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Abstract
Human Immunodeficiency Virus (HIV) type-1 non-nucleoside 
and nucleoside reverse transcriptase inhibitors (NNRTIs) are 
key drugs to inhibit replication of virus, we have used virtual 
screening and docking resulted in  inhibit replication effectively 
at active binding site, 884 ligands were extracted and docking 
analysis resulted in 59 best molecules further by clustering analysis 
have paved the way for innovative drug design which is better 
than existing nevirapine ,top three molecules (ZINC04923148, 
ZINC05442451 and ZINC04923002) were reported as possible 
novel HIV-RT inhibitors.
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I. Introduction
The human immunodeficiency virus[1] is a retrovirus that 
infects cells of the immune system, destroying or impairing 
their function. As the infection progresses, the immune system 
becomes weaker, and the person becomes more susceptible to 
infections , antiretroviral drugs can slow down the process even 
further it is transmitted through unprotected sexual intercourse 
(anal or vaginal), transfusion of contaminated blood, sharing 
of contaminated needles, and between a mother and her infant 
during pregnancy, childbirth and breastfeeding,  There are two 
types namely HIV-1 and HIV-2 [2], both types are transmitted 
by sexual contact, through blood, and from mother to child, and 
they appear to cause clinically indistinguishable AIDS. However, 
it seems that HIV-2 is less easily transmitted and found in parts 
of western africa, HIV-2 type is rarely found in other parts of 
the  world.
In this paper we are presenting the novel compound which can 
inhibit the replication of HIV-1 infected virus by an insilico 
approach and with help of virtual screening and with help of 
agglomerative clustering methods we found better compounds  
than currently used drug nevirapine in treating HIV_RT.
The dipyridodiazepinone Nevirapine is a potent and highly 
specific inhibitor of the reverse transcriptase (RT) from human 
immunodeficiency virus type 1 (HIV-1). It is a member of an 
important class of nonnucleoside drugs [3] that appear to share part 
or the entire same binding site on the enzyme but are susceptible 
to a variety of spontaneous drug-resistance mutations [4]. in this 
study a virtual screening routine was reported by utilizing 1VRT 
from protein data bank and screening based on docking ZINC 
database ligands for effective HIV-RT inhibitor.

Types of Inhibitors
There are six major types of drugs used to treat HIV/AIDS [5], 
Called antiretrovirals because they act against the retrovirus HIV, 
these drugs are grouped by how they interfere with steps as shown 
in HIV Replication Life Cycle, like entry inhibitors, integrase 

inhibitors where virus uses to integrate its genetic material into the 
DNA of the cell it has infected, Reverse transcriptase inhibitors 
we are concentrating in this paper, and once again RT inhibitors 
are of two types

Nucleoside/Nucleotide RT inhibitors (NRTIs) are faulty DNA • 
building blocks. When one of these faulty building blocks 
is added to a growing HIV DNA chain, no further correct 
DNA building blocks can be added on, halting HIV DNA 
synthesis.
Non-nucleoside RT inhibitors (NNRTIs) bind to RT, interfering • 
with its ability to convert HIV RNA into HIV DNA.

II. Materials and Methods
Combination therapy of drugs can successfully suppress HIV 
replication in patients, but selection of drug and its subsequent 
resistance-guided therapeutic changes and to get effective results 
we initially select protein from PDB for searching HIV-RT like 
structures , In PDB[6] we are having an archive of experimentally 
determined three-dimensional structures of biological 
macromolecules, serving a global community of researchers 
and also archives containing bibliographic citations, primary 
and secondary structure information, as well as crystallographic 
structure factors and NMR experimental data, from PDB we got 
25 entries of HIV-RT 3D structures, and those structures filtered 
by ramachandran plot to get 12 PDB Id as shown in the table 1 
for choosing the most potent molecule , 
RC Plot is a way to visualize backbone dihedral angles ψ against 
φ of amino acid residues in protein structure. The figure at left 
illustrates the definition of the φ and ψ backbone dihedral angles 
and from that residues which are located in most favored regions 
are selected.
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Table 1: RC Plot Statistics in for Four Regions

PDB ID

NO.OF RESIDUES IN 
MOST FAVOURED 
REGIONS

NO.OF RESIDUES 
IN ADDITIONAL 
ALLOWED REGIONS

NO.OF RESIDUES 
IN GENEROUSLY 
ALLOWED REGIONS

NO.OF RESIDUES 
IN DISALLOWED 
REGIONS

1TKT           696            86            2             2
1TKZ           696            86            2             2
1SLT           189            39            0             0
1SLU           189            39            0             0
1SLW           189            39            0             0
1JLB           708            114            5             2
1JLC           652            152            6             0
1JLF           605            147            7             1
1LW2           681            108            6             1
1JKH           694            118            9             3
1S6P           599            235           13             2
1S6Q           659            177           19             2

From the Table 1, 1JLB can be chosen for screening analysis 
as the number of residues in allowed regions is higher than the 
remaining , Instead nevirapine bound crystal structure, IVRT was 
selected as nevirapine drug is commercially available. Therefore 
screening based on nevirapine structure and identifying most potent 
molecule that shows high binding energy score than nevirapine 
would be made possible using ehits software as shown in the fig. 
2 and with zinc in fig. 3.
Ligands are selected from ligand database which are taken from 
zinc database[7], By applying property based search we got around 
884 Ligands and this has to be filtered by applying lipinski rule of 
5(Log P, Mol Wt, HBA, HBD, RB ), lipinski[8] concluded that a 
compound is more likely to be membrane permeable and easily 
absorbed by the body if it matches the following criteria ( Molwt < 
500, LogP < 5, HBD < 5, HBA < 10), ZINC is different from other 
chemical databases because it aims to represent the biologically 
relevant, three dimensional form of the molecule, by using zinc 
database the structure of nevirapine was drawn by using a tool in 
zinc database. There were no similar structures available in zinc 
database as shown in fig 1,. Hence, property based search was used 
to screen ZINC database for similar compounds , after searching 
around 727842, It was found  494 915 are Lipinski compliant with 
the caveat that we have used Molinspiration’s LogP as a surrogate 
for cLogP. Of these, 202134 are lead-like  molecules, having  
molecular weight between 150 and 350, calculated LogP less than 
four, number of hydrogen-bond donors less than or equal to three, 
and number of hydrogen-bond acceptors less than or equal to six. 
A total of 34 224 molecules are “fragment-like with calculated 
LogP values between − 2 and 3, less than three hydrogen-bond 
donors, less than six hydrogen-bond acceptors, less than three 
rotatable bonds, and molecular weight less than 250.

Fig. 1: Complete Structure Search in ZINC Database

Fig. 2: VRT with Nevirapine

III. Results and Discussions
In HIV there are 12 structures, out of these 12 structure ,which is 
best structure some criteria should be there , with the help of RC 
plot we can judge, it specifies the quality of protein structure which 
is best than other structures , 1VRT is found to be best , from these 
we have chosen top 3 ligands were chosen with affinity arround 
8.5 , which is best compound better than Nivarapine (6). 1VRT is 
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best new identified compound , By eHits software , we have cross 
checked its RMSD[9] Values are less than 2, and  few reported 
inhibitors from literature were drawn in ISSI Draw software and 
docking analysis was performed to study the correlation between 
experimental values (IC50) and computational binding affinity 
values (kcal/mol) as shown in fig. 4.
Python code was written for plotting correlation between the 
experimental results and docking scores and we got almost straight 
line.

Fig. 4: Correlation Plot Drawn for Dock Scores and Experimental 
Activity

A well-known data-mining algorithm called Agglomerative 
Clustering was performed for further improvement[10] , in the 
hierarchical clustering agglomerative is bottom up and input to this 
algorithm is (1) a data-set consisting of points in an n-dimensional 
space and (2) a measure of the similarity between items in the data 
set. We refer to this measure of similarity as a distance metric; 
the more dissimilar items are, the farther apart they are according 
to the distance metric. The output of the algorithm is a binary 
tree representing a hierarchical, pair-wise clustering of the items 
in the data set. The parallelism in this algorithm arises from the 
multiple pairs of points that can be clustered independently and 
final results are shown in table 2 our molecules are better than 
existing Nevirapine.

Table 2: e-Hits Score for Better Zinc Compounds

SL.NO ZINC ID e-hits score(kcal/
mol)

1 ZINC04923148 -8.179
2 ZINC08178084 -8.076
3 ZINC04923267 -8.025
4 ZINC05442451 -7.886
5 ZINC06932772 -7.678
6 Nevirapine -6.582

IV. Conclusion
Clustering analysis and virtual high throughput screening 
procedure implemented in this paper recognized the best molecule 
than the existing drug nevirapine , our research resulted in about 
59 such molecules from 4.6 million molecule ZINC database. 

1VRT bound cocrystallized ligand displayed an e-hits score of 
-6.5818 kcal/mol. Screening procedures carried out resulted in 
top three best molecules with better binding affinity, represented 
by ZINC04923148, ZINC05442451 and ZINC04923002 with 
e-hits scores of -8.179, -7.886 and -7.424 kcal/mol respectively, 
Therefore this study states the importance of small molecule 
libraries and their use to enhance drug discovery process.  
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