart from the base distributions, 

thus may play a regulatory role.  

 

 

 

 

 

 

 

Table 1. Few representative recombinants, identified on the basis of numerical characterization 

      algorithm 

Sub 

Type 

Locus id Description gR(HA1) gR(HA2) 

H1N1 KM029055 (Parent 1) A/swine/Hong Kong/NS4846/2011(H1N1)  66.18646  49.33498  

  KM029103 (Parent2) A/swine/Hong Kong/4902/2011(H1N1)  65.75885  49.06597  

 KM029063 (Daughter) A/swine/Hong Kong/NS4848/2011(H1N1)  66.18646  49.06597  

     

H1N1  KM028335 (Parent 1) A/swine/Guangxi/3614/2011(H1N1)  67.93622  49.80615  

 KM028423 (Parent2) A/swine/Guangxi/3880/2011(H1N1) 69.77442 48.80638  

 KM028271 (Daughter) A/swine/Guangxi/NS3248/2011(H1N1)  67.93622 48.80638  

     

H3N2  KM069501 (Parent 1) A/Singapore/C2010.307/2010(H3N2)  57.06303  36.58159  

 JX437712 (Parent2) A/Singapore/C2010.036V/2010(H3N2)  59.02475  37.64934  

 JX437832 (Daughter) A/Singapore/H2010.370C/2010(H3N2)  57.06303  37.64934  
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H3N2 JX437832 (Parent 1)  A/Singapore/H2010.370C/2010(H3N2)  57.06303  37.64934  

 KM069503 (Parent2 A/Singapore/H2010.310/2010(H3N2)  56.53434  36.58159  

 KM069501 (Daughter) A/Singapore/C2010.307/2010(H3N2)  57.06303  36.58159  

     

H5N1  KF369229 (Parent 1) A/chicken/Cambodia/W0530391/2012(H5N1  61.16050  37.63436  

 KF369214 (Parent2) A/Cambodia/W0526301/2012(H5N1)  60.92035 37.15533  

 KF369222 (Daughter) A/chicken/Cambodia/W0530389/2012(H5N1)  61.16050  37.15533  

     

H5N1  KF001474 (Parent 1) A/civet cat/Cambodia/X0313306/2013(H5N1)  61.85977  36.95179  

 KF001497 (Parent2) A/duck/Cambodia/X0220302/2013(H5N1)  60.53024  39.06615  

 KF001478 (Daughter) A/civet cat/Cambodia/X0313307/2013(H5N1)  61.85977  39.06615  

     

H7N9 CY147148 (Parent 1) A/environment/Shanghai/S1438/2013(H7N9)  50.61318  44.19611  

 CY147188 (Parent 2) A/pigeon/Shanghai/S1423/2013(H7N9)  51.11281  43.71347  

 CY147132 (Daughter) A/environment/Shanghai/S1436/2013(H7N9)  50.61318  43.71347  

     

H7N9 KF542876 (Parent 1) A/chicken/Shanghai/017/2013(H7N9)  52.00389  43.08626  

 KF667751 (Parent 2)  A/environment/Guangdong/30/2013(H7N9)  52.27365  43.67379  

 KF667746 (Daughter) A/environment/Guangdong/25/2013(H7N9)  52.00389  43.67379  

 

Table 2: Conserved region at the cleavage point of HA1 and HA2 segments. 

Locus ID Description HA1 end HA2  begin 

 

JF275925 
A/swine/Nanchang/F9/2010(H1N1) 

        ctaga ggcct 

KJ955515 
A/Ho Chi Minh/459.6/2010(H3N2) 

 

        ctaga ggcat 

KM276899 A/swine/Taiwan/NPUST0004/2013(H3N2)         ataga ggcat 

CY091837 A/Guangdong/322/2010(H3N2)         ctaga ggcat 

CY124183 
A/Singapore/GP1147/2011(H3N2) 

 

        ctaga ggcat 

CY116636 A/Tbilisi/GNCDC0485/2012(H3N2) 

 

        ctaga ggcat 

CY124187 A/Singapore/GP1188/2011(H3N2)        ctaga ggcat 

AB569348 A/whooper swan/Mongolia/1/2010(H5N1) 

 

       aaaga ggact 
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Figure 1: 2D graphical representation of a H5N1 strain neuraminidase sequence 

(Segments: Brown - Transmembrane; Green - Stalk; Blue - Body) 
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Fig 2: 2D graphical representation of a H1N1 strain hemagglutinin sequence. 

(Segments: Blue – Signal peptide; Orange- HA1; Green – HA2) 
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  Figure 3. Recombination in HA gene of Influenza virus by genetic exchange at the cleavage point of  

   HA1 and HA2 segments 

 

 

3. Materials and Methods 

Database: We downloaded 1274 full length HA 

sequences available in Genbank which were 

major human infecting subtypes i.e H1N1, 

H5N1, H3N2 and H7N9. All sequences were 

from Asia during time period of 2010 to 2014.  

Similarly we analyzed 682 NA of H5N1 subtype 

available in Genbank till March 2009.  

 

Calculation of sequence similarity: We 

analyzed the sequences based on a 2D graphical 

representation system and determined sequence 

identity from the numerical characterization 

algorithm [11, 12]. In this method starting from 

the origin on Cartesian axes a 2D graphical plot 

is generated for HA and NA sequence of each 

strain by moving one step in the negative x-

direction for an adenine, one step in the positive 

y-direction for a cytosine, one step in the positive 

x-direction for a guanine, and one step in the 

negative y-direction for a thymine.  The 2D 

graphical plot so generated provides a visual 

representation of the base distribution pattern of 

the sequence. To numerically characterize the 

sequence we define a weighted centre of mass of 

the plot and a graph radius gR as follows [12] 

: 

    

 

where xi, yi represents the  coordinates of  the ith  

base and N is the total number of nucleotides in 

the sequence under consideration. The graph 

radius gR is a base distribution index of the 

nucleotide sequences. gR is found to be sensitive 

to any changes in the base distribution such that 

sequences having same value of gR imply 

sequence identity  [13].  

. 

4. Conclusions  

Our recombination study is based on novel 

concept of segment exchange at the cleavage 

points of   the well defined segments of a gene 

that codes for different subunits of the associated 

protein.  Previous recombination studies on the 

influenza virus had been based on breakpoint 

analysis [14],  where the polymerase recognizes 

a breakpoint sequence and creates a recombinant 

strain by switching back and forth between two 

parents, thus  producing a daughter having copies 

of parts of sequences from both the parents. 

However, breakpoint recombination is a highly 

debated topic being postulated by some scientists 

while refuted by others [15, 16].  It is known that 

RNA polymerase remains loosely attached with 

few nucleotides of the template strand [17]. Our 

hypothesis is that such a loose attachment can 

facilitate a jump between two templates at 

consensus sequences, which, in the case of the 

HA and NA could be the cleavage points of their 

   

HA1                         HA2 

HA1                         HA2 

HA1                         HA2 Parent 1 

Parent 2 

Daughter 
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intrinsic segments. Our analyses revealed many 

examples where inter-segmental exchanges have 

led to new daughter strains being developed, thus 

demonstrating this kind of recombination as a 

valid evolutionary process. The fact that the 

exchanges we have observed all appear to occur 

within same subtypes implies more mechanisms 

at work than merely the consensus sequences, 

which though we are yet to clearly understand. 

However, this new evolutionary process, albeit 

restricted by segmental recombinations within 

same subtypes, opens up possibilities of 

development of many more subtype strains, some 

of which could turn out to be more pathogenic 

than the original subtype itself. 
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Abstract: Inhibitory effect of triazole fungicides were evaluated on the human aromatase 

enzyme and compared with the Letrozole (LTZ), the most potent inhibitor of aromatase, which is 

used as anti-estrogen for breast cancer treatment. For this study was used software AUTODOCK 

to calculate inhibition energy (IE) of triazoles on aromatase enzyme CYP19A1. Those 

compounds with minimal binding energy are safer in terms of toxicity and resistance of other 

prescription drugs like non-steroid AIs. In our study we found that four triazole fungicides 

compounds, Triticonazole, Tebuconazole, Metconazole and Fluquinconazole, exhibited minimal 

inhibition constant (IC). 

. 

Keywords: in silico, risk assessment, triazoles, pesticide, aromatase inhibitors, CYP19 enzyme 

 

Mol2Net YouTube channel: http://bit.do/mol2net-tube  

 

1. Introduction 

Biosynthesis of estrogens from androgens is 

catalyzed by cytochrome P450 aromatase. 

Aromatase inhibition by the triazole compounds 

Letrozole (LTZ) and Anastrozole is a prevalent 

therapy for estrogen-dependent postmenopausal 

breast cancer.  

SciForum 
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Azoles are widely used as agricultural 

fungicides and antimycotic drugs that target 14α-

demethylase. Some were previously shown to 

inhibit aromatase, thereby raising the possibility 

of endocrine disruptive effects. However, 

mechanistic analysis of their inhibition has never 

been undertaken.  

We have evaluated the inhibitory effects of 15 

common fungicides in human aromatase enzyme 

in comparison with the Letrozole (LTZ), the 

most potent inhibitor of aromatase used as anti-

estrogen for breast cancer treatment using 

AUTODOCK software for calculation of 

inhibition energy on CYP19 aromatase 

enzyme. [i] 

Triazole containing compounds as systemic 

fungicides are widely used in agriculture due to 

its high efficiency, broad spectrum, low toxicity 

and long effectiveness [ii]. Currently 16 triazole 

fungicides: bitertanol, cyproconazole, 

difenoconazole, epoxiconazole, fluquinconazole, 

flusilazole, flutriafol, hexaconazole, 

metconazole, myclobutanil, penconazole, 

propiconazole, tebuconazole, triadimefon, 

triadimenol and triticonazole, are approved by 

Swiss Federal Office of Public Health (Zürich, 

Switzerland). Switzerland no longer allows the 

use of many chemicals that are still sprayed on 

American fields (Rosensteil, 2015). By 2005 was 

set the goal to halve the pesticide pollution of 

water bodies [iii]. Although, by 2014 report was 

released that in the five rivers in Switzerland’s 

found heavily polluted in spring and summer by 

a cocktail of different pesticides [iv]. 

Target enzymes of triazoles in steroidogenesis 

are the sterol 14-alfa-demethylase (encoded by 

the CYP51 gene) and the aromatase (encoded by 

the CYP19 gene).  

The human aromatase enzyme is a member of 

the cytochrome P450 family and is the product of 

the CYP19A1 gene, located on chromosome 15 

[v,vi]. Aromatase is the only known vertebrate 

enzyme that can aromatize a six-membered ring; 

aromatase is, therefore, the sole source of 

estrogen in the body [vii]. 

Nevertheless, since aromatase was first 

characterized, research has been impeded by the 

lack of its three dimensional structure. In 2009, 

Ghosh et al. successfully solved the crystallized 

structure of human aromatase enzyme and 

provides a structural basis for the specificity to 

androgen [viii, ix]. 

The catalytic site of aromatase is located at 

the juncture of the I and F helices, β-sheet 3, and 

as the B-C loop. Androstenedione binds into the 

steroid binding pocket such that its β-face 

orientates towards the heme group of aromatase, 

placing C19 within 4.0 Å of the Fe atom. This 

binding site is only possible if the I-helix 

backbone is moved 3.5 Å, creating a binding 

pocket that is approximately 400 Å3. This 

important distortion is created by residue P308, 

without which N309, steric hindrance would 

prevent catalytic activity.  

This crystal structure of aromatase will not 

only allow better structure-based drug design 

than previous models, but it has also allowed a 

direct analysis of why some currently available 

aromatase inhibitors function better than others 

[x]. 

As triazole moieties are widely used in 

fungicides, some studies reported that 

agricultural triazole pesticides are culprits for the 

development of resistance to other triazole 

containing drugs [ xi ] e.g. triazole aromatase 

inhibitor antiestrogens. Among them are 

Anastrozole and Letrozole, the third generation 

nonsteroidal aromatase inhibitors (AIs), which 

are now used as first-line therapy in the treatment 

of breast cancer in postmenopausal women 

(Scheme 2) [xii , xiii , xiv]. In recent years, some 

triazole residues have been found in agricultural 
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products, including fruits, wheat, tea leaves and 

wine and water [xv,xvi,xvii,xviii,xix].  In one study 

was concluded that many azole compounds 

developed as inhibitors of fungal sterol 14-alfa-

demethylase are inhibitors also of mammalian 

sterol 14-alfa-demethylase and mammalian 

aromatase with unknown potencies [xx]. 

To avoid the risk of possible development of 

resistance to other triazole drugs and to reduce 

toxicity of aromatase inhibitors in the treatment 

of breast cancer, there are used different methods 

in order to find out new preventive strategies.  

Hypothesis of this study is that common 

agricultural triazole fungicides may express 

inhibitory effect on human aromatase enzyme 

Cyp19A1, in this way contributing to  drug 

resistance and increased risk of cumulative 

toxicity of anti-estrogen medications.  

In our study we performed virtual screening 

of 15 fungicides and AI reference drug Letrozole 

to measure inhibitory effect on human aromatase. 

In this way we aim to range which pesticides are 

most potent inhibitors of Cyp19A1 enzyme to 

predict and prevent possible summative 

cumulating effect of fungicide undesirably 

overlapping with the activity of anticancer drugs.  

The publication of a high resolution X-ray 

structure of human aromatase has opened the 

way to a greater understanding of the structural 

basis for estrogen synthesis and 

substrate/inhibitor recognition [ xxi ]. Triazole 

aromatase inhibitors (AIs) bind to the active site 

of CYP19 by coordinating the heme iron atom of 

the enzyme through a heterocyclic nitrogen lone 

pair. 

In our docking study we used together the X-

ray structure of human cytochrome P450 

aromatase Cyp19A1 (PDB code 3S79, resolution 

2.75 Å) [xxii] associated with the metabolism of 

estrogens and carcinogens with breast cancer, 

with a collection of commercially available 

compounds, particularly, 15 triazole fungicides 

and anticancer drug Letrozole as reference 

standard (Table 1).  

Molecular docking is established method for 

analysis of molecular associations, which is 

mostly used in the drug discovery field to study 

the binding of small molecules (ligands) to 

macromolecules (receptor) [xxiii]. 

Cytochrome P450 aromatase homology 

models were published and used to perform 

docking and molecular dynamics simulations on 

known AIs [xxiv, xxv] 

 

. 

. Materials and methods: 

The availability of X-ray structure of human 

aromatase enables us to set up docking protocol 

by AutoDock software to identify iron - ligand 

interactions between heme protein and 16 

different triazole ligands, as chemical scaffolds 

able to inhibit aromatase, thus testing interactions 

within the aromatase binding site.  

Computational ligand docking methodology, 

AutoDock 4.0, based on Lamarckian genetic 

algorithm [ xxvi ] was employed for virtual 

screening of a compound library with 16 entries 

including reference compound as Letrozole, the 

3rd generation aromatase inhibitors for the 

treatment of breast cancer,  with the enzyme 

Cytochrome P450 aromatase(Cyp19A1), a 

potential drug target.  

Autodock 4.0 uses GA as a global optimizer 

combined with energy minimization as a local 

search method [xxvii]. 

The macromolecule, Cytochrome P450 

aromatase or Cyp19A1 (PDB code 3S79, 

resolution 2.75 Å) was retrieved by using 

AutoDock 4 (The Scripps Research Institute, 

Molecular Graphics Laboratory, 10550 North 

Torrey Pines Road, CA, 92037) running on 
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operative system Windows 7 (Miscosoft 

corporation 2007) 

PRODRG was used to draw the 2D structures 

of different ligands. All the structures were 

written in protein database (PDB) format. Input 

molecules files for an AutoDock experiments 

must confirm to the set of atom types supported 

by it. Therefore, PDBQT format was used to 

write ligands, recognized by AutoDock. 

Torsional degree of freedom (TORSDOF) is 

used in calculating the change in the free energy 

caused by the loss of torsional degree of freedom 

upon binding. In the AutoDock 4.0 force field, 

the TORSDOF value for a ligand is the total 

number of rotatable bonds in the ligand. 

The 3D crystal structure of Cytochrome P450-

aromatase Cyp19A1 (Picture 1) PDB code 3S79, 

resolution 2.75 Å was downloaded from 

Brookhaven Research Collaboratory for 

Structural Bioinformatics (RCSB) Protein Data 

Bank (PDB; http://www.rcsb.org/pdb). 

The nonbonded oxygen atoms of waters, 

present in the crystal structure were removed. 

After assigning the bond orders, missing 

hydrogen atoms were added, then the partial 

atomic charges was calculated using Gasteiger–

Marsili method (Gasteiger). United atom charges 

were assigned, non-polar hydrogens were 

merged, and rotatable bonds were assigned, 

considering all the amide bonds as non-rotatable. 

The receptor file was converted to PDBQT 

format, which is PDB plus ''q'' charges and ''t'' 

AutoDock type. (To confirm the AutoDock 

types, polar hydrogens should be present, 

whereas non-polar hydrogens and lone pair 

should be merged, each atom should be assigned 

Gasteiger partial charges). Amino acids which 

form target pocket or inhibition cite of aromatase  

. 

Molecular Docking Study:  

In the present work, we have studied the in 

silico binding affinities to the active pocket (Pic. 

2.) of enzyme 3S79 (Pic. 1.) to the selected 15 

triazole fungicides (Scheme 1.) and the standard 

anti-aromatase drug Letrozole.  

Of the three different search algorithms 

offered by AutoDock 4.0, the Lamarckian 

Genetic algorithm (LGA) based on the 

optimization algorithm was used in favor to other 

two – simulated annealing and genetic algorithm.  

For all dockings, 10 independent runs with 

step sizes of 0.2Å for translations and 5Å for 

orientations and torsions were used. AutoDock 

tools along with AutoDock 4.0 and AutoGrid 4.0 

was used to generate both grid and docking 

parameter files (i.e., gpf and.dpf files) 

respectively. 

A grid box size of 42 x 42 x 42 Å points with 

a grid spacing of 0.375 Å was generated using 

AutoGrid [xxviii]. The grid was centered at x,y,z 

coordinates of 85.51, 52.282, 48.114, which was 

reported as the binding site residues. 

For each docking experiment, the lowest 

energy docked conformation was selected from 

10 runs. The successful completion of docking 

experiment took from 1 to 4 hours, on a 2.0 GHz 

Intel (R) core 2 duo machine with 3.0 GB of 

RAM and Windows 7 operating system.  

Prior to actual docking run, AutoGrid 4.0 was 

introduced to precalculate grid maps of 

interaction energies of various atom types.  

The energy of interaction of this single atom 

with the protein is assigned to the grid point. An 

affinity grid is calculated for each type of atoms 

in the substrate, typically carbon, oxygen, 

nitrogen, and hydrogens as well as grid of 

electrostatic potential using a point charge of 1 as 

the probe. Autodock 4.0 uses these interaction 

maps to generate ensemble of low energy 

conformations. It uses a scoring function based 

on AMBER force field, and estimates the free 
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energy of binding of a ligand to its target. For 

each ligand atom types, the interaction energy 

between the ligand atom and the receptor is 

calculated for the entire binding site which is 

discretized through a grid. This has the 

advantage that interaction energies do not have to 

be calculated at each step of the docking process 

but only looked up in the respective grid maps. 

Since a grid map represents the interaction 

energy as a function of the coordinates, their visual 

inspection may reveal the potential unsaturated 

hydrogen acceptors or donors or unfavorable 

overlaps between the ligand and the receptor. 

Results: 

The binding affinity was evaluated by the 

binding energies, docking energy, inhibition 

constant, intermolecular energy, and RMSD 

values. It was demonstrated that the docking 

protocol could reliably reproduce the interaction of 

aromatase with its substrate with an RMSD of 0 Å. 

The results of LGA docking experiments of the 

triazoles using AutoDock 4.0 and AutoGrid 4.0 are 

summarized in Table 1. 

Binding energy for reference compound 

Letrozole (Fig.3) in our docking study is comply 

with other studies and is in agreement with them 

[xxix]. 

Triazole compounds (Fig 1a,b,c) 1, 3, 10 are 

chosen as possessing aromatase inhibitory potency 

based on obtained algorithmic parameters docking: 

highest binding energy, highest inhibition constant, 

and hydrogen bonds.  

Compound 1 (Bitertanol) exhibits RMS 

equivalent to zero in 7th orientation  to heme 

molecule of protein, and at this position binding 

energy is  - 6,19; IC – 2,9X10-5; and two hydrogen 

bonds with amino acids of target pocket ASP371 

and LEU372.  

Compound 3 (Difenoconazole) demonstrated 

best compliance of inhibitory bound in 7th 

orientation to RMS=0 posing heme molecule, 

binding energy -7,36, IC – 4,03X10-6, and one 

hydrogen bond with target pocket amino acid 

THR310. 

Compound 10 (Penconazole) exhibits its highest 

binding energy -7.71 at orientation 6th to heme 

molecule parallel alignment at RMS zero point, IC 

– 2.22X10-6 and one H-BOND with THR310.  

In our study we found that four triazole 

fungicides compounds 15, 12, 8, 5 exhibited 

minimal inhibition constant (IC). Those are 

Triticonazole, Tebuconazole, Metconazole and 

Fluquinconazole.  (Fig. 4  a,b,c,d). 

Compound 15 exhibits its binding energy -21.65 

at orientation 2nd to heme molecule parallel 

alignment at RMS zero point, IC – 1.35X10-016 

and no H-BOND. 

Compound 12 exhibits its binding energy -21.09 

at orientation 7th to heme molecule parallel 

alignment at RMS zero point, IC – 3.5X 10-016 

and no H-BOND. 

Compound 8 exhibits its binding energy -19.69 

at orientation 5th to heme molecule parallel 

alignment at RMS zero point, IC – 3.68X10-015 

and no H-BOND. 

Compund 5 exhibits its binding energy -17.25 at 

orientation 9th to heme molecule parallel 

alignment at RMS zero point, IC 2.29 X10-013 and 

no H-BOND. 

Conclusions: 

Those compounds with minimal binding energy 

are safer in terms of toxicity and resistance of other 

prescription drugs like non-steroid AIs. Those with 

higher binding energies may cause drug resistance 

or toxicity in cases of simultaneous administration 

and it should be taken cautiously during treatment 

with other triazole containing drugs like Letrozole.   

.
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Table 1. Results of docking of 15 fungicides and one non-steroid Aromatase inhibitor (NSAI) Letrosole. 

SL. 

NO.  
MOLECULE  ORIENTATION 

BINDING 

ENERGY 

Kcal/mole 

DOCKING 

ENERGY 

Kcal/mole 

INHIBITATION 

CONSTANT 

(Ki) (nM) 

INTERMOL 

ENERGY 

TORSIONAL 

ENERGY 

INTERNAL 

ENERGY 
RMSD 

HYDROGEN BOND 

 

1. Bitertanol 7th -6.19 -5.09 2.9 e-005 -8.06 1.87 2.97 0.0 
2 H-BONDS WITH 

ASP371, LEU372 

2. Cyproconazole 10th -9.25 -8.73 1.66 e-007 -10.81 1.56 2.08 0.0 
1 H-BOND WITH 

MET374 

3.  Difenoconazole 7th -7.26 -6.83 4.03 e-006 -8.92 1.56 2.09 0.0 
1 H-BOND WITH 

THR310 

4. Epoxiconazole 8th -10.83 -12.58 1.04 e-008 -12.14 1.25 -0.44 0.0 
1 H-BOND WITH 

MET374 

5. Fluquinconazole 9th -17.25 -17.83 2.29 e-013 -17.87 0.62 0.04 0.0 
 

 

6. Flutriafol 2nd -8.7 -7.94 4.18 e-007 -9.95 1.25 2.01 0.0 
 

 

7. Hexaconazole 7th -10.72 -11.52 1.38 e-008 -12.59 1.87 1.07 0.0 
1 H-BOND WITH 

MET374 

8. Metconazole 5th -19.69 -19.92 3.68 e-015 -20.95 1.25 1.01 0.0 
 

 

9. Myclobutanil 1st -8.5 -8.1 5.92 e-007 -10.36 1.87 2.27 0.0 
1 H-BOND WITH 

THR310 

10.  Penconazole 6th -7.71 -9.07 2.22 e-006 -9.27 1.56 0.2 0.0 
1 H-BOND WITH 

THR310 

11. Propiconazole 3rd -8.64 -10.17 4.64 e-007 -10.2 1.56 0.03 0.0 
 

 

12. Tebuconazole 7th -21.09 -21.91 3.5 e-016 -22.95 1.87 1.04 0.0 
 

 

13.  Triadimefon 4th -8.46 -9.97 6.29 e-007 -10.02 1.56 0.04 0.0 
 

 

14. Triadimenol 9th -10.59 -11.37 1.72 e-008 -12.15 1.56 0.78 0.0 
 

 

15. Triticonazole 2nd -21.65 -21.96 1.35 e-016 -22.89 1.25 0.94 0.0 
 

 

16 Letrozole 7th -9.54 -8.77 1.01 e-007 -10.48 0.93 1.71 0.0  
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Scheme 1. Downloaded from free the public domain http://www.alanwood.net/pesticides. 

1-Bitertanol 6-Flutriafol  

  

2-Cyproconazole  7-Hexaconazole  

  

3-Difenoconazole 8-Metconazole 

 

 
 

4-Epoxiconazole 9-Myclobutanil 

 

 

5-Fluquinconazole  10-Penconazole  

 
 

  

http://sciforum.net/conference/mol2net-1
http://www.alanwood.net/pesticides
http://www.alanwood.net/pesticides/bitertanol.html
http://www.alanwood.net/pesticides/flutriafol.html
http://www.alanwood.net/pesticides/cyproconazole.html
http://www.alanwood.net/pesticides/hexaconazole.html
http://www.alanwood.net/pesticides/difenoconazole.html
http://www.alanwood.net/pesticides/metconazole.html
http://www.alanwood.net/pesticides/epoxiconazole.html
http://www.alanwood.net/pesticides/myclobutanil.html
http://www.alanwood.net/pesticides/fluquinconazole.html
http://www.alanwood.net/pesticides/penconazole.html
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11-Propiconazole  14-Triadimenol  

 

 
 

12-Tebuconazole  15-Triticonazole  

 

  

13-Triadimefon   

 

 

 

Pic. 1. Human placental aromatase cytochrome P450 aromatase (CYP19A1) refined at 2.75 angstrom 3S79 

(ribbon model). [source: http://www.rcsb.org/pdb/explore/jmol.do?structureId=3S79]. 

http://sciforum.net/conference/mol2net-1
http://www.alanwood.net/pesticides/propiconazole.html
http://www.alanwood.net/pesticides/triadimenol.html
http://www.alanwood.net/pesticides/tebuconazole.html
http://www.alanwood.net/pesticides/triticonazole.html
http://www.alanwood.net/pesticides/triadimefon.html
http://www.rcsb.org/pdb/explore/jmol.do?structureId=3S79
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 Pic 2. Target pocket surrounding Heme-molecule of aromatase CYP19A1.  

 

 

Fig. 2a: Compound 1 docked within the binding pocket of the enzyme 3S79. Predicted binding mode 

of compound 1 (). On the left, stick and ball model, and on the right, ribbon model of enzyme 3S79 in 

the binding pocket of which compound 1 is forming hydrogen bond with the amino acids ASP371 and 

LEU372. 

 

 

Fig. 2b: Predicted binding mode of compound 3. On the left, stick and ball model, and on the right, 

ribbon model of enzyme 3S79 in the binding pocket of which compound 3 is forming hydrogen bond 

with the amino acid THR310. 

 

 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section F), pages 1-13, Proceedings  10 

http://sciforum.net/conference/mol2net-1 

 

 

 

Fig. 2c: Predicted binding mode of compound 10. On the left, stick and ball model, and on the right, 

ribbon model of enzyme 3S79 in the binding pocket of which compound 3 is forming hydrogen bond 

with the amino acid THR310.  

 

 

Fig. 3: Reference compound, Letrozole docked in the binding pocket of the enzyme 3S79. (Ball and 

stick model and ribbon model). 
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a) Predicted binding mode of compound 15 (Triticonazole). 

 

b) Predicted binding mode of compound 12 (Tebuconazole) 

 

c) Predicted binding mode of compound 8 (Metconazole) 

 

d) Predicted binding mode of compound 5 (Fluquinconazole) 

 

Fig. 4.  Molecular surface view of compounds 15, 12, 8, 5 docked within the binding pocket of the 

enzyme 3S79 without H-bonds. 
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Abstract: Post-genomic molecular biology embodies high-throughput experimental techniques 

and hence it is a data-rich field. The goal of development of this tool is to utilize free available 

biological data of green algae in order to produce new metabolic pathway knowledge and to aid 

mining of newly generated data. The variety of biological sequence and functional information 

are stored in different online database, so getting annotation information of genome from 

different database is challenging task for reconstruction of pathways. Here we apply data 

integration approach to provide rich representation that enables pathway names based text 

mining of biological data in terms of integrated networks and conceptual spaces. The publicly 

available green algae genome annotated data can be used to aid mining of important biological 

enzymes in metabolic networks. We developed an integrative bioinformatics approach that 

utilizes publicly available knowledge of enzyme-metabolites interactions, network topological 

analysis like betweenness, closeness and degree for assigning node importance with quantitative 

values. The application of our software is revealed importance of role of potential enzymes in 

biological functions in view of network centrality values, which were calculated by various 

algorithms. The results provided in this work indicate that integration of heterogeneous 

biological data facilitates advanced mining of data to create metabolic pathway networks. The 

methods can be applied for gaining insight into functions of enzymes, metabolites and other 

molecules, as well as for offering interpretation of functional evolution of metabolites with help 

of topological analysis and reconstruction of phylogenetic tree from sequence data. 

 

 

Keywords: metabolic networks, green algae, centrality, Python  

 

1. Introduction 

The advancement of new technology leads to 

production of large amount of biological data 

such as high-throughput sequencing data, 

metabolomics data, transcriptomics data and 

SciForum 

http://sciforum.net/conference/mol2net-1
mailto:kirtandave11@gmail.com


Mol2Net, 2015, 1(Section F), pages 1-8, Proceedings  2 

http://sciforum.net/conference/mol2net-1 

 

 

many more.The metabolic networks are complex 

due to their size and the presence of bimolecular 

reactions; so combined knowledge of biology, 

computer science and graph theory will help 

understand molecular network complexity[1]. 

Within the biological sciences, one of the 

primary challenges is to investigate how the 

collective behavior of cells, tissues, or organisms 

can be understood in terms of the properties of 

their molecular constituents from a metabolic 

network [2]. There is an essential role of 

metabolic networks in all biological processes of 

a living cell. Some are like biochemical 

pathways to protein interactions and gene 

regulation to cellular communication. 

Traditionally, genes and proteins involved in 

different functionalities have been studied in 

isolation or in small clusters. However, the 

complex nature of a cell cannot be fully 

understood by studying individual components in 

isolation. To investigate this intricate 

connectivity of cellular systems, the analysis of 

complex networks has become an important part 

of molecular biology [3]. Cellular system can be 

viewed as a combination of omics technologies, 

data integration, analysis, mining, and 

visualization often involving use of these 

techniques iteratively over hypothesis driven 

systematic experimental design to gain increased 

understanding of the structure and dynamics of 

the biological systems [4]. In Fig-1 an integrative 

bioinformatics starts with the integration of 

multiple datasets from one or more omics and 

also possibly from multiple organisms, and 

forms the basis for systems biology analysis. 

 

 

 

Figure 1.Basic schema for MetAlgNet

  

2. Results and Discussion 

MegAlgNet data integration system facilitates 

mining of biological data and hence exploration 

ofsome useful patterns, novel relationships 

between different biological entities from the 

data, andmay provide novel insights into 

metabolic functions and context- specific 

biological functions. 

The MetAlgNet creates a network from 

annotated data and the purpose for developing 
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this network is to get knowledge of potential 

element from topological analysis with generated 

network. The software created random network 

from GMT file (see Fig. 3).We created 55 

different pathway networks from the standard 

biological pathway as per KEGG database; the 

main purpose of creating this network is getting 

inference from it. However, the tool has ability to 

generate more number of networks with 

respective search term. 

Along with centrality, we also reconstruct 

phylogenetic tree from respective annotated data 

of particular pathway. Here, we summarize result 

of pathways which generated from MetAlgNet 

data mining that were four main result in 

consideration 1) Network generated from 

particular pathway from specific search term 2) 

identification of potential node of respective 

network with help of node ranking algorithm 3) 

degree, closeness and betweenness centrality 

calculation and bar chart generation and 4) 

phylogenetic tree generation from sequence 

data.The interpretation lead to identification of 

major role of particular enzyme in network and 

chemical compound. The networks given below 

are generated using 1.Chlamydomonas 

reinhardtii, 2.Ostreococcus lucimarinus, 

3.Ostreococcus tauriand 4.Volvox carteri. So, 

collecting all data from each of the organism 

database tool, creates a comprehensive GMT file. 

The GMT file is further utilized for creating a 

network of enzymes and metabolites. The 

resulting networks showed surprisingly high 

level of connectivity across different stages of 

linear metabolic pathways via enzyme and 

metabolite interactions. The centrality analysis 

plays major role to identify a potential node in 

the network. If the network has a very high 

average closeness value, it leads to more 

organized functional units or modules. The 

degree could indicate a central role in a 

biological network. It may indicate relevance of 

a node as functionally capable of holding 

together other nodes in the network. 

Betweenness of a node effectively indicates the 

capability of a node to bring in distant nodes to 

perform communication in network (see Fig 4) . 

 

3. Materials and Methods 

Primary requirement for annotation is 

collecting genome data of desired organisms. 

However, if complete annotation data is not 

available, so we can annotate data with available 

genome annotationpipeline. The raw data 

collected from NCBI sequence read archive 

database or DDBJ or EBI-SRA database[5-7] for 

1.Chlamydomonas reinhardtii, 2.Ostreococcus 

lucimarinus, 3.Ostreococcus tauri and 4.Volvox 

carteri. In context of four different algae, there is 

list of data available, which we have downloaded 

and used in annotation. The major data used in 

making database are listed below in table 1. 

However, there are lots of incomplete data, so we 

try to avoid use in study[8-10]. 

We took permanent draft and complete 

sequenced data for study. The study also 

considers other source annotated data of 

respected algae. There are many community 

based genome annotation projects going on like 

OrcAE (Online Resource for Community 

Annotation of Eukaryotes) and Phytozome (JGI 

annotation resource). Both online databases 

provide very much useful annotation data which 

contain Gene locus name, transcript name, 

protein name, PFAM, Panther ID, KOG, EC NO, 

KEGG Orthology and Gene ontology[11]. 
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Table 1. The various data numbers representing each database, 1. CRE (Chlamydomonasreinhardtii)  

2. OLU (Ostreococcuslucimarinus ) 3. OTA (Ostreococcustauri) and 4.VCN (Volvox carteri ). 

 

 Org_db Org_anno_db Org_cds_db Org_gene_db Org_protein_db Org_rxn_db 

CRE 113 19526 19526 3433 19526 4635 

OLU 109 7796 7796 3146 1196 5624 

OTA 108 6912 6912 3309 6912 4067 

VCU 114 15285 14971 3484 14971 3915 

 

 

Data from various public data sources were 

collected into our local database systems The 

curation of a free available data from database 

involves several steps required in the curation 

process.  

Multiple molecular biology databases provide 

descriptions of biological systems at different 

levels of abstraction. Some common biological 

information, along with names of primary 

databases providing information is indicated in 

figure-2.

 

Figure 2.Overview of our in-house database architecture 
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Figure 3.The MetAlgNet tool 

 

 

Figure 4. Sample result output 
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4. Conclusions 

The creation of interactions network is 

through retrieval of data from multiple annotated 

databases, and the MetAlgNet software system 

allows visualization of the networks. Integrative 

text-based mining of the data from 24 various 

databases is facilitated by representing the 

annotated data as raw material for network 

construction, and visualizing the similarities 

using different python library. 

The MetAlgNet-based data mining approach 

may facilitate discovery of novel or unexpected 

relationships among enzymes and metabolites, 

formulation of new hypotheses, data annotation, 

interpretation of new experimental data, and 

construction and validation of new network-

based models of biological systems. Our 

approach takes advantage of connectivity of 

different annotated metabolic data of respective 

green algae in heterogeneous interactome 

network constructed by MetAlgNet, and shows 

that connectivity-based approach is superior to 

traditional pathway analysis. The findings from 

this study establish the applicability of our 

network analysis strategy, and support the 

hypothesis that modeling of local network 

topology dynamics can be used as an effective 

tool to study the activity of biological modules. 

Also, omics data are ever expanding and this 

poses challenges to updating and mining of data. 

The data warehousing approaches for data 

integration are really useful and effective from 

user point of view. It is not possible to 

completely avoid these problems, but by taking 

standards-based approach to data integration, we 

can minimize the problem of data integration. 

The integration approach is still found missing in 

online biological data available with different 

databases. It is better to develop databases which 

are interconnected with specific groups of 

organisms. The diversity of the data and the fact 

that not all data sources adapt the standards 

forces us to create our own schemas. We adapted 

a combination of multiple approaches in data 

integration. Although we imported all the 

databases to the local warehouse, the individual 

schemas were kept intact. We created an 

additional semantic mapping with the help of 

Python cursor and SQLite database to facilitate 

resolution of entities across databases, which 

often doesn’t need to change even when a new 

data source is added. The integration of data 

across databases and sophisticated queries are 

handled using Python programs. The technique 

of data integration is applicable more broadly to 

any organism for which we have large scale 

genome annotation data availability. As enzyme 

identifiers are the central entities to data 

integration in our method, data mining shows 

different interaction databases that use consistent 

identifiers. 
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Abstract: Pharmaceutical and biomedical industries demand simple, safe and reproducible 

processing methods thus urging the development of novel straightforward manufacturing 

approaches. The product manufacturing by the green processing of admixtures and end-product 

would avoid long and costly purification (downstream) steps. In this work, the supercritical fluid 

technology is used for the green processing of nanoporous carriers (aerogels) for bioactive agents 

[1,2]. Aerogels in the form of one micron-sized particles were processed and loaded with a 

model bioactive compound (ketoprofen). Results show that the carrier has excellent textural 

properties (specific surface area of 205 m2/g) and a good loading capacity (8 wt.%) of the 

bioactive compound in the amorphous form. Release profile tests show the capacity of the carrier 

to modulate the drug release to the medium (pH 1.2 and 7.4). The resulting material can be 

potentially incorporated in the formulation of several pharmaceutical and biomedical products. 

 

 

Keywords: supercritical fluid technology; green processing; aerogel; nanoporous material; 

bioactive agent carrier 

 

1. Introduction 

Nanotechnology research is facing the 

challenge of reaching mass markets in the near 

future by providing innovative and sustainable 

solutions to the demands of the society. Indeed, 

smart, reproducible and environmentally friendly 

solutions for nanotechnology are been sought in 

the life sciences field to be aligned with current 

and forthcoming environmental regulations. In 
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this context, pharmaceutical and biomedical 

industries are focusing part of their research and 

innovation on the efficient use of raw materials 

and on the development of novel green processes 

with low environmental impact. 

Supercritical fluid (SCF) technology emerges as 

a green processing method of nanomaterials. The 

possibility of modulation of the physicochemical 

properties of SCF (e.g., density, viscosity, 

diffusivity, dielectric constant) allows the 

processing with a fine control of the 

nanomaterial end properties. Moreover, solvent-

free nanomaterials are obtained using this 

technology without need of downstream 

processes. Supercritical CO2 is the most common 

choice of SCF attending to its low cost, health 

and safety properties (innocuous, non-

flammable, GRAS substance) and the mild 

operating conditions needed to reach its critical 

point (31.1ºC, 73.8 bar). Finally, CO2 used in 

supercritical processes can be potentially reused 

in a closed loop without contribution to 

greenhouse gas emission. 

Aerogels are a special class of nanostructured 

materials obtained using SCF technology [1]. 

Aerogels have high porosity (>90%) in the 

mesoporous range and with outstanding textural 

properties (specific surface areas higher than 

150m2/g). These nanomaterials are obtained by 

the supercritical extraction of the solvent 

contained in gels [2], the unique technique able 

to preserve the porous gel network in the dry 

form. Among the aerogel types, polysaccharide 

aerogels are especially attractive for life sciences 

purposes since it combines the above-mentioned 

intrinsic properties of aerogels with the 

availability, renewability, low toxicity and usual 

biodegradability and biocompatibility of 

polysaccharides [3, 4]. Finally, the preparation of 

aerogels in the form of fine powder would 

facilitate the incorporation of the material as an 

admixture in pharmaceutical and biomedical 

formulations [5, 6]. 

In this work, starch aerogels in the form of one-

micron particles are processed by a combination 

of emulsion-gelation and supercritical drying 

techniques. Morphological and textural 

properties of aerogels are evaluated. Finally, 

aerogel particles are loaded with an anti-

inflammatory drug (ketoprofen) by supercritical 

impregnation and the drug release from the 

aerogel is evaluated using simulated gastric (pH 

1.2) and blood (pH 7.4) conditions to assess its 

behavior for different administration routes. 

.

2. Results and Discussion 

Starch aerogel particles were obtained as a fine 

white powder with a particle size distribution in 

the 200 nm to 1.5 µm range and a mean particle 

size of 1.110±0.149 µm. Aerogel powder was 

free-flowing with an angle of repose of 34º and a 

compressibility of 35%. 

SEM pictures highlight the presence of spherical 

microparticles (Fig. 1,top). Primary particles 

were loosely joined together forming 

agglomerates likely due to the presence of 

emulsifier (PGPR) remnants. 

The nanoporous structure of the aerogel particles 

processed by supercritical drying can be 

observed at the highest magnification (Fig. 

1,bottom). Excellent textural properties of the 

aerogel powder were obtained with specific 

surface areas of 205 m2/g (BET-method), 

specific pore volume of 0.98 cm3/g and mean 

pore size of 17 nm (BJH-method). In contrast, 

specific surface areas below 5 m2/g was obtained 

for the same gel particles dried under ambient 
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conditions, highlighting the high performance of 

the supercritical drying method. 

The poor solubility of ketoprofen in water and its 

good solubility in supercritical CO2 suggested 

the use of supercritical impregnation of aerogels  

 

  

  

Figure 1. SEM images of starch aerogel 

microspheres (top). Higher magnifications show 

the nanoporous structure of the particles 

(bottom). 

as the best choice for the drug loading. The use 

of this solvent-free method led to a high 

ketoprofen loading (ca. 8 wt.%) in the aerogel 

matrix. Supercritical impregnation of drugs in 

aerogels usually leads to the adsorption of the 

drug in the amorphous form [6]. The ketoprofen 

amorphization and its loading in the aerogel 

matrix significantly increased the drug release 

rate with respect to the raw ketoprofen in both 

simulated physiological media (pH 7.4 and pH 

1.2) (Fig. 2). Ketoprofen loaded in the aerogels 

was released faster at pH 7.4 than at pH 1.2 as 

also observed with the raw crystalline drug. This 

behaviour was related to the pKa value of 

ketoprofen (4.4) in-between the two pH media 

studied thus leading to different ionic forms of 

the drug in the two simulated physiologicl 

conditions studied. After an initial burst during 

the first 15 min, the release profile of ketoprofen 

from the aerogel was almost linear at pH 1.2 

during the release period studied (Fig. 2a). At pH 

7.4, a two-stage release profile is observed for 

 ketoprofen loaded in the aerogels (Fig. 2b): a 

fast release profile of ca. 60% of the ketoprofen 

payload during the first 2 h is followed by a 

slower release in the following hours.  

 

 

 

Figure 2. In vitro release profiles of ketoprofen 

from starch aerogel microspheres (dark markers) 

at two different pH media: pH 1.2 (top) and pH 

7.4 (bottom). Release profiles of the raw 

ketoprofen (blank markers) are also plotted for 

the sake of comparison 
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3. Materials and Methods 

3.1. Reagents and chemicals 

Native corn starch (Starch Amylo N-460; 52.6% 

amylose content) was from Roquette (France). 

Ketoprofen (Raw, 99.7% purity) was provided 

by Acofarma (Spain). Ethanol (99.8% purity) 

was from Omnilab (Germany). Polyglycerol 

polyricinoleate (PGPR) was from Palsgaard 

(Denmark). Paraffin oil was provided by Panreac 

(Spain). CO2 (99.8%) was obtained from Praxair 

(USA). 

3.2. Methods 

3.2.1. Aerogel preparation 

Starch gel microspheres were prepared by the 

method of emulsification-gelation [4]. A water-

in-oil emulsion (W/O) was prepared from a 

mixture of paraffin oil (continuous 

phase)/aqueous starch solution 15% (w/w) 

(dispersed phase) in the 3:1 weight ratio and 3% 

(w/w) of emulsifier. The mixture obtained was 

autoclaved (Trade Raypa Steam Sterilizer, USA) 

at 121°C and 1.1 bar for 20 min. After 

sterilization and partial cooling (95 °C), the 

mixture was homogenized using an ultrasound 

probe (Branson Digital Sonifier; Mexico) and 

kept for 48 h at 4 °C for starch retrogradation. 

The resulting starch hydrogel dispersion in 

paraffin was centrifuged to separate the hydrogel 

from the oil phase. Starch hydrogel microspheres 

were transferred to a fresh solution of ethanol for 

solvent exchange, which was replaced daily for 

two days until complete removal of water to get 

an alcogel. 

Aerogel microspheres (AERO) were obtained by 

the scCO2-assisted drying of the starch gels with 

a CO2 flow of 5-7 g/min during 3.5 h in a 100-

mL autoclave (TharSFC, USA). The autoclave 

was heated to 40°C and the pressure increased 

progressively until 120 bar. 

Particle size of the aerogel particles were 

measured by the dynamic light scattering method 

(Malvern Zetasizer Nano ZS, UK). Textural 

properties were obtained by a low-temperature 

N2 adsorption–desorption analysis (ASAP 2000 

Micromeritics Inc., USA). 

 

 

3.2.2. Aerogel impregnation and release studies 

Aerogels were impregnated with ketoprofen by 

the supercritical CO2-assisted impregnation 

process at 40ºC and 150 bar for 11 h in the batch 

mode. 

Release of ketoprofen was performed using 

dialysis membranes (Float-A-Lyzer, MWCO 8-

10 KD, V 1ml; USA) in 100 mL of PBS solution 

(pH 7.4) and 0.1N HCl aqueous solution (pH 

1.2) as release media. Release studies were 

carried out at 37ºC and at the stirring rate of 100 

rpm for 8 h using 10 mg of sample. 2 ml-aliquots 

are collected at selected times (0.5, 1, 2, 4 and 8 

h) and refilled with fresh medium. Ketoprofen 

concentrations were spectrophotometrically 

determined by UV/Vis at the wavelength of 

λ=258 nm.  

4. Conclusions 

Green processing approaches have been used for the preparation of nanoporous starch (aerogel) 

microparticles. One-micron aerogel microspheres with excellent textural properties were obtained. 

Supercritical impregnation technique allowed the loading of the aerogels with drugs (8 wt.% for 

ketoprofen). Ketoprofen release results highlighted the significant effect of the drug incorporation into 

starch aerogels with respect to the raw crystalline drug in enhancing the ketoprofen dissolution 

properties at the two experimental pH conditions tested (1.2 and 7.4). The drug-loaded aerogels can be 
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potentially incorporated in the formulations of several pharmaceutical and biomedical products to 

improve the drug release profile. 
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Abstract: TiO2 nanotubes have been synthesized using a 2-step strategy that involves the 

hydrothermal preparation of intermediate titanates followed by a subsequent 

thermal/hydrothermal treatment of these species to produce the oxide. In the first step the 

influence of parameters such as temperature, pH or reaction time on the composition, structure 

and morphology of the intermediate species has been studied. Then we have examined how 

temperature and the presence of surfactants may affect the composition, structure, morphology 

and particle size of the titanium dioxide obtained in the second thermal/hydrothermal treatment. 

In particular, we have studied the effects that the presence of CTAB has upon the morphology of 

the final product. Both intermediate and final species have been studied by means of X-ray 

diffraction, transmission electron microscopy, IR spectroscopy and thermogravimetric analysis. 

This way we have been able to identify NaTi3O6(OH).2H2O and (TiO2)x(H2O)y as the 

intermediate titanate species and rutile and anatase as the final TiO2 polymorphs. Finally, it is 

worth mentioning the preparation of spindle- or oval-shaped anatase, obtained via hydrothermal 

synthesis in the presence of CTAB. 

 

 

Keywords: TiO2; hydrothermal synthesis; nanotube. 

 

 

1. Introduction 

Titanium dioxide exists as three polymorphs: 

anatase, rutile and brookite, and although rutile is 

the thermodinamically stable phase, in the 

nanoscale anatase becomes very stable too [1]. As 

a wide-band gap semiconductor, TiO2 has been 

widely used in sunscreens, paints and tooth- 

pastes and, today, especially in photocatalysis [2]. 

For many of these applications, it is of great 
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importance to maximize the specific surface to 

achieve a maximum efficiency. In particular, it 

has been found that in photocatalytic 

applications, nanotubes and nanorods -that is, 1D 

nanostructures- may allow for a much higher 

control of the chemical and physical behaviour 
[ 3 ]. Indeed, by diminishing dimensions to the 

nanoscale, not only the specific surface area 

increases significantly but also the electronic 

properties may change considerably [4]. 

1D titanium dioxide nanostructures may be 

obtained by various routes such as sol–gel, 

template-assisted methods, hydro/solvothermal 

synthesis or by electrochemical processes [5, 6]. 

Among them, hydrothermal synthesis has 

become a promising chemical strategy. This is 

usually a two-step route that involves, first, the 

generation of alkali titanate nanofibers by 

hydrothermal reaction in alkali solution followed 

by exchange of alkali ions with protons [7], and 

the subsequent thermal dehydration reactions at 

high temperature in air. Less frequently, 

hydrothermal reactions may also be performed to 

produce the final TiO2 nanotubes or nanorods 
[8].1D morphology is already achieved in the first 

hydrothermal process when alkali titanates are 

formed, and it is based on the exfoliation of TiO2 

crystal planes in the alkali environment and then 

stabilization due to the insertion of Na+ cations 

between the exfoliated planes. The formed 

nanolayer sheets are then rolled into tubes during 

cooling or in the acid treatment [ 9 ]. Finally, 

thermal treatments at 350-450 ºC tend to lead 

anatase, which seems to favour a faster electronic 

transport than the rutile phase [10]. 

Here, we present synthesis of TiO2 1D 

nanostructures via a 2-step route. Initially, the 

influence of parameters such as temperature or 

reaction time on the composition, structure and 

morphology of the NaTi3O6(OH).2H2O and 

(TiO2)x(H2O)y intermediate titanates has been 

studied. Then, we have examined how 

temperature can affect the final TiO2 

rutile/anatasa composition in the dehydration 

process. Finally, we have performed an 

alternatively hydrothermal route starting from 

Na-titanate phase in the presence of the CTAB 

surfactant at different pH values. This way, a 

spindle- or oval-shaped anatase product was 

obtained. 

2. Results and Discussion 

Hydrothermal syntheses were carried out in 

order to study the influence of temperature and 

reaction time. Thus, synthesis at 200 ºC for 6, 24 

and 48 h were performed. Nanotubes start to 

appear after 6 h of hydrothermal heating, but the 

reaction was not complete and crystallinity of the 

product was low. The products obtained after 24 

and 48 h were very similar, both in composition 

and degree of crystallinity. Syntheses at 170ºC 

were performed during 24 h but low crystallinity 

was obtained again. For this reason, the 

syntheses were carried out at 200 ºC for 48 h (6 

sample). 

XRD patterns of the most representative as 

synthesized titanates shown in Fig. 1 indicate the 

presence of NaTi3O6(OH).2(H2O) [ 11 ] and 

(TiO2)x(H2O)y [12] phases before and after HNO3 

treatment, respectively. Subsequent thermal 

treatment in air at 400-500°C leads to the 

formation of anatase and rutile TiO2 phases 

(JCPDF 21-1272 and JCPDF 21-1276) together 

with some NaTi8O13 (JCPDF 48-0523) 

impurities. At the same time, after the second 

hydrothermal treatment anatase phase was also 

obtained. 

Thermogravimetric analysis of titanate 

samples shows mass losses of about 20 and 15% 
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in good agreement with the presence of H2O and 

some Na2CO3 (formed in the basic conditions 

due to absorption of atmospheric CO2 
[13]) in Na-

titanate samples and only H2O in H-titanate ones. 

This was confirmed by IR spectroscopy (Figure 

2). 

TEM images of some representative samples 

are shown in Figure 3. Nanotubes were already 

formed in the first hydrothermal step and neither 

the acidic nor the thermal nor the hydrothermal 

processes alter significantly the morphology of 

the samples. Both Na- and H-titanate samples are 

very similar, 40-80 nm wide, although they 

widen to 70-170 nm after thermal or 

hydrothermal treatments when deintercalation 

and dehydration take place and lead to TiO2. 

HTEM images of titanates shown in Figure 3 

reveal lattice fringes with plane spacings of about 

11 Å and 10 Å corresponding to the interlayer 

distances in the 2D crystal structures of 

NaTi3O6(OH).2(H2O) and (TiO2)x(H2O)y. Both 

of them exhibit similar crystal structures with 

packed planes formed by titanium oxide 

octahedra and Na+, OH- H+ and H2O as inserted 

species between them [11, 12]. 

Some authors suggest that the mechanism of 

formation of the tube shape is based on a 

topochemical process of exfoliation of TiO2 

crystal planes in the alkali medium [ 14 ], after 

which nanolayer sheets start rolling into tubes 

during cooling. Na+ ions are then exchanged by 

H+ ions by washing products in acid solutions to 

form layered hydrogen titanate, from Na2-

xHxTi3O7.2H2O to H2Ti3O7.yH2O [ 15 , 16 , 17 ]. 

Finally, the H-titanate transforms into anatase 

through a dehydration reaction. This is 

accompanied by an in situ rearrangement of the 

structural units to give 1D TiO2 nanostructures 

[8]. In this work, not only traditional heat 

treatments of H-titanates to obtain anatase TiO2 

nanotubes, but also hydrothermal treatments of 

Na-titanates in presence of CTAB as surfactant at 

different pH values were performed. Heating at 

400ºC and 500ºC in air led to the formation of 

anatase and anatase/rutile nanotubes, 

respectively, about 70-170 nm wide and without 

significant morphological changes. However, 

some impurities of NaTi8O13 oxide were also 

found in XRD, indicating that the exchange of 

Na+ ions was not completely achieved. At the 

same time, hydrothermal processes led to the 

formation of anatase as the main phase but the 

morphology of the products was found to be 

slightly altered depending on pH. Thus, the 

synthesis at pH=2 led to obtain anatase porous 

nanotubes, very similar in thickness and 

morphology to their precursors, but a 

considerable amount of intermediate titanate 

remained unaltered. The non-acidified synthesis 

(pH=8.5) led to a purer and more crystalline 

product. It seems that CTAB in a slight alkali 

environtment favoured the extraction of Na+ ions 

previous to the stacking of the TiO2 layers, as 

thicker and denser nanostructures of 70-170 nm 

were found. It is possible that the CTAB 

surfactant made the exfoliation and later 

rearrangement of oxide layers in Na-titanates 

easier than in H-titanates, as H+ could be more 

strongly bounded to the TiO6 octahedra. The 

morphology also changed. Oval- or spindle-

shaped anatase was obtained suggesting a non-

uniform stacking mechanism. Both 

hydrothermally synthesized samples did, 

however show similar microstructures formed by 

aggregated nanofibres, although these were more 

densely stacked in the oval-shaped oxides. 
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Scheme 1. Scheme of the syntheses of TiO2 nanotubes 

 

 

Figure 1. XRD patterns of 6A (after first hydrothermal treatment), 6AZ (acidified sample), 6AZT 

(after thermal treatment) and 6AS (after second hydrothermal treatment with CTAB). 

 

 

Figure 2. TG curves and IR spectra of synthesized samples. 
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Figure 3. TEM images of 6A (after first hydrothermal treatment), 6AZ (acidified sample), 6AZT (after 

thermal treatment) and 6AS (after second hydrothermal treatment with CTAB). 

 

 

Figure 4. HRTEM images of 6A and 6AZ, Na- and H-titanate samples.  

 

3. Materials and Methods 

Sodium hidroxide (97%), titanium (IV) oxide 

(99,8%), cetyltrimethylammonium bromide 

(CTAB) (99%), nitric acid (65%) and acetone 

were purchased from Sigma-Aldrich and used as 

received without further purification. 

Hydrochloric acid (37%) was purchased from 

Panreac. 

3.1. Synthesis of sodium and hydrogen 

titanates nanorods. 0,4 g commercial TiO2 was 

dispersed in 20 mL of 10M NaOH with magnetic 

stirring for 30 minutes. The white suspension 

was then transferred into a Teflon-lined 

autoclave of 25 mL capacity. After being heated 

at 170-200 °C for 6-48 h, the autoclave was 

naturally cooled to room temperature. The 

resulting products were filtered and washed 

several times with diluted HCl [18, 19] and dried at 

80°C for 2 h. 

3.2. Synthesis of sodium and hydrogen 

titanates nanorods. For the ion-exchange, the 

sodium titanate samples were immersed into a 

0.2 M HNO3 solution for 6 h and 1-2 hour in an 

ultrasonic bath [20]. After that, they were washed 

with deionized water for several times, filtered 

and dried at 80°C for 2 h. 

Finally, different hydrothermal [ 21 ] and 

thermal treatments were carried out. 0,3 g of 

previously synthesised Na-titanate were mixed 

with 0,5 g CTAB in  20 mL of distilled water and 

transferred again into a Teflon-lined autoclave 

and heated at 200°C-tan for 24 h. In one case, 

before heating, the pH was acidified by adding 

HCl 0,1M. In the other hand, some H-titanates 

were heated at 400-500 °C for 4-5 h. 

3.4. Characterization. IR spectra (400-4000 

cm-1) were recorded on a MATTSON FTIR 1000 

spectrophotometer with samples prepared as KBr 

pellets. The powder X-ray diffraction (XRD) 

pattern was taken using a Philips PW1710 

diffractometer. Thermogravimetric 

measurements were performed in a Netzsch STA 

449C thermogravimetric analyzer. Crucibles 

containing 9 mg of sample were heated at 

10ºC.min-1 under dry argon. For microstructure 

analysis, powders were dispersed in acetone, 

dropped-cast onto copper grid and examined 

using a CM200 transmission electron 

microscope. 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section A), pages 1-7, Proceedings  6 

http://sciforum.net/conference/mol2net-1 

4. Conclusions 

1D anatase samples with different shapes had been obtained by a 2-step method that implied an initial 

hydrothermal treatment in alkali environment followed by acid exchange and final 

thermal/hydrothermal heating. 1D nanostructures were already achieved in the first stage during the 

formation of sodium titanates and remained without significant morphological alteration, except a 

slight broadening, until the formation of anatase TiO2 nanotubes. Exceptionally, a second 

hydrothermal heating in the presence of CTAB of the alkali intermediates led to an oval-shaped 

anatase sample where TiO2 fibres seemed to be more densely stacked. 
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Abstract: The peptide biological screening represents a difficult task due to the complexity of 

the amino-acid sequences. One solution is the encoding of the molecular information using 

complex networks or graphs of the peptides into QSAR-like models in Web tools. Bio-AIMS 

contains free Web tools on an Artificial Intelligence Model Server in Biosciences: http://bio-

aims.udc.es/TargetPred.php. These in silico peptide screening tools are implementing models to 

predict different protein activities, drug – protein and protein – protein interactions. The inputs 

are using 3D protein structures or 1D peptide amino acid sequences and the SMILES formulas 

for drugs, and the classification models are based on Machine Learning techniques. The Web 

tools are implemented using Python, PHP and XHTML programming languages. 
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1. Introduction 

The in silico screening methods are very 

important in Drug Development or proteomics. 

The theoretical screening is a fast and low cost 

option to filter the large number of molecules or 

macromolecules for a specific biological action 

or chemical property. 

These methods are proposing prediction 

models such as Qualitative Structure-

Activity/Property Relationships (QSAR/QPDR), 

relations between the molecular structure and its 

activity [1,2]. Extended publications are using 

small molecule QSAR models. The current 

collection of QSAR-like models implemented 

into Web tools are extended the QSAR 

methodology to macromolecules [3]. 

 

 

 

2. Results and Discussion 

The collection of free Web tools of Target 

Prediction section of Bio-AIMS server are 

implementing 12 classifiers (http://bio-

aims.udc.es/TargetPred.php, see Figure 1): 

 Signal-Pred: Signaling Protein 

Prediction [4] 

 Transp-Pred: Transport Protein 

Prediction [5] 

 LIBPpred: Lipid-Binding Proteins 

Prediction [6] 

 HCC-Pred: Human Colorectal Cancer 

Protein Prediction [7] 

 LectinPred: Lectin Prediction [8] 

 NL-MIND-BEST: Non-Linear MARCH-

INSIDE Nested Drug-Bank Exploration 

Screening Tool [9] 

 MISSProt-HP: MARCH-INSIDE 

Spectral moment prediction of Self 

Proteins in Human Parasites (other than 

original source organism) [10] 

 MIND-BEST: Linear MARCH-INSIDE 

Nested Drug-Bank Exploration & Screen 

tool [11] 

 Trypano-PPI: Trypano Protein - Protein 

Interactions [12] 

 Plasmod-PPI: Plasmodium Protein-

Protein Interactions [13] 

 EnzClassPred: Enzyme Class Prediction 

[14] 

 ATCUNpred: ATCUN DNA-cleavage 

protein activity Prediction [15]. 
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Figure 1. Bio-AIMS Target Prediction with 12 free Web tools for proteins 

3. Materials and Methods 

The molecular information was encoded into 

graph/network molecular descriptors [16]: in the 

case of proteins/peptides, the nodes are the 

amino acids and the edges are the peptide bonds 

and graph specific properties [17-19]. 

The set of molecular descriptors with the 

specific protein activities or properties have been 

used as input for the Machine Learning 

techniques to obtain the best classifier predictors. 

The best protein predictors are implemented 

into 12 free Web tools as Target Prediction 

section of Bio-AIMS server: http://bio-

aims.udc.es/TargetPred.php.  

The inputs of these tools are protein PDB 

name [20,21], SMILE chemical formulas for 

drugs or peptide sequences. The tools to 

calculate the descriptors are MARCH-INSIDE 

(Python version) [22] and S2SNet – Sequence to 

Star Network [23,24] (programmed in 

Python/Biopython [25] The Machine Learning 

methods [26] have been used from STATISTICA 

[27], Weka [28] and R [29]. The Web tools  were 

programmed in XHTML [30], PHP [31], Python 

[25], and R [29]. 

4. Conclusions 

This short communication is presenting a collection of free Web tools for protein prediction at Bio-

AIMS. These tools are based on protein descriptors obtained with molecular graphs, Machine Learning 

methods to search for the best classifier and Python/PHP/XHTML/R programming languages. 

This collection is an important contribution to the open science and demonstrate the power of 

encoding of the molecular information into molecular graph descriptors for proteins/peptides.  
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Abstract: Single-walled carbon nanotubes (SWNTs) are group of new substances with specific 

cylindrical architecture of their molecules. The dispersion of SWNTs in different organic solvents is 

parameter that can be valuable information for development of nanomaterials. The CORAL software is 

a tool to build up model for different endpoints using the Monte Carlo technique. In this work, the 

ability of the CORAL software to be a tool to predict dispersion of SWCTs in different organic 

solvents demonstrated.  

 

Keywords: QSPR; Monte Carlo method; SMILES; Validation; Domain of applicability; CORAL 

software 

 

1. Introduction 

The development of nanotechnology 

indicates that use of carbon nanotubes (CNTs), in 

general, and single-walled nanotubes (SWNTs), 

in particular, gives attractive possibilities for 

chemical technology [1], biochemistry [2], and 

medicine [3]. The dispersibility of SWNTs in 

various solvents  is important physicochemical 

characteristics [4] from point of view of 

technology [5, 6]. 

The theoretical approaches to predict of the 

endpoint for different solvents developed and 

described in the literature [5, 6]. Apparently, 

however, similar studies based on the 

quantitative structure – property / activity 

relationships (QSPRs/QSARs) [7-10] be 

continued.  

In particular, this work dedicated to search 

for a new alternative approaches to predict the 

dispersibility of SWNTs in organic solvents 

using the Monte Carlo method [11, 12]. 

2. Method 

 

2.1. Data 

The dispersibility of SWNTs in a series of 

29 different organic solvents taken in the 

literature [5, 6]. The endpoint is decimal 

logarithm of dispersibility Cmax expressed in 

mg/mL. Three random splits into the visible 
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training set (in fact this is structured into two 

sets: the training and calibration sets) and the 

invisible validation set are examined in order to 

check up the actual ability of the approach.  

 

2.2. Optimal descriptors 

The optimal descriptor used in this work 

calculated as the following: 

)(*)*,( kVCWNTDCW                                                                             

(1) 

In Eq. 1: The T* is the coefficient to 

classify vertex degree into two categories rare 

and not rare. The parameter has influence upon 

the results of the Monte Carlo optimization  

The Vk is vertex in the hydrogen-

suppressed molecular graph [13-15]. Table 1 

contains example of the hydrogen suppressed 

graph together with (0, 1) adjacency matrix and 

Vk  values, which are  calculated using the 

elements of the matrix; the CW(Vk) is correlation 

weight of the Vk.  The T* is threshold or a 

coefficient for the classification of vertices into 

two classes: (i) rare (the number of Vk in the 

training set is less than T*) and (ii) active (the 

number of Vk  in the training set is larger than 

T*). The rare vertices are not involved building 

up model:  their correlation weights fixed equal 

to zero. The N* is the number of epochs of the 

Monte Carlo optimization. In fact, one can use 

arbitrary T and N, but the T* and N* are values 

of these parameters which give preferable 

statistical quality of the model for the calibration 

set, hoping that the model is avoided of the 

overtraining (i.e. the situation where the 

excellent quality for the training set accompanied 

by poor quality for the calibration set). 

[Table 1, around here] 

Having the numerical data on the 

correlation weights, one can calculated the 

DCW(T*,N*) for all compounds of the training, 

calibration, and test sets. Using the data on the 

training set, one should to calculate the model  

Endpoint = C0 + C1 * DCW(T*,N*)                                                        

(2)  

The predictive potential of the model 

calculated with Eq. 2 should be checked with 

data on the calibration and validation sets.  

2.3. Mechanistic interpretation 

The CORAL models give the possibility to 

interpret the role of different molecular features 

as the promoters of increase or decrease of an 

endpoint. For instance, if in several runs of the 

Monte Carlo optimization the correlation weight 

of the Vk is larger than zero, then this feature is 

promoter of the endpoint increase, whereas if the 

correlation weights of the Vk are less than zero in 

several runs of the optimization then the Vk 

should be interpreted as promoter of the endpoint 

decrease.     

2.4. Domain of applicability 

The domain of applicability for the 

CORAL model defined according to prevalence 

of different molecular features in the training and 

the calibration sets: each molecular feature has 

the statistical defect. The defect is equal to 

difference between probabilities of the molecular 

feature in the training set and in the calibration 

set.  

Ideal situation if the difference is zero, 

however in praxis, this value is not zero. 

Apparently, the preferable distribution should be 

characterized by the minimal sum of these 

parameters for all active molecular features. 

Thus, the approach gives possibility not only to 

define the domain of applicability, but, also, to 

compare different distributions into the training 

and calibration sets. 

 

 

3. Results and Discussion 
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3.1. Models 

 

The models for dispersibility of SWNTs in 

different organic solvents for three different 

random splits into the training, calibration, and 

validation sets are the following: 

 

Split 1: log10Cmax  =  -2.9944 (± 0.1266) +    

0.2076 (± 0.0183) * DCW(3,24)                          

(3) 

 

Split 2: log10Cmax =  -3.2119 (± 0.1310) +    

0.2380 (± 0.0200) * DCW(1,25)                           

(4) 

 

Split 3: log10Cmax =  -3.1077 (± 0.1187) +    

0.2165 (± 0.0175) * DCW(2,25)                           

(5) 

 

Table 2 contains numerical data on the 

correlation weights used to calculate the 

DCW(T*,N*) for calculation with Eqs. 3-5. 

Table 3 contains the statistical characteristics of 

models calculated with Eqs. 3-5. 

[Table 2 and 3, around here]  

 

3.2. Domain of applicability 

The estimation of the domain has been 

done by scheme described in the literature [16]: 

the solvent with sum of defects for the SMILES 

less than average value of this parameter (for the 

training set) multiplied by 2: 

   defectDefect 2                                                                                                

(6) 

[Table 4, around here] 

One can see (Table 4) the distribution into 

the training, calibration, and validation sets has 

influence upon the domain of applicability, but 

this situation gives possibility to select preferable 

from the statistical point of view the distribution 

(minimum of the above-mentioned defect).  

 

3.3. Mechanistic interpretation 

Three runs of the Monte Carlo optimization 

with selected T* and N* give correlation weights 

collected in Table 5.  One can hypothesizes about 

the role of molecular features represented by the 

Vk in the behavior of a solvent: if all runs give 

positive value of correlation weight for a Vk then 

the molecular feature can be classified as 

promoter of an endpoint increase, if all runs 

gives negative value of correlation weight then 

the molecular feature represented by the Vk can 

be classified as promoter of endpoint decrease 

[16]. 

 

3.4. Selection of molecular features for 

increase (decrease) of dispersibility of SWNT 

The analysis of data collected in Table 5 

lead to hypothesis that presence (in hydrogen 

suppressed molecular graph which is 

representation of a solvent) of carbon and 

nitrogen atoms with vertex degree 3, oxygen 

with vertex degree 1, and carbon atom with 

vertex degree 2 are promoter of dispersibility 

increase. The presence in molecular graph 

represented a solvent carbon vertex with vertex 

degree 1 is promoter of the endpoint decrease.  

 

3.5. Comparison with QSAR models 

from the literature 

The statistical characteristics of model of 

log10Cmax (for validation set, the same 29 

solvents) suggested in work [5] are  n=6,  

r2=0.932; =0.844, = 0.066; the 

statistical quality of model (for the same 29 

solvents) suggested in work [6] are n=7,  

r2=0.807; =0.744, = 0.125. The above-

mentioned models related to fixed splits into the 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section C), pages 1-9, Proceedings  4 

http://sciforum.net/conference/mol2net-1 

 

 

training and validation sets, whereas models 

suggested in this work are checked up with three 

different splits. It is to be noted, different splits 

into the training and validation sets used in work 

[5]  and in work [6].  

 

 

4. Conclusions 

The described version of the Monte Carlo 

method gives satisfactory prediction for the 

disprsibility of SWNT in different solvents. The 

distribution into the visible training set (together 

with calibration set) and the invisible  validation 

set has influence on the predictive potential 

models. The approach gives quite convenient 

measure of quality of distribution into the 

training and the validation sets together with 

convenient criterion of the domain of 

applicability. 
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Table 1 

Example of the hydrogen suppresed graph together with the adjacecncy matrix and vertex degree 

values (Vk).  

 

 

 C1 C2 C3 C4 C5 C6 N7 C8 C9 C10 C11 O12 Vk 

C1 0 1 0 0 0 1 0 0 0 0 0 0 2 

C2 1 0 1 0 0 0 0 0 0 0 0 0 2 

C3 0 1 0 1 0 0 0 0 0 0 0 0 2 

C4 0 0 1 0 1 0 1 0 0 0 0 0 3 

C5 0 0 0 1 0 1 0 0 0 0 0 0 2 

C6 1 0 0 0 1 0 0 0 0 0 0 0 2 

N7 0 0 0 1 0 0 0 1 0 0 1 0 3 

C8 0 0 0 0 0 0 1 0 1 0 0 0 2 

C9 0 0 0 0 0 0 0 1 0 1 0 0 2 

C10 0 0 0 0 0 0 0 0 1 0 1 0 2 

C11 0 0 0 0 0 0 1 0 0 1 0 1 3 

O12 0 0 0 0 0 0 0 0 0 0 1 0 1 
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Table 2 

Correlation weights of different vertices (chemical element together with the vertex degree) calculated 

by the Monte Carlo method for split 1, 2, and 3 

Vk          CW(Vk)     Prevalence in 

training set  

Prevalence in 

training set  

Defect 

Split 1, Eq.3          

C...1...     -0.15309            6            4       0.0071 

C...2...      0.09204           13            6       0.0094 

C...3...      1.92499           11            6       0.0021 

Cl..1...          0.0            1            0       0.0000 

N...1...          0.0            2            1       0.0000 

N...3...      5.52455            7            3       0.0125 

O...1...      0.57923           13            8       0.0034 

O...2...          0.0            2            1       0.0000 

S...2...          0.0            0            1       0.0000 

Split 2, Eq. 4          

C...1...     -0.30200            6            5       0.0179 

C...2...      0.12657           14            5       0.0197 

C...3...      1.96087           11            6       0.0021 

Cl..1...      0.86431            1            0       1.0000 

N...1...      1.90949            2            2       0.0268 

N...3...      5.40373            6            4       0.0071 

O...1...      0.12862           13            7       0.0027 

O...2...      0.62649            3            0       1.0000 

Split 3, Eq. 5      

C...1...     -0.29507            6            6       0.0268 

C...2...      0.11067           14            5       0.0197 

C...3...      2.10422           11            8       0.0113 

Cl..1...          0.0            0            1       0.0000 

N...1...      1.13484            2            0       1.0000 

N...3...      5.39626            6            4       0.0071 

O...1...      0.58729           13            8       0.0034 

O...2...      0.12783            3            0       1.0000 
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Table 3. The statistical characteristics of models for dispersibility of SWNTs in the organic solvents 

 
Training set (n=14) Calibration set (n=8) Validation set (n=7) 

Split r2 Q2 F r2 2

mr  

2

mr  

r2 2

mr  

2

mr  

1 0.605 0.420 18 0.885 0.83 0.04 0.900 0.81 0.09 

2 0.611 0.436 19 0.888 0.67 0.15 0.953 0.88 0.05 

3 0.607 0.440 19 0.931 0.90 0.00 0.912 0.59 0.19 

 

Table 3. The experimental and calculated  
ID* SMILES                             Log10Cmax, 

experiment       

  Log10Cmax, 

calculated       

 

∑Defect 

Domain of  

Applicability   

 Split 1 

 defect2 =0.1320 

    

M02 O=C1N(C)CCCN1C                        -0.1870      -0.1872       0.0730     YES    

M05 CN1CCCC1=O                            -0.9360      -1.3023       0.0533     YES    

M09 N1(C(CCC1)=O)C=C                      -1.0760      -1.2832       0.0627     YES    

M14 O=CN(C)C                              -1.6380      -1.7718       0.0396     YES    

M16 CCC#N                                 -1.8240      -2.9880       0.0259     YES    

M17 C=CC(=O)O                             -1.8600      -2.3670       0.0254     YES    

M20 C1CCC(=O)C1                           -1.8890      -2.3982       0.0431     YES    

 Split 2 

 defect2 =0.7097 

    

M02 O=C1N(C)CCCN1C                        -0.1870      -0.1957       0.1140     YES    

M05 CN1CCCC1=O                            -0.9360      -1.4100       0.0890     YES    

M09 N1(C(CCC1)=O)C=C                      -1.0760      -1.3798       0.1087     YES    

M14 O=CN(C)C                              -1.6380      -2.0088       0.0653     YES    

M17 C=CC(=O)O                             -1.8600      -2.7257       0.0451     YES    

M18 OCCSCCO                               -1.8670      -3.0302       0.0843     YES    

M20 C1CCC(=O)C1                           -1.8890      -2.5941       0.0837     YES    

 Split 3 

 defect2 =0.8251 

    

M06 O=C1CCCN1CCC#N                        -0.9390      -0.9675       1.1402           No 

M09 N1(C(CCC1)=O)C=C                      -1.0760      -1.3250       0.1276     YES    

M12 O=CN1CCCCC1                           -1.4090      -1.6687       0.1290     YES    

M14 O=CN(C)C                              -1.6380      -1.9162       0.0839     YES    

M16 CCC#N                                 -1.8240      -2.8780       1.0663           No 

M17 C=CC(=O)O                             -1.8600      -2.4378       0.0646     YES    

M18 OCCSCCO                               -1.8670      -2.7576       0.0858     YES    

*) ID taken in Ref. [5] 
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Table 5.Correlation weights of different kinds of the vertex degrees obtained in three runs of the Monte 

Carlo calculations.  

 

 Vk         Run 1 Run 2 Run 3 Effect Prevalence in 

Training set 

Prevalence in 

Calibration set 

Defect 

Split 1        

C...2... 0.08953 0.09126 0.08627 increase 13 6 0.0094 

O...1... 0.48932 0.53427 0.55085 increase 13 8 0.0034 

C...3... 1.84634 1.79047 1.83472 increase 11 6 0.0021 

N...3... 5.40255 5.42669 5.35392 increase 7 3 0.0125 

C...1... -0.20080 -0.20290 -0.19975 decrease 6 4 0.0071 

N...1... 0.0 0.0 0.0 N/A* 2 1 0.0000 

O...2... 0.0 0.0 0.0 N/A 2 1 0.0000 

Cl..1... 0.0 0.0 0.0 N/A 1 0 0.0000 

S...2... 0.0 0.0 0.0 N/A 0 1 0.0000 

Split 2        

C...2... 0.12572 0.12594 0.14700 increase 14 5 0.0197 

O...1... 0.16092 0.05264 0.73299 increase 13 7 0.0027 

C...3... 1.90844 1.96168 2.37844 increase 11 6 0.0021 

N...3... 5.27071 5.42916 6.00261 increase 6 4 0.0071 

O...2... 0.61590 0.72085 0.42493 increase 3 0 1.0000 

N...1... 1.77083 1.97330 2.00166 increase 2 2 0.0268 

Cl..1... 0.92213 0.91521 0.78688 increase 1 0 1.0000 

C...1... -0.30019 -0.30069 -0.00482 decrease 6 5 0.0179 

Split 2        

C...2... 0.11570 0.10125 0.12910 increase 14 5 0.0197 

O...1... 1.21165 0.65059 1.10164 increase 13 8 0.0034 

C...3... 2.62358 2.03992 2.52190 increase 11 8 0.0113 

N...3... 5.99585 5.34519 5.99873 increase 6 4 0.0071 

N...1... 1.24679 1.06117 1.38648 increase 2 0 1.0000 

C...1... -0.00109 -0.30296 0.00496 N/A 6 6 0.0268 

O...2... -0.12445 0.17736 -0.06459 N/A 3 0 1.0000 

Cl..1... 0.0 0.0 0.0 N/A 0 1 0.0000 

 

*) N/A = classification is not available 
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Abstract: A fresh wave of dengue infection, particularly dengue serotypes 1 and 3, have been 

observed all across India in recent times and has led to several fatalities. Since the surface situated 

envelope protein of the dengue virion is responsible for virus entry into the host cell, we have laid 

special emphasis on its characterization and analyses of the envelope gene with an aim to eventually 

develop inhibitors of the dengue virus. There are four serotypes of the dengue virus of which types 1 

and 3 are the most widely prevalent in India. 2D graphical representations of the envelope gene from 

various countries show that the gene from an Indian dengue type 1 virus bears a strong resemblance to 

the genes from Asia, whereas in the case of dengue type 3, the Indian strain representation shows 

simlarity to strains from North America. Phylogenetic trees using alignment procedures also bear this 

out, implying an inherent cross-national spread of the dengue virus. Moreover, hydropathy analysis 

shows that amino acid compositional changes are tending to increase hydrophobic residues in the 

dengue type 3 viruses leading to morphological changes that may explain, in part, the higher 

pathogenicity of the dengue virus in India in recent times. These exercises serve to show the urgency 

of comprehensive genetic surveillance of the dengue virus to anticipate further damaging changes in 

the viral sequence.  

Keywords: Dengue envelope gene, 2D graphical representation, Phylogenetic analysis, 

transition/transversion ratio, hydropathy plot, amino acid composition changes, viral 

pathogenicity. 

 

Introduction 

The dengue virus (DENV) is estimated to 

infect over 50-100 million people across 60 

countries annually [1], with fatalities of around 

50 to 100 thousand per year [2, 3]. This virus, 

genus Flavivirus, family Falviviridae, consists 

of four antigenically distinct serotypes (DENV 

1 to 4) [4, 5]. The genome comprises a single 

strand of RNA encoding three structural 

proteins - the capsid (C), 

premembrane/membrane (PrM/M) and 

envelope (E), and seven non-structural (NS) 
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proteins - NS1, NS2A, NS2B, NS3, NS4A, 

NS4B and NS5 [6], arranged sequentially as 

shown in a 2D graphical representation in 

Fig.1. Of these, the surface situated envelope 

glycoprotein is usually targeted by vaccines 

and drugs for inhibition [1, 7]. Moreover it is 

found that dengue virus infectivity depends on 

envelope protein binding to target cell [8, 9, 

10]; it is also interesting to note that even a 

single nucleotide change in the envelope 

protein gene of dengue DENV2 can affect its 

neurovirulence in mice [11], and could be 

important in the case of human patients also. 

Because of the wide prevalence of dengue 

infections in India, we have done a 

bioinformatics study of the dengue focusing on 

the outer capsid envelope gene which is 

responsible for viral endocytosis. We report 

here results of the study for a selection of 

dengue viruses of DENV3 and DENV1 types 

from various countries of the world along with 

the same sera prevalent in India over a period 

of several years. In India these two serotypes 

are mostly observed [12], but in recent times 

cases of DENV3 appear to be much more 

prevalent. In this report we characterize and 

draw phylogeny of envelope gene sequences of 

DENV3 and DENV1 from India and other 

countries for comparative study along with 2D 

graphical representation of the gene for 

visualization of the base distributions and 

structure. We also report here the 

transition/transversion ratio, amino acid 

composition as well as hydropathy index of the 

envelope protein to get an indication of the 

protein morphological differences between the 

serotypes DENV3 and DENV1, with emphasis 

on the changes in DENV3 envelope protein in 

relation to DENV1. 

Result and Discussions 

Figs. 2 and 3 show the phylogenetic 

relationship between the envelope gene 

sequences of DENV3 and DENV1 respectively 

from various countries in recent times. The 

results show that DENV3 envelope gene from 

India is closely related to American strains, whereas 

for DENV1, the Indian gene is more closely related 

to Chinese and other Asian strains, which we had 

also reported in our previous paper [14]. 

  Figs. 4 and 5 show the comparative analysis 

of the envelope gene by 2D graphical 

representation. These representations clearly 

show that the envelope gene of DENV 3 strains 

from India (e.g., Locus ID: JQ686083) are 

closely related to American strains (e.g., 

EU596494) whereas in case of DENV 1 strains 

from India (e.g., JF967939) are related to Asian 

strains (e.g., China KC006933). 

  Table 1 shows the transition/transversion ratio 

matrix of the dengue envelope genes of 

DENV3 and DENV1 from India, influenza A 

surface genes (Hamaglutinin and 

Neuraminidase) and mammalian beta globin 

genes. Numbers in bold are the transition 

frequencies ( % ), others are transversion 

frequencies ( % ). The data above show that while 

the rate of transition to transversion mutations is 

about 55: 45 in mammalian and other viral genes, in 

the case of dengue genes this ratio at 88:12 is 

significantly different.  

  Figs. 6 and 7 show the hydropathy index plot 

of the envelope gene sequences of both the 

serotypes 3 and 1, respectively, from India after 

or from the year 2000. The results indicate that 

hydrophobicity of the envelope protein of the 

Indian serotype DENV3 shows a slight 

tendency to increase with time but in case of 

the Indian serotype DENV1 it shows tendency 

towards decreasing with time implying 

morphological changes in the protein structure. 
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  Fig 8 shows the differences in the amino acid 

composition of DENV1 and DENV3 for each 

amino acid of Indian strains in the period under 

study: positive values imply higher frequencies 

in DENV3. The figure shows changes vary 

mainly in amino acids like Asparagine, 

Isoleucine, Tyrosine, Aspartic acids, Arginine, 

Serine, Threonine, Valine and Glutamic acids 

while changes are at a minimum in amino acids 

like Cysteine, Lysine, Methionine, Glutamine 

and Tryptophan between the two serotypes, 

DENV3 and DENV1. 

 

  We infer these data have the following 

implications: 

> Since, Isoleucine and Valine have large 

aliphatic hydrophobic side chains, their 

molecules are rigid and their mutual 

hydrophobic interactions are important for 

correct folding of proteins. So changes in the 

composition of these amino acids, e.g. higher 

Isoleucine for DENV3, can affect the 3D 

structure of the envelope protein for both the 

strains.  

> Tyrosine contains a large rigid aromatic 

group on the side chain and is also one of the 

biggest amino acids. Moreover like Isoleucine 

and Valine, Tyrosines are hydrophobic and 

trend to orient towards the interior of the folded 

protein molecule. Excess Tyrosine in DENV3 

could be making it more hydrophobic.  

> Arginine contains a large flexible side chain 

with a positively-charged end. The flexibility 

of the chain makes Arginine suitable for 

binding to molecules with many negative 

charges on their surfaces. The strong charge 

makes the amino acid prone to be located on 

the outer hydrophilic surfaces of the proteins. 

Since the envelope protein is surfaced exposed, 

change in the Arginine composition of DENV3 

might reduce the binding property of the 

protein.  

> Serine and Threonine with a hydroxyl group 

are very hydrophilic. Their reduced frequency 

in DENV3 leads to higher hydrophobicity and 

consequent morphological change in the 

DENV3 envelope protein 
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Table 1 showing transition/transversion matrix 

 

 

DENV3 Envelope genes 

DENV1 Envelope genes 

Influenza virus A surface genes  

(Hemaglutinin and Neuraminidase) 

Mammalian Beta globin genes 
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Figure 1: Genome structure of Indian DENV3 in 2D graphical representation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Phylogenetic relationship between 18 

envelope gene sequences of DENV 3 from various 

countries in recent times 

Figure 3: Phylogenetic relationship 

between envelope gene sequences of 

DENV 1 from Asian countries in recent 

times 
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Figure 4:2D graphical representations of 

DENV3 envelope gene sequences from India  

(Locus ID: JQ686083) and USA  (EU596494) 

Figure 5:2D graphical representations of 

DENV1 envelope gene sequences from  

India (JF967939) and  China (KC006933). 

Figure 6: Hydropathy  plot of  envelope gene 

sequences of DENV 3 strains from India  

Figure 7: Hydropathy plot of  envelope gene 

sequences of DENV 1 strains from India  
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Materials and Methods 

Sequence data of the envelope genes from 

across the world including India of the dengue 

virus serotype 3 and 1 (DENV3 and DENV1) 

were downloaded from the NCBI website (last 

accessed Sep15, 2015); the number of dengue gene 

and genomic sequences from India were 

comparatively less than from other countries like 

the USA, China, Australia, etc., but we downloaded 

as many complete gene sequences as were 

available. Plots of the gene sequences were 

made in a 2D graphical representation scheme 

with ACGT axis system for visualization of the 

sequence structure and analyzed for numerical 

characterisation. For the graphical 

representation the sequences are plotted as a 

walk in a 2D grid taking one step in the 

negative x-direction for an adenine, in the 

positive y-direction for a cytosine, the positive 

x-direction for a guanine and in the negative y-

direction for a thymine/uracil. This yields (x,y) 

values for each base in a sequence and 

successive plots of the points generate a curve 

in the 2D graph [13]. We also used an 

alignment based procedure, the software 

MEGA 5.2, to draw phylogenetic trees showing 

the evolutionary relationship between the 

sequences. The transition/transversion ratio 

along with the amino acid composition of the 

envelope gene sequences were determined 

using the same software. The hydropathy index 

was determined using ExPasy server. 

 
Conclusion 

From phylogenetic as well as through 2D 

graphical representation point of view it is 

evident that Indian DENV3 strains are closely 

related to American strains, whereas Indian 

DENV1 strains are similar to Asian strains.  

Figure 8: Chart of the differences in amino acid composition of DENV1 and DENV3 for each 

amino acid. Positive values imply higher frequencies in DENV3. 
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  From the genetic point of view, we 

hypothesize from the hydropathy index and 

amino acid differences that morphological 

changes are occurring in the envelope gene 

structure in recent times. Such changes could 

be leading to enhanced viral pathogenecity and 

might explain part of the high incidence of 

dengue cases being observed now.   

  The lack of adequate representations of 

sequences of the dengue genes and genomes 

from India makes it difficult to define any 

trends with good statistics. However, the 

analyses we have done so far does indicate the 

propensity of morphological changes in the 

dengue envelope gene which could lead to 

higher pathogenicity. These exercises serve to 

show the urgency of comprehensive genetic 

surveillance of the dengue virus to anticipate 

further damaging changes in the viral sequence. 
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Abstract: Hub proteins in interaction networks involved in signaling pathways are known to 

have more disordered residues than non-hubs. Since the signaling mechanisms involving PPI are 

regulated by phosphorylation, disordered interfaces could be thought to be extremely 

phosphorylated.   In the present study we sought to map the phosphorylated sites onto disordered 

regions on interacting proteins-Interactomes and non-interacting proteins-Negatomes. Dataset of 

non-interacting protein included 784 proteins retrieved from Negatome database 2.0. 2252 

interacting proteins were retrieved from “GeneMania”. Intrinsically disordered regions were 

predicted with “Disopred” program. The binding interfaces were defined by “PDBePISA” server, 

while, phosphorylation sites were derived from “NetPhos” program. All phosphorylation sites 

were mapped onto protein structures using alignments calculated by the MUSCLE program. As 

anticipated, the extent of phosphorylation in interactomes were significantly higher in disordered 

regions to its ordered counter parts (p=0.04). Insights revealed that the disordered regions in 

negatome were sparse in comparison to those in interactomes (p<0.0024).  Declined 

phosphorylated sites were observed in negatomes. The widespread non-flexible and ordered 

regions in the negatomes confer the non interacting nature of the protein in turn makes it poor 

participant in signal transduction that involves phosphorylation. Our study sheds light on the 

importance of phosphorylated sites on disordered regions as a mark to decide whether protein 

would possibly interact or not. 
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1. Introduction 

Protein–Protein interaction (PPI) forms the 

core of interactomics system and unsurprisingly, 

aberrant PPIs are the basis of diseases, such 

as Alzheimer’s and cancers [1]. Growing body of 

evidence suggest that hub proteins in interaction 

networks in signaling pathways have more 

disordered residues than non-hubs [2, 3]. 

Intrinsically disordered proteins lack single well-

defined structure and are characterized by 

specific amino acid composition, a propensity for 

post-translational modifications and the ability to 

bind to many different partners [4].The 

importance of disorder in protein–protein 

interactions is apparent from analysis of protein-

protein interaction networks. Studies have shown 

that hub proteins in interaction networks have 

more disordered residues than non-hubs and that 

there may be a weak correlation between the 

disorder of a protein and the number of its 

partners [5 - 8]. The functional diversity of 

disordered proteins and their multi-binding 

properties, allow them to play a unique role in 

signaling networks [9]. Phosphorylations form 

the most important dynamic covalent 

modification involved in the signal transduction 

systems [10]. Therefore disordered interfaces 

which are involved in PPI could be thought to be 

extremely phosphorylated. Since the signaling 

mechanisms involving PPI are regulated by 

phosphorylation, disordered interfaces could be 

thought to be extremely phosphorylated. In the 

present study we sought to map the 

phosphorylation propensities of Ser,Tyr and Thr 

onto disordered regions on interacting proteins-

“Interactomes” and non-interacting proteins-

“Negatomes”. 

 

. METHODOLOGY  

 

Dataset Compilation  

For interactomes, we compiled a data set 

consisting of 2252 human protein complexes of 

known 3D structures from Protein Data bank. 

The interacting proteins were selected based on 

their interaction hubs; as provided from 

Genemania.  784 non-interacting proteins were 

selected from Negatome database, which 

provides the list of non-interacting proteins 

available in PDB. Further, redundant proteins 

were removed using BLAST, using a p-value 

threshold of 10e-07. 

 

Identification of Phosphorylation Sites 

Phosphorylation sites were derived from 

PhosphoSitePlus, Phospho.ELM, and PHOSIDA 

26 web servers. All the phosphorylation sites 

were mapped onto protein structures in the PDB 

using alignments calculated by the MUSCLE 

program. 

 

Prediction of Intrinsically Disordered Regions 

Disordered regions were predicted using the 

support vector machine enabled Disopred 

programs. Amino acid propensities for Disorder 

was calculated using TopIDP  program. 

 

Statistical Analysis 

The propensity of disorderness and 

phosphorylation in ordered and disordered 

regions was calculated by statistical functions 

like ANOVA, stepwise logistic regression 

analysis, Odds ratios and linear regression 

analysis using SPSS v17.0 suite  

 

RESULTS AND DISCUSSION  

 

Table 1 shows the distribution of disordered 

and ordered regions in Negatomes and 
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Interactomes. From the statistical analysis it is 

quite evident that the disordered regions in 

interactomes are 1.3 folds higher in comparison 

to negatomes (p value=0.033) (Figure 1). Given 

that disordered regions involves in PPI, the 

analysis reflects the non interacting nature of 

negatomes as evaluated through disordered 

prediction. 

 

 

Table 1. Distribution of disordered and ordered regions in interactomes and negatomes.  

 

 Ds % Or % χ2 OR (95% CI) p Value Ratio  Diff 

Interactomes 62.3 37.7 3.367     

Negatomes  48.4 51.6   1.67 (1.2, 2.9) 0.033 1.3 13.90% 

t-Test (95% CI)  F stats  df  p value     

Interactomes 

vs.Negatomes  

5.6758 2491

7 

<0.021      

Ds = Disordered regions , Or= Ordered Regions, OR= Odds Ratio, Diff= percentage 

difference 

 

 

 

Figure 1. The plot shows the percentage distribution of disorderness in interactomes and negatomes. 

Each dot represents the disordered percentage of an individual protein falling in interactomes (blue 

dots) or negatomes (red dot). The bar represents the mean disorderness 

 

We further analyzed the total phosphorylation 

propensities of Ser, thr and Tyr residues onto 

Interactomes and negatomes. We observed that 

percentage distribution of phosphorylation was 

1.36 folds higher in the disordered region in both 

interactomes and negatomes combined (p value 

=0.0041) Table 2 and Figure 2. 
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Table 2. The distribution phosphorylation sites in ordered and disordered regions in interactomes and 

negatomes. The disordered regions have higher share of phosphorylated sites than ordered 

counterparts. 

 

 Ds 

(I+N)%  

Or (I+N)%  χ2  OR p Value Ratio  Diff 

P 67  36       

NP 133  134  6.947  1.872 (1.13, 

3.0)  

0.0041  1.36  15.24 

%  

t-Test (95% CI)  F stats  df  p 

value 

    

P vs.NP 8.6758  2251,22  0.04      

 P=Phophorylation percentage; NP= Non- Phophorylation percentage 

 

 

 

Figure 2.The plot shows the phosphorylation intensities in disordered and ordered regions in 

interactomes and negatomes. The phosphorylation dots being prominently intense in interactomes. 

 

In the further perusal, we mapped for phosphorylation propensities on to ordered and disordered 

regions individually in interactomes and negatomes.  From stepwise logistic regression analysis we 

found that disordered regions where 1.4 folds phosphorylated than ordered counter parts in 

interactomes while in case of negatomes phosphorylated regions were 24.1 folds higher disordered 

regions than ordered regions testifying the disordered regions are more prone to phosphorylation    
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TABLE 3. Table shows phosphorylated site with individualistic approach in interactomes and 

negatomes, In either cases (IN or N) disordered region has higher proportion of phosphorylation. 

 

 Ds 

% 

Or 

% 

χ2  OR p 

Value 

Ratio  Diff 

P  (IN)  38  23  5.30

7  

    

NP 

(IN)  

62  77    2.044 (1.1, 3.8)  0.01  1.4  19%  

P(N) 29 13 7.71

5 

    

NP(N) 71 87  2.720 (1.3,5.7) 0.002 1.15 24.11% 

P (IN) = Phosphorylated regions in Interactomes; 

 NP (IN) = Phosphorylated regions in Negatomes;  

Ds = Disordered regions; Or= Ordered Regions; OR= Odds Ratio; Diff= 

percentage difference 

 

 

Figure 3. The above graph shows residue wise phosphorylation in interactome (blue bars) and in 

negatome (Red bars). In The interactome degree of phosphorylation follows the descending order of 

Ser>Thr>Tyr while no such specific order is present in Negatome. 

 

Further, we performed linear regression analysis in order to confirm whether phopshoryation intensity 

actually depends on disordered state of the protein for which results were quite convincing (Figure 4). 

We found significant effect of disorderness on phosphorylation propensity of the protein (R2= 0.79). 

The fitness of statistical results therefore confirms that positive correlation effects of diordeness to 

phosphorylation intensity of the protein.   
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Figure 4. The graph shows the positive correlation (Pearson Corr. Coefficient 0.740) between 

disorderness  and phosphorylation intensity. The graph plotted has the combined data from 

Interactomes and Negatomes. 

 

 

. .

4. Conclusions 

In conclusion we report that the disordered regions are prominently higher in the interactomes while 

abruptly low in negatomes.  We further observed that the phosphorylated sites which were prominent 

in disordered regions were significantly higher in interactome than negatome and this observation 

perhaps explains the interacting nature of proteins.  The widespread non-flexible and ordered regions 

in the negatomes confer the non interacting nature of the protein in turn makes it poor participant in 

signal transduction that usually involves phosphorylation. Our study sheds light on the importance of 

phosphorylated sites on disordered regions as a mark to decide whether protein would possibly interact 

or not. 
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Abstract: Genetic algorithms are search and optimization techniques which have their origin and 

inspiration in the world of biology. They provide very good results in different kind of problems, but 

they are not free of complications. One of the most common problems that may arise with these 

techniques is that, despite a few generations obtain an approximation to the solution of the problem, they 

need considerably more to adjust to the final solution. To solve this problem Nature gives us, another 

time, a valid option. Fine Tuning techniques can model this transmission of knowledge between 

generations making slight variations in offspring before inserting it into the next generation. For its 

implementation, a new individual is generated from a solution (non best), changing slightly their genes. 

It can be performed by means a new Genetic Algorithm, with a lower number of individuals and its own 

configuration. On this way, solutions avoid local minima and introduce more variability in the global 

population that increase the possibilities to achieve the best solution. The developed solution uses this 

approach within a generic tool that makes possible that the user provides their own fitness functions to 

add any kind of problems. The software will allow to parametrize the execution and will show several 

graphics to control the evolution. Furthermore, to minimize the time for obtaining solutions the 

assessment of individuals is made under a distributed scheme. The control of the implementation of 

Genetic Algorithm will be made from a master computer, which delegated to other slave devices for 

evaluation and, if necessary, apply fine tuning. 
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1. Introduction 

Genetic Algorithms (GA) [1,2]  are one of the 

techniques included within the field of 

Evolutionary Computation. Since they were 

introduced in the work of Holland, they provided 

excellent results in very different fields of 

applications [3-10]. The main advantage of this    

technique is related with the fact that the user only 

need to know a way to evaluate the goodness of a 

solution to rank it instead of the need to know a 

formal/deterministic way to solve it. 

But one of the most common issues of this kind 

of algorithms is related with the local minima: 

GAs are so good to make an approximation to the 

optimal solutions, but need a huge number of 

generations to reach the best solution.  

 

2. Results and Discussion 

This paper presents a proposal to prevent the 

AG can run around a local minimum trying to 

improve the fitness of genetics individual in each 

generation 

There are different methods to locally improve 

the fit of an individual [11-14]: hill-climbing, 

neural networks, fitness sharing... But most of 

these methods present a similar problem: their 

dependence with the problem that the GA tries to 

solve. Our approach is based on perform fine 

adjustment by a recursive use of GA, so 

dependency problem is solved. Roughly Fine 

Tuning technique using GA consists on apply a 

new (brief) GA evolution to each individual in the 

population so it attempts to model the  

transmission of knowledge from one to another 

generation by means of the acquisition of 

information of each individual (see Figure 1).  

The application of Fine Adjust techniques tries 

to conquer that during the implementation of GA 

no stagnation occurs in areas of local minima. 

Furthermore, these small variations in the 

offspring attempts to prevent the GA explore with 

greater profusion to the desired pass these areas 

and exploring new regions of the search space 

(increase heterogeneity). 

Of course this approach introduces an overhead 

due the bigger number of evaluations required. To 

solve this question, a master-slave schema is 

proposed, as Figure 2 represents. 

 

 
 

Figure 1. General schema for Fine Tuning 
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Figure 2. Communication schema between subsystems under distributed evaluations 

 

3. Materials and Methods 

The approach explained in this short paper is 

part of a Phd. Thesis [11] where it was used as 

support for several methods developed to address 

the feature selection process under multimodal 

search spaces [12-15]. The tool was implemented 

within a library in VisualC++  [16] to leverage its 

high performance and the user interface was 

developed in Delphi [17] to produce a good user 

experience when setting the method, check the 

evolution, configure the distribution or reviewing 

the results (see Figure 3)

 

  

Figure 3. Screenshots to check the execution (left) and results (right) phases 

 

One of the advantages of the system is the 

possibility to add new problems in an easy way.  

If a user want to optimize this problem using 

GAs (and optionally using the Fine Tuning 

approach) he only needs to provide a library 

problem (a DLL  file) that describes the way how 

the fitness is evaluated in several functions to 

allow the communication with the user interface. 

These functions are the following: 

 

• void FAR PASCAL Inicializar() 

This function is called from the user interface 

to initialize the problem, so it should read the 

datasets, initialize the genetic individuals 
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(number of genes, limits for each one of 

them…) 

 

• void FAR PASCAL Finalizar() 

Releases memory and other locked resources. 

 

• void FAR PASCAL GetNumeroVariables() 

It is used to pass the number of genes required 

graphical interface 

 

 

• __declspec(dllexport) float Evaluar(float* 

genotype, int nGenes) 

The most important function. The genetic 

library will call it, so it is necessary to use this 

nomenclature to allow that remote call. It will 

return the fitness of the individual passed as 

argument 

 

• __declspec(dllexport)void SetParametros(char 

**lArgs, float *argsNum) 

This function, called from the distributed 

evaluator, will indicate to the slave 

equipments the problem parameters.  

 

4. Conclusions 

This short communication presents a simple 

modification over the Genetic Algorithm standard 

functioning to reduce the number of evaluations 

required to achieve the final solution by means of 

a fine tuning approach. This new approach is 

coded within a tool that also allows to distribute 

the computation requirements along different 

machines in an asynchronous way to reduce the 

computational time needed. This tool include a 

library with the evolutionary algorithm, where the 

user can add their own functions with a minimum 

effort and an elemental programming skills. 

Finally, the tool offers a graphical interface that 

provides an easy way to parametrize the problem, 

check the GA evolution and review the results of 

the execution. 
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Abstract: Background: Streblusol E, a phenolic phytoconstituents of Streblus asper is a potential 

antihepatitis B viral agent. Objective: Current study is to mechanistically analyze the probable 

site of action for streblusol E. Material and methods:  Streblusol E has been docked with EF3-

CaM adenylyl cyclase(1PK0), deoxycytidine kinase(2NOA), human nucleoside diphosphate 

kinase(3FKB), human Hepatitis B Viral Capsid(1QGT) and hepatitis B X-interacting 

protein(3MSH)  proteins using GRIP docking methodology. Results: Results revealed its 

preferential intractability towards 1PK0 i.e. EF3-CaM adenylyl cyclase and 1QGT i.e. human 

hepatitis B viral capsid(HBCAG) compared with reference ligand like adefovir 

diphosphate(active metabolite of adefovir), lamivudine, tenofovir monophosphate(active 

metabolite of tenofovir) and tenofovir diphosphate(active metabolite of tenofovir). Drug 

metabolism and pharmacokinetics studies did affirm that Streblusol E possessed all the desired 

drug Likeness potential. According to Derek Nexus predictions, Streblusol E did not carry 

potential toxicities like carcinogenicity, mutagenicity genotoxicity and developmental toxicity, 

providing further impetus for discovery and clinical development of semi-synthetic analogs of 

Streblusol E. Conclusion: The present study successfully denotes the docking studies and 

ADMET profile of streblusol E from Streblus asper. 
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1. Introduction 

Traditional medicinal plants have been 

recognized for their therapeutic benefits for 

centuries. However, there is still lack of the 

evidence for the clarification of their typical 

mechanism of action (Sripanidkulchai et al., 

2009). Streblus asper, family Moraceae, 

commonly known as Sihora, is a rigid shrub or 

medium sized tree distributed in South China and 

South Asia (Aeri et al., 2012; Jun et al., 2012). S. 

asper was used by traditional healers as remedy 

for hepatitis B virus in South China.  

Streblusol E (Fig. 1), a phenolic 

phytoconstituent of S. asper was proved to have 

potential anti-hepatitis B viral activity (anti-HBV 

activity), but its mechanism is still unknown for 

the world. Anti-HBV activity was evaluated in 

HepG2.2.15 cell line stably transfected with the 

HBV genome. Test concentrations were 4, 20, 

100 and 200 µM. The levels of HBV surface 

antigen (HBsAg) and HBV e antigen (HBeAg) 

were assayed with ELISA.IC50 value reported 

was 153.7 µM for HBsAg while for HBeAg, it is 

23.1 µM (Jun et al., 2012). In purview of this, we 

tried to mechanistically analyze the probable site 

of anti-HBV action and to find out the 

pharmacophores present. 

So aim of current study was to dock streblusol 

E with specific protein responsible for the 

virulence of HBV and analyze the site of action 

and also to evaluate its drug likeness by 

calculating drug metabolism, pharmacokinetics 

and toxicity by in silico route. 

 

2. Results and Discussion 

Literature revealed the potential of Streblusol 

E, a phytoconstituent of Streblus asper as anti-

hepatitis B viral agent. In purview of this, we 

tried to mechanistically analyze the probable site 

of anti-HBV action using various proteins like 

EF3-CaM adenylyl cyclase(1PK0), 

deoxycytidine kinase (2NOA), human nucleoside 

diphosphate kinase (3FKB), human Hepatitis B 

viral capsid (1QGT), Hepatitis B X-interacting 

protein(3MSH) and compared it with standard 

antiviral agents like adefovir diphosphate(active 

metabolite of adefovir), lamivudine, tenofovir 

monophosphate (active metabolite of tenofovir) 

& tenofovir diphosphate (active metabolite of 

tenofovir)(Table 1). Docking studies revealed 

that streblusol E of streblus asper have 

significant anti-hepatitis B viral activity and 

preferentially interacting with EF3-CaM 

adenylyl cyclase and human hepatitis B viral 

capsid protein. In case of EF3-CaM adenylyl 

cyclase (1PK0), Streblusol E have vanderwaal’s 

interactions with Lys346A, Leu348A, Val350A, 

His351A, Lys353A, Asp493A, Gly547A, 

Thr548A, His577A, Thr579A, Glu580A and 

Asn583A amino acid residues while having 

hydrophobic interactions with Leu348A and 

Gly547A amino acid residues of 1PK0. Along 

with this, streblusol E also have aromatic 

interactions (Fig. 2) with His351A & His577A 

and hydrogen bonding with Lys346A. Similarly, 

reference ligand, Adefovir diphosphate have 

vanderwaal’s interactions with Arg329A, 

Lys346A, Leu348A, Lys353A, Ser354A, 

Lys372A, Ala490A, Asp493A, Gly547A, 

Thr548A, His577A, Gly578A, Thr579A, 

Glu580A and Asn583A amino acid residues 

while having hydrophobic interactions with 

Leu348A, Gly547A, Thr548A, His577A, 
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Gly578A and Asn583A amino acid residues of 

1PK0. Along with these, Adefovir diphosphate 

do exert charge effect with Asp493A, aromatic 

interactions with His577A and hydrogen bonding 

with Arg329A, Lys346A, Ser354A, Lys372A 

and Thr548A amino acid residue of 1PK0. In 

case of deoxycytidine kinase(2NOA), Streblusol 

E have vanderwaal’s interactions with  Ile30A, 

Glu53A, Val55A, Trp58A, Met85A, Tyr86A, 

Phe96A, Gln97A, Arg104A, Arg128A, 

Asp133A, Phe137A, Leu141A, Arg192A, 

Arg194A, Glu197A and Tyr204A amino acid 

residues while having hydrophobic interactions 

with  Met85A, Phe137A and Leu141A amino 

acid residues of 2NOA. In addition to these, 

Streblusol E also have aromatic interactions (Fig. 

3) with Phe96A & Phe137A and hydrogen 

bonding with Arg104A & Arg194A amino acid 

residues of 2NOA i.e. deoxycytidine kinase. 

Similarly, reference ligand, Lamivudine have 

vanderwaal’s interactions with  Ile30A, Glu53A, 

Val55A, Trp58A, Leu82A, Met85A, Tyr86A, 

Phe96A, Gln97A, Arg104A, Arg128A, 

Asp133A, Phe137A and Arg194A amino acid 

residues while having hydrophobic interactions 

with Ile30A, Val55A, Leu82A, Met85A, 

Ala100A, Asp133A and Phe137A amino acid 

residues of 2NOA. Along with these, lamivudine 

do have charge effect with Asp133A and 

hydrogen bonding with Gln97A and Arg128A 

amino acid residues of 2NOA i.e. deoxycytidine 

kinase.  In case of human nucleoside diphosphate 

kinase(3FKB), Streblusol E have vanderwaal’s 

interactions with Lys16D, Arg92D, Thr98D, 

Arg109D, Val116D, Gly117D, Asn119D, 

Gly122D and Gly123D amino acid residues 

while having hydrophobic interactions with  

Val116D and Gly117D amino acid residues of 

3FKB. In addition to these, streblusol E do exert 

hydrogen bonding (Fig. 4) with Arg92D, 

Thr98D, Arg109D and Gly123D amino acid 

residues of 3FKB i.e. human nucleoside 

diphosphate kinase. Similarly, reference ligand, 

tenofovir diphosphate have vanderwaal’s 

interactions with Lys16D, Tyr56D, His59D, 

Arg62D, Phe64D, Leu68D, Arg92D, Thr98D, 

Arg109D, Val116D, Gly117D, Asn119D and 

Gly122D amino acid residues while having 

hydrophobic interactions with Phe64D, Leu68D, 

Thr98D, Val116D and Gly117D amino acid 

residues of 3FKB. Along with these, tenofovir do 

have charge effect with Glu58D and hydrogen 

bonding with Lys16D, His59D and Arg92D 

amino acid residues of human nucleoside 

diphosphate kinase. In case of human hepatitis B 

viral capsid(HBCAG)(1QGT), Streblusol E have 

vanderwaal’s interactions with Gln57B, Ala58B, 

Leu60B, Cys61B, Glu64B, Gln57A, Ala58A, 

Cys61A, Lys96A, Ile97A and  Leu100A amino 

acid residues while having hydrophobic 

interactions with Gln57B, Ala58B, Cys61B, 

Ala58A and Cys61A amino acid residues of 

1QGT. In addition to these, streblusol E do have 

hydrogen bonding (Fig. 5) with Lys96A of human 

hepatitis B viral capsid. In case of hepatitis B X-

interacting protein(3MSH), Streblusol E have 

vanderwaal’s interactions with Glu40A, His41A, 

Val44A, Ile45A, Leu48A, Leu67A, Ile74A and 

Ile76A amino acid residues while having 

hydrophobic interactions with, His41A, Val44A, 

Ile45A, Leu48A and Ile74A amino acid residues 

of 3MSH. Along with these, streblusol E do exert 

aromatic interactions/pi-staking (Fig. 6) with 

His41A of hepatitis B X-interacting protein.   In 

case of human hepatitis B viral capsid protein, the 

active site for streblusol E consist amino acid 

residues of chain A and chain B of this capsid. It 

has been found that both the aromatic rings played 

a great role in pi-pi staking, while the three 

hydroxyl groups possess hydrogen bonding with 

the amino acids of target proteins. 
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It was well emphasized in this present study 

that the crystal structure of the EF3-CaM 

complexed with PMEApp(1PK0) was docked 

with various drugs along with streblusol E, 

adefovir diphosphate, lamivudine, tenofovir 

mono phosphate and tenofir diphosphate. 

Interestingly, it was notable that streblusol E 

could bind with the EF3-CaM significantly like 

the standard drug adefovir diphosphate. It did 

dock evidently with other proteins like 

deoxycytidine kinase complexed with 

Lamivudine & ADP (2NOA), NDPK H122G and 

Tenofovir-diphosphate (3FKB), Hepatitis B Viral 

Capsid (HBCAG) (1QGT), crystal structure of 

Hepatitis B X-interacting protein at high 

resolutions (3MSH) (Table 1). From the previous 

literature, it was well identified that EF3-CaM 

was well related to viral hepatitis B [14]. The 

molecular docking of sreblusol E in the present 

study was cohesive to this protein and it is thus 

evident that the action against hepatitis B protein 

can be possible by streblusol E.  

As per the Lipinski rule of five, Streblusol E 

stands a good chance to be drug (Table 2). 

Further the logs of 3.244 and logP of 2.664 made 

it a good molecule which will be having better 

dissolution and bioavailability because of its 

absorption via human intestine also. hERG 

channel inhibition is also below 5, which is good 

signal. As plama protein binding is high, so the 

half life of the drug, Streblusol E is expected to 

be high and have a longer duration of action. 

Streblusol E will not be able to cross blood brain 

barrier, so side effect will not be related to that of 

brain like nausea etc. As this molecule is not a P-

gp substrate, so likeliness of resistance will be 

minimal.  

Moreover, as per the data of Derek Nexus, 

Streblusol E doesn’t have potential toxicities like 

carcinogenicity, mutagenicity, genotoxicity and 

developmental toxicity, but found to be possible 

hepatotoxic, skin sensitizer and can damage 

chromosome Table 3).  

These results will certainly attract the 

attention of researchers worldwide to derivatize 

streblusol E and clinically developed this class to 

reach bedside as alternative and complementary 

medicine for the treatment of acute or chronic 

hepatitis B viral infection. 

 

Table 1. Docking studies of streblusol E and reference ligands with various targeted proteins. 

Proteins under Docking 

Study 

Dock Score 

Streblusol E 
Adefovir 

Diphosphate 
Lamivudine 

Tenofovir 

Mono 

Phosphate 

Tenofovir 

Diphospha-

te 

Crystal Structure of the EF3-

CaM complexed with 

PMEApp(1PK0)  

-68.075706 -85.297596 - - - 

The structure of 

deoxycytidine kinase 

complexed with Lamivudine 

& ADP(2NOA) 

-36.970556 - -79.054872 - - 

Structure of NDPK H122G 

and Tenofovir-

diphosphate(3FKB) 

-54.745946 - - -76.971639 -75.772605 

Human Hepatitis B Viral 

Capsid(HBCAG)(1QGT) 
-59.566571 - - - - 

Crystal structure of Hepatitis 

B X-interacting protein at 

high resolution(3MSH) 

-47.307476 - - - - 
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Table 2. ADME profile prediction of Streblusol E. 

ID Streblusol E 

Structure 

 

 

MW 242.3 

HBD 3 

HBA 3 

TPSA 60.69 

Flexibility 0.1579 

Rotatable Bonds 3 

P450_3A4_CSL 0.9901 

LogS 3.244 

logS @ pH7.4 3.244 

logP 2.664 

logD 2.664 

2C9 pKi 5.039 

hERG pIC50 4.867 

BBB log([brain]:[blood]) -0.3491 

BBB category - 

HIA category + 

P-gp category no 

2D6 affinity category medium 

PPB90 category high 

 

Table 3. Toxicity Profile Prediction of Streblusol E 

Carcinogenicity No report 

Photocarcinogenicity No report 

Hepatotoxicity Plausible 

Genotoxicity in vitro No report 

Genotoxicity in vivo No report 

Photogenotoxicity in vitro No report 

Photogenotoxicity in vivo No report 

Chromosome damage in vitro Plausible 

Chromosome damage in vivo No report 

Photo-induced chromosome damage in vitro No report 

alpha-2-mu-Globulin nephropathy No report 
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Anaphylaxis No report 

Bladder urothelial hyperplasia No report 

Cardiotoxicity No report 

Cerebral oedema No report 

Chloracne No report 

Cholinesterase inhibition No report 

Cumulative effect on white cell count and immunology No report 

Cyanide-type effects No report 

High acute toxicity No report 

Methaemoglobinaemia No report 

Nephrotoxicity No report 

Neurotoxicity No report 

Oestrogenicity No report 

Peroxisome proliferation No report 

Phospholipidosis No report 

Phototoxicity No report 

Pulmonary toxicity No report 

Uncoupler of oxidative phosphorylation No report 

Irritation (of the eye) No report 

Irritation (of the gastrointestinal tract) No report 

Irritation (of the respiratory tract) No report 

Irritation (of the skin) No report 

Lachrymation No report 

HERG channel inhibition in vitro No report 

Thyroid toxicity No report 

Photoallergenicity No report 

Skin sensitisation Plausible 

Occupational asthma No report 

Respiratory sensitisation No report 

Developmental toxicity No report 

Teratogenicity No report 

Testicular toxicity No report 

Ocular toxicity No report 

Mutagenicity in vitro No report 

Mutagenicity in vivo No report 

Photomutagenicity in vitro No report 
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Figure 1. Structure of Streblusol E 

 

Figure 2. Hydrogen bonding and aromatic interactions of Streblusol E with EF3-CaM 

adenylyl cyclase(1PK0); Blue Broken Line- Hydrogen Bonding; Pink Broken Line: 

Aromatic/pi-pi staking. 
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Figure 3. Hydrogen bonding and aromatic interactions of Streblusol E with deoxycytidine 

kinase(2NOA); Blue Broken Line- Hydrogen Bonding; Pink Broken Line: Aromatic/pi-pi 

staking. 
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Figure 4. Hydrogen bonding of Streblusol E with human nucleoside diphosphate 

kinase(3FKB) ; Blue Broken Line- Hydrogen Bonding. 

 

Figure 5. Hydrogen bonding of Streblusol E with Human Hepatitis B Viral 

Capsid(1QGT); Blue Broken Line- Hydrogen Bonding. 

 

Figure 6. Aromatic/pi-pi staking of Streblusol E with hepatitis B X-interacting 

protein(3MSH); Pink Broken Line: Aromatic/pi-pi staking.
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3. Materials and Methods 

Proteins used for GRIP Docking 

EF3-CaM complexed with PMEApp (1PK0): 

Adefovir dipivoxil, a drug approved to treat 

chronic infection of hepatitis B virus, effectively 

inhibit EF-induced  cAMP accumulation by 

inhibiting calmodulin(CaM)-activated adenylyl 

cyclase (Shen et al., 2004).   

Deoxycytidine kinase complexed with 

Lamivudine & ADP (2NOA): L-nucleoside 

analogs represent an important class of small 

molecules for treating both viral infections and 

cancers. These pro-drugs achieve 

pharmacological activity only after enzyme-

catalyzed conversion to their tri-phosphorylated 

forms. Crystal structure of human deoxycytidine 

kinase (dCK) in complex with the L-nucleosides 

(-)-beta-2',3'-dideoxy-3'-thiacytidine (3TC), an 

approved anti-human immunodeficiency virus 

(HIV) agent and troxacitabine (TRO), an 

experimental anti-neoplastic agent was used. The 

first step in activating these agents is catalyzed 

by dCK. The capability of dCK to phosphorylate 

both D- and L-nucleosides and nucleoside 

analogs derives from structural properties of both 

the enzyme and the substrates themselves (Sabini 

et al., 2007). 

NDPK H122G and Tenofovir-diphosphate 

(3FKB): Tenofovir is an acyclic phosphonate 

analog of deoxyadenylate used in AIDS and 

hepatitis B therapy. Tenofovir diphosphate, its 

active form can be produced by human 

nucleoside diphosphate kinase (NDPK), but with 

low efficiency, and that creatine kinase is 

significantly more active (Koch et al., 2009). 

Human Hepatitis B Viral Capsid (HBCAG) 

(1QGT): Hepatitis B is a small enveloped DNA 

virus that poses a major hazard to human health. 

The crystal structure of the T = 4 capsid has been 

used. The monomer fold is stabilized by a 

hydrophobic core that is highly conserved among 

human viral variants. Association of two 

amphipathic alpha-helical hairpins results in 

formation of a dimer with a four-helix bundle as 

the major central feature. The capsid is 

assembled from dimers via interactions involving 

a highly conserved region near the C terminus of 

the truncated protein used for crystallization. The 

major immunodominant region lies at the tips of 

the alpha-helical hairpins that form spikes on the 

capsid surface (Wynne et al., 1999). 

Hepatitis B X-interacting protein at high 

resolution (3MSH): Hepatitis B X-interacting 

protein (HBXIP) is a ubiquitous protein that was 

originally identified as a binding partner of the 

hepatitis B viral protein HBx. HBXIP is also 

thought to serve as an anti-apoptotic cofactor of 

survivin, promoting the suppression of pro-

caspase-9 activation (Garcia-Saez et al., 2011).  

 

Docking studies 

 

Vlife MDS 4.4 is very robust software with 

inclusion of all the necessary simulation 

modules. The structure of streblusol E in the 

study has been drawn in the 2D drawing 

application (2D Draw app) of MDS 4.3, followed 

by its conversion into 3D form by using default 

conversion procedure. Best conformer with the 

minimum energy was used for the docking 

analysis (Singla and Bhat, 2010; Singla et al., 

2013). Molecular docking energy evaluations are 

usually carried out with the help of scoring 

function like dock score, PLP score, potential of 

mean force (PMF) score, steric and electrostatic 

score, etc. The PLP function is incorporated by 

the MDS Vlife Science software in the GRIP 

docking method which calculates the ligand- 

receptor binding affinity in terms of the PLP 

score. The PLP score is designed to enable 

flexible docking of ligands to perform a full 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section B), pages 1-13, Proceedings  11 

http://sciforum.net/conference/mol2net-1 

 

 

conformational and positional search within a 

rigid binding site. Streblusol E was docked into 

the active site of 1PK0, 1QGT, 2NOA, 3FKB 

and 3MSH that can be obtained in the co-

crystallized with adefovir diphosphate, 

lamivudine, tenofovir monophosphate & 

tenofovir diphosphate or by the use of cavities. 

The parameters fixed for docking simulation was 

like this- number of placements: 50, rotation 

angle: 10o, exhaustive method, ligand-wise 

results: 10, scoring function: PLP score. By 

rotation angle, ligand would be rotated inside the 

receptor cavity to generate different ligand poses 

inside the receptor cavity. By placements, the 

method will check all the 50 possible placements 

into the active site pocket and will result out best 

placements out of 50. After docking simulation, 

the best docked conformer of streblusol E and 

reference ligands were then checked for their 

interactions with targeted proteins like hydrogen 

bonding, hydrophobic, pi-staking/aromatic, 

charge and vanderwaal’s interactions (Igoli et al., 

2014a, 2014b; Malleshappa and Patel, 2013; 

Singla et al., 2012; Singla, 2014; VLife , 2013) .  

 

Drug Metabolism and Pharmacokinetics 

 

Various parameters like hydrogen bond donor 

(HBD), hydrogen bond acceptor (HBA), total 

polar surface area (TPSA), flexibility, rotatable 

bonds, solubility (LogS), solubility at pH 7.4 

(LogS @ pH 7.4), lipophilicity (LogP), 

lipophilicity at pH 7.4 (LogP @ pH 7.4), affinity 

towards cytochrome P450 2C9 isoform (2C9 

pKi), hERG inhibition (hERG pIC50), blood 

brain barrier crossing capability (BBB 

log([brain]:[blood]); BBB category) , human 

intestinal absorption (HIA category), substrate 

for P-glycoprotein (P-gp category), ), affinity 

towards cytochrome P450 2D6 isoform(2D6 

affinity category), plasma protein binding 

(PPB90 category) and composite site lability of 

Streblusol E on three isoforms of cytochrome 

P450 i.e 3A4, 2D6 and 2C9  were calculated 

using StarDrop software of Optibrium Ltd 

(Optibrium Ltd). 

In Silico Prediction of Toxicity 

 

Using Derek Nexus module in StarDrop(liaison 

between Optibrium Ltd. and LHASA ltd), 

probability of Streblusol E to exert toxicity 

against various toxicological endpoints like 

carcinogenicity, mutagenicity, genotoxicity etc 

were calculated and reporting under four 

reasoning level like  

• No Report – no evidence of toxicity or 

nothing to report 

• Probable- there is atleast on strong 

argument for the proposition and none against it 

• Plausible – the weight of evidence 

supports the proposition 

• Equivocal – there is an equal weight of 

evidence for and against the proposition (Lhasa 

Ltd.; Segall and Barber, 2014).          

4. Conclusions 

Streblusol E, bioactive from Streblus asper has potential to inhibit hepatitis B virus. Its in silico studies 

with various target proteins further strengthens its efficacy as anti-hepatis B viral agents.   
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Abstract: Sirtuin type-1(SIRT1) is a regulator of various biosynthetic pathways via activation of 

peroxisome proliferator-activated receptor-γ and interacting with adenosine-mono-phosphate 

kinase. SIRT1 is the important target for various neurodegenerative, cancer and metabolic 

disorders as well as aging medicine. Keeping in view of the above fact, we considered novel 

1,3,4-thiadiazole derivatives series for SIRT1 screening, which was performed through virtual 

screening,  homological modeling, docking and computational studies. On the basis of available 

molecular structure in protein data bank of SIRT1 protein, we calculated the interaction energy 

designed molecules. The interaction energy of designed compound VR3 closely better than 

resveratrol (̴ 6.4 kcal/mol). Among of them the VR 3 shown the best conformation fitting 

stability in the binding site of SIRT1 predicted by MD (Molecular dynamics) simulation for 

2.5ns. Therefore, the designed compounds have good binding affinities to SIRT1 target, would 

serve better lead compound for antiaging screening for future drug design perspective. 

. 

. 

.. 

 

Keywords Homology modeling, Molecular docking, ADMET prediction, actives substrate 

binding domain of SIRT1, Antiaging 
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In the last few years, sirtuin (SIRT) has 

become a large attention to scientific 

communities for developing lead optimization. 

Interesting in this protein family is to its crucial 

role in genomic instability, telomere attrition, 

epigenetic alterations, loss of proteostasis, 

deregulated nutrient sensing and mitochondrial 

dysfunction (López-Otín, Blasco, Partridge, 

Serrano, & Kroemer, 2013).  SIRT1 

downregulates pro-inflammatory factors like 

p53[2-3] and nuclear factor-kappa B (NF-κB), 

whereas upregulates peroxisome proliferator-

activated receptor-gamma coactivator 1 alpha 

(PGC-1α)(Amat et al., 2009; Wareski et al., 

2009) and forkhead box class O transcription 

factors (FOXOs). SIRT 1 is the main target for 

diverse pharmacological properties including 

neurodegenerative disorders, cancer and 

metabolic disorders as well as aging medicine 

(Pallàs et al., 2009).            

Because of that, the discovery of SIRT1 

activator is an important target for drug 

discovery. In this study, we focused on 

developing a new scaffold which can be able to 

have potent activation effect.  During searching 

of new lead for SIRT1 target, we used 1, 3, 4-

thiadiazole moiety as it has one hydrogen 

binding domain and two-electron donor system. 

The previous literature survey suggested that 1, 

3, 4-thiadiazole is the important pharmacophore 

than other isomers for binding to the receptor and 

it has multiple pharmacological actions as well. 

This ring exhibited antimicrobial (Demirbas, 

Karaoglu, Demirbas, & Sancak, 2004; 

Karegoudar et al., 2008), anticancer (Chou et al., 

2003), antanxiety, anti-depressant (Clerici et al., 

2001), anti-oxidant properties (Martinez et al., 

1999), anticonvulsant activity (Yusuf, Khan, 

Khan, & Ahmed, 2013) and antitubercular 

activities (Alegaon et al., 2012). Thiadiazole ring 

expressed diverse biological activities, might be 

due to the presence of =N-C-S moiety (Oruç, 

Rollas, Kandemirli, Shvets, & Dimoglo, 2004). 

 

In view of the above fact, the question arose 

whether 1, 3, 4-thiadiazole might be an important 

activator for SIRT1 target. To prove this 

hypothesis, homology modeling was performed 

using one or more known protein structures that 

are resembling to the structural sequence of 

SIRT1. Later, all these sequences collapsed 

together to reach the desired template sequence.  

Finally, docking studies was carried out between 

newly designed protein and prepared ligand to 

get interaction energy.   

After that, the pharmacokinetics parameters 

(ADME, BBB and toxicity) were also measured 

with that designed compound to rule out whether 

these compounds might be suitable for in vivo 

biological system. We hypothesized that these 

compounds may be a lead target for antiaging as 

a SIRT1 agonist and also suitable for in vivo 

screening in the future.  

Material and methods 

 

In this present study, National Centre for 

Biotechnology Information (NCBI) 

(http://www.ncbi.nlm.nih.gov) and Protein Data 

Bank (PDB) (http://www.rcsb.org) were used as 

chemical sources. The software which was used 

to experiment, tabulated in table (1). Resveratrol, 

VR1, VR2, and VR3 structures were drawn 

through Chemdraw Ultra 10.0 figure (1) and 

their geometry was optimized six times with 

Gauss view 5.0. However, these structures 

represent a minimum energy optimization, 

selected for in-silico study and 3-D structure of 

sirtuin type-1 Protein structure was not available 

in the PDB and NCBI Protein database. The 3-D 

structure of the protein was prepared through the 

run blast of protein on the database of PDB that 

had shown the description of sequences 
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producing significant alignments of query cover 

and identity (37 and 97%, respectively). Finally, 

prepared 3-D protein structure was used for 

homological modeling figure (2).   

.. 

. 

.

. 

Table 1 Softwares used for modeling and their Purposes 

 

Softwares Purposes  

Chemdraw Ultra 10.0 and open 

babel GUI 

For drawing the chemical 

structure and convert into PDB 

format 

 

Argus Lab software,Gauss view 

5.0 

For optimizing the geometry 

of derivatives 

 

1: 3-D pssm sever, phyre 2.0 

server, easy moduller 2.0, swiss 

pdb viewer (spdbv 4.1.0), 

Modbase server and saves server 

plot. 

 

For the homological modeling 

of Sirtuin type 1 

Autodock 4.0,Discovery studio 

and autodock vina 

For docking studies 

 

Molinspiron software toolkit, 

Med Chem Designer and Lasar 

toxicity prediction service 

For characterization of the 

derivatives 
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Figure 1: Structures of standard and designed compounds with optimized geometry 

 

 

Figure 2: 3-Dimensional Structure Prediction of Sirtuin type 1 Protein of Homo sapiens 
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Amino acid sequences of Sirtuin type 1 

Protein   

GenBank: AAD40849.2 

GenPept Graphics 

>gi|7555471|gb|AAD40849.2|AF083106_1 

sirtuin type 1 [Homo sapiens] 

MADEAALALQPGGSPSAAGADREAASSPA

GEPLRKRPRRDGPGLERSPGEPGGAAPERE

VPAAARGCPGAAAAALWREAEAEAAAAG

GEQEAQATAAAGEGDNGPGLQGPSREPPL

ADNLYDEDDDDEGEEEEEAAAAAIGYRDN

LLFGDEIITNGFHSCESDEEDRASHASSSDW

TPRPRIGPYTFVQQHLMIGTDPRTILKDLLP

ETIPPPELDDMTLWQIVINILSEPPKRKKRK

DINTIEDAVKLLQECKKIIVLTGAGVSVSCG

IPDFRSRDGIYARLAVDFPDLPDPQAMFDIE

YFRKDPRPFFKFAKEIYPGQFQPSLCHKFIA

LSDKEGKLLRNYTQNIDTLEQVAGIQRIIQC

HGSFATASCLICKYKVDCEAVRGDIFNQVV

PRCPRCPADEPLAIMKPEIVFFGENLPEQFH

RAMKYDKDEVDLLIVIGSSLKVRPVALIPSS

IPHEVPQILINREPLPHLHFDVELLGDCDVII

NELCHRLGGEYAKLCCNPVKLSEITEKPPR

TQKELAYLSELPPTPLHVSEDSSSPERTSPPD

SSVIVTLLDQAAKSNDDLDVSESKGCMEEK

PQEVQTSRNVESIAEQMENPDLKNVGSSTG

EKNERTSVAGTVRKCWPNRVAKEQISRRL

DGNQYLFLPPNRYIFHGAEVYSDSEDDVLS

SSSCGSNSDSGTCQSPSLEEPMEDESEIEEFY

NGLEDEPDVPERAGGAGFGTDGDDQEAIN

EAISVKQEVTDMNYPSNKS 

Homology modeling 

 

SIRT1 was modeled by using Easy Modeler 

software and self-developed commends. The 

amino acid sequence of human SIRT1 was 

retrieved from Gen Bank (accession number: 

AF083106.2) in NCBI (Frye, 1999). It consists 

of 747 amino acids, among which residues 250-

500 belong to SIRT1. The SIRT1 was then 

subjected to a PSI-BLAST search in order to 

identify the homologous proteins. 3-D pssm and 

phyre 2.0 servers were shown to produce a 

number of potential templates and identify better 

templates for sequences, were observed through 

distant relationships to any solved structure. Easy 

modeler software and self-developed command 

was used to generate the nine probabilities of 

query. Ramachandran plot checked and viewed 

in the swiss pdb reviewer 4.1.0. 

 

Validation of the modeled structure  

The backbone conformation of the modeled 

structure was calculated by analyzing the phi (Φ) 

and psi (ψ) torsion angles using Saves server and 

evaluations of the modeled 3-D structure of 

sirtuin was performed using PROCHECK by 

calculating the Ramachandran plot. This plot 

represented the distribution of the Φ and ψ angles 

for the amino acid residues.  

 

Docking studies 

 

Docking study of desiged compounds were 

performed with anti aging, molecular targets, 

namely SIRT1 by using Autodock 4.0 along with 

Autodock Vina. Before the docking study, we 

identified the active site domain with the help of 

Dog P/Castp active Site recognizer server of 

protein, wherein the legend showed the best 

configuration figure (3). Keeping in view active 

site amino acid sequence, Grid box was set. 

Their binding affinity (kcal/mol) and count of 

probable hydrogen bonds also evaluated in the 

similar experiment.   

 

 Prediction of pharmacokinetic properties  

 

The designed compounds assessed for 

pharmacokinetic properties through medchem 
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designer software. Later, the pharmacokinetic 

parameters of the lead molecules analyzed, 

including their absorption, distribution, 

metabolism and excretion (ADME), using 

Molinspiration property online calculator 

(Bratislava). The percentage of absorption 

(%ABS) was calculated using TPSA by the 

following formula:  % ABS = 109-

(0.345×TPSA) (Zhao et al., 2002). Oral 

bioavailability and blood brain barrier (BBB) 

penetration of all compounds have performed by 

the ACD/ Lab-I online server. 

 

Bioactivity prediction and Toxological 

comparative studies 

 

For prediction of bioactivity and toxicological 

properties of titles compounds evaluated by 

Molinspiration property online calculator and the 

Lasar toxicity prediction server. The designed 

derivatives and original drug bioactivity 

predictions had been compared along with some 

selected activity GPCR (G-Protein coupled 

receptor).  

 

MD Simulation study 

 

Molecular dynamics simulation has been 

performed for the higher affinity complex with 

the help of Yasara tools. Hence, the complex 

placed in a cubic box and filled with solvent 

(HOH) by applying AMBER 99 force field, 

temperature 298 K that controlled through 

rescale velocities and pressure reached 1.000 bar 

these parameters were applied in order to check 

the stability of their complex. figure (4) shows 

the solvated structure when visualized in MD. 

After energy minimization of the solvated and 

electroneutral system its Potential Energy had 

been analyzed and plotted by using Sigma Plot 

11.0 tools. MD simulation was run for 2.5ns. The 

following parameter  evaluated, including: (i) 

Complex binding energy vs time which indicated 

that complex stability under the MD simulation 

figure(5), (ii) Potential energy of complex with 

respective time figure (6) and (iii) Average 

RMSD (Root Mean Square Deviation) graph 

which indicated convergence of the simulated 

structure towards an equilibrium state with 

respect to a reference structure (starting 

structure) figure (7). 

 

 

 

Results and discussion  

Homology modeling of SIRT1 and its 

evaluation 

 

Before going to interaction energy analysis 

through docking studies, it is necessary to 

prepare an amino acid sequence of targeted 

SIRT1 in our experiment. Homology modeling 

and database searching are the key essential part 

for lead optimization. Total three molecules were 

used for this study  and resveratrol were used as 

positive control.   

For homology modeling, 3-D pssm and phyre 2.0 

produced a larger number of potential templates. 

The selected templates were LJ8F, LMA3, LS5P, 

2RCR, LQ2W, LICI, UEK, LRIA, LETP and 

LOGY with identity 39, 31, 28, 21, 18, 18, 17, 

19, 16 and 16%, respectively. These best 

identical templates were downloaded from the 

protein data bank (PDB) with consideration of 

the x-ray diffraction and resolution (R). R value 

was within the range (not more than 3.0 A0, and 

0.5 obs). Again, Easy modeler software and self-

developed commend were used to generate the 

nine probabilities of query or model. The best 

dope score was selected which resided with 

phi\psi out of core regions. Later these data were 

checked through Ramachandran plot and viewed 
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in the swiss pdb reviewer 4.1.0. Very few 

numbers of amino acid laid outside the core 

region. Therefore, loop modeling was done by 

the mod loop server and checked the output 

through the Ramachandran plot. 

  

Validation of the modeled structure 

 

The modeled structure of SIRT1 was calculated 

by analyzing the phi (Φ) and psi (ψ) torsion 

angles using the Saves server software and 

evaluations of the modeled 3D structure of 

certain were performed using PROCHECK by 

calculating the Ramachandran plot figure (8) and 

table (2). The percentage Φ and ψ angles were 

92.3% of core residues, whereas this percentage 

was 0.2% for the disallowed residues. 

 

Docking studies 

 

Docking study of designing compounds was 

performed with antaging molecular targets 

SIRT1. We detected the active site domain with 

the help of DogP active Site recognizer server of 

protein where the legend showed the best 

configuration. Later, Grid box was set according 

to an active site sequence of amino acid. Their 

binding affinity (kcal/mol) and count of probable 

hydrogen bonds were evaluated table (3) through 

docking studies. Docking images of resveratrol, 

VR1, VR2 and VR3 with the target receptors was 

shown in figure (9). All Compounds exhibited 

good binding properties with SIRT1 receptor 

(affinity value -6.4, -7.0, -7.3 and -7.7 kcal/mol 

and 1, 0, 0, and 0, H-bonds, respectively for 

resveratrol, VR1, VR2, and VR3). Addition, the 

interaction of ligand to the receptor has 

concluded that PRO 419, GLU410 and VAL 412 

common essential amino acids, which may be 

involved in enhancing the efficacy of SIRT1. 

Hence, this observation could be attributed as 

potential antigens with SIRT1 mimetic/facilitator 

mode of action. 

Prediction of ADME properties  

The ADME properties of the designed 

compounds were assessed by evaluating their 

physicochemical properties using the medchem 

designer software. Their molecular weights were 

<500 Da; they had <5 hydrogen bond donors and 

<10 hydrogen bond acceptors, and logP values of 

<5 table (4). These properties are within the 

acceptable range of Lipinski’s rule of five. 

Furthermore, the pharmacokinetic parameters of 

the lead molecules were analyzed, including their 

ADME using Molinspiration property online 

calculator and Lasar toxicity prediction server. 

For the designed compounds, the partition 

coefficient (QPlogPo/w) and water solubility 

(QPlogS) values, the %ABS for the compounds 

ranged from approximately 80 to 95%. These 

pharmacokinetic parameters are well within the 

acceptable range defined for human use, thereby 

indicating their potential as drug-like molecules. 

 

All designed compounds had shown the better 

BBB penetration power table (5) and the CNS 

active properties of all compounds were shown 

in the graph figure (10). Oral bioavailability of 

all designed compounds were calculated 

theoretically which lied in accepting a range 

(more than 70%). BBB penetration and oral 

bioavailability essential key for the 

pharmacokinetic profile of the compound to 

enhance the pharmacological activity. These all 

theoretically parameter of the designed 

compounds supported our hypothesis. 

 

MlogP, Moriguchi estimation of logP. S+ log P 

logP calculated using Simulations Plus’ highly 

accurate internal model; S+logD, logD at user-

specified pH (default 7.4), based on S+logP;n-

OHNH donor, Number of Hydrogen bond donor 
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protons; M_NO, Total number of Nitrogen and 

Oxygen atoms; T_PSA, Topological polar 

surface area in square angstroms; Rule Of  Five, 

Lipinski’s Rule of Five: a score indicating the 

number of potential problems a structure might 

have with passive oral absorption;miLog P, 

logarithm of compound partition coefficient 

between n-octanol and water; log D, logarithm of 

compound distribution coefficient; n-ROTB, 

number of rotatable bonds; MV, molecular 

volume; n-ON acceptor, number of Hydrogen 

bond acceptor protons.  

 

Bioactivity prediction and Toxological 

comparative studies 

 

In this study, for prediction of bioactivity and 

toxicological properties of titled compounds was 

also determined in our study. From all calculated 

parameters, it can be observed that all titled 

compounds expressed less affinity to GPCR (G-

Protein coupled receptor) ligand, ion channel 

modulator, kinase inhibitor, nuclear receptor 

ligand, protease enzyme inhibitor and the 

toxicological as compared to resveratrol. All this 

investigation suggested that activation of SIRT1 

through our compounds has great importance for 

providing neuroprotection in various 

neurodegenerative disorders including the 

temporal lobe epilepsy (TLE) (Shetty, 2011). 

The Bioactivity and Toxological data are given 

in table (6) and (7).  

Computational details 

A computational study for prediction of docking, 

energy minimization and ADMET properties of 

title compounds was performed. From all these 

parameters, it can be observed that all titled 

compounds exhibited a good ADMET and BBB 

properties. None of the compounds violated 

Lipinski,s parameters, making them potentially 

promising agents for antiaging durg. From the 

MD simulation study of compound VR 3 shown 

the stability of complex at 2.3ns with average 

energy -388.981 kcal/mol. In addition, the 

complex didn't show more fluctuation in 

potential energy in respectively with time. 

Whereas, binding energy of compound at 0 ps 

time was founded -189.469 Kcal/mol which 

increased -645.930 kcal/mol at 700 ps under MD 

simulation, whereas in the figure (5) the complex 

exhibited the fluctuation before the 800ps. Later, 

the complex shows the stability near 800 ps with 

-400(kcal/mol) compound binding energy. 

However, the RMSD of the backbone structure 

shown the stability near 200 ps. These findings 

suggested that the complex structure of VR 3 

with SIRT1 shown the best stable fitting 

(affinity) in the MD simulation study. 

 

.
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Figure 3: Amino acid present in the active site are labeled with green 

. 

.  

Figure 4: Shows solvated structure visualized in MD simulation. Here red color represents the solvent. 

graph after Energy minimization step.Protein shown in greenish-yellow-red-blue  color and ligand 

shown as white-sky in blue color. 

 

. 
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Figure 5: Shown the Time vs compound binding energy, which indicated that the energy stabilized at 

1000 ps 

 
Root mean square distance(RMSD) of the backbone structure

Time (ps)
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Figure 6: Root mean square distance (RMSD) of the backbone of the structure simulated over 2.5 

nanoseconds. 
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Figure 7: Shows Time (1200ps) Vs Potential Energy which indicated that very small fluctuation 

observed 

 

 

 

Figure 8: Protein structure validation: (A) Modeled structure of the SIRT1obtained from Easy 

Modeler. The structure is shown in secondary structure mode using Pymol. (B) Ramachandran plot for 

the modeled SIRT1. The most favored regions are colored red; additional allowed, generously allowed 

and disallowed regions are shown as yellow, light yellow and white fields, respectively. 
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Table 2: Ramachandran plot statistics for the 3D model of SIRT1, calculated using PROCHECK 

Parameter Value 

Core % 92.3 

Allowed % 7.4 

Disallowed % 0.2 

General % 0.2 

. 

Table 3: Binding affinities of standard and designed compounds 

Ligand Receptor Affinity(

Kcal/Mol) 

Amino acids involved in interactions H- bonds  Pi 

bonds 

 

Resveratrol  Sirtuin 

type1   

(SIRT1)   

-6.4 GLN A 361, GLY A 364, SER A 365, 

ALA A 367, LYS A 408, GLU A 410, ILE 

A 411, VAL A 412, PHE A 413, GLU A 

416, ASN A 417, LEU A 418, PRO A 419, 

GLN A 421 

1 4 

VR1 Sirtuin 

type1 

(SIRT1) 

-7.0 ARG A 466, ASP A 481, GLN B 641, TYR 

B 642, LEU B 643, ILE B 651, PHE B 652, 

HIS B 653, GLY B 654, ALA B 655, GLU 

B 656,TYR B 658, SER B 659 

0 3 

VR2 Sirtuin 

type1 

(SIRT1) 

-7.3 ILE A 360, GLN A 361, GLY A 364, LYS 

A 408, GLU A 410, ILE A 411, VAL A 

412, GLU A 416, ASN A 417, PRO A 419, 

GLN A 421 

0 7 

VR3 Sirtuin 

type1 

(SIRT1) 

-7.7 ILE A 359, ILE A 360, GLN A 361, GLY 

A 364, LYS A 408, GLU A 410, ILE A 

411, VAL A 412, GLU A 416, ASN A 

417, PRO A 419, GLN A 421, PHE A 422 

0 7 
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Figure 9:  Docking images (a) Resveratrol, (b) VR 1, (c) VR 2 and (d) VR 3 with SIRT1, the green 

color dotted line shows hydrogen bonding and yellowish, light blue or whitish  dotted line show Pi 

Donor, Acceptor and Alkyl bond  respectively with amino acids involved in binding poses. 

. 
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Table 4. The theoretical ADME properties of resveratrol and all designed 1,3,4-thiadiazole 

derivatives. 

 

S. No.  Rule Resveratrol VR 1 VR 2 VR 3 

1. S+ log P  −2.0 to 

6.5) 

2.907 4.679 2.892 2.454 

2. S +log D  − 2.897 4.679 2.892 2.454 

3. M log P − 2.402 3.987 2.917 2.585 

4. T_PSA − 60.690 47.370 64.160 67.240 

5. n-OHNH donor <5 3.000 0.000 2.000 1.000 

6. M_NO. − 3.000 4.000 4.000 5.000 

7. Rule of 5 ≤ 1 0.000 0.000 0.000 0.000 

8. %ABS (% of 

absorption) 

_ 88.07 92.66 86.87 85.81 

9. MV − 206.922 329.474 265.301 253.064 

10. n-ON acceptor <10 3 4 4 5 

11. n-ROTB − 2 5 3 2 

12. M. Wt. < 500 228.249 371.465 298.343 306.347 

. 

Table 5: BBB penetration of Resveratrol, VR1, VR2 and VR3  

Parameter  Resveratrol VR1 VR2 VR3 

Rate of blood penetration  

Log PS 

-1.6 -1.1 -1.1 -1.1 

Extent of brain penetration  

Log PB 

0.37 -0.15 -0.15 -0.15 

Brain/plasma equilibration rate 

Log (PS*FU brain) 

-2.5 -2.9 -3.0 -3.0 
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Figure 10:  The BBB penetration power of the all active compounds (a, b, c, d, represents the 

following drug profile graph as resveratrol, VR1, VR2 and VR3 respectively). All graphs represent 

two region 1.CNS inactive 2.CNS active 

Table 6: Score of bioactivity prediction of resveratrol and thiadiazole derivatives 

S.No. Receptors Resveratrol VR 1 VR 2 VR 3 

1. GPCR ligand -0.20 -0.37 -0.46 -0.48 

2. Ion channel Modulator   0.02 -0.68 -0.79 -0.90  

3. Kinase inhibitor -0.20 -0.11 -0.09  0.04 

4. Nuclear receptor ligand      0.01 -0.16 -0.39 -0.74 

5. Protease inhibitor  -0.42 -0.39 -0.55 -0.94 

6. Enzyme inhibitor 0.02 -0.24 -0.25 -0.32 
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Table 7: Topological comparative studies of resveratrol and thiadiazole derivatives 

 

S.No. DSSTox toxicity origin Resveratrol VR 1 VR 2 VR 3 

1. DSSTox Carcinogenic Potency DBS 

MultiCellCall: non-carcinogen 

0.0127 0.0136 0.0123 0.00723 

2. DSSTox Carcinogenic Potency DBS 

Mutagenicity: non-mutagenic 

0.162 0.101 0.00678 0.00723 

3. DSSTox Carcinogenic Potency DBS Rat: non-

carcinogen 

0.0517 0.0614 0.0417 0.0495 

4. Kazius-Bursi Salmonella mutagenicity: non-

mutagenic 

0.089 0.0335 0.0534 0.0419 

5. FDA v3b Maximum Recommended Daily 

Dose mmol: 0.0152722115276765 

0.136 0.106 0.0834 0.0884 

6. DSSTox Carcinogenic Potency DBS 

SingleCellCall: non-carcinogen 

0.011 0.0463 0.0126 0.0131 

7. EPA v4b Fathead Minnow Acute Toxicity 

LC50_mmol: 0.00359162218026281 

0.207 0.184 0.203 0.19 

8. DSSTox ISSCAN v3a Canc: carcinogen 0.121 0.0869 0.243 0.000 

9. DSSTox Carcinogenic Potency DBS Hamster: 

non-carcinogen 

0.137 0.237 0.179 0.131 

10. DSSTox Carcinogenic Potency DBS Mouse: 

non-carcinogen 

0.0661 0.0146 0.105 0.0692 

 

 

Animals 2015, 5, 1-x manuscripts; doi:10.3390/ani50x000x 

 

Conclusion  

 

Homology modeling approach was used in our study to developed 3D structure of SIRT1. According 

to exist literature and analysis of the results from the our research of the homology modeling, docking 

and computational study indicated that the designed novel 1,3,4-thiadiazole derivatives has a potent 

activation effect on SIRT1 receptor at potential antigen target as well as treatment of a number of life 

threading diseases. All compounds displayed significant binding affinity compared with resveratrol. 

Among of them compound VR 3 has shown significant efficacy as well as the complex stability in the 

MD simulation.  The other parameters like toxicity, ADME, oral bioavailability and BBB penetration 

of all designed compounds showed similar trends. The docking study data strongly support the 
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assumption that SIRT1 may be involved in antiaging activity of 1, 3, 4-thiadiazole derivatives. 

However, the interaction of compounds with the receptor has concluded that PRO 419, GLU410 and 

VAL 412 common essential amino acids those may be involved in enhancing the efficacy of SIRT1. 

Thus, all data compared with the Resveratrol drug supported our antiaging hypothesis as a SIRT1 

agonist (Kelly, 2010)  .Hence, this observation could be attributed that the compound VR3 among of 

them as potential antiaging with SIRT1 mimetic/facilitator mode of action. 

However, further studies, like synthesis, in-vivo evaluation and mechanism of action of these 

compounds are necessary to support this hypothesis. These titled compounds emerged as a lead for 

SIRT1 drug screening for future. 
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1. Introduction 

The uses of Bioinformatics software is 

strongly related, but not limited, to the 

development of Quantitative Structure-Activity 

Relationship (QSAR) models [3]. These QSAR 

models connect the structure of compounds of 

low molecular weight, nucleic acids (DNA and 

RNA), and proteins with the biological function. 

The use of this type of software allows 

researchers designing and/or predicting new 

promising compounds [5].  

The relationship between Bioinformatics and 

the law spans a wide range of different issues 

including intellectual property, licensing  

legislation, regulation, product development as 

well as corporate legal issues [9]. In our previous 

work, we described the various legal procedures 

that are available to protect software, the 
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acceptance and legal treatment of scientific 

results and techniques derived from such 

software, as well as some of the specific tax 

issues from the computer programs field [9a]. 

2. Results and Discussion 

LEGAL PROTECTION OF SOFTWARE 

There is no single method of legally 

protecting software. In fact, no unique 

international regime exists to address software 

protection [10].  

COPYRIGHT 

The most significant international treaties 

relating to copyright protection are the Berne 

Convention, the Universal Copyright Convention 

[14] and certain provisions of the TRIPS (Trade- 

Related Aspects of Intellectual Property Rights) 

agreement [15]. Software is protected by 

copyright throughout the E.U under the 

Community Directive on Software Copyright 

(91/250/EEC Directive). On a practical level, 

software vendors use multiple levels of 

Protection: trade secret rights, publishing "object 

code", binding users by contract, and 

increasingly- seeking patent protection [13].  

PATENT PROTECTION  

A patent is an exclusive right granted for an 

invention, which is a product or a process that 

provides a new way of doing something, or 

offers a new technical solution to a problem. So, 

patents require an inventive step, an assessment 

of industrial applicability and should undergo an 

examination procedure [18]. The law relating to 

the patentability of software is still not 

harmonized internationally [13]. The most 

widely followed doctrine governing the scope of 

patent protection for software related inventions 

is the "technical effects" doctrine, first 

promulgated by the European Patent Office 

(EPO) [10].  

TRADE SECRET PROTECTION 

“Given that access or non-access to the source 

code is such a key computing issue and that most 

proprietary software owners make great efforts to 

protect such code as confidential (non-disclosed) 

information, the relevance of trade secret law is 

immediately obvious” [19].  

TRADEMARK PROTECTION  

A Trademark is understood to be a brand or 

medium that is capable of being represented 

graphically, and which is capable of 

distinguishing goods or services of one 

undertaking from those of other undertaking. It 

may consist of words, designs, letters, numerals 

or the shape of goods or packaging [20]. The 

inherent limitations of the territorial application 

of trademark laws have been mitigated by 

various intellectual property treaties, foremost 

amongst which is the TRIPS. It establishes legal 

compatibility between member jurisdictions by 

requiring harmonization of applicable laws. 

International trademark issues are also governed 

by the European Community Trademark (ECT), 

the Madrid Agreement and the Madrid Protocol 

[21, 22].  

TAX ISSUES FOR SOFTWARE  

Tax systems depend of each internal country 

regulation, and for that reason taxation of cross 

border transactions relating to computer 

software, has always been a matter of debate. 

The payment for the use of computer programs is 

classified as a `royalty .́ According to the OECD 

Model Tax Convention on Income and on 

Capital (Article 12.2), the term "royalties" means 

payments of any kind received as a consideration 

for the use of, or the right to use, any copyright 

of literary, artistic or scientific work including 

cinematograph films, any patent, trade mark, 

design or model, plan, secret formula or process, 

or for information concerning industrial, 

commercial or scientific experience [20, 26]].  

 REGULATORY USES OF QSAR  
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The challenge for bioinformatics and 

computational biology is in the validation and 

acceptance of new scientific methods and the 

results derived from software. The impact of the 

EU regulatory framework for QSAR provides 

some experience on how to address the issue of 

validation and acceptance of new approaches. 

Under Registration, Evaluation, Authorization 

and Restriction of Chemicals (REACH), all 

chemicals produced or imported in quantities of 

more than a one tons per annum (tpa) in the 

European Union, need to be assessed for human 

and environmental hazards. [29]. The REACH 

text refers to the need to demonstrate the validity 

of the QSAR used [33]. It is anticipated that 

validity will make reference to the internationally 

agreed OECD principles for QSAR validation 

already described [29, 31]. 
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Abstract: In this work, we developed a multi-target model for neuroprotective compounds reported in 

the CHEMBL database. The model predicted correctly >8300 experimental outcomes with Accuracy, 

Specificity, and Sensitivity above 80-90% in training and external validation series. This is model can 

different outcomes for >30 experimental measures in >400 different experimental protocols and related 

to >150 molecular and cellular targets present in 11 different organisms (including human). After that, 

we reported by the first time, the synthesis, characterization, and experimental assays of new series of 
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1. Introduction 

The discovery of new drugs for the treatment of 

neurodegenerative diseases such as Alzheimer's, 

Parkison’s, and Huntington's diseases, Friedreich 

ataxia and others an important goals of medicinal 

chemistry [1-4]. In order to develop such 

computational models we need to use modeling 

techniques to process chemical information from 

public databases. These databases have 

accumulated immense datasets of experimental 

results of pharmacological trials for many 

compounds. For instance, CHEMBL[5, 6], 

https://www.ebi.ac.uk/chembldb, is one of the 

biggest with more than 11,420,000 activity data 
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for >1,295,500 compounds, and 9,844 targets. In 

our previous work, we reported the first multi-

target, multi-output, and multi-scale ALMA 

model for CHEMBL data of neuroprotective / 

neuro-toxic effect of drugs. After that, we 

reported by the first time, the synthesis, 

characterization, and experimental assays of new 

series rasagiline carbamate derivatives; not 

reported in previous works.  

RESULTS AND DISCUSSION 

1.1. Development of New Model for 

Prediction of Drug-Target Networks 

Model training and validation. We report a 

model to predict when the ith compound may 

present a high (Lij(cq) = 1) or not (Lij(cq) = 0) 

value of the experimental parameter used to 

characterize interaction with a molecular or 

cellular target involved in 

neuroprotective/neurodegenerative process. The 

output Sij(cq) of our multi-output model depend 

on both chemical structure of the ith drug di and 

the set of conditions selected to perform the 

biological assay (cq) including the jth target, of 

course. In consonance, the ALMA model should 

predict different probabilities if we change the 

organisms (c1), the biological assays (c2), the 

molecular / cellular target (c3), or the standard 

experimental parameter measured (c4), for the 

same compound [7]. The best ALMA-entropy 

model found in this work was:  

 

       

   

005.0007.191372.02661

·0017.0·0202.0

4·4349.0·1993.0)?(·4039.01396.1

2

11

111







pRN

to

ascpcS

c

e

i

t

i

u

i

x

ii

lqij







 

The statistical parameters for the above equation 

in training are: Number of cases used to train the 

model (N), Canonical Regression Coefficient 

(Rc), Chi-square (χ2), and p-level [8]. The 

probability cut-off for this LDA model is ip1(cq) 

> 0.5 => Lij(cq) = 1. It means that the drug di 

predicted by the model with probability > 0.5 are 

expected to give a positive outcome in the qth 

assays carry out under the given set of conditions 

cq. This ALMA-entropy model present excellent 

performance in both training and external 

validation series with Sensitivity (Sn), 

Specificity (Sp), and Accuracy (Ac) > 80%. 

Values higher than 75% are acceptable for LDA-

QSAR models, according to previous reports [9-

13].  

1.2. Experimental and Theoretical 

Study of New Compounds 

Synthesis and experimental assay of new 1,2-

rasagiline derivatives. The compounds 2, 3, 4, 

5, 6, 7, 8 and 9 were synthesized according to the 

strategy given in Figure 2. As shown in this 

scheme, they were synthesized from the 

aminoalcohol 1 [(1R,2S)-(+)-1-amino-2-indanol], 

a commercial product. The alkylation of 1 with 

propargyl bromide and potassium carbonate in 

hot acetonitrile provided, in a global yield of 

92%, a mixture of the corresponding mono- and 

dipropargylated derivatives (2 and 3), which 

were separated by flash column chromatography 

using hexane/EtOAc (3:1) as eluent. Compound 

3 was converted to the corresponding acetate (4) 

and benzoate (5) by treatment with acetic 

anhydride or benzoyl chloride, Et3N and catalytic 

amounts of DMAP in MeCN. The carbamate 

derivatives (6, 7, 8 and 9) were synthesized, from 

the hidroxy mono- or dipropargylaminoindans (2 

and 3), by reaction with the corresponding 

dialkylcarbamyl chloride in NaH and acetonitrile 

following the procedure described in the 

literature [14]. 
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Figure 1. Synthesis of compounds 2-9 

The new compounds synthesized in this work (2, 

3, 4, 5, 6, 7, 8, and 9) were subjected to an initial 

study to determinate its neuroprotective ability in 

both the presence and the absence of neurotoxic 

agents (ANA). The method of reduction of the 3-

(4,5-Dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) was used to 

ascertain the cell viability, given by the number 

of cells present in the culture. The ability of cells 

to reduce MTT is an indicator of the integrity of 

mitochondria, and its functional activity is 

interpreted as a measure of cell viability [15]. 

Three assays were conducted in a culture of 

motor cortex neurons of 19-day-old Sprague-

Dawley rat embryos. Firstly, we studied the 

ability to induce a neuroprotective effect in the 

absence of any neurotoxic stimulation. Secondly, 

we studied the neuroprotective effect in the 

presence of glutamate, a compound that causes a 

pathological process in which neurons are 

damaged leading to apoptosis when its receptors 

such as the NMDA and AMPA are over-

activated. Lastly, the ability of the compounds 

synthesized to protect from damage by H2O2, 

that causes neuronal death by Oxidative stress, 

was analyzed. The results obtained allow to 

deduce the existence of a moderate 

neuroprotective effect in the absence of any toxic 

stimulus, presenting the best results type 6 and 9 

carbamate derivatives, with values of 11.5% and 

8.4% respectively, followed by the compound 3, 

4, and 7 with values slightly above 4% (see 

Figure 2). 

 

 

Figure 2. Results of the experimental assay of 

Neuroprotective effect of the new compounds. 

Predict new drugs in other assays. We used the 

ALMA-entropy model to predict the more 

probable results for all the new rasagiline 

derivatives, synthesized in this work, in >500 

assays not carried out experimentally. When the 

molecular descriptors (entropy indices) of the 

new rasagiline derivatives were introduced in our 

model we obtained the probable interaction with 

different targets. The model predicts that most of 

them could interact with the subunits A and B of 

the 5-hidroxy-tryptamine type 3 receptors (5-

HT3Rs). These results seem to be consistent with 

the literature, since the antagonists of 5-HT3Rs 

have been related to neuroprotective properties in 

vitro and in vivo [16].  
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Abstract: A combination of experimental and theoretical approaches is proposed to determine the best 

template and conditions to synthesized a bio-active open mesopore structure material with a 3D- 

sponge-like network similar than those existed in trabecular bone with a consequent saving of time and 

products. Specifically, we discuss the possibility of combining experimental methods with theoretical 

methods that have been published in J Mater Sci 2012, 47, 2837-2844 and Langmuir 2015, doi: 

10.1021/acs.langmuir.5b03074, respectively. The strategy proposed opens a new gate to the rational 

design of 3D hierarchically scaffolds for bone repair in the future. 
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1. Introduction 

Nanomedicine goes beyond the use of 

classical medicine at cell scales, currently faces 

an exceptional opportunity to improve global 

healthcare[1,2]. One of the main goals of 

nanomedicine is to develop new biocompatible 

scaffolds[3]. These materials in order to perform 

effectively must have an appreciation of the 

complex interrelationships between humans and 

the physical/chemical components of the 

environment [4].  

Around 45% of the population aged 50 years 

and older will have an osteoporosis-related 

fracture in their lifetime. Such statistics 

demonstrate the vast need for new developments 

in this area. Bone is a complex composite 

material, with living and nonliving matter. The 

stiff nature of bone clearly enables it to form a 

semirigid framework, enable motion, and provide 

organ protection. Because of the trabecular bone 

exhibit spongelike bicontinuity at the millimeter 

scale, there is a growing interest in the synthesis 

of spongy-like materials[5]. However, there are 

too many factors to consider: immune response, 

vascularization, chemotactic and so on [6]. To 

overcome these challenges particular interest 

must be paid in the molecular sieve [7]. Here we 

propose a combination of experimental and 

computational tools to characterize and optimize 

the properties of sieves based on bicontinuous 
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pore silica materials templated with bile salts 

mixtures.  

 

2. Results and Discussion 

 

Self-aggregation of binary systems has received 

considerable attention recently due to their 

potential as sustainable templates. In different 

works, we have studied, both experimentally and 

with molecular modeling, the optimization of the 

conditions and routes for the development of the 

best bio-active implantable materials. Such 

studies allows for the direct assessment of the 

role that molecular architecture and experimental 

conditions plays in approaches to simulate the 

trabecular bone organization  

2.1. Computational models 

On one side, in a previous work published this 

year we have built the first model that combines 

perturbation theories (PT) and linear free energy 

relationships (LFER) ideas [8]. The model uses 

as input covariance PT operators (CPTOs). 

CPTOs are calculated as the difference in 

covariance ΔCov(iμk) functions before and after 

multiple perturbations in the binary system[9]. In 

turn, we can calculate the covariances calculated 

as the product of two Box−Jenkins operators 

(BJO) operators [10]. BJOs are used to measure 

the deviation of the structure of different 

chemical compounds from a set of molecules 

measured in a given subset of experimental 

conditions (bj). The best CPT-LFER model 

found predicted the effects of 25000 

perturbations over 9 different properties of 

binary systems. The best CPT-LFER model 

found with this algorithm was the following: 

 

𝑓0 ( 𝑝𝜀𝑖𝑗)𝑛𝑒𝑤 = −0.275152 𝑓1 ( 𝑝𝜀𝑖𝑗)𝑟𝑒𝑓 −

−0.158186Γ𝑝𝑖(𝑑𝑖𝑝)
0 + 0.037112Γ𝑝𝑖(𝑠𝑜𝑙𝑣)

0 +

+0.017595Γ𝑝𝑖(𝑝𝑎𝑟𝑡)
0 − 0.150110Γ𝑝𝑖(𝑠𝑜𝑙𝑣)

− +

+0.095564Γ𝑝𝑖(𝑠𝑜𝑙𝑣)
+ + 0.181357

 

 

where the output function 𝑓0 ( 𝑝𝜀𝑖𝑗)𝑛𝑒𝑤  is a 

multi-output function that quantifies the 

numerical values (ε) of different pth 

physicochemical properties of the ith binary 

system that have been experimentally determined 

under a certain set of jth boundary conditions 

(cj). Γ𝑗𝑝(𝑘)
𝑞  are the covariance perturbation 

functions. The types of potentials were the 

electrostatic dipole potential (dip), electrostatic 

potential in solution (solv) and thermodynamic 

potential for water−nonpolar phase partitioning 

(part). The notation for q is 0 when both species 

are molecules, + and − when both species are 

cations and anions, respectively. 

2.1. Experimental methods 

On the other hand, in other recent work [11] we 

reported the experimental study of the 

physicochemical properties of the nanostructures. 

The nanostructures studied are formed within 

aqueous mixtures of bile salts sodium 

glycodeoxycholate (NaGDC), dehydrocholic 

acid (HDHC), Sodium deoxycholate (NaDC) and 

surfactant didodecyldime thylammonium 

bromide (DDAB) as a function of total 

concentration and mixed ratio. The experimental 

study has been carried out by means of 

thermodynamic analysis, fluorescence 

spectroscopy, field emission-scanning electron 

microscopy (FE-SEM) and energy dispersive X-

ray microanalysis (EDX) experiments [11].  

Experimental measurements were perfectly 

reproduced by our CPT-LFER model, which was 

further used to examine different systems under 

other conditions not studied experimentally with 

a consequent saving of time and products. 

The siliceous materials (SM) were prepared 

using hydrothermal synthesis. Tetraethyl 

orthosilicate (TEOS) was added to different bile 

salts mixture solutions. The mixture was stirred 

and left for 24 h in an autoclave at 100 ºC. The 

obtained materials were calcined [12]. The 

material final structures take place through a 

vesicle to sponge-like phase transformation 

whose driving force seems to be the interaction 

of bile salts and silica species during the material 

polymerization synthesis step. Depending of the 

type and amount of BS in the template mixture, 

the film can curve toward the a-polar or toward 

the polar side leading to different final 

morphologies. The highly hydrophobic steroid 

backbone of NaDHC molecule causes a great 

disturbance in the templated liquid crystal 

mixture. The final mesophases obtained 

depending on the materials arises in different 

structures. 

It was demonstrated that the requirement for an 

artificial material to bond to living bone 

(bioactivity) is the formation of bonelike apatite 
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(HA) on its surface when implanted in the living 

body [13],[14], and that this in vivo apatite 

formation can be reproduced in a SBF with ion 

concentrations nearly equal to those of human 

blood plasma. 

The existence of a highly porous surface can 

accelerate the biomimetic process. In 

agreements, the apatite deposition was observed 

only in such specimens which content mesopores 

and high proportion of siloxane bridges in their 

structures. The time evolution of apatite growth 

on the synthesized materials was followed by 

FT-IR measurements (ESM) and confirmed by 

scanning electron microscopy. Figure 1 show the 

FE-SEM microphotographs of the material 

surfaces after soaking in 1.5 SBF. It must be 

noticed that calcium phosphate coatings grow not 

only on the material surface but also in the pore 

interior and the progress of this covering 

increases as a function of the soaking time SEM 

revealed the presence of preformed calcium 

phosphate coatings to be composed entirely of 

straight platelike units with sharp edges, with a 

change in crystal geometry as the time of soaking 

increased. The definite crystalline structure is 

achieved after soaking for 20 days in SBF. The 

thickness of the apatite-like coating increases 

with time and reaches a saturated point after 10 

days of soaking. Assuming that the growth rate 

of apatite coating is controlled by the calcium 

and phosphorous ions diffusion rates from the 

SBF to the material surface, the growth kinetics 

of apatite-like coatings on porous materials can 

be expressed by an empirical relationship 

 

𝑑2 = 𝐾𝑡 
 

where d is the thickness of the coating evaluated 

from SEM photos, t is the soaking time for the 

biomimetic deposition, and K is the growth rate 

constant. The growth rate constant obtained was , 

K = 2.0208 9× 10-18 m2 seg-1. 
 

. 

 

 

 
Figure 1. FE-SEM microphotographs showing the time evolution of HA layer formation on materials. 

Scale bars 3-5m. 

 

 

3. Materials and Methods 

 

Dihidroxy bile salt sodium glycodeoxycholate 

(NaGDC), dehydrocholic acid (HDHC), sodium 

deoxycholate (NaDC), didodecyldimethyl 

ammonium bromide (DDAB) and tetraethyl 

orthosilicate (TEOS) were purchased from 

Sigma-Aldrich and used as received. 

Fluorescence Spectroscopy. Fluorescence spectra 

of pyrene were obtained with a Cary Eclipse 

spectrophotometer equipped with a temperature-

control device and a multicell sample holder 

(Varian 198 Instruments Inc.). All samples were 

prepared with saturated solutions of pyrene 

(3×10−7 mol dm−3). Measurements were 

performed at 298 K, and the fluorescence 

intensities ratios (I1/I3) of the first (I1, 373 nm) 

and third (I3, 384 nm) peaks from the short 

wavelength in the spectra of pyrene were 

obtained with excitation at λ = 335 nm. The 

excitation and emission slit widths were set to be 

5 and 1.5 nm, respectively. 

Field emission-scanning electron microscopy 

(FE-SEM) and energy dispersive X-ray 

microanalysis (EDX) were performed using a 
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FE-SEM ULTRA PLUS microscope. 

Microanalysis EDX: resolution 129 eV and 

wavelength-dispersive (WD) 8.5 nm. 

Transmission electron microscopy (TEM) was 

performed using a Philips CM-12 transmission 

electron microscope equipped with a digital 

camera MEGA VIEWII DOCU. 

Infrared spectra were collected using a Nicolet-

Nexus 470 Fourier-Transform infrared 

Spectrometer (FT-IR) equipped with a pneumatic 

motion interferometer. 

 

4. Conclusions 

We successfully presented a new computational 

method for predicting key physicochemical 

properties of compounds for biomaterials 

templating. For this purpose we developed the 

first model which combines perturbation theory 

(PT) and linear free energy relationship (LFER) 

ideas. We show that a single model may have a 

good quality of predicting multiple properties. 

Results obtained by our model were compared 

with published data, and our experimental results 

obtained standard errors less than 0.02%. 

We also demonstrated that controlling molecular 

architecture is an efficient platform to manipulate 

the material bioactivity. The presence of siloxane 

bridges and its distribution results in HA growth 

not only at the surface but also at pore interior. 

Finally, the kinetics of HA formation was also 

tested and we concluded that the definite 

crystalline structure is achieved after 20 days. 

The detailed analysis and theoretical model 

provided in these studies is expected to be useful 

as a reference to design in a fast and economical 

way new bioactive scaffolds for bone 

regeneration based on surfactant mixtures. 
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Abstract: Psidium guajava L. is widely used like food and in folk medicine all around the 

world. Many studies have demonstrated that guava leaves have anti-hyperglycaemic and anti-

hyperlipidemic activities, among others. The biological activity of guava leaves belongs mainly 

to phenolic compounds. Andalusia is one of the regions in Europe where guava is grown, thus, 

the aim of this work was to study the phenolic compounds present in Andalusian guava leaves at 

different oxidation state (low, medium and high). The phenolic compounds in guava leaves were 

determined by HPLC-DAD-ESI-qTOF-MS. We identified seventy-two phenolic compounds and, 

to our knowledge, twelve of them were determined for the first time in guava leaves in negative 

ionization mode. Moreover, positive ionization mode allowed the identification of the cyanidin-

glucoside. To our knowledge this compound has been identified for the first time in guava 

leaves. 

The results obtained by chromatographic analysis reported that guava leaves with low degree of 

oxidation have a higher content gallic and ellagic derivatives and flavonols compared to the other 

two guava leaf samples. Contrary, high oxidation state guava leaves reported the highest content 

of cyanidin-glucoside that was 2.6 and 15 times higher than guava leaves with medium and low 

oxidation state, respectively. 
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The qTOF platform permitted the determination of several phenolic compounds and provided 

new information about guava leaf phenolic composition that could be useful for nutraceutical 

production.

 

 

Keywords: Psidium guajava L.; HPLC-DAD-ESI-qTOF-MS; phenolic compounds; gallic and ellagic 

derivatives; flavonols; cyanidin-glucoside. 
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1. Introduction 

Psidium guajava L., from the Myrtaceae 

family, is common throughout tropical and 

subtropical areas1 and Andalusia is one of the 

regions in Europe where guava is grown. Guava 

tree shows different phenological stages 

throughout its vegetative period in response to 

environmental conditions2. Moreover, is widely 

used like food and in folk medicine all around 

the world. Many studies have demonstrated that 

guava leaves have anti-hyperglycaemic and anti-

hyperlipidemic activities3, among others. The 

biological activity of guava leaves belongs 

mainly to phenolic compounds4. 

Different analytical techniques are commonly 

used to characterize the bioactive present in plant 

extracts. LC/MS technique has opened up new 

approaches for the qualitative and the 

quantitative analysis of target compounds. 

LC/TOF/MS can provide tentative identification 

of unknown peaks, due to accurate-mass 

measurement5. 

Thus, the aim of this work was to study the 

phenolic compounds present in Andalusian 

guava leaves at different oxidation state (low, 

medium and high) by HPLC-DAD-ESI-qTOF-

MS. 

.

2. Results and Discussion 

Negative and positive mode LC-ESI/MS 

conditions were optimized for the analysis of all 

the phenolics. To identify compounds for which 

no commercial standards were available, data 

generated by TOF analysis were checked. HPLC 

and mass spectral data obtained are summarized 

in Table 1. A total of sixty-nine phenolic 

compounds were characterized in negative mode, 

twelve of them were determined for the first time 

in guava leaves. In positive mode, only cyanidin-

3-O-glucoside was detected.  

 

Quantification of the extracts by HPLC-DAD-

ESI-qTOF-MS revealed that the three samples 

showed significant differences (p < 0.05). Low 

oxidation state provided the highest content of 

total phenolic compounds (103 ± 2 mg/g leaf 

d.w.), followed by medium and high oxidation 

state (92.0 ± 0.4 and 87.91 ± 0.04 mg/g leaf d.w., 

respectively). 

 

In terms of concentration of the different 

families present in leaves, the extracts reported 

the same trend as TPC, lowest content of 

different classes of phenolics compound were 

found in high oxidation state, whereas the 

highest content was found at low oxidation state 

(Figure 1). The major class of phenolic 

compounds in guava leaves samples was 

flavonols, ranged between 48.1 and 50.6 mg/g 
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leaf d.w. The second class of polar compounds 

was represented by flavan-3-ols (24.2 - 24.7 

mg/g leaf d.w.), succeeded by gallic and ellagic 

acid derivatives (14.8 - 15.8 mg/g leaf d.w.) and 

finally, flavanone, that varied from 0.49 to 0.63 

mg/g leaf d.w. 

In contrast, and as was expected, in positive 

mode, opposite results were found (Figure 2). 

Greater amount of cyanidin-3-O-glucoside was 

determined when the oxidation state was higher 

(varying from 441.28 ± 0.04 to 29.5 ± 0.2 μg/g 

leaf d.w.). 

 

These changes in composition could be due to 

the different synthesis of secondary metabolites 

as response to oxidative state6. It may happen 

due to a reaction between them and anthocyanins 

that cause the dramatic red coloration of thee 

leaves, decreasing in this way its concentration7. 

 

 

 

Figure 1. Quantification of different families of phenolic compounds present in guava leaves. 

 

 

Figure 2. Quantification of cyanidin-3-O-glucoside 
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No. Compound tr (min) m/z exp 
m/z 

calculated 

Molecular 

Formula 
λ (nm) Fragments Score error(ppm) 

  Negative mode                 

1 HHDP glucose Isomer 1 1.929 481.064 481.3406 C20H18O14 290 421.0406, 300.9991, 275.0202 96.51 -2.55 

2 HHDP glucose Isomer 2 2.139 481.0638 481.3406 C20H18O14 290 421.0406, 300.9991, 275.0202 99.09 -0.19 

3 HHDP glucose Isomer 3 2.516 481.0639 481.3406 C20H18O14 290 421.0406, 300.9991, 275.0202 97.21 -2.24 

4 Prodelphinidin B Isomer 3.85 609.1276 609.5111 C30H26O14 272, 225 441.0838, 423.0701, 305.0687, 125.0226 97.84 -1.7 

5 Gallic acid 4.022 169.0142 169.1116 C7H6O5 280, 360 125.0243 99.27 0.37 

6 Pedunculagin/ Casuariin Isomer 5.865 783.0699 783.5332 C34H24O22 253 481.0606, 391.0307, 300.9999, 275.0191 98.57 -1.29 

7 Prodelphinidin Dimer Isomer 7.272 593.1311 593.5117 C30H26O13 280, 340 425.0875, 289.0715,  96.51 -2.35 

8 Gallocatechin 7.814 305.0698 305.2595 C15H14O7 270 125.0241, 179.0347, 219.0661, 261.0774 95.55 -3.32 

9 Vescalagin/castalagin Isomer 7.953 933.0649 933.6216 C41H26O26 260, 280 466.0299, 300.9968 99.19 -0.79 

10 Prodelphinidin Dimer Isomer 8.119 593.1316 593.5117 C30H26O13 280, 340 305.0667, 423.0719, 441.0841 96.51 -2.35 

11 Uralenneoside 9.387 285.0624 285.2268 C12H14O8 270 153.0193, 109.0279 97.8 -2.69 

12 Geraniin Isomer 9.497 951.0749 951.6369 C41H28O27 270 907.0825, 783.0785, 481.0606, 300.9999 99.56 -0.2 

13 Pedunculagin/ Casuariin Isomer 9.536 783.0699 783.5332 C34H24O22 253 481.0606, 391.0307, 300.9999, 275.0191 98.39 -1.36 

14 Geraniin Isomer 9.652 951.0752 951.6369 C41H28O27 270 907.0825, 783.0785, 481.0606, 300.9999 99.56 -0.2 

15 Procyanidin B Isomer 10.018 577.1367 577.5123 C30H26O12 278 425.0881, 407.0777, 289.0718, 125.0243 95.68 -2.55 

16 Galloyl(epi)catechin-(epi)gallocatechin 10.345 745.142 745.6160 C37H30O17 280, 340 593.1302, 575.1214, 423.0694, 305.0688 96.9 -0.62 

17 Procyanidin B Isomer 10.356 577.1367 577.5123 C30H26O13 278 425.0881, 407.0777, 289.0718, 125.0243 99.41 -0.61 

18 Tellimagrandin I Isomer  10.738 785.0851 785.5491 C34H26O22 279, 340 615.0674, 392.0396, 300.9985, 169.0144 99.13 -0.96 

19 Pterocarinin A 10.998 1067.122 1067.7521 C46H36O30 280 533.0585, 377.0313, 301.0330, 249.0377 99.82 -0.11 

20 Pterocarinin A Isomer 11.208 1067.122 1067.7521 C46H36O30 280 533.0585, 377.0313, 301.0330, 249.0377 98.39 -1.26 

21 Stenophyllanin A 11.247 1207.1495 1207.8903 C56H40O31 278 917.0763, 603.0735 98.64 -1.08 

22 Procyanidin trimer Isomer 1 11.247 865.1998 865.7645 C45H38O18 278 739.1593, 577.1337, 449.0888, 289.0745 97.53 -1.59 

23 Catechin 11.258 289.0727 289.2601 C15H14O6 281 245.0821, 203.0718, 179.0349, 125.0242 96.76 -3.18 

24 Procyanidin tetramer 11.336 1153.2612 1155.0246 C60H50O24 280 576.1291 99.6 -0.5 

25 Procyanidin trimer Isomer 2 11.413 865.1998 865.7645 C45H38O18 278 739.1593, 577.1337, 449.0888, 289.0745 97.53 -1.59 

26 Guavin A 11.496 1223.1423 1223.8897 C56H40O32 277 611.0724 99.05 0.85 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section A), pages 1-8, Proceedings         5 

http://sciforum.net/conference/mol2net-1 

 

 

27 Casuarinin/ Casuarictin Isomer 11.895 935.081 935.6375 C41H28O26 275 783.0637, 633.0735, 300.9979, 275.0189 97.67 -1.43 

28 Galloyl(epi)catechin-(epi)gallocatechin 12.1 745.142 745.6160 C37H30O17 280, 340 593.1302, 575.1214, 423.0694, 305.0688 96.9 -0.62 

29 Procyanidin pentamer 12.144 1441.3234 1442.2688 C75H62O30 280 720.1604 95.66 1.97 

30 Galloyl-(epi)catechin trimer Isomer 1 12.166 1017.2097 1017.8687 C52H42O22 280 508.104 99.72 -0.01 

31 Gallocatechin 12.327 305.0702 305.2595 C15H14O7 270 125.0241, 179.0347, 219.0661, 261.0774 95.55 -3.32 

32 Tellimagrandin I Isomer  12.504 785.0855 785.5491 C34H26O22 277, 338 615.0674, 392.0396, 300.9985, 169.0144 98.44 -1.38 

33 Vescalagin 12.758 933.0649 933.6216 C41H26O26 260, 280 466.0295, 457.0781, 300.9968 96.33 -0.8 

34 Stenophyllanin A Isomer 12.925 1207.1472 1207.8903 C56H40O31 280 917.0763, 603.0735 98.37 0.89 

35 Galloyl-(epi)catechin trimer Isomer 2 12.985 1017.2097 1017.8687 C52H42O22 280 508.104 98.17 -1.35 

36 Myricetin hexoside Isomer 13.284 479.0836 479.3678 C21H20O13 261, 358 317.0294, 316.0226,  271.0255 98.36 -0.92 

37 Stachyuranin A 13.412 1225.1587 1225.9055 C56H42O32 276 612.0779 95.54 1.35 

38 Procyanidin gallate Isomer 13.517 729.1476 729.6166 C37H30O16 280 

577.1356, 559.1226, 425.0874, 407.0798, 

298.0716 96.89 -1.91 

39 Myricetin hexoside Isomer 13.677 479.0835 479.3678 C21H20O13 261, 358 317.0294, 316.0226,  271.0255 97.89 -0.08 

40 Vescalagin/castalagin Isomer 13.844 933.0645 933.6216 C41H26O26 260 466.0299, 300.9968 88.32 -1.57 

41 Myricetin -arabinoside/ xylopyranoside Isomer 13.988 449.0728 449.3418 C20H18O12 264, 356 317.0291, 316.0241, 271.0249 98.39 -1.65 

42 Myricetin -arabinoside/ xylopyranoside Isomer 14.214 449.0726 449.3418 C20H18O12 264, 357 317.0291, 316.0241, 271.0249 98.02 -1.65 

43 Procyanidin gallate Isomer 14.563 729.6356 577.5123 C30H26O12 280 

577.1356, 559.1226, 425.0874, 407.0798, 

298.0716 98.17 -1.73 

44 Myricetin -arabinoside/ xylopyranoside Isomer 14.99 449.0726 449.3418 C20H18O12 264, 356 317.0291, 316.0241, 271.0249 98.66 -1.65 

45 Myricetin hexoside Isomer 15.034 479.0839 479.3678 C21H20O13 261, 358 317.0294, 316.0226,  271.0255 97.08 -1.92 

46 Myricetin hexoside Isomer 15.217 479.0841 479.3678 C21H20O13 264, 356 317.0288, 316.0241, 271.0253 97.08 -1.92 

47 Myricetin -arabinoside/ xylopyranoside Isomer 15.604 449.0743 449.3418 C20H18O12 264, 356 317.0291, 316.0241, 271.0249 98.39 -1.65 

48 Quercetin -galloylhexoside Isomer 15.626 615.1008 615.4726 C28H24O16 268, 350 463.0886, 300.0283 99.16 -0.98 

49 Ellagic acid deoxyhexoside  15.837 447.0578 447.3259 C20H16O12 265, 350 300.9974, 91.25 -3.19 

50 Quercetin -galloylhexoside Isomer 16.036 615.0999 615.4726 C28H24O16 280, 345 463.0886, 300.0283 99.16 -0.98 

51 Myricetin -arabinoside/ xylopyranoside Isomer 16.191 449.0736 449.3418 C20H18O12 256, 356 317.0291, 316.0241, 271.0249 98.39 -1.65 

52 Morin 16.28 301.0362 301.2278 C15H10O7 257, 374 178.9978, 151.0032 97.46 -2.5 

53 Myricetin -arabinoside/ xylopyranoside Isomer 16.462 449.0735 449.3418 C20H18O12 257, 356 317.0291, 316.0241, 271.0249 98.39 -1.65 
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54 Ellagic acid 16.507 300.9996 301.1847 C14H6O8 254, 360 283.9921, 257.0088, 229.0169, 185.0233 98.88 -1.71 

55 Hyperin 16.616 463.0895 463.3684 C21H20O12 259, 355 301.0350, 300.0279, 178.9980, 151.0032 96.41 -2.65 

56 Quercetin glucoronide 16.723 477.0659 477.3519 C21H18O13 265, 355 301.0359, 151.0026 98.1 -1.83 

57 Isoquercitrin 16.95 463.0893 463.3684 C21H20O12 258, 355 301.0353, 300.0281, 178.9983, 151.0090 97.04 -2.33 

58 Procyanidin gallate Isomer 17.038 729.1476 729.6166 C37H30O16 280 

577.1356, 559.1226, 425.0874, 407.0798, 

298.0716 96.89 -1.91 

59 Reynoutrin 17.498 433.0792 433.3424 C20H18O11 258, 356 301.0356 95.94 -2.9 

60 Guajaverin 17.802 433.0795 433.3424 C20H18O11 257, 356 301.0352 97.99 -1.91 

61 Guavinoside A 17.985 543.1159 544.4610 C26H24O13 218, 288 313.0568, 229.0503, 169.0148 98.1 -1.77 

62 Avicularin 18.206 433.0803 433.3424 C20H18O11 257, 355 301.0359 96.7 -2.2 

63 Quercitrin  19.194 447.0947 447.3690 C21H20O11 264, 353 301.0348, 271.0247, 178.9988, 151.0028 95.23 -3.02 

64 Myrciaphenone B 19.208 481.0999 481.3836 C21H22O13 280, 340 313.0570, 169.0141  97.2 -2.23 

65 Guavinoside C 19.768 585.0898 585.4466 C27H22O15 265, 355 433.0757, 301.0351, 283.0449, 169.0142 97.19 -1.92 

66 Guavinoside B 20.77 571.147 571.5062 C28H28O13 218, 283 313.057, 257.0829, 169.0142 97.26 -2.05 

67 Guavinoside A Isomer 20.702 543.1159 543.4530 C26H24O13 218, 288 313.0568, 229.0503, 169.0148 98.1 -1.77 

68 Guavinoside B Isomer 21.667 571.147 571.5062 C28H28O13 218, 283 313.057, 257.0829, 169.0142 97.26 -2.05 

69 

2,6-dihydroxy-3-methyl-4-O-(6″-O-galloyl-β-D-

glucopyranosyl)-benzophenone 21.971 557.1318 557.4796 C27H26O13 280 313.0575, 243.0670, 169.0146 96.93 -2.12 

70 Guavin B 22.237 693.111 693.5414 C33H26O17 283 391.1468 97.82 -1.67 

71 Quercetin 22.314 301.0358 301.2278 C15H10O7 257, 374 178.9985, 151.0036 98.9 -1.34 

72 Naringenin 26.738 271.0622 271.2448 C15H12O5 280 118.6395, 150.5022 96.09 -3.67 

  Positive mode                 

73 Cyanidin-3-o-glucoside 3.661 449.1089 449.3911 C21H21O11 287, 288 517, 280 96.97 -2.34 

Table 1. Tentatively identified compounds in guava leaves. 
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3. Materials and Methods 

3.1 Plant Material and Sample Preparation 

Fresh guava leaves were harvested in Motril, 

Spain, at different oxidation states (low, medium, 

and high). The samples were air-dried, grounded 

and extracted with ethanol:water 80/20 (v/v) by 

ultrasonics8. 

 

3.2 HPLC-DAD-ESI-qTOF-MS Analysis 

Chromatographic analyses were performed 

using an HPLC Agilent 1260 series (Agilent 

Technologies, Santa Clara, CA, USA) equipped 

with a binary pump, an online degasser, an 

autosampler and a thermostatically controlled 

column compartment, and a UV-Vis Diode Array 

Detector (DAD). The column was maintained at 

25ºC. Phenolic compounds from Psidium 

guajava L. leaves were separated at room 

temperature using a method previously reported 

by Gómez-Caravaca et al.9 for positive mode.  

 

MS analyses were carried out using a 6540 

Agilent Ultra-High-Definition Accurate-Mass Q-

TOF-MS coupled to the HPLC, equipped with an 

Agilent Dual Jet Stream electrospray ionization 

(Dual AJS ESI) interface. In negative ionization 

mode at the following conditions: drying gas 

flow (N2), 12.0 L/min; nebulizer pressure, 50 

psi; gas drying temperature, 370°C; capillary 

voltage, 3500 V; fragmentor voltage and scan 

range were 3500 V and m/z 50-1500, 

respectively. Automatic MS/MS experiments 

were carried out using the followings collision 

energy values: m/z 100, 30 eV; m/z 500, 35 eV; 

m/z 1000, 40 eV; and m/z 1500, 45 eV. In 

positive mode: auto MS/MS experiments were 

carried out using the followings collision energy 

values: m/z 100, 40 eV; m/z 500, 45 eV; m/z 

1000, 50 eV; and m/z 1500, 55 eV. 

.

4. Conclusions 

HPLC coupled to qTOF-MS detector, which provides a molecular formula and the MS/MS data, 

permitted the analysis of the major phenolic compounds of guava leaves. The method performed in 

negative mode has proven to be successful to identify 72 compounds in guava leaves. Moreover, in 

positive mode, the analysis with TOF analyser and the co-elution with a standard solution allowed the 

identification of the cyanidin-glucoside. To our knowledge twelve compounds from the negative 

mode, and also the cyaniding-glucoside, were identified for the first time in guava leaves. 

Quantification data, in negative mode, reported that leaves with low oxidation state presented the 

highest concentration of these compounds and decreased when the oxidation state raised. On the 

contrary, the state of oxidation affected significantly the cyanidin content. In fact, highest amount was 

detected in the leaves with high oxidation state.  
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Abstract: Nanoparticulate -Fe2O3 and -Fe2O3/C composites with different carbon proportions 

have been prepared by a freeze-drying synthesis procedure. The characterization has been 

performed by elemental analysis, X-ray powder diffraction (XRD), transmission electron 

microscopy (TEM), electron paramagnetic resonance (EPR) and magnetic susceptibility 

measurements. Morphological studies revealed that nanoparticles of -Fe2O3 in the composites 

are well-dispersed in the matrix of amorphous carbon. The magnetic and spectroscopic 

measurements corroborated that described composition and morphology. The electrochemical 

study showed that composites with carbon have promising electrochemical performances. These 

samples yielded specific discharge capacities of 1200 mAh/g after operating for 100 cycles at 

1C. These excellent results could be explained by the homogeneity of particle size and structure 

-Fe2O3 nanoparticles in the in situ generated amorphous 

carbon matrix. 

. 

. 
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Lithium ion batteries (LIBs) have attracted 

extensive attention in various fields such as 

portable electronic devices or electric/hybrid 

electric vehicles owing to its high energy density, 

long cycle life, rapid charge capability, and no 

memory effect[1]. For commercial LIBs, the 

positive electrode material is typically a metal 

oxide or phosphate while graphite is the most 

widely used anode material. However, to develop 

higher energy density systems new materials are 

required[2]. In this sense, 3d transition metal 

oxides (MOx) are one of the most promising 

next-generation anode materials under 

consideration[3]. In these compounds, contrary to 

conventional intercalation or alloying 

mechanisms, the high Li+ storage capacity is 

derived from conversion reactions. 

Among the metal oxides, Fe2O3 has been 

regarded as a suitable candidate because of its 

high theoretical capacity (1007 mAh/g), 

nontoxicity, high corrosion resistance, and low 

materials and processing costs[4]. However, 

further optimization of iron oxides as anode 

materials is needed due to their poor cycling 

performance and limited rate capability. 

Introducing carbonaceous materials the 

electronic contact between the iron oxide 

particles is increased, and the volume and 

structural changes associated with the 

transformation of iron oxide particles into 

metallic iron during the discharge/ charge 

process are buffered[5-6]. This improves the 

cycling stability and rate capability of iron 

oxides, but a facile synthesis method for large-

scale production of these materials for anode 

materials of LIBs is required. Here, a freeze-

drying synthesis procedure, which can be easily 

implemented as part of an industrial process, has 

been employed. This synthesis method has 

already been proven in our group to be useful to 

obtain nanosized cathodic materials with 

exceptional electrochemical performance[7]. 

In this paper we report on the structural, 

morphologic, spectroscopic, magnetic and 

electrochemical characterization of 

nanoparticulate Fe2O3 and Fe2O3/C composites 

prepared by the freeze-drying method. 

. 

2. Results and Discussion 

For the nanoparticulate Fe2O3 sample calcined 

in air, hereafter Fe2O3_air, the X-ray diffraction 

peaks could be indexed to hematite -Fe2O3 

structure. XRD patterns of composites prepared 

with different carbon content are very similar, 

and all of the diffraction peaks could be indexed 

to maghemite γ-Fe2O3. The calculated size of the 

crystals from the deconvolution of (311) 

diffraction maxima is in the range of 10 to 20 nm 

for samples with a carbon content determined by 

elemental analysis of 20 to 40 %. Transmission 

electron micrograph of these samples show that 

they consist of spherical nanoparticles embedded 

in the in situ generated carbon matrix. The 

nanometric particle size can be attributed to the 

carbon source that prevents the growth of the 

particle. The TEM image of the most 

homogeneous sample, Fe2O3_23%C, is 

presented in Fig. 1. This sample (D=15 nm) was 

chosen to carry out the comparative 

electrochemical study. 

The EPR spectra of the samples were 

recorded at X-band (9.4 GHz) at room 

temperature. A similar pattern was observed in 

all cases: a very broad and intense signal 

centered at a g-value close to 2.18−2.20, 

characteristic of ferri/ ferromagnetic systems. It 

is also found that composites with higher amount 

of carbon have a more isotropic EPR signal, 

probably due to the smaller γ-Fe2O3 particle size. 

The magnetization of the Fe2O3_air sample is 

close to saturation under relatively small applied 
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fields (<5 kOe). However, there is also quasi-

linear contribution that is almost independent of 

temperature. This feature is compatible with the 

presence of an antiferromagnetic phase of high 

ordering temperature as it is α-Fe2O3. After 

subtraction of this antiferromagnetic component, 

a relative content for the γ- Fe2O3 ferromagnetic 

phase of at least 13% in weight is estimated. In 

contrast, the magnetization of Fe2O3_23%C 

perfectly saturates at 80 emu/g, which is very 

close to the value of pure maghemite in bulk. 

The coercive field is ∼250 Oe, smaller than in 

Fe2O3_air (450 Oe), in agreement with values 

reported in the literature for maghemite 

nanoparticles of similar sizes[8]. In composites 

with higher carbon content, the lack of saturation 

at high fields (>20 kOe) can be explained as 

originating from very small and isolated 

magnetic nanoparticles, whose magnetization 

does not saturate at 5 K and consequently also 

reduces the average magnetization of the 

sample[9]. Magnetization versus temperature 

measurements for these samples showed the 

presence of para- and superparamagnetic 

contributions ascribed to very small 

superparamagnetic γ-Fe2O3 nanoparticles. 

The theoretical capacity of Fe2O3 for complete 

reduction of Fe3+ to Fe0 is 1007 mAh/g, 

corresponding to a maximum lithium uptake of 6 

Li+ per Fe2O3 formula unit. However, our 

samples exhibit higher initial values (1216 and 

1451 mAh/g for Fe2O3_air and Fe2O3_23%C, 

respectively) due to the partial decomposition of 

the electrolyte[10] and the extra capacity provided 

by the carbon in the composite[11]. 

The cycling stability of the electrodes based 

on Fe2O3_air and Fe2O3_23%C, was investigated 

at a current rate of 1C. As shown in Figure 2, the 

capacity retention was better for the carbon 

composite. This fact could be attributed to the 

heterogeneity of the Fe2O3_air sample as well as 

to the lack of an in situ generated carbon matrix 

in this compound. The carbon matrix enhances 

the cycling performance of the samples since it 

improves the electrical connection between the 

nanoparticles and facilitates the accommodation 

of the structure change associated with 

successive charge and discharge cycles. Figure 2 

also shows the Coulombic efficiencies at C/10 

(defined as the ratio between charge and 

discharge capacity) of the cells for the first 20 

cycles. The Coulombic efficiencies in the first 

cycles were only 70% and 53% for the Fe2O3_air 

and Fe2O3_23%C cells, respectively. However, 

in the successive cycles these values increased 

noticeably. The highest Coulombic efficiency 

after the first cycle was that of the cell containing 

the Fe2O3_23%C composite, probably in large 

part resulting from the homogeneous particle size 

distribution of the γ-Fe2O3. 

Thus, composite materials show a promising 

electrochemical performance providing a specific 

discharge capacity of around 1200 mAh/g after 

operating for 100 cycles at 1C. These excellent 

results could be explained by considering the 

structural and particle size homogeneity as well 

as the uniform distribution of the NPs in the in 

situ generated amorphous carbon matrix. 

. 
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Figure 1. TEM image of Fe2O3_23%C. 

 

 

Figure 2. Ciclability at 1C rate and Coulombic efficiencies at C/10 for Fe2O3_air and 

Fe2O3_23%C. 

 

 

3. Materials and Methods 

Citric acid monohydrate (99.5 %) and 

iron(III) citrate (98%) were purchased from 

Sigma-Aldrich and used as received without 

further purification. C6H8O7·H2O and C6H5FeO7 

reagents were dissolved in water in required 

molar ratios. The resulting solutions were 

subsequently frozen in a round-bottom flask that 

contained liquid nitrogen. Afterward, the round-

bottom flasks were connected to the freeze-dryer 

for 48 h at a pressure of 3 °— 10−1 mbar and a 

temperature of −80 °C to sublime the solvent. 

The as-obtained precursors were subjected to a 

single heat treatment at 400 °C for 6 h in air or 

nitrogen atmosphere and ball-milled for 30 min. 

Structural characterization of the samples was 

carried out using X-ray powder diffraction with a 

Bruker D8 Advance Vario diffractometer. The 

morphologies of the materials were studied by 

transmission electron microscopy (TEM) using a 

FEI TECNAI F30. A Bruker ELEXSYS 500 
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spectrometer operating at the X-band was used to 

record the EPR polycrystalline spectra. Magnetic 

susceptibility measurements were carried out 

between 5 and 300 K with a Quantum Design 

SQUID magnetometer. CR2032 coin cells were 

assembled to evaluate the electrochemical 

performances of the samples. All the 

electrochemical measurements were carried out 

on a Bio-Logic VMP3 potentiostat/galvanostat at 

room temperature. The galvanostatic 

charge/discharge experiments were performed 

between 0.1 and 3 V at 0.1C and 1C current 

rates. 

.

4. Conclusions 

Fe2O3/C composites with different carbon content were successfully prepared by a freeze-drying 

method, crystallizing in the γ-Fe2O3 maghemite structure. TEM micrographs have shown that the 

Fe2O3 particles are well dispersed in the matrix of amorphous carbon that was generated in situ during 

the synthesis procedure. Electron paramagnetic resonance spectra are in good agreement with the 

composition and morphology of each sample. The magnetic measurements showed a lack of saturation 

of the magnetization at high magnetic fields (>20 kOe) due to the presence of very small isolated 

maghemite nanoparticles. The galvanostatic experiments revealed that composite materials show a 

promising electrochemical performance. This could be attributed to several factors, such as the suitable 

morphology of the samples and the good connection that provides the in situ generated carbon matrix 

without blocking the lithium ion diffusion pathways.. 
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Abstract: In connection with synthetic applications, we have foreseen to study the reactivity of 

the poorly reactive tert-butyl acrylate electrophile with chiral imines of unsymmetrical ketones, 

using conventional or microwave flash heating under carefully controlled reaction conditions in 

order to develop a selective and efficient access to the corresponding Michael adducts in which a 

created stereogenic quaternary carbon center was fully stereocontrolled. Depending on the 

conditions, either a keto ester or a lactam were obtained. A good correlation was obtained 

between experiment and theoretical calculations. The stereoselectivity of the process (e>95%) 

was determined using natural abundance 13C-{1H} NMR in a chiral polypeptide liquid crystal. 

The scope of the reaction was screened using a set of electrophilic alkenes giving Michael 

adducts in good yield and similar high enantiocontrol. 
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ketones, tert-Butyl acrylate, Quaternary carbon center, chiral polypeptide, liquid crystal, 

 13C-{1H} NMR, MW assisted synthesis. 

 

1. Introduction 

Although a broad range of methods able to 

generate new carbon-carbon bonds exists, the 

establishment of quaternary carbon centres in the 

proper configuration is among the most 

restrictive in organic synthesis.1 Since forty 

years, the asymmetric Michael addition of chiral 

imines (AMACI) under neutral conditions has 

attracted widespread attention as a versatile 

carbon-carbon bond-forming method, leading to 

Michael adducts with high levels of regio- and 

stereocontrol.2 Such Michael adducts featuring a 

stereogenic tetrasubstituted carbon center are 

useful synthons for the asymmetric synthesis of a 

variety of bioactive compounds.3 Besides its 

remarkable efficiency due to a concerted aza-ene 

type mechanism,4 the reaction tolerates a large 

variability in both carbonyl compounds and 

Michael acceptors, with some limitations for 

hindered systems for which high pressure 

activation is required.5 Moreover, in the context 

of improved reaction efficiency, clean processes 

and short reaction times are desired. In this 

respect, µW is an efficient way of promoting 

organic transformations, mainly in solvent-free 

systems. Thus, interest in µW assisted organic 

reactions has recently considerably increased.6 

Nevertheless, little attention has been devoted to 

the µW effects on selectivity,7 particularly for 

asymmetric Michael reactions.8 Herein, we 

describe our investigation of the reactivity of 

chiral imines with hindered tert-butyl acrylate 

and related electrophiles under microwave 

activation. 

2. Results and Discussion 

As a part of our program directed at exploring 

the scope of the AMACI, and in connection with 

synthetic applications for which an orthogonal 

ester protection cleavable in acidic medium was 

desired in the Michael adduct, we have foreseen 

to study the reactivity of tert-butyl acrylate 3 

with chiral imine 2a derived from 2-methyl-

cyclopentanone 1a. Although considerable 

attention has recently been focused on 

organocatalytic asymmetric transformations as 

efficient and convenient methodologies owing to 

their environmentally friendly characteristics, 

none of them address the reactivity of bulky 

electrophiles in this reaction.9 Prior to engage in 

such studies, and because the chiral inductor is 

available at low price and easily recovered 

without loss of optical activity at the end of the 

process, we first analyze the stoichiometric 

transformation. Due to the steric hindrance of the 

acceptor, we have turned to use microwave 

irradiation (µW) under carefully controlled 

reaction conditions, in order to develop a simple 

and efficient access to Michael adduct 5a and the 

derived keto-acid 6 and compared this method to 

conventional heating () (Scheme 1). 

In general, the AMACI is carried out from the 

intermediary chiral imine and the electrophile, in 

the absence of solvent, at room temperature or 

using moderate  (up to 80 °C) as the regio- and 

stereocontrol of this reaction are only slightly 

sensitive to heat.2 When the reaction was 

performed at 25 °C for 7 days, the conversion 

was not complete and 15% yield of Michael 

adduct 5a was obtained upon hydrolysis (Table 

1, entry 1). Thus, due to its bulkiness, tert-butyl 

acrylate 3 reacts much slower than its methyl 

counterpart.10 At 60 °C, all the imine 2a was 

consumed in one day; however, side 
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polymerization reactions resulted in a modest 

58% yield of adduct 5 (Table 1, entry 2). 

 

 

Scheme 1 Reagents and conditions: (a) 1.01 eq 

1-phenylethylamine, cyclohexane, reflux, Dean-

Stark, overnight, 89% (b) 2 equiv. 2, 25-200 °C 

(see Tables 1 and 2); (c) 20% aq. AcOH, THF, 

20 °C (d) HCO2H, 20 °C, 89%; (e) CH2N2, Et2O, 

0 to 20 °C, 2 h, 95%. 

 

When the reaction was performed at 100 °C 

for 4 h, alkylated imine 4a11 was obtained as the 

sole product leading upon hydrolysis to keto 

ester 5 in 79% yield. On the basis of its 13C NMR 

spectrum, crude imine 4a exists as a single 

stereoisomer (de >95%),11 as the result of a 

highly stereo-controlled process, giving rise to 

Michael adduct 5a with a >95% enantiomeric 

excess (ee). The reaction duration was markedly 

reduced to 30 min at 150 °C and ketoester 5 was 

obtained in an optimum 92% yield upon 

hydrolysis. However, the stereoselectivity proved 

to be lower (ee 80%) than at 100 °C (Table 1, 

entry 6). Finally, both the efficiency and the 

stereoselectivity dropped at 200 °C (Table 1, 

entry 7). 

. 

 

Table 1. Effect of temperature on the synthesis of ketoester 4 by condensation of chiral imine 1 with 

tert-butyl acrylate 2.a 

Entry Temperature 

(°C) 

Time 5 

yield %b 

5 

ee%d 

1 25 7 d 15 ndc 

2 60 1 d 58 > 95 

3b 100 4 h 79 > 95 

4 150 5 min 14 ndc 

5 150 15 min 59 ndc 

6 150 30 min 92 80 

7 200 30 min 57 80 

a: 2 Equivalents; b: Isolated yield of purified keto-ester 5; c: Not determined 
d: Determined by 13C-{1H} NMR in chiral liquid crystals. 

 

Concerning the stereoselectivity of the process, 

attempts to measure accurately the ee in adduct 

5a or in the related keto-acid 6 using either chiral 

HPLC or 1H NMR spectroscopy in the presence 

of chiral shift reagent [Eu(hfc)3] were 

unsuccessful. However, screening of the 

selectivity was made possible on the examination 

of 13CNMR spectra of crude imine 4a and gave 

satisfactory results. In order to ascertain that no 

epimerization of Michael adduct 5a occurred 
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during hydrolysis of imine 4a, we turned our 

attention to NMR spectroscopy in polypeptide 

chiral liquid crystals (CLC) that generally 

provides an efficient alternative to classical 

methods when these latter failed or gave poor 

results.12 We used here 13C-{1H}.13 Spectral 

enantio-discriminations using 13C-{1H} NMR in 

a CLC are based on 13C chemical shift anisotropy 

(CSA) differences. In practice, when the 

enantiomers are oriented differently inside the 

CLC, we can expect to observe two distinct 

resonances for each non-equivalent carbon atom 

discriminated. A priori, each carbon atom is a 

potential spy, thus increasing the possibility to 

visualize enantiomers.14 Various carbon sites 

show enantiodiscrimination, but the best spectral 

separation was obtained for C3’ in compound 5. 

Considering the S/N ratio, the error on the ee has 

been estimated around 5% of the true value. 

Figure 1 shows the evolution of two 13C-{1H} 

signals associated to C-3’ (Scheme 2) both in 

racemic (a) and enantio-enriched forms [Table 1, 

entry 6 (b) and Table 2, entry 4 (c)] oriented in a 

PBLG/ dichloromethane phase. The differences 

in peak intensity reveal the evolution of the ee. 

Although the separation observed at 100 MHz is 

rather small (< 3 Hz), a suitable evaluation of the 

ee is possible using deconvolution process. The 

absence of peak for the minor enantiomer in Fig. 

1c indicates that the ee is >95%. Accuracy of the 

method was ascertained by measuring gradual 

mixtures of the racemic ketoester 5a (prepared 

from racemic 1-phenymethymamine using the 

same conditions) with the pure enantiomer. 

 

 

 

(a) (b) (c)

 
 

Figure 1. 13C-{1H} signals of carbon atom C-3’ in ketoester 5 prepared in racemic form (a) and (S)-

enriched one (b, c). 

 

Analysis of NMR results obtained for synthesis 

of adduct 5a using  clearly indicates a sharp 

decrease in the stereoselectivity (>95 to 80% ee) 

when the temperature was increased from 100 °C 

to 200 °C (Table 1, entries 3-4 and 6-7). This 

phenomenon can tentatively be explained 

assuming a possible competitive retro-Michael 

addition leading to a partial racemization of the 

Michael adduct under rather drastic conditions.15 

Having secured an access to Michael adduct 

5a, a chemical correlation of its corresponding 

methyl keto ester 610 was undertaken to ascertain 

the absolute configuration in 5a (Scheme 1). 

Thus, keto acid 6 was easily obtained upon 

formic acid treatment of ketoester 5a (Table 1, 

entry 3) in good yield and directly subjected to 

diazomethane esterification leading to (-)-(S)-7. 

As expected, the sense of induction is in 
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accordance to the empirical rule defined for this 

reaction,2,3 with the same sense of asymmetric 

induction as those obtained using methyl acrylate 

as the electrophile. This stereoselectivity 

originates from the aza-ene type mechanism in 

which internal transfer of the proton born by the 

nitrogen atom of the more substituted tautomeric 

enamine is concerted with the creation of the C-

C bond (Scheme 1). 

We then turned our focus to the study of this 

Michael reaction, carrying out the experiments 

under µW. As can be seen from Table 2 and 

Scheme 3, µW affects the reactivity, the stereo- 

and unexpectedly the chemoselectivity (Table 2). 

The closed vessel system was chosen in order to 

contain the toxic and volatile Michael acceptors 

in the reaction vessel, and to monitor the possible 

extent of pressure elevation during the 

microwave irradiation. The possibility of running 

reactions in an inert gas atmosphere is another 

distinct advantage with the sealed reaction vessel 

strategy. Despite sensitivity of chiral imines 2 

toward water, this was not necessary in this case. 

The first observation was the role of stirring 

upon efficiency of the reaction. This parameter 

was found to be critical to the success of the 

reaction (compare entries 1,3,5 with entries 2,4,6 

and 7).16 

 

 

Scheme 2 Reaction pathway to lactam 8 under 

µW. Reagents and conditions: (a) 2 equiv. 3, 

µW, 200 °C, 30 min; (b) 20% aq. AcOH, THF, 

20 °C. 

 

When mixtures of imine 2a and alkene 3 were 

submitted to µW for 30 min at 100 °C with an 

optimal power of 30 W (Table 2, entry 2), the 

only reaction product was the expected chiral 

imine 4a, leading to keto-ester 5a upon 

hydrolytic workup. This result is a noteworthy 

improvement over results obtained from 

conventional heating at the same temperature for 

4 hours (Table 1, entry 3) in terms of yields and 

reaction time, the enantioselectivity remaining 

the same. 

At 150 °C, within 30 min, whereas yields 

were nearly comparable (Table 1, entry 6 and 

Table 2, entry 4), the enantioselectivity was 

largely improved under µW when compared to  

(see Figure 1) with similar set of conditions 

(temperature, pressure, profiles of heating rates). 

 

 

Table 2. Effect of W irradiation and stirring upon condensation of imine 2a (entries 1-7) and 2b 

(entries 8-9) to tert-butyl acrylate 3a. 
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Entry P 

(W) 

T (°C) Stirring P 

(bar) 

5a/5b 

yield (ee) % 

8 

1 30 100 no 0.1 85 0 

2 30 100 yes 0.1 100 (> 95d) 0 

3 80 150 no 0.7 67 0 

4 80 150 yes 0.3 89 (> 95d) 0 

5 80 200 no 3.5 11 25 

6 80 200 yes 1.4 41 14 

7 100 200 yes 13.0 0 53 

8 80 100 yes 0.8 92 (> 95d) 0 

9 100 200 yes 14.0 0 68 

a: 2 Equivalents; b: Isolated yield of purified keto-ester 5a after 30 min µW 

irradiation and subsequent hydrolysis; c: Not determined; d: Determined by 
13C-{1H} NMR in chiral liquid crystals. 

 

 

The most intriguing feature concerned the 

production of lactam 8 under forcing µW 

conditions (Scheme 3; Table 2, entries 5-7) 

instead of keto ester 5a, since this lactam 8 was 

never observed in the conventional thermal 

process (). This very important specific µW 

effect appeared when the reaction was performed 

at 200 °C. In contrast with  where the expected 

Michael adduct 5a was obtained (Table 1, entry 

7), within 30 min under µW irradiation at 200 °C, 

quite surprisingly, the lactam 8 was formed as 

the sole product (Scheme 2; Table 2, entry 7). 

This noticeable finding on chemoselectivity 

can be justified by considering the possibility for 

µW to favor a very polar mechanism consisting 

in the nucleophilic addition (Scheme 2, routes C) 

of the enamines 9 or 11 to the carbonyl group of 

either a tert-butyl ester (9  8) with the release 

of tert-butanol, or an acid (11  8) with 

elimination of a water molecule. Secondary 

enamines 9 or 11 are in tautomeric equilibrium 

(Scheme 2, routes A) with imines 4a or 10 

respectively, the latter being issued from the 

thermolysis of the tert-butyl ester group in imine 

4 with concomitant generation of isobutene 

(Scheme 2, route B, 4  10).  

In order to elucidate the pathway to lactam 8, 

a GC-mass analysis of the headspace of the 

reaction mixture was undertaken, and compared 

to those of the starting chiral imine 2, the 

acrylate 3 and tert-butanol having been 

separately irradiated under the same conditions 

(200 °C, 100 W, 30 min in closed reaction 

vessels). While isobutene was detected in the 

headspace of the reaction mixture and the tert-

butyl acrylate 3 sample, it was not present in the 

tert-butanol or starting imine 1 ones.17 This 

indicates that, under µW at 200 °C, the formation 

of lactam 8 occurred via a tandem Michael 

addition/deprotection/aza-annulation sequence 

implying the thermolysis of the tert-butyl ester 

group in imine 4 (path B/C). 

Dealing with µW effect on enantioselectivity, 

the superiority of µW reveals the intervention of 

non-purely thermal µW specific effects. 

Although the effects observed in microwave-

irradiated chemical transformations can in most 

cases be rationalized by purely bulk thermal 
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phenomena associated with rapid heating to 

elevated temperatures,18 we have conducted all 

experiments in the same conditions (closed 

vessels, same scale, same magnetic barrel) either 

in the microwave chamber or by immersion in a 

preheated oil bath in order to avoid as possible 

any difference in the temperature profiles. They 

can be justified by considering the reaction 

mechanism,4 expecting µW effects when the 

polarity of the system increases during the 

reaction progress. It will be the case when the 

transition state (TS) of a reaction is more polar 

than its ground state, thus leading to a decrease 

in the activation energy.19 Data obtained for the 

transition states for the Re and Si-approaches of 

imine 2 and tert-butyl acrylate 3 are consistent 

with the previous studies:4b Re approach: 

forming CC bond: 1.87 Å and forming CH bond: 

2.56 Å; Si approach: forming CC bond: 1.89 Å 

and forming CH bond: 2.50 Å (Figure 2). As it 

was shown that this Michael addition proceeds 

through a concerted asynchronous ‘aza-ene like’ 

mechanism,4 the TS has thus a certain polarity, a 

situation for which µW effects are expected. This 

fact explains the intervention of µW effects upon 

exaltation of reactivity (comparing yields at 

100 °C). To support this assumption, taking into 

account previous related AM1 computational 

investigations,20 we calculate the corresponding 

approaches between the enamine tautomer of 

imine 2 with tert-butyl acrylate 3. The Re-

approach (the favored one) leads to a slightly 

more polar as well as more asynchronous than 

the Si-approach TS (Figure 2).21 Consequently, 

this TS will be slightly favored due to a better 

dipole-dipole stabilization by µW. Therefore, 

under µW, the selectivity in favor of the Re-

approach will be even more improved (exp. from 

80 to > 95% ee). Reduced reversibility of the 

Michael reaction under microwave conditions 

could also contribute to the superior 

enantioselectivity, both phenomenon leading to 

an increased stereoselectivity in such conditions. 

 

 

Re approach

H = -37.22 kcal/mol

µ = 4.37 D

Si approach

H = -34.12 kcal/mol

µ = 4.33 D

1.87 Å

2.56 Å

1.89 Å

2.50 Å

 

Figure 2. Transition structures at the RHF AM1 level for Re (left) and Si (right) approaches of tert-

butyl acrylate 3 to enamine imine 2, their respective enthalpies of formation and dipole moment.20 
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The same trend was observed with chiral 

imine 2b derived from 2-methylcyclohexanone 

1b. Lactame 8b was obtained when the reaction 

was performed at 200 °C upon irradiation at 100 

W for 30 min (Table 2, entry 9) in a 68% yield 

while the expected Michael adduct 5b was 

obtained in the optimized conditions (100 °C, 80 

W, Table 2, entry 8) in 92% yield with >95% ee. 

We next examine the reactivity of these imine in 

this µW promoted AMACI (Table 3).  

 

 

Table 3. Effect of temperature on the synthesis of ketoester 4 by condensation of chiral imine 1 with 

electrophilic alkenes 12a-d.a 

 

Entry Electrophile 

 

Ketone Michael adduct 

 

Yield %b 

ee% 

 

1  

 

1a 
 

7a 

87 (d) 

> 95 

2 

 

1a 

 

15b 

76 (d) 

> 95 

3b 

 

1a 

 

15c 

47 (e) 

> 95 

4 

 

 

1a 
 

15d 

95 (b) 

>95 

5  

14a 

 

1b 

 

7b 

77 (d) 

> 95 

6  

14b 

 

1b 

 

16b 

 

60 (c) 

> 95 

 

7 

 

 

14c 

1c 

 

74 (c) 

> 95 
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16c 

 

8 

 

14d 

 

1d 

 

16d 

33 (c) 

> 95 

a: 2 Equivalents; b: Isolated yield of purified keto-esters; (c) 80 W, 150 

°C, 30 min.; (d) 80 W, 100 °C, 30 min.; (e) 80 W, 100 °C, 15 min. 

 

 

The reaction performed well, giving the 

expected Michael adducts in adduct in 33-95% 

yield, in a first series of experiments. Ee of the 

adducts were measured at the level of the crude 

imines as >95% (no diastereoisomers detected).  

With these satisfactory results in hand, we 

will turn to the study of a catalytic version of this 

reaction, in the context of a greener generation of 

quaternary carbon centers in a simple manner. 

Work is in progress to extend this µW activation 

mode to engage substituted acceptors in the 

AMACI. 

 

 

3. Materials and Methods 

3a. Chemistry: General: All reactions not 

involving aqueous media were carried out under 

a nitrogen atmosphere in a flame-dried 

glassware. Commercial reagents were used 

without further purification. Reactions were 

followed by 1H NMR in CDCl3 or using thin-

layer chromatography, carried out on silica gel 

plates, which were viewed by UV irradiation at 

254 nm and/or by staining with 

phosphomolybdic acid or p-anisaldehyde. Flash 

column chromatography was performed with 

230-400 mesh silica gel. Melting points were 

recorded on a digital melting point apparatus. IR 

spectra were recorded with a Fourier transform 

spectrometer Bruker VECTOR 22. NMR spectra 

of the crude reaction mixtures were recorded in 

CDCl3 containing a pinch of sodium carbonate in 

order to prevent hydrolysis of the imines. Imines 

proved to be stable for days in such conditions. 
1H NMR spectra were recorded at 300 K, at 200 

or 400 MHz on a Bruker AC 200 or Bruker 

Avance 400 spectrometer, with CHCl3 as internal 

standard (H = 7.26 ppm). 13C NMR spectra were 

recorded at 300 K, at 50 or 100 MHz, with the 

central peak of CHCl3 as internal standard (C = 

77.0 ppm, central line). Recognition of methyl, 

methylene, methine and quaternary carbon nuclei 

in 13C NMR spectra rests on the J-modulated 

spin-echo sequence. 2Dl NMR experiments 

(COSY, HMQC, HMBC and NOESY) were used 

for the assignments of signals in the 1H and 13C 

NMR spectra. For NMR measurements, 13C 1D 

NMR experiments in polypeptidic oriented 

solvents were performed on a Bruker DRX-400 

equipped with a BBO probe, and hence no 

additional hardware equipment is basically 

required. All proton-decoupled 13C NMR 

experiments were recorded by applying the 

WALTZ-16 composite pulse sequence to 

decouple protons and benefit from NOE effect. 

For unambiguous assignment of enantiomers in 

chiral NMR, comparison was made in all cases 

with the corresponding racemates. Optical 

rotations were measured at 589 nm in a 1 dm-cell 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section A), pages 1-18, Proceedings  10 

http://sciforum.net/conference/mol2net-1 

 

 

using an Optical Activity Limited AA-10R 

apparatus and are expressed in g/100mL. 

Elemental analyses were performed by the 

Service de microanalyse, BioCIS, Châtenay-

Malabry, France, with a Perkin-Elmer 2400 

analyzer. A CEM Discover monomode reactor 

with an accurate control of temperature and 

pressure by modulation of emitted W was used 

for the microwave experiments. Caution: It is 

essential that great precaution be taken when 

carrying out organic reactions in sealed vessels. 

In particular, safety devices are to be used 

including appropriate septa as a pressure relief 

system and an automatic cut off of the 

microwave irradiation before the pressure limit 

of the vessels has been reached. See: Raner, K. 

D.; Strauss, C. R.; Trainor, R. W.; Thorn, S. J. J. 

Org. Chem. 1995, 60, 2456 and references cited 

therein. In this study, the maximum developed 

pressure was 14 bar at 100 W and 200 °C, far 

below the pressure limit (20 bar). 

 

Preparation of chiral imines 2 exemplified for 

2a: In a 100 mL round bottom flask equipped 

with a Dean-Stark apparatus, 21.6 mL (0.2 mol) 

2-methylcyclopentanone, 27.3 mL (0.21 mol, 

1.05 equiv.) (R)-1-phenylethylamine (ee = 99%) 

are successively added to cyclohexane (50 mL). 

The resulting mixture was stirred for 18 h under 

nitrogen at 110 °C (oil bath) with azeotropic 

removal of water. Cyclohexane was then distilled 

and fractional distillation of the crude under 

reduced pressure afforded the desired chiral 

imine 1 as a colourless oil. 

(1’R)-(2-Methylcyclopentylidene)-(1’-phenyl-

ethyl)-amine (2a). Colorless oil (89%); B.p. = 

80 °C (0.01 Torr); IR (neat,  cm-1): 2958, 1673; 
1H NMR (200 MHz, CDCl3)  ppm: 7.33-7.05 

(m, 5H), 4.43-4.28 (m, 1H), 2.45-1.15 (m, 7H), 

1.43 and 1.41 (d, J = 6.1 Hz, 3H), 1.11 and 1.10 

(d, J = 6.7 Hz, 3H); 13C NMR (50 MHz, CDCl3) 

 ppm: 181.0 and 180.6 (C), 146.2 and 145.9 (C), 

128.1 (2CH), 126.5 (CH), 126.3 (2CH), 61.5 and 

61.2 (CH), 41.2 and 41.1 (CH), 32.8 and 32.7 

(CH2), 28.7 and 28.5 (CH2), 24.8 and 24.5 (CH3), 

22.5 and 22.4 (CH2), 17.5 (CH3). 

General procedure for the asymmetric 

Michael reactions using microwaves: Mixtures 

of imines 2 (1 to 6 mmol) and 2 equivalents of 

electrophilic alkene were placed in sealed,33 10 

mL heavy-walled pyrex tubes.34 The tubes were 

introduced in the cavity of a single-mode35 

device allowing control of irradiation power (up 

to 300 W), time, temperature and pressure (see 

article, Tables 1 and 2).36 The tube was opened 

after the reaction mixture was rapidly cooled 

down to room temperature, and excess tert-butyl 

acrylate was removed in vacuo. An aliquot of 

crude reaction mixture was analyzed by 1H and 
13C NMR. For the crude reaction mixtures 

containing alkylated imine, after being 

vigorously stirred with 20% aqueous acetic acid 

(2 mL/mmol) and THF (2 mL/mmol) for 17 

hours, the reaction mixture was concentrated, 

then thoroughly extracted with Et2O (3 x 10 mL). 

The combined organic phase was washed 

successively with saturated NaHCO3 and NaCl 

solutions, dried (MgSO4), filtered over Celite® 

and concentrated in vacuo. Chromatographic 

purification on silica gel (cyclohexane:ethyl 

acetate, 9:1) afforded keto derivatives 5 and/or 

lactam 8 as colorless oils.  

tert-Butyl (1’S,1”R)-3-[1’-Methyl-2-(1”-

phenyl-ethyl-imino)-cyclopentyl]-propionate 

4a. IR (neat,  cm-1): 2966, 2868, 1726, 1673; 1H 

NMR (200 MHz, CDCl3)  ppm: 7.38-7.07 (m, 

5H), 4.35 (q, 1H, J = 6.6 Hz), 2.37-2.04 (m, 4H), 

1.86-1.41 (m, 6H), 1.38 (s, 9H), 1.36 (d, 3H, J = 

6.6 Hz), 0.98 (s, 3H); 13C NMR (50 MHz, CDCl3) 

 ppm: 180.7 (C), 173.5 (C), 146.2 (C), 128.0 

(2CH), 126.3 (2CH), 126.1 (CH), 79.7 (C), 60.8 

(CH), 45.5 (C), 37.0 (CH2), 33.4 (CH2), 30.9 
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(CH2), 28.4 (CH2), 28.0 (3 CH3), 24.8 (CH3), 

23.9 (CH3), 20.5 (CH2). 

tert-Butyl (1’S,1”R)-3-[1’-Methyl-2-(1”-

phenyl-ethyl-imino)-cyclohexyl]-propionate 

4b. IR (neat,  cm-1): 3061, 3063, 2966, 2926, 

1658, 1493, 1447; 1H NMR  (300 MHz, CDCl3) 

 ppm: 7.41-7.12 (m, 5H), 4.69 (q, 3H, J = 6.4 

Hz), 2.40-2.21 (m, 1H), 1.57-1.30 (m, 8H), 1.17-

1.11 (2d, 3H, J = 4.3 Hz), 1.01-0.99 (d, 3H, J =  

4,9 Hz); RMN 13C (75 MHz, CDCl3)  ppm: 

173.1 (C), 146.7 (C), 127.9 (CH), 126.3 (CH), 

126.2 (CH), 125.9 (CH), 125.8 (CH), 57.3 (CH), 

42.0 (CH2), 35.6 (CH), 27.5 (CH2), 25.4 (CH3), 

25.3 (CH2). 

tert-Butyl (1’S)-3-(1’-Methyl-2’-oxocyclo-

pentyl)-propionate 5a. IR (neat,  cm-1): 2968, 

2934, 2872, 1727; 1H NMR (200 MHz, CDCl3)  

ppm: 2.38-2.06 (m, 4H), 2.0-1.54 (m, 6H), 1.36 

(s, 9H), 0.98 (s, 3H); 13C NMR (50 MHz, CDCl3) 

 ppm: 222.3 (C), 172.6 (C), 80.1 (C), 47.4 (C), 

37.3 (CH2), 35.9 (CH2), 31.3 (CH2), 30.5 (CH2), 

27.9 (3CH3), 21.3 (CH3), 18.4 (CH2); []D
24 = - 

27.8 (c = 4.5, EtOHabs); Anal. calcd for C13H22N: 

C, 68.99; H, 9.80. Found: C, 68.84; H, 9.75%. 

tert-Butyl (1’S)-3-(1’-Methyl-2’-oxocyclo-

hexyl)-propionate 5b. IR (neat,  cm-1): 2933-

2866, 1727, 1704; RMN 1H (200 MHz, CDCl3)  

ppm: 2.49-2.33 (2H), 2.28-2.12 (1H), 2.10-1.94 

(3H), 1.92-1.52 (8H), 1.42 (9H), 1,02 (3H); 

RMN 13C (75 MHz, CDCl3):  ppm: 215.7 (C), 

173.1 (C), 82.3 (C), 47.9 (C), 39.3 (CH2), 38.7 

(CH2), 32.4 (CH2), 30.3 (CH2), 28.7 (3CH2), 27.4 

(CH2), 22.4 (CH3), 21.0 (CH2).  

(4aS,1’R)-4a-Methyl-1-(1’-phenylethyl)-

1,3,4,4a, 5,6-hexahydro-[1]pyrindin-2-one 8. 

IR (neat,  cm-1): 1665, 1629; 1H NMR (CDCl3, 

200 MHz) ppm 7.24-7.06 (m, 5H), 6.14 (q, 

1H, J = 7.1 Hz), 4.31 (t, 1H, J = 2.5 Hz), 2.62-

2.53 (m, 1H), 2.57 (dd, 1H, J = 8.3, 4.0 Hz), 2.30 

(m, 1H), 2.05 (ddd, 1H, J = 15.6, 9.0, 3.1 Hz), 

1.76-1.43 (m, 4H), 1.55 (d, 3H, J = 7.1 Hz), 1.05 

(s, 3H); 13C NMR (CDCl3, 50 MHz)  ppm: 

169.3 (C), 143.7 (C), 141.2 (C), 128.3 (2CH), 

126.5 (CH), 126.1 (2CH), 105.7 (CH), 49.9 

(CH), 43.5 (C), 38.3 (CH2), 33.4 (CH2), 29.9 

(CH2), 28.5 (CH2), 21.1 (CH3), 14.8 (CH3); Anal. 

calcd for C17H21NO: C, 79.96; H, 8.29; N, 5.49. 

Found: C, 80.04; H, 8.56; N, 5.15%. 

3-[1-Methyl-2-(1-phenyl-ethylimino)-cyclo-

pentyl]-propionitrile 17c. IR (neat,  cm-1): 

3027, 2962, 2867, 2245, 1672; 1H NMR (CDCl3, 

300 MHz)  7.35-7.17 (m, 5H), 4.41 (q, 1H, J = 

6.6 Hz), 2.65-2.27 (m, 4H), 1.94-1.57 (m, 6H), 

1.41 (d, 3H, J = 6.6, Hz), 1.06 (s, 3H); 13C NMR 

(CDCl3, 75 MHz)  ppm: 179.9 (C), 145.8 (C), 

128.2 (2CH), 126.4 (CH), 126.3 (2CH), 120.7 

(C), 61.2 (CH), 45.4 (C), 37.1 (CH2), 35.8 (CH2), 

28.5 (CH2), 24.9 (CH3), 23.8 (CH3), 20.5 (CH2), 

12.4 (CH2). 

3-[1-Methyl-2-(1-phenyl-ethylimino)-cyclo-

hexyl]-propionitrile 18c. IR (neat,  cm-1): 

2969, 2931, 2866, 2247, 1705, 1650; 1H NMR 

(CDCl3, 300 MHz) ppm 7.39-7.20 (m, 5H), 

4.70 (q, 1H, J = 6.6 Hz), 2.53-2.14 (m, 5H), 

2.13-1.81 (m, 1H), 1.74-1.27 (m, 6H), 1.36 (d, 

3H, J = 6.6, Hz), 1.04 (s, 3H); 13C NMR (CDCl3, 

75 MHz)  ppm: 172.1 (C), 146.6 (C), 128.2 

(2CH), 126.4 (3CH), 121.1 (C), 57.8 (CH), 43.2 

(C), 39.0 (CH2), 35.2 (CH2), 27.1 (CH2), 25.8 

(CH3), 24.9 (CH2), 23.9 (CH3), 21.2 (CH2), 12.4 

(CH2). 

Methyl (1’S)-3-(1’-Methyl-2’-oxocyclohexyl)-

propionate 7b. IR (neat,  cm-1): 2960, 1731, 

1437; 1H NMR (200 MHz, CDCl3)  ppm: 3.33 

(s, 3H), 2.74-2.18 (m, 4H), 1.98-1.62 (m, 6H), 

1.01 (s, 3H); 13C NMR (50 MHz, CDCl3)  ppm: 

222.3 (C), 173.8 (C), 51.5 (CH3), 47.4 (C), 37.3 

(CH2), 35.9 (CH2), 32.0 (CH2), 29.2 (CH2), 21.2 

(CH3), 18.4 (CH2); Anal. for C10H16O3, calcd. C, 

65.19; H, 8.75; found C, 65.08; H, 8.79.; 12a 

[]D
20 -34.5 (c = 2; EtOHabs); lit.38 ent-12a []D

 

20 +35.7 (c = 2, EtOHabs). 
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3-(1-Methyl-2-oxo-cyclopentyl)-propionitrile 

15c. IR (neat,  cm-1): 2965, 2927, 2872, 2247, 

1731; 1H NMR (300 MHz, CDCl3)  ppm: 2.46-

2.14 (m, 4H), 1.97-1.69 (m, 6H), 1.02 (s, 3H); 
13C NMR (75 MHz, CDCl3)  ppm: 221.2 (C), 

119.7 (C), 47.2 (C), 37.2 (CH2), 35.7 (CH2), 32.0 

(CH2), 20.9 (CH3), 18.4 (CH2), 12.4 (CH2); 

[]D
20 = -34.6° (c = 0.003, EtOHabs.); Anal. Calcd 

for C9H13NO: C, 71.49; H, 8.67; N, 9.26; O, 

10.58. Found: C, 71.06; H, 8.12; N, 9.07. 

3-(1-Methyl-2-oxo-cyclohexyl)-propionitrile 

16c. IR (neat,  cm-1): 2937, 2867, 2246, 1700, 

1451; 1H NMR (300 MHz, CDCl3)  ppm: 2.48-

2.37 (m, 1H), 2.33-2.26 (m, 3H), 1.97-1.64 (m, 

8H), 1.12 (s, 3H); 13C NMR (75 MHz, CDCl3)  

ppm: 214.3 (C), 120.0 (C), 47.6 (C), 38.5 (2CH2), 

33.6 (CH2), 27.1 (CH2), 22.2 (CH3), 20.8 (CH2), 

12.3 (CH2); Anal. for C10H15NO, calcd. C, 72.69; 

H, 9.15; found C, 72.23; H, 8.49; MS (ESI): 166 

(M+1) 16c []D
24 9.7 (c = 0.02, EtOHabs). 

[2-(2-Benzenesulfonyl-ethyl)-2-methyl-cyclo-

pentylidene]-(1-phenyl-ethyl)-amine 17d IR 

(neat,  cm-1): 2962, 1671, 1447, 1305, 1145; 1H 

NMR (300 MHz, CDCl3)  ppm: 7.70-7.45 (m, 

10H), 4.34 (q, 1H, J = 6.6 Hz), 3.37 (mc, 2H), 

2.24 (bt, 2H, J = 5.9 Hz), 1.80-1.40 (m, 6H), 1.31 

(d, 3H, J = 6.6 Hz), 1.00 (s, 3H); 13C NMR (75 

MHz, CDCl3)  ppm: 179.6 (C), 146.0 (C), 138.3 

(CH), 133.6 (CH), 129.2 (2CH), 129.1 (2CH), 

128.1 (CH), 127.7 (CH), 126.2 (CH), 67.8 (CH2), 

61.1 (CH), 52.2 (C), 37.6 (CH2), 28.3 (CH2), 

25.5 (CH2), 25.0 (CH3), 23.8 (CH3), 20.4 (CH2). 

[2-(2-Benzenesulfonyl-ethyl)-2-methyl-cyclo-

hexylidene]-(1-phenyl-ethyl)-amine 18d IR 

(neat,  cm-1): 2928, 1707, 1650; 1H NMR (300 

MHz, CDCl3)  ppm: 8.00-7.87 (m, 4H), 7.66-

7.49 (m, 6H), 4.61 (q, 1H, J = 6.6 Hz), 3.35-3.20 

(m, 2H), 2.42-2.29 (m, 2H), 2.18-2.00 (m, 2H), 

1.90-1.38 (m, 6H), 1.24 (d, 3H, J = 6.6 Hz), 1.01 

(s, 3H); 13C NMR (75 MHz, CDCl3)  ppm: 

172.2 (C), 146.6 (C), 139.3 (C), 133.4 (CH), 

129.1 (CH), 128.2 (CH), 126.4 (CH), 57.7 (CH), 

52.2 (CH2), 43.0 (C), 39.3 (CH2), 31.9 (CH2), 

27.0 (CH2), 25.7 (CH3), 24.7 (CH2), 24.2 (CH3), 

21.2 (CH2). 

2-(2-Benzenesulfonyl-ethyl)-2-methyl-

cyclopentanone 15d Mp = 69 °C; IR (neat,  

cm-1): 2965, 2870, 1729; 1H NMR (300 MHz, 

CDCl3)  ppm: 7.87 (bd, 2H, J = 8.3 Hz), 7.68-

7.45 (m, 3H), 3.14 (ddd, 1H, J = 18.4, 12.0, 4.7 

Hz), 2.96 (ddd, 1H, J = 18.4, 12.2, 4.9 Hz), 2.35-

2.07 (m, 2H), 1.91-1.72 (m, 6H), 0.94 (s, 3H); 
13C NMR (75 MHz, CDCl3)  ppm: 221.4 (C), 

138.7 (C), 133.7 (CH), 129.2 (2CH), 127.9 

(2CH), 51.8 (CH2), 46.7 (C), 37.2 (CH2), 36.2 

(CH2), 28.9 (CH2), 21.0 (CH3), 18.4 (CH2); 

[]D
23 = -19.4° (c = 0.0075, EtOHabs.); MS 

(APCI): m/z 267 (100%) [M + H]+; Anal. Calcd 

for C14H18O3S: C, 63.13; H, 6.81; O, 18.02; S, 

12.04. Found: C, 62.65; H, 6.80. 

2-(2-Benzenesulfonyl-ethyl)-2-methyl-

cyclohexanone 16d Mp = 74-77 °C; IR (neat,  

cm-1): 2934, 2868, 1700; 1H NMR (300 MHz, 

CDCl3)  ppm: 7.86 (bd, 2H, J = 8.3 Hz), 7.65-

7.49 (m, 3H), 3.06 (ddd, 1H, J = 13.7, 11.9, 5.0 

Hz), 2.98 (ddd, 1H, J = 13.7, 11.7, 5.0 Hz), 2.39-

2.13 (m, 2H), 2.00-1.88 (m, 1H), 1.79-1.55 (m, 

7H), 1.01 (s, 3H); 13C NMR (75 MHz, CDCl3)  

ppm: 214.3 (C), 138.9 (C), 133.6 (CH), 129.2 

(2CH), 127.9 (2CH), 51.8 (CH2), 47.4 (C), 38.9 

(CH2), 38.4 (CH2), 30.2 (CH2), 27.1 (CH2), 22.3 

(CH3), 20.8 (CH2); []D
24 = +2.9° (c = 0.01, 

EtOHabs.); MS (APCI): m/z 281 (100%) [M + 

H]+; Anal. Calcd for C15H20O3S: C, 64.26; H, 

7.19; O, 17.12; S, 11.44. Found: C, 64.40; H, 

7.03. 

General procedure for the synthesis of 

ketoacid 6  

A mixture of adduct 6a (452 mg, 2 mmol) and 

formic acid (2 mL) was stirred at 20 °C for 2 h. 

Formic acid was distilled, the crude was taken up 

in Et2O (10 mL), washed with saturated NaHCO3 
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solution (2 x 10 mL). The aqueous layer was 

acidified at 0 °C (6N HCl) and thoroughly 

extracted (4 x 10 mL Et2O). The combined 

organic phase was dried (MgSO4) and filtered 

(Celite®) and the crude concentrated in vacuo to 

give keto acid 6a (302 mg, 89%) as a colorless 

oil. This material was used without further 

purification in the next step. 

 (1’S)-3-(1’-Methyl-2-oxocyclopentyl)-

propionic acid 6a. IR (neat,  cm-1): 3512, 

3090,2963, 2873, 2663, 1729, 1706; 1H NMR 

(200 MHz, CDCl3)  ppm: 11.0 (bs, 1H), 1.67-

1.33 (m, 4H), 1.19-0.81 (m, 6H), 0.20 (s, 3H); 
13C NMR (50 MHz, CDCl3)  ppm: 222.8 (C), 

178.3 (C), 47.0 (C), 36.8 (CH2), 35.4 (CH2), 30.6 

(CH2), 28.7 (CH2), 20.7 (CH3), 18.0 (CH2); Anal. 

for C9H14O3, calcd. C, 63.51; H, 8.29; found C, 

63.28; H, 8.39; [α]25
D -40.6 (c = 1.6, EtOHabs). 

 (1’S)-3-(1’-Methyl-2-oxocyclohexyl)-

propionic acid 6b. IR (neat,  cm-1): 3502, 2935, 

2866, 1700; 1H NMR (300 MHz, CDCl3)  ppm: 

9.4 (bs, 1H), 2.38-2.29 (m, 3H), 2.23-2.12(m, 

1H), 2.03-1.93 (m, 1H), 1.84.68 (m, 6H), 1.62-

158 (m, 1H), 1.05 (s, 3H); 13C NMR (75 MHz, 

CDCl3)  ppm: 215.5 (C), 179.3 (C), 47.7 (C), 

39.0 (CH2), 38.5 (CH2), 32.2 (CH2), 28.9 (CH2), 

27.3 (CH2), 22.3 (CH3), 20.8 (CH2); MS (ESI) 

207 (M+23) 391 (2M+23); [α]28
D -85 (c = 0.13, 

EtOHabs). 

Chemical correlation to Methyl (1’S)-3-(1-

Methyl-2-oxo-cyclopentyl)-propionate 7a: A 

0.5 M solution of diazomethane in Et2O (5 mL) 

was added to a solution of the acid 6 (97 mg, 

0.57 mmol) in dry Et2O (20 mL) at 0 °C. The 

resulting mixture was stirred at room temperature 

for 2 hours and the excess of diazomethane was 

destroyed with acetic acid. The reaction mixture 

was washed with brine (25 mL), dried (MgSO4), 

and concentrated in vacuo. The residue was 

purified by column chromatography 

(cyclohexane/AcOEt, 9:1) to give methyl ester 

7a as a colourless oil (100 mg, 95%); []D
20 -

32.5 (c = 2; EtOHabs); lit.10 ent-12a []D
 20 +35.7 

(c = 2, EtOHabs). 

3b. Enantiomeric excess determination: For 
13C-{1H} 1D NMR experiments in polypeptidic 

oriented solvents, the sample preparation 

consisted of directly weighting 25-30 mg of 

solute, around 140 mg of poly--benzyl-L-

glutamate (PBLG, DP= 463, commercially 

available) and adding about 350 mg of 

dichloromethane into a 5 mm NMR tube. Under 

these conditions, the total volume of the sample 

is optimal compared to the length of the coil of a 

5 mm diameter probe-head. Compared to 

previous work, we have used a larger amount of 

PBLG than usual (100 mg) in order to obtain a 

clean liquid crystalline phase. This is a 

consequence of the relatively low degree of 

polymerization (DP= 463, i.e. MW ≈101000 

g.mol-1). The exact composition of each NMR 

sample is given in Table 3. To avoid the 

evaporation of dichloromethane during long 

NMR experimental time, we have sealed the 

samples. Note here that a mixture of protonated 

and deuterated dichloromethane was used. This 

solution allows to easily shim the magnet on the 

proton FID as well as to minimize the 

digitization problems associated with the 

dynamic range of the Analogue-to-Digital 

Converter (ADC) induced by the difference of 
13C signal intensity between dichloromethane 

and solute. In other hands, the shape and the line 

width of 13C resonances of dichloromethane 

provide a serious control of the magnet stability 

as well as possible time-evolution of the sample 

homogeneity during the experiments. The sample 

is then centrifuged during few seconds, then 

inverted and centrifuged again. This process is 

repeated until an optically homogeneous 

birefringent phase is obtained. 
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Table 3. Composition of liquid-crystalline 

representative NMR samples investigated 

Sample Solute 

 

Solute 

/ mga 

Co-

solvent 

/ mga 

Polymer 

% in 

weight 

1 (rac)-6 27 75/275 27.1 

2 (S)-6 28 75/277 26.9 

3 (S)-6 28 75/277 27.1  

Conditions: Polymeric solvent: PBLG; Degree of 

polymerization of polypeptide used: 463; Co-

solvent: CH2Cl2 / CD2Cl2; Polymer/mg: 140; aThe 

accuracy on the weighing is 1 mg. 

 

The NMR tube was not spun in the magnet and 

its temperature was regulated carefully at 299 K 

using the standard variable temperature control 

unit (BVT 3000). 13C spectra were recorded by 

adding 1000 to 3000 scans. Gaussian filtering 

was applied to improve the spectral separation of 

resonances. The area measurement was 

performed using a curve fitting algorithm based 

on complex least squares treatment of the 13C 

NMR signals with and without filtering. Note 

that the experiments and the area measurements 

were repeated several times to estimate 

accurately the error on the enantiomeric excess 

of the mixture. 

3c. GC-MS mechanistic studies: An HP 

5989A GC-MS system (Hewlett-Packard, Palo 

Alto, CA, USA) was used. The chromatographic 

separation was performed with an Omega delta-3 

capillary column (length: 25 m; I.D. 0.20 mm; 

film thickness: 0.2 μm) (Macherey-Nagel, 

Düren, Germany ). In view of comparison, 

samples consisting of either the asymmetric 

Michael addition reaction mixture [1 equiv. 

chiral imine (2a) and 1.1 equiv. tert-butyl 

acrylate (3)] or each of the individual 

components (tert-butyl acrylate (3), chiral imine 

(2a), 2-methyl cyclopentanone 1a, 1-

phenylethylamine, 2-methyl-2-propanol) were 

separately irradiated at 100 W and 200 °C for 30 

min in 10 mL teflon sealed glass vials and cooled 

to r.t. prior to GC-mass analysis. The teflon 

sealed glass vials filled with the reaction medium 

were maintained at 70°C during 15 minutes prior 

analysis and immediately processed. The head 

space (5 μL) was sampled using an airtight 

syringe and injected in splitless mode. Helium 

pressure was 50 kPa. The injector temperature 

was 250 °C and the initial oven temperature was 

35 °C. This temperature was maintained for 1 

min, the temperature was then programmed as 

follows: 4 °C/min up to 50 °C then 6 °C/min up 

to 100 °C followed by a 5 min hold. The transfer 

line temperature was set to 280 °C. Analysis was 

performed by electronic impact ionisation. The 

ion source and quadrupole temperature was set to 

200 °C and 100 °C respectively. The electron 

energy was 70 eV. Acquisition was performed in 

scan mode over the range of 20 to 150 at a scan 

rate of 0.9 scan/sec (4 samplings per scan). 

Analysis of the results obtained for the head 

space of the asymmetric Michael reaction 

showed that the peak observed at 1.605 min 

correspond to 2-methyl-2-butene (MW = 56 

g.mol-1, identical fragmentation and comparable 

abundances)17 A similar peak was not detected 

from the head space of the other samples, except 

for the tert-butyl acrylate (MW = 128 g.mol-1) 

one. However, ions at m/z 55, 57 and 59 are not 

present in the same ratio for the 2-methyl-2-

butene mass spectrum. Moreover, analysis of the 

tert-butanol (MW = 74 g.mol-1) sample indicates 

that in the reaction conditions, tert butanol did 

not led to 2-methyl-2-butene. This set of results 

gave evidence that 2-methyl-2-butene and not 

tert-butanol was released during the 

lactamization process of Michael adduct (5) (see 

article, Scheme 3). 

3d. Theroretical calculations: Geometries 

for the reactants were optimized by means of 
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gradient technique at RHF AM1 level20 by using 

the semi-empirical molecular orbital program 

MOPAC.21 All the RHF AM1 transition 

structures were located using the procedures 

implemented in MOPAC (Version 5.0). All 

variables were optimized by minimizing the sum 

of the squared scalar gradients (NLLSQ and 

SIGMA).22,23 Force calculations were carried out 

to ensure that the transition structures located had 

one imaginary frequency. Final values of the 

gradient norms were <1 kcal/Å and each 

transition structure had one negative eigenvalue 

in the Hessian matrix as required. 

.

 

4. Conclusions 

In conclusion, we have demonstrated that the reaction of hindered tert-butyl acrylate 2 in the AMACI 

was efficiently promoted under µW activation, compared to conventional heating. As expected, 

regardless the activation mode, the control of the stereochemistry of the newly created quaternary 

carbon center in such Michael adducts is always dictated by the configuration of the chiral inductor. 

The stereoselectivity of the process was determined using natural abundance 13C-{1H} NMR in a chiral 

polypeptide liquid crystal. Moreover, the temperature profiles achieved under microwave irradiation 

are not accessible in conventional heating and can allow a differentiation in the reaction pathways. A 

direct and stereoselective access to lactams 8 was thus achieved only under µW, although in moderate 

yield. A highly stereoselective process (ee > 95 %) was obtained either at 100 °C for 4 h () or for 30 

min (W, 100 W). A good correlation was obtained between experiment and theoretical calculations. 

Both the more polar and asynchronous transition state led to the expected Michael adduct (S)-4, and 

are favored under µW activation, allowing the reaction to proceed efficiently in minutes. Finally, 

Michael adducts from methyl acrylate, benzyl acrylate, vinylsulfone and acrylonitrile are regio- and 

stereoselectively obtained in high yield and short time using the microwave process.  
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Abstract: In connection with synthetic applications, we have foreseen to study the reactivity of 

the poorly reactive tert-butyl acrylate electrophile with chiral imines of unsymmetrical ketones, 

using conventional or microwave flash heating under carefully controlled reaction conditions in 

order to develop a selective and efficient access to the corresponding Michael adducts in which a 

created stereogenic quaternary carbon center was fully stereocontrolled. Depending on the 

conditions, either a keto ester or a lactam were obtained. A good correlation was obtained 

between experiment and theoretical calculations. The stereoselectivity of the process (e>95%) 

was determined using natural abundance 13C-{1H} NMR in a chiral polypeptide liquid crystal. 

The scope of the reaction was screened using a set of electrophilic alkenes giving Michael 

adducts in good yield and similar high enantiocontrol. 
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1. Introduction 

Although a broad range of methods able to 

generate new carbon-carbon bonds exists, the 

establishment of quaternary carbon centres in the 

proper configuration is among the most 

restrictive in organic synthesis.1 Since forty 

years, the asymmetric Michael addition of chiral 

imines (AMACI) under neutral conditions has 

attracted widespread attention as a versatile 

carbon-carbon bond-forming method, leading to 

Michael adducts with high levels of regio- and 

stereocontrol.2 Such Michael adducts featuring a 

stereogenic tetrasubstituted carbon center are 

useful synthons for the asymmetric synthesis of a 

variety of bioactive compounds.3 Besides its 

remarkable efficiency due to a concerted aza-ene 

type mechanism,4 the reaction tolerates a large 

variability in both carbonyl compounds and 

Michael acceptors, with some limitations for 

hindered systems for which high pressure 

activation is required.5 Moreover, in the context 

of improved reaction efficiency, clean processes 

and short reaction times are desired. In this 

respect, µW is an efficient way of promoting 

organic transformations, mainly in solvent-free 

systems. Thus, interest in µW assisted organic 

reactions has recently considerably increased.6 

Nevertheless, little attention has been devoted to 

the µW effects on selectivity,7 particularly for 

asymmetric Michael reactions.8 Herein, we 

describe our investigation of the reactivity of 

chiral imines with hindered tert-butyl acrylate 

and related electrophiles under microwave 

activation. 

2. Results and Discussion 

As a part of our program directed at exploring 

the scope of the AMACI, and in connection with 

synthetic applications for which an orthogonal 

ester protection cleavable in acidic medium was 

desired in the Michael adduct, we have foreseen 

to study the reactivity of tert-butyl acrylate 3 

with chiral imine 2a derived from 2-methyl-

cyclopentanone 1a. Although considerable 

attention has recently been focused on 

organocatalytic asymmetric transformations as 

efficient and convenient methodologies owing to 

their environmentally friendly characteristics, 

none of them address the reactivity of bulky 

electrophiles in this reaction.9 Prior to engage in 

such studies, and because the chiral inductor is 

available at low price and easily recovered 

without loss of optical activity at the end of the 

process, we first analyze the stoichiometric 

transformation. Due to the steric hindrance of the 

acceptor, we have turned to use microwave 

irradiation (µW) under carefully controlled 

reaction conditions, in order to develop a simple 

and efficient access to Michael adduct 5a and the 

derived keto-acid 6 and compared this method to 

conventional heating () (Scheme 1). 

In general, the AMACI is carried out from the 

intermediary chiral imine and the electrophile, in 

the absence of solvent, at room temperature or 

using moderate  (up to 80 °C) as the regio- and 

stereocontrol of this reaction are only slightly 

sensitive to heat.2 When the reaction was 

performed at 25 °C for 7 days, the conversion 

was not complete and 15% yield of Michael 

adduct 5a was obtained upon hydrolysis (Table 

1, entry 1). Thus, due to its bulkiness, tert-butyl 

acrylate 3 reacts much slower than its methyl 

counterpart.10 At 60 °C, all the imine 2a was 

consumed in one day; however, side 
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polymerization reactions resulted in a modest 

58% yield of adduct 5 (Table 1, entry 2). 

 

 

Scheme 1 Reagents and conditions: (a) 1.01 eq 

1-phenylethylamine, cyclohexane, reflux, Dean-

Stark, overnight, 89% (b) 2 equiv. 2, 25-200 °C 

(see Tables 1 and 2); (c) 20% aq. AcOH, THF, 

20 °C (d) HCO2H, 20 °C, 89%; (e) CH2N2, Et2O, 

0 to 20 °C, 2 h, 95%. 

 

When the reaction was performed at 100 °C 

for 4 h, alkylated imine 4a11 was obtained as the 

sole product leading upon hydrolysis to keto 

ester 5 in 79% yield. On the basis of its 13C NMR 

spectrum, crude imine 4a exists as a single 

stereoisomer (de >95%),11 as the result of a 

highly stereo-controlled process, giving rise to 

Michael adduct 5a with a >95% enantiomeric 

excess (ee). The reaction duration was markedly 

reduced to 30 min at 150 °C and ketoester 5 was 

obtained in an optimum 92% yield upon 

hydrolysis. However, the stereoselectivity proved 

to be lower (ee 80%) than at 100 °C (Table 1, 

entry 6). Finally, both the efficiency and the 

stereoselectivity dropped at 200 °C (Table 1, 

entry 7). 

. 

 

Table 1. Effect of temperature on the synthesis of ketoester 4 by condensation of chiral imine 1 with 

tert-butyl acrylate 2.a 

Entry Temperature 

(°C) 

Time 5 

yield %b 

5 

ee%d 

1 25 7 d 15 ndc 

2 60 1 d 58 > 95 

3b 100 4 h 79 > 95 

4 150 5 min 14 ndc 

5 150 15 min 59 ndc 

6 150 30 min 92 80 

7 200 30 min 57 80 

a: 2 Equivalents; b: Isolated yield of purified keto-ester 5; c: Not determined 
d: Determined by 13C-{1H} NMR in chiral liquid crystals. 

 

Concerning the stereoselectivity of the process, 

attempts to measure accurately the ee in adduct 

5a or in the related keto-acid 6 using either chiral 

HPLC or 1H NMR spectroscopy in the presence 

of chiral shift reagent [Eu(hfc)3] were 

unsuccessful. However, screening of the 

selectivity was made possible on the examination 

of 13CNMR spectra of crude imine 4a and gave 

satisfactory results. In order to ascertain that no 

epimerization of Michael adduct 5a occurred 
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during hydrolysis of imine 4a, we turned our 

attention to NMR spectroscopy in polypeptide 

chiral liquid crystals (CLC) that generally 

provides an efficient alternative to classical 

methods when these latter failed or gave poor 

results.12 We used here 13C-{1H}.13 Spectral 

enantio-discriminations using 13C-{1H} NMR in 

a CLC are based on 13C chemical shift anisotropy 

(CSA) differences. In practice, when the 

enantiomers are oriented differently inside the 

CLC, we can expect to observe two distinct 

resonances for each non-equivalent carbon atom 

discriminated. A priori, each carbon atom is a 

potential spy, thus increasing the possibility to 

visualize enantiomers.14 Various carbon sites 

show enantiodiscrimination, but the best spectral 

separation was obtained for C3’ in compound 5. 

Considering the S/N ratio, the error on the ee has 

been estimated around 5% of the true value. 

Figure 1 shows the evolution of two 13C-{1H} 

signals associated to C-3’ (Scheme 2) both in 

racemic (a) and enantio-enriched forms [Table 1, 

entry 6 (b) and Table 2, entry 4 (c)] oriented in a 

PBLG/ dichloromethane phase. The differences 

in peak intensity reveal the evolution of the ee. 

Although the separation observed at 100 MHz is 

rather small (< 3 Hz), a suitable evaluation of the 

ee is possible using deconvolution process. The 

absence of peak for the minor enantiomer in Fig. 

1c indicates that the ee is >95%. Accuracy of the 

method was ascertained by measuring gradual 

mixtures of the racemic ketoester 5a (prepared 

from racemic 1-phenymethymamine using the 

same conditions) with the pure enantiomer. 

 

 

 

(a) (b) (c)

 
 

Figure 1. 13C-{1H} signals of carbon atom C-3’ in ketoester 5 prepared in racemic form (a) and (S)-

enriched one (b, c). 

 

Analysis of NMR results obtained for synthesis 

of adduct 5a using  clearly indicates a sharp 

decrease in the stereoselectivity (>95 to 80% ee) 

when the temperature was increased from 100 °C 

to 200 °C (Table 1, entries 3-4 and 6-7). This 

phenomenon can tentatively be explained 

assuming a possible competitive retro-Michael 

addition leading to a partial racemization of the 

Michael adduct under rather drastic conditions.15 

Having secured an access to Michael adduct 

5a, a chemical correlation of its corresponding 

methyl keto ester 610 was undertaken to ascertain 

the absolute configuration in 5a (Scheme 1). 

Thus, keto acid 6 was easily obtained upon 

formic acid treatment of ketoester 5a (Table 1, 

entry 3) in good yield and directly subjected to 

diazomethane esterification leading to (-)-(S)-7. 

As expected, the sense of induction is in 
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accordance to the empirical rule defined for this 

reaction,2,3 with the same sense of asymmetric 

induction as those obtained using methyl acrylate 

as the electrophile. This stereoselectivity 

originates from the aza-ene type mechanism in 

which internal transfer of the proton born by the 

nitrogen atom of the more substituted tautomeric 

enamine is concerted with the creation of the C-

C bond (Scheme 1). 

We then turned our focus to the study of this 

Michael reaction, carrying out the experiments 

under µW. As can be seen from Table 2 and 

Scheme 3, µW affects the reactivity, the stereo- 

and unexpectedly the chemoselectivity (Table 2). 

The closed vessel system was chosen in order to 

contain the toxic and volatile Michael acceptors 

in the reaction vessel, and to monitor the possible 

extent of pressure elevation during the 

microwave irradiation. The possibility of running 

reactions in an inert gas atmosphere is another 

distinct advantage with the sealed reaction vessel 

strategy. Despite sensitivity of chiral imines 2 

toward water, this was not necessary in this case. 

The first observation was the role of stirring 

upon efficiency of the reaction. This parameter 

was found to be critical to the success of the 

reaction (compare entries 1,3,5 with entries 2,4,6 

and 7).16 

 

 

Scheme 2 Reaction pathway to lactam 8 under 

µW. Reagents and conditions: (a) 2 equiv. 3, 

µW, 200 °C, 30 min; (b) 20% aq. AcOH, THF, 

20 °C. 

 

When mixtures of imine 2a and alkene 3 were 

submitted to µW for 30 min at 100 °C with an 

optimal power of 30 W (Table 2, entry 2), the 

only reaction product was the expected chiral 

imine 4a, leading to keto-ester 5a upon 

hydrolytic workup. This result is a noteworthy 

improvement over results obtained from 

conventional heating at the same temperature for 

4 hours (Table 1, entry 3) in terms of yields and 

reaction time, the enantioselectivity remaining 

the same. 

At 150 °C, within 30 min, whereas yields 

were nearly comparable (Table 1, entry 6 and 

Table 2, entry 4), the enantioselectivity was 

largely improved under µW when compared to  

(see Figure 1) with similar set of conditions 

(temperature, pressure, profiles of heating rates). 

 

 

Table 2. Effect of W irradiation and stirring upon condensation of imine 2a (entries 1-7) and 2b 

(entries 8-9) to tert-butyl acrylate 3a. 
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Entry P 

(W) 

T (°C) Stirring P 

(bar) 

5a/5b 

yield (ee) % 

8 

1 30 100 no 0.1 85 0 

2 30 100 yes 0.1 100 (> 95d) 0 

3 80 150 no 0.7 67 0 

4 80 150 yes 0.3 89 (> 95d) 0 

5 80 200 no 3.5 11 25 

6 80 200 yes 1.4 41 14 

7 100 200 yes 13.0 0 53 

8 80 100 yes 0.8 92 (> 95d) 0 

9 100 200 yes 14.0 0 68 

a: 2 Equivalents; b: Isolated yield of purified keto-ester 5a after 30 min µW 

irradiation and subsequent hydrolysis; c: Not determined; d: Determined by 
13C-{1H} NMR in chiral liquid crystals. 

 

 

The most intriguing feature concerned the 

production of lactam 8 under forcing µW 

conditions (Scheme 3; Table 2, entries 5-7) 

instead of keto ester 5a, since this lactam 8 was 

never observed in the conventional thermal 

process (). This very important specific µW 

effect appeared when the reaction was performed 

at 200 °C. In contrast with  where the expected 

Michael adduct 5a was obtained (Table 1, entry 

7), within 30 min under µW irradiation at 200 °C, 

quite surprisingly, the lactam 8 was formed as 

the sole product (Scheme 2; Table 2, entry 7). 

This noticeable finding on chemoselectivity 

can be justified by considering the possibility for 

µW to favor a very polar mechanism consisting 

in the nucleophilic addition (Scheme 2, routes C) 

of the enamines 9 or 11 to the carbonyl group of 

either a tert-butyl ester (9  8) with the release 

of tert-butanol, or an acid (11  8) with 

elimination of a water molecule. Secondary 

enamines 9 or 11 are in tautomeric equilibrium 

(Scheme 2, routes A) with imines 4a or 10 

respectively, the latter being issued from the 

thermolysis of the tert-butyl ester group in imine 

4 with concomitant generation of isobutene 

(Scheme 2, route B, 4  10).  

In order to elucidate the pathway to lactam 8, 

a GC-mass analysis of the headspace of the 

reaction mixture was undertaken, and compared 

to those of the starting chiral imine 2, the 

acrylate 3 and tert-butanol having been 

separately irradiated under the same conditions 

(200 °C, 100 W, 30 min in closed reaction 

vessels). While isobutene was detected in the 

headspace of the reaction mixture and the tert-

butyl acrylate 3 sample, it was not present in the 

tert-butanol or starting imine 1 ones.17 This 

indicates that, under µW at 200 °C, the formation 

of lactam 8 occurred via a tandem Michael 

addition/deprotection/aza-annulation sequence 

implying the thermolysis of the tert-butyl ester 

group in imine 4 (path B/C). 

Dealing with µW effect on enantioselectivity, 

the superiority of µW reveals the intervention of 

non-purely thermal µW specific effects. 

Although the effects observed in microwave-

irradiated chemical transformations can in most 

cases be rationalized by purely bulk thermal 
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phenomena associated with rapid heating to 

elevated temperatures,18 we have conducted all 

experiments in the same conditions (closed 

vessels, same scale, same magnetic barrel) either 

in the microwave chamber or by immersion in a 

preheated oil bath in order to avoid as possible 

any difference in the temperature profiles. They 

can be justified by considering the reaction 

mechanism,4 expecting µW effects when the 

polarity of the system increases during the 

reaction progress. It will be the case when the 

transition state (TS) of a reaction is more polar 

than its ground state, thus leading to a decrease 

in the activation energy.19 Data obtained for the 

transition states for the Re and Si-approaches of 

imine 2 and tert-butyl acrylate 3 are consistent 

with the previous studies:4b Re approach: 

forming CC bond: 1.87 Å and forming CH bond: 

2.56 Å; Si approach: forming CC bond: 1.89 Å 

and forming CH bond: 2.50 Å (Figure 2). As it 

was shown that this Michael addition proceeds 

through a concerted asynchronous ‘aza-ene like’ 

mechanism,4 the TS has thus a certain polarity, a 

situation for which µW effects are expected. This 

fact explains the intervention of µW effects upon 

exaltation of reactivity (comparing yields at 

100 °C). To support this assumption, taking into 

account previous related AM1 computational 

investigations,20 we calculate the corresponding 

approaches between the enamine tautomer of 

imine 2 with tert-butyl acrylate 3. The Re-

approach (the favored one) leads to a slightly 

more polar as well as more asynchronous than 

the Si-approach TS (Figure 2).21 Consequently, 

this TS will be slightly favored due to a better 

dipole-dipole stabilization by µW. Therefore, 

under µW, the selectivity in favor of the Re-

approach will be even more improved (exp. from 

80 to > 95% ee). Reduced reversibility of the 

Michael reaction under microwave conditions 

could also contribute to the superior 

enantioselectivity, both phenomenon leading to 

an increased stereoselectivity in such conditions. 

 

 

Re approach

H = -37.22 kcal/mol

µ = 4.37 D

Si approach

H = -34.12 kcal/mol

µ = 4.33 D

1.87 Å

2.56 Å

1.89 Å

2.50 Å

 

Figure 2. Transition structures at the RHF AM1 level for Re (left) and Si (right) approaches of tert-

butyl acrylate 3 to enamine imine 2, their respective enthalpies of formation and dipole moment.20 
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The same trend was observed with chiral 

imine 2b derived from 2-methylcyclohexanone 

1b. Lactame 8b was obtained when the reaction 

was performed at 200 °C upon irradiation at 100 

W for 30 min (Table 2, entry 9) in a 68% yield 

while the expected Michael adduct 5b was 

obtained in the optimized conditions (100 °C, 80 

W, Table 2, entry 8) in 92% yield with >95% ee. 

We next examine the reactivity of these imine in 

this µW promoted AMACI (Table 3).  

 

 

Table 3. Effect of temperature on the synthesis of ketoester 4 by condensation of chiral imine 1 with 

electrophilic alkenes 12a-d.a 

 

Entry Electrophile 

 

Ketone Michael adduct 

 

Yield %b 

ee% 

 

1  

 

1a 
 

7a 

87 (d) 

> 95 

2 

 

1a 

 

15b 

76 (d) 

> 95 

3b 

 

1a 

 

15c 

47 (e) 

> 95 

4 

 

 

1a 
 

15d 

95 (b) 

>95 

5  

14a 

 

1b 

 

7b 

77 (d) 

> 95 

6  

14b 

 

1b 

 

16b 

 

60 (c) 

> 95 

 

7 

 

 

14c 

1c 

 

74 (c) 

> 95 
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16c 

 

8 

 

14d 

 

1d 

 

16d 

33 (c) 

> 95 

a: 2 Equivalents; b: Isolated yield of purified keto-esters; (c) 80 W, 150 

°C, 30 min.; (d) 80 W, 100 °C, 30 min.; (e) 80 W, 100 °C, 15 min. 

 

 

The reaction performed well, giving the 

expected Michael adducts in adduct in 33-95% 

yield, in a first series of experiments. Ee of the 

adducts were measured at the level of the crude 

imines as >95% (no diastereoisomers detected).  

With these satisfactory results in hand, we 

will turn to the study of a catalytic version of this 

reaction, in the context of a greener generation of 

quaternary carbon centers in a simple manner. 

Work is in progress to extend this µW activation 

mode to engage substituted acceptors in the 

AMACI. 

 

 

3. Materials and Methods 

3a. Chemistry: General: All reactions not 

involving aqueous media were carried out under 

a nitrogen atmosphere in a flame-dried 

glassware. Commercial reagents were used 

without further purification. Reactions were 

followed by 1H NMR in CDCl3 or using thin-

layer chromatography, carried out on silica gel 

plates, which were viewed by UV irradiation at 

254 nm and/or by staining with 

phosphomolybdic acid or p-anisaldehyde. Flash 

column chromatography was performed with 

230-400 mesh silica gel. Melting points were 

recorded on a digital melting point apparatus. IR 

spectra were recorded with a Fourier transform 

spectrometer Bruker VECTOR 22. NMR spectra 

of the crude reaction mixtures were recorded in 

CDCl3 containing a pinch of sodium carbonate in 

order to prevent hydrolysis of the imines. Imines 

proved to be stable for days in such conditions. 
1H NMR spectra were recorded at 300 K, at 200 

or 400 MHz on a Bruker AC 200 or Bruker 

Avance 400 spectrometer, with CHCl3 as internal 

standard (H = 7.26 ppm). 13C NMR spectra were 

recorded at 300 K, at 50 or 100 MHz, with the 

central peak of CHCl3 as internal standard (C = 

77.0 ppm, central line). Recognition of methyl, 

methylene, methine and quaternary carbon nuclei 

in 13C NMR spectra rests on the J-modulated 

spin-echo sequence. 2Dl NMR experiments 

(COSY, HMQC, HMBC and NOESY) were used 

for the assignments of signals in the 1H and 13C 

NMR spectra. For NMR measurements, 13C 1D 

NMR experiments in polypeptidic oriented 

solvents were performed on a Bruker DRX-400 

equipped with a BBO probe, and hence no 

additional hardware equipment is basically 

required. All proton-decoupled 13C NMR 

experiments were recorded by applying the 

WALTZ-16 composite pulse sequence to 

decouple protons and benefit from NOE effect. 

For unambiguous assignment of enantiomers in 

chiral NMR, comparison was made in all cases 

with the corresponding racemates. Optical 

rotations were measured at 589 nm in a 1 dm-cell 
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using an Optical Activity Limited AA-10R 

apparatus and are expressed in g/100mL. 

Elemental analyses were performed by the 

Service de microanalyse, BioCIS, Châtenay-

Malabry, France, with a Perkin-Elmer 2400 

analyzer. A CEM Discover monomode reactor 

with an accurate control of temperature and 

pressure by modulation of emitted W was used 

for the microwave experiments. Caution: It is 

essential that great precaution be taken when 

carrying out organic reactions in sealed vessels. 

In particular, safety devices are to be used 

including appropriate septa as a pressure relief 

system and an automatic cut off of the 

microwave irradiation before the pressure limit 

of the vessels has been reached. See: Raner, K. 

D.; Strauss, C. R.; Trainor, R. W.; Thorn, S. J. J. 

Org. Chem. 1995, 60, 2456 and references cited 

therein. In this study, the maximum developed 

pressure was 14 bar at 100 W and 200 °C, far 

below the pressure limit (20 bar). 

 

Preparation of chiral imines 2 exemplified for 

2a: In a 100 mL round bottom flask equipped 

with a Dean-Stark apparatus, 21.6 mL (0.2 mol) 

2-methylcyclopentanone, 27.3 mL (0.21 mol, 

1.05 equiv.) (R)-1-phenylethylamine (ee = 99%) 

are successively added to cyclohexane (50 mL). 

The resulting mixture was stirred for 18 h under 

nitrogen at 110 °C (oil bath) with azeotropic 

removal of water. Cyclohexane was then distilled 

and fractional distillation of the crude under 

reduced pressure afforded the desired chiral 

imine 1 as a colourless oil. 

(1’R)-(2-Methylcyclopentylidene)-(1’-phenyl-

ethyl)-amine (2a). Colorless oil (89%); B.p. = 

80 °C (0.01 Torr); IR (neat,  cm-1): 2958, 1673; 
1H NMR (200 MHz, CDCl3)  ppm: 7.33-7.05 

(m, 5H), 4.43-4.28 (m, 1H), 2.45-1.15 (m, 7H), 

1.43 and 1.41 (d, J = 6.1 Hz, 3H), 1.11 and 1.10 

(d, J = 6.7 Hz, 3H); 13C NMR (50 MHz, CDCl3) 

 ppm: 181.0 and 180.6 (C), 146.2 and 145.9 (C), 

128.1 (2CH), 126.5 (CH), 126.3 (2CH), 61.5 and 

61.2 (CH), 41.2 and 41.1 (CH), 32.8 and 32.7 

(CH2), 28.7 and 28.5 (CH2), 24.8 and 24.5 (CH3), 

22.5 and 22.4 (CH2), 17.5 (CH3). 

General procedure for the asymmetric 

Michael reactions using microwaves: Mixtures 

of imines 2 (1 to 6 mmol) and 2 equivalents of 

electrophilic alkene were placed in sealed,33 10 

mL heavy-walled pyrex tubes.34 The tubes were 

introduced in the cavity of a single-mode35 

device allowing control of irradiation power (up 

to 300 W), time, temperature and pressure (see 

article, Tables 1 and 2).36 The tube was opened 

after the reaction mixture was rapidly cooled 

down to room temperature, and excess tert-butyl 

acrylate was removed in vacuo. An aliquot of 

crude reaction mixture was analyzed by 1H and 
13C NMR. For the crude reaction mixtures 

containing alkylated imine, after being 

vigorously stirred with 20% aqueous acetic acid 

(2 mL/mmol) and THF (2 mL/mmol) for 17 

hours, the reaction mixture was concentrated, 

then thoroughly extracted with Et2O (3 x 10 mL). 

The combined organic phase was washed 

successively with saturated NaHCO3 and NaCl 

solutions, dried (MgSO4), filtered over Celite® 

and concentrated in vacuo. Chromatographic 

purification on silica gel (cyclohexane:ethyl 

acetate, 9:1) afforded keto derivatives 5 and/or 

lactam 8 as colorless oils.  

tert-Butyl (1’S,1”R)-3-[1’-Methyl-2-(1”-

phenyl-ethyl-imino)-cyclopentyl]-propionate 

4a. IR (neat,  cm-1): 2966, 2868, 1726, 1673; 1H 

NMR (200 MHz, CDCl3)  ppm: 7.38-7.07 (m, 

5H), 4.35 (q, 1H, J = 6.6 Hz), 2.37-2.04 (m, 4H), 

1.86-1.41 (m, 6H), 1.38 (s, 9H), 1.36 (d, 3H, J = 

6.6 Hz), 0.98 (s, 3H); 13C NMR (50 MHz, CDCl3) 

 ppm: 180.7 (C), 173.5 (C), 146.2 (C), 128.0 

(2CH), 126.3 (2CH), 126.1 (CH), 79.7 (C), 60.8 

(CH), 45.5 (C), 37.0 (CH2), 33.4 (CH2), 30.9 
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(CH2), 28.4 (CH2), 28.0 (3 CH3), 24.8 (CH3), 

23.9 (CH3), 20.5 (CH2). 

tert-Butyl (1’S,1”R)-3-[1’-Methyl-2-(1”-

phenyl-ethyl-imino)-cyclohexyl]-propionate 

4b. IR (neat,  cm-1): 3061, 3063, 2966, 2926, 

1658, 1493, 1447; 1H NMR  (300 MHz, CDCl3) 

 ppm: 7.41-7.12 (m, 5H), 4.69 (q, 3H, J = 6.4 

Hz), 2.40-2.21 (m, 1H), 1.57-1.30 (m, 8H), 1.17-

1.11 (2d, 3H, J = 4.3 Hz), 1.01-0.99 (d, 3H, J =  

4,9 Hz); RMN 13C (75 MHz, CDCl3)  ppm: 

173.1 (C), 146.7 (C), 127.9 (CH), 126.3 (CH), 

126.2 (CH), 125.9 (CH), 125.8 (CH), 57.3 (CH), 

42.0 (CH2), 35.6 (CH), 27.5 (CH2), 25.4 (CH3), 

25.3 (CH2). 

tert-Butyl (1’S)-3-(1’-Methyl-2’-oxocyclo-

pentyl)-propionate 5a. IR (neat,  cm-1): 2968, 

2934, 2872, 1727; 1H NMR (200 MHz, CDCl3)  

ppm: 2.38-2.06 (m, 4H), 2.0-1.54 (m, 6H), 1.36 

(s, 9H), 0.98 (s, 3H); 13C NMR (50 MHz, CDCl3) 

 ppm: 222.3 (C), 172.6 (C), 80.1 (C), 47.4 (C), 

37.3 (CH2), 35.9 (CH2), 31.3 (CH2), 30.5 (CH2), 

27.9 (3CH3), 21.3 (CH3), 18.4 (CH2); []D
24 = - 

27.8 (c = 4.5, EtOHabs); Anal. calcd for C13H22N: 

C, 68.99; H, 9.80. Found: C, 68.84; H, 9.75%. 

tert-Butyl (1’S)-3-(1’-Methyl-2’-oxocyclo-

hexyl)-propionate 5b. IR (neat,  cm-1): 2933-

2866, 1727, 1704; RMN 1H (200 MHz, CDCl3)  

ppm: 2.49-2.33 (2H), 2.28-2.12 (1H), 2.10-1.94 

(3H), 1.92-1.52 (8H), 1.42 (9H), 1,02 (3H); 

RMN 13C (75 MHz, CDCl3):  ppm: 215.7 (C), 

173.1 (C), 82.3 (C), 47.9 (C), 39.3 (CH2), 38.7 

(CH2), 32.4 (CH2), 30.3 (CH2), 28.7 (3CH2), 27.4 

(CH2), 22.4 (CH3), 21.0 (CH2).  

(4aS,1’R)-4a-Methyl-1-(1’-phenylethyl)-

1,3,4,4a, 5,6-hexahydro-[1]pyrindin-2-one 8. 

IR (neat,  cm-1): 1665, 1629; 1H NMR (CDCl3, 

200 MHz) ppm 7.24-7.06 (m, 5H), 6.14 (q, 

1H, J = 7.1 Hz), 4.31 (t, 1H, J = 2.5 Hz), 2.62-

2.53 (m, 1H), 2.57 (dd, 1H, J = 8.3, 4.0 Hz), 2.30 

(m, 1H), 2.05 (ddd, 1H, J = 15.6, 9.0, 3.1 Hz), 

1.76-1.43 (m, 4H), 1.55 (d, 3H, J = 7.1 Hz), 1.05 

(s, 3H); 13C NMR (CDCl3, 50 MHz)  ppm: 

169.3 (C), 143.7 (C), 141.2 (C), 128.3 (2CH), 

126.5 (CH), 126.1 (2CH), 105.7 (CH), 49.9 

(CH), 43.5 (C), 38.3 (CH2), 33.4 (CH2), 29.9 

(CH2), 28.5 (CH2), 21.1 (CH3), 14.8 (CH3); Anal. 

calcd for C17H21NO: C, 79.96; H, 8.29; N, 5.49. 

Found: C, 80.04; H, 8.56; N, 5.15%. 

3-[1-Methyl-2-(1-phenyl-ethylimino)-cyclo-

pentyl]-propionitrile 17c. IR (neat,  cm-1): 

3027, 2962, 2867, 2245, 1672; 1H NMR (CDCl3, 

300 MHz)  7.35-7.17 (m, 5H), 4.41 (q, 1H, J = 

6.6 Hz), 2.65-2.27 (m, 4H), 1.94-1.57 (m, 6H), 

1.41 (d, 3H, J = 6.6, Hz), 1.06 (s, 3H); 13C NMR 

(CDCl3, 75 MHz)  ppm: 179.9 (C), 145.8 (C), 

128.2 (2CH), 126.4 (CH), 126.3 (2CH), 120.7 

(C), 61.2 (CH), 45.4 (C), 37.1 (CH2), 35.8 (CH2), 

28.5 (CH2), 24.9 (CH3), 23.8 (CH3), 20.5 (CH2), 

12.4 (CH2). 

3-[1-Methyl-2-(1-phenyl-ethylimino)-cyclo-

hexyl]-propionitrile 18c. IR (neat,  cm-1): 

2969, 2931, 2866, 2247, 1705, 1650; 1H NMR 

(CDCl3, 300 MHz) ppm 7.39-7.20 (m, 5H), 

4.70 (q, 1H, J = 6.6 Hz), 2.53-2.14 (m, 5H), 

2.13-1.81 (m, 1H), 1.74-1.27 (m, 6H), 1.36 (d, 

3H, J = 6.6, Hz), 1.04 (s, 3H); 13C NMR (CDCl3, 

75 MHz)  ppm: 172.1 (C), 146.6 (C), 128.2 

(2CH), 126.4 (3CH), 121.1 (C), 57.8 (CH), 43.2 

(C), 39.0 (CH2), 35.2 (CH2), 27.1 (CH2), 25.8 

(CH3), 24.9 (CH2), 23.9 (CH3), 21.2 (CH2), 12.4 

(CH2). 

Methyl (1’S)-3-(1’-Methyl-2’-oxocyclohexyl)-

propionate 7b. IR (neat,  cm-1): 2960, 1731, 

1437; 1H NMR (200 MHz, CDCl3)  ppm: 3.33 

(s, 3H), 2.74-2.18 (m, 4H), 1.98-1.62 (m, 6H), 

1.01 (s, 3H); 13C NMR (50 MHz, CDCl3)  ppm: 

222.3 (C), 173.8 (C), 51.5 (CH3), 47.4 (C), 37.3 

(CH2), 35.9 (CH2), 32.0 (CH2), 29.2 (CH2), 21.2 

(CH3), 18.4 (CH2); Anal. for C10H16O3, calcd. C, 

65.19; H, 8.75; found C, 65.08; H, 8.79.; 12a 

[]D
20 -34.5 (c = 2; EtOHabs); lit.38 ent-12a []D

 

20 +35.7 (c = 2, EtOHabs). 
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3-(1-Methyl-2-oxo-cyclopentyl)-propionitrile 

15c. IR (neat,  cm-1): 2965, 2927, 2872, 2247, 

1731; 1H NMR (300 MHz, CDCl3)  ppm: 2.46-

2.14 (m, 4H), 1.97-1.69 (m, 6H), 1.02 (s, 3H); 
13C NMR (75 MHz, CDCl3)  ppm: 221.2 (C), 

119.7 (C), 47.2 (C), 37.2 (CH2), 35.7 (CH2), 32.0 

(CH2), 20.9 (CH3), 18.4 (CH2), 12.4 (CH2); 

[]D
20 = -34.6° (c = 0.003, EtOHabs.); Anal. Calcd 

for C9H13NO: C, 71.49; H, 8.67; N, 9.26; O, 

10.58. Found: C, 71.06; H, 8.12; N, 9.07. 

3-(1-Methyl-2-oxo-cyclohexyl)-propionitrile 

16c. IR (neat,  cm-1): 2937, 2867, 2246, 1700, 

1451; 1H NMR (300 MHz, CDCl3)  ppm: 2.48-

2.37 (m, 1H), 2.33-2.26 (m, 3H), 1.97-1.64 (m, 

8H), 1.12 (s, 3H); 13C NMR (75 MHz, CDCl3)  

ppm: 214.3 (C), 120.0 (C), 47.6 (C), 38.5 (2CH2), 

33.6 (CH2), 27.1 (CH2), 22.2 (CH3), 20.8 (CH2), 

12.3 (CH2); Anal. for C10H15NO, calcd. C, 72.69; 

H, 9.15; found C, 72.23; H, 8.49; MS (ESI): 166 

(M+1) 16c []D
24 9.7 (c = 0.02, EtOHabs). 

[2-(2-Benzenesulfonyl-ethyl)-2-methyl-cyclo-

pentylidene]-(1-phenyl-ethyl)-amine 17d IR 

(neat,  cm-1): 2962, 1671, 1447, 1305, 1145; 1H 

NMR (300 MHz, CDCl3)  ppm: 7.70-7.45 (m, 

10H), 4.34 (q, 1H, J = 6.6 Hz), 3.37 (mc, 2H), 

2.24 (bt, 2H, J = 5.9 Hz), 1.80-1.40 (m, 6H), 1.31 

(d, 3H, J = 6.6 Hz), 1.00 (s, 3H); 13C NMR (75 

MHz, CDCl3)  ppm: 179.6 (C), 146.0 (C), 138.3 

(CH), 133.6 (CH), 129.2 (2CH), 129.1 (2CH), 

128.1 (CH), 127.7 (CH), 126.2 (CH), 67.8 (CH2), 

61.1 (CH), 52.2 (C), 37.6 (CH2), 28.3 (CH2), 

25.5 (CH2), 25.0 (CH3), 23.8 (CH3), 20.4 (CH2). 

[2-(2-Benzenesulfonyl-ethyl)-2-methyl-cyclo-

hexylidene]-(1-phenyl-ethyl)-amine 18d IR 

(neat,  cm-1): 2928, 1707, 1650; 1H NMR (300 

MHz, CDCl3)  ppm: 8.00-7.87 (m, 4H), 7.66-

7.49 (m, 6H), 4.61 (q, 1H, J = 6.6 Hz), 3.35-3.20 

(m, 2H), 2.42-2.29 (m, 2H), 2.18-2.00 (m, 2H), 

1.90-1.38 (m, 6H), 1.24 (d, 3H, J = 6.6 Hz), 1.01 

(s, 3H); 13C NMR (75 MHz, CDCl3)  ppm: 

172.2 (C), 146.6 (C), 139.3 (C), 133.4 (CH), 

129.1 (CH), 128.2 (CH), 126.4 (CH), 57.7 (CH), 

52.2 (CH2), 43.0 (C), 39.3 (CH2), 31.9 (CH2), 

27.0 (CH2), 25.7 (CH3), 24.7 (CH2), 24.2 (CH3), 

21.2 (CH2). 

2-(2-Benzenesulfonyl-ethyl)-2-methyl-

cyclopentanone 15d Mp = 69 °C; IR (neat,  

cm-1): 2965, 2870, 1729; 1H NMR (300 MHz, 

CDCl3)  ppm: 7.87 (bd, 2H, J = 8.3 Hz), 7.68-

7.45 (m, 3H), 3.14 (ddd, 1H, J = 18.4, 12.0, 4.7 

Hz), 2.96 (ddd, 1H, J = 18.4, 12.2, 4.9 Hz), 2.35-

2.07 (m, 2H), 1.91-1.72 (m, 6H), 0.94 (s, 3H); 
13C NMR (75 MHz, CDCl3)  ppm: 221.4 (C), 

138.7 (C), 133.7 (CH), 129.2 (2CH), 127.9 

(2CH), 51.8 (CH2), 46.7 (C), 37.2 (CH2), 36.2 

(CH2), 28.9 (CH2), 21.0 (CH3), 18.4 (CH2); 

[]D
23 = -19.4° (c = 0.0075, EtOHabs.); MS 

(APCI): m/z 267 (100%) [M + H]+; Anal. Calcd 

for C14H18O3S: C, 63.13; H, 6.81; O, 18.02; S, 

12.04. Found: C, 62.65; H, 6.80. 

2-(2-Benzenesulfonyl-ethyl)-2-methyl-

cyclohexanone 16d Mp = 74-77 °C; IR (neat,  

cm-1): 2934, 2868, 1700; 1H NMR (300 MHz, 

CDCl3)  ppm: 7.86 (bd, 2H, J = 8.3 Hz), 7.65-

7.49 (m, 3H), 3.06 (ddd, 1H, J = 13.7, 11.9, 5.0 

Hz), 2.98 (ddd, 1H, J = 13.7, 11.7, 5.0 Hz), 2.39-

2.13 (m, 2H), 2.00-1.88 (m, 1H), 1.79-1.55 (m, 

7H), 1.01 (s, 3H); 13C NMR (75 MHz, CDCl3)  

ppm: 214.3 (C), 138.9 (C), 133.6 (CH), 129.2 

(2CH), 127.9 (2CH), 51.8 (CH2), 47.4 (C), 38.9 

(CH2), 38.4 (CH2), 30.2 (CH2), 27.1 (CH2), 22.3 

(CH3), 20.8 (CH2); []D
24 = +2.9° (c = 0.01, 

EtOHabs.); MS (APCI): m/z 281 (100%) [M + 

H]+; Anal. Calcd for C15H20O3S: C, 64.26; H, 

7.19; O, 17.12; S, 11.44. Found: C, 64.40; H, 

7.03. 

General procedure for the synthesis of 

ketoacid 6  

A mixture of adduct 6a (452 mg, 2 mmol) and 

formic acid (2 mL) was stirred at 20 °C for 2 h. 

Formic acid was distilled, the crude was taken up 

in Et2O (10 mL), washed with saturated NaHCO3 
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solution (2 x 10 mL). The aqueous layer was 

acidified at 0 °C (6N HCl) and thoroughly 

extracted (4 x 10 mL Et2O). The combined 

organic phase was dried (MgSO4) and filtered 

(Celite®) and the crude concentrated in vacuo to 

give keto acid 6a (302 mg, 89%) as a colorless 

oil. This material was used without further 

purification in the next step. 

 (1’S)-3-(1’-Methyl-2-oxocyclopentyl)-

propionic acid 6a. IR (neat,  cm-1): 3512, 

3090,2963, 2873, 2663, 1729, 1706; 1H NMR 

(200 MHz, CDCl3)  ppm: 11.0 (bs, 1H), 1.67-

1.33 (m, 4H), 1.19-0.81 (m, 6H), 0.20 (s, 3H); 
13C NMR (50 MHz, CDCl3)  ppm: 222.8 (C), 

178.3 (C), 47.0 (C), 36.8 (CH2), 35.4 (CH2), 30.6 

(CH2), 28.7 (CH2), 20.7 (CH3), 18.0 (CH2); Anal. 

for C9H14O3, calcd. C, 63.51; H, 8.29; found C, 

63.28; H, 8.39; [α]25
D -40.6 (c = 1.6, EtOHabs). 

 (1’S)-3-(1’-Methyl-2-oxocyclohexyl)-

propionic acid 6b. IR (neat,  cm-1): 3502, 2935, 

2866, 1700; 1H NMR (300 MHz, CDCl3)  ppm: 

9.4 (bs, 1H), 2.38-2.29 (m, 3H), 2.23-2.12(m, 

1H), 2.03-1.93 (m, 1H), 1.84.68 (m, 6H), 1.62-

158 (m, 1H), 1.05 (s, 3H); 13C NMR (75 MHz, 

CDCl3)  ppm: 215.5 (C), 179.3 (C), 47.7 (C), 

39.0 (CH2), 38.5 (CH2), 32.2 (CH2), 28.9 (CH2), 

27.3 (CH2), 22.3 (CH3), 20.8 (CH2); MS (ESI) 

207 (M+23) 391 (2M+23); [α]28
D -85 (c = 0.13, 

EtOHabs). 

Chemical correlation to Methyl (1’S)-3-(1-

Methyl-2-oxo-cyclopentyl)-propionate 7a: A 

0.5 M solution of diazomethane in Et2O (5 mL) 

was added to a solution of the acid 6 (97 mg, 

0.57 mmol) in dry Et2O (20 mL) at 0 °C. The 

resulting mixture was stirred at room temperature 

for 2 hours and the excess of diazomethane was 

destroyed with acetic acid. The reaction mixture 

was washed with brine (25 mL), dried (MgSO4), 

and concentrated in vacuo. The residue was 

purified by column chromatography 

(cyclohexane/AcOEt, 9:1) to give methyl ester 

7a as a colourless oil (100 mg, 95%); []D
20 -

32.5 (c = 2; EtOHabs); lit.10 ent-12a []D
 20 +35.7 

(c = 2, EtOHabs). 

3b. Enantiomeric excess determination: For 
13C-{1H} 1D NMR experiments in polypeptidic 

oriented solvents, the sample preparation 

consisted of directly weighting 25-30 mg of 

solute, around 140 mg of poly--benzyl-L-

glutamate (PBLG, DP= 463, commercially 

available) and adding about 350 mg of 

dichloromethane into a 5 mm NMR tube. Under 

these conditions, the total volume of the sample 

is optimal compared to the length of the coil of a 

5 mm diameter probe-head. Compared to 

previous work, we have used a larger amount of 

PBLG than usual (100 mg) in order to obtain a 

clean liquid crystalline phase. This is a 

consequence of the relatively low degree of 

polymerization (DP= 463, i.e. MW ≈101000 

g.mol-1). The exact composition of each NMR 

sample is given in Table 3. To avoid the 

evaporation of dichloromethane during long 

NMR experimental time, we have sealed the 

samples. Note here that a mixture of protonated 

and deuterated dichloromethane was used. This 

solution allows to easily shim the magnet on the 

proton FID as well as to minimize the 

digitization problems associated with the 

dynamic range of the Analogue-to-Digital 

Converter (ADC) induced by the difference of 
13C signal intensity between dichloromethane 

and solute. In other hands, the shape and the line 

width of 13C resonances of dichloromethane 

provide a serious control of the magnet stability 

as well as possible time-evolution of the sample 

homogeneity during the experiments. The sample 

is then centrifuged during few seconds, then 

inverted and centrifuged again. This process is 

repeated until an optically homogeneous 

birefringent phase is obtained. 
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Table 3. Composition of liquid-crystalline 

representative NMR samples investigated 

Sample Solute 

 

Solute 

/ mga 

Co-

solvent 

/ mga 

Polymer 

% in 

weight 

1 (rac)-6 27 75/275 27.1 

2 (S)-6 28 75/277 26.9 

3 (S)-6 28 75/277 27.1  

Conditions: Polymeric solvent: PBLG; Degree of 

polymerization of polypeptide used: 463; Co-

solvent: CH2Cl2 / CD2Cl2; Polymer/mg: 140; aThe 

accuracy on the weighing is 1 mg. 

 

The NMR tube was not spun in the magnet and 

its temperature was regulated carefully at 299 K 

using the standard variable temperature control 

unit (BVT 3000). 13C spectra were recorded by 

adding 1000 to 3000 scans. Gaussian filtering 

was applied to improve the spectral separation of 

resonances. The area measurement was 

performed using a curve fitting algorithm based 

on complex least squares treatment of the 13C 

NMR signals with and without filtering. Note 

that the experiments and the area measurements 

were repeated several times to estimate 

accurately the error on the enantiomeric excess 

of the mixture. 

3c. GC-MS mechanistic studies: An HP 

5989A GC-MS system (Hewlett-Packard, Palo 

Alto, CA, USA) was used. The chromatographic 

separation was performed with an Omega delta-3 

capillary column (length: 25 m; I.D. 0.20 mm; 

film thickness: 0.2 μm) (Macherey-Nagel, 

Düren, Germany ). In view of comparison, 

samples consisting of either the asymmetric 

Michael addition reaction mixture [1 equiv. 

chiral imine (2a) and 1.1 equiv. tert-butyl 

acrylate (3)] or each of the individual 

components (tert-butyl acrylate (3), chiral imine 

(2a), 2-methyl cyclopentanone 1a, 1-

phenylethylamine, 2-methyl-2-propanol) were 

separately irradiated at 100 W and 200 °C for 30 

min in 10 mL teflon sealed glass vials and cooled 

to r.t. prior to GC-mass analysis. The teflon 

sealed glass vials filled with the reaction medium 

were maintained at 70°C during 15 minutes prior 

analysis and immediately processed. The head 

space (5 μL) was sampled using an airtight 

syringe and injected in splitless mode. Helium 

pressure was 50 kPa. The injector temperature 

was 250 °C and the initial oven temperature was 

35 °C. This temperature was maintained for 1 

min, the temperature was then programmed as 

follows: 4 °C/min up to 50 °C then 6 °C/min up 

to 100 °C followed by a 5 min hold. The transfer 

line temperature was set to 280 °C. Analysis was 

performed by electronic impact ionisation. The 

ion source and quadrupole temperature was set to 

200 °C and 100 °C respectively. The electron 

energy was 70 eV. Acquisition was performed in 

scan mode over the range of 20 to 150 at a scan 

rate of 0.9 scan/sec (4 samplings per scan). 

Analysis of the results obtained for the head 

space of the asymmetric Michael reaction 

showed that the peak observed at 1.605 min 

correspond to 2-methyl-2-butene (MW = 56 

g.mol-1, identical fragmentation and comparable 

abundances)17 A similar peak was not detected 

from the head space of the other samples, except 

for the tert-butyl acrylate (MW = 128 g.mol-1) 

one. However, ions at m/z 55, 57 and 59 are not 

present in the same ratio for the 2-methyl-2-

butene mass spectrum. Moreover, analysis of the 

tert-butanol (MW = 74 g.mol-1) sample indicates 

that in the reaction conditions, tert butanol did 

not led to 2-methyl-2-butene. This set of results 

gave evidence that 2-methyl-2-butene and not 

tert-butanol was released during the 

lactamization process of Michael adduct (5) (see 

article, Scheme 3). 

3d. Theroretical calculations: Geometries 

for the reactants were optimized by means of 
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gradient technique at RHF AM1 level20 by using 

the semi-empirical molecular orbital program 

MOPAC.21 All the RHF AM1 transition 

structures were located using the procedures 

implemented in MOPAC (Version 5.0). All 

variables were optimized by minimizing the sum 

of the squared scalar gradients (NLLSQ and 

SIGMA).22,23 Force calculations were carried out 

to ensure that the transition structures located had 

one imaginary frequency. Final values of the 

gradient norms were <1 kcal/Å and each 

transition structure had one negative eigenvalue 

in the Hessian matrix as required. 

.

 

4. Conclusions 

In conclusion, we have demonstrated that the reaction of hindered tert-butyl acrylate 2 in the AMACI 

was efficiently promoted under µW activation, compared to conventional heating. As expected, 

regardless the activation mode, the control of the stereochemistry of the newly created quaternary 

carbon center in such Michael adducts is always dictated by the configuration of the chiral inductor. 

The stereoselectivity of the process was determined using natural abundance 13C-{1H} NMR in a chiral 

polypeptide liquid crystal. Moreover, the temperature profiles achieved under microwave irradiation 

are not accessible in conventional heating and can allow a differentiation in the reaction pathways. A 

direct and stereoselective access to lactams 8 was thus achieved only under µW, although in moderate 

yield. A highly stereoselective process (ee > 95 %) was obtained either at 100 °C for 4 h () or for 30 

min (W, 100 W). A good correlation was obtained between experiment and theoretical calculations. 

Both the more polar and asynchronous transition state led to the expected Michael adduct (S)-4, and 

are favored under µW activation, allowing the reaction to proceed efficiently in minutes. Finally, 

Michael adducts from methyl acrylate, benzyl acrylate, vinylsulfone and acrylonitrile are regio- and 

stereoselectively obtained in high yield and short time using the microwave process.  
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Abstract: Neuroimaging data from magnetic resonance techniques are widely used as non-

invasive biomarkers for the evaluation and early diagnosis of Alzheimer’s Disease (AD). 

Alzheimer Prediction by Spectroscopy Voxel Volume is a free Web tool to predict the AD 

diagnosis (AlzPred-SVV: http://bio-aims.udc.es/AlzPredSVV.php). The inputs are two variables 

related to a voxel acquired in the left hippocampus: The total volume and the volume of CSF 

contained in the voxel. The classification method is based on Machine Learning techniques. The 

tool is based on an HTML/PHP user interface with a Python/Java implementation of the model. 

 

Keywords: Magnetic Resonance Spectroscopy; Alzheimer’s Disease; Machine-learning; Single-

Layer Perceptron;  

 

1. Introduction 

Several magnetic resonance techniques have 

been proposed as non-invasive imaging bio-

markers for the evaluation of disease progression 

and early diagnosis of AD [1] and mild cognitive 

impairment (MCI), a transitional state between 

healthy ageing and AD [2]. The analysis of these 

biomarkers allows the study of differences 

between groups but they are not applicable on a 

single-subject level and do not improve the 

clinical diagnosis potential. Machine-learning 

techniques have been identified as promising 

tools in neuroimaging data for individual class 

prediction [3]. Magnetic resonance spectroscopy 

(1H-MRS) is a useful technique in the study of 

the AD [4-5]. We found that just the volumes of 

grey and white matter (GM,WM) and cerebro-

spinal fluid (CSF) within the spectroscopic voxel 

provide a high correlation with the diagnosed 

groups showing a strong potential for classify 

healthy controls, MCI and AD subjects [6].  

2. Results and Discussion 
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Alzheimer Prediction by Spectroscopy Voxel 

Volume (AlzPred-SVV) is a free Web tool (bio-

aims.udc.es/AlzPredSVV.php) to predict the AD 

diagnosis, based on only 2 variables related to 

the spectroscopic voxel in the left hippocampus: 

The total voxel volume and volume of CSF 

contained in the voxel (Figure 1). This tool is on 

the free portal Bio-AIMS [7] that offers models 

based on Artificial Intelligence, Computational 

Biology and Bioinformatics. The website 

provides the values of predicted class and error 

prediction achieved by the model. Inputs should 

be written using the format <Label Total_vol 

CSF_vol> up to a maximum of 10 rows. Figure 1 

shows an example for 4 inputs, labelled as Case1 

to Case4 varying the voxel volumes and the CSF 

proportions. Results are displayed in Figure 2, 

showing the prediction for each case: 3 inputs are 

classified as AD with different error predictions 

and the other one as healthy control.  

 

 

 

Figure 1. AlzPred-SVV website

 

Figure 2. Output results from AlzPred-SVV 
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3. Materials and Methods 

A gender-matched cohort of 260 subjects was 

used to test and evaluate the effectiveness of 

machine-learning schemes for single-subject 

level classification of individuals affected by 

different stages of dementia based on 1H-MRS 

data [6]. The collection of Weka algorithms was 

used for this purpose. The study found that the 

best classifier is a single-layer perceptron with 

only 2 spectroscopic voxel volumes in the left 

hippocampus (AUROC:0.86; True positives rate: 

0.81; False positives rate:0.20). This model was 

implemented in AlzPred-SVV. The tool is based 

on an HTML/PHP user interface with a 

Python/Java implementation of the model. 

4. Conclusions 

MR modalities produce extremely high-dimensional raw data that can contain inherent patterns 

related to AD and machine-learning methods provide tools to observe inherent disease-related patterns 

in the data. This fact is presented in this work, where just the proportion of CSF within the 

spectroscopic voxel can discriminate AD from MCI patients and from healthy controls. AlzPred-SVV 

is an easy-to-use web application that can be useful for both clinicians and patients. 
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Abstract: Inorganic ceramic materials have recently been enjoying a great deal of attention for 

uses as biomaterial over the traditionally used polymeric material. The ability of silica based 

ceramics to release Si-containing ionic products makes them osteoconductive and their special 

surface composition has drawn considerable attention for its use as osteogenic proliferation, 

differentiation and gene expression of tissue cells. Here Pristine Multiwalled carbon nanotube 

(MWCNT) was functionalized by acid oxidation and used as template for nucleation of 

hydroxyapatite crystal. The CNT-HAP thus formed was further reinforced with exfoliated 

Montmoriollite(MMT) clay to increase the mechanical property of the nanocomposite. The 

synthesized composite viz CNT-HAP (HC) and CNT(HAP)-MMT(CHC) were characterized by 

fourier transform infrared spectroscopy(FTIR), X-ray diffraction(XRD), Scanning electron 

microscopy and transmission electron microscopy(TEM) and thermogravimetric analysis(TGA) . 

The biomedical application of CHC, blood compatibility was studied in terms of hemolysis assay 

and platelet adhesion assay. Finally, in vitro dissolution assay and the antibacterial activity of the 

material were further explored for establishing its use as an antibacterial biomaterial. The 

nanocomposite thus designed exhibited a promising candidate as an antimicrobial biomaterial for 

tissue Engineering application.. 
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1. Introduction 

 

Clays and clay minerals are widely utilized in 

our society are in geology, agriculture, 

construction, environmental applications and in 

Traditional applications that include ceramics, 

paper, paint, plastics, chemical carriers, 

decolorization, and catalysis etc(1). Biomedical 

application of clay dates back to prehistoric era 

where clay served in wounds and skin irritations 

caused by Homo erectus and H. 

neanderthalensis. Clays were ingested to treat 

stomach and intestinal problems. Clay 

application finds its application as active 

ingredients in antacids, antidiarrhoerics, tropical 

applications such as cosmetic creams, powders 

and in pharmaceutics as excipients(2). Precisely 

the rich electrochemistry of clay mineral 

attributes to its uses in human health and disease. 

Montmorillonite is a layered aluminosilicate, 

belongs to smectite group of clay which consists 

of a one edge shared octahedral sheet of 

aluminum hydroxide fused in between two silica 

tetrahedral(3). The susceptibility of the charged 

smectite particles for swelling and delamination, 

results in rich selection of potential interactions 

between organic molecules and the clay particles. 

Inorganic ceramic materials have been enjoying 

a great deal of attention for uses as biomaterials 

over the traditionally used polymeric material. In 

the late 1960’s Ceramics material replaced the 

earlier used metals for implants(2). Clay particles 

have also been implemented in dental adhesives 

for improving bond strength. MMT particles 

have also been used as scaffold in bone therapies. 

The ability of silica based ceramics to release Si-

containing ionic products makes them 

osteoconductive and their special surface 

composition has drawn considerable attention for 

its use as osteogenic proliferation, differentiation 

and gene expression of tissue cells(4).  

Hydroxyapatite (HAp, Ca10(PO4)6(OH)2) 

ceramics has served as an excellent biomaterial 

due to their close chemical composition with the 

bone and in biomedical field as drug delivery 

vehicle. The ability of HAP to form chemical 

bond with host tissues offers a great advantage 

over allografts and metal implants. The poor 

mechanical property has lead to the discovery of 

HAP based composites with improved 

mechanical properties(5). 

 

Carbon nanotube (CNT) is an allotrope of 

carbon received a significant curiosity pertaining 

to its excellent physical, chemical and 

mechanical properties(6). However there has 

been commendable use of CNT in biology and 

medicine in terms of pharmacy, medicine, drug 

delivery vehicle, biosensor and tissue 

engineering applications. However the darker 

side of CNT regarding its application goes to the 

toxicity of CNT depends on several intrinsic and 

environmental factors such as surface charge and 

modification, length, agglomeration etc. The 

conversion of the pristine CNT into its soluble 

form renders biocompatibility and reduces 

toxicity for biomedical applications(7,8). 

Toxicological reports of single walled 

CNT(SWCNT) and multiwalled CNT(MWCNT) 

suggested lower toxicity of the later, thus making 

it a more attractive material for biomedical 

application. 

Till date there has been no attempt in putting 

together CNT, HAP with MMT clay in a single 
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composite system. In our work, CNT 

functionalized by acid oxidation served as 

template for nucleation of hydroxyapatite. The 

CNT-HAP thus formed was further reinforced 

with exfoliated MMT clay to further increase the 

mechanical property of the material. The 

synthesized composite viz CNT-HAP (HC) and 

CNT(HAP)-MMT(CHC) were characterized by 

fourier transform infrared spectroscopy(FTIR), 

X-ray diffraction(XRD), Scanning electron 

microscopy and transmission electron 

microscopy(TEM). 

 To evaluate the biomedical application of 

CHC, blood compatibility was studied in terms 

of hemolysis assay and platelet adhesion assay. 

In vitro dissolution assay was further studied for 

exploring its use as potential bone tissue 

engineering application.  

 

2. Results and Discussion 

2.1. XRD analysis 

The X ray diffraction pattern of 

HAP(f-MWCNT) and MMT-

CNT(HAP) abbreviated as HC as 

CHC respectively is shown in the 

figure 1(a,b). The diffraction peaks of 

HC represent the prominent 

reflections of hydroxyapatite. The 

peak at 25.860 represents the 

hexagonal graphite plane was 

consistent with the HAP plane(9). 

The diffraction pattern of CHC shows 

the peak at 7.110 representing 001 

plane of MMT clay. The peak of the 

HAP and CNT in the diffraction 

pattern is subdued due to large 

intensity of the diffraction 001 plane 

of clay. 

   FESEM  

The scanning electron micrographs 

shows the entangled reticulation of 

MWCNT with HAP clusters for 

HC(Figure 3a). The FESEM image of 

CHC shows the distribution of the 

HAP and reticulated CNT in clay 

particles (Figure 3b). The TEM 

images show all three components ie 

MMT clay, HAP and MWCNT 

distributed in the matrix(Figure 3c). 

. 

 

Figure 1: XRD of (a) HC and (b)CHC 
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Figure 2: FTIR of HC. 

 

 

Figure 3: FESEM of (a) HC and (b) CHC. HRTEM of CHC nanocomposite(c) 

 

Table 1. Percentage release of hemoglobin from red blood cells after 60 min incubation with 

different concentrations of CHC at 370 C. 

CHC (mg/ml) .1 .5 1 3 6 8 10 15 20 

% Hemolysis .92 1.76 4.37 4.43 4.51 4.58 4.72 5 9.16 
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Figure: XRD Pattern of CHC nanocomposite after 30 days of immersion in SBF. 

2.2. 

 

Figure 5: Nutrient Agar plates of E.coli after 24 h (a)control (b)CHC treated.  
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2.3.FTIR  

The FTIR pattern of the HC is represented in 

Figure 2. The FTIR spectrum of the MWCNT–

HAP sample is shown in Fig. 1.The characteristic 

absorption peaks of the phosphate groups for 

HAP are observed at 565 cm−1, 611 cm−1 and 

1033 cm−1, which are attributed to the P-O bond 

of PO4 3− stretching vibration and the 

corresponding deformation vibration(9). Small 

peak appearing at 1400 cm−1 is possibly 

associated with O–H bending deformation in 

carboxylic acid groups (10). The peak at 1565 

cm−1 is related to the carboxylate anion stretch 

mode(11). The peak at 3280–3675 cm-1 and 

1640–1660 cm-1 represent stretch and bend the 

as-received tubes result from O–H which are 

assigned to –O–H groups of adsorbed water or 

covalently bonded functional groups(12). 

 

 Determination of Hemolytic activity 

 

The hemolytic activity of the CHC composite in 

different concentration range is shown in table 1. 

The nanocomposite shows hemocompatible 

within 15 mg/ml concentration range showing 

hemolysis less than 5%(13). Carbon naotube and 

montmoriollite clay composites have previously 

been reported as hemocompatible(14,15)  

. 

. 

The platelet adhesion assay was performed using 

three concentration of CHC, i.e 3,6,15 mg/ml. 

The value of the platelet adhesion percentage 

was 12.03, 15.04 and 26.3% respectively, 

indicating the CHC nanocomposites were 

nonthombogenic within the concentration range. 

 

2.4. Phase analysis 

XRD patterns of the CHC nanocomposite after 

soaking in SBF is shown in figure 4. The 

crystallinity of HA is observed to increase 

significantly after 4 weeks of incubation(16) . 

The result indicates the formation of apatite on 

the nanocomposite surface suggesting the 

bioactivity of the synthesized biomaterials(17). 

  

Antibacterial activity 

  

The nanocomposites show an excellent 

antibacterial activity against E. coli DH5α 

(MTCC 1652). The antibacterial nature of the 

material was mainly due to the presence of 

MWCNT and MMT clay. The mechanism of 

antibacterial activity of CNT is associated with 

their diameter-dependent piercing and length-

dependent wrapping on the lysis of microbial 

walls and membranes, inducing release of 

intracellular components DNA and RNA and 

allowing a loss of bacterial membrane potential, 

demonstrating complete destruction of 

bacteria(18). The presence of MMT clay further 

escalates the antibacterial effect of the MWCNT 

by means of direct interaction of clay with 

MWCNT leading to antibacterial action by 

contact inhibition(19). 

 

3. Experimental 

 

3.1. Materials 

Montmorillonite clay (MMT) (Na+ exchanged) 

(Nanocor Inc., USA), MWCNTs Arry 

International Germany, The purity of MWCNT 

was 60% and its diameter was̴ 30 nm, Calcium 

chloride (CaCl2), Phosphoric acid (H3PO4 ), 
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Sodium chloride(NaCl), Sodium 

bicarbonate(NaHCO3), Potassium chloride 

(KCl), Dipotassium hydrogen phosphate 

trihydrate(K2HPO4.3H20), Magnesium 

chloride(MgCl2.6H2O), Hydrochloric acid, Nitric 

acid (69%), sulphuric acid (98%) Sodium 

sulphate(Na2SO4), Tris, Sodium citrate 

dehydrate, citric acid anhydrous, D- glucose 

from merck, India. 

 

3.2. Formation of MMT-CNT(HAP) 

3.2.1. Functionalization of carbon nanotubes 

with carboxylic groups 

Functionalization of MWCNT by oxidation was 

done according to the method followed by Yi et 

al, 2006 with brief modifications. Briefly 100 mg 

of MWCNT was refluxed for 10h in a mixture 

acid solution of Sulphuric acid and Nitric acid 

(3:1 v/v). The system was allowed to cool down 

to room temperature and sonicated in a bath 

sonicator for 3h. The dispersion was washed 

several times with ethanol and water until PH~7 

is reached. Finally f-MWCNT was dried in oven 

at 700C.  

3.2.2 Synthesis of HAP(f-MWCNT)  

CNT sol was prepared by dispersing a small 

amount of prepared MWCNT in deionised water 

followed by sonication for 2h. To the sol, 0.5M 

of calcium chloride and phosphoric acid were 

separately added very slowly maintaining the 

Ca/p ratio to 1.67. The mixture was stirred for 

1h. The pH of the system was maintained to ~9 

by 1N sodium hydroxide. After ageing for 24h 

the product was dried in oven at 800C(20). 

3.2.3. Formation of MMT clay-HAP(f-MWCNT) 

Na-MMT clay were dispersed and stirred 

overnight in deionised water for allowing the 

clay layers to swell. To the dispersion HAP(f-

MWCNT) was added and allowed to mix in a 

magnetic stirrer followed by sonication in bath 

sonicator. The composite were then oven dried 

and finally crushed to fine powder for 

characterization and further studies. 

3.2.4. X-ray diffraction (XRD) 

X-ray diffraction (XRD) Powder X-ray 

diffraction (XRD) patterns were recorded using a 

Bruker AXS (Model D8, WI, USA) setup with 

CuKα radiation (1.5409 Å) and scan speed of 5 

min−1 and scanning range from 50 to 800 (2θ). 

3.2.5. Fourier transform infrared spectroscopy 

(FTIR) 

Fourier transform infrared spectroscopy was 

performed by FTIR- 8400S model Shimadzu, 

Tokyo. Samples were prepared by KBr disk 

method, in which 0.2 g of KBr (spectroscopy 

grade) was thoroughly mixed with sintered 

sample powder (1% by weight of KBr) and then 

made into disks by uniaxial pressing. Scanning 

range was set from 400 to 2000 cm−1 under 

Happ–Genzel configuration. 

3.2.6. Electron microscopic study  

Morphological characteristics of the samples 

were observed by scanning electron microscope 

(SEM) model FEI Quanta 250 (USA). A minute 

quantity of the sample was directly place on 

carbon coated grid, sputter coated with gold and 

then observed SEM. 

3.2.7. Transmission electron microscopy 

The particle size of synthesized nanocomposites 

was observed by JEM- 2100 HRTEM model. A 

minute quantity of the sample was dispersed in 

water by sonication and observed under the 

microscope. 

3.2.8. Hemocompatibility  

Platelet adhesion analysis 

The assay was done according to the method 

followed by (21)Sun et al, 2014. Whole mice 

blood (citrated) was centrifuged at 1500 rpm for 

15 min to obtain platelet-rich plasma (PRP) 

supernatant. Samples were equilibrated with 

normal saline at 370 C for 2 h. 1 or 1.5 mL fresh 

PRP at a density of 5 X 105 cells/mL (N1) was 
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added in a 2-mL tube), incubated at 370 C for 3 h, 

then removed.  The numbers of platelets in PRP 

not adhered to the specimens were recorded 

using a cell counter (N2). The platelet adhesion 

ratio was calculated using the following 

equation: 

                                      Platelet adhesion  (%)  =

 
𝑁1−𝑁2

𝑁1
× 100 

 

Hemolysis analysis 

Test specimens in 2 mL centrifuge tubes were 

equilibrated in saline (0.9% (w/v) NaCl) at 37O C 

for 30 min. Whole blood from healthy mice was 

collected into sterile sodium citrate buffer, and 

diluted  (0.2 mL in 10 mL saline).Equal amount 

of the diluted blood was added to the test 

specimen. Distilled water and physiological 

saline were used as negative control (N) and 

positive control (P), respectively. Samples were 

placed in a static incubator at 370 C for a further 

60 min. After hemolysis, samples were 

centrifuged at 2500 rpm for 5 min(21)(Sun et al, 

2014). The absorbance of the supernatant was 

measured at 545 nm. The hemolysis percentage 

was calculated according to the following 

equation: 

 

                                                              

𝐻𝑒𝑚𝑜𝑙𝑦𝑠𝑖𝑠 (%)  =  
𝐴2−𝐴1

𝐴3−𝐴1
× 100 

 

where A1, A2, and A3 are the absorbance of the 

negative control, sample, and positive control, 

respectively. 

3.2.9. Biomineralization 

The test samples bioceramic was immersed into a 

1.5-times concentrated simulated body fluid 

(SBF) at 370 C up to 7 days, and the SBF 

solution was change every 24h. The material was 

removed from the SBF solution after 7 day 

incubation, gently rinsed with water, and air 

dried at room temperature. The phases present in 

the coating were determined by XRD 

analysis(16,22). 

3.2.10. Antibacterial activity 

The antibacterial activity of the synthesized 

nanocomposites was performed against E.coli 

cells. Briefly overnight grown bacterial cell in 

nutrient broth representing 107 CFU/ml was 

washed thrice with PBS 7.4 at 5000rpm for 10 

mins. This was followed by incubating 105 cells 

in a fresh nutrient broth with 10 mg of CHC and 

HC and incubated at 370 C. Untreated control 

served as control.  After overnight incubation the 

culture was plated in nutrient agar plate(1.8%) 

and further incubated overnight. 

4. Conclusion 

In summary, the synthesized nanocomposite 

MMT clay, HAP and oxidized MWCNT show a 

good hemocompatibility, showing minimum 

hemolysis and platelet adhesion which increases 

in a concentration dependent manner. Further the 

material was found to be bioactive, showing 

apatite formation after immersion in stimulating 

biological fluid(SBF) after 30 days of immersion. 

The material exhibited an excellent antibacterial 

activity. Thus the synthesized nanocomposite 

may act as a good candidate as an antibacterial 

biomaterial for biomedical application. 
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Abstract: Cheminformatics and bioinformatics are extensively using predictive modelling and exhibit 

a need for standardization of methodologies such as data splitting, cross-validation methods, best 

model criteria and Y-randomization. RRegrs is a new R package, available at 

https://www.github.com/enanomapper/RRegrs (0.05 release), which suggests an integrated framework 

to assist model selection and speed up the process of predictive model development. The tool proposes 

a fully validated scheme by employing repeated 10-fold and leave-one-out cross-validation for ten 

linear and non-linear regression methods. Standardized reports are produced to compare the output of 

modelling algorithms and assess cross-validation results for selected models. Here, we demonstrate 

RRegrs capabilities in terms of performance using five well-established data sets. 

 

Keywords: Multiple regression; QSAR; cross-validation; model selection 

 

 

1. Introduction 

RRegrs introduces an integrated framework 

for producing reliable and fully validated 

regression models in an automated way [1]. In its 

current release 0.05 (DOI: 
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10.5281/zenodo.32580), ten simple and complex 

regression methods are implemented, 

particularly: Multiple Linear regression (LM), 

Generalized Linear Model with Stepwise Feature 

Selection (GLM), Partial Least Squares 

regression (PLS), Lasso regression, Elastic Net 

regression (ENET), Support vector machine 

using radial functions (SVRM), Neural Networks 

regression (NN), Random Forest (RF), Random 

Forest-Recursive Feature Elimination (RF-RFE) 

and Support Vector Machines Recursive Feature 

Elimination (SVM-RFE). The methodology was 

implemented as an open source R package, 

available at 

https://github.com/enanomapper/RRegrs, by 

reusing and extending on the caret R package [2].  

A single RRegrs function call is needed to run 

the entire workflow and obtain the produced 

validated models in a reproducible format. 

RRegrs suggests an easy way to explore the 

models' search space of linear and non-linear 

models with special parameters specifications 

and cross-validation (CV) schemes. Furthermore, 

model outputs are easily accessible and readable, 

organized by methods, centralized and averaged 

by multiple reproducible data set splits. 

Summary files are also produced helping the user 

to easily access all methodologies results, which 

can then be prioritized based on various 

statistics. A main feature of the package is its 

exhaustive validation scheme which introduces 

multiple random data splits. For each algorithm 

and data split, the model is produced based on 

training and validation sets, however, the test set 

is used to select the final best model. Parallel 

processing is enabled for accelerating the 

process. 

2. Results and Discussion 

Although the primary applications of RRegrs 

are aimed at finding Quantitative Structure –

Activity Relationships (QSAR) models [3] under 

the settings of cheminformatics and 

nanotoxicology, here we demonstrate its 

efficiency for five standard data sets from UC 

Irvine Machine Learning Repository [4], using 

RRegrs current release 0.05. The five data sets 

considered, which are derived from diverse 

disciplines such as environmental economics and 

medical research, are the Housing [5], Computer 

Hardware, Wine Quality [6], Automobile [7] and 

Parkinsons Telemonitoring [8] data sets.  

In Table 1 we present two statistic values for 

the five data sets, namely the R2
Test and RMSETest 

values, averaged over 10 different data splits and 

employing 10-fold repeated CV and 10 Y-

randomizations. For all data sets, advanced 

methods such as RF-RFE and RF give the 

highest R2
Test values. PLS is providing the 

poorest results in terms of both R2
Test and 

RMSETest values, whereas LM, GLM and 

LASSO are performing better in all cases but the 

Parkinson Telemonitoring data set. Very low 

RMSETest values are observed, for instance 

SVRM method exhibits low RMSETest, although 

the corresponding R2
Test values are generally 

lower compared to alternative methods.  
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Table 1. Averaged R2
Test and RMSETest values for the five data sets. 

RRegrs 

method 

Housing 

R2
Test      RMSETest 

Computer h/w 

R2
Test       RMSETest 

Red wine 

R2
Test     RMSETest 

Automobile 

R2
Test      RMSETest 

Parkinson t/m 

R2
Test      RMSETest 

LM 0.707 0.111 0.822 0.056 0.355 0.131 0.824 0.085 0.154 0.217 

GLM 0.709 0.111 0.825 0.056 0.353 0.131 0.824 0.085 0.153 0.217 

PLS 0.660 0.120 0.793 0.064 0.331 0.133 0.784 0.098 0.121 0.221 

LASSO 0.704 0.112 0.828 0.055 0.354 0.131 0.831 0.084 0.154 0.217 

ENET 0.706 0.112 0.825 0.056 0.355 0.131 0.828 0.085 0.154 0.217 

SVRM 0.845 0.080 0.765 0.066 0.396 0.127 0.853 0.075 0.637 0.142 

NN 0.844 0.081 0.882 0.043 0.367 0.130 0.795 0.095 0.535 0.161 

RF 0.874 0.074 0.909 0.045 0.501 0.115 0.915 0.059 0.972 0.040 

RF-RFE 0.876 0.074 0.894 0.046 0.503 0.115 0.915 0.058 0.900 0.084 

SVMRFE 0.717 0.120 0.692 0.124 0.378 0.129 0.728 0.151 0.479 0.173 

 

3. Materials and Methods 

In order to run RRegrs with full functionality 

a call to the RRegrs() function is required. All 

parameters have default values; a detailed list of 

parameters and functions’ descriptions is given 

in the RRegrs package tutorial available online at 

https://github.com/enanomapper/RRegrs/blob/ma

ster/RRegrs-package-tutorial.pdf. Within the 

default values a default location for the output 

files is set, execution of all modelling steps 

(removal of NA, and near zero variance features, 

and of correlated features), normalization of the 

data set, ten splits, ten Y-randomization steps, 

and running of all ten regression methods. 

RRegrs function calls can be integrated into 

complex desktop and web tools for QSAR 

modelling. 

A simple call to the function for a data set file 

named "MyDataSet.csv" and an output 

repository "MyResultsFolder" is the following: 

 

>library(RRegrs) 

>RRegrsResults<- RRegrs(DataFileName="MyDataSet.csv", 

PathDataSet="MyResultsFolder")

4. Conclusions 

RRegrs integrates results of individual models and decides on the best model given the data set and 

the user specified parameters. We have demonstrated its performance with five well-established data 

sets and showed that good performance results are produced in all cases. Its efficiency suggests that 

RRegrs can be used as a reliable fully-validated and automated predictive modelling framework, and a 

baseline for comparable results across various studies.     
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Abstract: Experimental analysis starts with very similar premises: given a specific problem, we need 

to either collect or generate a dataset and to choose the best model according to the performance. A set 

of techniques can be evaluated (i.e. statistical or metaheuristic approaches) as well as results from 

previous works that should be taken into account. Thus, it is necessary to analyse the behaviour of a 

method with respect to the others in equality of conditions. Therefore it is necessary to formalize an 

experimental design to solve as effectively as possible the problem with different approaches and to 

estimate the error rate; so different results from different methods can be compared. In this work we 

propose four phases for any experimental design: data extraction, data pre-processing, model learning 

and the selection of the best model. These generic phases encapsulate the main operations and steps 

that should be performed during an experimental analysis (some of them mandatory and other 

optional), independently of the kind of data or method used and are not mandatory and can be adapted 

to a new specific domain. The proposed experimental design has proven to be a vital contribution to 

compare different techniques under the same conditions in different scopes. 

 

Keywords: Experimental Design; Statistical Analysis; Computational Intelligence 

 

 

1. Introduction 

Experimental Design in Computational 

Intelligence is one of the most important aspects 

on every research so it is crucial to correctly 

define all the steps that should be address to 

ensure that we achieve good results. A correct 

experimental design should also ensure that the 
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results are reproducible for other researchers and 

that are comparable among different techniques 

or methods over the same dataset. 

This work proposes a generic framework about 

Normalization of the Experimental Design to 

address these concerns. Of course, the 

framework is not a fixed workflow of different 

phases as it can be adapted to different fields, 

each of them with its particularities. 

Our proposal encapsulates the operations or steps 

that any researcher should follow to get 

reproducible and comparable results on their 

investigations with state-of-the-art approaches or 

other researcher’s results. 

 

2. Materials and methods 

 

This paper normalizes and formalizes 

experimental design in computational 

intelligence and proposes and defines four phases: 

extraction of data, pre-processing of data, 

learning and selection of the best model, see 

Figure 1. The following paragraphs describes 

more in depth each of them: 

 

Data Extraction 

 

Firstly, we should generate the dataset defining 

its particular characteristics. The definition must 

contain the variables involved in the study and a 

brief description of each of them to ensure the 

reproducibility of the tests by external 

researchers. 

In order to ensure that the data is enough 

representative of the particular studied problem, 

the help of experts is needed to define the cases 

(i.e. regions of interests for medical imaging or 

case-control patients). 

 

Data Pre-Processing 

 

After the generation of the dataset, data is in a 

raw or pure state. Raw data is often difficult to 

analyze, so it usually requires a preliminary 

study or pre-processing stage. This study will 

check that there is no data with incomplete 

information, outliers or noise. In case that some 

of the aforementioned appears in the dataset, 

different approaches should be applied to avoid 

them. Only once this process finished, it is 

considered that data is ready to begin the analysis 

itself. To check the importance of this step, it is 

often said that 80% of the effort of a data 

analysis, is spent compiling data correctly for 

analysis [1]. 
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Furthermore, the variables typically present 

different scales or sizes, making them difficult to 

compare in equality of conditions. Thus 

normalization or standardization techniques are 

required to made data comparable. Of course, 

both techniques have their drawbacks and no one 

in better than the other. Furthermore, it is 

necessary to study the dataset for each particular 

problem before applying them. For example, if 

we try to apply a normalization step and there are 

outliers in the data (not removed previously), this 

step will scale useful data to a small interval. 

This is a non-desirable behavior. After a 

normalization step, data is scaled in the range 

[0,1] in case of numeric values. In case we 

performed a standardization process, data 

presents an average equal to zero and a standard 

deviation equal to one so they are independent of 

the unit of measure. Of course, depending of the 

kind of data, there are other well-known 

approaches for minimize the influence of the 

values. 

Model Learning 

Maybe the most important step within the 

process in computational intelligence. First of all 

a reference model is needed to check the results 

achieved for a proposed model or technique. This 

reference model can be extracted from a 

bibliography study of the field (state-of-the-art 

model) or constructed from a set of standard data 

(gold standards or ground truth) for example. In 

both cases the results from this reference model 

will be the ground truth along the following 

experimental design.  

Once the reference model is established, it is 

time to build and test the model that is intended 

to develop in order to provide better solutions. 

The range of techniques available to solve any 

problem is usually very high. Some of these 

techniques are dependent on the field of study, so 

the researcher should review the state-of-the-art 

in its research field in order to choose the most 

suitable for his interests.  

Some key points arise at this time such as the 

 

 

Figure 1.  Phases of the proposed Experimental Design 
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need for some measure of performance that 

clearly indicates how well the techniques have 

done this training phase. There are different well-

known performance measures such as AUROC, 

accuracy or F-measure in classification problems 

or MSE, RMSE o R2 in regression problems. 

Sometimes it is necessary to evaluate the 

performance of the model using an ad-hoc 

measure. 

Furthermore, it is desirable to avoid the 

overtraining of the techniques to the dataset to 

ensure that the model offers good results with 

unknown data. Techniques like cross-validation 

[2] can be useful for this point. 

Finally the dimensionality of data should be 

taken into account. The bigger the dimensionality 

of the input data, the higher the number of 

examples necessaries for learning. Moreover, 

techniques for dimensionality reduction are 

usually interesting [3] for providing the best 

possible model [4] with the lower dimensionality. 

Thus, these techniques allow for a complexity 

reduction of the generated model. Furthermore, it 

also implies a reduction of the time and improves 

the overall capacity of the system. 

 

Best Model Selection 

In the previous phase, we state that there are 

several different measures accepted and well 

known as a good measure of performance for a 

classifier. This does not means that a researcher 

is able to compare different classifiers used in the 

same conditions and with the same dataset with 

just one run and this measure. At this point, it is 

needed to run several times each technique in 

order to ensure that our results are not biased 

because of the data. With these results per 

technique and in order to determine whether or 

not the performance of a particular technique is 

statistically better than the others, a null 

hypothesis test is needed. Furthermore, in order 

to use a parametric or a non-parametric test some 

required conditions must be checked: 

independence, normality and heteroscedasticity 

[5]. Note that these assumptions are not referring 

to the dataset used as input to the techniques but 

to the distribution of the performance of the 

techniques.  

As part of a good experimental design for 

techniques comparisons, it is necessary to apply 

the proper test, according to the shape of the 

performance measure distribution. Most of the 

computational intelligence comparisons in the 

literature just apply a t-test between the 

performance measures to check if a technique is 

significantly better than the others. In some cases, 

this distribution does not fill the requirements of 

this parametric test, so a non-parametric test is 

required. Although the parametric test is 

perfectly fine to use a non-parametric test when 

the non-parametric test when the distribution 

does not fulfil the independency, normality and 

homoscedasticity assumptions.  

Finally, after the null hypothesis test (parametric 

or non-parametric) is rejected, a post hoc 

procedure had to be used in order to address the 

multiple hypothesis testing and to correct the p-

values with and adjusted p-values process (APV). 

3. Results and Discussion 

 

Normalization of experimental designs in 

computational intelligence is demonstrated using 

x datasets from different scientific fields. We 

validate this new methodology in 

cheminformatics and QSAR modeling with three 

different works. Several different Machine 
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Learning approaches were tested for finding the 

first classification model to predict cell death-

related proteins [6]. In drug development it is of 

increased importance to find new molecular 

targets involved in specific diseases. Therefore, 

using protein star graphs for the peptide sequence 

information we find that the final model, 

reducing from 42 to 11 descriptors the original 

dataset [7] achieved the better results. Finally, we 

find for a more accurate ways of predicting 

residues for complex binding that can be used to 

model protein structure, dynamics and function 

[8]. We applied our experimental design as well 

in other fields such as bioinformatics, for 

example in image texture analysis problems for 

classification in a biomedical image texture 

dataset [9]. Aforementioned work used the four 

phases of the normalized experimental design, 

applying different feature selection approaches 

[3] for dimensionality reduction. Our results 

show that for all the generated datasets, our 

methodology reports results that are 

reproducible, comparable and achieved in 

equality of conditions. Thus, we are able to state, 

in each case, that we found the best model for 

each particular problem. 

4. Conclusions 

 

Normalization of experimental design in Computational Intelligence, as well as in other research fields 

is crucial. In this short communication paper we state that it is crucial to ensure that research is: 

reproducible, comparable and that our conclusions are based on results achieved in equality of 

conditions. Furthermore, for the very beginning of a research, authors should be involved in all the 

process that starts with the generation of the dataset, pre-processing of the data, dimensionality 

reduction and finally, statistical analysis. We proposed a general framework that could be used and 

adapted for different scenarios. Four phases could be adapted (crucial phases are mandatory but some 

steps are optional) for different research fields. 
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Abstract: It is known that individual amino acids can have a decisive role in the stabilization of a 

protein structure. Moreover, it is likely that specific amino acid combinations also fulfil structural and 

stabilizing roles in protein structure. We present Prot-SSP, an analytical Python tool designed to gather 

and parse sequence and structural data from sets of PDB files and determine amino acid residue 

pairing propensities and correlations in alpha helices and beta strands, in various secondary structure 

contexts.This versatile and user-friendly bioinformatic tool has proven useful for the analysis of a 

selected set of protein structures as shown in an illustrative example. 

 

 

Keywords: secondary structure; amino acid pair, alpha helix, beta strand; software 

 

1. Introduction 

Understanding the formation, stability and 

function of protein structures requires the 

characterization of interaction preferences 

between amino acid residues in secondary 

structure motifs. It has been established that 

specific sequences of amino acids may have 

important roles in protein folding and stability 

and, more recently, studies show how amino acid 

patterns, in particular amino acid pairings 

patterns, may have a stabilizing or destabilizing 

influence in beta sheets [1], loop sequences [2] 
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and specific (i, i+4) pairs which stabilize alpha 

helix structures [3]. 

Similarly to individual amino acids, whose 

frequency of occurrence in particular secondary 

structures varies, it is reasonable to consider that 

the same principle should also apply to amino 

acid patterns, with the different propensities of 

pairs to occur being related to their effect in the 

formation and stabilization of secondary 

structures. Likewise, as each residue has an 

individual part in the stabilization of a secondary 

structure, the residue distribution is different 

when considering the different types of positions 

and contexts (N-terminal, interior and C-

terminal) and it is reasonable to consider that this 

may also apply to amino acid pairing patterns. 

To evaluate the preference of a particular 

amino acid pairing (Xi , Yi+n) to occur at the 

interior of the secondary structure motifs we used 

a statistic called global propensity (PSS
XiYi+n), 

defined as a ratio of the frequency with which 

that pairing occurs in a given secondary structure 

and the frequency with which it occurs globally, 

irrespective of secondary structure: 

 

𝑃𝑋𝑖𝑌𝑖+𝑛

𝑆𝑆 =  

𝑁𝑋𝑖𝑌𝑖+𝑛

𝑆𝑆

∑ 𝑁𝐴𝑖𝐵𝑖+𝑛

𝑆𝑆
𝐴,𝐵

𝑁𝑋𝑖𝑌𝑖+𝑛

𝑎𝑙𝑙

∑ 𝑁𝐴𝑖𝐵𝑖+𝑛

𝑎𝑙𝑙
𝐴,𝐵

⁄  

To determine and make possible the analysis 

of this statistic, a novel analytical tool conceived 

to gather and parse sequence and structural data 

from user-defined sets of PDB files  and 

determine the pairing propensities of amino acid 

residue pairings, as well as correlation values, in 

alpha helices and beta sheets, in various possible 

contexts of secondary structure motifs. This tool, 

Prot-SSP, is a GUI Python/wxPython application 

which, for desktop, can be compiled for the 

Windows XP/Vista/7 operatic systems. Our 

working version was compiled for Windows 7. 

Prot-SSP uses user-defined inputs to cull 

protein chain sequence data files from the 

worldwide Protein Data Bank database [4], 

extracts protein sequence information into local 

storage and confirms secondary structure 

assignment using the DSSP algorithm [5]. The 

resulting output comes in the form of TXT files 

in CSV-format which can be opened and edited 

with notepad, worksheet software or, for ease of 

viewing, using a simple specialized macro-

enabled Excel file (.XLSM) supplied with Prot-

SSP.  

A wide range of parameters, ranging from 

sample specifications to motif area under study 

and residue spacing as well as pattern specificity, 

are contemplated and can be easily and 

comprehensively set by the user through the 

program’s GUI. 

For alpha helices, the minimum size of protein 

chains to be analysed is six residues and Prot-

SSP can analyse pairings up to five residues 

apart in three different contexts: N-terminal 

(considering the first three helical residues as not 

equivalent), interior and C-terminal (considering 

the last three helical residues as not equivalent). 

In beta sheets, pairings are considered up to 

two residues apart and the minimum size for a 

chain to be included in analysis is six residues. 

Again there is a distinction between N-terminal, 

interior and C-terminal context and the first and 

last few residues are considered particular cases 

of study. Additionally, strands are divided into 

four categories depending on relative strand 

orientation: terminal, parallel, anti-parallel and 

mixed. 

2. Results and Discussion 
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The original form of Prot-SSP, pre-

development into an application with GUI, was 

used in an analysis of pairing propensities of 

amino acid residues in the interior of alpha 

helical structures [6] which reproduced and 

complemented previous research [7]. 

In its current form, Prot-SSP has been 

extensively tested for application in calculations 

of amino acid pairing propensities in alpha 

helices and in beta sheets, showing reliability as 

tool with data gathering and parsing capabilities 

for calculation of statistical analysis parameters. 

Table 1 presents a typical example of the 

processed output of a calculation made using 

Prot-SSP for the particular case of (i, i+2) amino 

acid residue pairings in beta sheet secondary 

structures (results for other cases can be supplied 

upon request). 

 

 

Table 1. Global propensities for amino acid residue pairings in beta sheet protein secondary structure. 

Parameters: 25% identity; 2.0 A resolution; 0.25 R-value; beta 2S motif; i, i+2 residue spacing; Interior 

region; all pairs considered; no distinction between types of beta strand (All) 

 

  P G F V Y W C A L I M T N S H D Q R K E X 

P 0.1 0.3 0.3 0.5 0.6 0.3 0.2 0.3 0.3 0.5 0.7 0.5 0.2 0.2 0.3 0.2 0.3 0.4 0.3 0.2 0.0 

G 0.2 0.8 1.3 1.7 1.1 0.8 1.9 1.0 1.2 1.4 1.2 0.8 0.5 0.6 0.7 0.4 0.6 0.6 0.5 0.6 0.0 

F 0.6 1.3 2.3 2.8 1.7 1.9 2.7 1.2 1.9 2.6 2.3 1.4 1.0 1.1 1.1 0.5 0.9 0.9 0.7 0.7 0.0 

V 0.8 1.5 2.9 3.3 2.4 1.9 2.3 1.7 2.1 2.7 2.5 1.9 1.0 1.5 1.5 0.9 1.3 1.3 1.0 1.3 0.0 

Y 0.4 1.1 2.3 2.7 2.0 1.4 4.4 1.3 1.9 2.6 2.0 1.6 0.7 1.1 1.1 0.7 1.1 1.2 1.0 1.1 0.0 

W 0.2 1.0 2.0 1.8 1.9 1.2 2.2 1.1 1.5 1.7 2.0 1.2 0.9 1.0 1.0 0.6 1.0 1.1 0.4 0.8 0.0 

C 0.7 1.3 2.1 4.0 2.2 1.6 1.8 1.5 1.9 2.0 1.7 1.3 0.7 1.2 1.2 0.6 1.0 1.1 1.0 1.2 0.0 

A 0.4 0.8 1.4 1.7 1.0 0.9 1.3 0.7 1.0 1.4 1.4 0.8 0.5 0.8 0.8 0.4 0.5 0.5 0.6 0.5 0.0 

L 0.4 1.1 2.0 2.6 1.8 1.4 2.9 0.9 1.6 2.2 1.6 1.3 0.6 1.0 0.8 0.4 0.7 0.8 0.7 0.6 0.0 

I 0.6 1.3 2.5 2.7 2.2 1.5 2.8 1.5 1.9 2.8 3.2 1.5 0.8 1.4 1.3 0.8 1.1 1.0 0.8 1.1 0.0 

M 0.6 1.2 2.4 2.6 2.1 1.8 2.8 1.0 2.0 2.5 1.4 1.3 0.7 1.1 1.1 0.5 0.9 0.7 0.5 0.8 0.0 

T 0.3 0.8 1.4 1.8 1.6 1.4 1.4 1.0 1.2 1.5 1.5 2.0 0.8 1.3 1.5 0.7 1.2 1.3 1.1 1.0 0.0 

N 0.2 0.5 0.8 0.8 0.9 1.1 1.1 0.6 0.5 0.8 0.5 1.0 0.5 0.8 0.8 0.4 0.7 0.9 0.5 0.5 0.0 

S 0.3 0.7 1.3 1.5 1.3 1.0 1.4 0.7 0.8 1.3 1.2 1.4 0.7 1.1 1.0 0.6 0.9 1.0 0.8 0.9 0.0 

H 0.4 0.6 1.4 1.6 1.2 1.5 0.5 0.9 1.0 1.4 1.6 1.3 0.7 0.8 0.7 0.6 1.0 0.9 0.9 1.0 0.0 

D 0.2 0.5 0.6 0.9 0.9 0.6 0.8 0.4 0.5 0.8 0.5 0.8 0.5 0.5 0.5 0.3 0.7 0.7 0.6 0.4 0.0 

Q 0.4 0.4 0.9 1.2 0.9 1.2 0.5 0.6 0.6 1.1 1.1 1.5 0.7 0.8 0.8 0.5 0.6 0.9 0.7 0.7 0.0 

R 0.3 0.6 1.2 1.4 1.2 0.8 1.3 0.8 0.8 1.1 1.2 1.3 0.5 1.0 1.2 0.7 1.0 1.2 0.8 1.0 0.0 

K 0.2 0.6 0.8 1.0 0.9 1.0 0.7 0.5 0.5 0.9 0.9 1.3 0.5 0.9 1.0 0.6 0.8 1.0 0.7 0.8 0.0 

E 0.2 0.5 0.7 1.0 0.7 1.0 0.7 0.5 0.6 0.7 0.8 1.3 0.6 1.0 1.0 0.6 0.7 0.9 0.8 0.9 0.0 

X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Figure 1. Prot-SSP graphic user interface 

 

 

3. Materials and Methods 

Through the GUI main window (Figure 1), 

the user can define and adjust parameters for 

propensity calculations as well as the 

input/output files. Details of undergoing 

operations, progress detail, errors and some 

calculation details are displayed in the console 

window. 

The thresholds defined when culling PDB 

using the PISCES [8] server are detailed in 

“Identity”, “Resolution” and “R-factor” and the 

user has the option of checking PDB for more 

recent versions of those defined in the PDB-

chain file input. The user may also specify the 

secondary structure motif (alpha helix or beta 

sheet) under study as well as the amino acid 

pairing separation and the region under study (N-

, C-terminal or interior). Specifically for beta 

sheet structures, the user can define the relative 

orientation of the strands to be considered for 

analysis. Specific pairing possibilities can also be 

defined by the user. 

A TXT file containing the chain listing, which 

can be created manually or culled from the 

PISCES server, is used by Prot-SSP to download 

all the relevant structural files from the PDB into 

local storage and update any present files if 

judged necessary. During operation, the program 

cross-checks the locally stored PDB files with 

DSSP for the attribution of secondary structure to 

the structural data and culling of relevant 

sequences and creates an additional text file with 

lists and details the sequences culled for analysis.  

 The names and locations of output TXT files 

may also be defined through the GUI. The 

visualization and editing of the resulting files, 

while possible using text editing software can be 
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easily and comfortably done using a simple 

macro-enabled Excel XLSM file, supplied with 

Prot-SSP, to colour-code the entries from the 

resulting propensity-value tables. 

4. Conclusions 

Prot-SSP was projected and created to address the need for a tool that could simultaneously address 

the need for data gathering, parsing, calculation and a degree of analysis of amino acid residue patterns 

in protein secondary structures. A relatively simple tool to use, its application to carefully selected data 

sets and the results yielded may prove it to have significant potential – both for immediate analysis and 

for future applications in the field of protein structure prediction.  
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Abstract: TI2BioP (Topological Indices to BioPolymers) is a software to estimate topological 

indices (TIs) from two-dimensional (2D) graphical approaches for the natural biopolymers DNA, 

RNA and proteins. The methodology mainly turns long biopolymeric sequences into 2D artificial 

graphs such as Cartesian and four-color maps but also reads other 2D graphs from the 

thermodynamic folding of DNA/RNA strings inferred from other programs. The topology of 

such 2D graphs is either encoded by node or adjacency matrixes for the calculation of the 

spectral moments as TIs. These numerical indices were used to build up alignment-free models 

to the functional classification of biosequences and to calculate alignment-free distances for 

phylogenetic purposes. We released the version 2.0 of the software that can be freely 

downloaded from http://ti2biop.sourceforge.net/. 

 

Keywords: 2D graphs; Topological indices; Alignment-free models; phylogenetics 

 

 

1. TI2BioP software 

TI2BioP was mainly developed from the 

TOPS-MODE methodology [1] for the 

estimation of the spectral moments series as TIs, 

but it takes advantage of the MARCH-INSIDE 

program platform [2]. It was built up on object-

oriented Free Pascal IDE Tools (Lazarus) 

running on either a Windows or Linux operating 

system. TI2BioP has a friendly interface 

allowing users to introduce multiple fasta files 

containing either DNA or protein sequences to 

select the biopolymer 2D representation type and 

the calculation of TIs. We released version 2.0 of 
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the software that can be freely downloaded from 

http://ti2biop.sourceforge.net/. This version 

contains two main types of 2D artificial 

representations, one based on Cartesian 

representation for DNA strings introduced by 

Nandy [3] and the other inspired by the four-

color maps reported by Randic [4] (Figure 1). 

 These two 2D artificial graphs implemented 

in TI2BioP can be applied to nucleotide and 

amino acid strings as well as to the spectral 

moments calculations for each type of 2D DNA 

and protein maps [5]. It is noteworthy that the 2D 

Cartesian representation was extended to proteins 

by our group [6] and protein four-color maps 

were modified according to the amino acid 

clustering proposed in ref. [6]. Such four-color 

map modifications allow the speeding up of 

graph-building and facilitates the calculation of 

spectral moments as TIs [7]. 

 

  

 

Figure 1. TI2BioP window view of the 

(Topological Indices to BioPolymers) software 

for the representation of protein four-color maps 

 

TI2BioP can also import files containing 2D 

structures inferred by other DNA/RNA folding 

algorithms, e.g. Mfold implemented in the RNA 

structure software [8], for the calculation of the 

spectral moments as TIs. TI2BioP automatically 

represents natural biopolymers as 2D graphs and 

straightforward calculates spectral moments 

series (TIs) to be used either for statistical 

classification techniques in building alignment-

free models for functional classification or for 

deriving several alignment-free distance 

matrices, e.g. Euclidean, Jensen–Shannon, 

Hamming and Minkowsk for phylogenetic 

purposes (Figure 2) 

 

 

Figure 2. Workflow for the calculation of the 

topological indices by TI2BioP (Topological 

Indices to BioPolymers) from several 2D graphs 

for DNA, RNA and proteins 
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Abstract: The antibacterial activity of bisacodyl, a drug used in therapeutic as laxative, and its 

ferrocenyl analogues was investigated against Gram-positive and Gram-negative foodborne pathogens 

including Listeria monocytogenes, Escherichia coli, Enterococcus faecalis, Salmonella enterica, 

Micrococcus luteus and Staphylococcus aureus. The results showed that most of these compounds 

exhibit an excellent antimicrobial activity, and the bisacodyl analogues seemed to be more bactericides 

than bacteriostatic.  

 

Keywords: bisacodyl; ferrocene; antibacterial activity  

 

1. Introduction 

The leaving behind of the antibiotic discovery 

area by many pharmaceutical companies is one 

of the major reasons of the discovery decline. 

Since the year 2000, only eight antibacterial 

molecules have obtained a marketing 

authorization. Moreover, despite the discovery 

over the last twenty years of compounds with an 

interesting antibiotic activity, few of them belong 

to new chemical classes or have the required 

properties to become drugs or to circumvent 

resistance problems. One of the approaches to 

overcome drug resistance is the search for new 

multi-target inhibitors.[1-3] 

At present, in order to accelerate the 

development of drugs with relatively low costs 

and reduced risks, pharmaceutical companies 

develop new approaches from existing drugs. 

This methodology known as drug repurposing 
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allows the development of new indications for 

existing drugs with well-known pharmacokinetic 

profiles, known safety profile, already solved 

manufacturing issues. Concerned by the high 

interest in infectious disease research and 

considering the forgoing argues, we decided to 

evaluate the antimicrobial activity of bisacodyl, 

drug used in therapeutics as laxative. [4-5] 

To our delight, the bisacodyl showed an 

excellent antimicrobial activity (MIC values of 

6.25-12.5 μg/mL; 3.125-12.5 μg/mL and 6.25-

12.5 μg/mL against Gram-positive strains 

Micrococcus, Staphylococcus and Listeria 

respectively). These results encouraged us to 

develop a series of new analogues. We 

developed the strategy of incorporating an 

organometallic ferrocenyl moiety. The use of a 

ferrocene group to enhance the activity of 

antibiotics was proposed by Edwards et al. in 

1976 [6]. The advantages of the introduction of 

ferrocenyl moiety to increase the antimicrobial 

activity have been widely described in the 

literature [7-12]. The use of ferrocene is 

especially attractive because it is neutral, 

chemically stable, a nontoxic molecule and can 

be easily derivatized or functionalized. Several 

ferrocenyl compounds have been described for 

their antitumor, antimalarial or antifungal 

properties [13-15]. 

All the ferrocenyl compounds that we have 

synthesized were characterized and evaluated on 

pathogen bacteria Gram positive and Gram 

negative. Finally the antimicrobial effect of 

bisacodyl and one of its analogues was also 

estimated [16]. 

2. Results and Discussion 

 

2.1 Synthesis 

 

The ferrocenyl arylethylpyridines and some 

corresponding N-oxide derivatives were prepared 

via a McMurry coupling reaction. General 

synthetic methods to obtain the target 

compounds are outlined in Scheme 1. The 

detailed synthesis has been described by us [16]. 

The key step to obtain the desired olefin 

intermediates involved a McMurry cross-

coupling reaction between the ketone 3 and 

ferrocenecarboxaldehyde to afford the 2-(1-(4-

methoxyphenyl)-2-ferrocenylvinyl)pyridine 4. 

The olefins are obtained in two separable E and Z 

isomers with 30% and 49% yields respectively. 

These modest yields results of the possible 

competition between the formation of the desired 

cross-coupled product and the two homo-coupled 

compounds 17].  

The demethoxylated compounds 5 and 8 were 

synthesized by reaction with boron tribromide in 

dichloromethane. The 2-(1-(4-hydroxyphenyl)-2-

ferrocenylethyl)pyridine 8 was obtained in 50% 

yield (non-optimized yield). The 2-(1-(4-

hydroxyphenyl)-2-ferrocenylvinyl) pyridine 5, 

was obtained with low yields. The isomerization 

of the double bond can explain this result. It is 

known that organometallic complexes adjacent to 

a double bond advantage the stabilization of α 

carbenium ions by protonation of the double 

bond in acidic medium. A similar isomerization 

of analogous organometallic complexes has been 

described in the literature 18]. Acetates 6 and 9 

were obtained with yields of 96% and 76% 

respectively. N-oxide ferrocenyl derivatives 10 

and 11 were prepared from the corresponding 

ferrocenyl pyridines by oxidation with m-

chloroperbenzoic acid in dichloromethane at 

room temperature. Compounds 10 and 11 were 

isolated after purification by flash 

chromatography on silica gel with non-optimized 
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yields of 7% and 16% respectively. All 

synthesized compounds were biologically 

evaluated. 

2.2 Biological studies 

Bisacodyl and its analogues were screened for 

antibacterial activity against Gram-positive and 

Gram-negative pathogens using doxycycline, a 

broad spectrum antibiotic, as a control. The 

minimum inhibitory concentration and minimum 

bactericidal concentration were measured for all 

compounds (Table 1). The MIC and MBC values 

for doxycycline were found to be <12.5 μg/mL 

and 12.5 μg/mL on Staphylococcus aureus.  

Bisacodyl and its ferrocenyl analogues showed 

an excellent antimicrobial activity. All tested 

compounds seemed to be more bactericidal than 

bacteriostatic, because MBC/MIC ratio is less 

than or equal to four (≤ 4) [19]. Even if no 

significant difference in activity against Gram-

positive or Gram-negative bacteria was observed, 

Gram-positive strains, Micrococcus and 

Staphylococcus aureus seemed to be more 

sensitive than Gram-negative strains. 

Consequently, there is a potential use against 

Gram-positive bacterial infections for these 

compounds.  

In the ferrocenyl arylvinylpyridine series 

(compounds 4, 5, 6 and 10) compounds 5 and 6 

exhibited the greatest antimicrobial activity with 

MIC values between [12.5-25] μg/mL against 

Micrococcus, Staphylococcus and Listeria. No 

difference for antimicrobial activity was 

observed between isomers 5, against both gram-

positive and gram-negative bacteria. However 

for compound 4, the Z isomer showed a higher 

activity compared with its E analogue. 

Compound 4b exhibited MIC values between 

[12.5-25] μg/mL against Micrococcus and 

Staphylococcus respectively versus [25-50] 

μg/mL for compound 4a. Furthermore, when N-

oxide moiety was introduced (see compound 10) 

the antimicrobial activity was comparable with 

that of compounds 5 and 6. These results 

suggested that the functionalization with a 

hydroxyl group, an acetoxy group or N-oxide 

moiety can have a positive influence for the 

antimicrobial activity. It has been described in 

the literature that the introduction of a pyridine 

N- oxide may play an important role in biological 

activity because it may increase the metabolic 

stability and bioavailability. [20-22]  

In the ferrocenyl arylethylpyridine series 

(compounds 7-11), compound 11 exhibited the 

greatest antimicrobial activity with MIC values 

between [12.5-25] μg/mL against Gram-positive 

strains Micrococcus, Staphylococcus and Listeria. 

Once again these results suggested that N-oxide 

moiety plays an important role in the 

antimicrobial activity. Compounds 7, 8 and 9 

were less active against Listeria, with MIC 

values between [25-50] μg/mL. Compound 8 

showed less anti-Micrococcus activity compared 

to others ferrocenyl analogues (MIC values 

between [25-50] μg/mL).  

Bisacodyl exhibited the best antimicrobial 

activity with MIC values between [6.25-12.5] 

μg/mL; [3.125-12.5] μg/mL, [6.25-12.5] μg/mL 

for against Gram-positive strains Micrococcus, 

Staphylococcus and Listeria. Gram-negative 

strains Escherichia coli, Enterococcus and 

Salmonella were also sensitive to bisacodyl with 

MIC values between [3.125-12.5] μg/mL; 

[3.125-12.5] μg/mL, [6.25-12.5] μg/mL 

respectively. These results could suggest that an 

acetoxy group may be necessary to achieve 

excellent antimicrobial activity.  

Finally the antimicrobial effect of bisacodyl and 

its ferrocenyl acetyl analogue 2-(1-(4-

acetoxyphenyl)-2-ferrocenylethyl) pyridine 9 

was estimated on Listeria monocytogenes and 

Salmonella enterica strains using levofloxacine 
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and fusidic acid as controls. The details of this 

estimation were described by us [16]. 

Antimicrobial effect was estimated (Table 2) 

It may be noted that the ferrocenyl derivative 9, 

is more active against Listeria monocytogenes 

(gram-positive bacteria) with EC50 and EC90 of 

37 and 71 µM respectively than bisacodyl with 

EC50 and EC90 of 46 and 89 µM respectively. 

However, bisacodyl has a better activity against 

Salmonella enterica (gram-negative bacteria) 

with EC50 and EC90 of 50 and 69 µM 

respectively than compound 9 with EC50 and 

EC90 values of 51.5 and 85 µM respectively. 

According to the obtained results bisacodyl and 

compound 9 are more active against Listeria 

monocytogenes than Salmonella enterica. 

Therefore, these compounds are promising 

antimicrobials, more effective against gram-

positive than against gram-negative bacteria.  

 

Figure 1. Repurposing and pharmacomodulation of bisacodyl 

 

 

Scheme 1. Synthesis of ferrocenyl derivatives (a): n-BuLi, p-anisaldehyde, THF, -78°C / r.t., 17 h; (b): 

NaOH, O2, toluene, reflux, 18 h; (c): TiCl4, Zn, THF, reflux, 2h then ferrocenecarboxaldehyde, 8 min; 

(d): H2, Pd/C, AcOEt, r.t., 36 h; (e): BBr3, dichloromethane, r.t., 22 h; (f): Ac2O, NaOH, 20°C, 2 h for 

compound 6, 48 h for compound 9 ; (g): m-CPBA, dichloromethane, r.t., 5-12 h. 
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Table 1. Antimicrobial activities of bisacodyl and their ferrocenyl analogues. Minimum inhibitory 

concentration (MIC) and minimum bactericidal concentration (MBC) in μg/mL. 

 

 

 

Table 2. EC50 and EC90 values of bisacodyl and its ferrocenyl analogue 9 in µM. 

Compounds strains EC50 EC90 

bisacodyl Listeria 46 89 

Salmonella 50 69 

compound 9 Listeria 37 71 

Salmonella 51.5 85 

fusidic acid Listeria 38 75 

Salmonella 47 68 

levoflaxacine Listeria 3 10 

Salmonella 1 3 

 

3. Materials and Methods 

All reagents were obtained from commercial 

sources unless otherwise noted, and used as 

received. Heated experiments were conducted 

using thermostatically controlled oil baths and 

were performed under an atmosphere oxygen-

free in oven-dried glassware. All reactions were 

monitored by analytical thin layer 

chromatography (TLC) or by Gas 

chromatography-Mass spectrometry (GC-MS). 

TLC was performed on aluminium sheets 

precoated silica gel plates (60 F254, Merck). TLC 

plates were visualized using irradiation with light 

at 254 nm or in an iodine chamber as 

appropriate. Flash column chromatography was 
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carried out when necessary using silica gel 60 

(particle size 0.040-0.063 mm, Merck).  

All synthesized compounds were characterized 

by NMR, IR, MS data and by the TLC behavior.  

The experimental procedures and the 

characterization have been previously described 

[16]. 

In vitro antibacterial activity 

Microorganism growth inhibition assays were 

performed using LB (1% Bactotryptone, 0.5% 

Yeast extract, 0.5% NaCl) cultures of Listeria 

monocytogenes (ATCC 7644), Escherichia coli 

(ATCC 10536), Enterococcus faecalis (ATCC 

19434), Salmonella enterica (ATCC 13314), 

Micrococcus luteus (ATCC 9341) and 

Staphylococcus aureus (ATCC 6538). 

 

All synthesized compounds were tested in 

triplicate, using microplate dilution method. 

Minimal inhibitory concentrations (MICs) of 

compounds were determined according the 

National Committee for Clinical Laboratory 

Standard (NCCLS, 2002). The compounds were 

dissolved in dimethylsulfoxide (DMSO). Serial 

two fold dilutions of each sample to be evaluated 

were made to yield volumes of 100 μL per well 

with final concentrations ranging from 100 to 

12.5 μg/mL. 100 μL of bacteria suspension with 

a concentration of 107 CFU/mL were added to 

each well. Negative control wells contained 

bacteria only in LB broth medium. After 

incubation at 30°C for 16 h, the minimal 

inhibitory concentrations (MICs) were recorded 

as the lowest concentration of compound in the 

medium that showed no microbial growth. 3-

(4,5-dimethyl thiazol-2-yl)-2,5- diphenyltetrazo 

lium bromide (MTT) was added to the wells to 

facilitate reading of the plates. If there is 

microbial growth, MTT turns to blue if not the 

medium remains yellow. Solvent medium and 

positive growth controls were also run 

simultaneously. Then from each tube, one 

loopful was cultured on plate count agar and 

incubated for 24 h at 30°C. The lowest 

concentration of the compound supporting no 

colony formation was defined as the MBC. 

The estimation of the antimicrobial effect against 

microbial strains was performed by the method 

of micro dilution in ELISA plates. A stock 

solutions of the tested products were prepared in 

DMSO or water, depending on their solubility. In 

Elisa plates and for each product a series of nine 

wells containing 100 μL of culture medium with 

decreasing concentration of the product was 

prepared by the successive ½ dilution. A 100 μL 

of overnight shaking microbial culture, incubated 

at adequate temperature, depending on bacterial 

strains, was used to inoculate the plate wells 

containing different concentrations of 

compounds. The final concentration of each 

product, for a series of eight wells was 300 µM, 

150 µM, 75 µM, 37.5 µM, 18.75 µM, 9.37 µM, 

4.68 µM, 2.34 µM and 1.17 µM 

The plates were incubated with shaking 

overnight at the same temperature and their OD 

was measured at 600 nm. A negative control 

(uninoculated wells) and a positive control 

(seeded and without antimicrobial compound 

wells) were prepared under the same 

experimental conditions. 

The inhibitory activity of the tested compounds 

was calculated according to the formula: 

IA (%) = 100−100 (OD 600 (x) / OD 600 (i)) 

where (x) is the microbial culture containing the 

inhibitor and (i) is the microbial culture without 

inhibitor.  

. 

.

4. Conclusions 
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We described the antimicrobial activity of bisacodyl and its ferrocenyl analogues. The compounds 

were tested on Gram-positive pathogens: Micrococcus, Staphylococcus, Listeria and Gram-negative 

pathogens, Escherichia coli, Enterococcus and Salmonella. The results obtained revealed that these 

compounds are potentially more effective against gram-positive than against gram-negative bacteria. 

The importance of anti-infective research field motivates us to continue the study of based bisacodyl 

skeleton compounds in order to find new potential antimicrobial molecules. The influence of ferrocene 

and other chemical substitutions on the antimicrobial activity will be the subject of further 

investigations. 
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Abstract: CH functionalization is a convenient methodology with broad application in total synthesis 

and medicinal chemistry that provides the same products as already well established cross-coupling 

methodologies, but with the advantage of avoiding the use of metallic species such as Grignard, boron, 

silicon and tin compounds. Herein, we report an unprecedented palladium-catalyzed intramolecular 

direct arylation for the general access of phenanthridinones under very low catalyst loadings. With 

only 0.05 mol%, a palladium NCP pincer complex promotes efficiently the direct functionalization of 

a series of N-arylbenzanilides and N-arylsulfonamides which constitutes an effective, versatil and 

environmentally attractive procedure for the preparation of phenanthridinones, biaryl sultams and 

related heterocyclic derivatives. 

 

 

Keywords: biaryl sultams; CH arylation; palladium; phenanthridinones; pincer complexes 

 

 

1. Introduction 

Palladium-catalyzed direct functionalization 

of C-H bonds has attracted significant attention 

over the last years, since the development of 

innovative, environmentally friendly and highly 

efficient synthetic strategies has became a 

priority in industry as well as in academia.[1] 

In this context, synthetic approaches based on 

palladium-catalyzed direct functionalization of 

arenes have been developed to synthesize 

phenanthridinone derivates and related lactams, 

scaffolds found in many natural products which 

exhibit remarkable biological and pharmaceutical 
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properties. Though these methods have proven to 

be among the most versatile for the synthesis of 

such structures, they usually require big amounts 

of catalysts (2-10 mol%),[2]  Therefore, the 

development of a novel palladium-catalyzed 

approach for the direct functionalization of 

arenes using very low catalyst loadings would 

provide a cost-effective and environmentally 

very attractive procedure. Besides, such method 

would prevent metal contamination of the 

product which constitutes an interesting 

advantage regarding its potential application in 

medicinal chemistry. 

Our group has applied palladium pincer-type 

complexes as very active catalysts or pre-

catalysts (cat. loading ≤ 0.1 mol%) in a variety of 

chemical transformations.[3] The power of pincer 

complexes lies in their unique balance of stability 

vs. reactivity, which confers them extraordinary 

catalytic performances.[4] Thus, we envisaged 

that such palladium complexes would be the 

suitable tool to carry out a more efficient direct 

arylation of arenes with low catalyst loadings.[5] 

Herein we report an unprecedented palladium-

catalyzed intramolecular direct arylation of N-

substituted o-bromobenzanilides and 

benzosulfonamides for the general access of 

phenanthridinones and related biaryl sultams 

using palladium pincer complex 1 under very 

low catalyst loadings. 

.

 

2. Results and Discussion 

 

 

A series of screening experiments were 

conducted by employing a set of palladium 

pincer complexes prepared by our group[3] in 

only 0.1 mol% with N-methyl-N-phenyl-2-

bromobenzamide 2a as substrate. In contrast 

with other bases/solvents assayed, the use of 

PCN catalyst 1 produced the desired 

phenanthridinone 3a in a 24% yield using KOAc 

as base in DMA (entry 1). 

The effect of other solvents, the amount of 

base, solvent concentration, the addition of 

Brønsted acids, tetrabutylammonium bromide or 

cationic surfactants and, especially, the catalyst 

loadings was examined (entries 2-20). After 

careful experimentation, we succeeded to obtain 

phenanthridinone 3a in a very good yield (88%, 

entry 18) with only 0.05 mol% of palladium 

pincer complex 1 using 3 equiv of KOAc in a 

relatively concentrated solution of DMA-H2O 

(9:1, 0.3M). Moreover, a further decrease of the 

catalyst loading down to 0.01 mol% was also 

possible, affording desired phenanthridinone 3a 

although at the cost of lower yields (entries 19-

20) even at longer reaction times. 

To the best of our knowledge, these values 

represent the lowest catalyst loadings achieved 

so far for any biaryl coupling of an aryl halide 

with a nonfunctionalized arene.[6] It should be 

also pointed out that the latter reactions were 

carried out in the air atmosphere with no effect 

on the reaction yield. 

With the establishment of an optimal catalyst 

loading of 0.05 mol% as the most effective, the 

generality and scope of the reaction were studied. 

As summarized in Table 2, the functional 

tolerance of this procedure was observed by 

synthesizing various phenanthridinones and 

related heterocyclic quinolinones with good to 

excellent yields. The electronic nature of the 

substituents seemed to have a little effect on the 

product yields. Besides, the reaction with different 

aromatics as naphthalene and heterocycles 

proceeded selectively in this C(sp2)-H arylation 

(78-98%). Even sterically hindered substrates as 
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N-cyclohexyl amide 2d afforded the desired 

product 3d in an 86% yield. 

We also investigated the applicability of this 

protocol to structurally related o-halo-N-

arylsulfonamides. Accordingly, a series of o-

bromo-N-(hetero)arylbenzenesulfonamides 2i-s 

were readily prepared and reacted with only 0.05 

mol% pincer catalyst 1 (Table 2). To our delight, 

the direct functionalization of N-

(hetero)arylsulfonamides with such low catalyst 

loadings afforded regioselectively the 

corresponding biaryl sultams. 

Although the yields obtained in our case are in 

accordance with literature precedents and, on 

average, not as high as the ones obtained for the 

corresponding 6-membered ring sultams 3h-o, the 

significantly fewer amounts (0.05-0.09 mol%) of 

catalyst required turn our protocol into the most 

effective approach to benzoisothiazoloindoles and 

related heterocycles. 

The measurement of the palladium content in 

benzothiazinodihydroquinoline 3n was conducted 

using IPC-MS and determined as low as 0.29 ppm. 

Therefore, our method also offers an additional 

benefit regarding the avoidance of scavenger 

resins or further purification steps in order to 

suppress metal contamination in the products. 

 

Table 1. Selection of optimization assays.a) 

 

Entry Catalyst [Pd] Base Additive Solvent Yield [%]b) 

1 0.1 mol% KOAc - DMA 24 

2 0.1 mol% KOAc - DMF -c) 

3 0.1 mol% KOAc - DMPU 8 

4 0.1 mol% KOAc - DMI -c) 

5 0.1 mol% K2CO3 20 mol% benzoic acid DMA 17 

6 0.1 mol% KOAc 20 mol% BAd) DMA <5 

7 0.1 mol% KOAc 25 mol% surfactante) DMA 7-18 

8 0.1 mol% KOAc 25 mol% TBAB DMA 19 

9 0.1 mol% KOAc - DMA/o-xylene (1:1) 23 

10 0.1 mol% KOAc - DMA-THF (1:1) 51 

11 0.1 mol% KOAc - DMA-H2O (9.5:0.5) 57 

12 0.1 mol% KOAc - DMA-H2O (9:1) 68 

13 0.1 mol% KOAc - DMA-H2O (7.5:2.5) <5 

14f) 0.1 mol% KOAc - DMA-H2O (9:1) 68 

15g) 0.1 mol% KOAc - DMA-H2O (9:1) 75 

16 f), g)  0.1 mol% KOAc - DMA-H2O (9:1) 83 

17 g) 0.05 mol% KOAc - DMA-H2O (9:1) 70 

18 f), g) 0.05 mol% KOAc - DMA-H2O (9:1) 89 (88) 

19 f), g), h) 0.03 mol% KOAc - DMA-H2O (9:1) 78 

20 f), g), i) 0.01 mol% KOAc - DMA-H2O (9:1) 57 
a) Reaction conditions: 2a (1 equiv.), 1 (0.1 mol%), base (1.5 equiv.), solvent (0.06 M), 130°C, sealed tube, 20h 

under Ar. DMPU: N,N'-Dimetilpropilenourea; DMI: 1,3-Dimethyl-2-imidazolidinone. b) Determined by 1H NMR. 

Diethylene glycol dimethyl ether was used as internal standard. Isolated yield in parentheses. c) Starting material. d) 

BA: Brønsted acids (pivaloic, benzoic and p-toluensulfonic acid). e) CTAB: Hexadecyltrimethylammonium 

bromide; DDA: Dimethyldioctadecylammonium bromide. f) 3.0 eq. of KOAc g) Solvent (0.3 M) h) 48h. i) 96h.  
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Table 2. Intramolecular direct arylation of arenes.a)  

 

     

a) Reaction conditions: 2 (1 equiv.), 1 (0.05 mol%), KOAc (3 equiv.), DMA-H2O (9:1, 0.35M), 130°C, sealed tube, 

20h under air. Isolated yields. b) 0.09 mol% of 1 was used. 

 

3. Materials and Methods 

General procedure for the direct arylation 

of arenes 

DMA (0.8 mL) and water (0.1 mL) were 

added to a heavy-wall pressure tube charged with 

substrate 2 (0.35 mmol) and KOAc (1.05 mmol) 

at room temperature. Then, a solution of pincer 

complex 1 in DMA (1.75 mM, 0.1 mL, 0.175 

mol of 1) was added, the tube was closed and it 

was heated to 130 °C for 20 h. After cooling, the 

crude was diluted with H2O (2 mL) and washed 

with EtOAc (2 x 3 mL). The combined organic 

phase was dried over anhydrous sodium sulfate 

and the solvent was evaporated under reduced 

pressure. The residue was purified by flash 

column chromatography (EtOAc in hexane) to 

give the desired product 3. 

.

 

4. Conclusions 

 

 

In summary, we have developed a method for the intramolecualr direct arylation of arenes via C-H 

bond functionalization at very low catalyst loadings. With only 0.05 mol%, palladium pincer complex 

1 promotes efficiently the direct functionalization of a series of N-arylbenzanilides and N-

arylsulfonamides providing a novel versatile and sustainable access to phenanthridinones, biaryl 

sultams and related heterocyclic derivatives. 
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Abstract: The oxidation of benzylic alcohols is a ubiquitous transformation in organic chemistry due 

to the relevance of aryl ketones, present in natural products and pharmaceutically active compounds 

and also intermediates in the synthesis of agrochemicals, medicines and other functional materials. 

Numerous oxidizing agents are available to effect this key reaction. In most instances, these reagents 

are required in stoichiometric amounts and are usually toxic, or hazardous, or both. In this context, 

considering environmental and safety issues, oxygen would be the reagent of choice for such organic 

transformation. Although much effort has been devoted to aerobic oxidation of benzyl alcohols, the 

amounts of metal catalyst are still relatively high and, sometimes, oxygen pressures above 5 atms. 

In this context, we have discovered that systems based upon 1,2,4-triazole ligands and simple Ni (II) 

salts show extremely high catalytic activity in the aerobic oxidations of alcohols. In fact, primary and 

secondary benzylic alcohols have provided the corresponding carbonylic derivatives by using 

molecular oxygen at atmospheric pressure, in the presence of a combination of nickel(II) bromide and 

1,2,4-triazole or, alternatively, a 1,2,4-triazole pincer ligand at such a low catalytic loading as 10-5 

mol%. This catalytic system has proven to be efficient also for the benzylic C-H oxidation. 

 

Keywords: aerobic oxidation, benzylic alcohols, Nickel, pincer ligand, triazole 
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Molecular oxygen is the ideal oxidant for 

chemical transformations. Therefore, in the last 

years, a number of metal catalysts for different 

oxygen-mediated oxidative processes have been 

developed. Taking alcohol oxidation to carbonyl 

compounds as an illustrative example, this 

reaction can be carried out using different 

transition metals,[1] since the yields and 

selectivities of chain radical non-catalyzed 

autoxidation of alcohols and saturated 

hydrocarbons are often low.[2] Catalyst loadings 

generally range 0.5-10 mol% of [M], although 

significantly lower amounts (0.1-0.3 mol%) have 

been reported in some cases.[3] Regarding 

reaction media, flammable organic solvents have 

been mainly employed and just a few examples 

of oxidations have carried out in more 

sustainable media.[4] 

Removal of metal traces is a serious concern 

in fine chemicals production. A valuable strategy 

to achieve this goal is just to decrease the catalyst 

loading to a point below regulatory requirements, 

which is particularly difficult for many transition 

metal catalysts, with very low levels allowed in 

drug products.[5] 

In this paper we wish to present an 

outstanding catalytic system for the aerobic 

oxidation of alcohols and arylmethylene 

compounds based on 1,2,4-triazole type ligands 

and (NiBr2) that has allowed us to avoid precious 

metals and fulfill the mentioned regulatory 

requirements. 

 

2. Results and Discussion 

In order to analyze the influence of the 

coordination degree and chelating effects in the 

reaction outcome, two triazole ligands, simple 

1,2,4-triazole 1 and pincer-type bis-triazolyl 

ligand 2 were assayed. On the basis of the 

encouraging results from the initial assays for the 

nickel-catalyzed oxidation of 1-phenylethanol, 

we decided to use O2, NiBr2, 1 or 2, PEG-400, 

120ºC and decrease gradually the catalytic 

amount down to 10-5 mol% of Ni and 1/2. Blank 

experiments also showed the need of both nickel 

and triazole ligands, since nickel bromide alone 

provided low yields (20%) at 0.01 mol%, and no 

product was detected with lower amounts of the 

nickel halide. 

The optimized reaction conditions were 

accordingly applied to a number of primary and 

secondary benzyl alcohols, providing good to 

excellent results regardless the nature of the 

starting carbinol. As shown in Table 1, oxidation 

of primary alcohols provided the corresponding 

carboxylic acids. 

Then, we assayed the same conditions in the 

benzylic C-H bond oxidation of a series of 

methylene compounds, and to our delight, the 

carbonyl compounds displayed in Table 1 were 

obtained in good yields. In both carbinol and 

methylene oxidation reactions a slightly better 

catalytic profile was found for the NiBr2/2 

system, as better yields were observed in all 

cases. 

In addition to the fact that oxygen mediates 

this transformation at atmospheric pressure, it 

should be also pointed that the reaction is 

conducted in an environmentally friendly 

solvent, PEG-400. The role of this solvent in the 

reported oxidative process might be related to its 

unusual coordinating properties that remind of 

crown ethers.[6] 

The combination of the above properties and 

those of 1,2,4-triazoles 1-2 enhance nickel 

catalytic properties to an exceptional catalytic 

profile that avoid the need of further purification 

steps in order to remove metal traces. 
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Table 1. Oxidation of alcohols and methylene compounds. General substrate scope.[a 

 

 

[a] Isolated yields. i: O2 (1 atm), NiBr2 (10-5 mol%), 1 or 2 (10-5 mol%), NaOAc, PEG-400, 120ºC, 8h. [b] 72h. [c] 96h. 

 

3. Materials and Methods 

A round bottom flask equipped with a 

magnetic stirrer bar was charged with the alcohol 

(1 mmol), NaOAc (8.0 mg, 0.1 mmol), NiBr2 

(2.7 10-5 mg, 10-7 mmol), 1 (8.6 10-6 mg, 10-7 

mmol,) and PEG 400 (1 mL) at room 

temperature. The system was purged with 

molecular oxygen, and an oxygen-filled balloon 

(1-1.2 atm) was connected. The mixture was 

heated at 120 ºC under stirring for 24 h. The 

reaction outcome was monitored by 1H-NMR. 

Upon completion, the mixture was cooled to 

room temperature and water was added (50 mL 

aprox.). The resulting solution was acidified with 

HCl 1M (pH≈1-2) and extracted with Et2O (4 x 6 

mL) and the combined organic layers were 

washed with brine, dried over anhydrous Na2SO4 

and evaporated in vacuo to give a residue which 

was purified by flash column chromatography 

using hexane:ethyl acetate as eluent.

  

4. Conclusions 

In summary, the combination of nickel(II) bromide and the 1,2,4-triazole pincer ligand 2 constitutes 

a highly active catalytic system for the aerobic oxidation of arylcarbinols and arylmethylene 

compounds. In addition to the advantages in terms of safety and sustainability associated to the use of 

molecular oxygen at atmospheric pressure and PEG-400, the infinitesimal amounts of the metal/ligand 

system allow isolation of “metal-free” compounds for pharmaceutical uses. 
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Abstract: Nitric oxide (NO) is involved in acute μ-opioid receptor (MOR) desensitization in the 

locus coeruleus (LC) and in the neuroadaptations following chronic morphine administration. 

However, the role of NO and NO-derived reactive oxygen species (ROS) in the development of 

cellular tolerance to different opioids remains unclear. Herein, we examined the effect of the 

selective neuronal nitric oxide synthase (nNOS) inhibitor 7-nitroindazole (7-NI; 30 mg/kg/12 h, 

i.p.) and the antioxidants Trolox + ascorbic acid (TX+AA; 40 and 100 mg/kg/day, respectively, 

i.p.) and U-74389G (10 mg/kg/day, i.p.) on the development of cellular tolerance induced by 

morphine, methadone and fentanyl. For induction of morphine tolerance, rats were treated 

subcutaneously with a slow release emulsion containing free base morphine (200 mg/kg, 3 days). 

For methadone (60 mg/kg/day, 6 days) and fentanyl (0.2 mg/kg/day, 7 days), tolerance was 

induced by s.c. implantation of osmotic pumps. Concentration-effect curves for the inhibitory 

effect of Met5-enkephalin (ME; 0.05-12.8 μM, 2x, 1 min) on the firing rate were performed by 

single-unit extracellular recordings of LC neurons from rat brain slices. Morphine, methadone 

and fentanyl treatments shifted to the right concentration-effect curves for ME and increased the 

EC50 by 2-4 folds. Co-administration of TX+AA or U-74389G in morphine-treated animals 

prevented the development of tolerance in LC neurons. Conversely, co-treatments with U-

74389G or 7-NI failed to affect the induction of cellular tolerance after methadone or fentanyl 

treatments. Our results suggest that MOR agonists with different intrinsic efficacies cause 

variable degrees of cellular tolerance in LC cells. Moreover, NO/ROS pathways are differentially 

involved in opioid tolerance after prolonged treatments with morphine, methadone and fentanyl. 

 

Keywords: slice; μ-opioid receptor; tolerance; reactive oxygen species; locus coeruleus; nitric 

oxide; morphine; methadone; fentanyl; electrophysiology 
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1. Introduction 

 

Morphine, methadone or fentanyl are 

among the most common clinically used opioid 

agonists. However, their long-term utility is 

greatly limited due to the development of 

tolerance and dependence (Inturrisi 2002). 

Numerous mechanisms have been reported to 

contribute to opioid tolerance. Thus, tolerance 

may result from adaptive changes such as 

enhanced MOR desensitization, receptor 

internalization or receptor down-regulation, 

among other mechanisms (Williams et al., 2013). 

In addition, nitric oxide (NO) has been proposed 

to be involved in opioid tolerance (Heinzen and 

Pollack, 2004). In the brain, NO is produced by 

the neuronal NO synthase (nNOS) and targets the 

heme group of guanylate cyclase, which elevates 

3’,5’-cyclic guanosine monophosphate (cGMP) 

concentrations. Moreover, high, sustained 

concentrations of NO promote the generation of 

reactive nitrogen species and reactive oxygen 

species (ROS), such as the extremely oxidant 

molecule peroxynitrite (Radi, 2013).  

The locus coeruleus (LC), the major 

noradrenergic nucleus in the brain, has long been 

used as a model for examining the cellular 

mechanisms of opioid tolerance and dependence 

(Nestler et al., 1994). It contains a homogeneous 

population of neurons that almost exclusively 

express the MOR (Williams and North, 1984). 

There is lacking evidence regarding the 

implication of NO/ROS pathway in the 

adaptations triggered by chronic treatments with 

different opioid agonists in the LC. Therefore, 

the aim of this work was to investigate whether 

NO and ROS regulate the tolerance induced by 

opioids with different pharmacologic profiles, 

such as morphine, methadone and fentanyl.  

 

2. Results  

 

Effect of chronic treatments with morphine, 

methadone and fentanyl on concentration-effect 

curves for ME in rat LC neurons  

 

To evaluate the development of tolerance, 

concentration-effect curves for the inhibitory 

effect of ME were performed. Subchronic 

treatment with morphine (200 mg/kg, s.c., 3 

days) induced a strong degree of tolerance in the 

LC, which was revealed by a rightward shift in 

the concentration-effect curves for ME and an 

increase in the EC50 of about 4 fold, as compared 

to the corresponding sham group (p < 0.005). 

Similarly, chronic treatment with methadone (60 

mg/kg/day, s.c., 6 days) induced a rightward shift 

in the concentration-effect curves for ME and 

increased by about 2 fold the EC50 value when 

compared to the corresponding sham group (p < 

0.005). Finally, chronic treatment with fentanyl 

(0.2 mg/kg/day, s.c., 7 days) also caused a 

rightward shift in the concentration-effect curves 

for ME with an increase of the EC50 of about 3 

fold, as compared to the corresponding sham 

group (p < 0.005). These results indicate that 

morphine, methadone and fentanyl induce 

different degrees of tolerance to the inhibitory 

effect of ME in LC neurons. In all groups, the 

maximal effect of ME was 100% of baseline, 

which corresponded with an absolute inhibition 

from the basal firing rate.  

It can be hypothesized that differences 

between morphine, methadone and fentanyl in 

their ability to induce receptor internalization and 

recycling (Alvarez et al., 2002; Virk and 

Williams, 2008) may contribute, at least in part, 

to the different degrees of cellular tolerance 

observed in this study. 
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Effect of the nNOS inhibitor 7-NI on opioid 

tolerance in rat LC neurons  

 

Co-administration of the neuronal NOS 

inhibitor 7-NI in methadone- and fentanyl-treated 

rats (methadone/7-NI group and fentanyl/7-NI 

group) failed to prevent the development of 

tolerance. 7-NI administration in sham-treated 

animals (sham-7-NI group) did not modify the 

concentration-effect curves for ME in the LC as 

compared to the sham-vehicle group. No 

differences were found in the basal firing rate 

among groups.  

 

Effect of antioxidants on opioid tolerance in rat 

LC neurons  

 

Co-administration of the vitamin E 

analogue Trolox, together with ascorbic acid 

(AA), or the structurally unrelated antioxidant U-

74389G in morphine-treated rats 

(morphine/TX+AA group and morphine/U-

74389G group, respectively) attenuated the 

development of cellular tolerance, which was 

shown by a blockade of the rightward shift of the 

concentration-effect curve in this group (p < 0.05 

and p < 0.01, respectively, when compared to the 

corresponding sham group) (Fig. 1). 

Administration of TX+AA or U-74389G in sham 

animals failed to modify the concentration-effect 

curves for ME when compared to the 

sham/vehicle group.  

 

On the contrary, co-treatment with U-

74389G in rats treated chronically with 

methadone or fentanyl did not prevent the 

development of cellular tolerance induced by 

these opioids (Fig. 2). In all cases, no differences 

were found in the basal firing rate among groups.  

The mechanisms by which NO modulates 

morphine-. but not methadone- or fentanyl-

induced tolerance via ROS generation remain  

unclear. Further studies are needed to unmask the 

underlying mechanisms. 
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Figure 1. Effect of antioxidants Trolox + ascorbic acid (TX+AA) on the inhibition induced by ME in 

the LC of morphine-treated rats. A, B, C. Representative examples of firing-rate recording of LC cells 

from rats receiving the following treatments: sham (emulsion) (A), morphine  (B) morphine + TX+AA 

(C). Each horizontal bar represents the period of application of each ME concentration (0.05 - 12.8 

μM, 2x) and the vertical lines show the number of spikes recorded every 10 s. The inhibitory effect 

induced by each application was calculated as a percentage from the basal firing rate. Note that greater 

concentrations of ME are needed to inhibit the neuron activity in rats treated with morphine, compared 

with sham animals, which indicates the development of tolerance. Co-administration of TX+AA in 

morphine-treated rats increases the inhibitory effect of ME when compared to the morphine/vehicle 

group indicating an attenuation of celullar tolerance. 
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Figure 2. Effect of antioxidant U-74389G on the inhibition induced by ME in the LC of methadone-

treated rats. A, B, C. Representative examples of firing-rate recording of LC cells from rats receiving 

the following treatments: sham (minipump) (A), methadone (B), methadone + U-74389G (C). Each 

horizontal bar represents the period of application of each ME concentration (0.05 - 12.8 μM, 2x) and 

the vertical lines show the number of spikes recorded every 10 s. The inhibitory effect induced by each 

application was calculated as a percentage from the basal firing rate. Note that greater concentrations 

of ME are needed to inhibit the neuron firing in rats treated with methadone, when compared to sham 

animals, indicative of tolerance However, co-administration of U-74389G in methadone-treated rats 

failed to prevent the development of cellular tolerance, so that concentration-effect curves for ME were 

not modified when compared to the methadone/vehicle group. 

 

3. Materials and Methods 

 

Animals and treatments 

 

Male adult Sprague-Dawley rats (200–

300 g) were housed under standard laboratory 
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conditions (22 ºC and 12-h light/dark cycles) 

with free access to food and water. Principles of 

laboratory animal care were followed in all 

experimental procedures reported in this 

manuscript. Experimental procedures were 

carried out in accordance with the European 

Community Council Directive on "Protection of 

Animals Used in Experimental and Other 

Scientific Purposes" (86/609/EEC). The use of 

animals for this study was also approved by the 

Animal Care and Use Committee of the 

University of the Basque Country. All the efforts 

were made to minimize animal suffering and to 

reduce the number of animals used. 

For induction of morphine tolerance, an 

oily emulsion of morphine base (200 mg/kg) was 

subcutaneously (s.c.) injected in the back of the 

rat, under slight anesthesia with chloral hydrate 

(200 mg/kg, i.p.). Control animals were 

implanted with a sham emulsion, which 

contained the same vehicle for morphine 

(mannide monooleate, liquid paraffin, and NaCl). 

Then, morphine or sham animals were daily 

injected with the antioxidants Trolox (40 mg/kg) 

and ascorbic acid (100 mg/kg) (TX+AA), U-

74389G (10 mg/kg) or 0.9% NaCl (saline) 

intraperitoneally (i.p.). Electrophysiological 

experiments were performed 72 h after emulsion 

implantation.  

For chronic treatments with methadone or 

fentanyl, osmotic mini-pumps were implanted 

subcutaneously in the rat. Animals were treated 

with methadone (60 mg/kg/day) or fentanyl (0.2 

mg/kg/day). Sham, methadone-, or fentanyl-

treated animals were treated every 12 h with the 

nNOS inhibitor 7-NI (30 mg/kg) or its vehicle. In 

another group of experiments, sham, methadone, 

or fentanyl-receiving rats were daily injected 

with the antioxidant U-74389G (10 mg/kg) or its 

vehicle (saline), i.p.  

 

 

In vitro electrophysiology  

 

Brain slice preparation  

Animals were anaesthetized with chloral 

hydrate (400 mg/kg, i.p.) and sacrified by 

decapitation. The brain was rapidly removed and 

a block of tissue containing the brainstem was 

placed in ice-cold artificial cerebrospinal fluid 

(aCSF) containing 130 mM NaCl, 3 mM KCl, 

1.25 mM NaH2PO4, 10 mM D-glucose, 21 mM 

NaHCO3, 2 mM CaCl2, and 2 mM MgSO4. 

Coronal slices of 500–600 μm thickness 

containing the LC were cut using a vibratome 

(FHC Inc., Brunswick, USA). The tissue was 

allowed to recover from the slicing for 90 min in 

oxygenated aCSF. Next, slices were placed on a 

nylon mesh in a modified Haas-type interface 

chamber maintained at 33°C and continuously 

perfused with oxygenated aCSF saturated with 

(95% O2/ 5% CO2, pH = 7.34–7.38) at a flow 

rate of 1–1.5 ml/min. 

 

Recording procedures  

 

Single-unit extracellular recordings of LC 

cells were performed as described previously 

(Mendiguren and Pineda, 2007). The recording 

electrode, an Omegadot glass micropipette was 

pulled and filled with NaCl (50 mM). The tip 

was broken back to a diameter of 2–5 μm (3–5 

MΩ). The electrode was placed in the LC, 

visually identified as a dark oval area on the 

lateral borders of the central gray and the fourth 

ventricle, just anterior to the genu of the facial 

nerve. The extracellular signal from the electrode 

was passed through a high-input impedance 

amplifier and displayed on an oscilloscope and 

monitored with an audio unit. Individual 

neuronal spikes were isolated from the 

background noise with a window discriminator. 
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The firing rate was analyzed by a PC-based 

custom-made software, which generated 

histogram bars representing the cumulative 

number of spikes in consecutive 10 s bins 

(HFCP®, Cibertec S.A., Madrid, Spain).  

 

Pharmacological procedures  

 

We performed concentration-effect 

curves for the inhibitory effect of the MOR 

agonist ME in sham and opioid-treated animals. 

Thus, we perfused increasing concentrations of 

ME (0.05–12.8 μM, each concentration applied 

for 1 min) at 5-min intervals. ME was chosen 

because its washout is fast even at high 

concentrations and its action is mediated almost 

exclusively by MOR in LC neurons (Williams 

and North, 1984). The inhibitory effect of each 

ME concentration was calculated as follows:  

 

 

 

where FRpre is the average firing rate for 60 s 

before each ME application, FRpost is the average 

firing rate for 90 s after each ME perfusion, and 

FRbasal is the firing rate for 60 s of each cell at the 

beginning of the recording. Curve fitting analysis 

was performed by the computer program 

GraphPad Prism (version 5.0 for Windows, San 

Diego, CA, USA) to obtain the best simple 

nonlinear fit to the following three-parameter 

logistic equation:  

 

 

 

where E is the effect induced by each 

concentration of ME (A), Emax is the maximal 

effect, EC50 is the concentration of ME needed to 

elicit a 50% of the maximal effect, and n is the 

slope factor of the concentration-effect curve. 

These parameters were determined by the 

nonlinear analysis. EC50 values were finally 

expressed as negative logarithm (pEC50).  

 

Drugs and reagents  

 

The following drugs were purchased from 

Sigma-Aldrich Química (Madrid, Spain): 

Fentanyl, methadone, L-ascorbic acid and 7-

nitroindazole (7-NI). Met5-enkephalin acetate 

salt (ME) was obtained from Bachem (Weil am 

Rhein, Germany). Morphine base was purchased 

from Alcaliber (Madrid, Spain). Trolox and U-

74389G were obtained from Enzo Life Sciences 

(Lausen, Switzerland). For subchronic treatments 

with morphine, an oily emulsion containing 

morphine free base (200 mg/ml) in a mixture of 

mannide monooleate (Sigma-Aldrich Química 

S.A., Madrid, Spain), liquid paraffin (Sigma-

Aldrich Química S.A., Madrid, Spain), and NaCl 

(0.9 %) (0.08:0.42:0.5, v/v/v) was prepared. 

Methadone, fentanyl and ascorbic acid were 

dissolved in saline. 7-NI was dissolved in peanut 

oil. Trolox was dissolved in NaOH (1 M), 

neutralized with HCl (1 M) and diluted to the last 

volume with saline. U-74389G was dissolved in 

0.05 M HCl. The final pH prior to i.p 

administration was in all cases 6-7. ME stock 

solutions were prepared in Milli-Q water, stored 

at −25 °C and, on the day of the experiment, 

diluted in aCSF to their final volume.  

 

Data analysis and statistics  

 

Data are expressed as mean ± standard 

error of the mean (SEM). For statistical analysis, 

the EC50 values were transformed to the 

corresponding logarithmic data to convert them 

to a Gaussian distribution. Data among groups 

were compared by one-way analysis of variance 
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(ANOVA) followed by Tukey ś post hoc test 

using the computer program GraphPad Prism 

(version 5.0). A probability level of 0.05 was 

accepted as statistically significant. 

 

4. Conclusions 

Our results suggest that MOR agonists 

with different intrinsic efficacies cause variable 

degrees of cellular tolerance in LC cells. 

Moreover, NO/ROS pathways are differentially 

involved in opioid tolerance after prolonged 

treatments with morphine, methadone and 

fentanyl. 

 

 

Acknowledgments 

 

This work was supported by the Ministerio de Ciencia e Innovación [Grant SAF2008-03612] and the 

University of the Basque Country (UPV/EHU) [Grant GIU11/27 and Grant GIU14/29]. Pineda ś 
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Abstract: The natural tendency of proteins to bind to each other, as well as to many different 

molecules, forming stable and specific complexes is fundamental to all biological processes. The 

structural and functional description of protein-protein and protein-ligand complexes and their 

comprehension is a key concept, not only to increase the scientific knowledge in basic terms but 

also for the application to the biomedical and pharmaceutical industry. In this work we have look 

for more accurate ways of predicting the crucial residues for complex binding (Hot-spots) that 

can be used to model protein structure, dynamics and function. We developed an algorithm based 

in innovative series of descriptors, which have not been used in hot-spot determination and that 

can be applied to both protein-protein and protein-nucleic acid interfaces HS detection. A web-

server for public use of the new methodological approaches was built and can be accessed at

 http://bio-aims.udc.es/MolStructPred.php 

 

Keywords: Hot-spots; conservation; solvent accessible surface area; machine-learning, protein-

protein interfaces; protein-nucleic acid interfaces. 
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1. Introduction 

Protein-protein interactions (PPIs) are 

fundamental for all life processes and it is vital to 

understand their dynamics, structural and 

energetic characteristics in order to find new 

improved ways to influence these molecular 

machineries[1]. Traditional mutagenesis 

approaches, including the use of hybrid receptors 

and alanine scanning mutagenesis techniques, 

have led to important insights into the structural 

basis underlying PPIs. However, experimental 

mutagenesis scanning of a complete interface is 

highly costly from a financial and time point of 

view[1-3]. To overcome this problem it was 

needed an efficient and fast computational 

technique that allows the detection of the major 

binding determinants at a protein-protein 

interface: the Hot-Spots (HS). HS tend to be 

conserved residues tightly clustered in the central 

part of protein-protein interfaces forming a 

network of specific interactions that are 

optimized and cooperative[4]. Figure 1 illustrates 

an example of a protein-protein complex in 

which HS are highlighted in a vdW red 

representation and non-HS (called Null-Spots 

NS) in a yellow one. HS tend to be surrounded 

by a region of supposedly “less important” 

residues, largely hydrophobic, that leads to 

solvent occlusion and results in a lower local 

dielectric constant environment and enhancement 

of specific electrostatic and hydrogen bond 

interactions (Figure 1)[5]. So, according to this 

theory (O-ring theory), HS regions have a low 

number of interfacial waters, implying that water 

entropy effects provide one of the driving forces 

to complex formation[6] and that occlusion of 

bulk solvent slows down dissociation. Having 

these knowledge gathered through the years 

about HS[1-4,7], we decided to look for a 

method based on genomic conservation scores 

and 12 different Solvent Accessible Surface 

Areas features (described at reference[8]). 

 

 

 

Figure 1. Structural representation of a protein-protein complex (PDBid: 1DX5[9]) in which the HS 

and NS are highlighted in a red and yellow vdW representation, respectively. 
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2. Results and Discussion 

The performance in ML is usually measured 

using predictive accuracy, which could be 

problematic if the data is unbalanced[10]. 

Dataset S1 comprised 71 HS/406 NS, dataset S2 

35 HS/56 NS, dataset S3 60 HS/162 NS and 

dataset S4 20 HS/80 NS, which demonstrates 

that our datasets (described at reference[8]) are 

highly unbalanced (classes are not equally 

represented as HS are less represented in 

Nature). This way, we evaluated the performance 

of each model by taking into account Recall 

(TPR), Precision, Specificity and FPR as well as 

F1-score and AUROC. We showed that simple 

Bayes Networks were able to classify HS for 

protein-protein interactions but only complex 

methods such as GA-SVM-Full could be used to 

classify HS for protein-nucleic acid interactions. 

The best classifier for protein-protein case uses 

four features: CONSURF score, ΔSASAi, 

rel/resSASAi and rel/aveSASAi. (TPR=0.79, 

FPR=0.21, Precision=0.87, F1-score=0.83 and 

AUROC=0.85). Our algorithm was assessed 

against some of the state-of-the-art methods 

available by web-servers and proven to more 

accurately predict HS at protein-protein 

interfaces. 

For protein-Nucleic Acid the best classifier 

uses two features: ConSurf score, del/resSASAi 

(TPR=0.82, FPR=0.30, Precision=0.82, F1-

score=0.85 and AUROC=0.83). 

 

 

 

 

3. Materials and Methods 

Three different datasets were used for the 

protein-protein interfaces: ASEdb,[11] BID[12] 

and SKEMPI[13]  (comprising a total of 790 

residues from 58 complexes) and one for protein-

nucleic Acid: Pronit[14-16] (a total of 117 

residues from 28 complexes). The datasets were 

constituted by protein complexes for which 

simultaneously exists experimental alanine 

scanning mutagenesis data, genetic conservation 

scores and tridimensional crystallographic 

structures of the bounded complex. These ones 

were filtered to ensure that a maximum of 35% 

sequence identity could be found for at least one 

protein in each interface[8]. Various machine-

learning (ML) techniques were employed for this 

particular problem and in order to improve the 

performance and to reduce the number of 

features in the input space we also performed a 

Feature Selection (FS) approach as the number 

and relevance of the input variables can affect 

the performance of the model. Several statistics 

analyzes were performed to ensure the 

achievement of the high accuracy method. 
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Figure 2. Web-server for HS detection. 

 

4. Conclusions 

  

Our methods are accurate and time efficient. Moreover, our method can be applied not only to 

protein-protein but as well, and for the first time, to protein-nucleic acid complexes[8]. Web-servers 

were also constructed and made available for the scientific community at BioAIMS portal 

(http://bio-aims.udc.es/MolStructPred.php). The code of the Web tools is available as pySBHD 

repository (https://github.com/muntisa/pySBHD). 
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Abstract: Prostanoids are known to regulate several physiological functions and to play an 

important role in certain pathophysiological situations such as inflammation. Prostaglandin E2 

receptors (EP) are members of the G protein-coupled receptor superfamily. Four subtypes have 

been described: EP2 and EP4 (coupled to Gs proteins) and EP1 and EP3 (coupled to Gi/o 

proteins). To date, the function of the prostanoid system in the brain has not been well 

characterized. The locus coeruleus (LC), the main noradrenergic nucleus in the brain, has been 

described to express the EP3 receptor. The aim of this study was to characterize the functional 

relevance of EP3 receptors in the LC by single-unit extracellular recordings in rat brain slices. 

We performed concentration-effect curves for different endogenous derivatives and selective 

agonists of EP3 receptors. Thus, increasing concentrations of the EP3/EP1 agonist sulprostone 

(0.3-80 nM) fully inhibited the neuronal activity of LC cells, with an EC50 value of 15 nM (n = 

9). The EP3 receptor antagonist L-798,106 (10 µM) caused a rightward shift (> 8 fold) in the 

concentration-effect curve for sulprostone, but the EP2 receptor antagonist PF04418948 (10 µM) 

or the EP4 receptor antagonist L-161,982 (10 µM) failed to cause any rightward shift of 

sulprostone effect. On the other hand, perfusion with the endogenous PGE2 (0.3 nM-1.28 µM) or 

the PGE1 analogue misoprostol (0.3-320 nM) induced a concentration-dependent inhibition of 

the firing rate of LC cells, with EC50 values being 51 nM and 112 nM, respectively. Likewise, 

only the EP3 antagonist L-798,106 (10 µM) caused a rightward shift (> 8 fold) in the 

concentration-effect curves for these prostanoid agonists (n = 5). In conclusion, LC neurons are 

regulated in an inhibitory manner by the prostanoid system likely through the EP3 receptor. 

 

Keywords: in vitro; locus coeruleus; electrophysiology; EP3 receptor; prostanoid; PGE2; 

sulprostone; slice 
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1. Introduction 

Prostanoids system is involved in the 

regulation of pain, fever and inflammation 

processes. During inflammation, membrane 

phospholipids are transformed into arachidonic 

acid (AA) by the phospholipase A2 enzyme. In 

turn, AA is metabolized by cyclooxygenase 

(COX) into PGH2, which is the common 

prostanoid precursor of other prostaglandins 

including prostacyclins and thromboxanes 

(Yagami et al. 2015). COX-blockers or NSAIDs 

-nonsteroidal anti-inflammatory drug- have been 

widely used as analgesic, antipyretic and 

antiinflammatory drugs due to their ability to 

suppress the production of prostanoids.  

Two isoforms of COX (-1 and -2) have been 

characterized, but the isoform  that has been 

shown to be constitutively expressed in the body 

is the isoform 1. However, recent studies have 

suggested that COX-2 could also be 

constitutively expressed in human and animal 

brain (Hétu & Riendeau 2005; Martin et al. 2007; 

Yaksh et al. 2001). This supports the idea of a 

possible important role of prostaglandins in the 

central nervous system. Nevertheless, the 

function of prostaglandins remains unclear since 

dual effects have been described in the brain. On 

one hand, PGE2 seems to promote 

neuroprotection in injured brain by induction of 

either BDNF release or reducing the expression 

of inducible oxide nitric synthase (iNOS) during 

inflammation (Hutchinson et al. 2009; Levi et al. 

1998). On the other hand, EP3 antagonists exert 

protective effects in the brain after ischemia 

(Ikeda-Matsuo et al. 2011). 

PGE2 is the most abundant prostaglandin 

produced in the body and it acts through 

activation of EP1-4 receptors, which are 

expressed in neurons and glia (Ito et al. 2001). 

Classically, EP1 has been described to be 

coupled to Gi/o protein (Ji et al. 2010), although 

there is recent evidence that supports its coupling 

to Gq protein (Liu et al. 2010). EP3 is coupled to 

Gi/o protein (Negishi et al. 1995), whereas EP2 

and EP4 are coupled to Gs protein (Fujino & 

Regan 2006; Sugimoto & Narumiya 2007).  

The locus coeruleus (LC) is the main source 

of noradrenergic innervation in the brain. It is 

involved in the regulation of numerous 

physiological functions such as sleep-wake 

cycle, arousal, cognition/memory, pain, 

cardiovascular control and rewarding behavior. 

A role of this nucleus in the production of fever 

has also been proposed (Almeida et al. 2004).  

Several findings have suggested an interaction 

between the noradrenergic/LC system and 

prostanoid system. First, in situ hybridization 

experiments have demonstrated the presence of 

mRNA for the EP2 and EP4 receptors in this 

nucleus (Zhang & Rivest 1999). Furthermore, 

EP3 expression has also been shown by 

inmunoreactivity and double hybridization 

techniques (Ek et al. 2000; Nakagawa et al. 

2000; Nakamura et al. 2001). Second, the LC has 

been identified as a pivotal nucleus in PGE2-

induced thermogenesis (Almeida et al. 2004). 

Third, administration of PGE2 inhibits, via EP3 

receptors the release of noradrenaline in the brain 

(Exner & Schlicker 1995). 

Despite several evidences that suggest a 

possible role of the prostanoid system in the LC, 

the functional role of EP receptors in this nucleus 

remained to be studied. Therefore, the aim of our 

research was to characterize, by single-unit 

extracellular recordings in vitro, the functional 

role of the prostanoid receptor EP3 in LC 

neurons from the rat brain. For this purpose, we 

performed concentration-effect curves for several 

EP3 receptor agonists in the absence and in the 

presence of different EP receptor antagonists.  
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2. Results and Discussion 

 

Effect of the EP3/EP1 receptor agonist 

sulprostone on the firing rate of LC neurons 

 

To evaluate the effect of prostaglandins on the 

LC neurons, we applied increasing 

concentrations of the EP3/EP1 agonist 

sulprostone (0.3-80 nM) and we found that it 

fully inhibited the neuronal activity of LC cells, 

with an EC50 value of 15 nM (n = 9). To identify 

the EP receptor involved in the inhibitory effect 

induced by sulprostone, we performed the 

concentration-effect curves for the EP3/EP1 

agonist in the presence of specific antagonists of 

the EP receptors expressed in the LC: EP2 

(PF04418948), EP3 (L-798,106) and EP4 (L-

161,982) at 3 and 10 µM. The EP3 receptor 

antagonist L-798,106 (10 µM) caused a 

rightward shift (> 8 fold) in the concentration 

effect curve for sulprostone (Fig. 1). Neither the 

EP2 receptor antagonist PF04418948 (10 µM) 

nor the EP4 receptor antagonist L-161,982 (10 

µM) caused any rightward shift of sulprostone 

effect.  

These results indicate that the inhibitory effect 

of sulprostone is mediated by the EP3 receptor, 

which is known to be coupled to Gi/o proteins. 

The inhibitory effect mediated by the EP3 

receptor has been shown to occur in other 

nucleus at the same concentrations used in our 

study (Ito et al. 2000). Therefore, our results 

show that EP3 receptor is functionally active in 

the LC. Future experiments are required to 

characterize the relevance of other EP receptors 

to the modulation of the firing activity of LC 

cells.  
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Figure 1. Effect of the EP3/EP1 receptor agonist sulprostone on the firing rate of locus coeruleus cells in 

the absence and in the presence of the EP3 receptor antagonist L-798,106. Representative examples of 

firing-rate recordings of two LC cells showing the effect of increasing concentrations of sulprostone in the 
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absence (A) and in the presence (B) of the EP3 antagonist L-798,106. Each horizontal bar represents the period 

of application of each sulprostone concentration and the vertical lines show the number of spikes recorded every 

10 s. The inhibitory effect induced by each application was calculated as a percentage from the basal firing rate. 

Note that sulprostone inhibits the firing rate of LC cells and that its inhibitory effect is diminished in the 

presence of L-798,106.  

 

Effect of the endogenous PGE2 and the PGE1 

analogue misoprostol on the firing rate of LC 

neurons 

 

In order to study whether endogenous 

prostanoid compounds mimicked the effect 

observed with sulprostone on the LC, we applied 

the endogenous PGE2 and the PGE1 analogue 

misoprostol. Perfusion with the endogenous 

PGE2 (0.3 nM-1.28 µM) or the PGE1 analogue 

misoprostol (0.3-320 nM) induced a 

concentration-dependent inhibition of the firing 

rate of LC cells, with EC50 values being 51 nM 

and 112 nM respectively. Likewise, only the EP3 

antagonist L-798,106 (10 µM) caused a rightward 

shift (> 8 fold) in the concentration-effect curves 

for these prostanoid agonists (Fig. 2; n = 5).  

These results indicate that sulprostone and the 

endogenous derivatives act through activation of 

the same EP receptor; the EP3 receptor. 

However, sulprostone shows higher potency than 

the endogenous prostanoid derivatives to inhibit 

LC cells.  
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Figure 2. Effect of the PGE1 analogue misoprostol on the firing rate of locus coeruleus cells in the absence 

and in the presence the EP3 receptor antagonist L-798,106. Representative examples of firing-rate recordings 

of two LC cells showing the effect of increasing concentrations of misoprostol in the absence (A) and in the 

presence (B) of the EP3 antagonist L-798,106. Each horizontal bar represents the period of application of each 

misoprostol concentration and the vertical lines show the number of spikes recorded every 10 s. The inhibitory 

effect induced by each application was calculated as a percentage from the basal firing rate. Note that misoprostol 

inhibits the firing rate of LC cells and that its inhibitory effect is diminished in the presence of L-798,106. 
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3. Materials and Methods 

 

3.1. Animals  

 

Adult male Sprague-Dawley rats weighing 200-

300 g were housed under controlled laboratory 

conditions (22 ºC and 12-h light/dark cycles) 

with free access to food and water. The animals 

were obtained from the animal house of the 

University of the Basque Country (Leioa, Spain). 

All experimental procedures reported in this 

manuscript were conducted in accordance with 

U.K. Animals (Scientific Procedures) Act, 1986, 

and associated guidelines, and with the European 

Community Council Directive on “Protection of 

Animals Used in Experimental and Other 

Scientific Purposes” of 24 November 1986 

(86/609/EEC). The procedures were approved by 

the Animal Care and Use Committee of the 

University of the Basque Country. All efforts 

were made to minimize animal suffering and to 

reduce the number of animals used.  

 

3.2. In vitro electrophysiology  

 

3.2.1. Brain slice preparation  

In vitro experiments were performed as 

previously described (Mendiguren & Pineda 

2007). Briefly, animals were first anaesthetized 

with chloral hydrate (400 mg/kg, i.p.) and 

sacrificed by decapitation. The brain was 

removed and a block of tissue containing the 

brainstem was placed in ice-cold modified 

artificial cerebrospinal fluid (aCSF) where NaCl 

was equiosmotically substituted with sucrose to 

improve neuronal viability. Coronal slices of 600 

µm thickness containing the LC were cut by an 

oscillating vibratome and then allowed to recover 

from the slicing for 90 min in oxygenated aCSF. 

Next, slices were placed on a nylon mesh and 

maintained at 33 ± 0.5 C in a modified Haas-type 

interface chamber continuously perfused with 

oxygenated aCSF (95% O2/5% CO2, pH=7.38) at 

a flow rate of 1-1.5 ml/min. The aCSF contained 

(in mM): NaCl 130, KCl 3, NaH2PO4 1.25, D-

glucose 10, NaHCO3 21, CaCl2 2, and MgSO4 2. 

 

3.2.2. Recording procedures  

 

Extracellular recordings of single neurons were 

performed as previously described (Mendiguren 

& Pineda 2004). The recording electrode 

consisted of an Omegadot glass micropipette that 

was pulled and filled with a solution of 50 mM 

NaCl (tip size of 2-5 µm, 3-5 MΩ). The 

microelectrode was placed in the LC, which was 

visually identified in the rostral pons as a dark 

oval area on the lateral borders of the central 

gray and the 4th ventricle, just anterior to the 

genu of the facial nerve. The extracellular signal 

recorded by the microelectrode was passed 

through a high-input impedance amplifier system 

and monitored on an oscilloscope and by an 

audioanalyzer. Individual (single-unit) neuronal 

spikes were isolated from the background noise 

with a window discriminator and counted. The 

firing rate was represented and analyzed by a 

PC-based custom-made program, which 

generated histogram bars representing the 

cumulative number of spikes in consecutive 10 s 

bins. Noradrenergic neurons in the LC were 

identified by the following electrophysiological 

criteria: a spontaneous and regular discharge, a 

slow firing rate and a positive-negative biphasic 

waveform of 3-4 ms duration (Andrade & 

Aghajanian 1984). We only recorded cells that 

showed stable firing rates between 0.4 and 1.5 

Hz for at least 3-5 min and strong inhibitory 

effects induced by ME (0.8 mM, 1 min) (higher 

than 80%). Only one neuron was recorded per 

slice and only one slice was obtained from each 

animal.  
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3.3. Pharmacological procedures  

 

To characterize the effect of prostanoids in the 

LC neurons, we perfused increasing 

concentrations of the EP3/EP1 receptor agonist 

sulprostone (0.3-80 nM) and the endogenous 

derivatives of prostanoid system (PGE2 and 

misoprostol, 0.3 nM–1.28 µM). Each 

concentration of the EP receptor agonists was 

perfused for at least 1 min. We performed 

concentration/effect curves for the inhibitory 

effect of the agonists. In order to study the 

involvement of EP receptors in the effect 

observed with the EP receptor agonists, we used 

specific antagonist for the EP2 receptor 

(PF04418948), EP3 (L-798,106), and EP4 (L-

161,982) at 3 and 10 µM. All the antagonists 

were perfused for at least 20-30 min before 

performing the concentration-effect curves for 

EP receptor agonists. 

 

3.4. Drugs and reagents  

 

Chloral hydrate was obtained from Sigma-

Aldrich Química S.A. (Madrid, Spain). Met5-

enkephalin (ME) was obtained from Bachem 

(Weil am Rhein, Germany). Sulprostone was 

purchased from Cayman Chemical (Michigan, 

USA). PF04418948, L-798,106 and L-161,982 

were obtained from Tocris Bioscience (Bristol, 

UK). Drugs were dissolved in the final volume of 

aCSF just before each assay and applied by 

turning a threeway valve that switched from 

aCSF to the test solution. Stock solutions of the 

EP antagonist were made in DMSO stored at - 25 

ºC and, on the day of the experiment, diluted in 

aCSF to their final volume. The maximal final 

concentration of DMSO was lower than 0.1%.  

 

3.5. Data analysis and statistics  

 

Values are expressed as the mean ± standard 

error of the mean (S.E.M) of n experiments. The 

firing rate of LC cells was recorded before 

(baseline), during and after drug applications. 

The inhibitory effect of EP receptor agonists was 

calculated as follows: 

 

  

where FRpre is the average firing rate for 60 s 

before application of each concentration, FRpost is 

the average firing rate after the perfusion of each 

concentration, and FRbasal is the firing rate for 60 

s of each cell at the beginning of the recording. 

Changes induced by drugs in the firing rate were 

evaluated by a paired Student's t test when 

compared within the same cell or by a two-

sample Student's t test when compared between 

different cells. Additionally, to evaluate the 

possible differences between groups the one-way 

ANOVA test was used. The level of significance 

was considered as p=0.05. Curve fitting analysis 

was performed by the computer program 

GraphPad Prism (version 5.0 for Windows, San 

Diego, CA, USA) to obtain the best simple 

nonlinear fit to the following three-parameter 

logistic equation: 

 

E = Emax / [1 + (EC50 / A)n] 

 

where E is the effect induced by each 

concentration of the EP3 agonist (A), Emax is 

the maximal effect, EC50 is the concentration of 

EP3 agonist needed to elicit a 50% of the 

maximal effect, and n is the slope factor of the 

concentration-effect curve 

 

4. Conclusions  
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In conclusion, LC neurons are regulated in an inhibitory manner by the prostanoid system likely 

through the EP3 receptor. Future experiments are required to characterize the relevance of other EP 

receptors to the modulation of the firing activity of LC cells. 
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research group takes part in a network unit supported by the University of the Basque Country [UFI 

11/35]. A. Nazabal was supported by a predoctoral fellowship from the Basque Government. The 

experiments comply with the current laws of Spain. 

 

Author Contributions 

A. Nazabal performed the research and analysed the data. A. Mendiguren and J. Pineda designed 

the research study. All mentioned authors wrote the manuscript.  

 

Conflicts of Interest 

The authors declare no conflict of interest. 

 

References and Notes  

Almeida, M.C. et al., 2004. Thermoeffector neuronal pathways in fever: a study in rats showing a new 

role of the locus coeruleus. The Journal of physiology, 558(Pt 1), pp.283–94.  

Andrade, R. & Aghajanian, G.K., 1984. Locus coeruleus activity in vitro: intrinsic regulation by a 

calcium-dependent potassium conductance but not alpha 2-adrenoceptors. The Journal of 

neuroscience, 4, pp.161–170. 

Ek, M. et al., 2000. Distribution of the EP3 prostaglandin E2 receptor subtype in the rat brain: 

Relationship to sites of interleukin-1 - Induced cellular responsiveness. Journal of Comparative 

Neurology, 428(August), pp.5–19. 

Exner, H.J. & Schlicker, E., 1995. Prostanoid receptors of the EP3 subtype mediate the inhibitory 

effect of prostaglandin E2 on noradrenaline release in the mouse brain cortex. Naunyn-

Schmiedeberg’s archives of pharmacology, 351(1), pp.46–52.  

Fujino, H. & Regan, J.W., 2006. EP 4 Prostanoid Receptor Coupling to a Pertussis Toxin- Sensitive 

Inhibitory G Protein. Molecular Pharmacology, 69(1), pp.5–10. 

Hétu, P.-O. & Riendeau, D., 2005. Cyclo-oxygenase-2 contributes to constitutive prostanoid 

production in rat kidney and brain. The Biochemical journal, 391, pp.561–566. 



Mol2Net, 2015, 1(Section B), pages 1-9, Proceedings  8 

http://sciforum.net/conference/mol2net-1 

 

 

Hutchinson, A.J., Chou, C., Israel, D.D., Xu, W., Regan, J.W., 2009. Activation of EP2 prostanoid 

receptors in human glial cell lines stimulates the secretion of BDNF. Neurochem int, 54(7), 

pp.439–446. 

Ikeda-Matsuo, Y. et al., 2011. Inhibition of prostaglandin E2 EP3 receptors improves stroke injury via 

anti-inflammatory and anti-apoptotic mechanisms. Journal of Neuroimmunology, 238(1-2), 

pp.34–43.  

Ito, S., Okuda-Ashitaka, E. & Minami, T., 2001. Central and peripheral roles of prostaglandins in pain 

and their interactions with novel neuropeptides nociceptin and nocistatin. Neuroscience research, 

41, pp.299–332. 

Ito, Y. et al., 2000. The prostaglandin E series modulates high-voltage-activated calcium channels 

probably through the EP3 receptor in rat paratracheal ganglia. Neuropharmacology, 39, pp.181–

190. 

Ji, R. et al., 2010. EP1 Prostanoid Receptor Coupling to G i / o Up-Regulates the Expression of 

Hypoxia-Inducible Factor-1 ␣ through Activation of a Phosphoinositide-3 Kinase Signaling 

Pathway. Molecular Pharmacology, 77(6), pp.1025–1036. 

Levi, G., Minghetti, L. & Aloisi, F., 1998. Regulation of prostanoid synthesis in microglial cells and 

effects of prostaglandin E 2 on microglial functions. Biochimie, pp.899–904.  

Liu, J.-F. et al., 2010. Cyclooxygenase-2 enhances alpha2beta1 integrin expression and cell migration 

via EP1 dependent signaling pathway in human chondrosarcoma cells. Molecular cancer, 9, p.43.  

Martin, F. et al., 2007. Constitutive cyclooxygenase-2 is involved in central nociceptive processes in 

humans. Anesthesiology, 106(5), pp.1013–8.  

Mendiguren, A. & Pineda, J., 2004. Cannabinoids enhance N-methyl-D-aspartate-induced excitation of 

locus coeruleus neurons by CB1 receptors in rat brain slices. Neuroscience letters, 363, pp.1–5.  

Mendiguren, A. & Pineda, J., 2007. CB1 cannabinoid receptors inhibit the glutamatergic component of 

KCl-evoked excitation of locus coeruleus neurons in rat brain slices. Neuropharmacology, 52, 

pp.617–625.  

Nakagawa, T. et al., 2000. Possible involvement of the locus coeruleus in inhibition by prostanoid 

EP(3) receptor-selective agonists of morphine withdrawal syndrome in rats. European journal of 

pharmacology, 390(3), pp.257–66.  

Nakamura, K. et al., 2001. Prostaglandin EP3 receptor protein in serotonin and catecholamine cell 

groups: a double immunofluorescence study in the rat brain. Neuroscience, 103(3), pp.763–75.  



Mol2Net, 2015, 1(Section B), pages 1-9, Proceedings  9 

http://sciforum.net/conference/mol2net-1 

 

 

Negishi, M. et al., 1995. Selective coupling of prostaglandin E receptor EP3D to Gi and Gs through 

interaction of α-carboxylic acid of agonist and arginine residue of seventh transmembrane 

domain. Journal of Biological Chemistry, 270, pp.16122–16127. 

Sugimoto, Y. & Narumiya, S., 2007. Prostaglandin E receptors. Journal of Biological Chemistry, 

282(16), pp.11613–11617. 

Yagami, T., Koma, H. & Yamamoto, Y., 2015. Pathophysiological Roles of Cyclooxygenases and 

Prostaglandins in the Central Nervous System. Mol Neurobiol, DOI 10.100. 

Yaksh, T.L. et al., 2001. The acute antihyperalgesic action of nonsteroidal, anti-inflammatory drugs 

and release of spinal prostaglandin E2 is mediated by the inhibition of constitutive spinal 

cyclooxygenase-2 (COX-2) but not COX-1. The Journal of neuroscience : the official journal of 

the Society for Neuroscience, 21(16), pp.5847–5853. 

Zhang, J. & Rivest, S., 1999. Distribution , regulation and colocalization of the genes encoding the EP 

2 - and EP 4 -PGE 2 receptors in the rat brain and neuronal responses to systemic inflammation. 

European Journal of Neuroscience, 11, pp.2651–2668. 

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions defined by MDPI AG, the publisher of the Sciforum.net 

platform. Sciforum papers authors the copyright to their scholarly works. Hence, by submitting a paper 

to this conference, you retain the copyright, but you grant MDPI AG the non-exclusive and un-

revocable license right to publish this paper online on the Sciforum.net platform. This means you can 

easily submit your paper to any scientific journal at a later stage and transfer the copyright to its 

publisher (if required by that publisher). (http://sciforum.net/about ). 



Mol2Net, 2015, 1(Section E), pages 1-8, Proceedings  1 

http://sciforum.net/conference/mol2net-1 

 

 

 

  
Mol2Net  

 

 

An Alternative Approach to Structure Specification 

Based on Fuzzy Multidimensional Membership Function 

Using Forward Selection Rule 
Sreyasi Ghosh, Assistant Professor, Department of Commerce (Mathematics), The Bhawanipur 

Education Society College ghosh.sreyasi1@gmail.com,+919433785429 

Sarbari Ghosh, Department of Mathematics, Vidyasagar Evening College and Guest Faculty 

Department of Atmospheric Science, C.U.. 

Pradip Kumar Sen, Department of Mathematics, J.U. 

Subhra Chatterjee, Assistant Professor, Academy of Technology, Kolkata. 

 

Published: 4 December 2015 

 

Abstract: Fuzzy logic first established in July,1964 by Lofti A.  Zadeh, is usually used to 

develop cost-effective approximate solutions to complex real-world problems exploiting the 

tolerance of imprecision. The present study attempts to develop a general computational 

technique based on fuzzy multi-dimensional membership function using forward selection rule 

for discriminating two different situations which is basically non-linear. Incidentally the 

technique suggested here is validated with atmospheric data. Earlier the fundamental principal 

component analysis (PCA) technique was applied to identify the significant parameters for the 

occurrence of pre-monsoon thunderstorms (TS) in Kolkata. They showed how the linear 

discriminant analysis (LDA) technique alone as well as in conjunction with PCA can be 

successfully applied for the purpose (Ghosh et al. 1999, 2004; Chatterjee et al., 2009). Also a 

comparative study was performed between the existing multivariate technique, the linear 

discriminant analysis and a technique based on fuzzy membership roster method (Chatterjee et 

al., 2011). Recently a fuzzy –neuro based algorithm for weather prediction has been developed 

(T. Rahman et al. 2014).  The main objective of the study is to address the numerical imprecision 

of some quantified physical variables. In this rule, a product form is taken to construct the 

multivariate membership function where the univariate membership function is Gaussian in 

nature as well as continuously differentiable. Since the parameters may have different units so 

they are made dimensionless before taking the product. To develop the technique no software 

package or fuzzy toolbox is used. The program for the study is developed by the authors 

themselves.  This rule is applied to two datasets of different categories consisting of the 

parameters of the days with convective development and fair weather respectively during pre-

monsoon season of Kolkata (22.53ºN, 88.33ºE), India. Basic parameters for discriminating the 
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situation (convective development and fair weather in pre-monsoon season of Kolkata) is 

constructed from the known data set of 12 years covering the period 1985-1996. The results are 

validated for the period 1997-1999 using the dataset consisting of variables of unknown nature. 

The study reveals that the technique can classify the two different situation to give the best 

possible combination of parameters with atmost 88% success rate. Moreover, the study indicates 

that the two datasets are structurally different. The technique suggested here is expected to work 

in any other domain too. It is found that the method works with better accuracy than the existing 

ones so far the atmospheric parameters are concerned. 

 

 

INTRODUCTION 

Pre  monsoon  thunder  squalls/  Nor’westers  are 

one of the most important  events that occupy 

a major  portion  in  the  pre-monsoon  weather  

system over Eastern India. Contribution of 

different meteorological parameter like 

temperature, pressure, humidity, etc are the most 

important variables which play a significant role 

for the development of the Pre monsoon thunder 

squalls/ Nor’weasters. Although other factors 

can also be taken in to consideration for the ideal 

situation and actual time and place of occurrence 

of all these thunder squalls during the hot 

weather period of Summer season( mainly within  

the  optimum  period  of  March  to  May) , every 

year, in most cases, over the region of  Eastern  

and  North-Eastern  states.  Normally these  Pre  

monsoon  Thunder  squalls/ Nor’weasters  are  

very  much  violent  and destructive in nature and 

appear suddenly in form of dark big clouds with 

sudden   rise   in   wind   speed   associated   with 

frequent lightning and thunder. Meteorological   

Scientist   on   previous   occasions have  

contributed   their  valuable   ideas   and thoughts 

involving the phenomena by their  contributions 

at different times. However, for forecasting   the   

occurrence   of   Pre   monsoon thunder squalls/ 

Nor’weaster, some times it is necessary  to know 

the favorable conditions  and mechanism of 

these phenomena. 

Expert  forecasters  use  well-developed 

subjective  techniques   for  weather  

prediction. They improve their accuracy and 

skill over time by learning through experiences. 

Over the years   forecasters    have a huge 

collection of dataset  and products.  So, they 

can use,  intelligent  system  approaches  for 

data  analysis, interpretation,   verification etc.  

Fuzzy  logic  is  one  of  such  intelligent  or 

expert systems, the goal of which is to 

perform at the level of a human expert by 

leveraging knowledge and experience gained 

over time. Ghosh et al.  have applied Fuzzy 

multivariate membership function using forward 

selection rule to the data   set   of   three   years   

to   identify   significant parameters   for   the   

occurrence   of   pre-monsoon thunderstorms  

(TS)  at  Kolkata  (22.53ºN,  88.33ºE). The 

present work aims at the reduction of 

parameters using some objective method as 

well as  to  predict  the  convective  

development  during pre-monsoon season at 

Kolkata utilizing radiosonde data of 15 years. In 

fact, many researchers in different situations 

have used these multivariate techniques. The 

principal component analysis (PCA) technique 

was applied by previous workers to identify the 

significant parameters for the occurrence of pre-

monsoon thunderstorms (TS) in Kolkata. They 

showed how the linear discriminant analysis 
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(LDA) technique alone as well as in conjunction 

with PCA can be successfully applied for the 

purpose (Ghosh et al. 1999, 2004; Chatterjee et 

al., 2009 )1 . Also a comparative study was 

performed between the existing multivariate 

technique, the linear discriminant analysis and a 

technique based on fuzzy membership roster 

method (Chatterjee et al., 2011)2. Eigenvector 

methods have been applied to study the 

principal  anomaly  patterns  of  winter  

temperature3. The principal components 

derived  from a  500  hPa height data set had 

been linearly transformed to interpret spatial 

patterns4-5. The principal components based on 

covariance matrix and correlation matrix for a 

given data set of cyclone frequencies have been 

compared6. Cluster analysis and linear 

discriminant analysis (LDA) have been utilized 

to describe a multivariate  statistical  model  for  

forecasting anomalies  of  surface  pressure  

present  over  Europe and North Atlantic7. A 

comparative study of rotated and unrotated PCA 

has been performed8. A composite empirical 

orthogonal function (EOF) analysis of the 

monthly sea surface temperature variations and 

those of precipitation in the tropical Pacific 

Ocean region was performed9. Multiple linear 

regressions was compared with LDA for 

making hind casts and real time forecasts of 

north-east Brazil wet season rainfall using sea 

surface temperature10. Though a number of 

attempts were made to establish empirical 

models for the prediction of atmospheric 

stability11-12, the work done on Kano is 

perhaps the first successful attempt for tropical 

region13. Some statistical forecast models, 

based on logistic regression, have been reported 

in the literature. While, in one case, six variables 

were selected from 27 variables by constructing 

correlation matrix14,  in  the  other  case,  

variable  reduction  was done using forward and 

backward selection procedures15.  In  India,  a  

number  of  attempts  have been made to 

describe occurrence of rainfall by two states 

Markov-chain16-19. Another attempt has been 

made to predict the occurrence of CD at Dhaka 

(Bangladesh) in terms of stability indices20. 

Complex empirical orthogonal function was 

used to determine vertical   wind   profiles   over   

the   Indian   Ocean21. Another  study  has  

produced  a  computational algorithm for one-

dimensional cyclostationary empirical 

orthogonal functions and examined their 

properties22. A low order barotropic EOF 

model has also been reformulated23. 

Convective developments are strongly favoured 

by convective instability, abundant moisture at 

lower levels, strong wind shear, and a dynamical 

lifting mechanism that can release the 

instability24. Not only that, the vertical shear of 

the environmental winds has to match the value 

of the convective instability for proper 

development of a large convective cloud25. It 

has been emphasized that the presence of 

conditional instability is an essential criterion 

for supporting electrification and lightning26. 

Apart from the parameters  mentioned,  two  

more  parameters,  viz. (ᶿes -ᶿe)  and  (P-PLCL)  

have  been  included  in  the present study, 

where, ᶿes and ᶿe, denote the saturated 

equivalent potential temperature and equivalent 

potential temperature, respectively; P, is a level 

pressure;  and  PLCL,  is  the  pressure  at  the 

corresponding lifting condensation level. 

The thermodynamic parameter (ᶿes -ᶿe) was 

originally introduced by Betts as a measure of 

the unsaturation of the atmosphere27. PLCL for 

the surface parcel was considered as the cloud 

base and hence, (P-PLCL) has been taken as a 

forcing factor for the saturation of a parcel28. 

 

2 Data 
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The   number   of   convective   development)   

and fair  weather  (FW)  days  linked  with  the  

morning and  evening  radio  sonde / rawin 

sonde (RS/RW) observations are presented in 

Tables 1 and 2. These  data  are  used  for  the  

construction  of  discriminant functions. Any 

convective development occurring within  the  

next  12  hrs  of  the  morning  RS/RW 

observation taken at 0000 hrs GMT (0530 hrs 

IST) is considered as CD related with morning 

RS/RW, otherwise it is FW related with the 

same RS/RW. A similar     consideration     for     

evening     RS/RW observation taken at 1200 

hrs GMT is utilized for the classification  of  CD  

or  FW  linked  with  evening 

RS/RW. On many occasions, the data either at 

one or more of the significant levels, i.e. 1000, 

850, 700, 600 and  500  hPa  were  not  

available.  Naturally, those occasions  could  not  

be  taken  into  consideration. 

These limitations have greatly reduced the data 

size. The linear discriminant functions (morning 

and evening) for forecasting the convective 

development at Kolkata have been constructed 

utilizing all the available radiosonde data of 12 

years (1985-1996) and for the validation of 

these functions, the radiosonde data of 3 years 

(1997-1999) have been used. 

 

3 METHODOLOGY 

 

The study is performed separately for morning 

and evening, as two radio soundings are 

available in a day. The atmospheric layer ( 

1000-500)h Pa is subdivided into the following 

four layers : - (1000-850)h Pa, (850-700)h Pa, 

(700-600)h Pa and (600-500)h Pa. A day 

associated with a sub layer is considered as a 

vector containing at most five components, 

among which the first two components represent 

two thermodynamic parameters and the 

remaining three are the dynamic parameters. 

The category or pattern of an unknown day is 

predicted for next 12 hours from the time of 

observations depending on its degree of 

compatibility with the sets of days of two 

known categories or standard patterns ( i.e. 

convective development and fair-weather). The 

study is performed separately for morning and 

evening. The sets of days of known categories 

are termed as fuzzy sets as the two sets have 

overlapping area so far the quantified values of 

the dynamic parameters like conditional 

instability, convective instability and vertical 

shear are concerned. 

 

Forward selection 

The simplest data-driven model building 

approach is called forward selection. In this 

approach, one adds variables to the model one at 

a time. At each step, each variable that is not 

already in the model is tested for inclusion in the 

model. The most significant of these variables is 

added to the model, so long as it's P-value is 

below some pre-set level. Thus we begin with a 

model including the variable that is most 

significant in the initial analysis, and continue 

adding variables until none of remaining 

variables are "significant" when added to the 

model.  We have only verified the result for the 

layer (1000-850)h Pa. There are five parameters.  

A product form is taken to construct the 

multivariate membership function. Since the 

parameters have different units so they are made 

dimensionless before taking the product. To 

develop the technique no software package or 

fuzzy toolbox is used. The program for the study 

is developed by the authors themselves. Since 

some of the parameters are found to follow 

Gaussian distribution and usually the physical 

parameters are assumed to be Gaussian or quasi 

Gaussian in nature, for each parameter, the 
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Gaussian membership function has been chosen 

to construct the one dimensional or univariate 

degree of compatibility. Gaussian membership 

functions are continuously differentiable as well 

as parameterizable. Gaussian membership 

functions are factorizable. Hence, we may 

synthesize a multi dimensional or multivariate 

degree of compatibility as the product of one 

dimensional or univariate degree of 

compatibility. 

The graph of the membership grade values 

against the variables also suggests Gaussian 

nature of the membership function. The graph 

given below is an example of the relation 

between the values of the variables and their 

corresponding membership grade values. 

 

 

 

Let us consider two groups X and Y, where X 

consists of the parameters of FW situations and 

the elements of Y are the parameters 

representing the situations of CD.Let us suppose 

that there are k parameters, Ui (i = 1 to k) on 

which we have the following two sets of 

observations: 

X = [Xij] (i = 1 to k, j = 1 to m) and 

 Y = [Yij] (i = 1 to k, j = 1 to n). 

In the present study, Ui ( i = 1 to 5 ) denote the 

above mentioned 5 parameters, Xij denotes the 

value of the ith  parameter on jth  FW day and 

Yij gives the value of the ith  parameter on jth 

CD day. 

The work has been performed with k = 5, m = 

the number of FW days, which is 280 for 

morning and 201 for evening and n = the 

number of CD days, which is 123 for morning 

and 165 for evening. X and Y are termed as 

fuzzy sets since it is difficult to identify sharp 

boundaries between these two sets so far the 

parameters, viz., convective instability, 

conditional instability and vertical shear are 

concerned. Then the degrees of compatibility of 

a parameter, Ui (i=1 to 5) with the standard 

pattern classes, Y and X are computed by 

AY(Ui) and AX(Ui), again AY(U) and AX(U) 

are the product of the uni variates respectively.  

If, now, an unknown pattern or a day, say U = 

(U1,U2, …, U5) is given, where Ui is the 

measurement associated with the ith parameter 

of the pattern, then the degrees of compatibility 

of U with the standard patterns, Y and X, 

denoted by AY(U) and AX(U) respectively, are 

computed. Next, an unknown pattern or a day, U 

is classified by the larger value of AY(U) or 

AX(U), i.e. if AY(U) > AX(U), then there is a 

possibility for U to be more of the pattern Y 

than of the pattern X for next 12 hours. Hence it 

may be predicted that U is possibly a day with 

convective development for next 12 hours (Klir 

and Yuan, 2002)27. Here, the number of days of 

unknown category involved in the validation is 

44 for MCD, 84 for MFW, 53 for ECD and 65 

for EFW. It is worth mentioning in this context 

that there is no sound principle yet for guiding 

the choice of membership function or degree of 

compatibility. 
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1 EC

D 

53 1 29 54.7

2 

 EF

W 

65 4 40 61.5

4 

 MF

W 

84 3 45 53.5

7 

 MC

D 

44 3 24 54.5

5 

2 EC

D 

53 1,3 45 84.9

1 

 EF

W 

65 4,3 55 84.6

2 

 MF

W 

84 3,4 64 76.1

9 

 MC

D 

44 3,5 34 77.2

7 

3 EC

D 

53 1,3,2 42 79.2

5 

 EF

W 

65 4,3,1 56 87.6

9 

 MF

W 

84 3,4,1 73 86.9

1 

 MC

D 

44 3,5,4 36 81.8

2 

4 EC

D 

53 1,3,2,4 47 88.6

8 

 EF

W 

65 4,3,1,2 57 86.1

5 

 MF

W 

84 3,4,1,2 70 83.3

3 

 MC

D 

44 3,5,4,2 32 72.7

3 

5 EC

D 

53 1,3,2,4,

5 

44 83.0

2 

 EF

W 

65 4,3,1,2,

5 

57 87.6

9 

 MF

W 

84 3,4,1,2,

5 

74 86.9

1 

 MC

D 

44 3,5,4,2,

1 

39 88.6

4 
 

 

Thus we can see from the table, for the layer we 

have discussed here combination of all the 

parameters give the best result for Morning 

convective development, with a whopping 

88.64% correct result. Whereas for Evening 

convective development combination of 4 

parameters 1,2,3,4 gives a better result 

compared to the one with all 5 parameters, with 

again 88.68% correct result. 

CONCLUSION 

As any natural phenomenon is inherently 

complex and multivariate, its exact prediction is 

difficult. Not only that any natural phenomenon 

is obviously nonlinear in nature. Many attempts 

for pre-monsoon weather forecasting of 

Kolkata(22.53ºN,88.33ºE),India, have been tried 

by previous workers. But it is worth mentioning 

that this method works with better accuracy than 

the existing ones. 

We have applied this rule to two datasets 

(morning and evening) of different situation 

(convective development and fair weather). The 
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study reveals that the rule can classify the 

situation with atmost 88% success rate. 

Moreover, the study indicates that the two 

datasets are structurally different. The study 

reveals that the technique used in the present 

analysis, are efficient for forecasting pre-

monsoon weather of Kolkata, India.It might be 

preferable to the field forecasters as it will 

reduce the number of parameters.   

The technique suggested here is expected to 

work in any other domain too. 
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Abstract: The interest of coumarins as antioxidant agents has attracted much attention in recent 

years. A quantitative structure-activity relationship (QSAR) study of the DPPH• (2,2-diphenyl-l-

picrylhydrazyl) radical scavenging ability of chemical compounds, based on the 0-3D DRAGON 

molecular descriptors and an artificial neural networks (ANN) technique was developed. The 

built mathematical model showed a correlation coefficient for the training set (R2) = 0.71, an 

external correlation coefficient (𝑄𝑒𝑥𝑡
2 ) = 0.65 and it was used to predict the antioxidant activity 

of 4-hydroxycoumarin derivatives. Besides, an experimental in vitro assay was developed for the 

reference compound of this group (4-hydroxycoumarin) and the results obtained confirmed the 

predictions made by the ANN. 
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The development of antioxidant agents has 

attracted much attention in recent years, because 

oxidative damage is related to many pathological 

conditions [1]. Several coumarin derivatives 

have been studied for their biochemical and 

pharmacological profiles. Some studies suggest 

that these compounds may significantly affect 

the function of various mammalian cellular 

systems. Specifically their antioxidant effect has 

been explored, because the structural features of 

this group of compounds suggest that they can 

probably exhibit this pharmacologic property [2-

4]. The antioxidant capacity can be 

experimentally measured by several in vitro 

assays. One of the best-known method is the one 

based on the capturing of the DPPH• radical 

[5,6]. 

Chemoinformatics tools have been used in the 

modeling of the antiradical activity, as well as 

others biological properties, given their 

advantages in saving time and resources [7,8]. 

Several statistical and machine learning methods 

have been widely used in the literature to build 

models for studying Quantitative Structure 

Activity Relationships (QSAR). The QSAR 

studies assess mathematical associations between 

structural features of the molecules and 

biological properties. For the last two decades, 

Artificial Neural Networks (ANN) have 

increasingly found applicability in QSAR 

studies, thanks to their ability to map non-linear 

relations between structural characteristics of 

chemical compounds and their chemical / 

biological behavior [9]. 

The objective of this study was to develop an 

ANN model in order to relate the chemical 

compounds’ scavenging ability of the DPPH• 

radical with the corresponding structural 

features, also known as molecular descriptors 

(MDs). Then, an experiment to predict the 

antioxidant activity of a group of coumarin 

derivatives was performed. The coumarin-related 

compounds used as models in this study; were 

previously synthesized by the team of Molecular 

Chemistry at Cnam, Paris. 

2. Results and Discussion 

2.1. Modeling: The mathematical Multilayer 

Perceptron (MLP) neural model was constructed 

using DPPH• scavenging capacity of 1329 

compounds reported in the literature. This model 

showed a correlation coefficient (𝑹𝟐)  for the 

training set of 0.71. The predictive ability of the 

model was assessed using the external validation 

procedure, yielding a correlation coefficient 

(𝑸𝒆𝒙𝒕
𝟐 ) of 0.65. Both values are above the limits 

established for model acceptance [10], and thus 

indicate the fitness and predictive power of the 

obtained ANN model. 

2.2. Prediction: Recent advances in drug 

discovery have enabled a dramatic increase in the 

number of synthetic and naturally occurring 

molecules that are available for testing using in 

vitro assays as the scavenging ability of the 

DPPH• radical. Virtual screening allows for prior 

assessment of the potential bioactivity of 

chemical compounds, and thus providing key 

guidelines in posterior experimental work [11]. 

In this study, the MLP model obtained was used 

to predict DPPH• scavenging capacity of 

coumarin derivatives which were divided into 2 

groups, following their structural analogy in 

function of the posterior analysis of their activity. 

-Group1: cyclocoumarol analogous (Cy-

analogs) 

-Group2:  warfarine analogous (Wf-analogs). 

The results of the predictions for both groups are 

shown in Table 1. Group1 (compounds 1-7) and 

Group2 (compounds 8-15) have significantly 

different values of pIC50 as it can be noticed. Cy-

analogs clearly seems to be less effective in 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section B), pages 1-6, Proceedings  3 

http://sciforum.net/conference/mol2net-1 

 

 

DPPH• radical capturing, because their values of 

pIC50 are highest (around 4). On the other hand, 

the pIC50 Wf-analog values are under 3.3. In the 

case of 4-hydroxycoumarin (number 15) the 

pIC50 value obtained was of 3.4. These results 

indicate the superior ability of the compounds 

Group2 for scavenging the DPPH• radical. To 

justify the observed trends, a more detailed 

analysis of the structural characteristics is 

required. Firstly, the presence of a free hydroxyl 

group in Wf-analogs may probably favor the 

higher antioxidant activity of this group. In fact, 

several research studies have pointed hydroxyl 

groups as key for antiradical capacity and 

consequently, antioxidant activity [8, 12-15]. The 

hydroxyl group is present in the most frequently 

used reference compounds like: trolox, gallic 

acid or butylated hydroxytoluene (BHT). 

2.3. In vitro Assay: The results obtained with in 

silico modeling were corroborated by an in vitro 

study of DPPH• scavenging capacity for the 

reference compound, 4-hydroxycoumarin. 

Selecting this compound was specifically based 

on the prediction results obtained because, 

according to the model, this molecule has an 

intermediate pIC50 value. The experimental result 

of the in vitro assay can provide a comparison 

criterion for evaluating the neural model and its 

predictions. 

The experimental in vitro pIC50 value (2.7) 

obtained according to the method described 

below for 4-hydroxycoumarin is to be compared 

with the prediction value 3.4 given by the model. 

This result is positive, because the neural model 

as well as the in vitro assay are in the scale of 

high activity according to the statistical range 

established by the built Data and also compared 

to the value obtained experimentally for BHT 

(2.10) use as reference. 

It may thus be suggested that the 4-

hydroxycoumarin possesses significant radical 

scavenging ability, and therefore it can be 

considered as a candidate for antioxidant agent; 

although more analyses are necessary to ensure 

that. 

The results obtained in the in vitro assay 

confirmed the predicting power of designed 

ANN model, and consequently its applicability in 

the search for new antioxidant compounds. An in 

vitro study of antioxidant activity of warfarine 

analogues is currently underway. 

 

 

. 

Table 1. Predictions of the pIC50 values. 

No 3D Structures IUPAC name Predicted pIC50 

1 
 

4-(4-(trifluoromethyl)phenyl)-3,4-dihydro-2-methoxy-2-

methylpyrano[3,2-c]chromen-5(2H)-one 

3,881001 

2 
 

3,4-dihydro-2-methoxy-2-methyl-4-(4-nitrophenyl)pyrano[3,2-

c]chromen-5(2H)-one 

3,951100 

3 
 

3,4-dihydro-2-methoxy-4-(4-methoxyphenyl)-2-

methylpyrano[3,2-c]chromen-5(2H)-one 

3,829745 

4 
 

3,4-dihydro-2-methoxy-2-methyl-4-phenylpyrano[3,2-

c]chromen-5(2H)-one 

3,943571 
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5 
 

3,4-dihydro-2-methoxy-2-methyl-4-p-tolylpyrano[3,2-

c]chromen-5(2H)-one 

3,946035 

6 

 

4-(4-fluorophenyl)-3,4-dihydro-2-methoxy-2-methylpyrano[3,2-

c]chromen-5(2H)-one 

3,959642 

7 

 

4-(4-tert-butylphenyl)-3,4-dihydro-2-methoxy-2-

methylpyrano[3,2-c]chromen-5(2H)-one 

3,902871 

8 

 
4-hydroxy-3-(3-oxo-1-phenylbutyl)-2H-chromen-2-one 3,282264 

9 

 

4-hydroxy-3-(1-(4-methoxyphenyl)-3-oxobutyl)-2H-chromen-2-

one 
3,253075 

10 

 

3-(1-(4-(trifluoromethyl)phenyl)-3-oxobutyl)-4-hydroxy-2H-

chromen-2-one 
3,253213 

11 

 
4-hydroxy-3-(1-(4-nitrophenyl)-3-oxobutyl)-2H-chromen-2-one 3,281052 

12 

 
4-hydroxy-3-(3-oxo-1-p-tolylbutyl)-2H-chromen-2-one 3,283764 

13 

 

3-(1-(4-fluorophenyl)-3-oxobutyl)-4-hydroxy-2H-chromen-2-

one 
3,293596 

14 

 

3-(1-(4-tert-butylphenyl)-3-oxobutyl)-4-hydroxy-2H-chromen-2-

one 
3,269560 

15 
 

4-hydroxy-2H-chromen-2-one 3,365531 

3. Materials and Methods 

Data: Experimental results of the scavenging 

ability of the DPPH• radical (expressed as IC50) 

for 1329 molecules extracted over 170 scientific 

reports in the literature; thus yielding a 

comprehensive and diverse database of 

compounds for the mathematical analysis. All the 

structures were optimized using CORINA 

software. The response variable values (IC50) 

were transformed to their corresponding pIC50 

values. 

Molecular Descriptors: The parameterization of 

the structures was performed using 3224 

molecular descriptors implemented in the 

DRAGON software. A wrapper based variable 

selection procedure was used to obtain a subset 

of 14 variables for the ANN building: MATS2e, 

BELe6, HATS3u, H2v, R7v, nN-N, nImidazoles, 

C-005, C-020, O-057, O-060, GVWAI-50, B02 

[O-S] and B07 [O-S]*. 

Development of ANN model: The QSAR model 

was develop using as chemometric tool a 

Multilayer Perceptron Neural Network 

implemented in STATISTICA 8.0 software. For 

the modeling, a Broyden-Fletcher-Goldfarb-

Shanno training algorithm was used as the 

optimization method. The following network 

architecture was established: fourteen inputs; 

eight neurons in hidden layer and one output.  

Predictions: The coumarin derivatives were 

optimized following the same configuration 

previously used and the corresponding MD 

computed.  
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*To see the description about each variable, please consult the Handbook of Molecular Descriptors 

In vitro DPPH• assay: The free radical 

scavenging activity of the 4-hydroxycoumarin 

was measured using the stable DPPH• radical, 

according to Blois ś method [16]. Briefly,        

0.1 mM solution of DPPH• in methanol was 

prepared and this solution (1 mL) was added to a 

sample solution in methanol (3 mL) at different 

concentrations (150–750 µg/mL). The mixture 

was shaken vigorously and left to stand for 30 

min in the dark, and the absorbance was then 

measured at 517 nm. BHT was use for 

comparison. The procedure was triplicate to 

ensure the results. The capability to scavenge the 

DPPH• radical was expressed as IC50 

(concentration of antioxidant that produces 50% 

of absorbance inhibition). 

4. Conclusions 

The scavenging capacity of the DPPH• radical is one of the most extended method to evaluate the in 

vitro antiradical activity. An MLP neural network was constructed to relate the structure of 1329 

molecules and their antiradical activity. The obtained model showed adequate fitness and a good 

predictive power and was thus used to predict the antioxidant activity of 15 coumarin derivatives. The 

in silico predictions were further corroborated by an in vitro assay for one of the molecules considered 

as the reference for this set of compounds, and the obtained IC50 value was similar to the value 

predicted by the MLP model. 
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Abstract: Friedel-Crafts alkylation is one of the most important methods used in organic 

chemistry to create carbon-carbon bonds. The traditional conditions using alkyl halides activated 

by a Lewis or Brønsted acid have been widely described in the literature. Nevertheless, the 

Friedel-Crafts reaction using aldehydes or ketones as substrates, known as hydroxyalkylation, 

has been poorly described. The development of regioselective Friedel-Crafts conditions is a 

challenge in organic synthesis. The growing interest in developing “metal and solvent free" 

reactions justifies the particular attention that the Brønsted acids have received as an alternative 

to toxic and precious metals. During the last years, triarylmethanes attract considerable attention 

due to their applications in fine, medicinal and industrial chemistry. They have been used as 

protecting groups, dyes or photochromic agents. They also exhibit interesting biological 

properties including anti-tumor and antioxidant activities. Different methods of preparation of 

symmetrical triarylmethanes have been described in the literature, nonetheless the synthesis of 

unsymmetrical ones has been very little explored. In this work we describe an efficient 

regioselective method to prepare unsymmetrical triarylmethanes from enriched aromatic 

compounds, via a Friedel-Crafts hydroxyalkylation catalyzed by Brønsted acids using 

pyridylarylcarbinols as alkylating agents. The method described here is consistent with the 

principles of green chemistry and has significant advantages, such as the use of an inexpensive 

catalyst and mild conditions. This regioselective method offers good yields, shorter reaction 

times and a possible extension to various substrates. 

 

Keywords: regioselective hydroxyalkylation; triarylmethanes, Friedel-Crafts reaction 
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1. Introduction 

In recent years triarylmethanes (TAMs) have 

received considerable attention from scientific 

community due to their numerous applications. 

In chemical industry they have been used as 

leuco dyes, photochromic agents, protective 

groups in organic synthesis or building blocks 

for generating dendrimers .They have been 

used in food industry, in textile industry, as 

well as antifungal agents and parasiticides in 

the fish farm industry. [1-4] Recent studies 

have shown a widespread application of TAMs 

in therapeutics due to their several biological 

activities such as antiviral, antitumor, 

antitubercular, antifungal, anticancer and anti-

inflammatory agents [5-7].  

The synthesis of unsymmetric TAMs is less 

described in the literature because it generally 

leads to low yields and to the formation of 

byproducts principally due to lack of 

regioselectivity. As a result, the development of 

new approaches to synthesize unsymmetrical 

TAMs in simpler, efficient, regioselective and 

environmentally friendly ways is a real 

challenge.  

The most common method for preparing 

unsymmetrical TAMs is a Friedel-Crafts 

hydroxyalkylation from the corresponding 

carbinols. Unsymmetrical TAMs bearing 

electrowithdrawing groups have been also 

prepared via the formation of 

alkylbenzotriazoles. [8-11]. Finally, coupling 

reactions using metal catalysts (Pd, Cu…), or 

Friedel-Crafts reactions using sulfone or α-

amidosulfones have been also reported [12-14].   

In this work we described the regioselective 

synthesis of unsymmetrical triaylmethanes via a 

Friedel-Crafts hydroxyalkyalation from the 

corresponding functionalized carbinols and 

activated aromatic compounds using a Brønsted 

acid as catalytic system. The scope of this 

method is also noted herein. 

.

2. Results and Discussion 

As part of our studies involving the synthesis of 

bioactive compounds structurally related with a 

triarylmethane skeleton, we have recently 

focused our attention on the synthesis of 

unsymmetrical TAMs with interesting anti-

inflammatory properties. We were particularly 

interested in the synthesis of the p-p 

regioisomers derived from 

pyridinophenylcarbinols and phenol. In our 

preliminary studies we noticed that a major 

regioisomer could be obtained according to the 

amounts of catalyst used. These results 

encouraged us to develop an efficient and 

regioselective method to prepare 

unsymmetrical TAMs via a Friedel-Crafts 

hydroxyalkylation. To carry out this study we 

selected the (4-tert-butyl-phenyl) pyridine-2-yl-

methanol 1 as a model. Each assay was carried 

out on a scale of 0.4 mmol with 1.2 equivalents 

of phenol using sulfuric acid as catalyst. The 

reactions were monitored by thin layer 

chromatography (TLC). Finally, the influence 

of solvent, temperature and the amount of 

catalyst was studied in details. 

2.1 Screening of solvents 

We decided to use either benzene, toluene, 1,2-

dichloroethane or nitrobenzene as solvent. The 

first experiments were carried out at 80 °C with 

4 to 20 equivalents of sulfuric acid. In benzene 

and toluene with 4 equivalents of sulfuric acid 

the p-p TAM is obtained as a major 

regioisomer, with a yield not exceeding 45%. In 

addition, these aromatic solvents may compete 

with phenol, thereby favoring the formation of 

byproducts.  
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In 1,2-dichloroethane, the same trend was 

observed, i.e. the formation of a major o-p 

regioisomer using 20 equivalents of sulfuric 

acid and the formation of a major p-p 

regioisomer using 4 equivalents of sulfuric 

acid. Nonetheless o-p and p-p regioisomers 

were obtained with modest yields of 46% and 

35% respectively.  

The best results were obtained when 

nitrobenzene was used. It allowed short 

reaction times, homogeneous reaction medium 

and it did not react with the corresponding 

carbinol thus limiting the formation of by-

products. Moreover a very good 

regioselectivity was observed, with total 

conversion and good yields (98% o-p 

regioisomer with 20 equivalents of sulfuric acid 

and 72% p-p regioisomer with 4 equivalents of 

sulfuric acid). However it can be noticed that 

the high boiling point of nitrobenzene (bp = 

210 ° C) prevents its removal by distillation and 

flash chromatography must be used in the 

purification step. Taking into account these 

arguments the nitrobenzene has been selected 

for further studies.  

2.2 Screening of temperature 

The temperature screening was carried out in 

nitrobenzene, with 4 or 20 sulfuric acid 

equivalents. We studied the reaction at 80 ° C, 

20 ° C and 0 ° C (Table 1). At 80 °C with 20 

equivalents of sulfuric acid only the o-p 

regioisomer is obtained with 98% yield after 

purification by flash chromatography on silica 

gel. On the other hand at 80 °C and using 4 

equivalents of sulfuric acid the p-p regioisomer 

is principally obtained with 72% yield.  

The same conditions were evaluated at 20 °C. 

In such conditions when 20 equivalents of 

catalyst were used the p-p regioisomer was 

obtained as the major compound in 5 min with 

71% yield. On the other hand the use of 4 

equivalents of acid at 20°C reduces the reaction 

time. After 48 h, p-p regioisomer and the o-p 

regioisomer were obtained with yields of 66% 

and 3% respectively.  

At 0 ° C, the reaction was only carried out with 

20 equivalents of sulfuric acid. Under these 

conditions, the p-p regioisomer 3 is mainly 

obtained after 15 min with a good yield of 78%. 

To summarize, the temperature plays an 

important role in the regioselectivity of the 

Friedel and Crafts hydroxyalkylation when 20 

equivalents of acid are used. By eating at 80 °C 

the o-p regioisomer 4 is obtained with a yield of 

98%. At room temperature or at 0 ° C the p-p 

regioisomer is isolated with respective yields of 

72% and 78%. 

These results suggest that p-p regioisomer 

would be the kinetic compound since it is 

obtained at low temperature and o-p 

regioisomer obtained at 80 °C would be the 

thermodynamic compound. This can be 

justified by assuming that hydrogen bonds may 

be formed between the pyridine nitrogen and 

the hydroxyl function of the phenol, leading to 

better stability of the molecule (Figure 2). 

2.3 Screening of amounts of catalyst 

To focus on the influence of the amount of 

catalyst, we studied this reaction using 0.02; 2; 

4; 5 and 20 equivalents of sulfuric acid. In the 

literature, the synthesis of TAMs is reported 

using a catalytic amount of acid. [15-18]. In our 

study when 0.02 or 2 equivalents of acid were 

used, the reaction did not occur. This could be 

explained by the protonation of the pyridine 

carbinol in acidic media. Theoretically almost 2 

acid equivalents of acid should be enough. 

However, 4 equivalents of sulfuric acid are 

required to completely consume the 

corresponding carbinol. The p-p regioisomer 3 

is predominantly isolated using 4 equivalents of 

sulfuric acid however at 20 ° C the reaction is 
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rather slow in comparison with the reaction 

carried out at 80 ° C (5 min). The use of 20 

equivalents of acid affords exclusively the o-p 

regioisomer with an excellent yield of 98%.  

In conclusion, we outline the regioselective 

conditions for the Friedel-Crafts 

hydroxyalkylation between phenol and the 

carbinol 1. The best conditions use 

nitrobenzene as solvent and 80 °C. The amount 

of sulfuric acid influences the formation of the 

corresponding regioisomers. 

The best conditions for synthesizing the p-p 

regioisomer are: 4 equivalents of sulfuric acid 

in 5 min at 80 ° C. 20 equivalents of sulfuric 

acid at 80 °C lead to the o-p regioisomer in 5 

min.  

A study on different functionalized carbinols 

and activated aromatic compounds is currently 

underway.  

 

Figure 1. Reaction between (4-tert-butyl-phenyl) -pyridin-2-yl-methanol and phenol. 

N

OH

OH

N

OH

N

OH

+
Solvent, 80 癈 +

4 ou 20 eq.  H2SO4

1 2
3 4

 

Table 1. Results obtained at different temperatures 

 

T °C eq  

H2SO4 

 time 

 

yield*%  

p-p 1 

yield* %  

o-p 2 

80 
20 5 min 0 98 

4 5 min 72 10 

20 

20 5 min  72 3 

4 
48 h 66 3 

5 h  58 3 

0 20 15 min 78 2 

 * After purification by silica gel chromatography 

 

Figure 2. Stabilization by establishing a hydrogen bond between the hydroxyl group and 

the nitrogen atom of pyridine 
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Scheme 1 : Selected conditions for the best regioselectivity 

 

H
2
SO

4

4 eq 20 eq

80 °C

p-p regioisomer (72%)
5 min

o-p regioisomer (10%)

o-p regioisomer (98%)

 

3. Materials and Methods 

All reagents were obtained from commercial 

sources unless otherwise noted, and used as 

received. Heated experiments were conducted 

using thermostatically controlled oil baths and 

were performed under an atmosphere oxygen-

free in oven-dried glassware. All reactions were 

monitored by analytical thin layer 

chromatography (TLC) or by Gas 

chromatography-Mass spectrometry (GC-MS). 

TLC was performed on aluminium sheets 

precoated silica gel plates (60 F254, Merck). 

TLC plates were visualized using irradiation 

with light at 254 nm or in an iodine chamber as 

appropriate. Flash column chromatography was 

carried out when necessary using silica gel 60 

(particle size 0.040-0.063 mm, Merck). All 

synthesized compounds were characterized by 

NMR, IR, MS data and by the TLC behavior.  

 

General Procedure for the synthesis of 

carbinols 

To a solution of 2-bromopyridine (1 eq.) in 

anhydrous THF at -78 ° C, was added a 

solution of i-propylmagnesium chloride 1M. 

After 2 h at room temperature the 

corresponding aldehyde (1.03 eq.) was added 

dropwise. After stirring for 20 hours at room 

temperature, the mixture was hydrolysed with 

distilled water and then extracted with 

dichloromethane. The organic phases were 

dried over anhydrous Na2SO4, filtered and 

concentrated to give an oil which crystallized 

when cold. The precipitated product was 

filtered and rinsed with CyHex/EtOAc mixture 

and dried. If necessary product was purified by 

flash chromatography on silica gel. 

General procedure for the synthesis of o-p 

regioisomers 

To a solution of the corresponding carbinol (1 

eq.) and phenol (1.2 eq.) in nitrobenzene (0.4 

M) was added dropwise concentrated sulfuric 

acid (20 eq.). After 5 min at 80 ° C, the reaction 

medium was cooled to ambient temperature and 

then neutralized with a saturated solution of 

NaHCO3 until pH 7, then extracted with 

EtOAc. The combined organic phases were 

dried over anhydrous Na2SO4, filtered and 

concentrated. The crude product was purified 

by flash chromatography on silica gel. 

General procedure for the synthesis of o-p 

regioisomers 

To a solution of the corresponding carbinol (1 

eq.) and phenol (1.2 eq.) in nitrobenzene (0.4 

M) was poured dropwise concentrated sulfuric 

acid (4 eq.). After 5 min at 80 ° C the reaction 

mixture was cooled to room temperature and 

then neutralized by pouring slowly a saturated 

solution of NaHCO3 until pH 7-8, then 

extracted with EtOAc. The combined organic 

phases were dried over anhydrous Na2SO4, 

filtered and concentrated, filtered and 
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concentrated. The crude product was purified 

by flash chromatography on silica gel. 

. 

.

4. Conclusions 

The study of the regioselective Friedel-Crafts hydroxyalkylation between a functionalized carbinol 

and phenol was developed using a Brønsted acid as promoting system. The obtained results highlight 

an effective method to synthesize unsymmetrical triarylmethanes, regioselectively, under mild 

conditions with good yields. 
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Abstract: Drug resistance is a serious issue that compromises the efficacy of many drugs and 

antibiotics.  One mechanism underlying the development of resistance is the alternation in the 

target enzyme or receptor resulting in gradual silencing of the target to the effects of the ligands.  

Basak et al developed a method called differential QSAR (DiffQSAR) whereby test data of drugs 

on their effects on the sensitive and resistant targets are used to characterize the phenomenon of 

drug resistance using mathematical molecular descriptors.  This paper will summarize our research 

in this area. 
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1. Introduction  

 

Drug resistance is a phenomenon that is 

creating problems in the continuing clinical 

efficacy of drugs through the development of 

gradually declining potency of drugs.  To give just 

a couple of examples, resistance to drugs have 

developed for diseases like cancer [1], H5N1 

pandemic Bird Flu infection [2], and malaria [3].  

In the case of malaria, dihydrofolate reductase 

(DHFR) of Plasmodium falciparum (Pf) is an 

important target for antimalarial drug discovery 

because it catalyzes a critical step in the 

biochemical pathway of the parasite, viz., the 

reduction of dihydrofolate to tetrahydrofolate, 
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which has a critical role in the DNA synthesis of 

the parasite [3-5]. As a result, various modelling 

methods have been used in understanding the 

structural basis of the antimalarial activity of 

DHFR inhibitors [6]. 

 

Recently, Sivaprakasam et al. [7] carried out 

quantitative structure-activity relationship 

(QSAR) and docking studies of cycloguanil 

PfDHFR-TS inhibitors. 

 

The above indicates that fast screening of 

chemical databases for their activity against target 

macromolecules in Pf is essential for effective 

antimalarial drug discovery. This can be 

accomplished if the screening models are based 

on molecular descriptors which can be calculated 

fast and directly from the molecular structure 

without the input of any other experimental data.  

Therefore, we carried out a QSAR analysis of 58 

cycloguanil PfDHFR inhibitors using computed 

topological descriptors [8-16]. 

 

2 Results and Discussion 

 

Data on cycloguanil derivatives and mathematical 

descriptors were used to develop QSARs that can 

be used for the screening of chemicals.  . The 

results of statistical analysis showed that one 

compound, compound #22, in ref [7] was an 

influential outlier. The same conclusion was 

drawn from the QSAR studies of Sivaprakasam et 

al. [7].   Both topological indices (TIs) and TI plus 

atom pair (AP) combination give good QSARs for 

the binding affinity (Ki) of the cycloguanil 

derivatives.  Some improvement in model quality 

was observed after the addition of APs to the set 

of topological indices.  Of the three statistical 

methods used for modelling, viz., ridge regression 

(RR), partial least square (PLS) , and  principal 

components regression (PCR), RR outperformed 

the other two This is in line with our numerous 

previous observations with QSAR modelling of 

various property/bioactivity data.      

A total of 369 TIs were calculated using programs 

including POLLY, Triplet, and Molconn-Z.  

Atom pairs were calculated by APProbe [14]. A 

look at the top 20 descriptors extracted from the 

QSARs of the sensitive versus the resistant strains 

sorted by their t values show that only two 

descriptors, viz., AZV4 and ANV3, are common 

between the two models.  For details see [16]. 

 

Thus it can be said that the descriptor space 

created by the set of calculated mathematical 

descriptors can provide a subsets of descriptors 

which can differentiate the chemical-biological 

interactions between the sensitive versus the 

resistant forms of the drug target, PfDHFR. 

 

3. Materials and Methods 

 

For materials and methods of data collection and 

statistical analyses, see [16]. 

. 

.

 

4. Conclusions 

 

 

Using high dimensional structure space consisting of calculated topological indices and atom pairs, 

ridge regression was applied to develop QSARs for the sensitive and resistant forms of dihydrofolate 

reductase (DHFR) inhibitors of Plasmodium falciparum (Pf).  The top 20 descriptors extracted from the 

QSAR models developed by ridge regression showed that the subsets of non-overlapping descriptors are 

capable of characterizing the silencing of the target arising out of mutation in the genetic apparatus of 

the organism, Plasmodium falciparum (Pf).  It is expected that such research can be carried out with 
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other drug targets to characterize the molecular basis of resistance based on computed properties of the 

ligands involved in the interactions with biochemical targets. 
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Abstract: Surfactin A, a cyclic lipopeptide from Bacillus subtilis, exhibited a wide spectrum 

therapeutic profile. But it’s drug likeness has not been thoroughly assessed yet. Thus, the objective of 

the present work was to simulate it’s drug likeness by predicting the pharmacokinetic and toxicological 

profiling parameters. ADME profiling was carried out by using StarDrop. Integrated Derek Nexus with 

StarDrop was used for the toxicological prediction against 40 toxicological end points. Metabolism of 

Surfactin A was modelled with three isoforms of cytochrome P450: 3A4, 2D6 and 2C9; and composite 

site lability (CSL) was analyzed. Only the alkyl regions in Surfactin A were found to be moderately 

labile to metabolism, indicating their tendency to get oxidized and form dealkylated Surfactin A. 

Toxicological prediction suggested that Surfactin A is not carcinogenic, mutagenic, teratogenic, 

hepatotoxic, neurotoxic, nephrotoxic and even clean for rest of the toxicological end points. Good 

human intestinal absorption (HIA) and poor blood brain barrier (BBB) crossing ability were also 

predicted for Surfactin A.  

 

 

Keywords: Surfactin A; Cyclic Lipopeptide; ADMET; Drug Likeness; Bacillus subtilis 

 

1. Introduction 

Biosurfactants have potential industrial 

applications, for example, in digestion of 

persistent organic pollutants (POPs), as 

stabilizing agents in food processing and foam 

formation to name a few [1].  Bacillus subtilis 

yields a well known biosurfactant as secondary 

metabolite, Surfactin which exists in four 

isomeric forms viz. Surfactin A - D. 

Physiologically, it acts as anti-fibrin clotting 

agent, as an agent for cell lysis, anti-diabetic 
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adjuvant, anti-inflammatory agent etc [2-4]. But 

so far, its drug metabolism, pharmacokinetics 

and toxicological parameters have not be 

reported. In this study, we predict these features 

with the aid of computational tools. 

 

2. Results and Discussion 

Composite site lability of 0.9219 predicted the 

high rate of metabolism with 3A4 isoform of 

cytochrome P450 (Table 1). The CYP3A4 is the 

main isoform of P450 superfamily which resides 

majorly in the liver and is responsible for the 

metabolism of many drugs. Hence, the lability of 

surfactin with this isoform predicts the 

significant affinity. Interaction of surfactin A 

with CYP3A4 may increase/decrease its 

physiological effects which need to be assessed 

further. Amphiphillic nature of the surfactin A 

can be computed from its LogS and LogP values. 

Aliphatic elements like hydrocarbon side chain 

influence the hydrophobicity positively while the 

peptidal bonds have some negative influence on 

the hydrophobicity (Figure 1). Carboxyl group 

of aspartic acid and glutamic acid improved the 

solubility of surfactin A. Further, the tendency to 

get absorbed through human intestinal barrier 

and the inability to cross blood brain barrier 

makes it a potential candidate for oral and non-

CNS drug. 

Derek Nexus software predicted that the 

surfactin A doesn’t have any potential site which 

can cause toxicity against any of the 40 tested  

toxicological end points.   

 

Table 1. Drug Metabolism, Pharmacokinetics and Toxicological Profiling of Surfactin A, a cyclic 

lipopeptide. 

Parameters 

Surfactin 

A Parameters 

Surfactin 

A Parameters 

Surfactin 

A 

Composite Site Lability 

against CYP3A4 0.9219 

Mutagenicity in 

vitro No report 

Irritation (of the 

gastrointestinal 

tract) 

No 

report 

logS 2.459 

Mutagenicity in 

vivo No report 

Irritation (of the 

respiratory tract) 

No 

report 

logS @ pH7.4 2.903 

Photomutagenicit

y in vitro No report 

Irritation (of the 

skin) 

No 

report 

logP 3.11 

alpha-2-mu-

Globulin 

nephropathy No report Lachrymation 

No 

report 

logD 2.88 Anaphylaxis No report 

HERG channel 

inhibition in vitro 

No 

report 

2C9 pKi 4.858 

Bladder urothelial 

hyperplasia No report Hepatotoxicity 

No 

report 

hERG pIC50 1.794 Cardiotoxicity No report 

Genotoxicity in 

vitro 

No 

report 

BBB log([brain]:[blood]) -0.6902 Cerebral oedema No report 

Genotoxicity in 

vivo 

No 

report 

BBB category - Chloracne No report Photogenotoxicit No 
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y in vitro report 

HIA category + 

Cholinesterase 

inhibition No report 

Photogenotoxicit

y in vivo 

No 

report 

P-gp category yes 

Cumulative effect 

on white cell 

count and 

immunology No report 

Chromosome 

damage in vitro 

No 

report 

2D6 affinity category high 

Cyanide-type 

effects No report 

Chromosome 

damage in vivo 

No 

report 

PPB90 category high 

High acute 

toxicity No report 

Photo-induced 

chromosome 

damage in vitro 

No 

report 

Developmental tox. 

category Non-toxic 

Methaemoglobin

aemia No report Carcinogenicity 

No 

report 

Thyroid toxicity No report Nephrotoxicity No report 

Photocarcinogeni

city 

No 

report 

Photoallergenicity No report Neurotoxicity No report 

Pulmonary 

toxicity 

No 

report 

Skin sensitisation No report Oestrogenicity No report 

Uncoupler of 

oxidative 

phosphorylation 

No 

report 

Occupational asthma No report 

Peroxisome 

proliferation No report 

Irritation (of the 

eye) 

No 

report 

Respiratory 

sensitisation No report Phospholipidosis No report Testicular toxicity 

No 

report 

Developmental toxicity No report Phototoxicity No report Ocular toxicity 

No 

report 
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Figure 1. Responsible Structural Elements of Surfactin A. A: LogP and B: LogS @ pH 

7.4. Green section: Neutral Region; Red section: Positively Influencing Elements; Yellow 

Section: Intermediary Infleuncing Elements; Blue Section: Negatively Influencing 

Elements. 

3. Materials and Methods 

Drug Metabolism & Pharmacokinetics 

Drug metabolism and pharmacokinetics 

parameters were predicted using StarDrop 

(Optibrium Ltd., United Kingdom). Parameters 

studied were LogS, LogS@pH7.4, LogP, LogD, 

2C9 pKi, hERG pIC50, BBB Log ([brain]: 

[blood]), BBB category, HIA category, P-gp 

category, 2D6 affinity category, PPB90 category, 

developmental toxicological category and 

composite site lability of these molecules on 3A4 

isoform of cytochrome P450 [5-6]. 

 

Toxicological Studies 

 Derek Nexus module of LHASA Ltd. was used 

to calculate toxicological endpoints like 

carcinogenicity, photo-carcinogenicity, 

chromosome damage in vitro, chromosome 

damage in vivo, photo-induced chromosome 

damage in vitro, genotoxicity in vitro, 

genotoxicity in vivo, photogenotoxicity in vitro, 

photogenotoxicity in vivo, hepatotoxicity, 

irritation (of the eye), irritation (of the 

gastrointestinal tract), irritation (of the 

respiratory tract), irritation (of the skin), 

lachrymation, HERG channel inhibition in vitro, 

alpha-2-mu-globulin nephropathy, anaphylaxis, 

bladder urothelial hyperplasia, cardiotoxicity, 

cerebral oedema, chloracne, cholinesterase 

inhibition, cumulative effect on white cell count 

and immunology, cyanide-type effects, high 

acute toxicity, methaemoglobinaemia, 

nephrotoxicity, neurotoxicity, oestrogenicity, 

peroxisome proliferation, phospholipidosis, 

phototoxicity, pulmonary toxicity, uncoupler of 

oxidative phosphorylation, developmental 

toxicity, teratogenicity, testicular toxicity, ocular 

toxicity, mutagenicity in vitro, mutagenicity in 

vivo, photomutagenicity in vitro, thyroid 

toxicity, photoallergenicity, skin sensitization, 

occupational asthma and respiratory sensitization 

[5-6]. 

 

4. Conclusions 

In this study, prediction of the drug metabolism, pharmacokinetic, and toxicological parameters were 

investigated for the well known biosurfactant, Surfactin A produced by Bacillus subtilis.  

Computataional tools predicted Surfactin A as a molecule, which can be studied and explored further 

for lead optimization.   
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Abstract:  

 

A 75 year old man comes to the pharmacy to pick up the medications n prescribed after a 2 week 

hospitalization period due to a fall at his habitual residence, with the result of a broken femur. 

The patient lives in a nursing home where staff prepare his medication in customized dispensing 

systems. The unique new prescribed drug is paracetamol (1g) only if pain appears and with 

maximum dose of 3g per day. Tha patient daily consumes: 

 

    Mirtazapine 30 mg 

    Escitalopram 15 mg 

    Ketazolam 30 mg 

    Lorazepam 5 mg 

    Dutasteride 0.5 mg 

    Omeprazol 20 mg 

 

We note that for their anxious-depressive symptoms he consumes two benzodiazepines at higher 

than recommended dose for his age along with two antidepressants, one of which has high doses 

sedative effect (mirtazapine). We do not know how long he has been taken with all these drugs 

but it refers than more than four months. 

 

Because it is an retrospective evaluation we cannot establish a causal relationship of treatment 

with the fall, but we may suspect that the fall was triggered by an overdose of benzodiazepines. 

We get in touch with the doctor of the nursing home e to discuss the case who decides to 

withdraw ketazolam treatment and subsequently valued reduction in the dose of mirtazapine 

according to the patient's response. 
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The elderly population is a special risk group for drug adverse events, due to factors such as 

changes in pharmacokinetic and pharmacodynamic processes, with frequent presence of multiple 

pathologies and polypharmacy. 

We must to remember the importance of the review of the dose and duration of treatment with 

benzodiazepines in the elderly and follow the recommendations of clinical guidelines for 

selecting those with short or ultra-short BZD of life, at the lowest possible dose for the shortest 

time. 

 

Keywords: benzodizepines, elderly, overdose, accidental falls 

 

 

1. Introduction 

The beneficial effects of BZDs are often 

disputed and concerns expressed about their 

adverse events and high rates of prescription in 

older adults (1,2). Certainly, prescription 

decisions have to be made on a case-by-case 

basis and patients should be informed of both the 

risks and benefits of any prescribed medication 

(3). 

 

There is an age-related increase in the rate and 

severity of adverse effects of drugs that act on 

the central nervous system, which often results 

from a decrease in the number of neurons and 

synapses and greater permeability of the blood-

brain barrier (4).  BZDs are one of the most 

commonly prescribed drugs in older adults 

because of their proven efficacy, but care must 

be taken as their use and abuse may lead to 

unwanted effects, including cognitive 

deterioration (5), motor incoordination, ataxia,  

falls (6-8) and respiratory failure (9-11).  

 

2. Results and Discussion 

A 75 year old man comes to the pharmacy to 

pick up the medications n prescribed after a 2 

week hospitalization period due to a fall at his 

habitual residence, with the result of a broken 

femur. The patient lives in a nursing home where 

staff prepare his medication in customized 

dispensing systems. The unique new prescribed 

drug is paracetamol (1g) only if pain appears and 

with maximum dose of 3g per day. Table 1 

shows the drugs taken by patients daily. 

We note that for their anxious-depressive 

symptoms he consumes two benzodiazepines at 

higher than recommended dose for his age along 

with two antidepressants, one of which has high 

doses sedative effect (mirtazapine). We do not 

know how long he has been taken with all these 

drugs but it refers than more than four months.. 

 

Because it is an retrospective evaluation we 

can not establish a causal relationship of 

treatment with the fall,  but we may suspect that 

the fall was triggered by an overdose of 

benzodiazepines. We get in touch with the doctor 

of the nursing home e to discuss the case who 

decides to withdraw ketazolam treatment and 

subsequently valued reduction in the dose of 

mirtazapine according to the patient's response. 
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Table 1. Situation before pharmaceutical intervention 

 

Health problem Drug Unit dose Prescription Total 

Daily dose 

Anxiety-depressive 

syndrome 

Mirtazapine 30 mg 0-0-1 30 mg 

Anxiety-depressive 

syndrome 

Escitalopram 15mg 1-0-0 15 mg 

Anxiety-depressive 

syndrome 

Ketazolam 30 mg 0-0-1 30 mg 

Insomnia Lorazepam 1 mg 2-1-2 5 mg 

Prostatic syndrome Dutasteride 0.5 mg 1-0-0 0.5 mg 

Gastric dyspepsia Omeprazole 20 mg 1-0-0            20 mg 

  

 

3. Materials and Methods 

.

4. Conclusions 

 

The elderly population is a special risk group for drug adverse events, due to factors such as 

changes in pharmacokinetic and pharmacodynamic processes, with frequent presence of multiple 

pathologies and polypharmacy. 

We mus to remember the importance of the review of the dose and duration of treatment with 

benzodiazepines in the elderly and follow the recommendations of clinical guidelines for selecting 

those with short or ultrashort BZD of life, at the lowest possible dose for the shortest time.. 
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Abstract: The atom-based quadratic indices are used in this work together with some machine 

learning techniques that includes: support vector machine, artificial neural network, random 

forest and k-nearest neighbor. This methodology is used for the development of two quantitative 

structure-activity relationship (QSAR) studies for the prediction of proteasome inhibition. A first 

set consisting of active and non-active classes was predicted with model performances above 

85% and 80% in training and validation series, respectively. These results provided new 

approaches on proteasome inhibitor identification encouraged by virtual screenings procedures. 

. 

Keywords: Atom-based quadratic index, classification and regression model, machine learning, 

proteasome inhibition, QSAR, TOMOCOMD-CARDD software 

 

Mol2Net YouTube channel: http://bit.do/mol2net-tube  

 

1. Introduction 

SciForum 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section E), pages 1-5, Proceedings  2 

http://sciforum.net/conference/mol2net-1 

 

The ubiquitin-proteasome pathway (UPP) is 

responsible for the selective degradation of the 

majority of the intracellular proteins in 

eukaryotic cells and regulates nearly all cellular 

processes [1]. Disfunction of the ubiquitination 

machinery or the proteolytic activity of the 

proteasome is associated with many human 

diseases [2]. Proteasome inhibitors have been 

developed being effective for some disorders but 

sometimes show detrimental effects and 

resistance. Therefore, efforts are currently 

directed to the development of new therapeutics 

with adequated potency and safety properties that 

target enzyme components of the UPP [3,4]. 

Ligand-based molecular design and QSAR 

approaches are promising fields with several 

applications in drug development, which use a 

battery of novel molecular descriptors and 

different classification algorithms for in silico 

virtual drug screening studies [5,6]. In the 

present research, we use and compare a set of 

different machine learning (ML) techniques 

using the 2D atom-based quadratic indices as 

attributes with the objective to perform the 

QSAR modeling of two datasets. The first 

dataset allows to separate molecules with 

proteasome inhibitory activity from inactive 

ones, and the second provides the numerical 

prediction of the EC50. 

 

2. Results and Discussion 

In the case of our classification study, we 

reduced the inactive subset removing all the 

cases that fall outside of the applicability domain 

of our model. Therefore, the dataset remains with 

705 chemicals, being 258 active and the rest 447 

inactive ones. The first 705 dataset used for 

classification studies generates 529 in the 

training set (TS) and 176 compounds in the 

prediction set (PS). Based on the aspects 

mentioned above for our case a first step with 

non-supervised feature reduction filtering was 

done, by using the Shannon ś entropy as a 

measure keeping c.a. the 30% of the features (4 

143). In a second step a supervised feature 

reduction filtering was done. In this stage, the 

process was carried out for the class problem. In 

this case the features were reduced a 70%, 

keeping a total of 1248 for the class data. These 

feature selection processes were carried out with 

the IMMAN software an “in house” program. 

Later, in the two-class data the best subset search 

was done resulting in 43 selected variables. Then 

wrapper methods associated with the ML 

techniques were applied to reduce data sets 

giving different data subsets combinations. 

Finally, all these subsets were used to generate 

diverse ML-QSAR models keeping those with 

the best results for each algorithm. The results 

for each ML technique used to develop 

classification QSAR models to predict 

proteasome inhibitors are shown in Fig. 1. 

As it can be observed in Fig. 1 for the TS the 

fitted models using RF and MLP techniques 

showed the best accuracies (Ac = 90.17% and Ac 

= 89.22%) with Mathew ś correlation coefficient 

(MCC) values of 0.79 and 0.77, respectively. In 

the case of the PS, the performance of these two 

QSAR models was of 86.36% (MCC=0.70) and 

83.52% (MCC=0.64), respectively. Moreover, 

can be observed low values of false positive 

rates, which ensures a good performance at time 

to perform virtual high-throughput screenings, 

disminissing the wrong evaluation of predicted 

positive cases. In the same Fig. 1 can also be 

noted that RF outperforms other models in most 

of the quality parameters. Besides, the rest of the 

models also depicted adequate performances 

with accuracies values above 85% in the case of 

the TS and 80 % for the PS. 
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Figure 1. Performance of the ML-based QSAR classifiers 

3. Materials and Methods 

In this study the molecular descriptors atom-

based quadratic indices were calculated using the 

TOMOCOMD software version 1.0 [7]. We also 

attempt the different feature selection methods 

implemented in the IMMAN software [8]. 

Moreover, the attribute selection method based 

on BestSubset Search (BSS) of LDA 

discriminant analysis was used [9]. Later, the 

wrapper and ranker methods of Waikato 

environment for knowledge analysis (WEKA) 

[10] were considered. As a final stage, the 

parameter tuning optimization for each ML 

technique was performed to find the best ML-

QSAR models.  

A dataset derived from a luminescent cell-

based dose titration retest counterscreen assay to 

identify inhibitors of the proteasome pathway 

was selected from PubChem BioAssay (AID 

2486) where the name, structures, compound 

identifier (CID), and activities can be found. 

First, a curation process on the database was 

assessed removing salts, and inorganic 

compounds. The main difficulty of the ML 

approaches is to select attributes from a large list 

of candidates to describe the data. This is 

because the complete set of molecular 

descriptors is not needed for the description of 

the proteasome inhibition. In this sense, the 

addition of non-relevant attributes can cause 

noise to the ML systems [10]. Therefore, the 

feature selection approaches are very suitable to 

deal with this kind of problem. In this work, 

different schemes of attribute selection including 

filter and wrapper approaches implemented in 

WEKA [10] are examined to select the best 

attribute subset for each ML technique. Some 

details, advantages and drawbacks of the two 

approaches can be reviewed in many works 

dealing with this subject [11-13]. 

The machine learning methods shows 

impressive performances a wide diversity of 

studies involving automated, text classification 

and drug design [14-16]. Based on this the 

machine learning approaches selected were: 

support vector machine, artificial neural network 

and k-nearest neighbor also included in the list of 
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the top  ten algorithms used in data mining [17]. 

Besides the random forest technique was 

included because is fast and robust approach with 

recent succesfull application into many problems 

[18-20]. For each ML method applied in this 

study, various schemes of selecting attributes 

were examined and for each selected subset, 

various models were developed and checked out.  

4. Conclusions 

In this work, a QSAR study on a diverse and 

enlarged proteasome inhibitor database collected 

from the PubChem Bioassay is shown for the 

first time. The random forest algorithm 

demonstrates to be the best technique for the 

modeling of the proteasome inhibitory activity 

with high accuracies values in the training and 

test set. The low false positive rates observed 

validates the presented workflow based on ML-

QSAR for the prediction of active proteasome 

inhibitors compounds from inactive ones. 
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Abstract: Today, one of the main aims in the pharmaceutical companies is seek new 

methodologies to understand the biological activity in molecules from the computational point of 

view. In this sense, understand the traditional tools (3D QSAR) such as the Comparative 

Molecular Similarity Analysis (CoMSIA) within the quantum chemistry framework, can be 

relevant. In this context, the quantification of steric and electrostatic effects on a serie of 

antimalarials chalcones was performed on the basis of the descriptors from the molecular 

quantum similarity field and chemical reactivity supported in DFT. The steric and electrostatic 

effects were studied using scales of convergence quantitative alpha (α) and beta (β), respectively. 

To deal the problem of relative molecular orientation in the quantum similarity field the Topo-

Geometrical Superposition Algorithms (TGSA) was used as molecular alignment method. 

Finally, a chemical reactivity analysis using global and local descriptors such as chemical 

hardness, softness, electrophilicity, and Fukui Functions was developed. 

.

. 

Keywords: Antimalarials Chalcones, Comparative Molecular Similarity Indexes Analysis 

(CoMSIA), 3D-QSAR, Molecular Quantum Similarity (MQS), Chemical Reactivity Descriptors, 

Density Functional Theory (DFT) 

 

1. Introduction 

In a recent publication our researcher group 

shown as the Comparative Molecular Field 

Analysis (CoMFA) can be understood in terms 

of Molecular Quantum Similarity (MQS) and 

Density Functional Theory (DFT)-based 

reactivity descriptors [1]. The CoMFA analysis 

have many applications in the three-Dimensional 

Quantitative Structure-Activity Relationships 

(3D QSAR) studies, yet this method is 

commonly associated with the Comparative 

Molecular Similarity Indexes Analysis  

(CoMSIA) by this reason in this work is studied 
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the CoMSIA analysis in terms of MQS and 

chemical reactivity descriptors to search new 

insights within the DFT framework. 

The MQS field was introduced by Carbó and 

co-workers approximately 35 years ago [2-5], 

this is a topic which has been widely considered 

and applied on chemical phenomenon study such 

as electron delocalization and aromaticity [6], 

modeling 3D QSAR [7], topological studies [8], 

among others. The MQS field the main variable 

is the density function [9-11]; of this form can be 

related with the chemical reactivity descriptors 

such as chemical hardness (ɳ), softness (S), 

electrophilicity (ω) and Fukui Functions. 

Therefore, using this hybrid methodology 

(joining the MQS and chemical reactivity) we 

hope show how the CoMSIA results can be 

related with the DFT context. 

To the carry out these goals, we used the 

CoMSIA results reported by Xue and co-workers 

[12]. They development a 3D QSAR studies on 

antimalarial alkoxylated and hydroxylated 

chalcones by CoMFA and CoMSIA to determine 

the factors required for the activity of these 

compounds, this study shown that the CoMSIA 

analysis presents better physical-chemistry 

parameters to understand the antimalarial activity 

using five physical-chemistry properties (steric, 

electrostatic, hydrophobic, and hydrogen-bond 

donor or acceptor properties). In line, with this 

reported we will use the hybrid methodology 

proposed to modeling and study these CoMSIA 

outcomes using DFT.  

Furthermore, the entropic contributions to the 

binding affinity are more difficult to describe 

using the CoMSIA methodology, because a 

major factor arises from the solvent-to-protein 

transfer. This portion approximately correlates 

with the size of the hydrophobic surface area of 

the drug molecule [13, 14]. For these reasons, 

show new methodologies are relevant in the 

QSAR field. 

2. Molecular Set 

 

A series of chalcones studied by Xue and co-

workers [12] were used in this study. The 

biological activity IC50 values μM (for inhibition 

of [3H] hypoxanthine uptake into P. falciparum 

(K1) in the presence of drug) were expressed as 

pIC50 (the –log IC50), these biological values 

were reported by Liu and co-workers [15], the 

theoretical values from the CoMSIA method are 

shown in Table 1 [12]. 

 

Table 1. Compounds, biological activities and theoretical predictions from the CoMSIA method in the 

molecular set [12]. 

                   

 

                        (a)                                                                                (b) 

Figure 1. (a) Molecular recognition skeleton (compound 1) used for the molecular alignment and (b) 

Local structural differences (to the substituent effect analysis). 
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Compound R pIC50 
b   CoMSIA c 

     Pred.                 Δ (error) 

1 H a 4,80 4,88        0,08 

2 chloro 4,84 4,78       -0,06 

3 nitro 4,65 4,35       -0,30 

4 phenyl 4,58 4,64 0,06 

5 fluoro 5,02 4,78       -0,24 

6 methoxy 4,60 4,88 0,28 

7 quinolinyl 5,70 5,70 0,00 

8 ethyl 4,78 4,86 0,08 

9 methyl 4,59 4,90 0,31 

10 trifluoromethyl 5,52 5,29        -0,23 

11 dimethylamino 4,74 4,70        -0,04 
a Reference compound 
b Experimental values reported by Liu and co-workers [15]. 
c Theoretical predictions from the CoMSIA method [12]. 

The CoMSIA method on the molecular set 

studied is calculated at the intersections of a 

regularly spaced lattice (1.1 and 2 Å spacing), 

the similarity indices AF,k between the 

compounds of interest and a probe atom have 

been calculated according to: 

 
2

, ,( ) kqrq

F k probe k iki
A j w w e


              (1)                                                

 

Where A is the similarity index at grid point q, 

summed over all atoms i of the molecule j under 

investigation; 
,probe kw  probe atom with charge 

+1, radius 1 Å, hydrophobicity +1, H-bond donor 

and acceptor property +1; α: attenuation factor; 

riq: mutual distance between probe atom at grid 

point q and atom i of the test molecule [13]. 

Analysing the equation 1 is possible see the 

Gaussian function behavior, large values of  α  

will result in a strong attenuation of the distance-

dependent consideration of molecular similarity 

(low global similarity in its neighborhood). The 

opposite effects (reducing α) means that also the 

remote parts of each molecule will be 

experienced by the probe atom (high global 

similarity in its neighborhood). 

3. Theory and Computational Details. 

3.1 Molecular Quantum Similarity Indexes. 

 

With the main aim fixed in study the CoMSIA 

results from the DFT framework, we used the 

Molecular Quantum Similarity Measures 

(MQSM). A general definition of MQSM has 

been made in various papers [16-19] the quantum 

similarity measure ZAB between compounds A 

and B, with electron density 1( )A r  and 2( )B r
 

respectively, can be studied on the idea of the 

minimizing of the expression for the Euclidean 

distance as: 
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   
1/2 1/22 2 2

1 1 2 2 1 2 1 2( ) ( ) ( ( )) ( ( )) 2 ( ) ( )

2

AB A B A B A B

AA BB AB

D r r dr r dr r dr r r dr dr

Z Z Z

         

  

   
                   (2) 

Where ZAB is the overlap integral between the 

electron density of the compound A and B, ZAA 

and ZBB are the self-similarity of compounds A 

and B [20]. 

In this researcher we have used the Carbó 

index due to that is very used in the quantum 

similarity context [16-20]: 

 

   

1 2 1 2

2 2
2

1 1 2 2

( ) ( )

( ) ( ( ))

A B

AB

A B

r r dr dr
I

r dr r dr

 

 


 

 
        (3)                                                                               

The main structural difference on the 

compounds studied (see Figure 1) is the carbon 

atom (C1), therefore the similarity features can be 

associated from the local point of view, in this 

order of ideas is used the Hirshfeld approach to 

study the local quantum similarity 

One of the more useful methods to 

partitioning of electron density in DFT is the 

Hirshfeld approach [21]. This approach is based 

on partitioning of electron density ( )r  in 

contributions 1 ( )
C

r . These contributions allow 

define a concept of atom in a reference system 

and study its (dis)similarity on a molecular set 

(i.e.; substituent effect analysis). On the other 

hand, these contributions are proportional to the 

weight wC(r) of the electron density of the 

isolated compound in the so-called promolecular 

density [22,23]. The promolecular density is 

defined as: 

 

1

Pr 0( ) ( )om

xC
x

r r                                    (4)                                                                                                      

 

To calculate the contribution of carbon atom 

(C) in the electron density in a molecule A ρA(r) 

is according to:
 

 

1 1( ) ( ) ( )AC C
r w r r                                 (5)                                                                                                   

 

In this form, the weight (wC(r)) is obtained as: 

 

1

1

0

0
( )

( )

C

C
x

x

w r
r





                                  (6)                                                                                                    

Here 1

0 ( )
C

r
 
is the electron density of the 

isolated carbon atom C1, (i.e.; the reference 

electron density) [24]. In this sense, the 

contribution atomic of other carbon atom (C2) in 

a molecule B is obtained as: 

2 2,
( ) ( ) ( )BC B C
r w r r                              (7)                                                                                               

 

with 

 

2

2

0

,

0,

( )

( )

C B

C B
x

x

r
w

r







                                    (8)                                                                                                       

So we can write the contribution of the 

asymmetric carbon atom products ( ) ( )A Br r 
 

as: 

 

, ,( ) ( ) ( ) ( )C AB C AB A Br w r r r                     (9)                                                                                     

 

Using the equations (4-9) we can express the 

numerator ZAB in the Carbó index (equation 3) 

as: 
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2 2
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A B

AA BB
C A A A C B B B

w r r dr drZ
Z

Z Z
w r r dr w r r dr

 

 

 


 
                   (10) 

 

where we can write the global index (equation 3) 

as local contributions. In this context, using these 

equations we hope study the local similarity and 

the substituent effects on the reference carbon 

atom C1 (see Figure 1). 

 

3.2 Reactivity descriptors in the DFT 

framework. 

 

Due to the fundamental variable in the MQS 

field is the electron density naturally there is a 

relationship between MQS and chemical 

reactivity, moreover the key feature of quantum 

similarity lies in the use of the electron density of 

a molecule. From the DFT point of view 

physical-chemistry properties such as 

electrostatic, hydrophobic and hydrogen-bond 

donor or acceptor properties can be related with 

global chemical descriptors as chemical 

potential, hardness, electrophilicity index and 

local reactivity descriptors as the Fukui 

Functions. 

 

The chemical potential (μ) can be understood 

as the tendency that have the electrons to exit of 

the electron cloud and is calculate according to 

the equation: 

 

2

H L 





                     (11) 

 

Where (εH) is the energy of the (HOMO) and 

(εL) is the energy of the (LUMO) [25, 26]. The 

chemical hardness is defined using the equation 

(11) according to Pearson et. al. [27] and is 

understood as the opposition to distort the 

electron cloud of the system according to the 

equation: 

 

L H                                                       (12) 

 

Using the equation (12), we obtain the softness 

[28] as: 

 

1
S


                                                            (13) 

Finally, using the equations 11 and 12 is 

obtaining the electrophilicity index (ω) [29, 30]. 

This index is understood as the measure of the 

stabilization energy of the system when it is 

saturated by electrons from the external 

environment and is calculated as follows: 
2

2





                                                        (14) 

The quantities defined in equations (11-14) 

are called global reactivity indexes and provide 

information about the reactivity or stability of a 

chemical system front to external perturbations. 

To study the chemical reactivity from the local 

point of view are used the Fukui Functions. The 

Fukui Functions (equation 15 and 16, ( )f r ) are 

defined as the derivative of the electronic density 

with respect to the number of electrons at 

constant external potential: 

 

       1 1k N N k k

k

f r r q N q N 

                                                                 (15) 
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       1 1k N N k k

k

f r r q N q N 

                                                                  (16)  

 

Where qk  refers to the electron population at 

kth atomic site in a molecule. Here, we adopted 

natural population analysis (NPA) scheme to 

evaluate atomic charge. ( kf


) governing the 

susceptibility for nucleophilic attack and ( kf


) 

governing the susceptibility for electrophilic 

attack [31-33].   

In this sense, using these global and local 

reactivity schemes is possible study the 

selectivity and substituent effect on the 

molecular set from DFT framework. 

 

3.3 Alignment Method and Computational 

details. 

  

Similar to the CoMSIA method the MQS also 

need an optimal alignment methodology, to deal 

with the problem of the relative molecular 

alignment is used the Topo-Geometrical 

Superposition Algorithm (TGSA) [34]. This 

alignment method tries to overlap as many 

structural elements as possible. These structural 

elements correspond to chemical bonds and 

sequences of two chemical bonds, always 

involving the same type of atoms in both 

molecules compared [35-37]. All the compounds 

were optimized using B3LYP exchange-

correlation functional [38(a,b)] at 6-31G(d,p) 

level of theory. All the optimizations were 

carried out using Gaussian 09 [39]. 

Using the Dirac delta distribution 

1 2 1 2( , ) ( , )r r r r   [40] is possible define the so 

called overlap molecular quantum similarity 

measure and relates the volume associated with 

the overlap of the two densities ( )A r  and ( )B r  

according to the equation: 

 

1 1 2 2 1 2( ) ( ) ( ) ( ) ( ) ( )AB A B A BZ r r r r drdr r r dr                                                          (17) 

 

Equation 17 provides the information about 

the electron concentration in the molecule and 

indicates the degree of overlap between the 

compared compounds. 

When the 1 2( , )r r  operator is the coulomb 

operator 
1

1 2 1 2( , )r r r r


    it represents the 

electronic coulomb repulsion energy between 

molecular densities ( )A r  and ( )B r  as: 

 

1 2 1 2

1 2

1
( ) ( ) ( )AB A BZ r r drdr

r r
  

   (18) 

Using these operators (equations 17 and 18) 

we calculate the local quantum similarity through 

the equation 10. In this sense, the Carbó index is 

restricted to the range (0,1) where CAB=0 means 

dis(similarity) and CAB=1 self-similarity, 

according to the Schwartz integral. 

 
2

2 2( ) ( ) ( ) ( )A B A Br r dr r dr r dr     
   
                                                                  (19) 

 

Using these methodologies we hope study the 

substituent effects in the molecular set and shows 

news insight on the selectivity and chemical 

reactivity of these antimalarial chalcones. 

 

4. Results and Discussion 

 

The CoMSIA method is a very reliable 

method for study the structure-activity trend 
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within biological sets. It is a statistic approach 

that seeks to correlate relative differences in 

molecular descriptor values to a dependent 

property (e.g.; the binding affinity). However, 

the complexity and complications to understand 

this 3D QSAR results are increasing. One of the 

forms to deal these problems can be using the 

Quantum Similarity field and reactivity 

descriptors supported on DFT.  

In this context, in Table 2 are shows the local 

molecular quantum similarity indexes using the 

operator of overlap (17) and the equation 10. 

These measures can be related with the steric 

effects along the molecular set. 

The highest values in the local similarity of 

overlap is between compounds 2 and 9 (0,991) 

with an euclidean distance of (0,450, see Table 

3) while the lowest value is between the 

compounds 7 and 10 (0,682) with an euclidean 

distance of 3,523. The diagonal corresponds to 

the self-similarity according to the range of the 

Carbó index, the main difference between the 

Carbó indexes and the euclidean distances is that 

these last can take values from zero to infinity 

(0,∞). To understand these trends in the 

molecular set with respect to the reference 

compound 1 are used the scales of convergence 

quantitative alpha (α) to steric effects using the 

Tables 2 and 3, respectively (see Figure 2). 

Despite the steric effect by the chloro atom 

(compound 2) with respect to the hydrogen atom 

(compound 1), in this Figure 2 the highest 

similarity is between these compounds (0,976) 

with an euclidean distance (3,108), the 

substituent with most steric effect is 

trifluoromethyl (compound 10), and this 

substituent decreases the quantum similarity in 

0,735. Finally, in both trends we can see the 

same behavior. To analyses the electrostatic 

effects along the molecular set is shows the 

Tables 4 and 5 using the equations 10 and 18.  

 

As Table 2, in Table 4 the highest values in 

the coulomb similarity is between the 

compounds 2 and 9 (0,999) with an euclidean 

distance (0,791, see Table 5), the lowest value is 

between the compounds 5 and 7 (0,913) with an 

euclidean distance (20,221), these values shows 

as the resonance effects cause (dis)similarity 

along the molecular set. In general, comparing 

the overlap and coulomb indexes we can see 

highest values in these last. Therefore, the 

electrostatic effects can be more relevant than the 

steric to explain the antimalarial activity. 

To study the trends on the molecular set using 

the coulomb operator with respect to the 

reference compound 1 is shows in Figure 3 the 

scales of convergence quantitative (β) to study 

the electrostatic effects. The most active 

compound 7 (see Table 1) has the highest values 

of euclidean distance (22,474) with the 

compound 1, this values is agrees with the size of 

the quinolinyl group and it resonance effect. 

These good similarity values (Tables 2-5) can be 

related with the cross-validated correlation 

coefficient (q2 = 0.704) of the CoMSIA results 

reported by Xue [12] in this context the hybrid 

methodology (MQS and Chemical reactivity) 

reported can be independent of the number of 

molecules used.   

In Figure 3 the highest value is between the 

compounds 1 and 2 (0,994) with an euclidean 

distance (22,474) this result is agree with Figure 

2 while the lowest value is between the 

compounds 1 and 7 (0,893) and an euclidean 

distance of (4,191). To understand as the MQSM 

can be considered as QSAR descriptors we used 

the equation reported by Carbó and co-workers 

[41]. In this equation any physical-chemical 

property (e.g.; entropy) or biological activity of a 

molecule ( I ) can be considered to be the 
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expectation value of an unknown quantum-

mechanical observable 

 

( ) ( ) ( )I I II
x x x dx       

(20)          

 

Being ( I ) the density function of molecules 

I, ( Ω ) represent some quantum-mechanical 

operator. Using the mean of MQSM is possible 

obtain the molecular density function projected 

into a n-dimensional point-molecule vector ZI, in 

this context we can approximate the operator (Ω

) through a vector w. 

 

I I
    T

Iw z                                      (21)                                                                                                       

 

In this equation the point operator w is 

unknown a priori; yet its elements can be 

evaluate using the least-squares fitting for a 

molecular training set. This equation (21) shows 

a possible relationship between MQSM and the 

QSAR field [42]. 

Due to that the coulomb operator has more 

incidence in the molecular set (the highest values 

in the Carbó index see Tables 2 and 4) we used 

the chemical reactivity descriptors. In Table 6 

are shows the global reactivity descriptors such 

as chemical potential (μ), hardness (ɳ), softness 

(S) and electrophilicity (ω). 

In Table 5 the reference compound 1 has a 

chemical potential (μ=-3,9550 eV), hardness 

(ɳ=4,894 eV), softness (S=0,204 eV-1) and 

electrophilicity (ω=1,598 eV). However, the 

compound 7 (quinolinyl as substituent) has the 

highest chemical potential (μ=-3,622 eV), while 

that the compound 10 (trifluoromethyl as 

substituent) has the highest hardness (ɳ=5,133 

eV) with softness (S=0,195 eV-1), finally the 

compound 3 (nitro as substituent) has the highest 

electrophilicity with (ω=2,353 eV).  

Although the compound 3 has the lowest 

biological activity (pIC50=4,65), this compound 

has the highest electrophilicity value (ω=2,353 

eV). On the other hand, the most active 

compound 7 (pIC50=5,70) has the highest 

chemical potential (μ=-3,622 eV) and lowest 

electrophilicity (ω=1,5351 eV) these results can 

be related with the no-covalent interactions 

associated to these antimalarial compounds [12, 

43]. With these descriptors we can see as the 

acceptor and donor groups can have influence on 

the reactivity parameters along the molecular set. 

To analyses the local reactivity, in Figure 4 is 

shows the Fukui Functions on the carbon atom 

C1 (see Figure 1).  

 

In Figure 4 are highlight the Fukui Functions 
/ ( )f r 

 regions, these regions shows the type of 

stabilization of these compounds on the active 

site. In this sense, the substituents analyzed 

increase the chemical activity and the retrodonor 

process. Additionally, this retrodonor process can 

determine the stabilization in the active site and 

the antimalarial activity presented. On the other 

hand, these Fukui regions are agrees with the 

docking studies reported by Oliveira and co-

workers [44] and other works about structure-

activity relationship [45-46].  

One of the important goals into the QSAR 

studies is the quantitative correlation of 

molecular structure with the binding constant and 

subsequently the prediction of this property for 

novel compounds. In this sense, this 

methodology can help to characterize those 

spatial features that are responsible for activity 

changes in a series of drug molecules when the 

receptor is known or not. 

Additionally, the entopic changes associated 

to the molecular set can be understood in term of 

quantum similarity. Furthermore, the target 

property to be correlated and predicted in a 
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comparative analysis is a free energy value. It 

can be imagined that enthalpic contributions to 

the binding constant are covered by molecular 

descriptors that explore the capabilities of 

molecules to perform intermolecular interactions 

with a putative receptor, these insights also can 

be understand in terms of chemical reactivity. 

 

 

Table 2. Local molecular quantum similarity matrix using the overlap operator (equation 18). 

 

Ca,Ove.b 1 2 3 4 5 6 7 8 9 10 11 

1 1,000 

          2 0,976 1,000 

         3 0,849 0,903 1,000 

        4 0,866 0,899 0,840 1,000 

       5 0,919 0,935 0,867 0,847 1,000 

      6 0,902 0,923 0,902 0,886 0,873 1,000 

     7 0,798 0,823 0,763 0,791 0,774 0,769 1,000 

    8 0,940 0,964 0,881 0,880 0,911 0,901 0,811 1,000 

   9 0,964 0,991 0,909 0,897 0,939 0,947 0,819 0,958 1,000 

  10 0,735 0,784 0,820 0,753 0,711 0,881 0,682 0,756 0,830 1,000 

 11 0,884 0,917 0,893 0,841 0,858 0,867 0,824 0,892 0,921 0,810 1,000 
a C: compound. 
b Ove: Overlap Index. 

 

Table 3. Local molecular quantum similarity matrix (MQSM) using the euclidean distance of overlap. 

Ca, DOb 1 2 3 4 5 6 7 8 9 10 11 

1 0,000 

          2 0,757 0,000 

         3 2,115 1,731 0,000 

        4 1,926 1,685 2,229 0,000 

       5 1,497 1,337 2,019 2,113 0,000 

      6 1,604 1,429 1,727 1,808 1,886 0,000 

     7 2,531 2,382 2,830 2,621 2,708 2,728 0,000 

    8 1,219 0,943 1,894 1,831 1,565 1,625 2,458 0,000 

   9 0,916 0,450 1,672 1,698 1,299 1,201 2,408 1,021 0,000 

  10 3,108 2,850 2,639 3,041 3,269 2,190 3,523 3,004 2,586 0,000 

 11 1,765 1,509 1,814 2,151 2,014 1,937 2,398 1,719 1,473 2,688 0,000 
a C: compound. 
b DO: Euclidean Distance of Overlap. 
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Figure 2. Scales of convergence quantitative α to steric effects proposed to the reference compound 1. 

 

Table 4. Local molecular quantum similarity matrix using the coulomb operator (equation 19). 

 

Ca,Cou.b 1 2 3 4 5 6 7 8 9 10 11 

1 1,000           

2 0,994 1,000          

3 0,964 0,986 1,000         

4 0,939 0,962 0,975 1,000        

5 0,990 0,997 0,983 0,955 1,000       

6 0,978 0,991 0,991 0,973 0,988 1,000      

7 0,893 0,920 0,939 0,961 0,913 0,932 1,000     

8 0,982 0,993 0,987 0,971 0,989 0,991 0,932 1,000    

9 0,993 0,999 0,986 0,962 0,997 0,991 0,920 0,993 1,000   

10 0,936 0,965 0,986 0,971 0,959 0,981 0,944 0,973 0,967 1,000  

11 0,965 0,984 0,992 0,975 0,979 0,984 0,952 0,984 0,984 0,984 1,000 
a C: compound. 
b Cou: Coulomb Index. 
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Table 5. Local molecular quantum similarity matrix (MQSM) using the Euclidean Distance of 

coulomb. 

Ca, DCb 1 2 3 4 5 6 7 8 9 10 11 

1 0,000           

2 4,191 0,000          

3 10,896 7,135 0,000         

4 15,129 12,11 9,325 0,000        

5 5,331 2,920 7,472 12,741 0,000       

6 8,178 5,096 5,228 9,946 5,973 0,000      

7 22,474 19,799 16,786 13,299 20,221 17,989 0,000     

8 7,431 4,433 6,315 10,422 5,361 4,821 18,046 0,000    

9 4,318 0,791 7,120 12,172 2,857 4,939 19,831 4,443 0,000   

10 15,507 11,891 7,284 9,841 12,422 8,779 15,519 10,271 11,671 0,000  

11 10,851 7,474 4,863 9,190 8,171 6,902 15,268 6,817 7,435 7,472 0,000 
a C: compound. 
b DC: Euclidean Distance of Coulomb. 

 

5. Conclusions 

 

This work shows how the CoMSIA results 

can be understood in terms of (MQS) and 

Chemical reactivity descriptors. To carry out this 

aim, were used the CoMSIA results reported by 

Xue and coworkers [12], this CoMSIA study is 

carried out on a serie of antimalarials chalcones.  

The hybrid methodology reported, shows the 

steric and electrostatic effects in form of the 

scales of convergence quantitative convergence 

alpha (α) to steric effects and beta (β) to 

electrostatic effects, these scales allow study the 

substituent effects and were constructed using 

the reference compound 1 (hydrogen as 

substituent on the reference carbon C1). These 

results were completed with a reactivity study 

using global and local descriptors such as 

chemical hardness, softness, electrophilicity, and 

Fukui Functions. 

In this sense, the CoMSIA results reported by 

Xue [12] were modeled joining MQS and 

chemical reactivity; in this context these 

outcomes can be applied in QSAR correlations 

and docking studies to understand the 

antimalarial activity of these compounds. Taking 

into account that this methodologies can be used 

when the receptor is known or even when it is 

not known. 
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Abstract: : The internet aids to promote a new process of data/information transmission that two 

decades ago simply did not exist. A simple search on the internet provides an answer; new discussion 

forums often provide answers that would take days or even weeks of research. Nevertheless, some 

information is still obtained indirectly and relatively time consuming, hence techniques of bank 

architecture chemical data, query and visualization have been developed constantly. We can find 

several internet applications to search and predict spectroscopic data, biological activity of ligands, or 

to predict toxicity of new compounds or pesticides. Our research group is developing SISTEMAT X 

web, [2] a tool that manages databases of natural products. Currently, our database has more than 

1,100 sesquiterpene lactones and 800 flavonoids with more than four thousand botanical occurrences 

of the Asteraceae family and approximately 400 alkaloids which represents more than 750 botanical 

occurrences of the Apocynaceae family and several terpenes of Annonaceae that correspond more than 

800 botanical occurrences. SISTEMAT X is a set of integrated programs and tools that perform 

cheminformatics tasks that include database management, chemical structure editor, visualization of 

chemical structures, and prediction of physicochemical properties among others. Most of the 

components are intuitive and friendly using a graphical interface. In the last year we have migrated 

applications that use Java interface for JavaScript, since the last is geared to web pages. This software 

has already been registered by our research group, through UFPB, in “Instituto Nacional de 

Propriedade Industrial” with number BR 51 2015 000073. The site is running at the address: 

www.sistematx.ufpb.br. We are developing constantly it, improving existing features such as adding 

new. All tools are available to the scientific community. 

 

 

Keywords: web tools, secondary metabolites, databank, cheminformatics. 
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1. Introduction 

 

The internet aids to promote a new process of 

data/information transmission that two decades 

ago simply did not exist. A simple search on the 

internet provides an answer; new discussion 

forums often provide answers that would take 

days or even weeks of research. Nevertheless, 

some information is still obtained indirectly and 

relatively time consuming, hence techniques of 

bank architecture chemical data, query and 

visualization have been developed constantly. 

We can find several internet applications to 

search and predict spectroscopic data, biological 

activity of ligands, or to predict toxicity of new 

compounds or pesticides  [1].  

 

Studies of publications on modern chemistry 

dating from the eighteenth century and its 

volume has increased steeply since the First 

World War. Being the huge volume of current 

data and highly complex nature, efforts were 

directed to contribute to the successful 

organization and accessibility in the last 25 years 

[1]. 

 

2. Results and Discussion 

 

The SISTEMATX WEB has the function of 

producing and designing Web pages, objects 

such as images, headings, tables, among others. 

It was developed the system of management of 

chemicals that is in operation at: 

http://www.sistematx.ufpb.br [2]. The contact 

modules were created by the chemical name for 

SMILES (Simplified Molecular Input Line Entry 

Specification) and substructure. Also created by 

the query returns all species compounds 

(secondary metabolites) that have been isolated 

in this (Figure 1), and all the species in the 

taxonomic classification family. SISTEMAT X 

added to the web registration system that was 

developed in the last year, data from the 

molecular structure and its occurrence botany 

from the literature review. To draw a molecule 

associate with a class, skeleton, both previously 

registered, and finally a name. It can be in the 

query screens besides the registered data, 

information generated automatically by the 

system using Application Programming Interface 

(API) Chemaxon (www.chemmaxon.com): 

IUPAC name, SMILES code, compound 

oxidation number, INCHIKEY and compound 

ID in the database (figure 2). 

 

SISTEMATX WEB has functions to produce and 

design Web pages, objects such as images, 

headings, tables, among others. It was developed 

to manage secondary metabolites an is online at: 

http://www.sistematx.ufpb.br. Modules in order 

to perform searches using a chemical name 

(IUPAC or common), SMILES (Simplified 

Molecular Input Line Entry Specification) and 

substructure (Figure 1). It is possible to perform 

selecting a specific genus and species (Figure 1). 

The query returns all compounds (secondary 

metabolites)  that correspond the performed 

query and selecting a structure, it is possible  to 

visualize all species where the compound has 

been isolated (Figure 2), and all the species and 

their taxonomic classification: family, subfamily, 

tribe, subtribe, genus and specie. We added to 

SISTEMATX web registration modules that 

were developed in the last year, data from the 

molecular structure and its occurrence botany 

(species where a secondary metabolite has been 
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isolated), data that is being collected from the 

literature review.  

 

To input a compound in SISTEMATX web, it is 

necessary to draw a structure and state respective 

class, skeleton (both should be previously 

registered), and finally a common name 

(optional). IUPAC name, number of oxidation, 

SMILES code, INCHIKEY and ID 

(identification number) are generated 

automatically as soon as a structure is registered 

in the SISTEMATX web databank by the system 

using API Chemaxon (www.chemmaxon.com): 

IUPAC name SMILES code, compound 

oxidation number, INCHIKEY and compound 

ID in the database (Figure 2). 

 

It is also generated three-dimensional data 

structure from two dimensions using Chemaxon 

(www.chemmaxon.com) API. The structure in 

3D (three dimensions) is displayed in figure 3 

using the API developed by ChemDoodle 

(web.chemdoodle.com ). Both kind of structures 

2D (two dimensions) as 3D can be downloaded. 

 

The SISTEMATX web interface is very light and 

friendly, suitable to use in several kinds of 

devices (including the mobile),  and works on 

browsers as Chrome and Mozilla and it does not 

require JAVA installed on the device. 

 

Currently, our database  has more than 1,100 

sesquiterpene lactones and 800 flavonoids with 

more than four thousand botanical occurrences of 

the Asteraceae family and approximately 400 

alkaloids which represents more than 750 

botanical occurrences of the Apocynaceae family 

and several terpenes of Annonaceae that 

correspond more than 800 botanical occurrences 
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Figure 1. Screens of search for substructure, for SMILES code, for compound name, and 

for species name. 

 

 

Figure 2. Screen with the result of a search for lactone substructure and some data of 

costunolide 8-hydroxy available. 

 

 

Figure 3. Screen of a structure in 3D of SISTEMATX web. 
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3. Materials and Methods 

To build all tools and develop interfaces that is 

able to be used in several kinds of mobile devices 

and computers without the need for Java installed 

in the machine, we use technologies such as 

HTML 5, CSS3, JavaScript, PHP, AJAX 

(Asynchronous JavaScript XML together), JSF 

(JavaServer Faces). 

The database was developed using MySQL and 

various security tools based on OWASP (Open 

Web Application Security Project - 

https://www.owasp.org/index.php/Main_Page) 

were implemented. 

APIs the CHEMAXON were used for the 

generation of auxiliary data related to the 

structure and to make the search tool. The API 

ChemDoodle was used for visualizing the 3D 

structures.  

 

4. Conclusions 

The site of the web tool is: 

www.sistematx.ufpb.br. We are developing 

constantly it, improving existing features such as 

adding new. All tools are available to the 

scientific community. 
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Abstract: Introduction: It was observed that technology developers expressed a clear interest to 

design programs that meet the needs of individuals with Autism Spectrum Disorder (ASD). Several 

authors indicate that any software designed for people with ASD has to include special 

requirements in the design. Methodology: This research study describes a software for children 

with ASD named Module ASD and describes the interactive process of design that it was followed. 

This research focuses on a software development and the design process, based on scientific 

evidence study, consultation and tests done by specialists, children with ASD and their families. 

The techniques used to formalize the collection of information from different groups of 

participants were: observation, interview, group discussions and field book. Results: The ASD 

Module is the result of the study and it is a free technological application that is made up of a set 

of virtual keyboards (or adapted interfaces), digital schedules and activities, especially designed 

and tested by and for children with ASD. The application is included in the In-TIC PC software. 

The software is available for the Windows operating system and was implemented with the Visual 

Studio development tool, .NET environment, C# programming language and Windows Form 

technology. Other materials used for content development were the Interactive Books Multimedia 

(LIM according to the Spanish acronym) software and the ARASAAC pictograms. Discussion and 

conclusions: The results show that the digital content can be oriented to promote independence in 

several daily activities (ADL, education, leisure and social participation). This technology design 

provides useful information for researchers, developers, social and healthcare professionals and 

families, with the aim of offering alternatives for children with ASD and facilitating the 

understanding of daily life. 
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1. Introduction  

Nowadays, the virtual context and Information 

and Communications Technology (ICT) have an 

effect on our lives, in many cases facilitating the 

performance of daily activities (1). Likewise, 

technology is beginning to change the lives of 

many people with Autism Spectrum Disorder 

(ASD) to the extent that it is increasingly used in 

the intervention and research related to people 

with ASD (2). 

The type of technology used in interventions 

with people with ASD is varied (computers, 

mobile devices, video recordings, robots and 

virtual reality). There has been an increase in the 

use of technology in this field for several reasons:  

1. Reports and studies stating that people 

with ASD show interest and motivation for 

using visual technology devices; 

2. Studies supporting the effectiveness of 

technology as an intervention tool; 

3. Increased software development in this 

field. 

Therefore, at present, the technology-based 

intervention for persons with ASD faces many 

challenges. The main challenges are related to the 

development of software which take into account 

the specific learning styles, abilities and needs of 

children with ASD (3, 4). 

 

2. Results and Discussion 

Results 

The ASD Module is the result of the study and 

it is a free technological application that is made 

up of a set of virtual keyboards (or adapted 

interfaces), digital schedules and activities, 

especially designed and tested by and for this 

study group and included in the In-TIC PC 

software (5). In-TIC PC is the baseline software 

with which the specific block for people with 

ASD was created and whose purpose is to adapt 

the Windows environment by means of virtual 

keyboards that allow easy computer access and 

use and/or to facilitate social communication and 

participation. The software is available for the 

Windows operating system and was implemented 

with the Visual Studio development tool, .NET 

environment, C# programming language and 

Windows Form technology. Other materials used 

for content development were the Interactive 

Books Multimedia (LIM according to the Spanish 

acronym) software (6) and the ARASAAC 

pictograms (7). 

The ASD Module is based on the perspective 

of considering the person with autism as the 

central axis, and, around it, the activities of their 

life interests. To provide an example that can be 

adapted and customized to other people, let us 

consider the case of Arancha, a girl with ASD. 

When analyzing the main screen (Figure 1), 

Arancha is observed in the central part and, 

around her, the activities in which TIC can support 

her on a daily basis. There are 5 sections:  

1. Schedule. This section refers to the basic 

daily activities. It was designed to make access to 

timetables, schedule and activity sequences 

easier, to help organizing a person's day and 

activities. 

2. Education. This section includes activities 

necessary for learning and participation in the 

school environment (8). It is made up of contents 

about five basic categories: colors, numbers, 
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letters, parts of the body and feelings. Moreover, 

dynamic activities have been designed in the same 

line, with the LIM system, which are integrated 

with the keyboards of this module (see Figure 2). 

3. Leisure. This section refers to leisure 

activities, that is, time spent away from 

compulsory activities (8). It includes resources 

classified as games, stories and documents about 

people with ASD (see Figure 3). 

4. Communication. This section contains 

basic communication keyboards. Pictograms 

and/or pictogram writing are used, which, 

combined with speech synthesis resources, 

stimulate the communication of basic requests and 

needs. There are also other keyboards that favor 

the narrative discourse and the development of 

questions in order to encourage a person's social 

participation. 

5. Computer access. This section refers to the 

access to several conventional programs from 

Windows environment; in this section both access 

and use are simplified. The programs used are as 

follows: Wordpad (text editor), Microsoft Paint 

(drawing program), Windows calculator and 

Windows Media Player. 

Discussion 

The results of the software development and 

design show that the digital content can be 

oriented to promote independence for several 

daily activities (ADL, education, leisure and 

social participation). The literature in this field 

shows that people with ASD have difficulty in 

performing these activities (9). Therefore, within 

this software, the person is seen as the central 

focus and surrounding them are the activities in 

which ICT can be a facilitator. However, so far, 

many of the software tools that have taken into 

account the perspective of people with ASD, have 

focused solely on promoting specific abilities (10, 

11, 12, 13, 14, 15, 16, 17). 

On the other hand, motivation is essential for 

learning in all areas of daily life. As stated 

previously, a high percentage of people with ASD 

have a predilection for technological devices. 

Therefore, an alternative to traditional 

interventions is proposed, based on the preference 

and motivation for the use of ICT. 

The decisions made by the interdisciplinary 

team developing the ASD Module have been 

described and they have shown the need to 

involve both people with ASD and those within 

their immediate surroundings in these processes, 

as already described in several publications (18, 

19) 

. 
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Figure 1. Main screen of the ASD Module 

 

 

Figure 2. Examples of LIM activities about using colors for the Education section 

 

 

Figure 3. Example of the application browser to locate the videos of interest 
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3. Materials and Methods 

Participants and settings 

This research study involved four groups of 

respondents, meeting the following criteria: 

1st Group: Professionals with experience in the 

intervention with people with ASD 

The study involved 20 professionals who were 

recruited from centers of direct care for people 

with ASD, such as two schools of special 

education, specific for children with ASD 

diagnosis, an ASD-specialized clinic for 

psychological intervention, and an association 

that provides support for families living with an 

adult with ASD. The selection criteria for these 

professionals were as follows: (a) having a degree 

in education sciences or health sciences or 

representing the interests of organizations that 

serve people with ASD; (b) being able to prove 

work experience of at least one year in the 

intervention with people with ASD. Finally, a 

heterogeneous group was obtained, made up of 3 

representatives of organizations, 3 psychologists, 

11 schoolteachers, 1 social worker and 2 speech 

therapists. 

2nd Group: Professionals with experience in the 

development and design of technology for 

disabled people 

The project involved 13 professionals recruited 

from two centers that make use of the technology 

applied to social and/or health context. 

Participants also met the following criteria: (a) 

having a degree in the field of technology or 

health sciences or promoting social projects; (b) 

being able to prove work experience of at least one 

year in the design, development and/or testing of 

accessible technology related to health and quality 

of life for disabled people. The group involved the 

collaboration of 4 experts in the implementation 

of social projects, 1 doctor, 5 engineers in 

computer science and 3 occupational therapists. 

3rd Group: Family members of people with 

ASD 

Participants were 3 direct relatives of people 

with ASD and who, in turn, were part of the 

organizations for people with this diagnosis. 

4th Group: Children with ASD 

In the final phase, 3 children (two boys and a 

girl) participated, aged between 10 and 13 years 

old. All of them were selected from a special 

education center and met the criteria described 

below: (a) having a diagnosis of autism disorder 

according to the Diagnostic and Statistical Manual 

of Mental Disorders (4th ed.; DSM-IV); (b) 

presenting learning difficulties; and (c) not having 

used the specific software prior to testing. 

The protocol was approved by the 

Autonomous Ethics Committee of Research in 

Galicia. The project participants signed the 

informed consent to participate in the study and, 

in the case of children with ASD, their guardians 

were responsible for authorizing their 

participation. In addition, in the cases of the 1st, 

2nd and 3rd Groups, a specific authorization for 

interview recording was signed. 

Procedure 

During software development and design, a 

search for scientific evidence was performed, in 

addition to consultation and testing by specialists 

in ASD, and/or technology, and by children with 

ASD. To this end, research has been based on 

user-centered design and has followed an iterative 

procedure. This is a cyclical process, divided into 

the following phases:  

1. Study and analysis of the recent scientific 

evidence on the design of technology for people 

with ASD. Participants: 2nd Group. 

2. Study and analysis of the recent scientific 

evidence on the skills and ways of processing 

information of people with ASD. Participants: 2nd 

Group. 
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3. Observation, analysis and discussion on 

the skills and ways of processing of this 

population and their influence on the design of 

technology. Participants: 1st, 2nd, 3rd, and 4th 

Groups. 

4. Design and development of the 

application. Participants: 2nd Group. 

5. Software Testing by professionals and 

family members of people with ASD. 

Participants: 1st and 3rd Groups. 

6. Software quality improvement. 

Participants: 2nd Group. 

After this iterative process, the resulting 

application was tested by the 4th Group, that is, 

children with ASD. 

Information collection techniques 

The techniques used to formalize the collection 

of information from different groups of 

participants were: observation, interview, group 

discussions and field book. 

.

4. Conclusions 

The ASD Module has been developed based on 

the learning styles, abilities and needs of children 

with ASD and has been integrated into the free In-

TIC computer software. This block includes 

virtual keyboards, schedules and activities to 

promote independence in everyday activities. 

The ASD Module is provided as an example 

available to families and professionals assisting 

people with ASD so that, through the 

customization of the necessary aspects, it could be 

turned into a functional tool. 

The basic ideas used for the development and 

design of the application have been explained, 

including scientific evidence and considerations 

set out during the iterative process of the software.  

This list of rules for technology design 

provides useful information for researchers, 

developers, social and healthcare professionals 

and families, with the aim of offering alternatives 

for children with ASD and facilitating the 

understanding of daily life. Moreover, the need to 

research and develop studies for analyzing the 

responses and opinions of people with ASD and 

those within their immediate surroundings was 

demonstrated herein.Main text paragraph. 
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Abstract: Mizoroki-Heck reaction constitutes an effective method for the formation of 

quaternary stereocenters. This reaction has been applied to functionalized 2-alkenylpyrroles as 

substrates in which the -elimination is blocked by a methyl substituent. 10,10-Disubstituted 

pyrrolo[1,2-b]isoquinolines can be obtained using different palladium catalysts and chiral 

bidentate phosphanes as ligands, although with low enantioselectivities. In some cases, 

competition between Mizoroki-Heck reaction and C-H direct arylation reaction on the pyrrole 

nucleus has also been observed for this type of polyfunctionalized substrates. Finally, we have 

shown that quaternary stereocenters can be generated using chiral phosphane ligands as (R)-

BINAP, through a cascade polyene cyclization. This procedure has been successfully applied to 

the construction of tetracyclic framework of Lycorine class of Amaryllidaceae alkaloids. 

 

 

Keywords: Palladium; Heck reaction; cascade reactions; alkaloids; pyrrolo[1,2-b]isoquinolines  

 

 

1. Introduction 

The Mizoroki-Heck reaction of aryl and vinyl 

halides with alkenes has developed into one of 

the most important carbon-carbon bond-forming 

reactions in organic synthesis.1 The 

intramolecular variant represents an extremely 

powerful method for the construction of small 

and medium-size rings. Particularly in recent 

years, this procedure has become an effective 

method for the formation of quaternary 

stereocenters, even in an asymmetric fashion.2 

The use of substrates where the β-elimination is 

blocked by a substituent allows to maintain the 

sp3 centre formed after the migratory insertion, 
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driving the elimination to another β' position, and 

generating a quaternary stereocenter.  

In the context of our research program in 

palladium catalyzed reactions,3 we have 

previously reported that pyrrolo[1,2-

b]isoquinolines can be accessed via the 

intramolecular palladium-catalyzed Heck 

reaction of 2-alkenyl-substituted N-(o-

iodobenzyl)pyrroles, avoiding the direct arylation 

on the pyrrole nucleus by choosing the 

appropriate catalytic system.4 The procedure has 

also been applied to the selective synthesis of 

medium-sized rings and to (hetero)fused 

indolizine systems.5 Thus, our next goal was to 

examine the possibility of generating quaternary 

stereocenters on C-10 of the pyrroloisoquinoline 

skeleton. For that purpose, we selected 2-

alkenylpyrroles as substrates in which the -

elimination is blocked by a methyl substituent.  

 

2. Results and Discussion 

To start studying the generation of a quaternary 

center, we selected as substrate N-benzylpyrrole 

1a (Scheme 1). 

 

Scheme 1 

 

The reaction was tested first in the racemic 

version. When 1a was treated with Pd(OAc)2 (5 

mol%) in the presence of PPh3 (14 mol%) in 

refluxing THF, racemic 2a was obtained, 

although in a low yield (37%). The reaction 

conditions were optimized for the 

enantioselective version. Thus, three privileged 

ligands were selected: (R)-BINAP (L1), 

Chiraphos (L2) and phosphoramidite L3 

(Scheme 1). As shown on Table 1, when the 

reaction was carried out using (R)-BINAP in 

THF, pyrroloisoquinoline 2a was obtained with a 

promising ee (78% ee), although in a very low 

yield (entry 1). The use of PMP as a base 

resulted in an increased yield, though with loss of 

enantioselectivity (entry 2). The use of Chiraphos 

(L2) gave almost no conversion (entries 3, 4), 

while phosphoramidite L3 provided the opposite 

enantiomer, but with low yields and 

enantioselectivities. The change of the solvent to 

DMF did not improve the results.  

 

. Table 1. Cyclization reactions of 1a 

Entry Base 

 

Solvent L* 2a 

Yield (%) 

ee 

(%)[a] 

1 - THF[b] L1 5 78 

2 PMP THF[b] L1 12 47 

3 - THF[b] L2 8 2 

4 PMP THF[b] L2 - - 

5 - THF[b] L3 12 -25 

6 PMP THF[b] L3 16 -26 

7 - DMF[c] L1 47 18 

8 - DMF[c] L2 5 22 

9 PMP DMF[c] L3 24 8 

[a] Determined by Chiral Stationary Phase HPLC (Chiralcel 

OZ3 2% hexane/i-PrOH). [b] Reflux [c] 80 ºC.  
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Scheme 2 

 

On the other hand, when silver salts were added 

to try to improve the enantioselectivity, 1a 

afforded the pyrroloisoindol 3a, through a direct 

C-H arylation reaction (Scheme 2). In a similar 

fashion, it was observed that the direct C-H 

arylation reaction predominates under all 

conditions tested when 1b and 1c were treated 

with Pd(OAc)2, obtaining the pyrrolo-

isoquinoline 3b and pyrrolobenzazepine 3c, not 

observing the formation of the Heck products, as 

shown in Scheme 2. 

In view of these results, we decided to 

introduce a protected allylic alcohol moiety in 

the alkene, to favor the cyclization, as a result of 

the formation of an enol ether. Thus, when 1d 

was treated with Pd(PPh3)4 in toluene, an 

excellent yield of the pyrroloisoquinoline 2d was 

obtained, as a mixture of Z/E isomers (Scheme 

3), forming a quaternary centre. The enol ether 

could be deprotected and the resulting aldehyde 

was reduced to afford the 10-hydroxymethyl 

derivative 4 in high yield. Unfortunately, when 

the cyclization was attempted using (R)-BINAP 

in different solvents, the yields of 2d were 

moderate (38 to 65%) and the enantioselectivities 

were very poor (up to 11% ee). 

Scheme 3  

 

Finally, we reasoned that the formation of the 

quaternary center would be favored if the 

alkylpalladium is involved in a second reaction, 

in a cascade process Thus, we have recently 

shown that that quaternary stereocenters can be 

generated using chiral phosphane ligands as (R)-

BINAP (L1), through a cascade polyene 

cyclization.6 This procedure has been 

successfully applied to the construction of 

tetracyclic framework of Lycorine class of 

Amaryllidaceae alkaloids.7 Thus, N-benzyl 2,3-

dialkenyl pyrroles 5 undergo sequential 6-exo/6-

endo cyclizations to yield  enantiomerically 

enriched (11bR)-substituted pyrrolo-

phenanthridines. (R)-BINAP (L1) has been 

shown to be the most efficient chiral phosphane 

ligand. The reaction can be extended to various 

substitution patterns on the aromatic ring, and 

also to heteroaromatic rings. 

 

 

 

Scheme 4  
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4. Conclusions 

Mizoroki-Heck reaction on 2-substituted N-

benzylpyrroles in which the β-elimination is 

blocked by a substituent allows the generation of 

a quaternary stereocenter on C-10 position of the 

pyrrolo[1,2-b]isoquinoline skeleton. However, 

the reaction proceeds only with moderate yield 

and low enantioselectivity when chiral 

phosphanes (L1-L3) are used as ligands. The 

generation of larger rings is not possible, as the 

C-H direct arylation reaction predominates under 

all conditions tested. The generation of the 

quaternary stereocenter is favored when a 

protected allylic alcohol moiety is used obtaining 

high yields of the C-10 disubstituted 

pyrroloisoquinoline, but the reaction was not 

efficient when chiral phosphanes were used. 

Finally, the formation of the quaternary 

stereocenter is more efficient when the resulting 

alkylpalladium intermediate is involved in a 

cascade process. Thus, 2,3-dialkenyl pyrroles  

undergo sequential 6-exo/6-endo cyclizations to 

afford (11bR)-substituted pyrrolophenanthridines 

in good yields and enantioselectivities. This 

procedure allows a rapid and efficient access to a 

wide variety of enantiomerically enriched C-11b 

substituted lycorane analogues. 
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Abstract: The diastereoselective Mizoroki-Heck reaction of N-benzylpyrrolidines that 

incorporate a protected allylic alcohol moiety allows the synthesis of enantiomerically pure 

pyrrolo[1,2-b]isoquinolines, generating a tertiary stereocenter. The best results were obtained 

with the use of bulky phosphanes, as P(o-Tol)3. When a good leaving group, such as pivaloyl is 

used as a protecting group, the trans-10-vinyl substituted pyrroloisoquinoline (10S,10aS)-2a is 

obtained as the major diastereoisomer in moderate yield. On the other hand, when the allylic 

alcohol is protected as a silyl ether, the protected alcohol is retained, obtaining an enol ether, 

whichafter deprotection and reduction leads to the trans-10-hydroxymethyl substituted 

pyrrolisoquinoline (10S,10aS)-5, in enantiomerically pure form, with complete 

diastereoselectivity. 

 

 

Keywords: Palladium; diastereoselective Heck reaction; alkaloids; pyrrolo[1,2-b]isoquinolines  
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1. Introduction 

The Mizoroki-Heck reaction (M-H), has 

found wide application in the preparation of 

complex organic molecules, from simple 

substrates including heterocycles.1 Particularly, 

the enantioselective intramolecular M-H reaction 

has emerged as an excellent tool for the 

construction of polycyclic frameworks.2  

In connection with our interest our interest in 

palladium catalyzed reactions3 we recently 

showed that quaternary stereocenters can be 
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generated using chiral phosphane ligands as (R)-

BINAP, through a cascade polyene cyclization.4  

The pyrrolo[1,2-b]isoquinoline core is also the 

characteristic structural unit present in numerous 

biologically active compounds, as the 

phenanthroindolizidine alkaloids.5 In this context, 

we have shown that the 6-exo carbolithiation of 

2-alkenylpyrrolidines takes place with complete 

diastereoselectivity, allowing the synthesis of 

enantiomerically pure hexahydropyrrolo[1,2-

b]isoquinolines in high yields.6 On the other 

hand, the Mizoroki-Heck reaction of this type of 

pyrrolidines leads to enantiomerically pure 10-

alkyidene substituted hexahydropyrrolo[1,2-

b]isoquinolines7 Therefore, we decided to 

investigate further the scope of Mizoroki-Heck 

intramolecular reaction towards the stereo 

controlled synthesis of pyrrolo[1,2-

b]isoquinolines, generating a tertiary 

stereocenter, using a diastereoselective approach.  

. 

2. Results and Discussion 

To start studying the generation of a tertiary 

centre, we selected as substrate an 

enantiomerically pure N-benzylpyrrolidine that 

incorporates a protected allylic alcohol, as 

pivalate 1a, which was prepared in 

enantiomerically pure form from commercially 

available N-Boc L-prolinal. (Scheme 1). 

 

 

 

Scheme 1. 

 

In fact, under classical Mizoroki-Heck 

conditions [Pd(PPh3)4 (10 mol%), NaHCO3, 

Bu4NCl, CH3CN, reflux 48 h], pivalate 

elimination took place, generating a tertiary 

stereocenter. However, only a low yield (16%) of 

a diastereomeric mixture of pyrroloisoquinolines 

2a and 3a was obtained, with moderate 

diastereoselectivity in favor of the trans-isomer 

2a (66:34 ratio). After some experimentation, we 

found that palladium acetate with a bulky 

phosphane, as tri-ortho-tolylphosphane (Scheme 

1, Table 1) was required to obtain moderate to 

good yields of the diastereomeric mixture of 

pyrroloisoquinolines 2a and 3a (Table 1). The 

use of a mixture of CH3CN/H2O (10:1) as 

solvent resulted in reduced reaction times (72 h 

vs 5 h, entry 2 vs entry 1), obtaining a 

comparable yield with no loss of 

diastereoselectivity. Other phosphanes (entries 3-

7) and bases (entry 8) were also used, but the 

diastereoselectivity was not improved. Both 

diastereomers could be separated and 

characterized. Their stereochemistry was 

established by NMR and confirmed by X-ray 

analysis (Figure 1) 

 

 

 

Figure 1. ORTEP plots of compounds 2a and 3a 
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Scheme 2.  

 

Interestingly, when the allylic alcohol is 

protected with a TBDMS group (1b, Scheme 2), 

the protected alcohol is retained, generating a 

tertiary centre and obtaining an enol ether 4 in 

good yield, as a mixture of diastereomers with 

the trans major diastereomer as a E/Z mixture.  

The enol ether could be deprotected and the 

resulting aldehyde was reduced, to obtain alcohol 

5 as a single diastereomer, enantiomerically pure. 

Table 1. Pd(0)-catalyzed cyclization reactions of 1a. 

Entry Ligand Base Solvent Time (h) Yield (%) Ratio 

2a/3a 

1 P(o-Tol)3 Et3N CH3CN 72 51 83:17 

2 P(o-Tol)3 Et3N CH3CN:H2O 5 53 78:22 

3 PtBu3 Et3N CH3CN:H2O 5 32 78:22 

4 PCy3 Et3N CH3CN:H2O 5 45 78:22 

5 DavePhos Et3N CH3CN:H2O 5 51 76:24 

6 PPh3 Et3N CH3CN:H2O 5 32 66:34 

7 dppp Et3N CH3CN:H2O 5 51 50:50 

8 P(o-Tol)3 BuNMe2 CH3CN:H2O 5 35 72:28 

9 P(o-Tol)3
[a] Et3N CH3CN:H2O 22 46 79:21 

 [a] 5 mol% of Pd(AcO)2 was used 

 

4. Conclusions 

Tertiary stereocenterss can be efficiently 

generated via Mizoroki-Heck reaction using 

protected allylic alcohol moieties. The ’-

elimination can be controlled by selecting the 

protecting group (Piv or TBDMS). The best 

results in terms of yield and diastereoselectivity 

were obtained by using bulky phosphanes. Thus, 

trans-10-vinylpyrroloisoquinoline (10S,10aS)-2a 

and trans-10-hydroxymethylpyrroloisoquinoline 

(10S,10aS)-5, have been obtained in 

enantiomerically pure form. 
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Abstract: The α,β-unsaturated ketones known as benzalacetones are an interesting class of 

compounds frequently used as key intermediates in organic synthesis. Due to their conjugated 

system, benzalacetone and derivatives have been described as radical scavengers with potential 

antioxidant properties. We report here a simple and direct method to prepare functionalized α,β-

unsaturated ketones via a microwaves activated Claisen-Schmidt reaction. The experimental 

protocol developed selectively produces benzalacetones without self-condensation product in 

very short reaction times and good yields. Interested in the biological properties of 

benzalacetones, we also studied the antioxidant potential of these compounds using an in silico 

study based on the DPPH• radical scavenging ability. The built mathematical model was based 

on the 0-3D DRAGON molecular descriptors and the artificial neural networks technique 

showing a correlation coefficient for the training set (𝑅2) = 0.71 , an external correlation 

coefficient (𝑄𝑒𝑥𝑡
2 ) = 0.65. Unfortunately, the results obtained in the in-silico study revealed that 
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synthesized benzalacetones have no antioxidant activity. The predicted results have been 

confirmed experimentally by an in vitro assay of DPPH• scavenging capacity. 

 

 

Keywords: benzalacetones; artificial neural networks; antioxidant; QSAR; DPPH; free radical 

scavengers, microwaves-assisted synthesis 

 

1. Introduction 

As part of our studies involving the synthesis of 

bioactive compounds structurally related with 

the coumarin skeleton we have recently focused 

our attention on the synthesis of α,β-unsaturated 

ketones known as benzalacetones, which 

possess interesting properties for organic 

synthesis. Due to their conjugated system, 

benzalacetone and derivatives have been 

described as radical scavengers with potential 

antioxidant properties [1]. Various methods of 

synthesis for this type of compounds have been 

described in the literature. The Claisen-Schmidt 

is one of the simplest condensation methods. 

This reaction is typically catalyzed by acids 

(AlCl3 or HCl) and more often by bases with or 

without solvent at room temperature or under 

conventional heating [2-4]. In order to increase 

the yield and to avoid the formation of by-

products, several protocols relative to Claisen-

Schmidt condensation have also been reported 

using different catalysts, sonochemical 

activation or microwaves irradiation. However, 

in all these conditions, side reactions start 

decreasing the yield of the desired product and 

entail further purification steps [5-20]. 

Consequently, we were particularly interested in 

developing an efficient preparation of 

benzalacetones from acetone and aromatic 

substituted aldehydes in basic conditions under 

microwave-activation. 

Secondly we were interested in the study of the 

antioxidant activity of synthesized 

benzalacetones. To achieve our goal we 

developed an in silico study using the OD-3D 

DRAGON molecular descriptors (MDs) and the 

artificial neural networks (ANN) method. The 

ANN is one of the artificial intelligence 

techniques applied to Quantitative Structure 

Activity Relationships (QSAR) evaluations. In 

this study we develop an ANN in order to relate 

scavenging ability of the DPPH• radical and 

molecule features defined by established MDs. 

Finally the theoretical results were confirmed 

experimentally by the in vitro assay of DPPH• 

scavenging capacity. 

 

2. Results and Discussion 

2.1 Synthesis 

Microwave activation for the synthesis of 

benzalacetones has not been widely described in 

the literature. Kappe et al reported the aldol 

condensation of p-methoxybenzaldehyde with 

acetone using microwave activation but could 

not prevent self-condensation. [21] 

As a wide variety of aryl aldehydes is 

commercially available, microwave activation 

would provide a higher degree of flexibility 

with respects to functional groups which may be 

introduced in the benzalacetone skeleton. The 

details of the synthesis were previously 

described by our group Figure 1[22]. 

Following our interest in establishing an 

efficient, rapid and selective access to 

benzalacetones and considering our results 

previously obtained under conventional heating 

(dibenzalacetone formation in yields between 4-
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39%), the Claisen-Schmidt condensations were 

carried out under controlled microwave 

activation. The reactions were performed with 

1.5 equiv of NaOH, in a DiscoverTM microwave 

synthesizer. The compounds were mixed in a 

sealed microwave reaction tube and irradiated 

for 10 to 30 minutes (5 W) with stirring at 50 °C 

or 40°C. After irradiation, reactions were 

controlled by GC-MS analysis, and the purity of 

the desired products was evaluated by NMR 

spectroscopy. All synthetic details of microwave 

activation procedure and the extension of these 

conditions to the synthesis of various 

benzalacetones have been previously described 

by our research group [22]. 

The use of microwave activation resulted in a 

dramatic decrease of reaction times. The 

reactions were generally achieved within 10-15 

min. The desired compounds were isolated with 

excellent yields (typically higher than 79% and 

often quantitative) and clean enough to be 

further used without any purification. These 

microwave-assisted condensation reactions 

could be “directly scalable”. Identical yields 

were obtained on 50 mg and 500 mg scale [22]. 

2.1 Modeling 

The 0D-3D DRAGON MDs were computed for 

an in-house dataset of 1329 compounds whose 

DPPH• scavenging capacity has been 

experimentally determined and reported in the 

literature. Using a wrapper based variable 

selection procedure; a subset of 14 variables 

was obtained and posteriorly used as the ANN 

input. The mathematical model constructed 

showed a correlation coefficient (𝑅2)  for the 

training set of 0.71. The predictive ability of the 

models was assessed using the external 

validation procedure yielding a correlation 

coefficient obtain (𝑄𝑒𝑥𝑡
2 ) of 0.65. Both values 

are above the limits established for model 

acceptance, which is an indicator of the 

robustness and predictive power of the obtained 

MLP model.  

2.2. Prediction:  

Virtual screening allows for prior assessment of 

the potential bioactivity of chemical 

compounds, and thus providing key guidelines 

in posterior experimental work. In this study the 

MLP model previously obtained was used to 

predict the DPPH• scavenging capacity of a 

series of functionalized benzalacetones (Bz-

der). The results of the predictions are shown in 

Table 1.  

As it can be noticed the Bz-der seem to be less 

effective in DPPH• radical capturing, since their 

values of pIC50 are much higher than the 

reference compound, butylated hydroxytoluene 

(BHT, experimental pIC50 of 2.10). The 

exception is 1-naphtalene, in which the 

substituent is benzene fused to the 

benzalacetone moiety (pIC50 of 2.97).  

According to conventional understanding of 

antioxidant activity, increasing of the number of 

phenolic hydroxyl groups enhances the 

compounds’ antioxidant effectiveness. That’s 

why many efforts have been carried out to 

synthesize antioxidants containing phenolic 

hydroxyl groups [23]. 

Consequently, we suggest that low antioxidant 

activity of the benzalacetones studied here could 

be due to the absence of hydroxyl groups linked 

to the aromatic system. On the other hand, 

several compounds used as references in the 

evaluation of antioxidant activity contain the 

phenolic group, for instance, Trolox, Gallic 

Acid and BHT.  

2.3. In vitro Assay: The result obtained with the 

in silico modeling was corroborated using the 

experimental study of DPPH• scavenging 

capacity for the non-substituted compound, (E)-

4-phenylbut-3-en-2-one whose pIC50 was 

previously predicted (4, 21), and experimentally 
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obtained (4.97). These values of IC50 were 

indicative of very low scavenging activity, 

compared with the value obtained for BHT 

(2.10). The results demonstrate the predictive 

power of the designed ANN model and its 

possible applicability in the study of 

benzalacetones as antioxidant compounds. 

These results also suggest the need to synthesize 

benzalacetone derivatives bearing hydroxyl 

groups which would improve the antioxidant 

activity of these compounds  

 

  

 

Figure 1: Preparation of benzalacetones under microwaves conditions 

 

 

 

Table 1: Predictions of the pIC50 values for Bz-der  

Origin  IUPAC name 3D Structures Predict pIC50  

Bz-der 

 

Benzalacetone 4,216405 

Bz-der 

 

4-OMeBenzalacetone 3,997319 

Bz-der 

 

4-MeBenzalacetone 4,228023 
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Bz-der 

 

4-tBuBenzalacetone 3,931096 

Bz-der 

 

4-BrBenzalacetone 4,138268 

Bz-der 

 

4-FBenzalacetone 4,276980 

Bz-der 

 

1-naphtalenebenzalacetone 2,973071 

 

3. Materials and Methods 

3.1 General procedure for the microwave-

assisted syntheses  

In a capped 10 mL MW-vessel, the aldehyde (50 

mg, 1 equiv) and acetone (13.6 equiv) were 

mixed and then an aqueous solution of NaOH 

(0.6 g /cm3 of water) was added. The tube was 

positioned in the irradiation cavity and the 

mixture was stirred and heated at the temperature 

40/50 °C (measured with an IR temperature 

sensor), in the monomode microwave oven (5 

W) for 10/15 min. After completion, upon 

cooling to room temperature, the conversion was 

directly controlled by GC-MS analysis. The 

product was extracted with AcOEt. The organic 

layers were dried over anhydrous MgSO4, 

filtered and concentrated under reduced pressure 

to obtain the corresponding benzalacetone. The 

purity of the final products was controlled by 

NMR [22]. 

3.2 In silico study  

Data: Experimental results of the scavenging 

ability of the DPPH• radical (expressed as IC50) 

for 1329 molecules were extracted from over 170 

scientific reports in the literature; and thus 

yielding a comprehensive and diverse database 

of compounds for the mathematical analysis. All 

the structures were optimized using the CORINA 

software. The response variable (IC50) were 

transformed to their corresponding pIC50 values. 

Molecular Descriptors: The parameterization of 

the structures was performed using 3224 

molecular descriptors implemented in the 

DRAGON software. A wrapper based variable 

selection procedure was used to obtain a subset 

of variables for the ANN building. 
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Development of ANN model: The QSAR model 

was develop using as chemometric tool a 

Multilayer Perceptron Neural Network 

implemented in STATISTICA 8.0 software. For 

the modeling a Broyden-Fletcher-Goldfarb-

Shanno algorithm was used as the optimization 

method; and the following network architecture 

was considered: fourteen inputs; eight neurons in 

hidden layer and one output.  

Predictions of antioxidant activity: The 

benzalacetone derivatives were optimized 

following the same configurations previously 

used and the corresponding MDs computed.  

3.3 In vitro DPPH• assay: The free radical 

scavenging activity of benzalacetone was 

measured using the stable DPPH radical, 

according to Blois’ method [24]. Briefly, 0.1 mM 

solution of DPPH• in methanol was prepared and 

this solution (1 mL) was added to sample 

solution in methanol (3 mL) at different 

concentrations (250–1250 µg/mL). The mixture 

was shaken vigorously and left to stand for 30 

min in the dark, and the absorbance was then 

measure at 517 nm. Butylated hydroxytoluene 

(BHT) was used for comparison. Both 

determinations were due in triplicate. The 

capability to scavenge the DPPH• radical was 

expressed as IC50 (concentration of antioxidant 

that produces 50% of absorbance inhibition) 

.

4. Conclusions 

In conclusion, an efficient and selective general method has been developed for the synthesis of 

benzalacetones via a Claisen-Schmidt reaction using microwaves activation. The desired compounds 

were obtained in shorter times and in almost all cases in quantitative yields. No further purification 

was required. Under microwaves activation, no dibenzalacetone formation has been observed except in 

the case of electron-withdrawing substituted aldehydes. Moreover, an ANN based model was 

developed to predict the antioxidant activity of the synthesized benzalacetones. Unfortunately, the in-

silico study showed that benzalacetones do not have antioxidant activity. Finally, the predicted results 

have been experimentally confirmed by the in vitro assay of DPPH• scavenging capacity. 
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Abstract: Different research projects around the world are trying to emulate the human brain. 

They employ diverse types of computational models: digital models, analog models and hybrid 

models. This communication includes a summary of some main projects, as well as future trends 

in this subject. It is focused on various works that look for advanced progress in Neuroscience 

and still others which seek new discoveries in Computer Science (neuromorphic hardware, 

machine learning techniques). In addition, given the proven importance of glial cells in 

information processing, the importance of considering astrocytes into the brain computational 

models is pointed out. 

 

 

Keywords: brain emulation, neuromorphic chip, neuron-astrocyte computational models, brain 

computational models  

 

1. Introduction 

The first computational brain models were 

created with the goal of reproducing this 

extraordinary organ, in order to understand and 

mimic the way the information is processed, as 

well as its energy efficiency [1-9]. From these 

works, basically two scientific disciplines 

emerge: the connectionism branch of Artificial 

Intelligence, which is aimed at developing 

algorithms based on neural networks to process 

the information, and Computational 

Neuroscience which seeks to create realistic 

models of the brain. In the seventies the field of 

Brain Machine Interface (BMI) also emerged, 

whose purpose was to create systems that 

connected the brain directly to an external 

device. At the same time, a branch of 
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Neuroscience, known as Neuroprosthetics, was 

formed, which sought to build artificial devices 

to replace the functions of nervous systems 

which are damaged in patients. At the end of the 

eighties, Carver Mead [10, 11] proposed the 

concept of Neuromorphic Engineer to describe 

the use of Very Large Scale Integration (VLSI) 

systems which contained analog circuits to 

mimic the neurons.  

All these scientific disciplines have tried to 

model the brain in one way or another. Over the 

past century, many experts in these fields have 

predicted that in 10 or 20 years a computational 

system comparable to the human brain would be 

built. But all these predictions had failed because 

of the technological limitations and the 

underestimation of the brain capacity. Although 

IBM ran the first simulation with approximately 

the same number of neurons as the human brain, 

the neuron models were very simple and the 

simulation was x1542 times slower than in real 

time [12]. However, it should be pointed out that 

until now in most computational brain models 

the capacity to process the information from the 

other half of the brain, containing 84 billion glial 

cells [13], has not been taken in consideration. 

According to the Neural Doctrine, neurons are 

the only cells in the nervous system involved in 

information processing, and the glial cells only 

play a support role. But over the past two 

decades this theory has started to be seriously 

debated. Some discoveries have demonstrated 

the capacity of the glial cells to participate in 

information processing [14-17]. In this 

communication, some works focused on 

implementing artificial astrocytes in the brain 

models are referenced. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Brain Model classification. 

 

 

2. Models Classification 

 

Classifications of brain models can be 

performed from different perspectives. In this 

communication, different computer models that 

have been classified from the point of view of 

signal processing by hardware are currently 

under development, such as: digital models, 

analog models and hybrid models. 

This classification is shown in Figure 1.  

• Digital models: they compute information 

using the binary system to simulate and 

parallelize the behavior of the brain cells. From 

the software models, the realistic computer 
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models are first considered, which are those 

shaping the internal structure of the cells (ion 

channels, organelles, etc.) allowing the study of 

their functions/operations. The generation of 

action potentials, activation of neurons, and 

synapse creation are simulated by mathematical 

equations implemented in the software, with 

specifically-designed tools. In addition, the 

connectionist models are taken into account, 

which, given a known behavior is expected to be 

achieved, such as a classification, object 

recognition in images, regression, etc., allow 

searching for a structure of artificial process 

elements (neurons and/or astrocytes) that give 

sufficient rise to such behavior. With regard to 

digital hardware models, they propose new 

computer architectures based on brain 

functioning. 

• Analog models: they consist of 

neuromorphic hardware elements where 

information is processed with analog signals, that 

is, they do not operate with binary values, as 

information is processed with continuous values. 

This allows computation to be more efficient, so 

that analog computation could be used in 

applications where energy efficiency is very 

important. 

• Hybrid models: they have been classified 

as such those assembled using hardware 

composed of both analog and digital 

components. These models seek to make the 

most of each type of computer. 

 

Projects Name Institution 
Num. 

neurons 

Type of 

neurons 

Simulated 

synapses 
Objectives Duration Refs. 

D
ig

it
a
l 

M
o

d
el

s 

S
o
ft

w
a
re

 Human Brain 

Project 

European 

Union 
106 

Hogdking & 

Huxley 
5x108 1, 2, 3, 4 2005 18 

SPAUN 
Univ. 

Waterloo 
2.5x106 

Leaky integrate-

and-fire 
1012 1 2012 19 

H
a
r
d

w
a
re

 SpiNNaker 
Univ. 

Manchester 
2.5x105 

Point neuron 

models, leaky 

integrate-and-

fire, Izhikevich's 

models 

8x107 1, 2, 3, 4 2005 20 

SyNAPSE IBM 1011 

Improved leaky 

integrate-and-

fire. 

1014 2, 3 2008 21 

Analog 

Models 

BrainScales 
European 

Union 
4x106 

Adaptive 

exponential 

integrate and 

fire neurons 

109 
 

1, 2, 3 

2011-

2015 
22 

HiAER-IFAT 

Univ. 

California at 

San Diego 

250.000 

Integrate-and-

fire with two 

compartments 

for neuron 

5x106 1, 2, 3, 4 2004 23-27 

NeuroDyn 
Univ. 

California at 
4 

Hogdking & 

Huxley. 384 
12 1 2004 23-27 
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San Diego parameters and 

24 channels. 

Hybrid 

Models 

Neurogrid 
Stanford 

University 
106 

Quadratic 

integrate-and-

fire somatic 

compartment + 

Dendritic 

compartment 

model with 4 

Hogdking & 

Huxley 

channels 

109 1, 3, 4 2007 28 

BRAIN 

Initiative 
Qualcomm not public not public not public 1, 2, 3 2013 29 

Table 1. Overview of key features of relevant projects. Objectives (1. Computational Neuroscience; 2. Artificial 

Intelligence; 3. Neuromorphic chips; 4. Build devices to help disable people). 

 

 3. Characteristics of the models 

 

Table 1 shows an overview of key features of 

main projects around the world that model the 

brain. In this table they are grouped according to 

the classification referred to: 

Project name: it usually contains words like 

‘neuron’, ‘spike’ or ‘brain’. 

Institution: it is observed that most 

institutions are universities, but there are some 

projects developed in companies, such as IBM 

(SyNAPSE) or QUALCOMM (BRAIN 

Initiative). Most modeling works are coordinated 

by groups of the prestigious American 

universities, like Stanford (Neurogrid). There are 

also projects coordinated in prestigious European 

universities like University of Lausanne (HBP) 

or University of Manchester (SpiNNaker). The 

projects developed in European universities are 

mainly supported through the European Union, 

while in the case of US projects, funding comes 

from DARPA and NIH (National Institutes of 

Health). The most important difference between 

European and American projects is that 

Europeans try to increase scientific knowledge 

about the brain. However, the major American 

projects are rather focused on carrying out a 

revolution in the computer industry, laying the 

foundation for future computer systems. 

Number of neurons: the simulation with the 

largest number of neurons was made by the 

SyNAPSE project in 2012 with 5.4x1011 

neurons, a quantity even higher than a human 

brain, which is around 8.6x1010 [13]. It should be 

noted that this simulation is not expected to be 

realistic and uses very simplified neuronal 

models. Furthermore, the simulation runs 1542 

times slower than real time and 1.5 million 

BlueGene/Q cores [30] were necessary. 

Types of Neurons: there are many types of 

neuronal models with different levels of realism 

and complexity. These implementations can be 

either software or hardware-based. When it 

comes to software connectionist models, 

artificial neurons are simple processing elements 

which operate following sigmoid or threshold 

mathematical functions [31], although there are 

progressively more software models using built-
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in spiking neurons [32] that simulate action 

potentials. In the case of realistic models, the 

latter usually present ion channels responsible for 

the spike generation. The Hodgkin-Huxley 

model [9] requires more computational resources 

because it simulates Ca+2, K+ and Na+ currents. 

It is used in the HBP [18], Neurogrid [28] and 

NeuroDyn [26]. When the 3D arrangement of 

axons and dendrites is considered, the simulation 

becomes significantly more complicated, as a 

space-time integration is necessary. For the sake 

of simplicity, Rall’s Cable Theory [33] and 

compartment models [34] are used. For more 

information about these models, please refer to 

[35]. The simplest model is “Integrate-and-fire 

point neuron”, which adds the inputs to the 

associated weights and compares the sum to a 

threshold, resulting in a binary decision of either 

generating a spike output or not. There is an 

extension of this model that uses a charge decay, 

known as “leaky integrate and fire”. It is used for 

example in SPAUN [19], SpiNNaker [20] and 

SyNAPSE [21]. Other ways to improve the 

models are: non-linear sum, time-dependent 

threshold, programmable delay in the release of 

the spikes and other variations. 

Simulated synapses: in 2012 the SyNAPSE 

project achieves 1.37x1014 simulated synapses 

[12], roughly the same number as in the human 

brain. A problem encountered by the models is 

the synaptic connectivity because of the large 

number of existing connections in the brain. In 

addition, the connections between neurons are 

formed during development, but they change 

daily to allow learning. To date, the most 

common solution involves using networks with 

AER architecture [36, 37] that make neurons 

communicate only when they need to send a 

spike. The information is sent in a package that 

contains only the address of the neuron that fires 

the spike. The synaptic connectivity is stored in 

tables that are used by the network routers [38]. 

In analog models, the nearby connections 

between neurons are usually done through a 

direct cable. However, for long-distance 

connections AER is necessary, for which 

Analog/Digital and Digital/Analog converters are 

employed. This is a problem because the circuit 

that the neuron needs for conversion and routing 

is much larger than the neuron circuit itself. The 

brain modeling projects use supercomputer and 

CPU [39] or GPU clusters [40]. Moreover, others 

use neuromorphic chips specifically designed to 

process information emulating the brain, both 

digital (SpiNNaker [20], TrueNorth [21]) and 

analog (HICANN [22]), and even hybrid 

(Neurogrid [28], Zeroth [41]). One of the 

advantages of the neuromorphic systems is that, 

as they are implemented within the hardware, 

they eliminate the overhead of the simulation 

software, providing a more accurate output in a 

shorter space of time. Furthermore, the emulation 

speed and communication in neuromorphic 

solutions can be run faster than the biological 

equivalent. Another advantage of the 

neuromorphic solutions is that they have a lower 

consumption per emulated neuron. Although the 

analog model is faster, it has not been shown that 

its fixed neural structure adequately captures 

biological neural behavior. 

Project duration: these are very complex 

modeling projects and works and, therefore, their 

time span is long. The case of Blue Brain Project 

should be pointed out, which began in 2005 and 

later became part of the Human Brain Project 

which is still underway. The older projects 

(started 10 or more years ago) include: 

Spinnaker, HiAER-IFAT or NeuroDyn. As seen 

in Table 1, the most recent is SPAUN. All of 

them are still under development, except for 

FACETS and BrainScales. 
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Objectives: most brain models are not 

completed, although some projects have already 

built parts of them that have been applied to 

certain fields or specific studies. On the one 

hand, the projects which are mainly focused on 

understanding some aspects of the brain were 

divided as follows: HBP is trying to simulate the 

effect of new drugs for brain diseases; SPAUN is 

testing neuroscientific hypotheses related to 

behavior studies; and the Neurogrid project is 

aimed at figuring out how cognition arises. On 

the other hand, there are models which allow 

automatic processing of large amounts of data 

using intelligent software (SyNAPSE, 

SpiNNaker). There are also projects that develop 

new processing hardware architectures, such as 

BrainScales, SpiNNaker, SyNAPSE. Finally, 

there are also some which allow even building 

devices to help disabled people, as in the case of 

the SpiNNaker project. 

References: fundamental webs or papers, 

where the projects were presented. 

 

4. Brain Computational Models with Glia 

 

So far there were no projects including 

astrocytes in a neuromorphic chip. There are 

only realistic computational models [42-49] and 

connectionist ones [50-54] which have taken 

glial cells into account. Currently, there are two 

projects aimed at implementing astrocytes in 

neuromorphic chips, one is BioRC [55-57] 

developed by the University of Southern 

California and the other project is carried out by 

the University of Tehran and University of 

Kermanshah (Iran) [58-60]. Moreover, there is a 

project under development at the University of A 

Coruña, which extends classical ANN by 

incorporating recent findings and suppositions 

regarding the way information is processed via 

neural and astrocytic networks in the most 

evolved living organisms. Considering the works 

published over the past two decades on the 

multiple modes of interaction between neurons 

and glial cells [14-17], it would be a very 

interesting approach if most of these groups tried 

to implement these behaviors in computer 

models. In addition, it is worth noting that glial 

cells have evolved more than neurons. For 

example, in mammals there are no major 

differences between neurons of different species. 

However, a rodent’s astrocytes may include 

between 20,000 and 120,000 synapses, while a 

human’s may include up to 2 million synapses 

[61, 62]. Furthermore, the ratio between neurons 

and glial cells varies in different brain regions. In 

the cerebellum, for instance, there are almost 5 

times more neurons than astrocytes. However, in 

the cortex, there are 4 times more glial cells than 

neurons [13]. All these data suggest that the more 

complex the task, performed by either an animal 

or a brain region, the greater number of glial 

cells is involved. 

 

4. Conclusions 

There are a great variety of projects and 

models of the brain around the world. The 

development of digital, analog and hybrid 

models is expedient and allows for advances in 

Neuroscience and Computer Science.  

With regard to the cerebral phenomena 

emulated by computer models, the importance of 

considering the glial system should be stressed. 

Such system is crucial for the development of 

complex cognitive capacities of human beings. 

Therefore, it should be part of brain models to be 

truly realistic. 

 In the short and medium term, the 

modeling of the brain and neuromorphic chips 

will advance the development of prosthetic 

devices and Brain-Machine Interface. However, 

all the brain simulations that will be performed 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section E), pages 1-10, Short Communication  7 

http://sciforum.net/conference/mol2net-1 

 

 

within this period will use very simplified 

models. It is therefore questionable that the 

whole brain could be analyzed through realistic 

simulations.  

 In the long term, it is more difficult to 

make predictions about the brain simulations, as 

their approach is rather philosophical than 

scientific. The question of creating an artificial 

brain is old, but today there is a clear division 

between scientists who believe it is possible, and 

could even be accomplished within the next two 

decades, and those who believe it will never be 

possible. 
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Abstract: Malaria is one of the leading causes of death by infectious disease worldwide. The 

widespread of resistance of Plasmodium falciparum to the current antimalarial drugs makes urgent 

the search and discovery of new targets and new drugs. A potential target for the development of 

new antimalarial drugs is deoxyuridine triphosphatase (dUTPase), and it has been validated for 

other organisms such as Escherichia coli, Saccharomyces cerevisiae and Mycobacterium 

smegmatis. This enzyme plays an important role in maintaining the balance between 2'-

deoxyuridine 5'-triphosphate (dUTP) and 2'-deoxythymidine 5'-triphosphate (dTTP), in order to 

avoid the erroneous incorporation uracil in the DNA tape. In this study, we developed robust 

conformation-independent fragment-based quantitative structure–activity (QSAR) and structure–

selectivity relationship (QSSR) models for a series of β-branched acyclic nucleotides inhibitors of 

Plasmodium and human dUTPase, aiming to design new antimalarial agents. The Hologram QSAR 

and QSSR models generated showed good robustness and external predictability, and is capable 

of predict affinity and selectivity of untested compounds inside the applicability domain. 

Therefore, the generated models can be used in virtual screening campaigns in the search of new 

potent and selective PfdUTPase inhibitors. 

 

 

Keywords: malaria; Plasmodium falciparum; drug design; dUTPase; QSAR; QSSR 

 

1. Introduction 

About 3.2 billion of people in 97 countries and 

territories are under the risk to contract and 

develop malaria. It is estimated that 198 million 

cases of malaria occurred in 2013, and the disease 

caused 584,000 deaths. 90% of cases of malaria 

deaths occur in Africa, and of those, 78% in 
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children below 5 years-old[1]. Recently, notable 

reduction in cases of malaria have been achieved 

by vector control, proper case management, and 

combination of drugs, but the emergence of drug 

resistant Plasmodium falciparum creates a 

frequent need to continue the search for new 

antimalarial drugs [2].  

The enzyme 2’-deoxyuridine 5’-triphosphate 

nucleotide hydrolase (dUTPase) is responsible for 

the hydrolytic cleavage of dUTP (deoxyuridine 

triphosphate) in dUMP (deoxyuridine 

monophosphate) and pyrophosphate [3]. 

Although the enzyme DNA glycosylase can 

excise the uracil base of DNA, many repairs can 

destabilize the DNA strand resulting in the 

breaking of the tape, that is fatal to the cell[4]. 

Because of that, dUTPase is a potential target for 

development of new drugs, and there are 

experimental findings that dUTPase is essential 

for some organisms such as Escherichia coli, 

Saccharomyces cerevisiae and Mycobacterium 

smegmatis [5–7]. Moreover, the P. falciparum 

enzyme (PfdUTPase) has relatively low sequence 

similarity with human ortholog (HsdUTPase) 

(28,4% identity) [4], making it an attractive target 

for the development of selective inhibitors as 

potential new antimalarial drugs. 

The aim of this work was to develop robust 

conformation-independent fragment-based 

quantitative structure–activity (QSAR) and 

structure–selectivity relationship (QSSR) models 

for a series of β-branched acyclic nucleotides 

inhibitors of Plasmodium and human dUTPase, in 

order to obtain structural information on the 

requirements for affinity and selectivity of the 

enzyme PfdUTPase and to design new 

antimalarial agents.

2. Results and Discussion 

The fragment-based QSAR and QSSR models 

were derived for a series 127 inhibitors of 

PfdUTPase and 47 inhibitors with biological data 

for both enzymes PfdUTPase and HsdUTPase (as 

measured by Ki) were determined under the same 

experimental conditions [4,8–13]. The Ki values 

were converted to the corresponding pKi (−log Ki) 

and used as dependent variables in the QSAR 

investigations. The selectivity parameter (S) was 

defined as the ratio of the binding affinities of the 

Plasmodium and human enzyme (PfdUTPase Ki / 

HsdUTPase Ki), whose values were then 

converted to the corresponding log S. The 

generation of reliable QSAR models is dependent 

on the creation of appropriate modeling and 

evaluation sets. Therefore, we used a modified 

Kennard-Stone (KS-MD) algorithm to guide an 

appropriate compound selection in such a way 

that structurally diverse molecules, possessing 

activities of a wide range, were included in both 

sets. 

Table 1 shows the results for the best HQSAR 

and HQSSR models developed for affinity and 

selectivity for PfdUTPase, with different 

combinations of atoms (A), bonds (B), 

connections (C), hydrogen atoms (H), chirality 

(Ch), and donor and acceptor (DA) as fragment 

distinctions for obtaining the molecular 

fragments. According to Table 1, the best 

statistical results for HQSAR were obtained for 

the combination A/B fragment distinction (q2 = 

0.80; r2 = 0.89). For HQSSR, the best model was 

obtained using C/H/Ch/DA as fragment 

distinction (q2 = 0.79; r2 = 0.98). Moreover, the 

best HQSAR and HQSSR models showed 

substantial predictive power with values of Q2
ext 

equal to 0.79 and 0.83, respectively. These values 

indicate the reliability of the models in predicting 

the affinity and selectivity of untested 

compounds. We have also performed an analysis 

of the modified correlation coefficient (𝑟𝑚
2 ). This 

method is considered a parameter for an 
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additional external validation, because it is based 

on the actual difference between the predicted and 

experimental values, and is not influenced by the 

division of modeling and evaluation sets [14–16]. 

All 𝑟𝑚
2  metrics for our models were within the 

recommended range values, confirming the 

robustness of the models.  

Besides predicting the biological property of 

untested molecules, HQSAR models should also 

provide important hints as to what molecular 

fragments are directly related to the biological 

property. This can be achieved through a careful 

interpretation of the structural fragments 

incorporated to the hologram-based QSAR 

models. The contribution maps show color scales 

that indicate the magnitude of the contribution of 

each atom/fragment. The colors next to red end of 

the spectrum (red, orange and reddish orange) 

indicate unfavorable or negative contributions, 

while colors in the green region (yellow, green-

blue and green) indicate favorable or positive 

contributions. Atoms with intermediate 

contributions are colored white.  

The most important fragments for the most 

potent and less potent inhibitors of PfdUTPase 

and (Hs/Pf)dUTPase can be viewed in their 

individual contributions maps (Figure 1). It can be 

noted that the trityl ring has a favorable for the 

biological properties (affinity and selectivity) 

(colored in green). This result suggests that the 

trytil group could be important for the biological 

activity. Previous molecular modeling and 

crystallography studies indicated that two of the 

three trityl rings have significant interaction with 

hydrophobic site of the dUTPase enzyme[13]. 

 

Table 1. Fragment-based QSAR and QSSR models for affinity and selectivity of PfdUTPase. 

 q2 r2 Q2
ext 𝒓̅𝒎

𝟐
 ∆𝒓𝒎

𝟐  

Model Affinity PfdUTPase 

A 0.72 0.85 0.85 0.81 0.09 

A/B 0.80 0.89 0.79 0.76 0.11 

B/C 0.79 0.90 0.77 0.75 0.15 

Model Selectivity 

C/H/Ch/DA 0.79 0.98 0.83 0.50 0.25 

H/Ch/DA 0.75 0.96 0.88 0.55 0.22 

Ch/DA 0.75 0.96 0.88 0.55 0.22 

q2: Cross-validated correlation coefficient; r2: non cross-validated correlation coefficient; Q2
ext: determination coefficient of 

the evaluation set; 𝑟̅𝑚
2 : average regression coefficient; ∆𝑟𝑚

2 : difference between regression coefficient; Fragment distinction: 

A, atoms; B, bonds; C, connections; H, hydrogen atoms; Ch, chirality, DA, donor and acceptor.  
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Figure 1. Structural features required for affinity, as highlighted by the fragment-based 

HQSAR models. Contribution maps for the most potent inhibitor of PfdUTPase (A), and one 

of the least potent inhibitor of PfdUTPase (B). Structural requirements for PfdUTPase 

selectivity, as highlighted by the HQSSR models. Contribution maps for the most selective 

compound (C) and one less selective compound (D). 

 

3. Materials and Methods 

 

The dataset was compiled and integrated from 

a series of publications of Prof. Ian Gilbert 

(University of Dundee, UK) [4,8–13], and 

contained of 127 compounds along with Ki values 

against PfdUTPase. From these, only 47 

compounds had data reported against both 

enzymes from Plasmodium and human. This data 

was used to calculate the selectivity (S) (Eq. 1), 

which was later used to generate QSSR models.  

The Ki (inhibition constant) values were 

converted to the corresponding pKi (-logKi) and 

used as dependent variables in fragment-based 

QSAR and QSSR modeling.  

 

Equation 1.  

𝑆 = 𝑙𝑜𝑔
𝐻𝑠𝑑𝑈𝑇𝑃𝑎𝑠𝑒 𝐾𝑖

𝑃𝑓𝑑𝑈𝑇𝑃𝑎𝑠𝑒 𝐾𝑖
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The dataset was curated using the protocol 

described by Fourches and co-workers [17]. 

Briefly, counterions were removed, whereas 

specific chemotypes such as aromatic and nitro 

groups were normalized using the ChemAxon 

Standardizer (v.5.3, ChemAxon, Budapest, 

Hungary, http://www.chemaxon.com). The 

presence of duplicates, i.e., identical compounds 

reported several times in the same dataset, is 

known to lead to over-optimistic estimations of 

the predictivity for developed QSAR models. 

Thus, after structural standardization, the 

duplicates were identified using ISIDA 

Duplicates [18] and HiT QSAR [19] software and 

carefully analyzed. If the experimental properties 

associated with two duplicated structures were 

identical, then one compound was deleted. 

However, if their experimental properties were 

significantly different, we deleted both records 

from the dataset. The dataset was then divided into 

modeling and evaluation sets, based on modified 

Kennard-Stone (KS-MD) algorithm. The 

applicability domain (AD) was assessed using the 

qsaR in R package. 

Hologram QSAR (HQSAR) and QSSR (HQSSR) 

models were generated using SYBYL-X v.1.2 

software (Tripos, Inc., St. Louis, MO, USA). 

QSAR and QSSR models were constructed using 

the HQSAR approach as previously described in 

several drug design studies [20–22]. Briefly, 

molecular holograms were generated for each 

molecule of the dataset, using different 

combinations of parameters concerning hologram 

generation. Holograms were generated using 6 

distinct fragment sizes over the 12 default series 

of hologram lengths (53, 59, 61, 71, 83, 97, 151, 

199, 257, 307, 353, and 401 bins). Several 

combinations of fragment distinction parameters 

were considered, such as atoms (A), bonds (B), 

connections (C), hydrogen atoms (H), chirality 

(Ch), and donor and acceptor (DA). The patterns 

of fragment counts were then related to the 

dependent variables using the partial least squares 

(PLS) regression analyses to derive the HQSAR 

and HQSSR models. Cross-validation procedures 

(q2 leave-one-out, q2
LOO) were used to determine 

the number of components that yielded optimally 

predictive models and to assess the stability and 

statistical significance of the models. 

 

 

4. Conclusions 

The HQSAR and HQSSR models presented good internal consistency, with values of q2>0.6 and 

r2>0.7. The best models were used to predict the affinity of external sets and were rigorously evaluated 

using several metrics, demonstrating high prediction accuracy. Therefore, the best models should be 

useful in predicting the affinity and selectivity of untested compounds inside the applicability domain in 

virtual screening campaigns, in the search of new potent and selective PfdUTPase inhibitors. 
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Abstract: This paper shows an iterative clustering method based on kernel k-means, which 

changes the parameter k automatically in each iteration of the algorithm. In addition, a way to 

initialize the centroids is proposed. The method is applied to a binning process in metagenomics 

using a complex database with different organisms. The aim of this method is to reduce the 

sensitivity of clusters based on strength measures. The results demonstrate that the proposed 

method is better than the simple kernel k-means for metagenome databases.  
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1. Introduction 

Metagenomics is the science that studies 

microbial DNA of many organisms recovered 

from environmental samples. Ever since the 

studies of DNA in a single organism the use of 

computational resources was an important 

need. Now this science has stirred the rise of 

new computational challenges. Next-

generation sequencing technologies can 

sequence up to billions of bases in a single day 

at low cost, producing a huge amount of short 

fragments of DNA called reads. The next 

process and new challenge is to assemble these 

reads into longer sequences called contigs and 

scaffolds by a process of overlapping [1].  

Assembling this huge amount of short reads was 

difficult in the classic genomic study for a single 

microorganism. Now assembling imposes great 

computational challenge because in 

metagenomics the data we are dealing with 

contains different microorganisms at uneven 

abundances. 

Binning process for assignment of genomic 

fragments into taxonomic groups is one of the 

most important steps in the analysis of 
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metagenomic data, but in spite of several 

developed tools it is still a challenge for 

scientists. Similarity-based and supervised 

methods are more accurate than unsupervised 

methods because they are based on reference 

sequences, but for the same reason they are more 

time consuming and have limitations when they 

are dealing with unknown organisms or these are 

not present in their databases. The huge amount 

of reads or contigs to align with known 

sequences coupled with the big size of the known 

sequences databases are the cause of the high 

time consumption. Therefore if we reduce the 

amount of reads or contigs to align with, the time 

to find the sequence that match should 

considerably decrease. A previous clustering 

process can be an efficient way to provide 

different taxonomic groups in order to ease the 

analysis of a few fragments of sequences that 

probably belong to the same organism. This 

process can be used as a previous step in some 

processes in the study of metagenomic samples 

such as before the assembly or in the process of 

functional assignment. Some researchers have 

used variants of k-means [2,3], variants of Self-

Organizing Maps [4], [5] and others clustering 

techniques  [1,6]. In [7] a comparison of some 

different clustering methods is done.  

The selection of an appropriate clustering 

method to represent the taxonomic groups is yet 

a challenge. The complexity and the high 

dimensional of the data are two of the problems 

to keep in mind in clustering metagenomics. 

K-means is one of the most popular clustering 

algorithms, but it has some limitations. One of 

the most important disadvantages is the number 

of clusters needs to be specified by the user. A 

key limitation of k-means is the way to build the 

clusters, typically spherical clusters with similar 

size, which are linearly separable.  

Taking into account the potential of k-means 

without forgetting its limitations this paper 

focuses on a kernel k-means method with a 

variant consisting of iterations in order to select 

an appropriate number k of clusters. Also a 

random way to select the centroids based on the 

distance between them is used improving the 

convergence of the method.

2. Data and Methods 

2.1 Data  

The database used in this paper was 

previously used by Bonet et al. [3]. It consists of 

assembled genomic sequences of different 

organisms: viruses, bacteria and eukaryotes from 

the FTP site of the Sanger institute. 

Selected viral sequences include Influenza 

and Dengue virus genomes. Bacterial sequences 

come from Bacteroides dorei and 

Bifidobacterium longum. The selected 

eukaryotes included two fungi, one nematode 

and one insect.  

The database contains 165014 contigs that 

ranged between 50 and 2962289 bases because 

the enormous difference in the size of contigs is 

needed to represent the sequences using 

biological or mathematical features. 

2.2 Features 

For the experiment some features were 

selected: 

- GC: G + C content, that means the ratio 

between the number of G+C and the total of 

nucleotides of the sequence (A+T+G+C). 

- Nucleotide frequencies:  Number of 

occurrences of A, T, G and C in the sequence. 

It was normalized by the size of the sequence. 

- Codon frequencies: Number of each possible 

codon in the sequence. It was normalized by 

the total of codons (64 codons) 

- k-mer (k=4): are represented for the 256 

possible tetranucleotides. It was compute as 
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the number of each tetranucleotide and 

normalized with the total of tetranucleotides in 

the sequence. 

Features were used in all combinations, 

producing 15 databases. 

2.3 Methods  

K-means is one of the most popular clustering 

methods, despite the problem to estimate the 

parameter k (number of cluster). This algorithm 

finds a set of k centroids, and associates each 

instance in the data to the nearest centroid, based 

on a distance function [8]. 

Some researchers have focused on the 

initialization part of the method, based on the 

selection of better centroids in order to improve 

the convergence of the algorithm. One of the 

most known is k-means++ [9] and variants of it, 

including scalable k-means++ [10]. Most of 

these algorithms need to analyze the entire 

database, which requires a lot of time in large 

databases. Here we propose a simple and fast 

way to select a set of optimal centroids.  

Appling k-means to massive data is easy 

because of its nature. Given a set of centroids, 

the assignment of each point to clusters can be 

done independently.  

Kernel k-means works as k-means but applied 

in kernel space [11].  

Here we proposed a clustering method based 

on kernel k-means.  

Polynomial and cosine distance kernel were 

used to compare the sequences.  

For the implementation of the clustering 

method, we used Weka [12], which is a free 

machine learning package that has implemented 

k-means.  

 

 

3. Iterative kernel k-means 

3.1 Selecting centroids  

The process to select the centroids consists 

on: 

1. Select k random points (k cases of the 

database). 

2. Select a k+1 point. Compute the 

distance matrix of theses k+1 point. For 

each point, compute the average 

distance. Delete the point with lowest 

average. 

3. Repeat step 2 until obtain an average 

greater than a threshold or a number of 

iterations.  

Using this simple idea, we obtain a set of 

centroids more distant from each other, what is 

one of the objectives of the final clusters. 

In this paper, we use k as the number of 

iterations for the step 2. 

3.2 Iterative kernel k-means  

The proposed process of clustering is based on 

the algorithm suggested by Bonet et al. [3] with 

the addition of a distance kernel. The distance 

kernel is based on a cosine transformation with 

a lineal kernel as is shown in equation 1. 

𝐶𝑜𝑠𝑖𝑛𝑒𝐾𝑒𝑟𝑛𝑒𝑙(𝑥1, 𝑥2) =
𝑘(𝑥1,𝑥2)

√𝑘(𝑥1,𝑥1)∗𝑘(𝑥2,𝑥2)
     (1) 

where k is a kernel. In our case the linear 

kernel was use, i.e. 𝑘(𝑥1, 𝑥2) is a dot product 

of x1 and x2. 

The process is following these steps: 

Step 1: Select a tentative k (this k varies in the 

rest of the process), preferably a higher value 

than expected. Run k-means with the data using 

the initialization process and the cosine distance 

kernel described above.  
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Step 2: After getting the first set of clusters, 

they are evaluated based on measures of 

strengths of clusters. Clusters with low 

compactness, that is low distance inter-cluster, 

are used to build the new database to repeat the 

clustering process returning to step 2. 

Step 3:  Once the strengths measures are 

lower than a threshold, the last step is to 

minimize, if possible, the number of clusters. 

Clusters evaluation is repeated, for all clusters 

resulted of each iteration of k-means. Clusters 

with low separation between theirs centroids are 

merged into one. 

In metagenomics the aim to assign the 

sequences to a phylum is associated with the 

sensitivity taking into account the phylum that 

best represents each cluster. That means the 

sensitivity is measured centered around the 

percentage that represents each organism in each 

cluster. For this problem, we use the sensitivity 

of clusters to evaluate them. 

4. Results and Discussion 

A metagenome database composed of eight 

different organisms is used to evaluate the 

method.  

 

Figure 1. K-means vs. Iterative kernel k-means  

 

 

 

Some different attributes are used to describe 

the sequences: GC content, nucleotides 

frequencies, codon frequencies and 

tetranucleotides. All combinations of features 

were tested, but the best performance was 

obtained using tetranucleotides. 

Polynomial and cosine kernel were used for 

the kernel k-means algorithm. The best result 

was obtained with cosine kernel. The algorithm 

was tested with k between 5 and 15 achieving the 

best performance with k=15. 

Figure 1 shows the results with kernel cosine 

and k=15. The clusters obtained with kernel k-

means (left) vs. the clusters obtained using the 

proposed algorithm with five iterations (right). 

The figure represents the percent of purity of the 

clusters that means, the percent of the genomic 

fragments that belongs to the predominant 

organism in the cluster. 

The results of the last step of the model 

yielding a 99.1% of sensitivity of the clusters, 

which results are in the range of 87.14 and 100%. 

The error of misassigned sequences is 5.516%. 
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4. Conclusions 

In this paper we present an algorithm based on kernel k-means. The algorithm was tested in a 

metagenome database. The result achieved by the proposed method in line with the objective of 

obtaining clusters with high sensitivity outperforms results obtained with a simple k-means. Taking 

into account the sensitivity of the clusters the model yielding a 99.1%. 

Conflicts of Interest 

The authors declare no conflict of interest 

References  

1. Reddy, R.M.; Mohammed, M.H.; Mande, S.S. Metacaa: A clustering-aided methodology for 

efficient assembly of metagenomic datasets. Genomics 2014, 103, 161-168. 

2. Kelley, D.; Salzberg, S. Clustering metagenomic sequences with interpolated markov models. 

BMC Bioinformatics 2010, 11, 544. 

3. Bonet, I.; Montoya, W.; Mesa-Múnera, A.; Alzate, J. Iterative clustering method for 

metagenomic sequences. In Mining intelligence and knowledge exploration, Prasath, R.; 

O’Reilly, P.; Kathirvalavakumar, T., Eds. Springer International Publishing: 2014; Vol. 8891, 

pp 145-154. 

4. Weber, M.; Teeling, H.; Huang, S.; Waldmann, J.; Kassabgy, M.; Fuchs, B.M.; Klindworth, A.; 

Klockow, C.; Wichels, A.; Gerdts, G., et al. Practical application of self-organizing maps to 

interrelate biodiversity and functional data in ngs-based metagenomics. The ISME journal 

2011, 5, 918-928. 

5. Abe, T.; Kanaya, S.; Kinouchi, M.; Ichiba, Y.; Kozuki, T.; Ikemura, T. Informatics for 

unveiling hidden genome signatures. Genome Research 2003, 13, 693-702. 

6. Kislyuk, A.; Bhatnagar, S.; Dushoff, J.; Weitz, J. Unsupervised statistical clustering of 

environmental shotgun sequences. BMC Bioinformatics 2009, 10, 316. 

7. Li, W.; Fu, L.; Niu, B.; Wu, S.; Wooley, J. Ultrafast clustering algorithms for metagenomic 

sequence analysis. Briefings in Bioinformatics 2012, 13, 656-668. 

8. MacQueen, J. Some methods for classification and analysis of multivariate observations. In 

Proceedings of the Fifth Berkeley Symposium on Mathematical Statistics and Probability, 

Volume 1: Statistics, University of California Press: Berkeley, Calif., 1967; pp 281-297. 

9. Arthur, D.; Vassilvitskii, S. In K-means ++: The advantages of careful seeding, 8th Annual 

ACM-SIAM Symposium on Discrete Algorithms, New Orleans, 7-9 January 2007, 2007; New 

Orleans, pp 1027-1035. 

10. Bahmani, B.; Moseley, B.; Vattani, A.; Kumar, R.; Vassilvitskii, S. Scalable k-means++. Proc. 

VLDB Endow. 2012, 5, 622-633. 

11. Scholkopf, B.; Smola, A.; Muller, K.-R. Nonlinear component analysis as a kernel eigenvalue 

problem. Neural Computation 1998, 10, 1299-1319. 

  

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section E), pages 1-6, Proceedings  6 

http://sciforum.net/conference/mol2net-1 

 

 

12. Witten, I.; Frank, E. Data mining: Practical machine learning tools and techniques. 2nd ed.; 

Morgan Kaufmann: San Francisco, 2005; p 525. 

 

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions defined by MDPI AG, the publisher of the Sciforum.net 

platform. Sciforum papers authors the copyright to their scholarly works. Hence, by submitting a paper 

to this conference, you retain the copyright, but you grant MDPI AG the non-exclusive and un-

revocable license right to publish this paper online on the Sciforum.net platform. This means you can 

easily submit your paper to any scientific journal at a later stage and transfer the copyright to its 

publisher (if required by that publisher). (http://sciforum.net/about ). 

 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section C), pages 1-5, Proceedings  1 

http://sciforum.net/conference/mol2net-1 

 

 

  
Mol2Net  

 

 

Combination of Microscopic and Spectroscopic 

Techniques to Study the Presence and the Effects of 

Microplastics in Mussels 
Mireia Irazola1*, Larraitz Garmendia2, Beñat Zaldibar2, Urtzi Izagirre2, Eider Bilbao2, Sara 

Danielsson3, Anders Bignert3, Kepa Castro1, Nestor Etxebarria1, Manu Soto2, and  

Ionan Marigomez2  
1 IBeA Research Group, Research Centre for Experimental Marine Biology and Biotechnology (PiE-

UPV/EHU) and Department of Analytical Chemistry, University of the Basque Country, P.O. Box 

644, E-48080 Bilbo, Basque Country, Spain.  
2 CBET Research Group, Research Centre for Experimental Marine Biology and Biotechnology 

(PiE-UPV/EHU), University of the Basque Country, P.O. Box 644, E-48080 Bilbo, Basque 

Country, Spain; 
3 Swedish Museum of Natural History, University of Stockholm, P.O. Box 50007, SE-104 05 

Stockholm, Sweden C 

* Correspondence to: Mireia Irazola, Department of Analytical Chemistry, EHU/UPV, P.O. Box 644 

E-48080, Bilbao, Basque Country, Spain. E-mail: mireia.irazola@gmail.com 

 

Published: 4 December 2015 

 

Abstract: The growing concern due to the presence of plastics, especially micro and 

nanoplastics, in environmental aquatic media requires the development of new methodologies to 

study the distribution of these particles and the effects that might cause in many organisms. In 

this work we have performed experiments using synthetic polystyrene microplastics (6-90 µm 

diameter) and mussels (Mytilus galloprovincialis) and we have studied the distribution of these 

particles by different techniques including FTIR and Raman spectroscopy, light and polarized 

light microscopy after being exposed for different periods of time (1-72 h). As a result of this 

work we were able to fine tune the preparation of the samples, from conservation to image and 

spectra analysis, and it was concluded that it was better to freeze the samples and to prepare the 

cryosections instead of embedding in paraffin. Regarding the light microscopy darkfield 

illumination offered less background signals than polarized one and therefore it was more 

suitable for small size particles. Finally, Raman spectroscopy allowed the characterization of the 

polystyrene particles better than FTIR allowing the development of image analysis techniques. 
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1. Introduction 

There are few features comparable to the 

evolution and deep impact of polymeric 

materials and plastics in modern way of life. 

According to the information provided by the 

manufacturers, the global production is above 

300 million of tons (1). Part of this production is 

discarded in uncontrolled plastic debris that are 

physically fragmented in smaller pieces and end 

up in river and oceans. In addition to the coarse 

plastic materials, the production and use of 

microplastics (MPs) in cosmetics and personal 

care products shows a specific interest due to the 

higher distribution rate in many environmental 

compartments. In any case, the impact of the 

presence of these MPs in aquatic organisms and 

in food is still being studied (2-4). 

The analysis of the microplastics in the 

physical aquatic media has been described in the 

most recent literature (2, 5) but the analysis in 

organisms still requires a deeper methodological 

development. In any case, the methodological 

and instrumental approaches depend among 

others on the size ranges of the particles that are 

analysed and the sort of effects that are looking 

for (6).  

In this context, the main aims of this work 

were to develop the methodology to study the 

accumulation of polystyrene microplastics in 

controlled exposure experiments to support 

further studies and to get some insights about the 

accumulation and distribution of these 

microplastics in the different tissues. 

.

2. Results and Discussion 

Differences in MPs distribution were 

observed in mussels according to the size of the 

MPs. Big MPs were mainly detected in the 

lumen of the stomach and also in the digestive 

conducts, but not in the digestive tubule 

epithelium. Additionally, smaller MPs (6 and 10 

µm diameter) were observed in the connective 

tissue surrounding the stomach and digestive 

gland and also in a lesser extent in the lumen of 

the digestive tubules and inside the digestive 

epithelium.  

Significant differences were observed 

according to the technique for the MP 

visualization. Both polarized light and darkfield 

illumination were able to detect MPs more 

relevantly than brightfiels illumination. 

However, darkfield illumination presented more 

signal to noise ration (Figure 1). Finally, it is 

noteworthy that in paraffin embedded samples no 

microplastic were detected but mechanical 

damage related to big microplastics was 

observed (Figure 1). In fact, during the sample 

preparation of paraffin embedded samples the 

MPs were dissolved. 

The Raman results acquired at the same time 

that we made the histological study helped us to 

assure that we looked at the microscope was 

undoubtedly polystyrene MPs. In the Raman 

spectra of the figure 1 we can observe the main 

band of the polystyrene at 1000 cm-1. We found 

the Raman measurements necessary since we got 

some noise problems or even false positives with 

the microscopic techniques. It is true that in this 

study there are few confounding factors since the 

shape of the MPs that we used for this 

experiments were identical. But, in the real 

world, with real samples, the MPs present a huge 

variety of shapes and colours. Therefore we 
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found useful to combine microscopy results with 

Raman results. 

The FTIR images provided us biochemical 

information as well as the distribution of the 

MPs. Anyway, to get the chemical information 

we were looking for it was necessary to use 

chemometric tools such as MCR and PCA.

 

 

Figure 1. Microplastics (MPs) in the digestive gland of mussels with different illumination 

techniques (A-F). A-D; 6 µm diameter MPs after 4 h of exposure after brightfield (A and 

B), polarized (C) and darkfield illumination (D). E-F; 90 µm diameter MPs after 1 h of 
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exposure after polarized (E) illumination and brightfield illumination in paraffin embedded 

tissue (F). And asterisks indicate the mechanical damage induced by 90µm diameter 

polystyrene MPs in the secondary ducts. In the G picture can be observed 90 µm MPs in 

the gills after 72 h of exposition. Raman Spectroscopy (RS) was employed to check if we 

really are observing MPs. Arrows indicate the MPs.  

 

 

3. Materials and Methods 

I. Exposure experiments. 

Mussels (Mytilus galloprovincialis) were 

collected in the estuary of the Butroe river (Bay 

of Biscay, Basque Country) and immediately 

transferred to the laboratory.  

Mussels were exposed to three polystyrene 

(Alfa Aesar) microplastics of different sizes (6, 

10 and 90 µm diameter). Mussels were collected 

after, 1, 4, 8 and 72 h of exposure. Then, they 

were dissected and some were formalin fixed and 

routinely processed for histological observation 

after paraffin embedding. Other mussels, were 

snap frozen in liquid nitrogen and stored at -80ºC 

for further cryostat sectioning. 

 

II. Microscopy study. 

Both paraffin embedded, and cryostat frozen 

samples were observed under the microscope in 

different illumination conditions in order to 

detect the MPs. On the one hand, mussel tissue 

sections were observed with brightfield and 

darkfield illumination in a Nikon ECLIPSE TI-S 

(Nikon, Tokyo, Japan) microscope. On the other 

hand, samples were also observed under 

polarized light in a Olympus BH2 microscope 

(Olympus Corporation, Tokyo, Japan). 

III. Spectroscopy study. 

Raman spectra were acquired at the same time 

that we were performing the microscopy study to 

verify the presence of the MPs and to avoid false 

positives. InnoRamanTM portable spectrometer 

(B&WTEKINC, Newark, USA) coupled to a 

microscope (20x and 50x magnification) and 

provided with 532 nm laser and CCD detector 

(Peltier cooled) was used for this issue.  

The region of interest, previously selected in 

the microscopy study, was imaged on a Jasco 

IMV4000 FTIR imaging system equipped with a 

liquid nitrogen cooled 16 element linear array 

MCT detector. The cryosections were placed on 

a ZnSe sample holder and imaged directly. For 

each sample image, background was recorded 

using the same experimental parameters and on 

an empty region of the ZnSe sample holder. 

Once the FTIR images were acquired, principal 

component analysis (PCA) and multivariate 

curve resolution (MCR) analysis (MATLAB) 

were performed to get the spatial distribution of 

MPs . 

 

 

4. Conclusions 

Tissue distribution of MPs varies with their size. 90 µm diameter MPs were mainly limited to the 

stomach and ducts while 6 and 10 µm diameter MPs were found mainly in the connective and 

sometimes in the digestive epithelium as well. 

One of the keys to obtain good results has been the sample preparation. Frozen tissue allows a better 

detection of MPs than paraffin embedded tissue in mussels. 
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Regarding to the microscopy study, polarized light and darkfield microscopy are useful tools to 

detect microsplastics in mussel’s tissue but they are not 100% reliable due to the fact that we found 

some false positives. We recommend verify the results with molecular spectroscopy, such as Raman 

and FTIR. 

 

Acknowledgments 

This work was supported by the Swedish Museum of Natural History, University of Stockholm, 

Sweden and by the University of the Basque Country/Basque Government through the grants to CBET 

and IBeA Consolidated Research Groups. Technical support in the FTIR imaging analysis provided by 

SGIker (UPV/EHU) is gratefully acknowledged. Mireia Irazola acknowledges to the UPV/EHU for the 

PhD grant. 

 

Conflicts of Interest 

The authors declare no conflict of interest. 

References and Notes 

1. PlasticsEurope, 2015. Plastics. The Facts 2015  

(http://www.plasticseurope.org/cust/documentrequest.aspx?DocID=65435) (accessed on 

29/11/2015) 

2. Claessens M., Van Cauwenberghe L., Vandegehuchte M.B., Jannsen C.R. New techniques for the 

detection of microplastics in sediments and field collected organisms, Marine Pollution Bulletin, 

2013, 70, 227-233 

3. Wright S.L., Thompson R.C., Galloway T.S. The physical impacts of microplastics on marine 

organisms: A review. Environmental Pollution 2013, 178, 483-492 

4. Ivar do Sul, J. Costa M.F. The present and future of microplastic pollution in the marine 

environment, Environmental Pollution 2014, 185, 352-364 

5. Masura J., Baker J., Foster G., Arthur C. Analysis of Microplastics in the Marine Environment. 

Recommendations for quantifying synthetic particles in waters and sediments. 2015. NOAA 

Technical Memorandum NOS-OR&R-48 
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Abstract:  

2-Nitromethylacrylates have proved to be suitable 1,3-dinucleophiles reacting with α,β-

unsaturated aldehydes in the presence of a secondary-amine catalyst to furnish Michael/Henry 

cascade products in moderate yields and with high enantioselectivities although with moderate 

diastereoselectivities. The reaction proceeds by iminium ion activation of the enal, which reacts 

regioselectively with the γ-carbon of the nitronate anion formed in situ, furnishing the desired 

cyclohexenes with three new stereocenters. Furthermore, and trying to avoid the 

diastereoselectivity issue, an efficient sequential Michael/Henry/dehydration reaction has been 

developed leading to enantiopure cyclohexadienes in moderate yields and excellent 

enantioselectivities. 

 

 

Keywords: Michael/Henry reaction; Enantioselective cascade reaction; Iminium catalysis  

 

 

1. Introduction 

The Henry reaction has been associated to the 

Michael addition in domino type 

transformations, since it is an useful tool to form 

C-C bonds and also allows the preparation of a 

wide range of structurally different compounds 

due to the ability of the nitro group to be 

transformed into other nitrogen and oxygen 

containing functionalities.1 The application of 

this cascade reaction to the synthesis of optically 

active complex products is unquestionable and 
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the examples described in the literature show its 

remarkable applicability making it a highly 

efficient tool for obtaining functionalized 

products with total diastereo- and enantiocontrol 

employing different types of catalysts. In this 

sense, it should be highlighted the area of 

organocatalysis, where enamine and iminium 

activation together with H-bonding catalysis 

strategy enable to carry out Michael/Henry 

cascade reactions with high efficiency and an 

exceptional level of control of the stereocenters 

formed in most cases.2 

In this context, and taking into account the 

experience acquired in our research group in the 

field of organocatalytic Michael/Henry 

reactions,3 we decided to focus our studies on 

developing a Michael/Henry cascade process 

employing 2-nitromethylacrylates as suitable 

functionalized Michael donors with α,β-

unsaturated aldehydes under iminium activation 

(Scheme 1). 

2-Nitromethylacrylates are expected to be 

active as carbon pronucleophiles in an initial 

Michael reaction because of the presence of two 

acidic protons in α position to the nitro group.4 

Moreover, the deprotonation of this compound 1 

would lead to the generation of a resonance-

stabilized allylic anion, with potential to react 

either at C-α or at C-γ position (Scheme 1). 

Assuming that the selected pronucleophile can 

undergo a conjugate addition to the iminium ion 

resulting from the condensation of the Michael 

acceptor –an α,β-unsaturated aldehyde 2– and the 

aminocatalyst, the release of the catalyst after the 

initial Michael reaction would form a 

nitroaldehyde intermediate which is expected to 

undergo intramolecular Henry reaction in order 

to yield the desired product (compound 3 vs 4). 

Nevertheless, we have to be aware of the fact 

that if the catalyst is not released from the 

resulting Michael addition product, another 

intramolecular conjugate addition can take place 

between the enamine and the remaining α,β-

unsaturated ester moiety, leading to the 

formation of cyclopentanes 5 as shown in 

Scheme 1.  

Scheme 1. Catalytic enantioselective Michael/Henry cascade reaction employing 2-

nitromethylacrylates 

 

2. Results and Discussion 
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With this goal in mind, we surveyed the 

behavior of compound 1a with trans-pentenal 2a 

as model system in the presence of a chiral 

secondary amine catalyst. In a first attempt, we 

carried out the reaction using 

diphenylprolinoltrimethyl silyl ether 4a as 

catalyst, in chloroform and at room temperature. 

When the compound 1a was completely 

consumed, the 1H-NMR of the crude reaction 

mixture revealed that the cyclohexene 3a had 

been formed without observing other possible 

byproducts previously predicted (4 or 5). We 

concluded that the 2-nitromethylacrylate 1a was 

behaving as a 1,3-dinucleophile, leading to the 

polysubstituted cyclohexene after performing the 

projected cascade reaction through initial 

selective γ-addition to the intermediate iminium 

ion derived from pentenal, followed by catalyst 

releasing and intramolecular Henry reaction. The 

compound 3a was isolated by flash column 

chromatography in 36% yield as a mixture of 

three diastereoisomers (2.5:1:1), and with a 75% 

e.e. for the major diastereoisomer. 

 

 

 

Scheme 2. Viability of the Michael/Henry reaction 

 

These results made us explore the possibilities 

that this reaction could offer. The first parameter 

to study was the organocatalyst employed and 

therefore, we tested some different chiral 

secondary amines in the model reaction. Taking 

into account the high enantioselectivity achieved 

with prolinol derivative 4a, we decided to use 

other diphenylprolinol derivatives with a bulkier 

O-protecting group and also diarylprolinol 

derivatives containing bulkier aryl substituents, 

but the reaction did not progress in any case and 

the starting materials were recovered in all cases. 

As the other catalysts tested did not show any 

activity, we decided to study the influence of the 

additive (Table 1). Some examples in the 

literature,1a made us think that Brønsted bases 

could be beneficial for the reaction, assuming 

that a base could help in the nucleophile 

formation by promoting the deprotonation of the 

substrate 1a, and later on it could also assist the 

intramolecular Henry reaction. Fortunately, when 

bases such as DBU, 1,1,3,3- 

tetramethylguanidine, triethylamine and DMAP 

were used cyclohexene 3a was selectively 

obtained (entries 2-5). The highest value 

regarding the yield was achieved with 

triethylamine but it showed poor 

diastereoselectivity (entry 4) and the best 

enantiocontrol was obtained employing DMAP 

although the yield was not good enough (entry 

5). 
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Table 1. Influence of the additive in the cascade reaction.a 

 

Entry Additive d.r.b Yield (%)c e.e. (%)d 

1 - 2.5:1:1 36 36 

2 DBU 2.5:1:1 34 86 

3 1,1,3,3-Tetramethylguanidine 2.5:1:1 53 88 

4 Et3N 2:1.4:1 76 86 

5 DMAP 2.4:1.2:1 43 90 

6 

 

5:2:1 40 88 

7 

 

3.3:1.7:1 29 79 

8 Ph3P 3.3:1:1.6 52 86 

9 Bu3P 2.5:1.7:1 33 90 

10 tBu3P 2.5:1:1.5 74 88 

a One equivalent of 1a and two equivalents of aldehyde 2a were used. b Determined by 1H-NMR analysis for the mixture 

of diastereoisomers after flash column chromatography purification. c Referred to the mixture of diastereoisomers after 

flash column chromatography purification. d Calculated by HPLC for the major diastereoisomer. 

Bifunctional Brønsted bases containing acidic 

H-donor sites were also tried as additives (entries 

6-7) in order to evaluate their potential positive 

contribution to the reaction, but without giving 

better results than the ones obtained with 

triethylamine (entry 6). Finally, we decided to 

evaluate the use of phosphines as cocatalyst 

(entries 8- 10) and in this sense, the use of a 

bulky phosphine like tBu3P gave the compound 

3a with good yield and an acceptable value of 

diastereomeric excess and the best 

enantioselectivity (entry 10). Moreover, it has to 

be pointed out that, in all cases the formation of 

other regioisomers was not detected by NMR 

analysis of the crude reaction mixture. 

Selecting tBu3P as the best additive, the 

optimization of the model reaction went on with 

the election of the most suitable solvent for the 

Michael/Henry transformation (Table 2). A 

battery of tests were run to evaluate the influence 

of different solvents, using polar as well as non-

polar ones, and in a general view, the diastereo- 

and enantioselection of the cascade reaction was 

not influenced by the nature of the solvent 

(entries 1-7). The tests run revealed that 

chloroform (entry 1) remained being the most 

suitable solvent for the reaction in terms of 

overall yield and enantioselectivity. Finally, we 

tried to improve the diastereo- and enantiomeric 

ratio by lowering the temperature to -30ºC but 

the results previously obtained at rt could not be 

improved (entry 8). 
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Table 2. Influence of the solvent and temperature in the cascade reaction.a 

 

Entry Solvent T (ºC) d.r.b Yield (%)c e.e. (%)d 

1 CHCl3 rt 2.5:1:1.5 74 88 

2 Hexane rt 2.5:1:1.5 58 86 

3 Toluene rt 2:1.8:1 36 88 

4 THF rt 10:0.7:1 40 87 

5 AcOEt rt 10:7:1 28 88 

6 MeOH rt 1.7:1.3:1 57 83 

7 DMF rt 2.5:1:1 40 87 

8 CHCl3 -30 2.5:1.5:1 30 86 

a One equivalent of 1a and two equivalents of aldehyde 2a were used. b Determined by 1H-NMR analysis for the mixture 

of diastereoisomers after flash column chromatography purification. c Referred to the mixture of diastereoisomers after 

flash column chromatography purification. d Calculated by HPLC for the major diastereoisomer.  

The poor diastereoselectivity achieved in all 

reactions might lay in the second step of the 

cascade reaction. Taking into account that the C-

3 stereocenter that comes from the Michael 

addition of the nucleophile to the iminium ion is 

expected to be efficiently controlled by the 

catalyst, it seems sensible to think that the lack of 

stereogenic control derives from the 

intramolecular Henry reaction in which the 

stereocenters C-5 and C-6 are created, after the 

release of the organocatalyst. Aware of this 

diastereoselection problem, we thought about 

possible transformations that could lead to a 

convenient process in which all diastereoisomers 

would converge into a single product. The 

dehydration of the cyclohexene 3a, obtaining 

cyclohexadiene 5a seemed a promising way to 

eliminate two sterocenters and to simplify the 

structure of the compound, maintaining the 

stereocenter created at the initial Michael 

reaction step. Therefore, a dehydration reaction 

was carried out, employing sodium methoxyde in 

methanol observing that the reaction took place 

in a quantitative way, and fortunately, being 

possible to carry out in a sequential fashion in an 

efficient manner (Scheme 3). 

 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section A), pages 1-8, Proceedings  6 

http://sciforum.net/conference/mol2net-1 

 

Scheme 3. Chemical manipulation of adduct 3a 

 

With those results in our hands we decided to 

evaluate the importance of the substitution of the 

enals used as Michael acceptors and the 

substitution of the acrylate 1, in order to see the 

influence of this substitution, in the sequential 

Michael/Henry/dehydration reaction. As it can be 

seen in Table 3, overall yields obtained were 

around 30-40% in all cases in which linear 

aliphatic substituents were present at the β-

position of the enal regardless the length of the 

chain. On the other hand, the enantiomeric 

excesses increased when longer chains were 

introduced (entries 1-3). In contrast, when a 

bulkier element, such as an iPr group, was placed 

at the β position of the α,β-unsaturated aldehyde 

(entry 4) the yield decreased drastically although 

the enantioselection was very high. Similarly 

when the bulkier acrylate 1b was employed a 

poor yield of compound 5e was achieved 

although in very good enantiomeric excess. 

 

Table 3. Sequential Michael/Henry/dehydration reaction.a 

 

Entry R1 Acrylate R2 Enal Product Yield (%) e.e. (%)b 

1 Me 1a Et 2a 5a 38 87 

2 Me 1a Me 2b 5b 32 85 

3 Me 1a nBu 2c 5c 33 92 

4 Me 1a iPr 2d 5d 17 93 

5 iBu 1b Et 2e 5e 12 88 

a One equivalent of 1a-b and two equivalents of aldehyde 2a-d were used. b Calculated by HPLC after flash column 

chromatography purification. 

In a plausible mechanism proposed, a Michael 

addition of the deprotonated 2-

nitromethylacrylate 1 to the iminium ion 

resulting from the fusion between the 

aminocatalyst 4a and the α,β-unsaturated 

aldehyde 2, would take place. After the catalyst 
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is released, an intramolecular Henry cyclization 

occurs, achieving the cyclohexenes 3 which 

would undergo a sequential dehydration step to 

provide the corresponding cyclohexadienes 5. 

 

 

3. Materials and Methods 

General procedure for the Michael/Henry 

cascade reaction: The α,β-unsaturated aldehyde 

2a (0.50 mmol) was added to a solution of (S)-

α,α-diphenyl-2-pyrrolidinemethanol 

trimethylsilyl ether 4a (0.05 mmol), tri-

tertbutylphosphine (0.05 mmol) and acrylate 1a 

(0.25 mmol) in chloroform (2 mL). The reaction 

was stirred at room temperature until full 

conversion. Afterwards the reaction mixture was 

diluted in diethyl ether (10 mL) and washed with 

NaHCO3 (1 × 8 mL), brine (2 × 8 mL) and H2O 

(2 × 8 mL). The organic extracts were dried over 

anhydrous Na2SO4 and the solvent was 

evaporated under vacuum. The crude was 

charged onto silica gel and subjected to flash 

column chromatography to obtain the 

cyclohexenes 3a. 

General procedure for the Sequential 

Michael/Henry/dehydration reaction: The α,β-

unsaturated aldehyde 2a-d (0.50 mmol) was 

added to a solution of (S)-α,α-diphenyl-2-

pyrrolidinemethanol trimethylsilyl ether 4a (0.05 

mmol), tri-tertbutylphosphine (0.05 mmol) and 

the acrylate 1a-b (0.25 mmol) in chloroform (2 

mL). The reaction was stirred at room 

temperature until full conversion. The solvent 

was evaporated under reduced pressure and after 

dissolving the reaction crude in dry MeOH (2 

mL) it was added via canula to a solution of 

metallic sodium (2 mmol) in MeOH (4 mL) at 0 

ºC. The reaction mixture was allowed to reach 

room temperature and stirred it for 1 hour. Then 

a solution of H2SO4/MeOH (1:5) was added until 

pH≈5 was achieved and the solvent was 

evaporated under vacuum. H2O (20 mL) and 

CH2Cl2 (20 mL) were added and the aqueous 

layer was extracted with CH2Cl2 (3 × 20 mL). 

The organic extracts were dried over anhydrous 

Na2SO4 and the solvent was evaporated under 

vacuum. The crude was charged onto silica gel 

and subjected to flash column chromatography in 

order to achieve compound 5a-e.  

4. Conclusions 

To sum up, we have developed a methodology that involves an organocatalytic Michael/Henry 

cascade reaction under iminium activation between enals and 2-nitromethylacrylates 1a-c. The 

selected Michael donor, 2-nitromethylacrylate, has proved to be a suitable starting material for the 

reaction, acting as an appropriate 1,3-dinucleophile and has reacted with α,β-unsaturated aldehydes 

stereocontrolled by α,α-diphenylprolinol O-silylated catalyst, but showing poor diastereoselectivity. 

In order to avoid this problem, we have designed a methodology involving Michael/Henry cascade 

reaction followed by a sequential dehydration leading to the enantiopure cyclohexadienes 5a-e in a 

moderate yield but good enantioselectivity. 
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Abstract: Virtual methodologies have become essential components of the drug discovery 

pipeline. Specifically, structure-based drug design methodologies exploit the 3D structure of 

molecular targets to discover new drug candidates through molecular docking. Recently, dual 

target ligands of the Adenosine A2A Receptor and Monoamine Oxidase B enzyme have been 

proposed as effective therapies for the treatment of Parkinson’s disease. To the best of our 

knowledge, no theoretical study has been devoted to developing structure-based virtual screening 

methodologies for the discovery of dual A2AAR antagonists and MAO-B inhibitors. In this 

communication we propose a structure-based methodology for the discovery this type of 

molecules 
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1. Introduction 

During the last decades, Virtual Screening 

(VS) methodologies have emerged as efficient 

alternatives to the expensive, in terms of time 

and money, High Throughput Screening (HTS) 

approaches for the discovery of new drug 

candidates [1]. In terms of efficiency, the hit 

rates obtained when VS tools are employed to 

filter large databases of chemical compounds are 

considerably higher than those obtained with 

HTS techniques [2]. Literature reports where VS 

experiments conducted to the identification of hit 

molecules in a wide range of application can be 

found elsewhere [3,4] 

VS techniques can be divided into two main 

categories: Structure-Based VS (SBVS) and 

Ligand-Based VS (LBVS) [5]. The first one 

includes all the modeling approaches such as 

Molecular Docking and Molecular Dynamics 

that depend on the structure of a molecular 

receptor. This kind of approach uses the three-

dimensional structure of the receptor to study its 

interactions with a set of putative ligands. 

Depending on the amount of ligands to study and 

the available computational resources a more or 

less detailed representation of the receptor-

ligands interactions is chosen to estimate the 

stability of the receptor-ligand complexes. The 

computed scores serve then to order the 

investigated compounds from higher to lower 

probabilities of binding to the receptor [6]. 

One of the factors that negatively affect the 

performance of Molecular Docking SBVS 

studies is the accuracy of the scoring functions. 

Given that no scoring function can capture all the 

information relevant for the receptor-ligand 

binding process, the fusion of different scoring 

functions has been proposed as an alternative to 

improve the performance of SBVS methods [7]. 

These applications range from general ones 

intended for obtaining the best consensus 

strategy for any SBVS problem [8,9] to others 

proposed for specific researches [10,11]. In all 

these reports the proposed ensemble (fusion) 

methods outperform the VS performance 

obtained with a single scoring fusion. 

In addition, usually SBVS methodologies are 

evaluated employing only a small set of decoy 

molecules. In the case of the standard DUD-E 

database only 50 decoy molecules can be 

selected per ligand [12]. This ligands/decoys 

proportion is far from what is observed in a real 

screening scenario where the ratio of active 

molecules is ranges from 0.01 to 0.14% [13]. To 

address this situation we have previously 

proposed a home-made algorithm for the 

generation of larger decoys sets resembling the 

ligands/decoys ratio of a real screening campaign 

[14]. 

On the other side, Parkinson Disease (PD) 

causes chronic disability and it is the second 

commonest degenerative condition of the 

nervous system. The standard treatment for PD is 

levodopa, which helps to increase the dopamine 

levels in the brain[15]. However there is a need 

of finding alternative therapies since levodopa 

has many side effects and can become ineffective 

over time. To this end, multicomponent therapies 

(combination of different drugs) have been used. 

However the discovery of new multi-target drugs 

(a single molecule that acts on multiple targets) 

is attracting more and more attention[16]. Multi-

target drugs, compared with the use of 

combinations of different drugs, have more 

predictable pharmacokinetic and 

pharmacodynamic relationships as a 
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consequence of the administration of a single 

drug [17]. 

Antagonists of A2A adenosine receptors 

(A2AAR) with monoamine oxidase B (MAO-B) 

inhibitory activity are a class of promising dual-

target drugs for PD [18]. Thus, there is a need for 

developing novel and diverse drugs, antagonists 

of A2AAR with MAO-B inhibitory activity for 

PD. 

In this report we propose a structure-based 

methodology, which is extensively validated, for 

the discovery this type of molecules. The 

proposed methodology involves the molecular 

docking to both A2AAR and MAO-B of a set of 

25744 molecules containing 16 known dual 

target ligands and decoy molecules. The obtained 

docking poses are rescored using six different 

scoring functions for the two molecular targets. 

Then we investigate several aggregation schemes 

with the objective of maximizing the enrichment 

of known ligands at the beginning of the ranked 

list they produce. Finally, we show that the 

developed methodology provides high values of 

enrichment of known ligands, which outperform 

that of the individual scoring functions. At the 

same time, the obtained ensemble can be 

translated in a sequence of steps that should be 

followed to maximize the enrichment of dual 

target dual A2AAR antagonists and MAO-B 

inhibitors. 

. 

.

2. Results and Discussion 

The receptors, ligands and decoys were 

prepared for molecular docking calculations as 

described in the Materials and Methods section. 

The validation dataset consisting of the 

combination of the 16 known dual MAO-B 

inhibitors- A2AAR Antagonists and decoy 

molecules was docked to both receptor structures 

following the protocol described in the Materials 

and Methods.  

In all cases analyzed from here on, the best 

molecular docking protocol was selected as the 

scoring scheme providing the highest value of 

BEDROC among those achieving the maximum 

EF at three different selection sizes (1, 5 and 10 

percent of screened data). We separately 

analyzed the results obtained for the raw and 

weighted by number of heavy atoms scores. 

Scoring schemes were produced by fusing the 

ranks derived from the scoring functions using 

either arithmetic or geometrical mean as 

described in the Materials and Methods section. 

Different Fusion Schemes (FS) were assayed 

in this investigation and they can be classified 

into two groups. The first group consisted in 

fusing the scoring functions maximizing the 

enrichment of dual ligands for the A2AAR and 

MAO-B enzyme separately. The application of 

the optimal scoring scheme of each target yields 

one fused ranking of compounds for each one. 

Then these two fused ranks were aggregated in 

one final rank. By employing this first fusion 

scheme we ensure that the final ranking will be 

based upon information derived from both the 

A2AAR and the MAO-B enzyme. This fusion 

scheme will be referred as Fusion Scheme 1 

(FS1) from here on. 

The second group consisted in evaluating the 

performance of all possible ensembles resulting 

from all possible combinations of the individual 

scoring functions ranks obtained for both targets 

at the same time. Since the number of scoring 

functions employed in this study is small, it was 

possible to evaluate all their possible 

combinations of size 1 to 2N, being N the 

number of computed scoring functions per target. 

For this second approach no constrain is imposed 

during the modeling process regarding the need 

of information from both targets in the final 
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ensemble. Therefore, there is the possibility that, 

in opposition to the expected behavior, the best 

performing ensemble would contain information 

from only one of the two molecular targets.  This 

fusion scheme will be referred as Fusion Scheme 

2 (FS2) from here on. 

As mentioned before, we tested the arithmetic 

and geometric means as fusion operators. FS1 

contains three aggregation steps: the aggregation 

of A2AAR scoring functions, the aggregation of 

MAO-B scoring functions and the aggregation of 

the rankings obtained for both targets. In this 

case all possible combinations of both fusion 

operators were tested. That is, scoring functions 

were first aggregated using the same fusion 

operator, either arithmetic or geometric mean, for 

each target separately. Then in the second step 

the aggregated ranking for each target was fused 

using both aggregation operators. Considering 

that the aggregation experiments are conducted 

with the raw scores and with the scores weighted 

by number of heavy atoms, the proposed setup 

provides eight different variants of FS1. These 

variants are summarized in Table 1. 

For FS2, since the scores derived for both 

targets are considered together, there is only one 

rankings fusion step. Thus, considering that we 

studied the raw scores and the scores weighted 

by number of heavy atoms, four different setups 

were assayed. The different FS assayed in this 

scenario are summarized in Table 2. 

For each known ligand, 1607 decoys were 

selected following the procedure described in our 

previous publication [14]. This amount of decoys 

provides a ratio of active to decoy compounds of 

0.06%, which resembles a real screening 

scenario [13]. In this case the maximum EF that 

any of the individual scoring functions can 

achieve is when the selection size is set to 1% of 

the ranked list is 6.23. The best performing FS is 

presented in Table 3. 

Our results show that the best scoring 

schemes are obtained when the docking scores to 

MAO-B and A2AAR are considered together 

during the scoring fusion procedure and scores 

fusion using arithmetic mean provides better 

results than fusion using geometrical mean. Also, 

in all the examined cases the best scoring scheme 

obtained with the raw docking scores 

outperforms that obtained fusing the scores 

weighted by the number of heavy atoms. It 

should also be noted that in almost every case, 

the best enrichment is derived from more than 

one scoring function through their fusion. 

For the current validation setup the maximum 

values that the EF can reach are 100, 20 and 10 

when 1%, 5% and 8% of screened data are 

selected respectively. Taking this into 

consideration it can be seen that if 1% of the 

screened data is selected for further analyses the 

resulting virtual screening protocol is able of 

achieving 31.17% of the theoretical maximum 

enrichment. Following the same reasoning, when 

the 5% and 8% of screened data are selected the 

corresponding virtual screening tools achieve 

75% and 87.5% of the theoretical maximum of 

the EF respectively. Last but not least, the 

BEDROC values obtained for these virtual 

screening protocols are away from random 

(BEDROC=0). The accumulative curves 

corresponding to the three optimal virtual 

screening protocols are presented in Figure 1. 

The obtained results provide a set of 

approaches from which we can select the optimal 

one for the virtual screening of databases of 

chemical compounds in the search of dual MAO-

B inhibitors- A2AAR Antagonists. For example, 

if we were to select the appropriate virtual 

screening protocol for screening a database of 

chemicals and select 1% of data for further 

analysis, we should follow this procedure: 
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1. Dock the database to both MAO-B and 

A2AAR. 

2. Select the best pose of each compound in 

each target according to the grid-based 

scoring function. 

3. Rescore the best poses in A2AAR using the 

GB/SA Score, Continuous Score; Amber 

Score (everything rigid) and Amber Score 

(flexible ligand) scoring functions  

4. Rescore the best poses in MAO-B using 

the. GB/SA Score and SA_Descriptor 

Score scoring functions. 

5. Generate the individual ranking produced 

by the scoring functions GB/SA Score, 

Continuous Score; Amber Score 

(everything rigid) and Amber Score 

(flexible ligand) for A2AAR and GB/SA 

Score and SA_Descriptor Score for. 

MAO-B. 

6. Fuse the obtained individual rankings 

using arithmetic mean. 

. 

Table 1. Variants of FS1 assayed 

Fusion Scheme a Scores Type b Target Scores Fusion c Final fusion d 

FS1.1 Raw Arithmetic Mean Arithmetic Mean 

FS1.2 Raw Arithmetic Mean Geometric Mean 

FS1.3 Raw Geometric Mean Arithmetic Mean 

FS1.4 Raw Geometric Mean Geometric Mean 

FS1.5 Weighted Arithmetic Mean Arithmetic Mean 

FS1.6 Weighted Arithmetic Mean Geometric Mean 

FS1.7 Weighted Geometric Mean Arithmetic Mean 

FS1.8 Weighted Geometric Mean Geometric Mean 

a Fusion scheme identifier 
b Type of score the rankings are derived from, either the raw scores or the 

scores weighted by the number of heavy atoms 
c Fusion operator employed to fuse the rankings derived of each scoring 

function in each target 
d Fusion operator employed to aggregate the fused rankings obtained for each 

target 

Table 2. Variants of FS2 assayed 

Fusion Scheme a Scores Type b Target Scores Fusion c Final fusion d 

FS1.1 Raw Arithmetic Mean Arithmetic Mean 

FS1.2 Raw Arithmetic Mean Geometric Mean 

FS1.3 Raw Geometric Mean Arithmetic Mean 

FS1.4 Raw Geometric Mean Geometric Mean 

FS1.5 Weighted Arithmetic Mean Arithmetic Mean 

FS1.6 Weighted Arithmetic Mean Geometric Mean 

FS1.7 Weighted Geometric Mean Arithmetic Mean 

FS1.8 Weighted Geometric Mean Geometric Mean 
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a Fusion scheme identifier 
b Type of score the rankings are derived from, either the raw scores or the 

scores weighted by the number of heavy atoms 
c Fusion operator employed to fuse the rankings derived of each scoring 

function in each target 
d Fusion operator employed to aggregate the fused rankings obtained for each 

target 

Table 3. Enrichment metrics for the best performing FS 

FS Method a EF b BEDROC c AUAC d Fused Scoring Functions e 

FS2.1 31.17 0.11 0.87 
A2AAR: 3, 5, 6 ,7 

MAO-B: 3, 4 

a Employed fusion method. See Tables 2 and 3 for the detailed setup of each method 
b Enrichment Factor for the best scoring scheme. 
c BEDROC for the best scoring scheme. Alpha value is set to 160.9. 
d Area Under the Accumulative Curve for the best scoring scheme. 

e Scoring functions fused in the best scoring scheme. The following numbering is employed for 

scoring functions: 1) Grid Score; 2) PB/SA Score; 3) GB/SA Score; 4) SA_Descriptor Score; 5) 

Continuous Score; 6) Amber Score, everything rigid and 7) Amber Score, flexible ligand. 

 

  

Figure 1. Accumulative curves obtained for the best virtual screening protocol when 1%, 

5% and 8% of screened data are selected for further analysis. A) Complete curves. B) 

Curves for the first 10% of screened data. 

 

 

3. Materials and Methods 

Receptor preparation 

The crystallographic structures of the A2AAR 

in complex with the antagonist ZM241385, PDB 

code 3PWH and of the MAO-B in complex with 

a coumarin inhibitor, PDB code 2V61, were 

obtained from the Protein Data Bank 

(www.wwpdb.org) database [19]. Receptor 

preparation was carried out with UCSF Chimera 

software.[20] During receptor preparation all 

water molecules and ligands were removed and 
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hydrogen atoms and charges were added. For 

both receptors the ligand binding pocket was 

defined as any residue lying at a distance below 

5Å from the crystallographic ligand structure.  

Ligand preparation 

Sixteen known dual MAO-B inhibitors- 

A2AAR Antagonists were compiled from the 

literature [21,22]. Three dimensional conformers 

for the compounds were generated using the 

OMEGA software [23]. A maximum of 500000 

conformations per molecule were generated 

using an energy window of 100 kcal/mol. All 

rotatable bonds were considered during the 

torsion search using the Merck Molecular Force 

Field (MMFF) and duplicate conformers were 

discarded based on a RMS value of 0.5 Å. A 

maximum number of 200 conformers were saved 

for each compound. Afterwards, AM1-BCC 

charges were added to each conformer using the 

MOLCHARGE programs that is part of the 

QUACPAC package.[24]. 

Decoy molecules selection 

Decoys selection was a based on a 

desirability-based home-developed algorithm 

that has been previously employed in the 

selection of tailored decoy sets for the validation 

of virtual screening strategies [14]. Decoys were 

prepared for molecular docking following the 

same protocol described above for ligands. 

Molecular Docking 

Molecular docking was performed with the 

DOCK v6.6 software.[25] A maximum of 2000 

orientations per ligand was explored allowing a 

maximum of two bumps between the ligand and 

the receptor. Bumps were defined as any pair of 

atoms closer than the 75% of the sum of their 

Van der Waals radii. The energy grid-based 

scoring function was selected for poses quality 

evaluation. The pose with the lowest score for 

each ligand conformer was saved, allowing for a 

maximum of 200 saved poses. 

For interaction energies calculation, a grid 

was pre-computed for the receptor binding 

pocket region. The grid spacing was set to 0.3 Å 

and the attractive and repulsive Van der Waals 

coefficients were set to 6 and 12 respectively. 

Calculations were performed considering an all-

atoms model. 

Molecular docking post-processing 

The molecular docking protocol described 

above results in 200 docked conformations of 

each compound being saved. For every 

compound the best scored conformation was 

selected for further rescoring using six scoring 

functions implemented in DOCK. The scoring 

functions used for poses rescoring were: PB/SA 

Score, AMBER Score considering the whole 

complex as rigid, AMBER Score considering the 

ligand as flexible, Hawkins GB/SA Score and 

Solvent Accessible Surface Area (SASA) Score. 

These rescoring calculations plus the previous 

grid-based scoring employed for poses 

evaluation and selection provide seven different 

ways of evaluating the ligand-receptor 

interaction energies. In addition to the raw 

docking scores, the scoring value of each 

compound was weighted by the number of heavy 

atoms on it. 

The seven computed scoring functions were 

used for the implementation of a consensus 

ranking scheme. Instead of combining the raw 

scoring values coming from different scoring 

functions, the ranks produced by these scoring 

functions were combined following the 

procedure described next. Firstly, the rank 

derived from each scoring function was 

produced. Then, for a specific combination of 

scoring functions, a fused rank was computed as 

either the arithmetic or geometric mean of the 

compound’s rank in the individual models. 

To evaluate the performance of the developed 

models in a virtual screening scenario the 
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following metrics were computed: Area Under 

the Accumulation Curve (AUAC); Area under 

the Receiver Operating Characteristic Curve 

(ROC); Enrichment factor (EF) and Boltzmann-

enhanced discrimination of ROC 

(BEDROC).[26] Here the same definitions 

proposed by Truchon et al. are used.[26] 

..

4. Conclusions 

We investigated different variants of docking scores fusion for maximizing the enrichment of dual 

target ligands of the Adenosine A2A Receptor and the Monoamine Oxidase B enzyme in virtual 

screening experiments. Our results show that for achieving high values of dual ligands enrichment, 

information relative to docking scores to both targets have to be combined. In addition, no single 

scoring function can be employed for achieving good virtual screening performance. Instead, 

combining the rankings derived from different scoring functions proved to be a valuable strategy for 

improving the enrichment relative to single scoring function in virtual screening experiments. 
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Abstract:  

Objective: To draw a representing consensus sequence of each DENV serotype, align all four 

consensus sequences to draw a global consensus sequence and also study the highly conserved 

residues. Methods: A total of 376 DENV NS3 sequences, belonging to four serotypes, reported from 

all over the world were aligned to develop global consensus sequence. Results: The active site residues 

Met343, Thr366, which are involved in nuclear localization and also interact with the NS3 viral, are 

highly conserved among all the DENV serotypes. Cys450, Gly466 and Ala468, Arg482 are highly 

conserved in all the serotypes. Structural zinc (Zn1) sited consist of Cys-446, Cys-449, His-441, and 

the carboxylate group of Glu-437. This pocket is also found near the functionally important residues 

Ser-710 and Arg-729, which bind to the incoming rNTP. Meth530, Thr543 Asp597, Glu616 and 

Arg659, Pro671 are structurally conserved in all serotypes. Identification of four out of six conserved 

sequence motifs accountable for NTP binding and GDD catalytic active site, located in the palm 

domain. Leu766, Ala776 residues have high conservancy in all serotypes are observed in consensus 

sequence analysis. The thumb domain also has Zinc binding site (Zn2) and is synchronized by His-

712, His-714, Cys-728 of motif E, and Cys-847. Pharmacological blockage of cavity B could 

potentially lead to suppression of initiation of the viral RNA synthesis and/or inhibition of NS3/NS5 

interaction. Thirteen different peptides from the highly conserved regions of DENV NS5 protein were 

drawn which can be used to develop peptidic inhibitors. Conclusions: In spite of a high mutation rate 

in DENV, the residues which are present in the Nuclear localization signal (NLS), Di-valet ion binding 
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sites, NTP binding, GDD catalytic active site, Thumb domain, priming loop are highly conserved. 

These are target sites for the development of antiviral agents or peptide vaccines. 

Keywords: Pharmacology, Infectious diseases, Consensus sequence, Antiviral drug target 
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1. Introduction 

Main text paragraph. 

Dengue infection has become a major health 

problem in >100 countries of Africa, Asia, 

America, Western Pacific and the Eastern 

Mediterranean [1]. During the recent epoch, 

dengue infection has caused many endemics in 

Pakistan and thus, has become a major health 

issue in Pakistan. The global incidence of dengue 

infection has increased and estimated 50-100 

million cases of dengue infections are reported 

annually from more than 100 tropical and 

subtropical countries of the world [2]. Dengue 

virus has four distinct serotypes and 

phylogenetically unique dengue viruses (DEN1-

DEN4)[3]. DENV-2 serotype was most 

prevalence circulating serotype in Pakistan. Two 

types of infections caused by Dengue virus, 

fluctuating from a dengue fever to a more severe 

infection that can cause dengue haemorrhagic 

fever and dengue shock syndrome [1]. 

The dengue virus belongs to a member of the 

Flaviviradae that causes a wide range of diseases, 

including benign febrile illness, dengue fever 

(DF), plasma leakage syndrome and dengue 

haemorrhagic fever/dengue shock syndrome 

(DHF/DSS)[4]. The dengue virus is transmitted 

to humans by Aedes aegypti and Aedes 

albopictus mosquitoes [5,6]. The dengue virus is 

an enveloped, ssRNA positive-strand and 

comprises 11 kilo base long viral genome[7] 

having three structural proteins C (Capsid , M 

(Membrane) and E (envelop) [8] and seven Non-

structural proteins NS1, NS2A, NS2B, NS3, 

NS4A, NS4B and NS5 which play an integral 

part in viral pathology[4,9]. 

All Non-structural proteins including NS5 are 

involved in enzymatic reactions which plays an 

important role in viral replication. NS5 is the 

most prominent Flavivirus protein due to its high 

molecular weight is 105 kDa. NS5 proteinsharing 

the minimum of 67% identity through all 

serotypes of DENV that’s why NS5 served as 

highly conserved viral domain. It comprises an 

N-terminal methyl-transferase domain (MTase) 

domain covers 1 to 296 amino acid residues. 

The MTase activity of NS5 is liable for both 

guanine N-7 and ribose 2_-O methylations and a 

C-terminal RNAdependent RNA polymerase 

(RdRp) domain leads 270 to 900 amino acids and 

it is creditworthy for synthesizing a transient 

double-stranded replicative RNA intermediate 

[10-13]. All Flaviviruses has few highly 

conserved moieties, which lies between amino 

acid residues 320 and 368 of NS5 and play an 

important role in binding with beta-impotin and 

also with NS3[3]. These conserved residues can 

be imperative in developing unambiguous 

antiviral agents and inhibitors against dengue 

virus. In this study by using a unique approach to 

produce a substantiation consensus sequence 

NS5 will be helpful in designing anti-peptide to 

find a possible cure for dengue infection. The 

present study is designed to draw a global 

consensus sequence of the NS5 protein of dengue 

virus and to study DENV NS5 conserved domain 

function. 
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Results and Discussion 

 

NS5 protein comprises of two domains, methyl-

transferases (MTase) and RNA dependent RNA 

polymerases (RdRp). The dengue NS5 MTase 

domain involves in cap formation which 

recognized by host cell and RdRp domain plays 

vital role in viral genome replication. Consensus 

sequences of NS5 protein of all DENV serotypes 

(DENV 1-4) was drawn in CLC main 

workbench. Alignment was done to extract the 

highly conserved peptides among all serotypes 

which we were studied. Figure 1 shows the 

alignment of the consensus sequence of all the 

four DENV serotypes; the global consensus 

sequence is presented at the bottom. Conserved 

residues are shown with their corresponding 

symbols while the highly variable amino acids 

are denoted by “x” symbol. 

The alignment of all the consensus sequences 

will help us to study the considerably conserved 

residues in the DENV NS5 protein. Short 

peptides of 9 to 18 amino acids were designed 

from the highly conserved regions of the DENV 

NS5 consensus protein sequences; the sequence 

and position of these peptides are shown in the 

Table 1. These are the locations which are highly 

conserved and are the targets to design peptide 

vaccines or site specific inhibitors. 

Dengue infection has become a global risk to 

human health to all over the world. Dengue virus 

has four serotypes and because of four different 

serotypes, there is no successful vaccine 

developed. NS5 domains become helpful for 

novel drug designing due to (1) largest DENV 

protein (2) its high conservancy (3) sharing 

minimum of the 67% identity through all 

serotypes of DENV. NS5 is multifunctional 

domain and has two domains N-terminal methyl-

transferase domain (MTase) domain (1 to 296), 

C-terminal RNA-dependent RNA polymerase 

(RdRp) domain (270 to 900) [10, 12, 13] and 

possess the 37-amino acid inter-domain spacer 

sequence that contains a functional nuclear 

localization signal (NLS) between amino acid 

residues (320 and 405). RdRp contains three 

subdomains finger subdomain with zinc binding 

sites 

Zn1 (Cys-446, Cys-449, His-441, Glu-437), 

palm domain with GDD catalytic active sites 

(Asp-663 and Asp-664), thumb domain with 

Zinc binding sites is Zn2 (His-712, His-714, 

Cys-728, Cys-847) and six motifs (A, B, C, D, E, 

F) at C-terminal region of NS5 that contains five 

amino acid sequence [14]. The consensus 

sequence analysis shows that Met343, Thr366 

are highly conserved among all serotypes. 

This conserved region involved in nuclear 

localization sequences (NLS). The NLS has been 

divided into alpha-NLS (spanning residues 320 

to 368) and alpha/beta-NLS (Residues 369 to 

405). The alpha-NLS region thought to interact 

with the NS3 viral helicase [3]. Interestingly, the 

NLS domain signatures are dispersed between 

the fingers and thumb subdomains [15]. The 

region which binds with beta-importin that 

recognized NLS and carry protein inside nucleus 

placed between this amino acid [16]. The 

consensus sequence analysis shows that Cys450, 

Gly466 and Ala468, Arg482 are highly 

conserved in all the serotypes. The base of the 

fingers domain arrangements a concave surface 

shaped by the solvent-exposed residues of 

helices (alpha 6, alpha 14, and alpha 15) near the 

N terminus of the protein. Structural zinc (Zn1) 

sited in the fingers subdomains is harmonized by 

Cys- 446, Cys-449, His-441, and the carboxylate 

group of Glu-437. The zinc ion Zn2 likely 

donates to the structural stability of the region 

adjacent motif E of the DENV polymerase. This 

pocket is also found near the functionally 

important residues Ser-710 and Arg-729, which 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section B), pages 1-9, Proceedings  4 

http://sciforum.net/conference/mol2net-1 

 

 

bind to the incoming rNTP [11]. The consensus 

sequence analysis shows that Meth530, Thr543 

Asp597, Glu616 and Arg659, Pro671 are 

conserved in all serotypes and lay under palm 

domain. It is the collection of a small antiparallel 

beta-strand platform, beta 4 and beta 5, 

surrounded by eight helices (alpha 11 to alpha 13 

and alpha 16 to alpha 20). The palm domain 

performs to be the most structurally conserved 

among all known polymerases, reflecting the 

salvation of the design of the catalytic site during 

evolution. Identification of four of six conserved 

sequence motifs accountable for NTP binding 

and catalysis, located in the palm domain [17]. 

The GDD catalytic active site (motif C, 

comprising Asp-663 and Asp-664) is placed in 

the turn between strands beta 4 and beta [11]. 

Mutation in residue Asp-663 and Asp-664 to any 

negative charge residue can disrupt the function 

of RdRp. Leu766, Ala776 is thumb domain and 

has high conservancy in all serotypes. Thumb 

domain forms the C-terminal end of the RdRp of 

DENV, is the most structurally mutable among 

known polymerase structures. It covers two 

conserved sequence motifs. Motif E forms an 

antiparallel beta-sheet wedged between the palm 

domain and several alpha-helices of the thumb 

domain. A loop spanning amino acids 782 to 809 

forms the priming loop that partially occludes the 

active site [18]. Three mutations (L328A, 

W859A, and I863A) reduced de novo RNA 

synthesis by >=85%. These L328A, W859A, and 

I863A three mutations Table 1. 

Position and sequence of the peptides along with 

potential domain; which can be used as a peptide 

vaccine. Position of conserved peptides 

Sequence of peptides Domain encoding 79–90 

No putative conserved domain, 104-113 No 

putative conserved domain, 141-151 No putative 

conserved domain, 209-220 No putative 

conserved domain, 342-363 Functional nuclear 

localization signal (NLS), 450- 466 N-terminus 

finger subdomain, 468-482 N-terminus finger 

subdomain, 530-543 Palm domain, 568-578, 

597-616  Palm domain, 659-671 Palm domain, 

766-776 Thumb domain, 791-801No putative 

conserved domain reduced viral replication by 

decreasing the initiation of RNA synthesis. These 

three mutations decreased RNA synthesis 

initiation (L328A, W859A, and I863A) are 

placed at the same line between the delta 1 loop 

and remaining RdRp DENV thumb subdomain. 

The K330A mutation abridged the NS3/NS5 

interaction. Thumb domain also has Zinc binding 

site (Zn2) and is synchronized by His-712, His-

714, Cys-728 of motif E, and Cys- 847 of helix 

alpha 26 and mutation in these residue abolish 

the activity of RdRp. 
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Table 1. Position and Sequence of the Peptides along with potential domain; which can be used as a 

Peptide Vaccine 

Position of conserved 

Peptides 

Sequence of peptides Domain encoding 

79 - 90 DLGCGRGGWSYY No Putative conserved domain 

104 - 113 TKGGPGHEEP No Putative conserved domain 

141 - 151 DTLLCDIGESS No Putative conserved domain 

209 - 220 PLSRNSTHEMYW No Putative conserved domain 

342 – 363 MAMTDTTPFGQQRVFKEKVDTRT Functional nuclear 

localization signal (NLS) 

450 - 466 CVYNMMGKREKKLGEFG N-terminus finger 

subdomain 

468 - 482 AKGSRAIWYMWLGAR N-terminus finger 

subdomain 

530 - 543 MYADDTAGWDTRIT Palm domain 

568 - 578 IFKLTYQNKVV  

597 - 616 DQRGSGQVGTYGLNTFTNME Palm domain 

659 - 671 RMAISGDDCVVKP Palm domain 

766 - 776 LMYFHRRDLRLA Thumb domain 

791 - 801 PTSRTTWSIHA No Putative conserved domain 
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Figure 1. Multiple sequence alignment of consensus sequences of the 

Dengue NS5 of all serotypes.
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3. Materials and Methods 

2.1. Drawing consensus sequence of DENV 

NS5:  

A total of 385 sequences of DENV NS5 of all 

serotypes were retrieved from the NCBI 

database. All the sequences were imported in 

CLC main workbench. Consensus sequences of 

all serotypes were developed by applying 

multiple sequence alignment feature of CLC 

main workbench. All four serotypes sequences 

were retrieved randomly from NCBI protein 

database. Hundred NS5 sequences of Dengue 1 

serotype reported from USA, Indonesia, China, 

and Australia were used to developed consensus 

sequence. One hundred sequences of serotype 2 

(DENV2) belongs to China, USA, and Taiwan 

were used to build the serotype two consensus 

sequence with the support of CLC workbench 

software. Ninety five sequences of serotype three 

(DENV3) belonged to the USA, Singapore, and 

China, were obtained to CLC workbench 

software to construct consensus sequence. Ninety 

sequence of serotype four (DENV4) retrieved 

from NCBI related to Indonesia, USA, China and 

Thailand were fetched to CLC workbench to 

produce consensus sequence of DENV4.  

2.2. Peptides designing for potential peptide 

vaccine:  

The consensus sequences of all the four 

serotypes (DENV1-DENV4) were taken up in 

CLC workbench software. These consensus 

sequences were aligned in the CLC workbench to 

develop the global consensus sequence. The 

consensus sequence was used to study variations 

in different motifs and domains of the DENV 

NS5 region. Short peptides from the highly 

conserved regions of the DENV NS5 protein 

were selected from the consensus sequence 

analysis; these peptides are the best targets to be 

tested as a potential peptide vaccine. 

4. Conclusions 

Our study suggests that there are certain stretches 

of amino acids, which take part in binding with 

divalent cat-ions, RNA Synthesis, ATPase 

binding, Nuclear Localization, Binding NS5 with 

NS3 domain and viral replication are highly 

conserved; and can be used as a potential target 

for the development of antiviral agents. 

Pharmacological blockage of cavity B could 

potentially lead to suppression of initiation of 

viral RNA synthesis and/or inhibition of 

NS3/NS5 interaction [19]. 
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Abstract: Virtual Screening methodologies have emerged as efficient alternatives for the 

discovery of new drug candidates. At the same time, ensemble methods are nowadays frequently 

used to overcome the limitations of employing a single model in ligand-based drug design. 

However, many applications of ensemble methods to this area do not consider important aspects 

related to both virtual screening and the modeling process. During the application of ensemble 

methods to virtual screening the proper validation of the models in virtual screening conditions is 

often neglected. Frequently no analysis is performed of the diversity of the ensemble members or 

no considerations regarding the applicability domain of the base model are made. In this research 

we propose a method employing genetic algorithms optimization for the generation of virtual 

SciForum 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section B), pages 1-10, Proceedings  2 

http://sciforum.net/conference/mol2net-1 

 

screening tailored ensembles that address problems in the current applications of ensemble 

methods to virtual screening. The proposed methodology is successfully applied to the 

generation of ensemble models for the ligand-based virtual screening of dual target A2A 

adenosine receptor antagonists and MAO-B inhibitors as potential Parkinson’s disease 

therapeutics. 

. 

Keywords: Dual-target drugs, Virtual screening, MAO-B inhibitors, A2A adenosine receptors 

antagonist, Ensemble modeling, QSAR 

 

 

1. Introduction 

During the last decades, Virtual Screening 

(VS) methodologies have emerged as efficient 

alternatives to the expensive, in terms of time 

and money, High Throughput Screening (HTS) 

approaches for the discovery of new drug 

candidates [1]. In terms of efficiency, the hit 

rates obtained when VS tools are employed to 

filter large databases of chemical compounds are 

considerably higher than those obtained with 

HTS techniques [2]. Literature reports where VS 

experiments conducted to the identification of hit 

molecules in a wide range of application can be 

found elsewhere [3,4]. 

VS techniques can be divided into two main 

categories: Structure-Based VS (SBVS) and 

Ligand-Based VS (LBVS) [5]. The first one 

includes all the modeling approaches such as 

Molecular Docking and Molecular Dynamics 

that depend on the structure of a molecular 

receptor. In some cases the structure of the 

molecular target is not available or the research 

process focuses in a mechanism where a 

molecular target cannot be defined. It can also be 

the case that the amount of data to process is too 

large to complete a SBVS campaign in a 

reasonable amount of time. In these cases LBVS 

tools can aid in the drug discovery process. 

These types of techniques include Similarity 

methods, Shape-based methods, Pharmacophore 

modeling and Quantitative Structure-Activity 

Relationships (QSAR) studies [5,6]. Specifically, 

QSAR approaches have been used for VS in the 

early stages of drug discovery [7]. 

To exploit the full potential of QSAR 

modeling some general guidelines have to be 

followed. These guidelines have been 

summarized as best practices for QSAR [8]. In 

addition to these guidelines, in our previous 

research we pointed out the importance of the 

proper validation of QSAR models in VS 

conditions [9]. 

Ensemble methods (EM) have gained 

popularity among QSAR practitioners, providing 

a set of tools for combining the predictions of 

single models in a more robust and generalizable 

model [9-11]. Although the success of these 

methods in Ligand-Based Drug Design (LBDD) 

and LBVS, the currently published applications 

of ensemble methods to LBVS suffer from a 

limitation common to most LBDD workflows: 

their VS performance is not retrospectively 

evaluated prior to their use in VS campaigns. In 

addition, in most reports of applications of 

ensemble methods to LBVS no considerations 

are made regarding the diversity of the base 

classifiers. The optimal size of the developed 

ensembles is neither considered and all available 

base classifiers are combined instead. These two 

last factors can drastically reduce the 

performance of ensemble methods [12]. 
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On the other side, Parkinson Disease (PD) 

causes chronic disability and it is the second 

commonest degenerative condition of the 

nervous system. The standard treatment for PD is 

levodopa, which helps to increase the dopamine 

levels in the brain [13]. However there is a need 

of finding alternative therapies since levodopa 

has many side effects and can become ineffective 

over time. To this end, multicomponent therapies 

(combination of different drugs) have been used. 

However the discovery of new multi-target drugs 

(a single molecule that acts on multiple targets) 

is attracting more and more attention [14]. Multi-

target drugs, compared with the use of 

combinations of different drugs, have more 

predictable pharmacokinetic and 

pharmacodynamic relationships as a 

consequence of the administration of a single 

drug [15]. 

Here, are summarized the results obtained in 

the development of a GA-based ensemble 

selection method and its application to the search 

of ensembles suitable for the VS identification of 

dual target ligands for PD. It should be 

mentioned that the application of LBVS tools for 

the planned design of ligands with a predefined 

dual-target profile is a recent development and 

represents an important challenge to medicinal 

chemists [16]. 

 

.

2. Results and Discussion 

The collection, curation, class assignment, 

representation and dataset splitting processes 

were performed following the procedures 

described in the Materials and Methods section. 

Both modeling sets were split into training and 

test subsets using three sphere exclusion 

algorithms 1M, 2M and 3M. This partition 

scheme lead to the selection of 20-23 % of the 

modeling data for the test set and guaranties the 

representativeness of each class in the test set. 

Fragment descriptors were calculated with 

ISIDA Fragmentor software [17,18] and they 

were filtered to discard those with zero or close 

to zero variance. Afterward, the  mRMR 

algorithm [19] was employed to only keep the 

250 more relevant descriptors. ISIDA’s header 

files listing the 250 most relevant fragments for 

each dataset and their partitions are provided as 

Supporting Information. 

The main goal of this paper is to find models 

that can be effective in the identification of dual 

target ligands for PD through VS. To this end, 

two sets of QSAR models were independently 

developed for A2AAR binding and MAO-B 

inhibition following the procedure summarized 

in the Materials and Methods section. For each 

endpoint, three feature selection methods and 

three different classification algorithms were 

combined to generate nine different classifier 

types, which were trained and validated using 

three modeling set partitions obtained with the 

sphere exclusion algorithms 1M, 2M and 3M. In 

consequence, 27 different classification 

experiments per endpoint were conducted. At 

this point, it is important to remark that the 

external set was only used to evaluate the real 

predictive power of the models. In Table 1 are 

presented the statistics of the optimal models for 

each partition of the dataset. These results show 

that the employed QSAR modeling framework 

provides accurate, robust and generalizable 

models. 

All 16 known dual ligands, MAO-B inhibitors 

and A2AAR antagonists, were compiled from the 

literature [20,21]. For each known dual-target 

compound 1608 decoys were selected based on 

desirability-based home-developed algorithm 

that has been previously employed in the 
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selection of tailored decoy sets for the validation 

of virtual screening strategies [9]. These ligands 

and decoys were prepared for virtual screening 

following the same protocol described for the 

datasets. 

To evaluate the performance of the models in 

virtual screening the following metrics were 

employed: Area Under the Accumulation Curve 

(AUAC), Area under the Receiver Operating 

Characteristic Curve (ROC), Enrichment Factor 

(EF) and Boltzmann-Enhanced Discrimination of 

ROC (BEDROC). These metrics were computed 

as proposed by Truchon et. al.[22] 

In our previous research [9] the VS-tailored 

ensembles were obtained using only a very 

limited set of predictive models that were 

selected as the best ones derived from each 

modeling approach. However, during the 

modeling process a larger number of high quality 

models are obtained that we did not considered 

for ensemble modeling in that investigation.  

To discard low performing models, the whole 

pool of classification models was first filtered 

and a model was considered to be accurate, 

robust and predictive if it had values of accuracy 

higher than 0.75 in predicting the train, selection 

and external sets as well as in the cross validation 

experiments. The models fulfilling the above 

criteria are considered as valid models from here 

on.  

For the three modeling set partitions obtained 

after applying the sphere exclusion algorithms, 

there were a total of 1526 and 1347 valid models 

for the A2A adenosine receptor antagonists and 

MAO-B inhibitors datasets respectively. Since 

one of the factors negatively influencing the 

performance of ensemble models is the 

redundancy of the base classifiers, these valid 

models were clustered following the protocol 

above to obtain a representative set of them. This 

procedure yielded 33 and 48 representative 

models for the A2A adenosine receptor 

antagonists and MAO-B inhibitors datasets 

respectively. The representative model of each 

cluster was selected as the one having the highest 

value of BEDROC for α=160.9. The best 

performance among the representative models 

corresponded to a value of BEDROC=0.20 for 

α=160.9. 

We then evaluated the proposed GA-guided 

algorithm for the search of the ensemble 

maximizing BEDROC at a given fraction of 

screened data. The algorithm was run five times 

with different initial populations of 100 

individuals each one, yielding 500 solutions. 

That is, 500 ensembles are obtained. The GA 

fitness function maximizes BEDROC for 

α=160.9. 

In Table 2 are presented the enrichment 

metrics for the best individual found after 

running the GA-guided ensemble generation 

algorithm presented in this communication, when 

we search for the ensemble maximizing the 

initial enrichment of dual ligands. The 

accumulative curves for this ensemble as well as 

for its members are shown in Figure 1. 

The analysis of these results show that the 

obtained ensemble is composed by 14 models, 

five of them related to the prediction of the 

antagonist activity of the A2A adenosine 

receptor and nine related to the inhibition of the 

MAO-B enzyme. This ensemble outperforms the 

VS metrics of all its members. Specifically, the 

improvement in the value of BEDROC for 

α=160.9 for the obtained ensemble relative to the 

best single model it is composed of is 0.05. The 

model with the highest value of BEDROC 

(α=160.9) among all single models within the 

ensemble is also the one with the best value of 

this metric among the set of representative valid 

models. This improvement might seem 

meaningless, however it can be interpreted as 5% 
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more probability of retrieving a dual target ligand 

in the first 1% of the ranked list using the 

obtained ensemble compared to the best 

performing individual model [22]. From Table 2 

it can also be seen that the values of BEDROC 

for α=32.2 and α=20 are also higher when the 

ensemble model is compared with its members. 

In addition, improvements for the EF metric at 

the three analyzed fractions of screened data 

were obtained. The advantages of using the 

obtained ensemble for VS experiments over the 

use of single models can be visualized in Figure 

1 where the accumulative curves of the ensemble 

and the models it is composed of are plotted. 

From this figure it is clear that the ensemble 

model is able to retrieve more known dual 

ligands and at lower positions in the ranked list 

than any of the single models it is composed of. 

Another advantage of employing the proposed 

ensemble for VS tasks is that its applicability 

domain covers 93% of the whole virtual 

screening validation set, representing an 

improvement of 17% of coverage relative to the 

single model with the highest applicability 

domain coverage. If the applicability domain 

coverage of the ensemble is compared to that of 

the model with the highest BEDROC value for 

α=160.9, then this improvement increases to 

33%. In contrast, the value of ROC of the 

ensemble is lower than the mean value of ROC 

across the ensemble members. This last result is 

a consequence of designing the GA search to 

find ensembles maximizing the initial enrichment 

of known dual ligands. In other words, the 

calculations here performed focus in retrieving 

the more dual ligands at the very first part of the 

ranked list and neglect the position of the ligands 

in the remaining of the list. 

. 

 

Table 1. Statistics for the best performing models for each dataset partition. 

Target Methoda Sizeb Train.c Testd LOOe Bootf 5-Foldg Ext.h 

A2A 1M GA-AB 10 90 (93/86) 80 (90/72) 87.13 85.42 88.12 81 (81/81) 

A2A 2M GA-LSSVM 11 94 (90/97) 82 (77/88) 88.56 86.32 89.55 84 (84/84) 

A2A 3M GA-LSSVM 10 91 (87/93) 80 (78/83) 88.56 84.67 88.56 86 (84/88) 

MAO 1M GA-LDA 10 85 (90/81) 85 (83/86) 84.26 81.23 83.25 75 (79/67) 

MAO 2M BT-LSSVM 18 95 (93/97) 93 (92/94) 77.50 73.81 77.50 72 (63/88) 

MAO 3M GA-LSSVM 14 93 (94/92) 84 (79/89) 86.07 82.46 86.57 76 (78/73) 
a Modeling method the classifier is based on, GA stands for Genetic Algorithm, BT for Bagged Trees, AB for Adaboost, 

LSSVM for Least Squares Support Vector Machines and LDA for Linear Discriminant Analysis.  

b Number of features in the model.  

c,d,h Accuracy in predicting the training, test and external sets respectively 

e,f,g Accuracy of the Leave One Out, Bootstraping and 5-fold cross-validation experiments respectively 

 

Table 2. Enrichment metrics for the ensemble maximizing the initial enrichment of known dual 

ligands. 

Model 
BEDROC Alpha EF % 

ROC 
Cov. 

Domain 160.9 32.2 20 1 5 8 

Ensemble 0.25 0.32 0.33 28.47 7.14 4.46 0.45 0.93 

Mean Indiv. Models 0.04 0.08 0.10 4.39 2.27 1.42 0.44 0.69 
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Figure 1. Accumulation curves for the best ensemble as well as for its base classifiers: a) 

For the whole virtual screening validation datasset and b) For the first 10% of screened 

data. The black line corresponds to the obtained ensemble, red continuous lines to A2A 

models and blue discontinuous lines to the MAO-B models 

 

 

3. Materials and Methods 

Data sets 

Two data sets were used in this paper; A2AAR 

antagonists and human MAO-B (hMAO-B) 

inhibitors. The A2AAR antagonist data set was 

retrieved from 18 different literature sources. The 

compounds were divided into two classes 

according to their Ki values. The first class, 

designated as potent antagonists, included all 

chemicals with a Ki ≤ 1000 nM (pKi ≥ 6). The 

second class, named as weak antagonists, was 

formed by compounds with Ki >1000 nM (pKi < 

6). As result of this categorization a balanced 

dataset was obtained that included 161 potent 

antagonists and 166 weak antagonists. 

The hMAO-B inhibitors data set was 

compiled from [23] and it contains 474 

compounds. the compounds were classified in 

two groups according with theirs IC50 values. 

The first group, named hMAO-B inhibitors, 

included those chemicals with IC50 ≤ 20 µM 

(pIC50 ≥ 4.70), while the second one, designated 

as hMAO-B non-inhibitors comprises those 

compounds with IC50 > 20 µM (pIC50 < 4.70). 

Thus, the 474 ligands were split in 313 inhibitors 

and 161 non-inhibitors of  hMAO-B. 

The chemical structures were represented in 

smiles format and then converted to a SD file 

(SDF)  using the ChemAxon’s JChem for Excel 

(6.3.1.1807) program [24]. Each data set, as well 

as the decoy compound candidates were curated 

following the guidelines proposed in the 

literature [25] using ChemAxon’s Standardizer 

[26] 

Datasets splitting 

The external sets were randomly selected as 

20% of the entire initial datasets. The modeling 

sets were subsequently partitioned into training 

and test sets using the three sphere exclusion 

(SE) algorithms proposed by Golbraikh [27] and 

implemented in our laboratory that ensure the 

closeness in chemical spaces of the train and test 

sets. 

The three variants 1M, 2M, and 3M of the 

sphere exclusion algorithm proposed by the 
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developers and used here to divide the balanced 

modeling sets were implemented in MATLAB 

[28]. Unlike the original algorithms, for the SE 

based partitioning of the data the structure of the 

compounds was encoded as 1024 bits 

Chemaxon’s Topological Fingerprints from 

GenerateMD program [26]; and the Tanimoto 

distance was selected as the distance metric. The 

radius of the spheres was varied between 0.05 

and 1.0 with a step of 0.05 

Molecular Descriptors 

The ISIDA Fragmentor software (freely 

available at http://infochim.u-

strasbg.fr/spip.php?rubrique49) was used to 

calculate 2D fragment descriptors [17,18]. 

Descriptors were calculated for the training 

dataset. Afterward, fragments with the same 

value for 99% of the samples were removed. The 

minimal Redundancy Maximal Relevance 

(mRMR) algorithm [19] was applied to the 

reduced data set to keep only the top 500 

fragments according to the MIQ score. The same 

subset of 500 fragments was then computed for 

the selection and external sets. 

Classification-based modeling methodology 

QSAR modeling for each dataset was 

performed using the previously proposed QSAR 

modeling framework. Here the main steps 

involved in the modeling process are 

summarized and the detailed description of the 

QSAR modeling framework is available in [9] 

Methodology of models ensemble for 

virtual screening 

For both targets QSAR models were first 

filtered, regardless the dataset partition or 

modeling approach they were obtained with, to 

ensure that only accurate, robust and predictive 

models remain eligible as ensemble members. 

For this step we set the same cutoff value of 0.75 

for the accuracy in predicting the training, 

selection and external datasets as well as in the 

cross-validation experiments. The models 

fulfilling these conditions were then clustered 

using the Hamming distance between the 

predictions they made on the external dataset to 

select a representative set of models to ensure 

diversity in the pool of base models. Clustering 

was carried out using the K-means algorithm 

implemented in MATLAB [28]. To obtain the 

optimal number of clusters we examined the 

silhouette plot [29] when the number of clusters 

varied between 3 and 50 and selected the number 

of clusters corresponding to the maximum of this 

plot. This procedure leads to the selection of 

NA2A and NMAOB representative models which 

form the final pool of diverse models candidates 

for ensembles. 

To build the ensembles for VS we followed 

the same protocol described in our previous 

publication [9]. In brief, for a given subset of 

QSAR models forming the ensemble and a 

dataset to be evaluated we first search for the 

samples included within each model applicability 

domain. Next, the scores produced by each 

model for the compounds inside its applicability 

domain are used to obtain a ranking for them and 

the relative ranking of each sample in each 

model is computed. Once the relative rank of 

every sample in each model considering the 

model’s applicability domain is determined, 

these relative rank values are averaged over the 

models the compound is inside their applicability 

domains to obtain the final aggregated score. 

Finally, the compounds are sorted according to 

this aggregated score in ascending order to obtain 

the final ensemble ranking. 

Given that to evaluate the virtual screening 

performance of all ensembles formed by all 

possible combination of size two to NA2A+NMAOB 

of the selected models is computationally 

unfeasible, we implemented a novel GA search 

strategy which could find combinations of 
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models maximizing the EF at a given fraction of 

screened data. Each individual for the GA search 

represents an ensemble and they are encoded as 

binary vectors of length NA2A+NMAOB. In an 

individual the “on” bits encode the set of models 

considered for the ensemble while “off” bits 

represent models excluded from the ensemble. 

The initial population was set to 100 randomly 

generated individuals and the population evolved 

for 100 generations. The crossover and mutation 

rates were set to 0.7 and 0.3 respectively while 

the best two individuals survived to the next 

generation. The selection operator was set to a 

tournament of size 2. For the crossover operator, 

the offspring chromosomes were randomly 

selected position by position from the two 

selected parents. The mutation operator changed 

a randomly selected “on” bit to “off” and one 

randomly selected “off” bit to “on” in the 

individual. In each case study the GA was run 

five times using different initial populations. The 

objective function for the GA was selected as 

BEDROC for α=160. 

..

4. Conclusions 

We designed a methodology for the generation of virtual screening tailored ensembles capable of 

overcoming the previously identified problems. This methodology considered the diversity of the base 

models for ensemble generation and their applicability domains. The main advantage of the proposed 

algorithm is that it is able of finding the combination of models providing the best VS performance for 

a specific problem. 

The proposed algorithm was applied to the VS simulation of dual target A2A adenosine receptor 

antagonists and MAO-B inhibitors. The obtained results showed that the obtained ensemble 

outperformed the best individual model according to the evaluated enrichment metrics. Thus, 

confirming the expected improved performance of ensemble models over single ones. In the specific 

problem being addressed, the results of the ensemble modeling process highlighted the importance of 

considering information from both targets for the discovery of dual target ligands. 
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Abstract: The pharmacokinetic properties of absorption, distribution, metabolism and excretion 

(ADME) play a crucial role in drug discovery and development, since many drug candidates fail due to 

an inappropriate pharmacokinetic profile. Cytochrome P450 enzymes are predominantly involved in 

Phase 1 metabolism of xenobiotics. Thus, it is important to better understand and prognosticate 

substrate binding and inhibition of CYP450. The goal of this study was to obtain QSAR (Quantitative 

Structure-Activity Relationship) models to identify substrates and inhibitors of CYP3A4. The data sets 

were collected and curated from online available databases and literature. Several QSAR models were 

obtained and validated according to the recommendations of the Organization for Economic Co-

operation Development (OECD). The combination of different descriptors and machine learning 

methods led to robust and predictive QSAR models with high coverage. The interpretation of 

developed models was performed using the predicted probability maps (PPMs). These maps help to 

encode major structural fragments to classify compounds as inhibitors or not inhibitors of CYP3A4. In 

conclusion, the obtained models can reliably identify substrates and non-substrates, and inhibitors and 

non-inhibitors of CYP3A4, which is very important in the early stages of the development of new 

drugs.  

 

 

Keywords:QSAR; in silico; drug metabolism; substrate; inhibitor; CYP3A4. 

 

 

1. Introduction 

Many drug candidates fail during the drug 

development process in clinical trials due to an 

inappropriate pharmacokinetic profile. For this 

reason, the study of the pharmacokinetic 

properties absorption, distribution, metabolism, 

excretion, and toxicity (ADME/Tox) of a drug 

candidate is important to reduce time and 
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increase the chances of success during drug 

discovery and development¹. 

ADME/Tox properties are the major contributors 

to the failures of new drugs in the development 

pipeline and often the underlying biological 

mechanism of toxicity is related to metabolism. 

Metabolic liability can lead to a number of 

diverse issues, including drug−drug interactions, 

in particular enzyme inhibition and induction, 

which in turn may cause therapeutic failure 

toxicity, and adverse effects2. 

Cytochrome P450 (CYP) enzymes are 

predominantly involved in Phase 1 metabolism 

of xenobiotics. CYP3A4 is the most abundant 

cytochrome isoenzyme present in liver and is 

responsible for the metabolism of more than 50% 

of the marketed drugs3. The main goal of this 

study was to develop robust and predictive 

models that can be used to classify compound as 

inhibitor/non-inhibitor or substrate/non-substrate 

of CYP3A4 for identifying and discarding drug 

candidates with potential metabolism issues. 

 

2. Results and Discussion 

The statistical results of QSAR models generated 

for substrates of CYP3A4 (dataset I), using the 

test set compounds, are summarized in Figure 1. 

 

 

Figure 1. Statistical results of predictions of 

QSAR models for CYP3A4 substrates evaluated 

by 5-fold external cross-validation. 

 

The combination of different descriptors and 

machine learning (ML) methods led to robust 

and predictive QSAR models for substrates of 

CYP3A4, with correct classification rate (CCR) 

values ranging between 0.65-0.83 and coverage 

of 0.69-0.89. However, among the best three 

selected models (Atom Pair-SVM; PubChem-

SVM; Atom Pair-GBM), the model generated by 

combining Atom Pair-GBM without considering 

DA showed a higher sensitivity and lower 

difference between the values of sensitivity and 

specificity obtained the best ability to classify 

correctly both substrates as non-substrates of 

CYP3A4. 

The statistical results of binary and multiclass 

QSAR models for CYP3A4 inhibitors (data set 

II) are illustrated on Figure 2. 

 

Figure 2. Statistical results of predictions for the 

best binary and multiclass QSAR models for 

CYP3A4 inhibitors evaluated by 5-fold external 

cross-validation. 

 

The two best binary and multiclass models were 

generated using a combination of Morgan-SVM 

and Morgan-RF. These binary models showed 

equal values of accuracy 0.76, which 

corresponds to the percentage of molecules that 

are correctly classified by model. Furthermore, 

they showed sensitivity values of 0.74 and 0.77, 

respectively. The accuracy of these models was 

0.77 and 0.78, respectively, whereas F1 was 0.76 

and for both models. The multiclass models were 

also generated using the combination of Morgan-

SVM and Morgan-RF. The Morgan-RF model 

presented precision value 0.69, while the 

Morgan-SVM was 0.66. The Morgan-RF model 

was also slightly higher in relation to F1 value, 
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with value of 0.69, compared to the value of 0.66 

for the Morgan-SVM. However, multiclass and 

binary QSAR models showed similar statistical 

results. Therefore, both models were considered 

the best models to evaluate the inhibition of 

CYP3A4. In addition, predicted probability maps 

(PPMs) were generated by Morgan-RF models. 

The maps for drugs ketoconazole, tioconazole 

and miconazole are presented in Figure 3. 

 

 

Figure 3. PPMs for selected antifungal drugs 

generated using Morgan-RF models. Green 

atoms/fragments have favorable contribution in 

the property (CYP3A4 inhibition); Gray: no 

contribution; Pink atoms/fragments have 

unfavorable contribution in the property 

(CYP3A4 non-inhibition). The bit vector size of 

Morgan was 1024 bits. 

 

 

Miconazole, ketoconazole and tioconazole are 

antifungal drugs and CYP3A4 inhibitors. These 

three drugs were classified by the binary model 

as CYP3A4 inhibitors, and multiclass model 

considered the three drugs as strong inhibitors 

with high probability. The imidazole fragment in 

their structures outlined in green indicate that this 

fragment has favorable characteristics for the 

investigated property. These fragments have 

atoms which are capable of coordinating with 

heme group iron. The phenyl and thiophene rings 

are outlined in gray color, which features neutral 

contribution to the property. Gray isolines 

demarcate the separation of regions that have 

favorable and unfavorable contribution. 

 

3. Materials and Methods 

In this study, two large datasets were collected 

for profiling the CYP3A4 activity. The dataset I 

contained 8,214 compounds, in which 475 are 

substrates of CYP3A4 and 7,739 are non-

substrates (inactive). The annotated dataset was 

gathered from the literature4 and PubChem 

bioassay (Assay ID: 1851). The dataset II 

contained 9,186 compounds, in which 4,962 are 

inhibitors de CYP3A4 and 4,224 are non-

inhibitors. The annotated dataset was gathered 

from ChEMBL340 assay. All the molecular 

modeling studies were performed using a 

workflow in KNIME platform developed in our 

laboratory. The dataset curation (removal of 

duplicates, structural conversion, normalization 

of specific chemotypes etc.) was performed using 

Indigo Open Source Standardizer following the 

workflow described by Fourches et al.5 including 

the duplicate analysis. Binary and multiclass 

QSAR models were developed and validated 

according to the OECD principles. For 

generation of QSAR models we used the qsaR 

package fully integrated workflow KNIME 2.96. 

The cross-validation procedure 5-fold was used 

to estimate the robustness of the model using the 

training set, while the test set was used to 

validate and estimate the predictive power of the 

generated models. 

Because dataset I was highly unbalanced, it was 

not recommended to build binary QSAR models 

for the entire dataset. Therefore, a linear under-

sampling strategy was used to investigate the 

more adequate dataset balancing. We generated 

five under-sampled datasets with substrates-to-

non-substrates ratios of 1:1, 1:2, 1:3, 1:4, 1:8, 

and the unbalanced dataset. From the six 

different datasets splits generated, the balancing 

with proportion of 1:1 and the total unbalanced 
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dataset were selected because of the best 

statistical results and covering the largest 

chemical space. Thus, various QSAR models 

were generated using different types of 

descriptors and algorithms, in order to use more 

information from QSAR models. Four different 

types of molecular fingerprints were utilized in 

this study (Atom Pair7, PubChem8, MACCS9 and 

FeatMorgan10), as well as four ML algorithms 

(SVM11, GBM12, PLSDA13 and kNN14) were 

used to model generation, totaling in 16 different 

QSAR models.  

For dataset II, the models for CYP3A4 inhibitors 

were generated using a 5-fold technique, i.e., 

spliting the data set in modeling set and external 

validation set. We used only one type of 

molecular descriptor (Morgan) and two ML 

methods (SVM and RF15). For construction of 

multiclass models, the threshold activity was 

defined as follows: strong inhibitor ≤ 1 µM; 

weak-moderate inhibitor, property between 1 µM 

and 10 µM; non-inhibitor ≥ 10 µM16. 

PPMs17 were generated for visualization of 

favorable (positive) and unfavorable (negative) 

structural fragments for compound to be inhibitor 

or non-inhibitor of CYP3A4.  

 

4. Conclusions 

The largest publicly available data sets for 

substrates and inhibitors of CYP3A4 were 

collected, prepared and balanced. Robust and 

predictive QSAR models were generated for the 

identification of substrates (binary models) and 

inhibitors (binary and multiclass models). 

Obtained models can be used for identifying 

substrates and inhibitors of CYP3A4 in early 

stages of drug development. PPMs showed 

important contribution of some fragments 

probably responsible for interaction with the 

heme group of CYP3A4. 
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Abstract: In this study the uptake of different organic pollutants, including musk fragrances 

(tonalide and galaxolide), polybrominated diphenyl ethers (PBDEs), perfluorocarboxylic acids 

(PFCAs), perfluorosulfonic acids (PFSAs) and perfluorosulfonamide (FOSA) by carrot samples 

was compared. The bioconcentration factors (BCFs), defined as ratio of the concentration in the 

dry plant tissue and the concentration in the compost amended soils, were compared and 

correlation with the water solubility of the target compounds was studied. A good correlation 

was obtained between the water solubility and the BCFs in the different plant tissues (carrot root 

peel, root core and leaves). Besides, while the target analytes with the lowest solubility (musk 

fragrances and PBDEs) tended to accumulate in the peel of the carrot, the most water soluble 

target analytes (the perfluorinated compounds) tended to translocate to the carrot leaves. 

. 

. 

 

Keywords: plant uptake; carrot; musk fragrances; polybrominated diphenyl ethers, 

perfluorocarboxylic acids; perfluorosulfonic acids; perfluorosulfonamide;  

 

 

1. Introduction 

Under the Urban Wastewater Treatment 

Directive (UWWTD), towns and cities within the 

28 European Union (EU-28) members are 

required to collect and treat their urban 

wastewater. The reuse of the sludge is also 

encouraged, and final disposal to surface waters 

has been banned (1). However, wastewater 

treatment plants (WWTPs), also called 

“biological treatments”, are demonstrated not to 

be effective enough in contaminant removal (2). 

Not all the chemicals entering the WWPTs are 

completely degraded and are either removed by 

sorption and deposition to the final sludge, by 

volatilization or by discharge onto a surface 
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water body, if they remain in the wastewater 

effluent stream (2). 

In this sense, contaminants of emerging 

concern (CECs) have been detected in effluents 

discharges from municipal and/or industrial 

wastewater treatment plants (WWTPs), including 

polybrominated diphenyl ethers (PBDEs), musk 

fragrances or perfluorinated compounds (2, 3). 

Land applications of sewage sludge and/or 

compost derived of them have been adopted 

worldwide as an option for sludge management. 

Crops grown in soils amended or irrigated with 

wastewater containing CECs are exposed to 

contaminant uptake (4), which then become and 

entrance of pollutants in the food chain. Within 

this context, and taking into account that plants 

form an essential basis of animal and human diet, 

an evaluation of the uptake and accumulation of 

potential harmful organic contaminants in plants 

is of importance for risk assessment. 

In this sense, the aim of the present work is to 

study the uptake in terms of BCFs of different 

organic pollutants, including musk fragrances 

(tonalide and galaxolide), PBDEs, 

perfluorocarboxylic acids (PFCAs), 

perfluorosulfonic acids (PFSAs) and 

perfluorooctanosulfonamide (FOSA) by different 

carrot compartments (peel, core and leaves) and 

to evaluate the correlation between BCFs and the 

target analytes water solubility. 

 

.

2. Results and Discussion 

The BCFs for tonalide (water solubility 1200 

µg/L), galaxolide (water solubility  1800 µg/L), 

BDE-138 (water solubility 19 µg/L) and BDE-

209 (water solubility 0.14 µg/L), 

perfluorooctanoic acid (PFOA, water solubility 

11·106 µg/L), perfluorooctasulfonate (PFOS, 

water solubility 75·105 µg/L), 

perfluorootanosulfonamide (FOSA, water 

solubility 0.029 µg/L), perfluoro-n-nonanoic acid 

(PFNA, water solubility 2.5 106 µg/L), perfluoro-

n-heptanoic acid (PFHpA, water solubility 5.1 

107 µg/L), perfluorohexyl phosphonic acid 

(PFHxPA, water solubility 2.3 108 µg/L), 

perfluoro-n-pentanoic acid (PFPeA, water 

solubility 9.5 108 µg/L) and perfluoro-n-butanoic 

acid (PFBA, water solubility 10 108 µg/L) 

obtained in our laboratories for the same carrot 

(Daucus carota ssp sativus) specie (Chantenay) 

were correlated with the logarithm of their water 

solubilities. According to the results in Figure 1 

(a), an exponential correlation between water 

solubility and BCFTotal, as well as BCFPeel 

(determination coefficients of r2=0.32), BCFCore 

(r2=0.74) and BCFLeaves (r2=0.60) was observed 

for all the analytes. The accumulation was higher 

with the water solubility increment observing a 

dramatically bioconcentration increased for the 

analytes (PFHxPA, PFPeA and PFBA) with a 

water solubility higher than 8. In order to 

confirm these results, the previously mentioned 

analytes were discarded and only the rest 

included in the graphic (see Figure 1 (b)) 

observing the similar behaviour for all the 

analytes. 

It should also be highlighted, while the target 

analytes with the lowest solubility (musk 

fragrances, AHTN and HHCB, and PBDEs, 

BDE-138 and BDE-209) tended, in general, to 

accumulate in the peel of the carrot, the most 

water soluble target analytes (PFOS and PFOA 

as examples) tended to translocate to the carrot 

leaves (see BCFs included in Table 1). However, 

as can be clearly observed from Table 1, while 

BDE-138 accumulated exclusively in the peel, 

BDE-209 accumulated mainly in the leaves 

(BCFleaves) when present at a low concentration.  

Accumulation in the leaves could be due to 

translocation after root uptake or by foliar uptake 
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from the air. According to the values obtained 

from the blanks, no appreciable contribution 

from foliar uptake was observed for any of the 

target analytes and, thus, foliar uptake was 

discarded. 

Main text paragraph. 

Table 1. Bioconcentration factors (BCFs) of the analytes in the different carrot (Chantenay 

specie) compartments and the total BCFs (BCFTotal).  

An average nominal concentration of 5000 ng/g (musks fragrances) and 7500 ng/g (BDE-209) (high concentration level) was used 

as fortification level. As the compost already contained the musks (16-38 ng/g) and BDE-209 (7-20 ng/g) at a low concentration 

level, fortification was unnecessary. BDE-138 was added in order to adjust to a nominal concentration of 120 ng/g (low level). A 

nominal concentration of 500 ng/g (low level) was used in the case of PFOA and PFOS. MDLs: method detection limits. 
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Experiment Compartment BCFHHCB BCFAHTN BCFBDE-138 BCFBDE-209 BCFPFOA BCFPFOS 

Low level 

Peel 1.25-1.54 0.59-0.67 0.01-0.02 < MDLs  0.12-0.61 0.39-0.43 

Leaves 0.44-0.52 0.30-0.32 < MDLs  1.44 0.81-3.34 1.67-1.93 

Core <MDLs <MDLs < MDLs < MDLs 0.05-0.36 0.52-0.64 

Total 0.34-0.42 0.19-0.23 0.002-0.003 0.48 0.81-0.94 0.86-1.07 

High level 

Peel 0.84-0.87 0.42-0.46 

 

0.001-0.009 

  

Leaves 0.02-0.02 0.01-0.01 0.003-0.004- 

Core 0.03-0.04 0.01-0.02 < MDLs 

Total 0.13-0.17 0.06-0.09 0.001-0.003 
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(b) 

Figure 1. BCFTotal versus the logarithm of water solubility of (a) BDE-138, BDE-209, 

PFOA, PFOS, PFOSA, PFNA, PFHpA, PFHxPA, PFPeA and PFBA and (b) all the 

analytes except PFHxPA, PFPeA and PFBA. 

 

 

3. Materials and Methods 

Plant Cultivation 

Pots (n=2) with 2 kg of the (95:5) 

soil:compost mixtures were sown with 

previously germinated (~14 days) carrot seeds. 

For germination, petri dishes were covered with 

moistened filter paper and the seeds were evenly 

distributed in the petri dish. Afterwards, seeds 

were covered with another piece of moistened 

filter paper. The number of plants per pot was 

3−4.  

Control (n=1) plants of carrots grown in the 

non-fortified compost amended soil 2.4 mixture 

were placed in between the fortified amended 

soil pots. The cultivation of the carrot was 

performed under controlled greenhouse 

conditions. 

Temperature was set to 25 °C during the day 

and at 18 °C during the night with a 14-h day 

length and a relative humidity of 50 % and 60 % 

during the day and overnight, respectively, and 

they were regularly watered with distilled water 

and Hoagland nutritive solution (5). Carrots were 

harvested during a period of three months 

reflecting the minimum time to produce 

relatively mature crops and all plants per pot 

were collected and pooled to one sample. Each 

plant was dissected into roots (peel and core) and 

leaves. Fresh weight of all plant fractions was 

recorded, followed by rinsing with tap water. 

Carrots were peeled with a vegetable peeler 

(depth of ~2 mm).  

Sample treatment and analysis 

Carrot samples (peel, core and leaves) were 

freeze-dried using a Cryodos-50 laboratory 

freeze-dryer (Telstar Instrumat, Sant Cugat del 

Valles, Barcelona, Spain). In the case of the 

compost amended soil, this was air-dried for 

approx. 48 hours. Both, the dried plant and 

compost amended soil samples were stored at -20 
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°C until analysis. Analyses were performed in 

triplicate under the conditions described in 

previous works for musk fragrances (6), PBDEs 

(7) and perfluorinated compounds (8). 

. 

.

4. Conclusions 

It has been demonstrated that uptake of several organic pollutants is dependent on their water 

solubility and that the BCFs in the different carrot compartments is exponentially related to the 

logarithm of the water solubility of the target analytes. A dramatically bioconcentration increase for 

the analytes (PFHxPA, PFPeA and PFBA) with a water solubility higher than 8 was observed. In 

general, while the target analytes with the lowest solubility tended to accumulate in the carrot peel, the 

most water soluble target analytes tended to translocate to the leaves. 
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1. Introduction 

Phosphoinositides (PIPns) are negatively charged phospholipids mainly found at the cytosolic 

surface of membranes. They are considered as minor components of cell membranes because they 

represent less than a 15 % of the total phospholipids found in eukaryotic cells. However, 

phosphoinositides are recognised as direct signalling molecules, which can act as second messengers 

by interacting with effector proteins either electrostatically or via specific phosphoinositides binding 

domains. This family of lipids is formed from seven members, phosphorylated in different positions, 

which are constantly being turned over by an array of kinases and phosphatases. Each of them has a 

unique subcellular distribution (1).  

Moreover, the existence of a nuclear pool of phosphoinositides (2) has been described, whose 

physical state and location has been a matter of controversy, but they are part of the nucleoplasm and 

perhaps located on invaginations of the nuclear envelope (NE) that penetrate the nucleus. These 

invaginations are known as the nucleoplasmic reticula. 

The roles of phosphoinositides inside the nucleus are unclear but in DNA and RNA polymerase 

activity upon the addition of phospholipids changes have been observed (3). Lately, it has also been 

demonstrated that they play important roles in membrane dynamics (4). Recent studies have shown 

that the NE formation is also dependent on these phospholipids (5). In order to investigate the detailed 

mechanism of the NE assembly, cell-free systems, which mimic the steps of the NE assembly have 

been used. These systems have shown that there is a NE precursor membrane vesicle population 

(MV1), that does not derive from the endoplasmic reticulum (ER), but is essential to the NE assembly 

and is highly enriched in PIPns (up to a 60 mol %) (5). The NE formation is a vital process that occurs 

in every mitotic cycle and during fertilisation, and defects induce diseases, such as specific cancers or 

premature aging diseases (6). 
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Figure 1. H1-induced aggreation of PIPns 

contining vesicles. Extents of vesicle 

aggregation measured as changes in turbidity 

( Δ A400). (A) Increasing concentrations of 

Small Unilamellar Vesicles (SUV) containing 

10 mol % of PtdIns(4)P were treated with 10 

µg/ml H1. (B) Increasing concentrations of 

H1 added to 0.3 mM of vesicles containing 

10 mol % of PtdIns(4)P. (C) SUV with 

increasing concentrations of PIPns at 0.3 mM 

total lipid concentration treated with 10 µg/ml 

H1. Each point corresponds to the mean (n = 

3) ± S. E. 

 

 

The nuclear envelope encapsulates 

chromatin, which is highly condensed by 

histones, the most abundant basic proteins 

present within the nucleus. Histones contain 25 

to 35 % basic amino acid residues. Given their 

positive net charge, interactions with PIPn is 

expected. Histones are commonly seen as static 

molecules that pack DNA but they are highly 

mobile and dynamic proteins (7). 

We used an in vitro biophysical 

approach to obtain a more detailed 

understanding of the mechanism of interaction 

between histones and the PIPn.  

As a first approach, given the presence 

and location of phosphoinositides in the 

eukaryotic cell nucleoplasm, we studied the 

interaction of these lipids with histones, mainly 

linker histone H1. Using model membranes, 

turbidity measurements were performed, 

revealing that a variety of histones caused a 

dose-dependent aggregation of 

phosphatidylcholine (PC) vesicle containing 

negatively-charged phospholipids. 5 mol % 

PtdIns(4)P was enough to cause extensive 

aggregation, while with PtdIns at least 20 mol 

% (Figure 1) was necessary to obtain a similar 

effect. With confocal microscopy we were able 

to visualise H1 binding to vesicles and vesicle 

aggregation (Figures 2). In order to compare  
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Figure 2. Histone binding to PIPns containing membranes. Representative Giant 

Unilamellar Vesicles (lipid composition at the left-hand side) imaged by confocal 

microscopy. (i) Rho-PE for membrane labelling, (ii) H1-Alexa488, and (iii) 

colocalization of both fluorescent probes. Scale bars 10 µm. 

Table 1. ITC parameters for the interaction of histone H1 with vesicles of two different 

lipid compositions. Results in cal/mol injectant. Average values ± S.D. (n = 3) 

 

the binding affinities of H1 for vesicles containing PtdIns or PtdIns(4)P, ITC studies were performed, 

and revealed that the PtdIns(4)P-H1 association constant was one order of magnitude higher than that 

of PtdIns-H1, and the corresponding lipid/histone stoichiometries were ~ 0.5 and ~ 1.0, respectively 

(Table 1). This indicated that the two negative charges of PtdIns(4)P are involved in histone binding. 

Although these in vitro studies indicate that these molecules interact by electrostatic 

interactions, the fact that both the PIPns and histones are present in the nucleoplasm may suggest also 

a 

specific 

biological function.  

Due to the fact that over every mitotic cycle the NE disassembles and reassembles, fission and 

fusion processes are required. Therefore we explored whether histones could participate in these events 

by inducing fusion of phosphoinositides enriched vesicles. This part of our investigation was based on 
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Figure 3. Membrane fusion measured as lipid mixing. Histones induce intervesicular 

lipid mixing of the inner and outer monolayer. (A) Representative total lipid mixing time 

course. (B) Representative inner lipid mixing time course. Arrows indicate the protein or 

detergent addition. (C) Initial rates of histone-induced lipid mixing. (D) Extent of 

histone-induced lipid mixing at equilibrium (20 min). Black corresponds to total lipid 

mixing and gray correspond to inner lipid mixing. Average values + S.E.M (n =3). 

our observation of vesicle-vesicle aggregation, a requisite for in vitro vesicle fusion events. To test 

whether, in addition to aggregation, fusogenic events were taking place, we used fluorescent probes 

and monitored the change in their spectroscopic properties. We have shown that, in the presence of 

PtdIns(4)P, histones induce not only intervesicular lipid mixing, but also inner monolayer lipid mixing 

(Figure 3), which is a diagnostic for in vitro membrane fusion.  

Even if these results cannot directly demonstrate in situ that histones are promoting fusion 

events at the nuclear membrane, they point towards the likelihood of being involved during nuclear 

membrane fusion. Our in vitro studies corroborate with work performed in the studies by Garnier-

Lhomme et al. (8) and Byrne et al. (5) where the importance of elevated levels of PIPns in NE 

assembly was demonstrated.  

In conclusion, the findings demonstrate that phosphoinositides can interact in vitro with the 

nuclear 

proteins, 

histones 

(specifically H1), not only producing Both, vesicle aggregation and fusion. 
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Abstract: Alzheimer's disease (AD) is the most prevalent form of dementia, and current 

indications show that twenty-nine million people live with AD worldwide, a figure expected rise 

exponentially over the coming decades. AD is characterize with several pathologies this disease, 

amyloid plaques, composed of the β-amyloid peptide and γ-amyloid peptide are hallmark 

neuropathological lesions in Alzheimer's disease brain. Indeed, a wealth of evidence suggests 

that β-amyloid is central to the pathophysiology of AD and is likely to play an early role in this 

intractable neurodegenerative disorder. For this reason, we developed a new QSAR (QSAR) 

model to discover new drugs. A public database ChEMBL contain Big Data sets of inhibitors of 

β-secretase. We revised QSAR studies using method of Artificial Neural Network (ANN) in 

order to understand the essential structural requirement for binding with receptor for β-secretase 

inhibitors. 

. 

. 

 

Keywords: QSAR; β-secretase inhibitors; Alzheimer's disease (AD). 

 

 

1. Introduction 

Alzheimer ś disease (AD) (1) is a serious and 

degenerative disorder that causes a the gradual 

loss of neurons, and in spite of the efforts 

realized by the big pharmaceutical companies of 

the world, the origen of this pathology is still not 

very clear. We can see in this paper that the 

development of theoretical and QSAR models to 

study γ-secretase inhibitors are usually not many 
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achieved so far, and most of these works present 

docking studies. Watching this situation we need 

to develop QSAR models with γ-secretase 

inhibitors. In this sense, quantitative structure-

activity relationships (QSAR) could play an 

important role in studying these γ-secretase 

inhibitors; QSARs can be used as predictive 

tools for the development of molecules (2, 3). 

Computer-aided drug design techniques based on 

Quantitative Structure-Activity Relationships 

(QSAR) could play an important role in drug 

discovery programs. The QSAR approach 

involves the development of models that relate 

the structure of drugs with their biological 

activity against different targets (4, 5). In 

principle, there are currently more than 1600 

molecular descriptors that may be generalized 

and used to solve the problem outlined above (6). 

Numerous different molecular descriptors have 

been reported to encode chemical structures in 

QSAR studies. Furthermore, there are multiple 

chemometric approaches that can, in principle, 

be selected for this step. Multiple linear 

regression (MLR), linear discriminant analysis 

(LDA) (7), partial least squares (PLS) and 

different kinds of artificial neural networks 

(ANN) can be used to relate molecular structure 

(represented by molecular descriptors) with 

biological properties. The ANNs are particularly 

useful in QSAR studies in which the linear 

models fit poorly due to high data complexity 17; 

18;, an example was the work of Prado-Prado et. 

al. In which four types of artificial neural 

networks (ANN) were developing for γ-secretase 

inhibitors, ANNs was constructing from more 

than 15 000 cases with more than 1 500 different 

molecules inhibitors of γ-secretase obtained from 

ChEMBL database 

http://www.ebi.ac.uk/ChEMBLdb/index.php. We 

used spectral moments molecular descriptors 

calculated with Modeslab software (8). 

2. METHOD 

2.1. Data set 

The data set used in this article was obtained 

from ChEMBL database. It has more than 30 000 

cases and more than 1 500 different compounds 

inhibitors of γ-secretase. In total we used more 

than 10 000 different molecules to develop the 

QSAR models obtained in ChEMBL. This is a 

database of bioactive drug-like small molecules, it 

contains 2D structures, calculated properties (e.g. 

logP, Molecular Weight, Lipinski Parameters, etc.) 

and abstracted bioactivities (e.g. binding constants, 

pharmacology and ADMET data). ChEMBL 

normalises the bioactivities into a uniform set of 

end-points and units where possible, and also tags 

the links between a molecular target and a 

published assay with a set of varying confidence 

levels. The data is abstracted and curated from the 

primary scientific literature, and covers a 

significant fraction of the SAR and discovery of 

modern drugs.. 

  

1.2.ANN models 

The ANN models are non-linear models useful 

to predict the biological activity of a large 

datasets of molecules. This technique is an 

alternative to linear methods such as LDA. 

Figure 1 depicts the networks maps for some of 

the ANN models. In general, at least one ANN of 

every types tested was statically significant. 

However, one must note that the profiles of each 

network indicate that these are highly nonlinear 

and complicated models. 

There are several different kinds of ANN and 

these include multilayer perceptron (MLP), 

radial basis functions (RBF) and PNNs; the latter 

ANN is a variant of RBF systems. In particular, 

PNN is a type of neural network that uses a 
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kernel-based approximation to form an estimate 

of the probability density functions of classes in 

a classification problem (9). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Topology of some ANN models trained in this work. 

 

 

Figure 2. ROC Curve for classifier. 

 

Model Train Stat. Validation 

profile active Non-active % Par. active Non-active % 

LNN 983 129 88.40 Sn 475 81 85.43 

14:14-1:1 2943 22415 88.39 Sp 1545 11187 87.87 

 
  

88.39 Ac 

  

87.76 
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PNN 0 1112 0 Sn 0 556 0 

14:14-26470-2-2:1 0 25358 100 Sp 0 12732 100 

   
95.80 Ac 

  
95.82 

MLP 781 331 70.23 Sn 396 160 71.22 

15:15-9-1:1 7610 17748 69.99 Sp 3879 8853 69.53 

   
70.00 Ac 

  
69.60 

RBF 482 74 86.69 Sn 964 148 86.69 

15:15-691-1:1 0 12697 100 Sp 0 25393 100 

 
  

99.44 Ac 

  

99.44 

Table 1. Comparison of different ANNs classification models. 

 

 

3. RESULTS AND DISCUSSION 

The network found was RBF and it showed 

training performance higher than 99%. We 

compare different types of networks to obtain a 

better model; Table 1 shows the classification 

matrix of the different networks. 15:15-691-1:1 

was taken as the main network because it 

presented a wider range of variables, 15 inputs in 

the first layer and 15 neurons in second layer, 

and two sets of cases (Training and Validation). 

Another tested networks found were MLP 15:15-

9-1:1, LNN 14:14-1:1 presented low accuracy 

and PNN 14:14-26470-2-2:1 had a very low 

percentage of non-active leading to possible 

errors in the model although its accuracy very 

good, see Table 1. In Figure 2, we depict the 

ROC-curve (10) for LNN tested (ROC=0.96). 

Notably, almost model presented and an area 

under curve higher than 0.5 (the value for a 

random classifier). The vitality of this type of 

procedures developing ANN-QSAR models has 

been demonstrated before(11); see, for instance, 

the work of Fernandez and Caballero (12). The 

same is true about the ANNs tested, where is 

illustrated ROC-curve of ANN LNN with an area 

higher than 0.93. To show how important is this 

result, we compared the present model with other 

model used to address the same problem. We 

processed our data with Artificial Neural 

Networks (ANNs) looking for a better model. In 

general, the ANN RBF tested was statically 

significant. 

4. CONCLUSIONS 

Theoretical studies such as QSAR models have become a very useful tool in this context 

substantially reduce time and resources consuming experiments. The functions of γ-secretase and its 

implication in Alzheimer's disease have triggered an active search for potent and selective γ-secretase 

inhibitors. In this sense, QSAR could play an important role in studying these γ-secretase inhibitors. 

QSARs can be use as predictive tools for the development of molecules. In this work, we developed a 

new ANN RBF model using the ModesLab descriptors, based on a large database using about 10,000 

different drugs obtained from the ChEMBL server. A very good model obtained, and it predict near to 

99% γ-secretase inhibitors. This model could be a goal to discover new drugs to treat AD. 

. 
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Abstract: The age old paradigm of quantitative structure-activity relationship (QSAR) is the 

congenericity principle which states that similar structures usually have similar properties.  But 

these days a lot of large and structurally diverse data sets of chemicals with the same experimental 

data (dependent variable) are available.  Starting with the same classes of descriptors we extracted 

the two subsets of the most significant predictors for the formulation of QSARs for two sets of 

chemicals:  A homogeneous set of 95 amine mutagens and a diverse set of 508 structurally diverse 

mutagens.  The predictors included calculated topostructural (TS), topochemical   (TC), 

geometrical, and quantum chemical (QC) indices. Whereas for the homogeneous amines, a small 

group of descriptors were sufficient for QSAR development, for the 508 diverse set we needed a 

large and diverse set of indices for effective QSAR formulation.  This empirical study thus 

vindicates the DIVERSITY BEGETS DIVERSITY paradigm of QSAR. 

 

 

Keywords: quantitative structure-activity relationship (QSAR); Congenericity principle; 

Diversity begets diversity paradigm; Aromatic amine mutagens; Structurally diverse mutagens; 

Topostructural (TS) indices; Topochemical  (TC) indices; Geometrical indices; Quantum chemical 

indices. 
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1. Introduction 

 

Quantitative structure-activity relationships 

(QSARs) pertaining to the prediction of 

physicochemical, pharmacological, and 

toxicological properties of chemicals are 

mathematical models developed for the prediction 

of properties of chemicals from their physical 

properties or structural descriptors [1-10].  The 

basic idea underlying QSAR development can be 

conveniently expressed by the following 

equation: 

 

P = f (S)   ………….. Eq. 1     

                                                  

where P is any physical, biological, medicinal 

or toxicological property of interest and S 

represents the relevant aspect of the structure that 

determines the property.  A look at the recently 

published literature would show that various 

classes of calculated properties, viz., topological, 

geometrical, quantum chemical, substructural, are 

used routinely in QSAR formulation [2-15].  

 

A perusal of QSAR literature would indicate 

that in many cases QSARs are developed based on 

properties of a set of structurally related 

molecules.  This is based on the “congenericity 

principle” or the “structure-property similarity 

principle” which states that similar structures 

usually have similar properties [11].   But in many 

practical situations one has to develop models for 

the prediction of property/ bioactivity of sets of 

chemicals which are structurally diverse instead 

of being homogeneous [12].  In the course of 

carrying out principal components analysis (PCA) 

of homogeneous and diverse data sets, Basak et al 

[13, 14] noted that a larger number of PCs are 

required to explain an analogous percentage of 

variance for diverse data sets as compared to 

homogeneous collection of molecules.  From such 

QSAR studies Basak [15] formulated the  

“diversity begets diversity principle,” which 

states that we need a diverse collection of 

descriptors independent variables) if we want to 

develop a QSAR for structurally diverse sets of 

chemicals.  We have tested this hypothesis using 

two data sets: a) Mutagenicity of a homogeneous 

set of 95 aromatic and heteroaromatic amines, and 

b) Mutagenic activity of a large diverse set of 508 

chemicals. 

 

2. Results and Discussion 

The results of QSAR based on the 95 aromatic 

amine mutagens [16] and 508 diverse mutagens 

[17] are shown in Table 1 based on calculated 

descriptors described in Table 2.  After QSAR 

development of the two sets of mutagens, one 

congeneric and the other structurally diverse, we 

sorted the descriptors based on their significance 

as measured by [t] values which are given in Table 

3. As evident from data in Table 3, for the set of 

congeneric mutagens, only seven molecular 

descriptors of limited class diversity were 

sufficient to give a reasonably good QSAR.  

Starting from the same set of calculated 

descriptors (Table 2), the significant descriptors 

for the 508 diverse mutagens needed 42 

descriptors for good QSAR development.  

Whereas the indices needed for 95 amines fall into 

some narrow classes, those needed for 508 

chemical set need not only higher number of 

descriptors, but also heterogeneous types of 

descriptors.  For example, the diverse set of 

mutagens needed triplet indices (ASV1), 

information theoretic indices of neighborhood 

complexity (IC, SIC, CIC indices of different 

orders), and the quantum chemical descriptors 

(HOMO, LUMO) which were not selected for the 

congeneric amine data set.  This supports the 
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dichotomy in the QSAR paradigms: 

Congenericity principle for congeneric data set 

and diversity begets diversity principle for 

structurally diverse situations. 

 

Table 1: Results of QSAR based on the 95 aromatic amine mutagens and 508 diverse mutagens 

 

508 compound No of predictors % Correct 

classification 

Sensitivity Specificity 

TS+ TC Model  

(Ridge 

Regression) 

298 76.97 83.98 69.84 

TS + TC Model ( 

using ITC+ 

Ridge 

Regression)  

298 73.23 77.34 69.05 

95 Aromatic 

amine mutagens 

    

TS+ TC Model  

(Ridge 

Regression) 

266 84.21 77.36 92.86 

TS + TC Model ( 

using ITC+ 

Ridge 

Regression) 

266 89.47 92.45 85.71  

 

Table 2:  Molecular Descriptors used for QSAR development 

 Topostructural (TS) 

IW
D Information index for the magnitudes of distances between all possible pairs of vertices of a graph 

𝐼𝐷
𝑊̅̅ ̅̅  Mean information index for the magnitude of distance 

W Wiener index = half-sum of the off-diagonal elements of the distance matrix of a graph 

ID Degree complexity 

HV Graph vertex complexity 

HD Graph distance complexity 

𝐼𝐶̅̅ ̅ Information content of the distance matrix partitioned by frequency of occurrences of distance h 

M1 A Zagreb group parameter = sum of square of degree over all vertices 

M2 A Zagreb group parameter = sum of cross-product of degrees over all neighboring (connected) vertices 

h Path connectivity index of order h = 0-10 

hC Cluster connectivity index of order h = 3-6 

hPC Path-cluster connectivity index of order h = 4-6 

hCh Chain connectivity index of order h = 3-10 

Ph Number of paths of length h = 0-10 

J Balaban’s J index based on topological distance  

nrings Number of rings in a graph 

ncirc Number of circuits in a graph 
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DN2Sy Triplet index from distance matrix, square of graph order, and distance sum; operation y = 1-5 

DN21y Triplet index from distance matrix, square of graph order, and number 1; operation y = 1-5 

AS1y Triplet index from adjacency matrix, distance sum, and number 1; operation y = 1-5 

DS1y Triplet index from distance matrix, distance sum, and number 1; operation y = 1-5 

ASNy Triplet index from adjacency matrix, distance sum, and graph order; operation y = 1-5 

DSNy Triplet index from distance matrix, distance sum, and graph order; operation y = 1-5 

DN2Ny Triplet index from distance matrix, square of graph order, and graph order; operation y = 1-5 

ANSy Triplet index from adjacency matrix, graph order, and distance sum; operation y = 1-5 

AN1y Triplet index from adjacency matrix, graph order, and number 1; operation y = 1-5 

ANNy Triplet index from adjacency matrix, graph order, and graph order again; operation y = 1-5 

ASVy Triplet index from adjacency matrix, distance sum, and vertex degree; operation y = 1-5 

DSVy Triplet index from distance matrix, distance sum, and vertex degree; operation y = 1-5 

ANVy Triplet index from adjacency matrix, graph order, and vertex degree; operation y = 1-5 

kp0 Kappa zero 

kp1-kp3 Kappa simple indices 

 

Topochemical (TC) 

O Order of neighborhood when ICr reaches its maximum value for the hydrogen-filled graph 

Oorb Order of neighborhood when ICr reaches its maximum value for the hydrogen-suppressed graph 

IORB Information content or complexity of the hydrogen-suppressed graph at its maximum neighborhood 

of vertices 

ICr Mean information content or complexity of a graph based on the rth (r = 0-6) order neighborhood of 

vertices in a hydrogen-filled graph 

SICr Structural information content for rth (r = 0-6) order neighborhood of vertices in a hydrogen-filled 

graph 

CICr Complementary information content for rth (r = 0-6) order neighborhood of vertices in a hydrogen-

filled graph 

hb Bond path connectivity index of order h = 0-6 

hb
C Bond cluster connectivity index of order h = 3-6 

hb
Ch Bond chain connectivity index of order h = 3- 6 

hb
PC Bond path-cluster connectivity index of order h = 4-6 

hv Valence path connectivity index of order h = 0-10 

hv
C Valence cluster connectivity index of order h = 3-6 

hv
Ch Valence chain connectivity index of order h = 3-10 

hv
PC Valence path-cluster connectivity index of order h = 4-6 

JB Balaban’s J index based on bond types 

JX Balaban’s J index based on relative electronegativities 

JY Balaban’s J index based on relative covalent radii 

AZVy Triplet index from adjacency matrix, atomic number, and vertex degree; operation y = 1-5 

AZSy Triplet index from adjacency matrix, atomic number, and distance sum; operation y = 1-5 

ASZy Triplet index from adjacency matrix, distance sum, and atomic number; operation y = 1-5 
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AZNy Triplet index from adjacency matrix, atomic number, and graph order; operation y = 1-5 

ANZy Triplet index from adjacency matrix, graph order, and atomic number; operation y = 1-5 

DSZy Triplet index from distance matrix, distance sum, and atomic number; operation y = 1-5 

DN2Zy Triplet index from distance matrix, square of graph order, and atomic number; operation y = 1-5 

nvx Number of non-hydrogen atoms in a molecule 

nelem Number of elements in a molecule  

fw Molecular weight  

si Shannon information index 

totop Total Topological Index t 

sumI Sum of the intrinsic state values I 

sumdelI Sum of delta-I values  

tets2 Total topological state index based on electrotopological state indices 

phia Flexibility index (kp1* kp2/nvx)  

Idcbar Bonchev-Trinajstić information index 

IdC Bonchev-Trinajstić information index 

Wp Wiener p 

Pf Platt f 

Wt Total Wiener number 

knotp Difference of chi-cluster-3 and path/cluster-4 

knotpv Valence difference of chi-cluster-3 and path/cluster-4 

nclass Number of classes of topologically (symmetry) equivalent graph vertices 

NumHBd Number of hydrogen bond donors 

NumHBa Number of hydrogen bond acceptors  

SHCsats E-State of C sp3 bonded to other saturated C atoms 

SHCsatu E-State of C sp3 bonded to unsaturated C atoms 

SHvin E-State of C atoms in the vinyl group, =CH- 

SHtvin E-State of C atoms in the terminal vinyl group, =CH2 

SHavin E-State of C atoms in the vinyl group, =CH-, bonded to an aromatic C 

SHarom E-State of C sp2 which are part of an aromatic system 

SHHBd Hydrogen bond donor index, sum of Hydrogen E-State values for –OH, =NH, -NH2, -NH-,-SH, and 

#CH 

SHwHBd Weak hydrogen bond donor index, sum of C-H Hydrogen E-State values for hydrogen atoms on a C 

to which a F and/or Cl are also bonded 

SHHBa Hydrogen bond acceptor index, sum of the E-State values for –OH, =NH, -NH2, -NH-, >N, -O-, -S-, 

along with –F and –Cl 

Qv  General Polarity descriptor  

NHBinty Count of potential internal hydrogen bonders (y = 2-10) 

SHBinty E-State descriptors of potential internal hydrogen bond strength (y =2-10) 

ka1-ka3 Kappa alpha indices 

 

 Electrotopological State index values for atom types:   
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SHsOH, SHdNH, SHsSH, SHsNH2, SHssNH, SHtCH, SHother, SHCHnX, Hmax, Gmax, Hmin, 

Gmin, Hmaxpos, Hminneg, SsLi, SssBe, Sssss, Bem, SssBH ,SsssB, SssssBm, SsCH3, SdCH2, 

SssCH2, StCH, SdsCH, SaaCH, SsssCH, SddC, StsC, SdssC, SaasC, SaaaC, SssssC, SsNH3p, SsNH2, 

SssNH2p, SdNH, SssNH, SaaNH, StN, SsssNHp, SdsN, SaaN, SsssN, SddsN, SaasN, SssssNp, SsOH, 

SdO, SssO, SaaO, SsF, SsSiH3, SssSiH2, SsssSiH, SssssSi, SsPH2, SssPH, SsssP, SdsssP, SsssssP, 

SsSH, SdS, SssS, SaaS, SdssS, SddssS, SssssssS, SsCl, SsGeH3, SssGeH2, SsssGeH, SssssGe, SsAsH2, 

SssAsH, SsssAs, SdsssAs, SsssssAs, SsSeH, SdSe, SssSe, SaaSe, SdssSe, SddssSe, SsBr, SsSnH3, 

SssSnH2, SsssSnH, SssssSn, SsI, SsPbH3, SssPbH2, SsssPbH, SssssPb 

  

 Geometrical (3-D) 

3DW 3D Wiener number based on the hydrogen-suppressed geometric distance matrix 

3DW H 3D Wiener number based on the hydrogen-filled geometric distance matrix 

VW Van der Waal’s volume 

 Quantum Chemical (QC) 

EHOMO Energy of the highest occupied molecular orbital 

EHOMO-1 Energy of the second highest occupied molecular 

ELUMO Energy of the lowest unoccupied molecular orbital 

ELUMO+1 Energy of the second lowest unoccupied molecular orbital 

Hf Heat of formation 

 Dipole moment 

 

Table 3: Most significant descriptors for the two sets based on t-ratio. 
 

508 compound dataset (42 descriptors have significant t-

ratios) 

t-ratio Descriptor name t-ratio Descriptor name 

-30.78 ASV1 4.75 kp2 

-21.26 SHBint6 -4.09 StN 

-19.59 S1 -3.76 SddC 

-17.50 HF -3.67 𝐼𝐶̅̅ ̅ 

11.49 S2 -3.47 SIC4 

-10.80 SIC3 3.39 kp3 

-10.51 EHOMO -3.32 totop 

9.35 ELUMO+1 -3.14 SHdNH 

-8.75 ELUMO+1 3.06 SsF 

8.53 IC6 -3.05 S6 

7.93 SHssNH 2.96 nelem 

7.83 SHHBa 2.96 CIC4 

-7.72 ka1 -2.61 CIC6 

-7.68 SHarom 2.53 SssssC 

7.24 SaaaC -2.35 SaasC 

6.64 DN212 -2.33 DS11 
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-6.35 DN213 -2.33 NHBint3 

6.00  -2.22 SsNH2 

-5.50 SIC0 2.19 DSZ2 

-5.39 kp1 2.04 knotpv 

4.85 SssH 2.03 SaaCH 

 

 

95 compound dataset 

(7 descriptors have significant t-ratios) 

t-ratio  Descriptor name 

-8.89  SsNH2 

-5.72  NHBint3 

4.65  NHBint9 

-3.63  NumHBd 

-3.20  NumHBd 

-3.17  NumHBd 

2.54  SssNH 

 

3. Materials and Methods 

 

A machine learning method called Interrelated 

Two-way clustering (ITC), originally developed 

for application in gene microarray data [72], is 

used for variable selection, and resulting 

predictors are fed into a ridge regression model to 

get final predictions. The ITC algorithm involves 

the following steps: 

i. Predictors are clustered into separate 

functional groups, say 𝐺1, 𝐺2, … , 𝐺𝑘 , which 

are substituted by several types of descriptors 

in QSAR; 

ii. After that samples are clustered into two 

classes using each functional group, Say 𝑆𝑖,𝑎 

and 𝑆𝑖,𝑏; 𝑖 = 1,2, … , 𝑛; 

iii. All possible intersections of the 2k clusters are 

taken. For example, for k = 2 the intersections 

are: 

𝐶1 = 𝑆1,𝑎⋂𝑆2,𝑎;  𝐶2 = 𝑆1,𝑏⋂𝑆2,𝑎; 

𝐶3 = 𝑆1,𝑎⋂𝑆2,𝑏;  𝐶4 = 𝑆1,𝑏⋂𝑆2,𝑏 

 

iv. These are divided into heterogeneous groups: 

pairs of intersections with no common 

elements, e.g. 𝐻14 = (𝐶1, 𝐶4)  and 𝐻23 =

(𝐶2, 𝐶3) above; 

v. For each𝐻𝑠𝑡 = (𝐶𝑠, 𝐶𝑡) , cosine distances of 

subvectors with predictors from this 

heterogeneous group are calculated with the 

two model vectors: one with 𝐶𝑠 zeros and 𝐶𝑡 

ones, and another with 𝐶𝑠 ones and 𝐶𝑡  zeros. 

Each distance vector is sorted in decreasing 

order, top one-third of predictors are taken 

from each of these vectors and are merged. 

The algorithm is then repeated with selected 

predictors, and terminated when 90% of total 

number of samples is covered by the largest 

heterogeneous group, or maximum number of 

iterations reached. This is done because through 

the algorithm the functional groups become more 

and more similar, so sample classifications using 

them become more and more similar, thus 
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heterogeneous groups cover an increasing 

proportion of total number of samples. 

 

To tackle high collinearity among different 

predictors, after variable selection through ITC 

we use ridge regression to build the predictive 

models. Given n samples and p variables, the n × 

p data matrix of predictors X and n × 1 vector of 

0/1 responses Y, the vector of coefficients 

obtained by ridge regression is defined as: 

b = (X’X + kI)-1Y 
(1)  

Where k > 0 is the ridge constant, chosen by cross-

validation. 

3. Conclusions 

 

The aim of research in this paper was to test the 

hypothesis that congeneric data sets need a 

structurally narrow set of descriptors for QSAR 

formulation as compared to diverse sets which 

require diverse collection of independent 

variables for model building.  The results derived 

from two data sets, viz. a congeneric set of 95 

amines and a diverse set of 508 structurally 

diverse mutagens appear to support the “diversity 

begets diversity” hypothesis.  Further QSAR 

studies on other congeneric and diverse data sets 

are necessary to test the validity of this 

hypothesis. 
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Abstract:  

 

One popular method for the representation and characterization of chemical structure is through 

the use of their computed mathematical descriptors.  Such descriptors, often called molecular 

descriptors, quantify different aspects of molecular structure, viz., size, shape, branching, cyclicity, 

bonding patterns, etc.   Applications of discrete mathematics in the development of molecular 

descriptors began in the middle of the twentieth century and the trend is going on in an unabated 

manner even today.  While in the 1970s only a few descriptors could be calculated, currently 

available software can calculate a large number of descriptors for molecules or biomolecules like 

DNA/ RNA, proteins.  When p molecular descriptors are calculated for n molecules, the data set 

can be viewed as n vectors in p dimensions, each chemical being represented as a point in Rp.   

Because many of the descriptors are strongly correlated, the n points in Rp will lie on a subspace 

of dimension lower than p.  Methods like principal components analysis (PCA) can be used to 

characterize the intrinsic dimensionality of chemical spaces.  Since the early 1980s, Basak et al 

have carried out PCA of various congeneric and diverse data sets relevant to new drug discovery 

and predictive toxicology.  Principal components (PCs) derived from mathematical 

chemodescriptors have been used in the formulation of quantitative structure-activity relationships 

(QSARs), clustering of large combinatorial libraries as well as quantitative molecular similarity 

analysis (QMSA).  This presentation will review the results of PCA carried out by Basak and 

coworkers since the early 1980s to the present time in the characterization and visualization of 
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chemical spaces with special reference to five data sets, both congeneric and structurally diverse: 

1) A large and structurally diverse set of 3,692 chemicals which was a subset of the Toxic 

Substances Control Act  (TSCA)  Inventory maintained by   the United States Environmental 

Protection Agency (USEPA), 2) A set of 74 alkanes, 3) A virtual library of 248,832 psoralen 

derivatives, 4) A congeneric set of 95 aromatic and heteroaromatic amine mutagens, and 5) A 

structurally diverse collection of 508 chemicals mutagens. 

 

 

Keywords: Computed mathematical descriptors; Principal components analysis (PCA); 

Congeneric  set; Diverse set; Psoralen derivatives; alkanes, Subset of the Toxic Substances Control 

Act (TSCA) Inventory; Structurally diverse mutagens; Congeneric set of aromatic and 

heteroaromatic amine mutagens; Intrinsic dimensionality of chemical space;  Quantitative 

structure-activity relationship (QSAR); Clustering of combinatorial libraries; Quantitative 

molecular similarity analysis (QMSA).   
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1. Introduction 

Mathematical chemistry, or more correctly 

discrete mathematical chemistry, had its 

beginning at the middle of the twentieth century 

probably with the publication of the seminal paper 

by Harry Wiener [1] on the calculation of 

.structural indices for the prediction of molecular 

properties.  Although representation of chemical 

species by graphs was explored by Sylvester [2] 

as early as 1878, the characterization of molecular 

structure by graph invariants has made great 

strides during the past half century or so [3-16] 

following the seminal work of Wiener [1].  

Invariants of graphs associated with molecules 

and biomolecules quantify certain aspects of their 

structure and have been used in the 

characterization and comparison of such 

structures as well as prediction of their properties 

[4, 17, 18, 19].  Specifically, such invariants and 

orthogonal factors like principal components PCs) 

derived from them have found applications in 

quantitative structure-activity relationship 

(QSAR) studies [3-15, 20], quantitative molecular 

similarity analysis (QMSA) research [21-24], 

clustering of large libraries of structures into 

smaller subsets [23, 24], and in the discrimination 

of pathological structures like isospectral graphs 

[17].  One of the authors of this paper (Basak) has 

been involved since the early 1970s in the 

development of novel numerical graph invariants 

or topological indices (TIs) [6, 7, 11, 25-27] as 

well as biodescriptors derived from DNA/ RNA 

sequences [28] and proteomics maps [29].  

Basak’s research [20] carried out with colleagues 

at the University of Calcutta, India, in the 1970s 

involved mainly formulation of QSARs of 

congeneric sets of chemicals using their own 

information theore5tic indices and topological 

indices developed by Bonchev & Trinajstić [4, 5], 

Randic [9-12] & Kier and Hall [3] as well as 

physical properties like van der Waals’ volume, 

calculated or experimental hydrophobicity (log P, 

octanol water) [20].  In the early 1980s, after 

Basak joined the University of Minnesota Duluth, 

the software POLLY [30] was developed and 

large scale calculation of TIs for QSAR and 

QMSA analyses was initiated.  In one of the 
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earliest studies of its kind, Basak et al [31] used 

POLLY for the calculation of ninety TIs for a 

collection of 3,692 structurally diverse chemicals 

which was a subset of the Toxic Substances 

Control Act    (TSCA) Inventory of the United 

States Environmental Protection Agency 

(USEPA).  The authors carried out principal 

components analysis (PCA) on this data set and 

asked the question: What is the intrinsic 

dimensionality of chemical structure measured by 

the large number of TIs?  This line of research, 

i.e., PCA and use of principal components (PCs) 

derived from different collection of TIs calculated 

by POLLY [30], MolConnZ [32], Triplet [33, 34], 

and APProbe [35] in QSAR and QMSA, has 

continued to this day.  This paper summarizes the 

results and the lessons learned from a few of these 

studies using both congeneric and structurally 

diverse sets of chemicals, viz., 1) A large and 

structurally diverse set of 3,692 chemicals 

mentioned above, and 2) A data set of 74 alkanes, 

3) A virtual library of 248,832 psoralen 

derivatives, 4) A congeneric set of 95 aromatic 

and heteroaromatic amine mutagens, and 5) A 

structurally diverse collection of 508 chemicals 

mutagens. 

.

 

2 Results and Discussion 

 

2.1 A large and structurally diverse set of 

3,692 chemicals. 

For this data set, 90 TIs were calculated by the 

POLLY [30] software and PCA was performed. 

For details of the list of the particular TIs 

calculated for this study see Basak et al [21, 31]. 

Results showed that first ten PCs with eigenvalues 

greater than or equal to 1 explained 92.6% of the 

variance in the data and PC1-PC4 explained 78.3% 

of the variation in the original variables.  

Regarding the correlation profiles of the original 

variables or TIs with the first four important PCs, 

Table 1 below gives the data: 

 

 

 

 

 

 

 

 

 

Table 1: Correlation of the first four PCs with 

the original variables including topological 

indices. 

 

PC1 PC2 PC3 PC4 

K1 (.96) SIC3 

(0.97) 

4χb
C (.69) 4χCH (.85) 

2χ  ( .95) CIC4 (-

.96) 

4χb
C (.69) 4χb

CH 

(.84) 
3χ  ( .95) CIC3 (-

.95) 

5χb
C (.68) 4χv

CH 

(.80) 

K2 (.95) SIC4 

(.95) 

4χC (.68) 3χCH (.75) 

K0 (.95) SIC2 (.94) 3χv
C (.67 ) 

 

3χb
CH 

(.75) 
1χ  (.94) CIC5 (-

.94) 

5χC (.64) 4χb
CH 

(.74) 
3χb (.94) CIC6 (-

.92) 

6χC (.64) 3χv
CH 

(.72) 
4χ  (.94) SIC5 

(.92) 

3χC (.61) 5χCH (.71) 

4χb (.93) SIC6 

(.89) 

6χb
C (.60) 5χv

CH 

(.67) 
0χ (.93) CIC2 (-

.87) 

5χv
C (.60) 6χb

CH 

(.47) 
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It is clear from the data in Table 1 that PC1 is 

strongly correlated with those indices which are 

related to size of chemicals.  It is noteworthy that 

for the set of 3,692 chemicals PC1 was also highly 

correlated (r = 0.81) with molecular weight.  PC2 

may be interpreted as an axis of molecular 

complexity as encoded by the higher order 

information theoretic indices [27].  PC3 is most 

highly related to the cluster/ path-cluster type 

molecular connectivity indices which quantify 

information regarding molecular branching.  The 

data in Table 1 clearly show that PC4 is strongly 

correlated with the cyclicity terms of the 

connectivity type. 

 

2.2 A data set of 74 alkanes 

For boiling point estimation lf alkanes, twenty 

six TIs, total surface area (TSA), and volume (V) 

were calculated for a set of 74 alkanes [36].    

Table 2 below gives the three different two-

parameter regression models for the prediction of 

boiling point. 

 

Table 2: Results of three 2-parameter models 

in predicting the boiling points of 74 alkanes 

 

Parameter R2 s. e. F 
1χ, CIC2 99.4 3.72 5620 

PC1, PC3 98.1 6.48 1828 

V, TSA 97.0 8.17 1136 

 

It appears from the data in Table 2 that the 

individual TIs, PCs derived from them as well as 

the calculated physical properties like volume and 

total surface area give good QSARs for this 

congeneric set of molecules.  The TIs and PCs 

derived from them give a little bit superior models 

as compared to the properties.  

 

2.3 A virtual library of 248,832 psoralen 

derivatives 

A virtual library of 248,832 psoralen 

derivatives [23] was created and analyzed using 

PCs derived from TIs.  For this study, a set of 92 

topological indices was calculated by POLLY 

[30].  The set of TIs consisted of 37 topostructural 

and 55 topochemical indices.  We define 

topostructural indices as those invariants which 

are derived from simple (unweighted) molecular 

graphs.  Such graphs do not distinguish among 

different types of bonds or atoms.  The Wiener 

index; cluster, path-cluster, and simple 

connectivity indices; and path length indices are 

examples of topostructural parameters.  

Topochemical indices, on the contrary, are indices 

defined on weighted molecular graphs such that 

the various types of atoms and bonds are weighted 

to reflect their nature and contribution to chemical 

bonding.  The SIC, CIC, and IC indices as well as 

both bonding and valence connectivity indices are 

all examples of topochemical indices.  For this 

data set, the top 3 PCs explained 89.2% of the 

variance in the data; first 6 PCs explained 95.5% 

of the variance of the original calculated indices.  

The PCs were used to cluster the large set of 

chemicals into a smaller subset as an exercise of 

managing combinatorial explosion that can 

happen in the drug design scenarios when one 

wants to create a large pool of derivatives of a lead 

compound.  For details of the outcome of 

clustering of the 248,832 psoralen derivatives, 

please see [23]. 

 

For the large but congeneric set of 248,832 

psoralen derivatives, first 6 PCs explained 95.5% 

of the variance of the original calculated indices.  

 

2.4 A homogeneous set of aromatic amines 

 

<Data description> 
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Table 3: Top 10 variables behind each of first 

4 PCs (loadings in brackets) for 95 compound 

dataset 

 

PC1 PC2 PC3 PC4 

Hf 

(-0.20) 

Hf 

(0.75) 

EHOMO 

(-0.52) 

fw 

(-0.76) 

DN214 

(-0.14) 

9 

(0.23) 

Hf 

(-0.50) 

ELUMO 

(0.38) 

IW
D 

(-0.13) 

10 

(0.23) 

ELUMO 

(-0.36) 

SaaN 

(-0.32) 

Wt 

(-0.13) 

ELUMO 

(0.21) 

10 

(0.19) 

EHOMO-1 

(-0.27) 

EDH 

(-0.13) 

8 

(0.20) 

9 

(0.16) 

SdO 

(0.24) 

DS14 

(-0.13) 

EHOMO 

(0.18) 

fw 

(0.15) 

nvx 

(0.23) 

AS14 

(-0.12) 

SaaaC 

(0.12) 

8 

(0.14) 

phia 

(-0.19) 

DN2Z4 

(-0.12) 

7 

(0.11) 

SaaN 

(-0.13) 

 

(0.14) 

AZS2 

(-0.12) 

SHBint3 

(-0.09) 

7 

(0.12) 

Hf 

(0.14) 

ED 

(-0.12) 

XP8 

(0.07) 

 

(-0.12) 

9 

(-0.14) 

 

For the 95 aromatic amine set, PC1 is correlated 

with different original variables including some 

triplet indices and some indices related to 

molecular size. PC2 is most strongly correlated 

with the heat of formation, ∆Hf (r = 0.75);   the 

energy of the highest occupied molecular orbital, 

EHOMO (r = -0.52) and ∆Hf (r = -0.50) are most 

highly corr4elated with PC3 whereas PC4 is 

strongly correlated with fw (r = -0.76) which is 

the molecular weight of the chemical species. 

 

2.5 A diverse set of 508 chemicals 

 

<Data description> 

 

 

Table 4: Top 10 variables behind each of first 

4 PCs (loadings in brackets) for 508 compound 

diverse dataset 

 

PC1 PC2 PC3 PC4 

DN214 

(-9.89×10-2) 

Hf 

(-0.77) 

Hf 

(-0.62) 

EHOMO 

(0.96) 

IW
D 

(-9.51×10-2) 

10 (-

0.17) 

8 

(0.18) 

EHOMO-1 

(-0.21) 

Wt 

(-9.47×10-2) 

9 

(-0.17) 

9 

(0.18) 

ELUMO 

(-0.09) 

EDH 

(-9.38×10-2) 

8 

(-0.16) 

10 

(0.17) 

ELUMO+1 

(-0.07) 

AS14 

(-8.94×10-2) 

7 

(-0.15) 

7 

(0.17) 

Hf 

(-0.04) 

IdC 

(-8.59×10-2) 

6 

(-0.12) 

6 

(0.14) 

 

(0.03) 

ED 

(-8.52×10-2) 

ELUMO+1 

(0.12) 

ELUMO 

(-0.13) 

5 

(-0.03) 

fw 

(-8.52×10-2) 

ELUMO 

(0.12) 

5 

(0.13) 

DSZ2 

(0.03) 

W 

(-8.43×10-2) 

5 

(-0.11) 

6PC 

(0.12) 

6 

(-0.03) 

AN14 

(-8.37×10-2) 

6PC 

(-0.09) 

ELUMO+1 

(-0.12) 

4 

(-0.03) 

 

For the diverse 508 chemical mutagen set, the 

energy of the highest occupied molecular orbital, 

EHOMO (r = .96) is most strongly correlated with 

PC4; PC3 is highly correlated with ∆Hf (r = -.62) 

which is also negatively correlated with PC2 (r = -

.77); PC1 is loaded with some triplet indices and 

those invariants which reflect molecular size. 

 

 

 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section B), pages 1-10, Proceedings  6 

http://sciforum.net/conference/mol2net-1 

 

3. Materials and Methods 

For materials and methods of data collection and 

statistical analyses, see [19-21, 23, 27, 30-35]. 

 

 

 

4. Conclusions 

In this paper, we reviewed our over three decades of research on the use of topological indices and 

principal components analysis in the characterization of five data sets: 1) A large and structurally diverse 

set of 3,692 industrial chemicals which was a subset of the Toxic Substances Control Act (TSCA)  

Inventory of the United States Environmental Protection Agency (USEPA), 2) A data set of 74 alkanes, 

3) A virtual library of 248,832 psoralen derivatives, 4) A congeneric set of 95 aromatic and 

heteroaromatic amine mutagens, and 5) A structurally diverse collection of 508 chemicals mutagens. 

 

The results show that the PCs derived from the TIs can be used for the development of QSARs as 

exemplified in Table 2 with 74 alkanes.   PCs derived from TI have been used in the clustering of large 

set of psoralens [23].  Basak et al also used both PCs and individual TIs for analog selection [24] and 

characterization of isospectral graphs [17].  The data presented here show the usefulness of TIs and PCs 

derived from them in the clustering/ characterization of chemical libraries as well as QSAR.  Details of 

QMSA analyses using PCs derived from TIs are not given here for brevity. 

 

Basak [37] recently noted: “Mathematical chemistry or more accurately discrete mathematical chemistry 

had a tremendous growth spurt in the second half of the twentieth century and the same trend is 

continuing now.  This growth was fueled primarily by two major factors: 1) Novel applications of 

discrete mathematical concepts to chemical and biological systems, and 2) Availability of high speed 

computers and associated software whereby hypothesis driven as well as discovery oriented research on 

large data sets could be carried out in a timely manner.  This led to the development of  not only a 

plethora of new concepts, but also to various useful applications to such important areas as drug 

discovery, protection of human as well as ecological health,  and chemoinformatics.  Following the 

completion of the Human Genome Project in 2003, discrete mathematical methods were applied to the 

“omics” data to develop descriptors relevant to bioinformatics, toxicoinformatics, and computational 

biology.” 

 

Initially, TIs were used for the discrimination of structure and QSAR studies of congeneric and small 

sets of structures.  For example, Randic’s [9] first order connectivity index (1χ), the information theoretic 

indices developed by Bonchev and Trinajstić [38] and those developed by Raychaudhury et al [7] were 

used to discriminate the set of alkanes and they worked well in those cases.  In the case of 18 octanes, 

the molecules do not vary from each other with respect to size, but primarily in terms of branching 

patterns.  Therefore, the indices [7, 9, 38] were interpreted based on the data as reflecting molecular 

branching.  But when PCA was carried out with a diverse set of 3,692 chemical structures, the results 

entered an uncharted territory and were counterintuitive, to say the least.    As shown from the correlation 

of the original variables with PC1, 1χ and related indices were now strongly correlated with molecular 

size in the large and diverse set, not to molecular branching.  PC3 emerged as the axis representing 
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branching and was strongly correlated to the cluster type molecular connectivity indices.  Further studies 

with both congeneric and diverse data sets are need to understand the utility of TIs and PCs derived from 

them in structure-activity analyses. 
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Abstract: Attempts have been made to formulate quantitative structure=activity relationships 

(QSARs) for the prediction of property/ bioactivity of chemicals from their experimental test data 

as well as properties that can be computed directly from molecular structure without the input of 

any other experimental property.  Because both in drug design and hazard assessment of chemical 

scenarios relevant experimental data for property/ bioactivity estimation are not available for the 

majority of candidate chemicals, QSARs based on computed molecular descriptors are emerging 

as methods of choice for property/ bioactivity estimation in many cases.  Numerical graph 

invariants or topological indices, viz., topostructural (TS) indices, topochemical (TC) indices, as 

well as three-dimensional (3-D) descriptors, and quantum chemical (QC) indices have been used 

for QSAR formulation based on computed descriptors.  In the 1990s,  Basak et al formulated the 

concept of hierarchical quantitative structure=activity relationships (HiQSAR) in which TS, TC, 

3-D, and QC descriptors were used in a graduated manner, the more computationally demanding 

descriptors being used only if the simpler ones did not give acceptable QSAR models.  Our 

experience with a substantial number of HiQSARs for physical, pharmacological, and 

toxicological properties of different congeneric as well diverse sets chemicals indicate that the 

combinations of TS + TC descriptors are capable of giving good quality QSARs in most situations.  

The addition of 3-D or QC descriptors make marginal or no improvement in model quality after 

the use of TS+ TC descriptors.  At this age of “big data screening and analysis” this is a good news 
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because QSARs derived from the less expensive and practically useful TS+ TC combination can 

be effective tools in the screening of large chemical libraries. 

 

 

 

Keywords: keyword; keyword; keyword (3–10 keywords separated by semi colons) 

Quantitative structure-activity relationship (QSAR); Hierarchical quantitative structure-activity 

relationship (HiQSAR); Topostructural (TS) indices; Topochemical (TC) indices; Three-

dimensional (3-D) descriptors; Quantum chemical (QC) indices;  Vapor pressure; Mutagenicity;  

Ridge Regression; Interrelated two-way clustering (ITC). 

 

 

1. Introduction 

A contemporary trend in quantitative structure-

activity/ property relationship (QSAR/ QSPR) 

studies is the use of properties which can be 

computed from structure without the input of any 

other data [1-7].  The underlying reason for this is 

that for the majority of candidate chemicals that 

need to be screened for both new drug discovery 

and hazard assessment of environmental 

pollutants, experimental properties needed for 

QSAR formulation are not available [4-7].  Table 

1 gives a partial list of physical and bi9ochemical/ 

toxicological properties needed for the prediction 

of bioactivity/ toxicity of chemicals.  In the realm 

of hazard assessment of industrial chemicals 

currently listed in the Toxic Substances Control 

Act (TSCA) Inventory of the United States 

Environmental Protection Agency (USEPA), 

Auer et al [8] reported that for most of the 

chemicals under investigation the majority of the 

properties needed for hazard estimation were not 

available.  Over the years, after the publication of 

this summary by Auer et al [8] in 1990, the 

availability of good quality experimental data 

needed for the risk assessment of chemicals has 

probably became worse with time.  Therefore, 

quantitative structure-activity/ property 

relationships (QSAR/ QSPR) remain one 

important source of property data itemized in 

Table 1.  Because property-property relationships 

(PPRs) are not practical in many situations arising 

out of the paucity of the predictor property, 

QSARs derived from computed molecular 

descriptors have emerged as useful tools in the 

screening of chemicals.   

Over the years Basak and coworkers have used 

different combinations of topostructural (TS) 

indices, topochemical (TC) indices, 3-D 

descriptors as well as and quantum chemical (QC) 

indices for QSAR formulation in a hierarchical 

manner (Figure 1).  In the hierarchical QSAR 

(HiQSAR) approach [4-7],   TS, TC, geometrical, 

and quantum chemical descriptors are used for 

model building in a graduated manner, the latter 

and more complex levels being used when the 

earlier ones fail to give reasonable QSAR.  Basak 

et al [4-7] divided the topological indices (TIs) 

into two major groups: Topostructural (TS) 

indices and topochemical (TC) indices. TS 

descriptors are indices which are calculated from 

skeletal graph models of molecules that do not 

distinguish among different types of atoms in a 

molecule or the various types of chemical bonds, 

e.g.; single bond, double bond, triplet bond, etc. 

Thus, TS descriptors quantify information 

regarding the connectivity, adjacency, and 

distances between vertices of molecular graphs, 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section B), pages 1-9, Proceedings  3 

http://sciforum.net/conference/mol2net-1 

 

 

ignoring their distinct chemical nature. TC 

indices, on the other hand, are sensitive to both the 

pattern of connectedness of the vertices (atoms), 

as well as their chemical/bonding characteristics. 

Therefore, the TC indices are more complex than 

the TS descriptors.  Figure 1 represents the full 

hierarchical scheme of QSAR formulation 

involving different levels of chemodescriptors 

and biodescriptors, the latter being derived from 

the omics data.   Basak et al used various 

combination of TS, TC, 3-D, and QC indices for 

the development of QSAR over the years.  For a 

review please see recent references [1, 4-7].   The 

indices used by Basak and coworkers have been 

calculated by the software POLLY [9], 

MolConnZ [10], APProbe [11], Triplet [12, 13], 

MOPAC [14], and Gaussian [15].   

In this paper we discuss our HiQSAR approach 

for two sets of chemicals: Vapor pressure of a set 

476 diverse molecules and Ames’ mutagenicity of 

a heterogeneous group of 508 chemicals. 

 

.

2. Results and Discussion 

. 

2.1 QSAR for vapor pressure) for a diverse set 

of 476 chemicals. 

 

The HiQSAR results provided in Table 2 show 

that of all classes of molecular descriptors the TC 

class of indices gave the most effective models.  

The TS+TC combination makes some 

improvement in model quality over the TC only 

QSAR.  The model developed using all indices  

which consisted of (TS+ TC+ 3-D) combination 

plus dipole moment calculated by Sybyl [18] as 

well as a hydrogen bonding descriptor HB1   [19, 

20] could not outperform the model derived from 

the TS+TC combination.  For details for this 

analysis, see [17].  

 

2.2 HiQSAR modeling of a diverse set of 508 

chemical mutagens 

TS, TC, 3D, and QC   descriptors for 508 

chemical were calculat4ed and QSARs were 

formulated hierarchically using the four types of 

descriptors.  For details of calculations and model 

building, see ref. [7].  The method Interrelated two 

way clustering, ITC [21], was used for variable 

selection.  Table 3 gives results of ridge regression 

(RR) alone as well as those where RR was used 

on descriptors selected by ITC.  For   both RR only 

and ITC+ RR analysis the TS + TC combination 

gave the best models for predicting mutagenicity 

of the 508 diverse chemicals.  The addition of 3-

D and QC descriptors to the set of independent 

variables made minimum or no improvement in 

model quality. 

 

. 

. 
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Table 1.     Important properties needed for evaluation of chemicals 

______________________________________________________________ 

Physicochemical  Pharmacological / Toxicological 

Molar volume   Macromolecule level  

Boiling point      : Receptor binding 

Melting point      : Michaels constant (Km) 

Vapor pressure     : Inhibition constant (Ki) 

Water solubility     :  DNA alkylation 

Dissociation constant (pKa)    :  Unscheduled DNA synthesis 

Partition coefficient   Cell level 

:  Octanol-water (log P) :  Salmonella mutagenicity 

:  Air-water       :  Mammalian cell transformation 

:  Sediment-water   Organism level (acute) 

Reactivity (electrophile)  :  Algae 

     :  Invertebrates 

  :  Fish 

   :  Birds 

    :  Mammals 

    Organism level (chronic) 

      :  Bioconcentraton factor 

:  Biodegradation  

:  Carcinogenicity 

      :  Reproductive toxicity 

      :  Delayed neurotoxicity 

----------------------------------------------------------------------------------------- 

 

Table 2:  Summary of the Regression Results for the Training Set and the Prediction Results for the 

Test Set for the Hierarchical Analysis of log VP 

     Training Set (342)   Test Set (134) 

---------------------------------------------------------------------------------------- 

Parameter Class  F  R2 S F R2 S  

 ----------------------------------------------------------------------------------------------------------

---- 

Topostructural   (TS)  104.6   48.1  0.56   57.9  0.46  

     

Topochemical  (TC)  126.3   79.2  0.36   85.8  0.27  

     

Geometrical   168.9   51.8  0.53   62.2  0.44  

     

TS+ TC   112.5   80.4 0.35   84.7  0.28   

          

All Indices   117.4   79.6  0.35   84.2  0.28 

----------------------------------------------------------------------------------------------------------   
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Table 3. HiQSAR model (RR and ITC+RR) for a diverse set of 508 chemical mutagens  

------------------------------------------------------------------------------------------------------------- 

 

Model type Predictor   Predictor % Correct    Sensitivity  Specificity 

     Type   Number classification 

-------------------------------------------------------------------------------------------------------------------- 

RR TS     103  53.14   52.34  53.97 

TS+TC    298  76.97   83.98  69.84 

TS+TC+3D+QC   307  77.17   84.38  69.84 

 

 

 

ITC+ RR TS   103  66.34   73.83  58.73 

TS+TC  298  73.23   77.34  69.05 

TS+TC+3D  301  74.80   77.34  72.22 

TS+TC+3D+QC 307  72.05   76.17  67.86 

---------------------------------------------------------------------------------------------------------------- 

Table 4. Major chemical classes (not mutually exclusive) within the 508 mutagen/non-mutagen 

database.   

--------------------------------------------------------------------------------------------------------------- 

Chemical class   Number of compounds 

--------------------------------------------------------------------------------- 

Aliphatic alkanes, alkenes, alkynes  124 

Monocyclic compounds   260 

 Monocyclic carbocycles   186 

Monocyclic heterocycles   74 

Polycyclic compounds   192 

Polycyclic carbocycles   119 

Polycyclic heterocycles     73 

Nitro compounds      47 

Nitroso compounds       30 

Alkyl halides        55 

Alcohols, thiols       93 

Ethers, sulfides       38 

Ketones, ketenes, imines, quinones     39 

Carboxylic acids, peroxy acids     34 

Esters, lactones       34 

Amides, imides, lactams      36 

Carbamates, ureas, thioureas, guanidines    41 

Amines, hydroxylamines    143 

Hydrazines, hydrazides, hydrazones, traizines 55 

Oxygenated sulfur and phosphorus      53 

Epoxides, peroxides, aziridines      25 

------------------------------------------------------------------------------------------------ 
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Figure 1. Hierarchical QSAR development scheme involving different levels of 

chemodescriptors and biodescriptors, the latter being derived from the omics sciences 

 

 

 

 

3. Materials and Methods 

3.1 QSAR for vapor pressure) for a diverse set 

of 476 chemicals. 

Measured vapor pressure (VP) values for 476 

subset of the Toxic Substances Control Act 

(TSCA) Inventory were obtained from the 

ASTER (Assessment Tools for the Evaluation of 

Risk) database [16].   Due to the size of the dataset 

being used in this study, the VP data for these 

chemicals will not be listed in this paper. The set 

of 92 TIs was partitioned into 38 topostructural 

indices and 54 topochemical indices.  For details 

of this study see [17].  Because the number of data 

points was reasonably large, the data was split into 

a training set (342 compounds) and a test set (134 

compounds), an approximately 75/25 split. 

Models were developed using the training set of 

chemicals and then used to predict the VP values 

of the test chemicals, the results being shown in 

Table 2. 

 

3.2 HiQSAR modeling of a diverse set of 508 

chemical mutagens 

The data were taken from the CRC Handbook of 

Identified Carcinogens and Non-carcinogens [22]. 

The response variable is Ames mutagenicity, the 

sample available being 508 compounds classified 

as not mutagenic (scored 0) or mutagenic (scored 

1). The set of 508 is comprised of 256 mutagens 

and 252 non-mutagens. Table 4 gives an idea 

regarding the diversity of the chemicals in this 

database in terms of chemical types and functional 

groups.  Ridge regression was used for model 

building because it is a sound method, in the rank 

deficient case in particular.  For the ITC+RR 

modeling, ITC was first used for variable 

selection and then RR was employed for model 

building. 

 

. 

.
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4. Conclusions 

The objective of HiQSAR research reported in this paper was to study the relative effectiveness of 

topological (TS, TC), geometrical, and quantum chemical descriptors in the development of useful 

QSAR models.  Results derived for two large data sets, viz. vapor pressure of a group of 476 diverse 

chemicals and a structurally diverse set of 508 mutagens, show that the computationally less expensive 

TS and TC descriptors give QSARs of reasonable quality.  The addition of 3-D or QC descriptors after 

the use of TS+TC combination does not make any improvement in model quality.  We previously 

observed this trend in different properties of other data sets [23-30].  At this age of “big data screening 

and analysis” [31], this is a good news because QSARs derived from the less expensive TS+ TC 

combination can be effective tools in the fast and effective screening of large chemical libraries.  Further 

QSAR research is in progress to validate the broad applicability of the HiQSAR paradigm based on 

mathematical structural descriptors [32].   
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Abstract: Shape memory polymers (SMPs) have attracted extensive attention from basic and 

fundamental research to industrial and practical applications because they have emerged as a 

cheap and efficient alternative to well-known metallic shape-memory alloys. Among them, shape 

memory polyurethanes (SMPUs) own different applications such as the textile finishing, 

adhesives, coatings, automotive, furniture, construction, and thermal insulation and footwear 

industries, due to it can be synthesized with different types of molecular architectures by 

manipulating their composition and choosing properly the chemical structure of their 

components. In this work, the synthesis and characterization of shape memory polyurethanes, 

based on two-step polymerization, is reported. The hard segment of SMPU was composed of 

diisocyanate and a chain extender. On the other hand, the soft segment was prepared by polyols 

with different molecular weights. Depending on the structure of the synthetized polyurethanes, 

the materials presented different properties. Thermal characterization was performed by means 

of Differential Scanning Calorimetry (DSC) and Thermogravimetric Analysis (TGA). 

Furthermore, mechanical properties and shape memory effect were also determined by Dynamic 

Mechanical Analysis (DMA) and Thermo-Mechanical Analysis (TMA). 

 

 

Keywords: shape memory behavior; polyurethane; mechanical properties; thermal properties. 
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1. Introduction 

 

Shape memory polymers (SMPs) present the 

ability of modifying their shape in a predefined 

manner in response to externally imposed 

stimuli. A deformation-induced temporary shape 

is transformed to an initial equilibrium 

configuration defined by the chemical or 

physical crosslinkings within the polymer. SMPs 

are cheap, easy processing, light, could be 

deformed to high strains and high recovery ratios 

are achieved, in contrast to shape memory alloys. 

Up to date, light, thermal, electrical, magnetic 

stimuli have been mainly used for trigger the 

shape-memory effect in polymeric materials1,2. 

Usually, shape memory process consists of 

two different phases known as “programming” 

and “recovery”. During the programming, the 

material is deformed above the softening 

temperature, where the conformational entropy 

of the material is decreased. Subsequently the 

material is cooled to temperatures below the 

segmental transition under constrained 

conditions to reach the “temporary shape” owing 

to the reduced molecular mobility at 

temperatures below transition temperature 

(Ttrans)3,4. Finally, the material recovers its initial 

permanent “fixed shape” upon the application of 

the external stimulus which triggers the shape 

memory effect (Figure 1). Depending on their 

microstructure and chemical nature several 

classes of SMPs could be found. Among all the 

available types of materials showing a shape-

memory effect, shape memory polyurethanes 

(SMPUs) have shown suitable physico-

mechanical properties to be used in applications 

as varied as stents, microactuators and wrinkle 

free fabrics among others5,6.  

Though extensive work has been devoted in 

developing SMPUs, little attention has been paid 

in understanding how the chain microstructure 

affects the shape-memory behavior and 

mechanical properties of the resulting material. 

In this framework, this work deals with the 

synthesis and physic-mechanical characterization 

of toluene 2,4-diisocyanate (TDI) based SMPUs. 

Transition temperatures have been determined by 

Differential Scanning Calorimetry (DSC) and 

Dynamic Mechanical Thermal Analysis 

(DMTA). Thermomechanical programming 

experiments were carried out to examine the 

shape-memory effect of developed materials. In 

overall, results reveal a marked influence of the 

soft-hard segments over the transition 

temperature and shape-memory effect of TDI-

based polyurethanes. 

 

 

2. Results and Discussion 

 

2.1. Thermogravimetric Analysis (TGA) 

 

The representative TGA curves obtained from 

SMPUs with different molar ratio are shown in 

Figure 2 and the initial decomposition 

temperatures, Ti, are listed in Table 1. 

It is generally accepted that the thermal 

degradation process in polyurethanes is a two-

stage or three-stage decomposition, which 

mainly depends on the chemical structure, and 

the composition of polyols, diisocyanates, and 

chain extenders7,8. The three synthetized 

polyurethanes display typical two-stage 

degradation. The first one may be attributed to 

the PU hard segments, whereas in the second 

stage the degradation is caused by the soft 

segments. The obtained results show good 

thermal stability for the three samples, indicating 

that the choice both the diisocyanate and the 

butanodiol influence on the thermal 

decomposition of polyurethanes. 
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On the other hand, the residue of the SMPUs 

increased as the molar relation between 

diisocyanate and butanodiol increase. This may 

be due in part to favorable interactions between 

the hard domain interface and the liquid 

crystalline phase9,10. 

 

Table 1. Thermal properties of synthetized 

polyurethanes. 

Samples Ti (ºC) 
Tg, DSC 

(ºC) 

Tg, DMTA 

(ºC) 

SMPU-3.5 279 -1.2 44.6 

SMPU-4.5 275 19.8 58.1 

SMPU-5.5 285 29.5 62.9 

 

 

 

 

 

Figure 1. Schematic representation of the mechanism of the shape memory effect. 
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Figure 2. TGA curves for synthetized 

polyurethanes. 

 

 

2.2. Differential Scanning Calorimetry (DSC) 

 

The DSC scans of the SMPUs are shown in 

Figure 3 and the measured glass transition 

temperatures, Tg, DSC, are summarized in Table 1. 

DSC results show that as increase the hard 

segment content (higher n), higher is the glass 

transition temperature11,12. This suggests that 

hard segment interaction among polymeric 

chains were strengthened at low hard segment 

content, due to these hard segments can achieve a 

more well-oriented position within the polymeric 

structure. 
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Figure 3. DSC curves for synthetized 

polyurethanes. 
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2.3. Dynamic Mechanical Thermal Analysis 

(DMTA) 

 

DMTA analysis is a sensitive method to study 

the thermomechanical behavior of polymers. The 

major peak in the loss factor, tan, is usually 

used to designate Tg. This peak corresponds with 

a sharp drop in the storage modulus (E’), so this 

is also an important parameter in order to 

evaluate the structure-property relationship of 

these materials. 

Figure 4 shows the variation of the storage 

modulus (E’) and the loss factor, tan, as a 

function of the temperature for the synthetized 

polyurethanes, and in Table 1 are showed the 

results, Tg,.DMTA. The transition around this 

temperature was ascribed to the glass transition 

of the hard segment phase13,14. Therefore, as 

increase the hard segment content higher is the 

glass transition temperature, which is in 

agreement with the DSC results. 
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Figure 4. DMTA curves for synthetized 

polyurethanes: a) storage modulus (logE’); and 

b) loss factor (tan). 

 

2.4. Shape Memory Behavior 

 

Shape memory effect can be measured 

qualitatively and quantitatively. In Figure 5, it 

can be observed that synthetized polyurethanes 

have shape memory effect. Regarding thermally-

activated shape-memory properties, soft 

segments will be responsible for shape fixity, 

acting as the switching segments, while hard 

segments will be responsible for shape recovery, 

determining the permanent shape15. 

 

 

Figure 5. Images of behavior of SMPU. a) 

Deformation, b) Shape Fixation, c) 

Recovery, d) Original shape. 

 

 

The thermally activated shape memory 

behavior of SMPUs is shown in Figure 6. Table 

2 summarized the values obtained of fixity ratio 

(Rf) and shape recovery ratio (Rr) which were 

calculated employing Eqs 1 and 2. The shape 

memory behavior of SMPUs represents almost 

complete strain fixing (more than 87%) or 

recovery (99%). 

 

Table 2. Shape fixing and recovery efficiencies 

of SMPUs. 

Samples Rf (%) Rr (%) 

SMPU-3.5 89.9 99.8 

SMPU-4.5 98.9 99.7 

SMPU-5.5 87.2 100 
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3. Materials and Methods 

 

3.1. Materials  

Polytetramethylene glycol (PTMG, Mn = 650 

g·mol-1) used as polyol, and toluene 2,4-

diisocyanate (TDI), were purchased by Sigma 

Aldrich and were used as received. Moreover, 

1,4-butanediol (BD, Sigma Aldrich), chain 

extender, was dried under vaccum for 3 h at 65ºC 

before use. 

 

3.2. Synthesis of shape memory 

polyurethanes 

All the SMPUs were synthesized by a two-

step method varying the hard-segment content. 

The SMPUs were prepared by reaction of 

stoichiometric amount of polyol / diisocyanate / 

chain extender with block ratios of 1:n+1:n 

(where n is between 3.5 and 5.5), view Table 3. 

The reaction scheme for the synthesis is shown 

according to the route outlined in Figure 7. 
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Figure 6. Three-dimensional thermomechanical cycle for synthetized polyurethanes. 

 

 

Table 3. Polyurethane composition. 

Samples 
Composition of polyurethane 

PTMG TDI BD 

SMPU-3.5 1 4.5 3.5 

SMPU-4.5 1 5.5 4.5 

SMPU-5.5 1 6.5 5.5 

 

On the one hand, the hard segments of SMPU 

were composed of toluene 2,4-diisocyanate 

(TDI) and a chain extender, 1,4-butanediol (BD). 

On the other hand, the soft segment was prepared 

by polytetramethylene glycol (PTMG), Mn = 650 

g·mol-1. 

The synthesis was carried out in a 150 mL 5-

neck round-bottom flask heated at 70ºC in an oil 

bath, equipped with a mechanical stirrer and a 

nitrogen inlet. In the first step, the polyol, 

polytetramethylene glycol, was added into the 

dry reactor. After 30 min with nitrogen 

atmosphere, TDI was added dropwise. The 

reaction continued at 70ºC for 2h to obtain -NCO 

terminated prepolymer, under a vigorous flow of 
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nitrogen to prevent the reaction of the isocyanate 

groups with air moisture. In the second step, the 

chain extender, BD, was added dropwise into the 

reaction system. The reaction mixture was 

continuously stirred during approximately 2 

minutes until a significant increase in viscosity 

was detected. The viscous mixture was poured 

into a preheated stainless steel mold and placed 

in a hydraulic press under pressure at 100ºC 

overnight to obtain the final polymer. 

 

3.3. Characterization techniques 

Thermal properties of all samples were 

measured by Differential Scanning Calorimetry 

(DSC 822e from Mettler Toledo) to identify 

thermal actuation temperatures. The transition 

temperature of shape memory effect (Ttrans) was 

defined from glass transition temperature 

measured in the second heating cycle (Tg, DSC in 

Table 1). Samples in aluminium pans were 

characterized under constant nitrogen flow (50 

mL·min-1). First, the PU samples were 

equilibrated at -100°C, and then heated at a rate 

of 10ºC·min-1 from -100 to 250°C. In this first 

cycle, the thermal history of the sample was 

erased. It was then cooled down to -100°C at a 

cooling rate of 10ºC·min-1. Subsequently, a 

second heating scan to 250ºC was conducted at 

the same heating rate. In all cases samples 

around 10–15 mg were used.  

Thermal degradation behaviour was studied 

by Thermogravimetric Analysis (TGA 

METTLER TOLEDO 822e) in alumina pans 

under nitrogen atmosphere by heating the 

samples (10-15 mg) from room temperature to 

800°C at 10°C·min-1. 

Dynamic Mechanical Thermal Analysis 

(DMTA) was performed on a Mettler-Toledo 

DMA1 analyzer in tensile mode. 1.5 mm thick, 6 

mm wide and 10 mm long specimens were used. 

Curves displaying storage modulus (E’) and the 

loss factor (tan) were recorded in the range of 

−100 to 150°C at a heating rate of 3°C·min-1 and 

at a deformation frequency of 10 Hz and 

displacement of 20µm, which is found within the 

Linear Viscoelastic Region (LVR) of synthetized 

SMPUs. 

For Thermo-Mechanical Analysis (TMA) 

measurements, samples were conducted on a 

Mettler Toledo DMA1 in the temperature range 

of -20–80ºC at a heating rate of 4ºC·min-1. 

Rectangular samples of about 10 mm x 6 mm x 

1.5 mm were used in shape memory 

performances. First, the sample is heated to 

programming temperature Tprog (80ºC) and 

deformed applying 2 N force. Once the sample 

has been stretched, m, the next stage is to cool it 

to below transition temperature Tlow (-20ºC) in 

order to fix the temporary shape. Once the 

sample is unloaded, the deformation of the 

sample is u. The shape-memory effect is 

triggered by heating the sample to a temperature 

above the transition temperature. The heating 

rate during shape recovery was 4ºC·min-1. The 

amount of non-recoverable deformation at the 

end of programming is p. The fixing (Rf) and 

recovery (Rr) ratios were calculated for each 

sample using Eqs. (1) and (2)16. 

 

𝑅𝑓(%) =
𝜀𝑢
𝜀𝑚

 (1) 

  

𝑅𝑟(%) =
𝜀𝑚 − 𝜀𝑝
𝜀𝑚

 (2) 
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Figure 7. Synthesis route for toluene 2,4-diisocyanate (TDI) based polyurethanes: a) first step, b) 

second step. 

 

 

4. Conclusions 

 

In this work, shape memory polyurethanes 

(SMPUs) have been successfully synthetized by 

a two-step polymerization. Polyurethane samples 

display two-stage degradation showing good 

thermal stability with initial decomposition 

temperatures higher than 280ºC. Moreover, the 

glass transition temperatures were measured by 

DSC and DMTA. Both methods indicate that the 

glass transition temperature increase with the 

hard segment content, suggesting that reaction 

procedure was appropriate. 

Finally, shape memory behavior of the 

synthetized polyurethanes was qualitatively and 

quantitatively evaluated. The qualitative 

evaluation demonstrates promoted shape 

memory response for all samples. At the same 

time, the quantitative analysis using TMA show 

that all the SMPUs samples are characterized by 

fixity ratios higher than 87% and recovery ratios 

near 99%. 
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Abstract: In this work, the reliability of Dried Blood Spot (DBS) as a sampling technique for 

drug analysis was studied by Ultra High Performance Liquid Chromatography coupled to 

Photodiode-Array and Fluorescence Detection (UHPLC-PDA-FLUO). DBS microsampling, a 

technique based on placing a drop of blood in a cotton support that is allowed to air dry, has 

lately noticed an increase in use in bioanalysis. Even thought it offers several advantages 

compared to common blood sampling methods, it also shows some limitations for quantitative 

analysis due to the dependence on different factors. In this study, the influence of some of them 

(hematocrit, blood volume and sampling position) has been investigated, using amiloride, 

propranolol and valsartan drugs as model compounds. According to the results, it has been 

concluded that the sampling position and the hematocrit have influence in the accuracy and 

precision of the quantitative results, therefore limiting the use of this technique. On the other 

hand, dispersion of the analytes in the blood drop depends on their physicochemical properties 

which implies that the distribution of each analyte must be carefully studied during method 

development. 

Keywords: DBS; UHPLC-PDA-FLUO; Bioanalysis  

 

 

1. Introduction  

Dried blood spot (DBS) sampling method was 

first used with human blood in 1963 by Roberth 

Gurthrie to detect metabolomic diseases 

(phenylketonuria) in newborn infants. Since then, 

it has been used in many different areas such as 

toxicokinetics and pharmacokinetic studies, 

diagnostic screening, and therapeutic drug 

monitoring [1,2]. Due to the simplicity of this 

technique and thanks to the improvement in 

terms of sensitivity of the analytical 

instrumentation, its use has been notably 

increased in the last years. 

DBS microsampling is a simple technique in 

which a drop of blood is placed in a support that 

SciForum 
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is left to air dry prior to analysis. The support is 

usually cellulose paper chemically treated to 

prevent the growth of bacteria and other 

microorganisms [3] and sampling is done by 

putting a drop of blood from a heel, ear or finger 

prick in the support [2,4].  

Once the blood is placed and dried, the 

analytes are extracted from the support usually 

by a liquid extraction of a punch done in the 

drop, and then analyzed [3]. DBS technique is 

used as a sampling method for a wide range of 

analytical techniques such as DNA-based assays, 

enzyme activity assays, immunoassays, direct 

mass spectrometry, and liquid chromatography 

coupled to different detectors [1].  

DBS technique shows many advantages 

compared with conventional blood, plasma or 

serum collection procedures [5]. Among them, 

the stability of the cellulose-fixed analytes, the 

little blood volume required, the possibility of 

automation of the sample processing [6], the easy 

storage and transportation [4], or the lower 

biological risk in comparison with liquid blood 

samples.  Despite these advantages there are also 

some disadvantages to consider. For example, 

when they are used in quantitative analysis, some 

factors can affect the reliability of the 

results[4,7,8], such as the type of blood (venous 

or capillary) [9,10], the type of support [11,12], 

the hematocrit [3,9,10,13-15] or the blood  

volume placed [16,17].  

The aim of this work is the study of the 

influence of the blood volume, the hematocrit 

and the punching position on the quantitative 

results of a DBS based method in order to 

increase the reliability of the analysis and better 

understand the dispersion of the analytes in the 

support. For this purpose three drugs with 

different physico-chemical properties (amiloride, 

propranolol and valsartan) were selected as 

model compounds (Figure 1). For the analysis of 

these compounds a robust quantitative method 

was optimized using Ultra High Performance 

Liquid Chromatography coupled to Photodiode-

Array and Fluorescence Detection (UHPLC-

PDA-FLUO). 

 

Figure 1.  Amiloride, propranolol and valsartan. Chemical structure, molecular formula and weight, and fluorescence excitation 

and emission wavelengths. In blue, the pKa for basic protons and in red for acidic protons. 

2. Results and Discussion 

2.1. Study of the influence of hematocrit 

and sample volume in DBS analysis 

The influence of hematocrit in the quantitative 

application of DBS has been already reported by 

some authors [3,5,9,18]. In this work seven 

5,35
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C6H8ClN7O C16H21NO2 C24H29N5O3

229.62 g/mol 259.34 g/mol 435.51 g/mol

λEx= 363 nm λEx= 287 nm λEx= 237 nm
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hematocrit values (25%, 30%, 35%, 40%, 45%, 

50% and 55%) were studied in order to cover a 

wide interval of the hematocrit values of the 

population. Three sample volumes (15µL, 25µL 

and 35µL) were studied for each hematocrit 

level.  

Using ANOVA, at 95% confidence level, it 

was observed for amiloride and propranolol that 

the results are influenced by the hematocrit value 

but not by the sample volume. In the case of 

valsartan, both variables have influence, being 

the effect of the hematocrit much more 

significant. In Figure 2 the increase of the 

chromatographic response of propranolol with 

the hematocrit value can be noticed. The extreme 

values (25% and 55%) were compared using a t-

test (95% confidence level) and a significant 

difference was confirmed. The reason of this 

difference is probably the change in the blood 

drop area. As it decreases when the hematocrit 

value increases (due to the density/viscosity 

difference), the blood volume present in the 

sample punch is higher for the high hematocrit 

value samples, and also the amount of analyte. 

 

Figure 2. Chromatographic responses obtained for 

propranolol samples with different hematocrit values, using a 

15 µL blood drop. 

 

2.2. Study of the influence of the sampling 

position 

Due to a heterogeneous dispersion of the 

blood or to chromatographic processes involving 

the analytes, the distribution of the drugs in the 

blood spot may not be homogeneous. In those 

cases the position where the punch that will be 

analysed is done becomes a critical factor.  

To study the influence of the dispersion of the 

different analytes, the blood drop area has been 

divided in three zones: central, upper and lower 

peripheral.  In this way a radial distribution of 

the analytes could be studied as well as the effect 

of the paper position during the drying step. In 

order to obtain a sample above the quantitation 

limit of the method 15 mini punches (1.2 mm 

diameter) were collected in each zone. 

The results of the analysis can be observed in 

Figure 3. The statistical analysis did not show 

significant differences in terms of precision but a 

clear difference in analytes distribution behavior 

was noticed. On the one hand, amiloride 

concentration is higher in the central zone, being 

this behavior more obvious/perceptible at lower 

hematocrit values. On the other hand, 

propranolol and valsartan behave differently, 

with higher concentration values at the peripheral 

zone (phenomena known as volcano effect and 

already observed by other authors [11,12]). 
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Figure 3. Normalized results for the chromatographic responses of the analytes belonging to central, upper and lower peripheral 

zones of the blood spot. 

3. Materials and Methods 

3.1. Chemicals 

Amiloride hydrochloride was purchased from 

Sigma-Aldrich (St. Louis, USA), propranolol 

hydrochloride from Fluka (Burch, Switzerland) 

and valsartan from Novartis Pharma AG (Basel, 

Switzerland). Methanol used for the preparation 

of stock and working solutions was provided by 

Romil (Cambridge, England). For the preparation 

of the different pH solutions dipotassium 

phosphate (>99%), acetic acid (LC-MS grade), 

sodium dihydrate citrate anhydrous (>99%) and 

disodium hydrogen citrate sesquihydrate (>99%) 

were purchased from Fluka. Potassium 

dihydrogen phosphate, sodium acetate, trisodium 

dihydrate citrate, ammonium (25%) and 

ammonium chloride all of Pro-Analysi grade, 

and sodium hydroxide, EMSURE (Millipore’s 

premium grade), were obtained from Merck 

(Darmstad, Germany). Phosphoric acid (85%) 

and citric acid (PA-ACS-ISO) were supplied by 

Panreac (Barcelona, Spain). Acetonitrile used for 

the preparation of the mobile phases was 

obtained from Romil. LC-MS quality grade 

formic acid was purchased from Fluka. Ultrapure  

analytical water was obtained from a Milli-Q  

Element A10 sysrem (Millipore, Milford, USA). 

3.2. Instrumentation 

The DBS cards used were Protein saver 903 

of Whatman (NJ, USA). The puncher used was a 

regular office puncher with a diameter of 5.9 mm 

and the mini puncher was purchased from Harris 

(CA, USA) with a diameter of 1.2 mm. Analyses 

were performed on an Acquity UPLC system 

(Waters, Mildford, USA), coupled to a PDA 

detector and FLUO detector with a scheduled 

excitation and emission wavelength method. 

System control, data collection and data 

processing were accomplished using Empower 2 

software. The chromatographic column used was 

Acquity BEH C18 (2.1x50, 1.7 µm) of Waters 

with a filter pre-column. The pH was measured 

with a Crison GPL22 pH-meter (Barcelona, 

Spain). To draw the molecules of the analytes 

ChemSketch 10.02 has been used and for the 

statistical treatment of the results Microsoft 

Excel 2010 and Unscrambler softwares have 

been used. 

3.3. Standard solutions and blood samples 

Standard stock solutions of 1000 mg/L were 

prepared in methanol for each analyte separately. 

With those solutions 50 mg/L working solutions 

were prepared. 15 blood samples covering the 

range of 22%-55% hematocrit value were 

generously provided by the University Hospital 
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of Basurto (Bilbao, Spain), Samples were stored 

at -80ºC until analysis.  The blood samples were 

spiked from working solutions to concentration 

of 1 mg/L.  

3.4. Chromatographic conditions  

The mobile phase consisted of solvent A 

(0.01% formic acid) and solvent B (acetonitrile). 

The gradient applied was the following: 0-0.5 

min, 1% B; 0-3 min, 1 to 99% B; 3-3.5 min, 95% 

B; 3.5-3.6 min, 95 to 1% B; 3.6-4.5 min 1% B. 

Flow was kept at 0.55mL/min. During the 

chromatographic analysis the column was 

thermostated at 35 °C and samples were kept at 

10±1°C in the autosampler. The PDA 

wavelength range was set from 190 to 400 nm 

and the excitation and emission wavelengths of 

the FLUO detector were as follows: from 0.00-

1.39 min, 363/415 nm; 1.40-1.59 min, 287/340 

nm; 2.00-4.50 min, 237/371nm). 

 3.5. Extraction conditions 

The extraction conditions were carefully 

optimized. Extraction solution was methanol: pH 

2 phosphate buffer (75:25). 200 μL of this 

solution was added to a 5.9 mm punch and after 

sonication and centrifugation the supernatant was 

transferred to a chromatographic vial.  

4. Conclusions  

In this work, some limitations of DBS as a sampling technique for small molecule quantitative 

analysis have been observed. On the one hand, it has been demonstrated that the chromatographic 

response of samples with the same analyte concentration but different hematocrit values are 

significantly different. This effect is attached to the difference in blood drop area, which decreases 

when hematocrit value increases. On the other hand, due the heterogeneous dispersion of the analytes 

in the blood drop the punching position is a critical parameter that affects the quantitative results. 

Furthermore, it has been observed that this dispersion is different depending on the analyte which 

means that during method development the behavior of each analyte must be carefully studied since, 

currently, anticipating the distribution of the analyte in the blood drop is not possible. 

To prevent these problems the analysis of the whole blood drop can be an alternative approach. 

Nevertheless, this would require a more time- and solvent-consuming method and would make the 

automation of the sample treatment more complicated. In addition, from the point of view of a reliable 

quantitation all the blood drops (calibration and study samples) should have the same volume. 

Although that is not a problem for samples prepared in a laboratory it would make sampling more 

complicated under other conditions (hospitals, third-world countries, etc.) which is one of the main 

advantage of the DBS technique. Therefore, analytical methods based on DBS and punching should be 

studied more in depth in order to guarantee a reliable quantitation. 
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Abstract: Gamma radiation process for modification of commercial polymers is a widely applied 

technique to promote new physical, chemical and mechanical properties. Gamma irradiation 

originates free radicals which can induce chain scission or crosslinking in the polymer backbone. 

The aim of this work is to research the structural, thermal and mechanical changes induced on a 

commercial polycyclooctene (PCO) when it is irradiated with a gamma source of 60Co. After 

gamma irradiation, gel content was determined by Soxhlet extraction in cyclohexane, and thermal 

properties were evaluated before Soxhlet extraction by means of Thermogravimetric Analysis 

(TGA) and Differential Scanning Calorimetry (DSC). Finally, the shape memory properties were 

evaluated both qualitatively and quantitatively, the last one by Thermo-Mechanical Analysis 

(TMA). 

 

Keywords: Gamma irradiation, Crosslinking, Thermo-Mechanical Analysis, Shape Memory behavior 

 

 

1. Introduction 

Shape memory polymers (SMPs) are those 

capable of recovering their original shape after 

having been deformed into a different one 

(temporary shape), i.e. they ‘remember’ the shape 
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they were given when processed (permanent 

shape). The shape memory effect can be induced 

under appropriate stimulus such as temperature 

[1,2]. 

The irradiation of polymeric materials with 

ionizing radiation, like gamma rays, leads to the 

formation of free radicals [3], which can produce 

crosslinking and/or scission of the 

macromolecular chains [4]. Different polymers 

have been crosslinked employing gamma rays, 

like polyethylene [5,6], polyamides [7] and 

poly(vinylidene fluoride) [8]. 

Under the controlled crosslinking process, 

polycyclooctene (PCO) has shown excellent 

shape memory properties [9]. Polycyclooctene 

has been previously crosslinked using a peroxide 

[10–12] and employing a gamma rays source 

[13,14], showing interesting properties. 

Here we present the thermal behavior of a 

selection of polycylooctene samples irradiated at 

different dosages of gamma rays and we compare 

them with a non-radiated polycylooctene sample. 

Additionally, the shape memory behavior of the 

irradiated samples is analyzed, showing 

promising results. 

 

2. Results and Discussion 

The measurement of gel content by Soxhlet 

extraction is considered a simple way to 

determine the degree of crosslinking reached after 

the gamma irradiation process. The gel fraction 

(wt%) indicates the insoluble fraction of the 

irradiated PCO samples. The results are 

summarized in Table 1. The gel fraction is higher 

as the radiation dose increases. This increase in 

the gel content values may be attributed to the 

radiation crosslinking in the PCO chains. 

Thermogravimetric analysis (TGA) provides 

quantitative information of the weight loss 

process. All PCO samples decompose in one main 

breakdown stage (Figure 1). The degradation 

temperatures (𝑇𝑑) are listed in Table 1, and there 

are not significant differences between the 

samples. 

DSC measurements were performed in order to 

know the transition temperature (𝑇𝑡𝑟𝑎𝑛𝑠 ) of the 

shape memory effect, which corresponds with 

melting temperature (Figure 2). 

From the first scan, it appears that radiation has 

no pronounced influence on 𝑇𝑚 , whereas in the 

second scan 𝑇𝑚  decrease with increasing 

radiation dose. It is well known that during 

polymer irradiation, both chain scission and 

crosslinking processes occur, and they take place, 

primarily, in the amorphous region, while some 

may take place in the interphase between the 

crystalline and amorphous regions [15], so it is 

logic not to observe changes in melting 

temperature in the first heating. The diminution of 

this value in the second heating scan can be 

explained as follows: the samples are 

recrystallized in the presence of the crosslinks 

formed in the irradiation process, which act as 

defect centres, restricting chain mobility of PCO 

chains, so 𝑇𝑚  diminishes. The degree of 

crystallinity thus decreases with increased density 

of crosslinks due to more restricted mobility and 

conformational rearrangement of polymeric 

chains to form crystals. 

The shape memory behavior of the samples has 

been studied both qualitatively and quantitatively. 

In Figure 3 it can be observed the qualitatively 

studio for PCO-25 sample, whereas Figure 4 

shows the same procedure for PCO-200. Both 

samples recover the original shape from an elbow-

shaped temporary state, but in the case of the 

sample irradiated at 25 kGy this recovery is not 

total. 

Thermomechanical Analysis was performed in 

order to quantify the shape memory behavior. The 

results are represented in Figure 5. Looking at 

Figure 5, recovery ratios near 100% can be 
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appreciate (at the end of the experiment, the length 

of the samples are similar to the initial ones). This 

result to PCO-25 seems to be in discrepancy with 

the qualitatively analysis (Figure 3), but it is 

necessary to take into account that the thermo-

mechanical cycle is completely different 

considering the different deformation mode and 

thermal treatment from the qualitative analysis 

made employing a hot and a cold bath, and a 

digital camera. 

 

 

Table 1. Gel fraction, crystallinity values and characteristic temperatures for the studied samples. 

Sample Gel Fraction (wt%) Td (ºC) Tm1 (ºC) Tc (ºC) Tm2 (ºC) Crystallinity (%) 

PCO-0 0 461.8 60.7 37.0 57.5 30.3 

PCO-25 21.3 463.7 60.0 34.1 57.6 30.3 

PCO-100 86.9 463.4 60.1 30.0 54.6 25.9 

PCO-200 94.6 458.1 59.6 27.7 52.5 22.8 

 

 

Figure 1. TGA curves for the studied PCO samples. 
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Figure 2. DSC curves for PCO samples: a) first heating, b) cooling and c) second heating scan. 

 

 

Figure 3. Shape memory recovery of elbow-shaped bent strip for 25 kGy irradiated PCO 

sample. 
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Figure 4. Shape memory recovery of elbow-shaped bent strip for 200 kGy irradiated PCO 

sample. 

 

Figure 5. Thermo-mechanical cycle for PCO irradiated samples. 

 

 

3. Materials and Methods 

Polycyclooctene (PCO) Vestenamer® 8012 

sheets were made by compression molding 

employing a hydraulic press with thermostatically 

controlled platens. PCO sheets were irradiated by 

gamma rays in a 60Co radiation facility 

(NÁYADE Irradiation Plant of CIEMAT, 

Madrid, Spain) at the dosages of 25, 100 and 200 

kGy [14]. 

The gel content of PCO samples was 

determined gravimetrically using 10 Soxhlet 

extraction cycles with boiling cyclohexane as 

solvent. After extraction, the samples were 

washed and vacuum dried at 50ºC to constant 

weight. The gel fraction was calculated using the 

following equation, where 𝑊0 is the initial weight 

of sample and 𝑊1  is the weight of sample after 

extraction. 
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𝑔𝑒𝑙 𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 (𝑤𝑡%) = (
𝑊1

𝑊0
⁄ ) × 100 

Thermal stability of the samples was evaluated 

by Thermogravimetric Analysis with a Mettler 

Toledo TGA/SDTA 851e thermobalance. The 

measurements were carried out from 25 to 800ºC 

with a heating rate of 10ºC·min−1 under nitrogen 

atmosphere (Figure 1). 

Thermal properties of all samples were 

measured by Differential Scanning Calorimetry 

(DSC 822e from Mettler Toledo) to identify 

thermal actuation temperatures. The transition 

temperature of shape memory effect (𝑇𝑡𝑟𝑎𝑛𝑠) was 

defined from melting temperature measured in the 

second heating cycle (𝑇𝑚2). Employing a constant 

nitrogen flow (50 mL·min-1), samples were heated 

from −100 to 150ºC at a rate of 10ºC·min−1, 

followed by a cooling scan from 150 to −100ºC at 

a rate of −10ºC·min−1. Subsequently, a second 

heating scan to 150ºC was conducted at the same 

heating rate (Figure 2). The crystallinity of the 

samples was calculated using the next equation, 

employing the melting temperature in the second 

heating scan for each sample, where the enthalpy 

of a 100% crystalline polycyclooctene was 230 

J·g-1 [16]. 

% 𝑐𝑟𝑦𝑠𝑡 = {
𝛥𝐻𝑚2 𝑠𝑎𝑚𝑝𝑙𝑒

𝛥𝐻𝑚(𝑃𝐶𝑂)⁄ } × 100 

 

Thermally-induced shape memory behavior of 

irradiated PCO samples was qualitatively 

evaluated by digitally monitoring the shape 

recovery process. Rectangular strip samples were 

deformed in elbow-shaped strips at temperatures 

10ºC above its transition temperature of shape 

memory effect. The temporary shape was fixed 

cooling down the temperature 20ºC below 𝑇𝑡𝑟𝑎𝑛𝑠, 

and finally, the samples were heated-up above the 

transition temperature, so the thermal-induced 

recovery process was observed (Figures 3 and 4). 

The quantitative evaluation of the shape 

memory behavior was performed using 

thermomechanical analysis (TMA). For that, 

samples shaped as strips with a cross-section area 

of 4 mm x 1.5 mm and initial clamps distance of 

20 mm was employed. Taking into account the 

melting temperatures of the samples (Table 1), we 

thought appropriately to perform the thermo-

mechanical experiments in the temperature range 

of 30-80ºC [17]. The analysis were conducted on 

a Mettler Toledo DMA-1 at a heating rate of 4ºC 

min-1, recording the increase of the sample length 

as a function of temperature (Figure 5). 

 

4. Conclusions 

A commercial polycyclooctene (PCO) was 

irradiated with a gamma source of 60Co at 

different doses (25-200 kGy). Soxhlet extraction 

allowed to measure the gel fraction for each 

sample. This insoluble fraction of each irradiated 

PCO sample is directly related to the degree of 

crosslinking reached for each sample in the 

radiation process, and it is higher as the radiation 

dose increases. 

Thermal properties were evaluated by means of 

TGA and DSC, showing that the thermal stability 

of all PCO samples is quite similar independently 

of radiation dose. 

The investigation of the thermal properties by 

DSC shows minor changes in the melting 

temperature with irradiation doses in the first 

heating scan (𝑇𝑚1), which could be attributed to 

the immobilization of the generated free radicals 

in the crystalline region with hindered chain 

mobility. However, for the second heating scan, a 

decrease in 𝑇𝑚2 with the increasing radiation dose 

was observed. During the recrystallization 

process, crosslinks between polymer chains act as 

defect centers, which restrict chain mobility of 

PCO chains and, therefore, the 𝑇𝑚  values 

determined from the second heating scan are 

lower. 
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Finally, shape memory behavior of irradiated 

PCO samples was qualitatively and quantitatively 

evaluated. Except for the sample irradiated at 25 

kGy, where the recoverability is not total, the 

qualitative evaluation demonstrate promoted 

shape memory response for the irradiated 

samples. At the same time, the quantitative 

analysis using TMA show that all the irradiated 

samples are characterized by recovery ratios near 

100%. 
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Abstract: In recent years, the natural orbital functional (NOF) theory has emerged as an alternative 

approach to both density functional theory (DFT) and wave-function (WFN) methods for electronic 

structure investigations. Several NOFs have been proposed, for which validation is necessary. A well-

known tool for calibration, testing, and benchmarking of an approximate electronic structure method is 

the harmonium atom. In this model system, the electron-nucleus potential is replaced by a harmonic 

confinement, but the electron-electron Coulomb interaction remains. By varying the strength of the 

harmonic potential, the correlation regime can be tuned, making possible the transition from the 

weakly to the strongly correlated regime. Accordingly, the harmonium stands as an adequate system 

for studying the behavior of approximate NOFs, since it is possible to contrast them with their exact 

counterparts obtained from the analytic solution. In this presentation, the comparison between the 

quasi-exact and approximate electron-electron repulsion energy provided by eight known NOFs, in the 

singlet state of the four-electron harmonium atom with varying confinements, is analyzed in some 

detail. The present approach, which will appear soon in the Journal of Chemical Physics 143 

(arXiv:1511.06564 [physics.chem-ph]), not only reveals the failures of the functionals but also 

pinpoints the causes. In general, the functional PNOF6 shows the most consistent behavior, with 

decent accuracy, along all confinement regimes studied. 

 

Keywords: 4e- Harmonium atom; Electron Correlation; Natural Orbital Functional Theory; 
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1. Introduction  

 

The improvements in computer hardware and 

software have recently allowed the simulation of 

molecules with an increasing number of atoms. 

Unfortunately, the most accurate electronic struc-

ture methods based on N-particle wave functions 

(WFN) remain computationally too expensive to 

be applied to large systems. On the other hand, 

the most efficient method is the density func-

tional theory (DFT). However, current imple-

mentations of DFT suffer from several problems, 

as for instance in the description of multireferen-

ce systems. 

An alternative to both DFT and WFN methods 

lies in the development of a functional theory 

based on the first-order reduced density matrix 

(1-RDM) [1] in its spectral expansion, known as 

natural orbital functional (NOF) theory [2].  Like 

the density, the 1-RDM is a much simpler object 

than the WFN. The ensemble N-representability 

conditions that have to be imposed on variations 

of the 1-RDM are well known [3]. The existence 

and properties of the 1-RDM energy functional 

are also well established [4]. The major advan-

tage of a 1-RDM formulation is that the kinetic 

energy is explicitly defined and it does not requi-

re the construction of a functional. The unknown 

functional only needs to incorporate electron co-

rrelation. Several correlation functionals of this 

type have been proposed, for which validation is 

necessary. 

A well-known tool for calibration, testing, and 

benchmarking of an approximate electronic 

structure method is the harmonium atom [5]. In 

this model, the replacement of the Coulombic 

central confining electron-nucleus potential 

occurring in real systems by a harmonic potential 

makes the problem separable in terms of center-

of-mass and relative coordinates. Accordingly, 

the harmonium stands as an adequate system for 

studying the behavior of approximate NOFs, 

since it is possible to contrast them with their 

exact counterparts obtained from the analytic 

solution. Moreover, by varying the strength of 

the harmonic potential, ω, the correlation regime 

can be tuned, making possible the transition from 

the weakly to the strongly correlated regime. 

The energies of several electronic states of the 

four-electron harmonium atom are presently 

known within ca. 1 μhartree for arbitrary values 

of ω [6]. The respective 1-RDMs and individual 

energy components are also available from such 

calculations. Finally, exact asymptotics of these 

electronic properties are available at both the 

weak- and strong-correlation limits. Recently [7], 

the comparison between the exact and approxi-

mate electron-electron repulsion energy (U) 

obtained with several approximate NOFs, for 

several states of few-electron harmonium atoms, 

has been reported. The aim of this presentation is 

to analyze in some detail the performance of 

eight well-known NOFs in the singlet state of the 

four-electron harmonium atom with confine-

ments that range from ω=0.001 to ω=1000. 

 

2. Results and Discussion 

 

The NOFs assessed in [7] fall into two broad 

categories. The first of them encompasses expre-

ssions for U that involve only the exchange inte-

grals (K). This category includes: 

 

1. The NOF introduced by Müller [8]. 

2. The NOF of Goedecker and Umrigar (GU) [9]. 

3. The NOF of Csányi and Arias (CA) [10]. 

4. The NOF of Csányi, Goedecker and Arias 

    (CGA) [11]. 

5. The BBC2 NOF [12]. 
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6. The NOF of Marques-Lathiotakis (ML) [13]. 

7. The NOF of Marques and Lathiotakis correc- 

     ted for self-interaction (ML-SIC) [13]. 

 

The last NOF included in this report is PNOF6 

[14], which corresponds to a JKL functional, that 

is, involves only the Coulomb (J), exchange (K) 

and time-inversion-exchange (L) integrals. This 

NOF is the last member of the family of functio-

nals [15,16] obtained from the reconstruction of 

the two-particle cumulant in order to satisfy 

known necessary N-representability conditions 

for the second-order reduced density matrix. 

In Figure 1, the electron-electron repulsion 

energy U = Vee - Vee(HF) is depicted for the 

four-electron harmonium atom in the 1D+ state. 

These values are taken from Tables VI and X of 

Ref. [7]. Due to its multireference character, this 

singlet state is challenging for K-only functionals 

1-7. A rough agreement with the exact data is 

observed only for the GU, ML, and ML-SIC  

when the confinements are weak.  

Among the functionals included, only PNOF6 

goes parallel and above the exact solution for all 

confinements considered. Moreover, it is the 

only one capable of describing the ω→∞ limit of 

this state with decent accuracy, however its   

perfor-mance deteriorates upon weakening of the 

confi-nement since the error represents a higher 

percentage of the total repulsion energy U. It is 

worth to note that the PNOF family understi-

mates the electron correlation effects in high-spin 

states [7] of the four-electron harmonium atom. 

These results provide clear clues for the future 

work. 

 

Figure 1. The electron-electron repulsion energy U = Vee - Vee(HF) of the four-electron 

harmonium atom in the 1D+ state  (values taken from Tables VI and X of reference [7]) 

. 
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Abstract: With the explosive growth of biological sequences in this century, medicinal science 

has been undergoing an unprecedented revolution. Driven by the avalanche of biological 

sequences generated in the postgenomic age, medicinal science is currently undergoing an 

unprecedented revolution [1,2], as indicated by, but not limited to, the following four aspects. 

 

 

 

I.  Post Biological Sequence Modification 

Cancer and many other major diseases are 

often caused by a variety of subtle protein 

modifications, typically by various different 

post-translational modifications (PTMs or 

PTLM) in proteins [3,4]. In order to reveal their 

pathological mechanisms and find new and 

revolutionary strategies to treat them, many 

efforts have been made with the aim to predict 

the possible modified sites in various proteins 

concerned (see, e.g., [5-12] and a recent review 

paper [13]). Meanwhile, to provide efficient tools 

for the aforementioned researches, the pseudo 

amino acid composition (PseAAC ) [14] and 

general PseAAC [15] were proposed. And the 

corresponding web-servers have been established 

[16-19] that can be used by researchers to 

generate various different modes of PseAAC to 

catch the key features of protein/peptide 

sequences according to their needs. The concept 

of PseAAC and its approaches to deal with 

protein/peptide sequences have been widely used 

in medical science and related areas (see, e.g., 

[11,20-46] as well as the Editorial [47] for a 

special Molecular Science issue focused on 

“Drug Development and Biomedicine”).  Similar 

subtle modifications, the post-replication 

modification (PTRM) and post-transcription 

modification (PTCM), also occur respectively in 

DNA [48] and RNA sequences [49], causing 

many major diseases as well.  Actually, 

considerable endeavors to develop high-

throughput tools for predicting the possible 

modified sites of DNA/RNA sequences have also 

been underway (see, e.g., [1,13,50,51]. 

. 

. 

.
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II. Genome Analysis 

Genetic disorders are illnesses caused by one 

or more abnormalities in the genome, or by 

changes or variants in genes. To help understand 

these kinds of genetic or genomic diseases and 

find revolutionary therapeutic strategies to treat 

them, many in-depth genome analyses have been 

carried out recently (see, e.g., [52-69] and a 

review paper [70]). During the process of the 

aforementioned studies, inspired by the successes 

of using PseAAC in dealing with protein/peptide 

sequences, the pseudo K-tuple nucleotide 

composition or PseKNC was proposed to 

formulate various feature vectors for DNA/RNA 

sequences [71]. And the corresponding web-

servers have been established as well [72-75], 

which can be used by researchers to do the same 

in computational genomics and genome analysis 

as done in computational proteomics and 

proteome analysis. 

. 

 

III. Personalized Medicine 

Different patients may have different 

responses to the same drug in clinical treatments 

even they have the same plasma concentration.  

The reports from World Health Organization 

(WHO) indicates that, the percentages of patients 

having bad responses by using the marketed 

drugs are 10% ~20%, of which 5% are dead [76]. 

These kinds of bad responses are mainly due to 

individual differences, a formidable barrier 

against clinical treatments and pharmaceutical 

industry. Therefore, it is an inevitable direction 

to develop personalized medicines [77-80].  To 

realize this, it is important to establish 

personalized medical profile including personal 

genome, genetic, or genomic data. Personal 

genomics is the branch of genomics concerned 

with the sequencing and analysis of the genome 

of an individual.  Again, the aforementioned 

tools are very useful in this regard.. 

. 

.

IV. Drug-Target Interactions within Cellular 

Networking 

Identifying drug-target interaction is one of the key steps for developing new medicines [81].  A 

typical tool used for this is molecular docking simulation (see, e.g., [52,82-95]). To conduct molecular 

docking, however, an indispensable entity is a reliable 3D (three dimensional) structure of the target 

protein. Although X-ray crystallography is a powerful tool in determining protein 3D structures, not all 

proteins can be successfully and timely crystallized, particularly for membrane proteins. Although 

NMR is a very powerful tool for determining the 3D structures of membrane proteins as reported by a 

series of recent publications (see, e.g., [96-102]), it is time-consuming as well. To timely acquire the 

3D structural information, one has to resort to various structural bioinformatics tools [90], including 

the homologous modelling approach as utilized for a series of protein receptors urgently needed during 

the drug-developing process [103-110] and other computational modelling methods [111-113]. 

Unfortunately the number of dependable templates for developing high quality 3D protein structures 

via homology modelling is very limited [90], while the 3D structure developed purely by the approach 

of energy minimization or molecular dynamics without a good initial template might be far from the 
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true structure owing to the local minimization problems.  To pre-exclude those compounds, which are 

not likely to interact with the target proteins concerned, some sequence-based methods (see, e.g., 

[28,33,35,114,115] and a review paper [116]) have been developed that can serve to predict the 

interaction of the drug compounds with various kinds of target proteins in cellular networking. These 

newly developed methods can help us enormously in reducing the search scope and speeding up the 

pace of developing new drugs [117]. 
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Abstract: In this mini review the synthesis of base- and sugar-fluorinated nucleosides is 

discussed and the use of different fluorinating agents is briefly elaborated within the text. 

Introduction of fluorine substituent into pyrimidine and purine nucleosides has surely led to a 

change in the overall chemical behavior. In fact, there are many examples of the sugar 

fluorinated nucleosides that make a great impact on chemistry, biochemistry, and drug discovery. 

Keywords: Nucleoside, fluorinated nucleosides, fluorinating agents. 

 

Introduction 

Chemists introduced fluoro group into sugars and nucleosides by different methods and this let for the 

formation of fluorine carbon bond. Incorporation of fluorine atom into nucleosides especially at the 

sugar moiety added interesting biological activities to the nucleosides. This is may be due to the 

electronegativity of fluorine and the strength of the carbon-fluorine bond. Fluorinated nucleosides 

exhibit interesting physical-chemical properties as nucleosides1 or as monomers in oligonucleotide 

synthesis.2 The synthesis of fluorinated nucleosides (figure 1, 1-9) can be achieved by selective 

fluorination of nucleosides or by glycosylation of nucleobases or fluoro-nucleobases with fluoro-sugar 

derivatives.3-8 
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Synthesis of Modified Fluoronucleosides 

Different methods were developed for the synthesis of 2’-fluornucleosides. Among those methods the 

one that was published by Watanabe etal.9 This synthetic method involves the coupling of 2-deoxy-2-

fluoro-D-arabinose 10 and 1-bromo-2-deoxy-2-fluoro-D-arabinose 11 with selected nucleobases to 

give fluoronucleosides 12 and 13 (Scheme 1).  

 

 

 

 

 

 

 

 

2’-Fluorinated nucleosides, namely 2’-deoxy-2’-fluoro arabinonucleosides (araF-nucleosides)10,11 were 

used as building blocks for the synthesis of 2’-deoxy-2’-fluoro arabinonucleic acid (2’-F’ANA),12-14 a 

very promising antisense oligonucleotides. Here the 2’-fluoro nucleosides were prepared via 

condensation of the silylated nucleic acids bases; silylated N-acetyl cytosine or silylated thymine or N-

benzoylated adenine with 2-deoxy-2-fluoro-3, 5-di-O-benzoyl-α-D-arabinofuranosyl bromide 14. 

Deprotection of the produced the desired nucleosides 15-17 in good yield (Scheme 2). 
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Synthesis of 3’-

fluorinatednucleosides has been reported by Hansske et al.15 This involves the treatment of the 

nucleoside triflate 18 with sodium acetate followed by mild hydrolysis of the later nucleoside in 

triethylamine-methanol-water mixture gave nucleoside 19 in good yield. When nucleoside 19 was 

treated with DAST [(diethylaminosulfurtrifluoride, Et2NSF3] followed by acid treatment nucleoside 20 

was obtained in good yield (Scheme 3). 

 

 

 

 

 

 

 

 

Fluorinating Agents 

Fluoride ion is the smallest anion with the largest negative charge density. In general it acts as a 

hydrogen-bond acceptor rather than as a nucleophilic agent. Depending on the reaction environment, 

the fluoride ion can act either as a poor nucleophile or as a good nucleophile. Activation of alcohols 

with good leaving groups, such as mesylate, tosylate or triflate; followed by a SN2 substitution by a 

fluoride ion has become a standard method to replace OH with F. Fluorinating agents can be classified 

into nucleophilic reagents and electrophilic reagents. Fluorinating reagents (Figure 2) that are usually 

used for the fluorination of the hydroxyl groups in sugars or nucleosides are listed below: 

i. Pyridinium poly (hydrogen fluoride, PPHF or Py.nHF) - Olah’s reagent16 

The Olah reagent is a nucleophilic fluorinating agent. It consists of a mixture of 70 % hydrogen 

fluoride and 30% pyridine. Secondary and tertiary alcohols can be converted to the 

corresponding fluorides by this reagent. 

ii. Diethylaminosulfur trifluoride, Et2NSF3- DAST reagent 
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DAST was prepared by the reaction of SF4 with diethylaminotrimethylsilane.17It is the most 

versatile reagent in nucleoside chemistry for a one-step exchange of the hydroxyl group by 

fluorine via SN2 displacement. This reaction occurs with a complete inversion of configuration. 

It can replace primary, secondary and tertiary hydroxyl groups with fluorine in very good 

yields. 

iii. 1-Chloromethyl-4-fluoro-1, 4-diazoniabicyclo [2.2.2] octane bis (tetrafluoroborate) 

Selectfluor reagent 

Selectfluor has much higher reactivity than NFSI. It is a stable, easily handled, solid 

electrophilic fluorinating agent. It is an equivalent of F2, but much more effective and selective. 

In nucleoside chemistry, selectfluor is widely used to introduce a fluorine atom into 

heterocyclic bases via electrophilic substitution. Selectfluor can also selectively fluorinate 

certain sugar moieties, which possess electron-rich double bonds via an electrophilic addition. 

iv. N-fluorobenzenesulfonimide-NFSI reagent 

Although N-fluorosulfonamides are fairly weak fluorinating reagents, N-fluorosulfonimides, 

such as N-fluorobenzenesulfonimide (NFSI), are very effective and in common use.18 

 

 

 

 

 

 

Concl

usions 

In this review, synthetic methods of certain fluorinated nucleosides have been covered. Introduction of 

fluorine atom, as a mimic of hydrogen or hydroxyl group into the sugar moiety of the nucleoside 

dramatically changes the physical-chemical properties of the nucleosides. The two main tactics that 

have been employed for the synthesis of fluorinated nucleosides are the installation of fluorine atom(s) 

into pre-modified precursor sugars before the introduction of nucleic bases and/or the regio- or stereo-

selective introduction of fluorine atom(s) into suitably modified nucleoside derivatives. Among the 

above mentioned fluorinating agents, DAST seems to be the most commonly used for the fluorination 

of nucleosides. I hope that, with this mini review, I have provided an appropriate short description of 

the synthesis of fluorinated nucleosides and the most versatile fluorinating agents. 
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Abstract: PT-QSRR models are Quantitative Structure-Reactivity Relationship (QSRR) models based 

on Perturbation Theory (PT) that may be useful for multi-objective optimization in organic synthesis. 

In this communication, we summarize some of the more important results and conclusions obtained in 

our previous research / review paper about PT-QSRR models published in Curr. Top. Med. Chem., 

2013, 13, (5), 1713-1741. I this previous work, firstly we reviewed general aspects and applications of 

both perturbation theory and QSPR models. Secondly, we formulate a general-purpose perturbation 

theory for multiple-boundary QSPR problems. In this previous work, we developed a new QSPR-

Perturbation theory model that classify correctly >100,000 pairs of intra-molecular carbolithiations 

with 75-95% of Accuracy (Ac), Sensitivity (Sn), and Specificity (Sp). The model predicts probabilities 

of variations in the yield and enantiomeric excess of reactions due to at least one perturbation in 

boundary conditions (solvent, temperature, temperature of addition, or time of reaction). The model 

also account for changes in chemical structure (connectivity structure and/or chirality patterns in 

substrate, product, electrophile agent, organolithium, and ligand of the asymmetric catalyst).  

 

 

Keywords: Organometallic addition; Carbolithiation reactions; Asymmetric synthesis; 

Perturbation theory, QSRR models 

 

1. Introduction 

In the wider sense Perturbation Theory (PT) 

methods starts with a known exact solution of a 

problem and continue adding "small" terms to 

the mathematical description in order to 
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approach a solution to a related problem without 

known exact solution. On the other hand, solving 

Quantitative Structure-Property Relationships 

(QSPR) problems may be important to study the 

chemical reactivity of compounds in organic 

synthesis. QSRR techniques involve: (1) 

numerical codification of molecular structure, 

and stage (2) search of a quantitative connection 

between the structure and reactivity. QM and/or 

Graph theory are computational techniques 

typical of stage (1); while Statistical and/or 

Machine Learning (ML) techniques are 

commonly used in stage (2). In this work, we 

give one example of the new theory to predict 

enantiomeric excess and yield in a set of 

intramolecular carbolithiation reactions. 

PT-QSRR of intra-molecular carbolithiations 

A particular class of reaction of high interest in 

organic synthesis is the so-called carbolithiation. 

The carbolithiation reaction offers an attractive 

pathway for the efficient construction of new 

carbon-carbon bonds by addition of an organo-

lithium reagent to non-activated alkenes or 

alkynes, with the possibility of introducing 

further functionalization on the molecule by 

trapping the reactive organolithium intermediates 

with electrophiles. The intramolecular variant of 

this reaction has been applied mainly with alkyl- 

and alkenyllithiums, though there are also some 

examples of cycloisomerization of alkenyl 

substituted aryllithiums, generated by metal-

halogen exchange. In particular, this type of 

intramolecular carbolithiation reaction has found 

application in the synthesis of both carbocycles 

and heterocycles, with a high degree of regio- 

and stereoselectivity in the formation of five-

membered rings, although its application to 

larger rings is still not general. When alkenes are 

used, up to two contiguous stereogenic centers 

may be generated, which may be controlled by 

using chiral ligands for lithium, and so opening 

new opportunities for application of this 

methodology to asymmetric synthesis. Bailey 

and Groth reported independently the 

intramolecular carbolithiation of N-allyl 

substituted o-haloanilines in the enantioselective 

synthesis of indolines, Barluenga described the 

preparation of dihydrobenzofurans in high ee, 

starting from allyl o-haloaryl ethers. Lete et. al. 

previously reported the preparation of 4-

substituted 2-phenyltetrahydroquinolines from N-

alkenylsubstituted 2-iodoanilines via 

intramolecular carbolithiation reactions. We 

developed a QSPR model for a very large set of 

input-output perturbations in the enantioselective 

intramolecular carbolithiation reactions via 

aryllithiums generated by halogen-lithium 

exchange (see Figure 1). 

We propose herein, for the first time, a PT-

QSRR model able to predict both the change in 

yield and enantiomeric excess for two pair of 

reactions after at least one change in chemical 

structure and/or perturbation of reaction variables 

of at least one of the molecules involved. After 

optimization of coefficients the best model found 

with LDA was: 
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Here, εs(pi)rr is called efficiency of reference and 

may be either the yield of this reaction εs(pi)rr = 

yld(pi)rr  or the enantiomeric excess of the same 

reaction ε0(pi)rr = ee(pi)rr. The variables in the 

right side of the equation quantify multiple 

structural and physicochemical factors driven the 

yield and stereoselectivity of the reaction (see 

details on the original work). We consider the 

following six roles or types of molecules 
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substrates, solvents, ligands of chiral catalysts, 

organolithium reactants, electrophiles, and 

products. As a results, we can calculate the effect 

of different perturbations ΔV(mqi) on the 

previous over reactivity for a given set of initial 

and final conditions (reaction of reference and 

query reaction). This is a very strong result 

because it determines that this is probably the 

first multi-objective optimization (MOOP) model 

for the effect of structural or condition 

perturbations in reactions.  

 

 

Figure 1. General scheme for intramolecular carbolithiations studied here. 

4. Conclusions 

It is possible to develop general models to predict the results of multiple input-output perturbations 

using ideas of QSPR analysis and perturbation theory. The new QSPR-Perturbation models may be 

used to study complex molecular systems. One the properties we can study are the yield and 

enantiomeric excess of reactions. These models may include perturbations in a very high number of 

input-output variables like (time, temperature, solvent, catalyst, assay, pharmacological experimental 

measures, molecular and cellular targets, and many others). The electronegativity values calculated 

with MARCH-INSIDE seems to be good molecular descriptors for QSPR-Perturbation theory. 
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Abstract: In nature, protein chain interactions (Pro-ChInt) of single- / multi-protein, a common 

but complex system, refer to physical contacts established between two or more protein chains 

depending on the amino acid sequences, which contains tremendous information. Decoding amino 

acid sequence information of protein using complex networks or graphs of the peptides is a grateful 

solution to discover the communication information between different Pro-ChInt. We first 

constructed some python codes to directly download the specify protein sequences from the RCSB 

protein data bank (PDB). Then, we changed the FASTA format to S2SNet format to calculate the 

embedded / non-embedded parameters of protein chains according to the star graph topological 

indices of peptide sequences. Meanwhile, we numbered all protein chains, then used the chain 

numbers to get a random number for a given set of chain number or case number used for each 

protein. Then, we replaced all the random numbers with the corresponding parameters of each 

protein chain calculated with S2SNet application. After that, a machine learning classification 

model was constructed based on the combinatorial / combining interaction of different chains. This 

new method can be used to identify two or more protein chain interactions combined with machine 

learning technique. 

 

 

Keywords: Machine Learning, Protein Interaction, Protein Sequence, Python Scripts, 

Classification Model. 

 

1. Introduction 

Proteins are the main components of the 
biological metabolic pathways in living 
organisms. In nature, it could be one individual 
chain, or more than two chains to constitute a 
functional complex organic whole. Generally, the 
communications among different protein chains 
are very complicated, how to decode the 
communicational “language” is an important 
research topic in current chemoinformatics, 
bioinformatics, and pharmaceutics. 

The biological systems are very complicated, 
therefore, a lot of scientists try to account for the 
biological complex problems with the techniques 
of genomics, transcriptomics and proteomics. 
However, proteomics are more complicated than 
genomics as genome is generally constant, 
whereas the proteome differs lie on cell and time. 
Proteins are subjected to a wide variety of 
chemical modifications after translation. It called 
as post-translational modifications, such as 
phosphorylation, ubiquitination, methylation, 
oxidation, etc. 

SciForum 

http://sciforum.net/conference/mol2net-1


Mol2Net, 2015, 1(Section F), pages 1-4, Proceedings  2               

http://sciforum.net/conference/mol2net-1 

 

 

Well understood of protein molecular 
information is helpful to disease control or 
prevention. This is because structure decides 
function for proteins. Whereas, proteins are the 
"practitioner" directly participating in the 
complex biological life cycle. In nature, protein – 
protein interactions refer to the physical contacts 
established between two or more proteins by the 
electrostatic forces and/or biochemical events. 
Whereas, the functional domains are generally 
formed by two or more protein chains but not only 
one chain or one protein. Decoding amino acid 
sequence information of protein, using complex 
networks or graphs of the peptide, is a grateful 
solution to uncover protein chain – chain 
interaction (Pro-ChInt).  

Some sequence to structure graphs are used to 
calculate the numeric descriptors of molecular 
structure, for instance, MARCH-INSIDE 1 and 
S2SNet 2, 3. These tools can transform the 
characters and numeric sequences into Star 
network graph. And then to calculate Star Graph 
Topological Indices. 

2. Results and Discussion 

In present work, we first searched the target 

PDB-ID with some special performance, and save 

all PDB-ID in a text file. Then we got all the 

FASTA profile of protein chain by using the 

python module “urllib2”. We transformed the 

FASTA to S2SNet format, some examples of 

FASTA and S2SNet profile was presented in 

figure 1. S2SNet format is easier for further work. 

 

  

FASTA format S2SNet format 

Figure 1. The FASTA and S2SNet profiles of some 

protein chain 

 

After to get the S2SNet format, the TIs 

parameters of each protein chain was calculated 

by S2SNet application. In here, we also can use 

others methods to calculate the molecular 

descriptors for protein sequences. For instance, 

we are trying to divide all the amino acids into 

four different types, polar or non-polar, charged or 

uncharged amino acids. We can count the number 

of polar-polar amino acids, polar-x-polar amino 

acids, and polar-x…x-polar amino acids. Or other 

types of connection between the different amino 

acids. However, this part of work, we have not yet 

finished. So in here, we used S2SNet, one of 

previous work in our group. 

On the other hand, we numbered all the chain 

in a given file, and to select the corresponding 

numbers of each protein to run a random selection 

among the given chain numbers (n). For example, 

the first protein has 9 chains, these chains have the 

number from 1 to 9. We let users to put the 

number (m-fold), we can get the random cases = 

n × m. However, we have to remove the duplicates 

before we get all the final cases. The more 

important part of present work is to define how 

many of chain will be assigned to run the 

interaction between one to others. For example, 

with our new codes, we can perform the 

interaction among two or more (depending on the 

users, Figure 2).  

   
3 chains 6 chains 7 chains 

Figure 2. The examples of random numbers for the chain-

chain interaction 

 

In addition, each random number refers to the 

corresponding chain sequence, and each sequence 

would be calculated into 42 TIs. If all the 

sequences (numbers) in the combination are from 

the same protein, we defined this case as the 

“positive” or “1”, whereas, if not all numbers from 

the same protein, we consider this case as the 

“negative” or “0”. 

After that, we obtained and calculated each 

combination character based on the average 

values of each combination (42 TIs average 

values). Using this data to run a classification 

model to identify if there are interactions among 

the two or more chains. 
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3. Material and Methods 

All codes were programmed in the platform of 

PyCharm 3.5 version under the environmental of 

python 2.7 version. There are different steps to 

establish Pro-ChInt. They include to obtain the 

target protein chains sequence, change FASTA to 

S2SNet format and calculate S2SNet star graph 

topological indices, to get the serial random 

number, etc.  

3.1. Download FASTA files 

First step, we programed the codes in python to 

download the FASTA file from the protein data 

bank (PDB) according to the PDB-ID (serial 

number). In this part, we used urllib2 module to 

corresponding website of specify protein ID. The 

codes presented as following: 
with open("pdblist.txt", 'r') as fout: 

    pdb_list = fout.read() 

    pdb_list = pdb_list.strip() 

    for pdb in pdb_list.split('\n'): 

        sequence_url = 

'http://www.rcsb.org/pdb/files/fasta.txt?structureIdList

=' + pdb.strip() 

        response = urllib2.urlopen(sequence_url) 

        pdb_text = response.read() 

        pdb_text_str = str(pdb_text) 

        inFasta_text = pdb_text_str 

        inFasta.write(inFasta_text) 

        inFasta.write('\n') 

3.2. Transform FASTA to S2SNet format 

In this part, we change the FASTA format to 

S2SNet format for the further calculation. The 

details python codes presented in GitHub: 

https://github.com/muntisa/pyS2SNet/blob/maste

r/pyScripts/3_S2SNetFilterByPDBchains.py.  
foutFile = open("S2SNetchains.txt",'w') 

for sline in linesFASTA: 

    ilines += 1 

    if sline[0] == '>': 

        PDBfasta=sline[1:5] 

        ChainFasta = sline[6:8]   

        if ChainFasta[1] == '|': 

            ChainFasta = ChainFasta[:-1] 

        else: 

            ChainFasta= ChainFasta 

        if ilines !=1: 

            Seq = Seq + "\n" 

        Seq = 

Seq+str(PDBfasta)+"\t"+str(ChainFasta)+"\t" 

    else: 

        Seq = Seq+sline[:-1] 

foutFile.write(Seq) 

foutFile.close() 

3.3. Calculate the S2SNet topological indices 

We obtained 42 topological indices (TIs) for 

each protein chain, calculated by S2SNet star 

graph. There are two types of TIs (Embedded and 

non-Embedded indices). Each one has 21 TIs. 

Like Shannon entropies, connectivitymatrices, 

Harary number, Wiener index, Gutman 

topological index with different power 4. S2SNet 

are widely used in obtaining the molecular 

information of protein 5. 

3.4. Get the random number matrix 

In this part, we first numbered all the protein 

chains according to the order of all chain appeared 

in the PDB chain file. Each protein chain has the 

only special number. For example, the first 

protein has 9 chains (n), these chains have the 

number from 1 to 9, but for the second protein, if 

it has 15 chains, the number of these chains are 

from 10 to 24, and so on. Then, we used two codes 

to let the users to input the chain number, how 

many chains (Maximum) will be accounted for 

Pro-ChInt. Meantime, we let users to put the 

number (m-fold), we can get the random cases = 

n × m. In final, we remove all the replicated cases.  
# input the chain number and the case numbers for each 

protein 

ChainNumber = raw_input("Input chain number(k>=2): ") 

RowNumber = raw_input("Input each protein chain Multiple 

(m): ") 

3.5. Classification modeling 

In this step, we replace the random number 

with the 42 TIs of corresponding protein chain 

sequence. For one combination, if all the chains 

are from the same original protein, we consider 

this combination has the chain-chain interaction 

(Pro-ChInt) set as “1 or positive”. If the 

combination is from different protein, we consider 

this combination has no chain-chain interaction, 

Pro-ChInt, set as “0 or negative”.  

For each combination, we calculate the average 

value of each parameter in 42 TIs of S2SNet Star 

Graph. After that, we can use Weka to obtain the 

best classification model depending on the 

combination mentioned previous.  

4. Conclusions 

This short communication is presenting some 

original python codes for identify the protein 

chain – chain interactions lie on the S2SNet Star 

Graph Topological Indices. The ideas of this work 

are on account of molecular descriptors obtained 

from Star Graphs. Then to use Machine Learning 

methods running in Weka to search for the best 

classification model. We can explain the protein 

chain – chain interaction based on the molecular 

information of protein sequences. 
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Abstract:  

 

The interaction of PtCI4
2- with different polyazacyclophanes containing a pyridine unit as 

aromatic spacer has been studied by 1H and 195Pt NMR spectroscopy, Analysis of the recorded 

spectra of D2O solutions containing L and PtCl4
2- in a 1:1 molar ratio at acidic pH shows the 

evolution with time of the 1H and 195Pt signals. Different crystal structures have been solved by 

X-ray diffraction analysis. At acidic pHs, the metal ion is coordinated by the central amino group 

of the macrocyclic cavity and three chloride or bromide atoms, in a square planar geometry. 

Formation of [Pt(H2L1)Br3]Br (1) and  [Pt(H2L2)Br3]Br (2) reveals the rapid substitution of 

chloride ligands in PtCl4
2- by bromide ligands. However, as reveals the crystal structure obtained 

for [PtIVL3Br2](PtBr4)(H2O) (4), at slightly higher pH values, the metal ion is coordinated 

through all nitrogen atoms of the macrocyclic cavity and an oxidation to Pt(IV) occurs.  

. 

 

Keywords: platinum complexes, polyazacyclophanes, coordination chemistry 

 

 

1. Introduction 

During the last years, research on 

coordination chemistry of platinum has aroused 

great interest due to their potential biological 

applications in drug design. 1-7 

Here, we communicate some initial results on 

coordination chemistry of Pt(II) with different 

azapyridinacyclophanes (see Chart 1), These 

triaza macrocycles, have been shown to display 

interesting properties in their coordination to 

metal ions.8, 9  

 

 

.  

 

Chart 1 

.
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2. Results and Discussion 

Crystals suitable for x-ray diffraction were 

obtained from K2PtCl4 and L·3HBr in I:1 molar 

ratio. In accordance with a behaviour previously 

reported by  García-España et  al.,10 the crystal 

structures obtained for [Pt(H2L1)Br3]Br (1)  

[Pt(H2L2)Br3]Br (2) and [PtIVL3Br2] 

(PtBr4)(H2O) (4) reveal the rapid substitution of 

chloride ligands in PtCl4
2- by bromide ligands.  

For [Pt(H2L1)Br3]Br (1), each unit includes 

one [Pt(H2L1)Br3]+ cation and a bromide  

counterion. Due to the presence of two 

protonated amino groups (N2 and N4), the metal 

ion cannot be accommodated  in the macrocyclic 

cavity. Thus, Pt(II) presents the characteristic 

square planar geometry, coordinated by three 

bromide lignds and the central amino group of 

the macrocycle. (see Figure 1). The different 

[Pt(H2L1)Br3]+ cations are interconnected, 

through an intermolecular hydrogen-bond array 

in which the bromide counterion links through 

hydrogen bonding the protonated amino groups 

of two contiguous units (Br4-H···N4=2.280Å 

and Br4-H···N2=2.238Å). At the same time, 

another hydrogen bond  can be observed between 

the protonated amino group N2 and one of the 

bromide ligands coordinated to the metal ion 

(Br2-H···N2=2.737Å). It is noteworthy that  [Pt 

(H2L2)Br3]Br (2) and [Pt(H2L1)Cl3]Cl (3) 

present an analogous structure to the described 

for [Pt(H2L1)Br3]Br (1).  

 
Figure 1. X-Ray crystal structure of the 

cation  [Pt(H2L1)Br3]+ 

 

However, as reveals the crystal structure 

obtained for [PtIVL3Br2](PtBr4)(H2O) (4), at 

slightly higher pH values, the metal ion is 

coordinated through all nitrogen atoms of the 

macrocyclic cavity and two bromide ligands  

complete the octahedral geometry, indicating that 

an oxidation to Pt(IV) occurs. As can be seen in 

Table 1, the Pt-N bond distances in the 

[PtIVL3Br2]2+ cation are shorter than the obtained 

for the bromide ligands. Furthermore, the 

[PtIVL3Br2]2+ cations are interconnected through 

intermolecular hydrogen-bonds with the [PtBr4]2- 

anions. This counterion links through hydrogen 

bonding one of the benzylic amino groups of a 

unit (Br6-H···N2=2.323Å) with the same amino 

group of the following unit creating chains that 

are isolated and do not show any kind of 

interconnection  

 
Figure 2. X-Ray crystal structure of the 

cation  [PtIVL3Br2]2+ 

 

Figure 3 shows the evolution with time of 1H 

and 195Pt NMR spectra of D2O solutions 

containing K2PtCl4 and L1·3HCl in 1:1 molar 

ratio recorded at acidic pH. Initially, the 195Pt 

spectrum consists of a signal at - 1660 ppm 

which can be attributed to [PtCI4]2-.11 After 2 

days, a new signal at -2030 ppm appears and can 

be attributed to a platinum(II) ion coordinated to 

three chlorides and to a nitrogen atom of the 

macrocycle,, in accordance with the crystal 

structure obtained for this receptor, 

[Pt(H2L1)Cl3]Cl (3).  

These 195Pt NMR spectral changes are 

accompanied by significative variations in the 1H 

NMR spectra. The initial 1H NMR spectrum, 

which corresponds to the fully protonated free 

receptor presents, in the aliphatic region, a 

singlet signal  at 4.55 which can be assigned to 

the benzylic protons, and two triplet signals at 

3.20 and 2.95 ppm assigned to the protons of the 

ethylenic chains. In the aromatic region, a triplet 

and a doblet signals appear at 8.00 ppm and 7.48 

ppm respectively. As the reaction proceeds, 

although the symmetry is essentially preserved, 
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new signals with more complex spin systems 

appear. 

 

 

 

Table 1. Selected distances and angles 

 

 

3. Materials and Methods 

 

The synthesis of L1-L3 has been carried out 

by slightly modifications on the general 

procedures described in literature.8,9,12 All 

reagents and chemicals were obtained from 

commercial sources and used as received. 

Solvents used for the chemical synthesis were of 

analytical grade and used without further 

purification. 

Synthesis of [Pt(H2L1)Br3]Br (1). To an 

aqueous solution (5 mL) of L1·3HBr, K2[PtCl4)]  

in water (5 mL) in a 1.1 molar ratio was added 

dropwise with stirring. After the mixture was 

stirred for 2 h at room temperature, it was 

filtered. Orange crystals suitable for X-Ray 

analysis were obtained by slow evaporation of 

the solvent.   

Synthesis of [Pt(H2L2)Br3]Br (2). To an 

aqueous solution (5 mL) of L2·3HBr, K2[PtCl4)] 

in water (5 mL) in a 1.1 molar ratio was added 

dropwise with stirring. After the mixture was 

stirred for 2 h at room temperature, it was 

filtered. Orange crystals suitable for X-Ray 

analysis were obtained by slow evaporation of 

the solvent.  

 Synthesis of [Pt(H2L1)Cl3]Cl (3). To an 

aqueous solution (5 mL) of L1·3HCl, K2[PtCl4)] 

in water (5 mL) in a 1.1 molar ratio was added 

dropwise with stirring. After the mixture was 

stirred for 2 h at room temperature, it was 

filtered. Yellow crystals suitable for X-Ray 

analysis were obtained by slow evaporation of 

the solvent.   

Synthesis of [PtIVL3Br2](PtBr4)(H2O) (4). 

To an aqueous solution (5 mL) of L3·3HBr, 

K2[PtCl4)] in water (5 mL) in a 1.1 molar ratio 

was added dropwise with stirring.. After the 

mixture was stirred for 2 h at room temperature, 

it was filtered. Orange crystals suitable for X-

Ray analysis were obtained by slow evaporation 

of the solvent.  

NMR Measurements. The 1H and 13C NMR 

spectra were recorded on a Bruker Avance AC-

300 spectrometer operating at 299.95 MHz for 
1H. The chemical shifts are given in parts per 

million referenced to the solvent signal. 

Adjustments to the desired pH were made using 

drops of DCl or NaOD solutions. The pD was 

calculated from the measured pH values using 

the correlation, pH = pD − 0.4.13 

Crystallographic analysis Analysis of single 

crystals was carried out with an Enraf-Nonius 

KAPPA CCD single-crystal diffractometer (λ 

=0.71073 Å). The structures were solved with 

using the program SHELXS-86.14 Structure 

refinement was performed by means of the 

[Pt(H2L1)Br3]Br (1) [PtIVL3Br2](PtBr4)(H2O) (4) 

Distances (Å) Angles(º) Distances (Å) Angles(º) 

Pt1-N1 2.077(5) Br1-Pt1-Br2 92.22 (2) Pt1-N1 1.974(5) N1-Pt1-N2 82.21 (2) 

Pt1-Br1 2.374 (3) Br2-Pt1-Br3 91.30(2) Pt1-N3 2.055(5) N2-Pt1-N3 84.35 (2) 

Pt1-Br2 2.406(5) Br1-Pt1-N3 85.40(3) Pt1-N2 2.080(3) Br2-Pt1-Br3 91.64(2) 

Pt1-Br3 2.410(6) Br3-Pt1-N3 91.08(2) Pt1-Br2 2.446(5) Br2-Pt1-N2 85.57(3) 

    Pt1-Br3 2.414(6) Br2-Pt1-N1 87.86(2) 

      Br3-Pt1-N2 97.83(2) 

      Br3-Pt1-N3 88.76(2) 
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program SHELXL-97.15 Molecular plots were 

produced with either the program MERCURY16 

or ORTEP.17 Crystal data, data collection 

parameters, and results of analysis are listed in 

Table 2. 

 

 

Table 2. Crystal data for 1, 2, 3 and 4. 

 

Compound 1 2 3 4 

Formula C11H20Br4N4Pt C11H20Br4N4OPt C11H20Cl4N4Pt C11H21Br7N4O2Pt2 

M.W. 723.04 739.04 545.2 1190.87 

T (K) 293(2) 293(2) 293(2) 293(2) 

Crystal system monoclinic monoclinic monoclinic orthorhombic 

Space group P21/c P21/c P21/c Pnma 

a (Å) 8.0766(3) 8.1303(4) 7.8747(2) 25.8639(8) 

b (Å) 19.7244(8) 20.1032(8) 19.5912(4) 11.3142(2) 

c (Å) 11.4678(7) 11.0855(4) 11.3248(3) 7.5064(2) 

(°) 90 90 90 90 

(°) 106.707(5) 105.033(4) 105.741(3) 90 

(°) 90 90 90 90 

Volume (Å3) 1749.77(15) 1749.86(13) 1681.61(8) 2196.59(11) 

Z 4 4 4 4 

(g/cm3) 2.745 2.805 2.153 3.601 

(Å) 0.71073 0.71073 0.71073 0.71073 

F(000) 1328 1360 1040 2128 

(mm-1) 17.149 17.156 8.975 25.473 

 range 6.694 to 49.998 6.584 to 53.996 6.798 to 49.986 6.514 to 49.986 

Ref.  collect. 6380 7827 6380 10431 

Indep.  ref. 3050 3814 2955 2030 

R(int) 0.0903 0.0353 0.0336 0.0365 

Data/restr/param 3050/67/181 3814/37/192 2955/0/181 2030/2/136 

R1 (I>4) 0.0984 0.0662 0.02279 0.0451 

wR 2 0.3075 0.1949 0.0521 0.1136 

GOOF (F2) 1.045 1.059 1.035 1.038 
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4. Conclusions 

 

Interaction of K2[PtCl4] with different 

pyridine azacyclophanes in aqueous solution 

leads to a fast replacement of the chloride ligands 

in [PtCl4]2-. by bromide ligands. The X-ray 

analysis of the compound shows that interaction 

of [PtCl4]2-  with L.3HBr in 1:1 molar ratio gives 

rise to two different complexes as function of the 

pH, which differ in the location of platinum in 

the macrocycle. At acidic pH, Pt(ll) binds to the 

central nitrogen of the macrocycle, while at 

slightly higher pH values, as the benzylic 

nitrogens deprotonate, the metal ion can be 

coordinated by all the nitrogen atoms of the 

macrocyclic cavity  and an oxidation to Pt(IV) 

occurs. 

We are currently trying to characterize better 

these complexes in solution, analyzing the effect 

of pH changes, as well as trying to obtain 

information on interaction with nucleobases and 

oligonucleotides.  
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Abstract: Rearrangements and their control are a hot topic in supramolecular chemistry due to 

the possibilities that these phenomena open in the design of synthetic receptors and molecular 

machines. Macrocycle aza-scorpiands constitute an interesting system that can reorganize their 

spatial structure depending on pH variations or the presence of metal cations. In our case, the 

conformations change varies between the so called ‘open’ and ‘closed’, the last being found at 

lower pH. In this study, the relative stabilities of these conformations were predicted 

computationally by the Density Functional Theory approximation and the reorganization from 

closed to open was simulated by using the Monte Carlo Multiple Minimum method. 

 

 

Keywords: pH controlled; supramolecular chemistry; synthetic receptors; aza-scorpiands; 

Density Functional Theory; Monte Carlo Multiple Minimum 

 

 

1. Introduction 

The possibility of controlling the 

conformation of chemical structures is interesting 

because opens the possibility of creating 

molecular machines and synthetic receptors that 

react to the desired stimuli.1 Among the 

molecular structures showing such property stand 

out the aza-macrocycles that show a coordinating 

tail, known as scorpiands. These systems merit 

attention due to their potential biological and 

pharmacological applications, since their ability 

to recognize hydrophilic and hydrophobic amino 

acids has been demonstrated.2 Receptors for 

amino acid sensing3 or drug delivery4 are two 

fields for their potential applications. 

Changes in the protonation state are able to 

induce conformational reorganizations in 

scorpiand-like ligands.5,6 It has been observed 

that the presence of metal centers produce similar 
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effects. Also, the metal coordination is 

influenced by the protonation state because of 

electrostatic repulsion.7 

In this study, pH variation that make the 

structure change from the so called ‘closed’ to 

‘open’ conformations have been simulated. 

The relative stabilities of these conformations 

were predicted by Density Functional Theory 

and the rearrangement was simulated by a 

Molecular Mechanics method. 

 

2. Methods 

MM Conformational search. The simplified 

structures presented in Figure 1 were taken from 

X-ray geometries. Experimental values of the 

energy required to change the conformations 

from closed (A) to open (B) and vice versa, 

depending of the protonation state, are lacking. 

To have an understanding of the conformational 

stabilities involved in this process, the following 

simulation was undertaken. Conformation A is 

preferred for the mono- and diprotonated species. 

Preserving this conformation the molecule was 

triprotonated. Then, a conformational search was 

performed by Monte Carlo Multiple Minimum 

(MCMM) method8 with the MM+ force field,9 

by allowing the free change of the dihedral 

angles comprised in the carbon bridge that joins 

the two rings (tail). This method allows finding 

the lowest energy conformations of a molecule 

by randomly varying specified dihedral angles to 

generate new starting conformations and then 

energy minimizing each of those. Low-energy 

unique conformations are stored while high-

energy or duplicate structures are discarded. 

Rotation is used for acyclic bond dihedral angles. 

The energy cut-off for discarding repeated 

structures was set to 6 Kcal/mol. Conversely, 

conformation B was di- or monoprotonated and 

treated with the same procedure, to see if it was 

able to reach the conformation A. These 

calculations were performed with the program 

Hyperchem version 7.5.10 

Relative energies calculation. In order to 

provide computationally derived relative stability 

estimates to have an understanding of the 

conformational energies, density functional 

theory (DFT) calculations were undertaken. The 

three protonation states - mono, di and tri - were 

combined with the two possible conformational 

states A and B giving six chemical structures. 

For each protonation, the conformation energies 

of optimized A and B were compared to see 

which one would be more stable into simulated 

water environment. It was considered the 

atomisation energy, this is, the stabilization of 

the molecule relative to the free constitutive 

atoms. Several combinations of exchange 

functionals and basis sets were tested. The 

method finally chosen was all-electron local 

density approximation (LDA)11 with the Vosko 

Wilk Nusair (VWN) functional and the Slater 

basis valence quadruple zeta with four 

polarization functions (ZORA/QZ4P), under the 

restricted spin formalism. Water environment 

was simulated by the method COSMO.12 Some 

results also presented in this paper were obtained 

with the “generalized gradient approximation 

Becke88 Perdew86”13 (GGA-BP) gradient 

corrected exchange funtional and the TZ2P basis, 

with no solvent simulation. All these calculations 

were performed by means of the program 

Amsterdam Density Functional.14 

 

 

Table 1. Torsion angles in the tail for different conformations obtained with MCMM, starting with the 

conformation A 

Conformation Torsions 

allowed 

a b c d e 

A - -146.8 74.4 -170.9 80.7 77.0 

1 12-ring, d -148.4 59.1 176.8 144.9 66.3 

2 12-ring, b, d 68.2 179.2 -91.2 71.3 74.7 

3 a, b -67.9 -175.5 94.2 -67.3 105.3 

4 d -62.6 -167.8 -177.3 -176.9 -814 

5 12-ring, a -154.9 170.8 177.6 172.9 -87.1 

B - 69.4 -176.5 -177.2 -179.2 84.6 
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  A 

  B 

Figure 1. Conformations closed (A) and open (B) of the aza-scorpiand macrocycle studied 

 

Table 2. Geometric parameters involved in the water box calculations for each conformation obtained 

from MCMM 

Conformation Smallest Box Enclosing 

Solute / Å 

Cubic Periodic 

Box Edge / Å 

Maximum number 

of water molecules 

X Y Z 

A 6.90 6.19 7.73 18.10 216 

1 7.65 5.87 7.80 18.10 216 

2 8.08 6.91 9.07 18.10 216 

3 7.76 5.71 10.75 21.51 329 

4 7.49 5.42 15.48 30.96 980 

5 7.30 5.17 19.91 31.81 1064 

B 6.90 3.29 17.62 35.25 1447 
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Table 3. Calculated energies for each protonation state and conformation closed (A) and open (B) 

 

Starting 

conformation 

Number of 

H+ 

Method Environment 

simulation 

method 

Total Bond 

Energy/ 

kcal/mol 

A 1 LDA/QZ4P COSMO -9171.05 

B 1 LDA/QZ4P COSMO -9162.84 

A 2 LDA/QZ4P COSMO -9178.82 

B 2 LDA/QZ4P COSMO -9152.72 

A 3 LDA/QZ4P COSMO -9133.36 

B 3 LDA/QZ4P COSMO -9134.40 

A 3 GGA-

BP/TZ2P 

vacuum -8396.54 

B 3 GGA-

BP/TZ2P 

vacuum -8408.01 

 

HN

H
N

N

N
H

N
a

b c d

e

 
Figure 2. Labels for the dihedral angles 

 

3. Results and Discussion 

MM Conformational search. As the pH in the 

solvent decreases, the two macrocyclic 

secondary amines are first protonated, and then 

the bridge’s secondary amine. Thus, H-bonds 

between the bridge and the macrocyclic amines 

and with the pyridine nitrogen in A are 

progressively weakening, and this makes 

conformation B more stable for the triprotonated 

species. To model these changes, MCMM was 

preferred to Molecular Dynamics (MD) 

trajectories because the conformational changes 

pursued were mainly torsions of the bridge 

atoms, and only MCMM give these 

straightforwardly. Furthermore, the groups 

attached to the extremes of the bridge were too 

large to switch efficiently under MD. Figure 2 

shows the neutral chemical structure with the 

nomenclature used for the different dihedral 

angles that have been rotated in different runs. 

The labels point out the central bond that 

undergoes torsion for each dihedron. The 

conformational change between A and B can be 

done in several ways. It can imply complete 

torsion of the bond between the two carbon 

atoms in the bridge, b, and the consecutive bond 

that joins to the 12-ring amine a (eventually, e 

can be rotated to obtain the same enantiomer). 

Also, it can be done by inverting the 12-ring and 

rotating b and e. Thus, if we track the changes, 

we see that the sequence of torsion angles is not 

linear, but even corkscrewing in some cases.  

These are the changes that must overcome the 

main rotational barriers, since all the dihedral 

angles suffer minor changes to obtain B, due to 

the MM+ optimization. 

Beginning with the closed conformation A, it 

was triprotonated and MCMM simulations were 

performed allowing different freedom degrees in 

different runs. 
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                                    A                                      1                                      2  

 

    
                                    3                                       4                                          5 

 
                                   B 

Figure 3. A and B, conformations from X-ray minimised in the periodic box. 1-5, 

conformations obtained from MCMM in vacuum and further minimisation in standard 

water density-constant TI3P box until their respective local minima, for different runs 

 

These calculations were first attempted with 

the molecule in a water constant-density periodic 

box (standard water molecules TIP3P, 

equilibrated at 300 K and 1 atm., minimum 

distance between solvent and solute atoms: 2.3 

Å), but the results did not converge and the 

program was unstable. For this reason, MCMM 

simulations were run in vacuum and the final 

conformations achieved were minimised in the 

referred periodic box boundary conditions. 

It is possible ordering the resulting 

conformations obtained and figuring a movie in 

which B is obtained from A in successive steps, 

which are relative minima. Table 1 and Figure 3 

display different conformations obtained as local 

minima, all of them from A, with their respective 

values for the torsion angles. As said, these 

conformations result from MCMM and 

minimisation within their corresponding water 

periodic boxes. For clarity, water molecules have 

been removed from Figure 3. Table 2 shows the 

parameters involved in the periodic box 

boundary step. 

The conformations for the 12-ring obtained 

with MM+ are distorted with respect the X-ray 

diffraction model as well as the DFT simulations. 

Furthermore, it seems that ring torsion is not well 

achieved for macrocycles, with the algorithms 

currently implemented in MCMM for ring 

inversion. In spite of these drawbacks, 

conformation 5, near B, is obtained and the 

sequence can be illustrative of the conformation 

change. 

Unfortunately, it was not possible obtaining a 

conformation near A from B with MCMM, due 
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probably to the huge number of freedom degrees 

involved and the underestimation of H-bond 

interaction in MM+ that implied calculation 

times beyond our possibilities. The entropy of B 

must be the greatest. 

.Relative energies calculation. DFT 

calculations to compare the relative stabilities of 

conformations for each protonation state were 

tried by using different exchange functionals and 

basis sets. Water environment was simulated by 

the COSMO method. Relativistic contributions 

were not considered significant because there 

were no heavy nuclei involved. The determinant 

importance of hydrogen bonds in the 

conformational equilibrium made necessary 

using several polarization functions. In fact, 

BP86/TZP and GGA-BP/TZ3P did not give good 

results, and all-electron QZ4P basis was 

necessary. All the calculations performed 

assigned the correct energy order for the 

triprotonated species: the extended conformation 

B was found more stable. But this result was also 

found with the monoprotonated stage when 

QZ4P was not used. LDA was useful to estimate 

properties in big molecules and it was the only 

method that allowed good results within 

reasonable calculation time (ca. eight hours with 

a Pentium 4 3.2GHz running on Windows XP, 

1Gb RAM). Although the predicted values for 

atomization energies estimated are maybe not 

accurate, the method qualitatively predicted the 

experimental results. Table 3 shows the results 

obtained. The integration accuracy was four 

decimal places. Three decimal places were also 

tried to see the influence in the final result. It was 

seen that the dispersion of the result was lower 

than the differences between the values to be 

compared. The conclusions were, thus, 

unchanged. 

In order to have a confirmation with a more 

complex functional of the trends obtained, GGA-

BP/TZ2P was used for a simulation without 

solvent. Only two calculations were performed to 

compare atomization energies of the 

triprotonated species both, in its crystal 

conformation, B-open, and in the diprotonated 

one, A-closed. The integration accuracy was 

fixed in three decimal places. The calculation 

time for each process was eight days 

approximately with the same computer. These 

gave more reliable stability prediction at greater 

protonation state. The results are displayed in 

Table 3. 

The optimized conformations obtained were 

compared with the crystal ones. Using the Carbó 

index measured through Coulomb integrals and 

the local Newton-Raphson as superposition 

algorithm, the similarity was quantified. Thus, 

monoprotonated A and its minimized 

conformation obtained by LDA/QZ4P showed 

Carbó index equal to 0.932, and triprotonated B 

and its respective optimization gave 0.964. 

4. Conclusions 

MCMM method was useful in the present 

study, but some drawbacks must be pointed out. 

Thus, ring torsions in macrocycles do not seem 

well simulated. The pH dependent opening of the 

scorpiand was easy to predict, but the reverse 

effect was not possible to be simulated.  

DFT was a good method to give account of 

the experimental stability, although all-electron 

basis was necessary. The LDA approximation 

with the COSMO method was enough to obtain 

relative stabilities clearly according to the 

experiments at lower protonation. At more acidic 

pH, the more complex functional GGA-BP with 

a somewhat simple basis gave more reliable 

results. 

The optimized conformations obtained were 

well-agree with the crystal ones, as verified by 

Quantum Molecular Similarity. 
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Abstract: Model validation has become a topic of great interest to many fields such as industry, 

medicine or even to government. Its main challenge is to provide stable and credible tools so that 

the decision-maker with the information necessary can make high-consequence judgments.  This 

process requires simulation modelling and consequently, some guidelines or evaluation criteria 

are essential in order to draw meaningful conclusions. A computer-aided SAS® macro is 

developed using the SAS/IML programming language.  Researchers should provide the dataset 

to be analyzed and the true values to be compared. As a result, the statistical program shows 

measures (i.e., number of simulations to be performed, bias, accuracy, coverage, etc…) which 

help investigators to make decisions with a minimal effort of programming.  Numerical results of 

the aforementioned statistical parameters, plots and a report are returned by the statistical tool. 

Although this macro is focused on the missingness setting, it is applicable to any other discipline. 

We encourage researchers to use it to make better statistical assessments of the used methods. 

 

 

Keywords: simulation; missing data; SAS®; macro  
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1. Introduction 
 

 

Statistical modelling is a powerful tool which is 

used to describe mathematically real-life world 

issues.  

One of the most important roles of the statistical 

modelling is to create stable and robust 

mathematical expressions: models should be 
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internally consistent and provide the best 

accurate estimates. Model validation is one of the 

approaches to address this problem.   

 

Model validation is a straightforward and 

powerful process. It is concerned with building 

the right model. As noted, it is utilized to 

determine that a model is an accurate 

representation of the real system. Validation is 

usually achieved through the calibration of the 

model, an iterative process of comparing the 

model to actual system behavior and using the 

discrepancies between the two, and the insights 

gained, to improve the model. This process is 

repeated until model accuracy is judged to be 

acceptable. To this end, it requires simulation 

modeling.   

 

Simulation is a computational technique that 

relies on repeating a computation on many 

different random samples in order to estimate a 

statistical quantity. These techniques provide 

empirical estimation of the sampling distribution 

of the parameters of interest that could not be 

achieved from a single study and enable the 

estimation of accuracy measures, such as the bias 

in the estimates of interest, as the truth is known 

[1].  Based on several parameters applied to the 

simulation performances, researchers would be 

able to determine whether the developed 

statistical model is acceptable.   

The main objective of this manuscript is to 

provide a statistical tool that assess the 

performed simulation  models.   

 

2. Results and Discussion 

 

Once executed the SAS® macro,  results are 

given for the overall dataset or stratified by a 

specified group. These numerical outputs are 

displayed in a Word /PDF file or if desired,  

stored in a dataset (see Figure 1). 

 

 

 
 

 

Figure 1. Ouput Delivery System of 

the SAS® macro.  

 

The advances in computer technology have 

allowed simulation studies to be more accessible. 

This statistical tool allows to compute the most 

used parameters to make a proper simulation 

assessment. However, performing simulations is 

not simple; to perform a proper simulation 

assessment several parameters and designs 

should be taken into account.  

 

 

3. Materials and Methods 

 

The main routine is composed of explicit-passed 

several parameters needed for the assessment of 

the performed simulations. First of all, as input 

parameter, researchers should provide a dataset 

including the obtained simulation results. 

Moreover, the true values of the parameters to be 

assessed are also required. Finally, the type of 

missing data mechanisms (missing completely at 

random, missing at random and missing not at 

random) and missingness rate should be 

provided.  

 

This statistical procedure evaluates the 

simulation performances according to the 

following mathematical expressions [2]:  

 

- Raw Bias: It is defined as the difference 

between the true value and the mean average of 

the simulated coefficients.  

-  Relative bias: Relative bias was calculated by 

dividing the raw bias (difference between the 

mean value over simulation results and the true 

parameter) by the true value. 

- Standardized bias: We compared the true value 

of the beta regression coefficient of the 

considered interaction factor in the model with 

the corresponding value obtained with each of 

the analyzed methods, relative to the standard 

error of the simulated value. 

- Coverage: The coverage of a confidence 

interval is the proportion of times that the  

obtained   confidence interval (using the 

imsulated values) contains the true specified 
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parameter value. If the coverage value is below 

the 90%, the performance of the interval 

procedure will be troublesome. 

- Relative width: If one procedure has a similar 

or higher rate of coverage than another but yields 

intervals that are substantially shorter, then it 

should be preferred. Shorter intervals translate 

into greater accuracy and higher power. 

The computer-aided SAS® macro is internally 

programmed using the SAS/IML language under 

SAS 9.4 release. Different SAS statements such 

as PROC MEANS or DATA steps are used to set 

up the aforementioned statistical parameters.  

 

4. Conclusions 

 

The SAS® macro is highly accessible and we 

encourage researchers to use it to make better 

statistical assessments of the used methods. 
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Abstract: Molecular imprinted polymers (MIP) allows the preparation of tailored and high 

specific materials able to recognize a specific template. In this work, we simulated the affinity of 

a new high selective MIP able to specifically bind the isobutylphenylpropanoic acid (ibuprofen, 

template molecule). We have performed a series of molecular dynamics (MD) simulations of 

different mixtures in order to undercover the mechanisms occurring during the process of 

molecular imprinted polymers. The simulations were performed using the GROMACS 5.0 and 

the the OPLS-AA force field were used to parameterize and verifiy the studied molecules. A 

single system were simulated representing the pregelification state of the system. The radial 

distribution function (RDF) analysis and cluster analysis were used to evaluate the affinity of the 

template molecule, ibuprofen, for the gel backbone. Results confirm that the new material is 

high-selective and MD simulations are essential to study the molecular imprinting process 

because can give a deeper knowledge of the mechanism occurring during the imprinting process. 

 

 

Keywords: Molecular imprinted polymers (MIP), molecular dynamics (MD), GROMACS, 

xerogel, polymers, isobutylphenylpropanoic acid. 

 

 

1. Introduction 

 

In recent years a new methodology have been 

developed to produce new and high selective 

polymers. Molecular imprintedpolymers (MIT) is 

a breaking through technology which is growing 

faster in these last years. For instance, the 

MITcan be used to prepare molecular imprinted 

polymers (MIP) that can be used to prepare 

synthetic receptors able to recognize and bind or 

release the template molecules, new HPLC 

matrix for selective detection and/or separation 

of drugs.In this context, MIPmaterials are 

gaining day by day a most relevant role due to 

the growing demand for sensitive, accurate and 

simple methods and materials able to achieve this 

goal. In fact, MIPare widely used because they 

are able to recognize small chemicals or large 

biological molecules such as, proteins, DNA or 

RNA. In addition, MIP can be used to create 
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sorbents for specific chiral chromatographic 

materials or specific sorbents for high-

performance liquid chromatography-ultraviolet 

detection (HPLC-UV). The creation of new drug 

release materials is also an application of sol-gel 

MIP. 

In this short communication, we present a 

Molecular Dynamics (MD) simulationof a new 

MIP, with a high selectivity for the 

isobutylphenylpropanoic acid (ibuprofen, 

template molecule). The radial distribution 

function (RDF) analysis has been used to 

evaluate the affinity between the MIP and the 

template molecule. This is a preliminar study to 

assess the affinity between the polymer and a 

template molecule which is a modification of a 

ORMOSIL we have recently published[1].  

2. Results and Discussion 

The RDF analysis was used to study the affinity 

between the template and the polymer. As 

referred in the materials and method section, the 

RDF was calculated using a specific atom instead 

of the center of the mass of the molecule. The 

atoms used for the template are the two oxygens 

of the carboxylic terminal, while for the polymer 

the hydrogen of the dehydroimidazolium; these 

atoms have been circle-marked in the Figure 1.  

In the Figure 2 we have reported the RDF 

analysis between IBU-(the template molecule) 

and a cationic dehydroimidazolium ORMOSIL 

(DHI+, [Si3O3(CH3)4(OH))2-(C3H6)]2-C3H5N2
+). 

In the image is clear the affinity between the 

template and the polymer; in fact, there are two 

sharp and high peaks at a distance of 0.25nm 

which clearly confirms the affinity. This peaks in 

fact correspond to the two oxygens of the 

template interacting with the hydrogen of the  

dihydroimidazolium of the ORMOSIL. In 

addition, in the same figure we have reported the 

RDF of the ORMOSIL with the counter ion, but 

in this case there is no relevant affinity. Thus, 

this result can confirms that is likely to happen a 

successfully imprinting effect. 

Figure 1. IBU- and ORMOSIL structure 

 

 
Figure 2. RDF analysis. 

 
 

3. Materials and Methods 

The MD simulations were performed with 

GROMACS 5.0.4.package applying the OPLS-

AA[2,3]. The system under study contained 

water, methanol, the anyonic form of Ibuprofen 

(the template, IBU), the dual cyclic silicate 

trimer corresponding to a hydrolyzed and 
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condensed species derived from the cationic 

dehydroimidazolium ORMOSIL (DHI+, 

[Si3O3(CH3)4(OH))2-(C3H6)]2-C3H5N2
+),in the 

Figure 1 we have reported the ORMOSIL and 

the IBU- structures.The initial state of the system 

was obtained by inserting into the boxes the 

respective number of units at random positions 

using the packmol package[4]. The composition 

of the model is reported in the Table 1. After 

energy minimization using steepest-descent 

methods included in the GROMACS package, a 

temperature annealing was performed in the NVT 

ensemble for 1ns, reaching a temperature of 600 

K, so as to ensure a proper mixing and gather 

three random independent initial configuration. 

Then the system were simulated for a total of 

20ns in the NpT ensemble for data 

collection.Observable properties were sampled 

every 2 ps, from which total averages and 

standard deviations for each run were 

computed.The analysis consisted essentially in 

the calculation of radial distribution functions 

(RDF). The RDF between different types of 

molecules has been calculated as: 

𝑔𝐴𝐵(𝑟) =  
〈𝜌𝐵(𝑟)〉

〈𝜌𝐵〉𝑙𝑜𝑐
, 

where <ρB(r)> refers to the average density of 

particle B at a distance r, around the particle A, 

and <ρB>loc refers to the density of the particle B 

averaged over all spheres around particles A with 

a maximum radius (rmax) which was half of the 

box length. 

Table 1. Composition of the model 

Molecule Number 

Ibuprofen 10 

Na 20 

Water 230 

Methanol 1130 

Iodum 20 

Ormosil 10 

 

4. Conclusions 

 

This is only a preliminary work in order to assess 

the affinity between the template and the 

ORMOSIL molecule. Considering the reported 

results, we can affirm that a molecular imprinting 

process in this system is likely to happen. In 

addition, this work demonstrates that MD 

simulations could be useful to undercover 

atomistic basis of a imprinted process. 
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