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Abstract:
Single-stranded oligonucleotides have been explored in the field of precision medicine both as 
therapeutics and diagnostic tools. Oligonucleotides that function in a sequence-dependent manner 
have been used to address diseases that range from neurological to metabolic, as well as to develop 
vaccines. Until now, their use has been limited by their short half-life in the biological environment. 
These limiting aspects can now be overcome by resorting to chemical modifications in the drug and 
using appropriate nanocarriers. Thus, synthetic analogues of oligonucleotides are exploited to 
increase their application. Peptide nucleic acid (PNA) represents a promising class of synthetic DNA 
analogues in which the favoured sugar backbone is replaced by N2 aminoethylglycine repeats held 
together by peptide bonds. In this context, we investigated the relevance of PNAs in therapy and 
diagnostics. In the first case, we synthesized an antigene anti-Bcl-2 PNA, and we have developed a 
new delivery system never used before for the transport of PNA based on oncolytic adenoviruses. 
This promising transport system has already demonstrated its extraordinary effectiveness, as 
evidenced by the recent development of SARS-CoV vaccines. Furthermore, we have also used PNAs 
to support the functionalization of the biosensor development. We covalently bound the PNA to the 
surface of ZnO nanowires for mRNA CD5 detection, a diagnostic marker of Leukemia. The PNA-based 
biosensor has also been developed to detect mutations responsible for pathologies such as Brugada 
syndrome. The wide range of applications denotes the versatility of single-stranded oligonucleotides 
as a robust therapeutic and diagnostic platform 
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Introduction
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• Gene Therapy
• Biosensors
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ODNs as therapeutics

8



Neurotherapeutics 10, 486–497 (2013) https://www.rcsb. org/structure/7B3Y, 

LIMITATIONS:
• Degradation by endo/eso nucleases
• Affinity/selectivity for the target
• Poor pharmacokinetics
• Poor cellular uptake
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Peptide Nucleic Acid (PNA)

• Increased affinity of hybridization

•Increased biological stability

•Increased chemical stability

«What DNA could do, PNA can do it better»

10



11



Oncolytic Adenovirus (OAd)

PNA-functionalized OAd

Novel PNA Delivery Platform

PNA
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PNA + G-Q 

PNA + ds 
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Circular Dichroism analysis

Falanga et al.,Heliyon, 2023, under review
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ODNs for biosensors

• Advances in biosensor technology

• Growing demand 
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Bora et al., Biosens J 2013, 1:1 

ODNs for biosensors
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PNA  KK AACCCTCTCTTT-Ac 
DNA 5’- TTGGGAGAGAAA- 3’ 
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PAGE of DNA-FAM or DNA annealed
with PNA in 100 mM PBS solution. Lane 
1: DNA alone; lane 2: DNA/PNA mixture; 

lane 3: DNA FAM alone; lane 4: DNA 
FAM/PNA mixture, lane 5: 23-bp duplex 

DNA marker.

REFLECTIVITY SPECTRA OF PSI (A) before (black line) 
and after (red line) UDA passivation, (B) before (black line) 
and after (red line) PEGylation with BOC-NH2-PEG-NH2, 
(C) before (black line) and after (red line) deprotection of 
amino group by TFA treatment, (D) before (black line) and 
after (red line) GO infiltration, (E) before (black line) and 
after (red line) PNA immobilization.

(A) PHOTOLUMINESCENCE SPECTRA of PSi 
before (black line) and after (red line) GO 
infiltration at an excitation wavelength of 442 nm. 
(B) Comparison between PL spectrum (upper 
graph) and reflectivity spectrum (lower graph) of 
GO/PSi hybrid device. (C) PL spectra of PSi 
before (red line) and after (black line) PNA 
immobilization, at an excitation wavelength of 
442 nm.

REFLECTIVITY SPECTRA OF 
PNA-GO/PSI device after the DNA 
incubation at pH 5. (B) dose–
response curve as a function of the 
DNA concentration (pH 5). 
Experimental data (black squares) 
were fitted by using
OriginLabTM Dose–response
nonlinear curve fit. (C) reflectivity
spectra of PNA-GO/PSi device after 
the DNA incubation at pH 7.5

Nanomaterials 2020, 10(11), 2233; https://doi.org/10.3390/nano10112233
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 +ER: 69 MCA scans from Sample 1 (CD5_cnr) of Picco1_.wiff (Turbo Spray) Max. 8.4e7 cps.
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Non denaturing

CD melting profiles of 1:1 DNA-FAM/PNA 
mixture (solid line) and DNA-FAM/PNA 
(dashed line). 

CD melting

Circular Dichroism analysis
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DNA ctrl FAM
DNA ctrl FAM/PNA
Arith. Sum
PNA

DNA ctrl
DNA ctrl/PNA
Arith. Sum
PNA

Circular Dichroism of DNA ctrl annealed with PNA

Non denaturing electrophoresis
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Conclusions
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• Modified oligonucleotides represent a 
promising tool as therapeutics
• The high stability and specificity of 
nucleic acid based biosensors can be 
promising candidates in the future for 
clinical diagnostic market. 
• In the near future, the advanced level 
of medical diagnosis will be essentially 
dependent on the state-of-the-art 
biosensors.
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