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Abstract:

The human immunodeficiency virus (HIV) is the causative agent of the acquired immune deficiency syndrom (AIDS). HIV
attacks the human CD4+ T helper cell lymphocytes, which are a key component of the immune system. The antiretroviral
therapy is a major HIV therapy, which bases on blocking the HIV replication by inhibiting the enzyme reverse transcriptase.
HIV type-1 nucleoside and non-nucleoside reverse transcriptase (NNRTIs) are antiretroviral key drugs, which target protein
domains of the reverse transcriptase. With the objective to design ligands for inhibiting a protein domain of the reverse
transcriptase, we identified the active site of the reverse transcriptase and evaluated suitable ligands for this receptor site.
Therefore, we applied in silico or computer-aided drug design — a very efficient tool in drug discovery. This enabled us to
optimize dynamical and statical parameters and to perform homology modeling, model verification, binding site
identification, and docking analysis to identify the ligand "lig_raj8_1" as the best inhibitor of the human reverse
transcriptase. This ligand exhibits excellent drug likeness properties for in vitro clinical trials and is highly promising as a
lead inhibitor of HIV1.

Keywords:acquired immune-deficiency syndrome, database virtual screening, docking simulation, human immunodeficiency
virus type 1 reverse transcriptase, Insilico drug designing, reverse transcriptase, homology modelling, ligand

1. Background

Acquired immunodeficiency syndrome (AIDS) is a global most serious pandemic public health challenges [1]. The study of Human
immunodeficiency virus (HIV) in humans and animal models in last 31 years suggested that it is a causative agent of AIDS [2-3]. The
HIV-1 reverse transcriptase (RT) had played a critical role in the life cycle of HIV and it was, consequently, an interesting target for
anti- HIV drug therapy [4]. The inhibition of HIV-1 RT is one of the major and potential targets in the treatment of AIDS [5-6]. There
was a large number of drugs elicit anti-HIV-1 activity by inhibiting RT which are available in the market [7, 8]. The natural
compounds and their derivatives are rich source of biologically active pharmacophores. They have been used as lead molecules for
treatment of HIV as well as other vital diseases e.g. fungal and bacterial infections, parasitic diseases, Cancer and cardiovascular
disease (CVD), Huntington's disease (HD), Alzheimer's and Parkinson's diseases [9-10]. The further modifications in natural
compounds (lead molecules for HIV treatment) might improve their anti-HIV ability [11, 12]. There are two classes of HIV-1 RT
inhibitors: non-nucleoside reverse transcriptase inhibitors, NNRTIs [13-14] and nucleoside/nucleotide reverse transcriptase inhibitors,
NRTIs [15-16]. The NNRTIs are chemically diverse group of therapeutic compounds. The NNRTIs bind noncompetitively with
active site residues (unique allosteric hydrophobic binding pocket) on the enzyme leading to a conformational change. The
conformational change in the structure of enzyme results in decreased affinity for the substrate [17, 18]. The NNRTIs are highly
potent, selective, and specific with very low cellular toxicity [19]. It was suggested that NNRTIs could not interfere with normal
function of host DNA polymerase. The factual advantages of NNRTIs were departed due to fractious resistance displayed by most of
the approved NNRTIs. The emergence of drug resistance mutations among the different therapies, NNRTIs become less effective. To
overcome this problem, novel NNRTIs were searched by modifying the existing drug classes with appropriate pharmacophores. In this
in-silico study, we have developed molecule inhibitor using structure based drug designing. The interaction between reverse
transcriptase protein and inhibitor were studied by docking methods using Auto Dockvina. The interactions of reverse transcriptase
protein ligand conformations, including hydrogen bonds and the bond lengths were analyzed using Accelrys DS Visualizer software.
We hope, this Drug will get success to clear out all the phases of clinical trial and it will be effective drug in the cure of AIDS
diseases.
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2. Methodology

2.1. Sequence Alignment

Protein sequence has been retrieved from protein database available at National Centre of Biotechnology Information (NCBI) cited at
HYPERLINK "http://www.ncbi.nlm.nih.gov/"www.ncbi.nlm.nih.gov/
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Figure 1: Blast Result

2.2. Protein Homology Modelling

The homology modelling was carried out using the Modeller (HYPERLINK “http://www.salilab.org/modeller/" \n
pmc_exthttp://www.salilab.org/modeller/) 9v7 program. The target and the template sequences were aligned using Modeller 9v7, a
comparative protein modelling program, was used for homology modelling to generate the 3-D structures of reverse transcriptase
protein. Final homology model was selected on the basis of MOLPDF, DOPE score GA341 score.

Figure 2: Structure of 2jle A generated by modeller

2.3. Loop Refinement

The alignment between target and template sequence contains gaps. These gaps results for the loops in the 3d structure. So for further
refinement of 3d models, loop refinement step was performed by using Modeller (HYPERLINK "http://www.salilab.org/modeller/" \n
pmc_exthttp://www.salilab.org/modeller/) 9v7program and the best model was selected on the basis of molpdf value.

2.4. Model Optimization and Evaluation
The protein models generated by homology modeling often produce unfavourable bond lengths, bond angles, torsion angles and bad
contacts. Therefore, it was essential to minimize the energy to regularize local bond and angle geometry as well as to remove bad
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contacts. Energy minimisation were done with the GROMOS96 (Scott et al., 1999) force field by implementation of Swiss-PdbViewer
(HYPERLINK "http:/mwww.expasy.org/spdbv" \n pmc_exthttp://www.expasy.org/spdbv). After the optimization procedure, the 3D
models of reverse transcriptase protein were verified by using PROCHECK (Laskowski et al., 1993) Program of Structural Analysis
and Verification Server (SAVES).

The quality of models was also validated by ProSA (Wiederstein et al., 2007) (Sippl, 1993) server (HYPERLINK
"https://prosa.services.came.shg.ac.at/prosa.php™ \n pmc_exthttps://prosa.services.came.sbg.ac.at/prosa.php), a web server for Protein

2.5. Structure Analysis

MODEL NO. CORE ALLOWED GENER DISALL BAD CONTACTS
MODEL NO.1 87.3 12.7 0.0 0.0 2
MODEL NO.2 88.4 111 0.0 0.0 1
MODEL NO.3 89.2 10.8 0.0 0.0 0
MODEL NO.4 91.6 8.4 0.0 0.0 0
MODEL NO.5 90.8 9.2 0.0 0.0 0

Table 1: SAVS Results after Validation

2.6. Active Site Identification

The active sites were revealed on the basis of previous studies. Pocket is the free space in the structure of the protein where a ligand
can be fixed or we can say docked. After running the ligsite we got nine pocket and we selected the pocket number seven because the
active site residues Asp 110, Asp 185, Asp 186 are present inside the pocket. Finding pocket is very essential in drug discovery. The
pocket is large enough so that the inhibitor can easily get into the pocket and the ligand can easily grow inside the pocket during
running the ligbuilder.

Figure 3: rigid docking of inhibitor and 2jleA

2.7. Rigid Docking

Hex 4.5 was used for the purpose of docking of the lead with the target molecule. The lead compound “reverse transcriptase protein
were opened in the Hex ( HYPERLINK "http://hex.loria.fr/" \n pmc_exthttp://hex.loria.fr/) and ligand was attached to the residue on
the minimum distance position to the active site position .The docking controls were activated with default parameters . The ligand was
hence docked to the receptor protein.

Figure 4: structure of hex result
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2.8. Generation and Optimization of Ligand

Ligbuilder was used for the generation of the ligands. The conformation of the pre-placed “seed” ensuring the binding affinity decides
the manner that ligands would be grown with Ligbuilder software. Novel ligands had been developed with Ligbuilder
(HYPERLINK"http://mdl.ipc.pku.edu.cn/drug_design/work/ligbuilder.htmI™\n
pmc_exthttp://mdl.ipc.pku.edu.cn/drug_design/work/ligbuilder.html) v1.2 software. We developed 200 novel ligands for the ireverse
transcriptase protein. Virtual screening, an insilico tool for drug discovery, has been widely used for lead identification in drug
discovery programs. Out of 200 novel ligands generated, 10 ligands were selected on the basis of maximum binding affinity measured
in kcal/mol. The selected 10 ligands were then analyzed for drug- relevant properties based on “Lipinski's rule of five” and other drug
like properties of valid structures using OSIRIS Property
Explorer(HYPERLINK"http://www.organicchemistry.org/prog/peo/"npmc_exthttp://www.organicchemistry.org/prog/peo/), Mol soft:
Drug-  Likeness and  molecular  property explorer (  HYPERLINK  "http://www.molsoft.com/mprop/* \n
pmc_exthttp://mwww.molsoft.com/mprop/). On the basis of binding affinity and drug like properties, one ligand that passed all of the
screening tests was taken for further molecular docking study.

2.9. Protein-Ligand Docking

The docking of ligands to the reverse transcriptase protein was performed using Auto Dock Vina software. Docking was performed to
obtain a population of possible conformations and orientations for the ligand at the binding site. Using the software, polar hydrogen
atoms were added to the reverse transcriptase protein and its nonpolar hydrogen atoms were merged. All bonds of ligands were set to
be rotatable. All calculations for protein-fixed ligand-flexible docking were done using the Lamarckian Genetic Algorithm (LGA)
method. The grid box with a dimension of 20 x 20 x 20 points was used around the catalytic triad to cover the entire enzyme binding
site and accommodate ligands to move freely. The best conformation was chosen with the lowest docked energy, after the docking
search was completed. The interactions of complex reverse transcriptase protein ligand conformations, including hydrogen bonds and
the bond lengths were analyzed using Accelrys DS Visualizer software (“HYPERLINK"http://accelrys.com/"http://accelrys.com
HYPERLINK ").
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Figure 5: Running Auto dock for 2jleA

3. Discussion

The sequence of the reverse transcriptase protein was retrieved from NCBI Database .The similarity searches was performed by
protein- protein blast. The 100% similarity was found in reverse transcriptase protein (2jleA), was used as template for protein
homology modelling .The predicted 3D structure of 2jleA protein was generated by Modeller and the structure with the lowest DOPE
scores were selected . The alignment between target and template sequence contains gaps .So loop refinement step was also performed
by using Modeller. The best models were selected on the basis of molpdf value. The modeller generated models statistically analyzed
by structure analysis and validation server (SAVS).The structure submitted were validated and zero bad contacts was used for the
further process at lead target prediction .The final protein structures selected after analysis in SAVS. The Rigid docking was
performed by HEX in which protein and ligand were opened in docking software and was attached to the residue on the minimum
distance position to the active site position .The ligand was hence docked to the receptor protein. The Ligbuilder tool was used for the
inhibitor generation. After generation of the lead molecule it was then screened for its activity and its drug likeness. Web based tools
like Mo inspiration, and OSIRIS property explorer were used for this purpose. Mo inspiration uses sophiscated Bayesian statistics to
compare structures of the representative ligands active on the particular target site. In OSIRIS we draw chemical structures to calculate
various drug relevant properties. The binding pattern analyzed by AUTODOCK, is used to predict small molecule to the receptors of
known 3D structure. The ligand and target protein were given as input and the flexible docking was performed. The negative and low
value of AGbind indicates strong favourable bonds between reverse transcriptase protein and the novel ligand indicating that the
ligand was in its most favourable conformations. The interactions of complex reverse transcriptase protein-ligand conformations,
including hydrogen bonds, sigma and pi bonds were analyzed using Accelrys DS Visualizer software (* HYPERLINK
"http://accelrys.com/" \n pmc_exthttp://accelrys.com”).
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4. Conclusion

This enabled us to optimize dynamical and statical parameters and to perform homology modelling, model verification, binding site
identification, and docking analysis to identify the ligand "lig_raj8_1" as the best inhibitor of the human reverse transcriptase. This
ligand exhibits excellent drug likeness properties for in vitro clinical trials and is highly promising as a lead inhibitor of HIV1.
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