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Abstract

Introduction: Modelling of cost effective HIV drug is one of the major
research area in the field of drug designing. Presently is observed that
HIV-1 capsid assembly (CA) inhibitor drugs are mutation resistant.
Thus, modelling of HIV drugs of this class with small organic molecules
is the prime focus of present research work.

Methodology: It is very important that before experiments, in-silico
drug test not only reduce the cost of experiments but also the time. Thus,
in-silico drug tests are performed with our modelled compounds using
molecular docking method.

Results: We found that our compounds, p-di-pyrrole benzene and its
derivatives, show HIV-1 CA inhibitor activity in the micro-molecular
level. We also computed and reported the LogP, charged surface area
and binding properties of our compounds with the HIV-1 CA protein in
the present article.

Conclusion: From our present study we may conclude that small
organic molecules like p-di-pyrrole benzene and its derivatives are very
good HIV-1 CA inhibitors. Thus, these compounds may be promoted for
in-vivo and clinical tests.

Keywords: HVI-1 CA inhibitors, Molecular docking, QCM, P-di-pyrrole
benzene.

Background

In very recent years, in-silico drug designing research area has grown
inarapidpace.ltreducesthetimeand costofdrugdesigningbyeliminating
the unsuccessful trials. Several methods and computational packages are
developed so far, for in-silico drug designing e.g., Quantitative Structure
Activity Relationship (QSAR) method [1-5], molecular docking methods
[6-9], Quantum computational methods (QCM) [10-16], molecular
dynamic study [17-20], etc. Among all these methods QSAR based
methods are most popular and wildly used for in-silico drug designing
in the academic laboratories as well as in the industrial branches. On the
other hand, molecular docking based methods and QCM are mostly used
in academic laboratories. QCM is developing. Though, these methods are
very accurate and required minimal data, we are unable to use these
methods because there is no freely available web based packages. We
used molecular docking methods for our calculations with the help of
DOCKING SERVER [21] which is freely available in the web.

HIV is one of the epic diseases till at the beginning of the third decade
of twenty first century when science and technology have developed
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Table 1: Computed binding constants of different compounds with HIV-1 CA protein.

Compound-1 18.09 Micro mole 30% ]E}Jilllellsﬁs’, 1?&111775’
Compound-2 17.8 Micro mole 30% GLUI155, ALA175
Compound-3 62.59 Micro mole 40% GLU155, ALA175
Compound-4 34.22 Micro mole 10% GLUI155, ALA175

=

Figure 1: Docked Structure of Compound-1.

almost in all respect, automation is not only implemented
in the computations but also in all areas of our daily life,
robotics is extended to design human robot which is
indistinguishable from an alive human. The dynasty of HIV
is rapidly increasing rather decreasing. This is due to the
anecdotal mutation capacity of HIV viral protein against any
drug. Not only that, there are cross drug resistance which also
rapidly developed by HIV virus when proper combination of
drugs are not used for treatment. As a result, a major part of
present research is focused on HIV drug discovery [22-30].

Presently, it is reported that HIV-1 Capsid Assembly (CA)
protein which plays an important role in the recombination
process of small genomes to form a cone shaped viral capsid
has no capacity of drug resistant against any drug [31]. This
is probably due to the energy minimal configuration and
combination of amino acids at all three binding sites of CA
protein of HIV. The mutation at any binding site is not related
to decrease in inhibition capacity irrespective of the nature
and size of the inhibitor. At the same time the viral fitness
also decreases due to any kind of mutation. Thus, designing
of HIV-1 CA inhibitor drugs would be a great idea for fight
against HIV. In the present research work we have focused
on it. Cost effectiveness of preparation and production of the
proposed drug is another important issue. Thus, we planned
to design small common organic compounds following a
recent work by Bishwas et. al. [32].

Methods

We used Docking Server [21] for our calculation
regarding the evaluation of binding constant of the modelled
compounds with the HIV-1 CA protein. For these calculations
we have taken HIV-1 CA protein structure from protein data

bank which has the PDB ID as 1e6j. Auto Dock tool is used for
docking. Standard docking parameters are used which are
same as reported in reference 32. Gasteiger partial charge is
added to all ligand compounds.

Results and Discussion

Simulated results are presented in table-1. It is observed
that compound-1 and compound-2 have almost equal
binding capacities as well as the binding frequencies.
But, compound-3 has better binding frequency though its
binding constant is higher compared to compound-1 and
compound-2. It is known that lesser the binding constant
higher is its inhibition capacity. Thus, compound-1 and 2
are the better inhibitors. On the other hand, high binding
frequency means real chance of binding of the inhibitor is
higher. Thus, compound-3 also could be a good inhibitor.
Binding constant of compound-4 is higher than compound-1
and compound-2, but, less than compound-3. Its binding
frequency is very less, only 10%. Thus, it may not be as
effective as other three compounds. Still, it is also a candidate
for the HIV-1 CA inhibitor. All four compounds have the
binding constants in the micro molar range. Thus, we could
promote these compounds for further studies.

The docked structures of four inhibitors reported here
are presented in figure 1 (for compound 1), figure 3 (for
compound 2), figure 4 (for compound 3) and figure 5 (for
compound 4). Compound-1 fitted perfectly within the
binding pocket of the viral protein and binds to both sides of
theloop which is the most desirable. Contrary to this, all other
three inhibitors bind to any one side of the loop. Thus, after
the inhibitor binding, there is still a small chance of assemble
activity of this protein. In this regard, we may conclude that
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Figure 2: Interaction plot of compound-1.

Figure 3: Docked structure of compound-2.
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Figure 4: Docked structure of compound-3.
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Figure 5: Docked structure of compound-4.
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Figure-6: Interaction plot of compound-2.

compound-1 is the best inhibitor among these modelled
compounds. There is another important observation. It
is observed that in all cases, the key binding residues of
CA protein are almost same. The binding residues and the
nature of bindings are presented in figure 2 (for compound
1), figure 6 (for compound 2), figure 7 (for compound 3) and
figure 8 (for compound 4). In these presentations, hydrogen
bonding, vander Waals interactions and hydrophobic
interactions are shown. From the interaction studies we
found that all four compounds form hydrogen bonding with
the 155 and 175 residues of CA protein which are Alanine and

Glutamine, respectively. Additional interaction is observed
for compound-1 which has interaction with Leucine and
Threonine, two consecutive protein residues 116 and 117. It
is also observed that all these compounds bind to the same
binding site of the protein. Thus, their binding nature and
effect would be the same.

Conclusion

From the present study we may conclude that four small
organic compounds which are tested for HIV-1 CA inhibition
activities are excellent findings for designing of HIV drugs
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Figure 8: Interaction plot of compound-4.
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as they have binding constant at the micro molar level and
they are common organic compounds. Further experimental
studies are required before pre-clinical tests. But, these
compounds would definitely be cost effective drugs.

References

1. Karelson M (2000) Molecular descriptors in QSAR/QSP. Wiley-
Interscience, New York.

2. Cronin MT, Schultz TW (2003) Pitfalls in QSAR. Journal of Molecular
Structure: THEOCHEM 622: 39-51.

3. Gramatica P (2007) Principles of QSAR models validation: internal and
external. QSAR and combinatorial science 26: 694-701.

4. KubinyiH (1997) QSAR and 3D QSAR in drug design Part 1: methodology.
Drug discovery today 2: 457-467.

5. Karelson M, Lobanov VS, Katritzky AR (1996) Quantum-chemical
descriptors in QSAR/QSPR studies. Chemical reviews 96: 1027-1044.

6. Brooijmans N, Kuntz ID (2003) Molecular recognition and docking
algorithms. Annual review of biophysics and biomolecular structure
32:335-373.

7. Shoichet BK, Kuntz ID, Bodian DL (1992) Molecular docking using shape
descriptors. Journal of Computational Chemistry 13: 380-397.

8. Huang N, Shoichet BK, Irwin JJ (2006) Benchmarking sets for molecular
docking. Journal of medicinal chemistry 49: 6789-6801.

9. Shoichet BK, McGovern SL, Wei B, Irwin J] (2002) Lead discovery using
molecular docking. Current opinion in chemical biology 6: 439-446.

10.Bag A, Ghorai PK (2015) Computational investigation of the ligand
field effect to improve the photoacoustic properties of organometallic
carbonyl clusters. RSC Advances 5: 31575-31583.

11.Bag A, Ghorai PK (2016) Development of quantum chemical method
to calculate half maximal inhibitory concentration (IC50). Molecular
informatics 35: 199-206.

12.Bag A (2015) Application of glucose modified bicyclophosphite
derivative of tri-ruthenium carbonyl cluster as advanced photo acoustic
contrast agent. Saudi ] Med Pharm Sci 1: 80-82.

13.Bag A, Ghorai PK (2017) Enhancement of biocompatibility and
photoacoustic contrast activity of metal clusters. Journal of Molecular
Graphics and Modelling 75: 220-232.

14.Bag A (2020) Search for Multi-Stage Mutation Resistant HIV Drug: A DFT
Study. ChemRxiv.

15.Bag A (2016) TB Drug Potency of a Structure Modified Derivative of
Ethambutol: A Docking Based and Quantum-Chemical Comparison
Study. Advances in Bioresearch 7: 93-99.

16.Bag A (2019) DFT based computational methodology of IC50.

17.Andersen HC (1980) Molecular dynamics simulations at constant
pressure and/or temperature. The Journal of chemical physics 72: 2384-2393.

18.Karplus M (2002) Molecular dynamics simulations of biomolecules.
Nature Structural and Molecular Biology 9: 646-652.

19.Karplus M, Petsko GA (1990) Molecular dynamics simulations in biology.
Nature 347: 631-639.

20.Binder K (1995) Monte Carlo and molecular dynamics simulations in
polymer science. Oxford University Press.

21.Bikadi Z, Hazai E (2009) Application of the PM6 semi-empirical method
to modeling proteins enhances docking accuracy of AutoDock. Journal of
cheminformatics 1: 15.

22.Needle R, Fisher DG, Weatherby N, Chitwood D, Brown B, et al. (1995)
Reliability of self-reported HIV risk behaviors of drug users. Psychology
of addictive behaviors 9: 242.

23.Dowling-Guyer S, Johnson ME, Fisher DG, Needle R, Watters ], et al.
(1994) Reliability of drug users’ self-reported HIV risk behaviors and
validity of self-reported recent drug use. Assessment 1: 383-392.

24.Metzger DS, Woody GE, O’'Brien CP (2010) Drug treatment as HIV
prevention: a research update. Journal of acquired immune deficiency
syndromes 55: S32.

25.Kelly JA, Otto-Salaj LL, Sikkema K], Pinkerton SD, Bloom FR (1998)
Implications of HIV treatment advances for behavioral research on AIDS:
Protease inhibitors and new challenges in HIV secondary prevention.
Health Psychology 17: 310-319.

26.Simoni JM, Kurth AE, Pearson CR, Pantalone DW, Merrill O, et al. (2006)
Self-report measures of antiretroviral therapy adherence: a review with
recommendations for HIV research and clinical management. AIDS and
Behavior 10: 227-245.

27.Logan TK, Cole ], Leukefeld C (2002) Women, sex, and HIV: social and
contextual factors, meta-analysis of published interventions, and
implications for practice and research. Psychological bulletin 128: 851-855.

28.Ickovics JR, Hamburger ME, Vlahov D, Schoenbaum EE, Schuman P, et
al. (2001) Mortality, CD4 cell count decline, and depressive symptoms
among HIV-seropositive women: longitudinal analysis from the HIV
Epidemiology Research Study. Epidemiology Research Study Group.
285: 1466-1474.

29.Wlodawer A, Vondrasek ] (1998) Inhibitors of HIV-1 protease: a major
success of structure-assisted drug design. Annual review of biophysics
and biomolecular structure 27: 249-284.

30.Passaes CP, Sdez-Cirion A (2014) HIV cure research: advances and
prospects. Virology 454: 340-352.

31.Hou T, Yu R (2007) Molecular dynamics and free energy studies on
the wild-type and double mutant HIV-1 protease complexed with
amprenavir and two amprenavir-related inhibitors: mechanism for
binding and drug resistance. Journal of medicinal chemistry 50: 1177-1188.

32.Biswas N, Ghosh S, Bag A (2019) HIV capsid inhibitor capacity of different
isomers of di-pyridine benzene and its alkyl and halide derivatives.

Citation: Bag A, Sen D, Bhowmick S, Patra A (2019) HIV-1 CA Inhibitor Capacity of Different Derivatives of di-Pyrrole Benzene. J Appl Microb Res. Vol: 2 Issu:

2(28-33).

J Appl Microb Res 2019


https://doi.org/10.1038/nsb0902-646
https://doi.org/10.1038/nsb0902-646
https://doi.org/10.1038/347631a0
https://doi.org/10.1038/347631a0
https://doi.org/10.1021/ja965637q
https://doi.org/10.1021/ja965637q
https://doi.org/10.1186/1758-2946-1-15
https://doi.org/10.1186/1758-2946-1-15
https://doi.org/10.1186/1758-2946-1-15
https://doi.org/10.1081/ja-100107576
https://doi.org/10.1081/ja-100107576
https://doi.org/10.1177%2F107319119400100407
https://doi.org/10.1177%2F107319119400100407
https://doi.org/10.1097/QAI.0b013e3181f9c10b
https://doi.org/10.1097/QAI.0b013e3181f9c10b
https://doi.org/10.1097/QAI.0b013e3181f9c10b
https://psycnet.apa.org/doi/10.1037/0278-6133.17.4.310
https://psycnet.apa.org/doi/10.1037/0278-6133.17.4.310
https://psycnet.apa.org/doi/10.1037/0278-6133.17.4.310
https://doi.org/10.1007/s10461-006-9078-6
https://doi.org/10.1007/s10461-006-9078-6
https://doi.org/10.1007/s10461-006-9078-6
https://doi.org/10.1037/0033-2909.128.6.851
https://doi.org/10.1037/0033-2909.128.6.851
https://doi.org/10.1037/0033-2909.128.6.851
https://doi.org/10.1001/jama.285.11.1466
https://doi.org/10.1001/jama.285.11.1466
https://doi.org/10.1001/jama.285.11.1466
https://doi.org/10.1001/jama.285.11.1466
https://doi.org/10.1146/annurev.biophys.27.1.249
https://doi.org/10.1146/annurev.biophys.27.1.249
https://doi.org/10.1146/annurev.biophys.27.1.249
https://www.innovationinfo.org/journal-of-applied-microbiological-research/articles_inpress
https://www.innovationinfo.org/journal-of-applied-microbiological-research/articles_inpress
https://www.innovationinfo.org/journal-of-applied-microbiological-research/articles_inpress
https://www.innovationinfo.org/journal-of-applied-microbiological-research/articles_inpress
https://www.innovationinfo.org/journal-of-applied-microbiological-research/articles_inpress
https://www.innovationinfo.org/journal-of-applied-microbiological-research/articles_inpress
https://www.innovationinfo.org/journal-of-applied-microbiological-research/articles_inpress
https://www.innovationinfo.org/journal-of-applied-microbiological-research/articles_inpress
https://www.wiley.com/en-us/Molecular+Descriptors+in+QSAR+QSPR+-p-9780471351689
https://www.wiley.com/en-us/Molecular+Descriptors+in+QSAR+QSPR+-p-9780471351689
https://doi.org/10.1016/S0166-1280(02)00616-4
https://doi.org/10.1016/S0166-1280(02)00616-4
https://doi.org/10.1002/qsar.200610151
https://doi.org/10.1002/qsar.200610151
https://content.sakai.rutgers.edu/access/content/user/kparis/biomaps_513_references/10_F_01_DrugDiscToday2_457_QSAR_QSAR3D.pdf
https://content.sakai.rutgers.edu/access/content/user/kparis/biomaps_513_references/10_F_01_DrugDiscToday2_457_QSAR_QSAR3D.pdf
https://doi.org/10.1021/cr950202r
https://doi.org/10.1021/cr950202r
https://doi.org/10.1146/annurev.biophys.32.110601.142532
https://doi.org/10.1146/annurev.biophys.32.110601.142532
https://doi.org/10.1146/annurev.biophys.32.110601.142532
https://doi.org/10.1002/jcc.540130311
https://doi.org/10.1002/jcc.540130311
https://doi.org/10.1021/jm0608356
https://doi.org/10.1021/jm0608356
https://doi.org/10.1016/s1367-5931(02)00339-3
https://doi.org/10.1016/s1367-5931(02)00339-3
https://pubs.rsc.org/en/content/articlelanding/2015/RA/C5RA01757B#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2015/RA/C5RA01757B#!divAbstract
https://pubs.rsc.org/en/content/articlelanding/2015/RA/C5RA01757B#!divAbstract
https://doi.org/10.1002/minf.201501004
https://doi.org/10.1002/minf.201501004
https://doi.org/10.1002/minf.201501004
https://www.innovationinfo.org/journal-of-applied-microbiological-research/articles_inpress
https://www.innovationinfo.org/journal-of-applied-microbiological-research/articles_inpress
https://www.innovationinfo.org/journal-of-applied-microbiological-research/articles_inpress
https://www.sciencedirect.com/science/journal/10933263
https://www.sciencedirect.com/science/journal/10933263
https://www.sciencedirect.com/science/journal/10933263
https://www.innovationinfo.org/journal-of-applied-microbiological-research/articles_inpress
https://www.innovationinfo.org/journal-of-applied-microbiological-research/articles_inpress
http://dx.doi.org/10.15515/abr.0976-4585.7.2.9399
http://dx.doi.org/10.15515/abr.0976-4585.7.2.9399
http://dx.doi.org/10.15515/abr.0976-4585.7.2.9399
file:///F:/Journal/JAMBR/Volume-2/JAMBR-2-2/JAMBR-AI/10.26434/chemrxiv.9841406
https://doi.org/10.1063/1.439486
https://doi.org/10.1063/1.439486

	Title
	Article Information
	Abstract 
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Conclusion 
	References 

