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Abstract

Human immunodeficiency virus (HIV) is the causative agent of the acquired immunodeficiency syndrome

(AIDS) that has been affected 34 million people worldwide. Though an unprecedented growth has been

taken place in the development of anti-HIV drugs during the last two decades, there is still no cure for this

deadly disease. Cross resistance to anti HIV drugs is also a major concern in the development of anti

AIDS pharmaceuticals. Therefore, nowadays studies are being focused mainly on the development of

newer drugs capable of inhibiting resistant mutants. HIV-1 RT is one of the major targets for the

development of newer molecular entities (NMEs) for the treatment of HIV/AIDS. Inhibitors of HIV-1 RT

are classified as nucleoside reverse transcriptase inhibitors (NRTIs) and non nucleoside reverse

transcriptase inhibitors (NNRTIs). A compound incorporating the pyrazole structural unit, lersiverine was

reported recently, as a NNRTI. The objective of this study was to elucidate the binding mode analysis of

novel pyrazole analogs in the non nucleoside inhibitory binding pocket of reverse transcriptase (PDB ID

IRT2). Molecular docking studies of 484 novel pyrazole analogs were performed by Glide program in the

NNIBP of HIV-1 reverse transcriptase (PDB code 1RT2).The novel pyrazole analogs bearing different

substituted aryl groups were designed. The following eight  compounds  with aryl substituents like R=2,5-

CH3 &R1= m-OCH3, R=H &R1=m-OCH3, R=H &R1=m-CH3, R=o-Cl &R1=m-OCH3, R=o-Cl &R1=p-

OCH3, R=m-CH3 &R1=m-CH3, R=m-Cl &R1=m-Cl, R=m-Cl &R1=2,4-NO2, exhibited highest docking

score in the NNIBP of  IRT2 . Thus, it is evident that this kind of scaffold with hydrophobic and electron

donating or electron withdrawing groups substituted  in the phenyl rings can be exploited for the

development of  novel HIV-1 RT inhibitors which can facilitate better patient adherence and also inhibit

the resistant strains of HIV.

Keywords: HIV-1 Reverse Transcriptase; pyrazole; NNRTIs; 1RT2; docking.



2

1. Introduction

Human immunodeficiency virus (HIV) is the causative agent of the acquired immunodeficiency

syndrome (AIDS) that has been affected more than 34 million people worldwide [1]. Most of the

compounds used for the treatment failed due to drug resistance and adverse drug reactions [2–3].

Therefore, it is one of the major challenge for the drug researchers to develop an effective drug for the

treatment of HIV. Designing drug-like molecules that can fit to the non nucleoside inhibitory binding

pocket (NNIBP) of HIV -1-RT will be a promising starting point in developing anti HIV drugs. Recently

NNRTIs like lersiverine, bearing pyrazole moiety has received great attention in the field of anti HIV

research [4]. This paper aims to put forth in designing newer pyrazole analogs as possible HIV-1RT

inhibitors.

2. Materials and Methods

Docking protocol and their validation

Molecular modeling studies

Molecular modeling studies were performed on workstation running Red Hat enterprise and Linux 4.0

and selection of the compounds depends on the compounds which are obeying Lipinsky rule of five and

used an automated docking software Glide 5.0 (Schrodinger-Maestro) that applies a two stage scoring

process to sort out the best conformations and orientations of the ligand (defined as pose) based on its

interaction pattern with the receptor.

Protein preparation

The starting point of the docking simulation was the X ray structure of the protein, (HIV-1 RT) these are

obtained through the protein data bank (PDB) [5]. Chain A was retained, chain B and all the water

molecules were removed from the complex. The protein was prepared using the protein preparation

wizard. A grid was prepared with the center defined by the co-crystallized ligand TNK 651 for 1RT2

Partial atomic charges are assigned according to the OPLS_AA force field.

Ligand preparation

Three dimensional coordinates of the ligands, their isomeric, ionization and tautomeric states generated

using Ligprep. Partial atomic charges were assigned according to the OPLS-2005 force field.
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Validation of  docking protocol

The most suitable method of evaluating the accuracy of a docking procedure is to determine how closely

the lowest energy pose predicted by the scoring function resembles an experimental binding mode as

determined by X-ray crystallography. Initially TNK-651 were extracted from the 1RT2 and redocked in to

the same. In our previous studies Glide has successfully reproduced the experimental binding

conformations of TNK 651 in the NNRTI-binding pocket of HIV-1- RT with an acceptable root-mean-

square deviation (RMSD) of 2.4 Å [6]. Glide XP score of TNK651 into active site of NNIBP has been

reported as -13.27 [7]. Conformational flexibility of the ligands was handled via an exhaustive

conformational search. Initially, Schrodinger Glide scoring function was used in standard precision (SP)

mode. Later, top scored compounds were docked again in extra precision (XP) mode to score the

optimized poses. The pose were selected based on the hydrophobic, hydrogen bond interactions.

Interaction sites of the active ligands with the protein from the docked poses were mapped. The general

structure of the designed compounds and reference compound TNK-651 mentioned in Figure. 1. The

docked complex of compound 1 in the active site is depicted in Figure. 2 a and ligand interaction diagram

of compound 1 is depicted in Figure. 2 b.

3. Results and discussion

A series of pyrazole analogs (484 compounds) were designed and selected for the molecular docking

studies in the NNIBP of reverse transcriptase (PDB ID 1RT2) by Glide 5. The compounds showing

highest docking score are summarized in Table 1. Pose view analysis was also performed. Only highest

scoring poses of compound (1) was selected for analysis. Figure. 2 a explains the intermolecular

hydrogen bonds of compound  (1) in the NNIBP of  1RT2 (pink dotted lines). The ligand interaction

studies of compound 1 in the active site of 1RT2 showed two H-bond interactions, one being between NH

of CH2NH linker and the carbonyl oxygen present in the Lys 103(NH CH2NH…….CO Lys 103=2.148 A0)  and

the second one between NH- of Valine 106 and the methoxy group of the phenyl ring

(NHval106…………OCH3phenyl =2.424 A0) (Figure. 2 b).
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Figure. 1. General structure of compound 1-8 and reference compound TNK-651

Table 1. Glide XP docking scores of eight pyrazole analogs with highest docking score and that
of reference compound TNK-651 in the NNIBP of HIV-1 RT.

Compound code R R1 1RT2

1 2,5-CH3 m-OCH3 -13.06

2 H m-OCH3 -12.61

3 H m-CH3 -12.99

4 o-Cl m-OCH3 -12.45

5 o-Cl p-OCH3 -12.23

6 m-CH3 m-CH3 -12.07

7 m-Cl m-Cl -12.06

8 m-Cl 2,4-NO2 -12.01

TNK-651 - - -13.27
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4. Conclusion

Molecular docking studies of 484 pyrazole analogs were performed on NNIBP of HIV-1RT2 by using

Glide-5 and eight compounds with substituents like R=2,5-CH3 &R1= m-OCH3, R=H &R1=m-OCH3,

R=H & R1=m-CH3, R=o-Cl &R1=m-OCH3, R=o-Cl &R1=p-OCH3, R=m-CH3 &R1=m-CH3, R=m-Cl

&R1=m-Cl, R=m-Cl &R1=2,4-NO2 exhibited highest docking score in the NNIBP of IRT2.The

compounds having highest docking score have been discussed in the present communication. Among

these, visual pose view analysis has been performed for compound 1 which exhibited highest docking

score of -13.06 which was comparable to that of reference compound TNK 651. Compound 1 also showed

two hydrogen bond interactions in the NNIBP of reverse tanscriptase (PDB ID 1RT2). Thus, from the

binding mode analysis as well as docking studies, it is concluded that the newly designed compounds with

a pyrazole moiety  flanked with phenyl rings which have been substituted with electron donating and

electron withdrawing groups showed significant affinity towards the NNIBP of HIV-1-reverse

transcriptase compared to the reference drug TNK-651. Thus, this type of scaffold can be exploited  for

the development of  novel HIV-1 RT inhibitors which can facilitate better patient adherence and also

inhibit resistant strains of HIV.

Figure. 2 a. The docked complex of compound 1 in
the NNIBP of the 1RT2.Active amino acid residues
represented as tubes while the inhibitor represents
as ball and stick. Hydrogen bond interaction is
represented by pink dotted lines and inter hydrogen
atomic distance are also mentioned

Figure. 2 b. Schematic (2D) representation of
interactions of compound 1 in  the NNIBP  of 1RT2
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