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INTRODUCTION



1. INTRODUCTION
The reverse transcriptase (RT) of the human immunodeficiency virus type 1 (HIV-1) is a multifunctional enzyme, capable of several discrete activities required for viral replication (Goff, 1990).  

HIV reverse transcriptase is a key target of anti-AIDS therapy. Structural studies of HIV-1 RT, unliganded and complexed with different non-nucleoside inhibitors, have pointed to a common mode of binding and inactivation through distortion of the polymerase catalytic site by NNIs containing two hinged rings (Ren, 1995).

An effort to develop novel and potent Nonnucleoside HIV-1 reverse transcriptase inhibitor that are effective against the wild type viruses and clinically observed mutants; 1,2-bis-substituted benzimidazoles were synthesized and tested (Morningstar et al., 2007).

HIV- 1 reverse transcriptase (RT) has subunits of molecular mass 66 and 51 kDa (p66 and p51, respectively) in 1:l ratio. Since enzyme activity appears to depend on demyelisation of these subunits, identification of critical regions of primary sequence required for proper dimerization could lead to potential targets for antiviral therapy. A central region of primary sequence contains a leucine hepta-repeat motif from leucine 282 to leucine 310 that has been suggested to be involved in dimerization (Baillon et al., 1991).

The human immunodeficiency virus type 1 (HIV-1) is the etiologic agent of AIDS. Replication of this virus requires the activity of a retrovirus encoded as an RNA-dependent DNA polymerase, or reverse transcriptase. HIV-1 reverse transcriptase is required for the synthesis of the double-stranded proviral DNA from the single-stranded retroviral RNA genome. HIV-1 RT has two subunits of 66 kDa and 51 kDa. The 66 kDa subunit contains the DNA polymerase and RNase H domains whereas the 51 kDa subunit, obtained by proteolytic maturation of the former subunit, has only the DNA synthetic activity. Two recently reported crystal structures of HIV-1
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 RT has revealed the very asymmetric structure of this molecule. The multiple activities displayed by reverse transcriptase in the replication of the retroviral genome ensure that this enzyme will remain at the forefront of antiviral strategies in the fight against AIDS and other retrovirus-related pathologies (Tarrago-Litvak et al., 1994).

The transfer of genetic information from RNA to DNA in retrovirus replication was proposed in 1964 by H. M. Temin in the DNA provirus hypothesis for the replication of Rous sarcoma virus, an avian retrovirus which causes tumors in chickens and transformation of cells in culture, and reverse transcriptase has since been purified from virions of many retroviruses. The avian, murine and human retrovirus DNA polymerases have been extensively studied.

    Studies indicate that reverse transcriptase is widely distributed in living organisms and that all reverse transcriptases are evolutionarily related.

 
Reverse transcriptase is a heterodimer protein (composed of 2 different polypeptides) that has a 66 kDa subunit (p66) and a 51 kDa subunit (p51) (Hsiou et al., 1996). Subunit p66 has an N-terminal polymerase domain and a C-terminal RNase H domain (120 residues). It also contains the DNA-binding cleft. Both subunits have a polymerase domain, but it is only functionally active in p66. Subunit p51 is simply a cleaved version of p66, and lacks the RNase H domain. Furthermore, subunits p66 and p51 have identical amino acid sequences (p51 shortened), but are structurally very different (Goldman and Marcey, 2001). Both subunits p66 and p51 each have 4 sub domains (fingers, thumb, palm, and connection), which are arranged differently in the two subunits (Hsiou et al., 1996). The connection and palm sub domains each contain 3 beta sheets with alpha helices. The thumb subdomains contain 3 alpha helices (Goldman and Marcey, 2001). The polymerase active site of subunit p66 is highlighted by 3 catalytic residues (Asp110, Asp185, Asp186) that may play a role in binding metal ions, and hence nucleotidyl phosphate interactions (Hsiou et al., 1996; Goldman and Marcey, 2001). (http://www.callutheran.edu/Academic_Programs/Departments/BioDev/omm/hivrt/hivrt.htm).
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  The reverse transcriptase of human immunodeficiency virus (HIV) catalyses a series of reactions to convert the single-stranded RNA genome of HIV into double-stranded DNA for host-cell integration. This task requires the reverse transcriptase to discriminate a variety of nucleic acid substrates such that active sites of the enzyme are correctly positioned to support one of three catalytic functions: RNA-directed DNA synthesis, DNA-directed DNA synthesis and DNA-directed RNA hydrolysis. These results indicate that the activities of reverse transcriptase are determined by its binding orientation on substrates (Davidson, 2005). (http://www.bio.davidson.edu/Courses/Molbio/MolStudents/spring2005/Koike/RT%20protein.htm).

Because the enzyme reverse transcriptase catalyzes several steps in the replication of HIV-1, the causative agent of AIDS, RT is an attractive target for Anti-AIDS drug development (Himmel et al., 2005).


There is a need of development of new NNRTIs that are effective against the existing drug-resistant viral strains. A novel class of NNRTIs has been prepared that has the ability to inhibit wild type and drug-resistant HIV-1 strains (Bejahad et al., 2003; Courte et al., 2004; Croisy et al., 2005). 


It has been reported that the Lys103 mutation introduces a network of hydrogen bonds that stabilize the conformation of RT that interferes with the binding of an NNRTI (Hsiou et al., 2001). 
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Drug design, is also referred to as rational drug design, is the inventive process of finding new medications based on the knowledge of the biological target (Madsen et al., 2002). A drug is most commonly an organic small molecule, which activates or inhibits the function of a bimolecular such as a protein, which in turn results in a therapeutic benefit to the patient. In the most basic sense, drug design involves design of small molecules that are complementary in shape and charge to the bimolecular target to which they interact and therefore will bind to it. Drug design frequently but not necessarily relies on computer modeling techniques (Cohen, 1996). This type of modeling is often referred to as computer-aided drug design.

Docking is frequently used to predict the binding orientation of small molecule drug candidates to their protein targets in order to predict the affinity and activity of the small molecule. Hence docking plays an important role in the rational design of drugs (Kitchen et al., 2004).

Docking analysis of GOLD and GLIDE were used to predict the binding properties of disease related target protein RT with non-nucleoside inhibitors. The molecular docking software GOLD (Genetic Optimization for Ligand Docking) follows a genetic algorithm for calculating the solutions. GOLD allows for partial protein flexibility in all dockings. These models were used as the starting point in the discussion of the properties of newly designed ligands (Jones et al., 1997). 

Final complexes were selected based on the criteria of the final Gold fitness scores. All water molecules and heteroatoms were removed from the protein to evaluate the two scoring functions in GOLD software. The two scoring functions available in the GOLD software are Gold Score fitness function and ChemScore fitness function. The results of GOLD were analysed using SILVER (Jones et al., 1995).

The present study is undertaken to compare the results of GOLD and GLIDE to generate a novel antiviral drug to prevent HIV.

[image: image36.png]Induced Fit Docking

Job options'

Job name: [InducedFit

Host. lacalhast

# Prime CPUs:
# Glide CPUs:

Glte enclosing hox
Center: 4 Centrod of the ligand.

- Centroid of the residues:
Size: & Auto

~ Specify.
Receptor H-bond or metal constraint atoms

i Pick.

i Pick.

Ligands to be docked

Fie: |

Browse,

Step 1: Initial Glide docking

1 Remove side chains of residues
Receptor vaW scaling:

Ligand v scaling;

# Poses:

W Protein Prep consirained refinement

050
050

20

Step 2: Prime induced fit
Refine residues within

50

W Optinize Site Chains

A of igand poses

Additional residues: Select
Onitted residues: Select
Step 3: Giide redocking
Redock into structures within [30.0 kealmol of the best + 5P
strusture, and within the top (20 structures overall ~ XP

stat | wite | Reset

Close | Help





REVIEW OF LITERATUIRE



2. REVIEW OF LITERATURE

The literature pertaining to the present study entitled “Molecular docking studies of HIV-1 Reverse transcriptase with Non-Nucleoside inhibitors effective against a broad range of drug-resistant strains” is reviewed and presented under the following headings.

2.1 Structure of HIV-1 Reverse Transcriptase

2.2 Function of Reverse Transcriptase

2.3 Life cycle of HIV-1

2.4 Acquired immuno deficiency syndrome

2.5 Nonnucleoside inhibitors of Reverse Transcriptase 

2.6 Docking Principle
2.1  STRUCTURE OF HIV-1 REVERSE TRANSCRIPTASE

HIV-1 reverse transcriptase is a dimer composed of two distinct, but related chains.  The first of these two chains is a 66 kD subunit (p66).  The other chain is a 51 kD subunit (p51), which is related to p66.  However, the C-terminal RNase domain present in p66 is absent in p51.  These two domains are responsible for the binding of the DNA: RNA substrate (Kohlstaedt et al., 1992; Sarafianos et al., 2001).
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FIGURE 1: STRUCTURE OF HIV-1 REVERSE TRANSCRIPTASE


2.2 FUNCTION OF REVERSE TRANSCRIPTASE

The primary function of reverse transcriptase is to build a DNA strand from an RNA template, performed at the polymerase active site of subunit p66. Most of the nucleotidyl interactions that occur in reverse transcriptase occur between the RNA template and subunit p66. The thumb and fingers subdomains of the p66 subunit serve as a clamp to hold RNA in the polymerase active site of the palm subdomain (Goldman and Marcey, 2001), (http://www.clunet.edu/BioDev/omm/hivrt/hivrt.htm). The trio of aspartic acid residues (110, 185, 186) at the polymerase active site ligates two metal ions (possibly magnesium), which interact with the phosphates of the DNA primer and incorporated nucleotides (Doublie et al., 1999). The p51 subunit serves as a binding site for the anti-codon stem and loop of tRNAlys which functions as the primer to begin DNA synthesis (Goldman and Marcey, 2001). Once the cDNA has been built from the RNA template, the RNA is cleaved into pieces at the RNase H nuclease site. Once the RNA is cleaved from the complex, a second DNA strand is made, complimentary to the first DNA strand, to form the final double helix DNA molecule. This process again occurs at the polymerase active site on subunit p66 (Goodsell, 2002), (http://www.rcsb.org/pdb/molecules/pdb33_1.html).
2.3  LIFE CYCLE OF HIV-1

[image: image3.emf]
FIGURE 2: LIFE CYCLE OF HIV-1


HIV fuses to host cells via the CD4 receptor and coreceptors. Upon fusion, the RNA genome and viral proteins are released into the cell. Reverse transcription occurs to form a double-stranded DNA copy of the genome (step 1), which translocates and integrates into the host genome (step 2). Viral protein expression occurs and precursors are proteolytically cleaved by the viral protease (and host proteases) to form functional proteins (step 3). These new proteins are packaged into a new virion, which is subsequently released to infect a new host cell (Basavapathruni et al., 2007).

 2.4 ACQUIRED IMMUNO DEFICIENCY SYNDROME

            Acquired immuno deficiency syndrome is the chronic stage of HIV-1 infection. The HIV-1 infection process is a complex mechanism involving the interaction of many viral and host proteins. The glycoprotein gp120 of Human Immuno Virus attaches to the CD4 (Cluster of Differentiation) receptor of the T-Lymphocyte. The interaction between the envelope protein gp41 with transmembrane core receptors ‘CXCR4’ and ‘CCR5’ leads to fusion of viral and host cell membranes, leading to the entry of viral genome into the host cell. Virus-encoded reverse transcriptase coverts ssRNA into dsDNA while integrase causes the integration of viral genome with the host genome. Integration causes disruption in cytokine production and also uses the host cells for the production of viral particles causing further infection by cell lysis (Fauci, 1988).

 
HIV (Human immunodeficiency virus) is the virus that causes AIDS. This virus may be passed from one person to another when infected blood, semen, or vaginal secretions come in contact with an uninfected person's broken skin or mucous membranes. In addition, infected pregnant women can pass HIV to their baby during pregnancy or delivery, as well as through breast-feeding. People with HIV have what is called HIV infection. Some of these people will develop AIDS as a result of their HIV infection.

 
Anti-HIV (also called antiretroviral) medications are used to control the reproduction of the virus and to slow or halt the progression of HIV-related disease. When used in combinations,


 these medications are termed Highly Active Antiretroviral Therapy (HAART). HAART combines three or more anti-HIV medications in a daily regimen, sometimes referred to as a "cocktail". Anti-HIV medications do not cure HIV infection and individuals taking these medications can still transmit HIV to others. Anti-HIV medications approved by the U.S. Food and Drug Administration (FDA) fall into four classes: 

1. Nonnucleoside Reverse Transcriptase Inhibitors, such as nevirappine (Viramune) and efavirenz (Sustiva), bind to and block the action of reverse transcriptase, a protein that HIV needs to reproduce.

2. Nucleoside Reverse Transcriptase Inhibitors, such as zidovudine (Retrovir), tenofovir DF (Viread), and stavudine (Zerit), are faulty versions of building blocks that HIV needs to make more copies of itself. When HIV uses an NRTI instead of a normal building block, reproduction of the virus is stalled.

3. Protease Inhibitors (PIs), such as lopinavir/ritonavir (Kaletra), disable protease, a protein that HIV needs reproduce itself. 

4. Fusion Inhibitors, such as enfuvirtide (Fuzeon), are newer treatments that work by blocking HIV entry into cells (http://www.wisegeek.com/what-is-aids.htm).
2.5. NON-NUCLEOSIDE INHIBITORS OF HIV-1 REVERSE TRANSCRIPTASE

Nonnucleoside reverse transcriptase inhibitors are a group of small hydrophobic compounds with diverse structures that specifically inhibit HIV-1 reverse transcriptase. NNRTIs interact with HIV-1 RT by binding to a single site on the p66 subunit of the p66/p51 heterodimeric enzyme, termed the NNRTI-binding pocket (NNRTI-BP). This binding interaction results in both short-range and long-range distortions of RT structure. In this article, we review the structural, computational and experimental evidence of the NNRTI-induced conformational 


changes in HIV-1 RT and relate them to the mechanism by which these compounds inhibit HIV-1 reverse transcription (Sluis-Cremer et al., 2004).

 The p66 thumb sub domain is extremely flexible. NNRTI binding induces both short-range and long-range structural distortions in several domains of RT, which are expected to alter the position and conformation of the template-primer. These changes may account for the inhibition of polymerization  (Hsiou et al., 1996).

HIV reverse transcriptase is a key target of anti-AIDS therapies. Structural studies of HIV-1 RT, unliganded and complexed with different non-nucleoside inhibitors (NNIs), have pointed to a common mode of binding and inactivation through distortion of the polymerase catalytic site by NNIs containing two hinged rings. The mode of binding of the TIBO family of inhibitors is of interest because these compounds do not fit the two-hinged-ring model (Ren et al., 1995).
The NNRTIs are a structurally and chemically dissimilar group of antiretrovirals that are potent and highly selective inhibitors of HIV-1 reverse transcriptase. Other retroviral reverse transcriptase enzymes, such as HIV-2, hepatitis viruses, herpes viruses, and mammalian enzyme systems, are unaffected by these compounds. Unlike the nucleoside analogs, the NNRTIs interfere with HIV-1 reverse transcriptase by noncompetitively binding directly to the enzyme downstream from the active catalytic site. The compounds are active in their native state, requiring no phosphorylation or other activity-dependent alteration. They are extensively metabolized in the liver; very little drug is excreted unchanged. 

(http://aids-clinical-care.jwatch.org/cgi/content/full/1997/1001/1).

 Two distinct types of RT inhibitors, both of which block the polymerase activity of RT, have been approved to treat HIV-1 infections, nucleoside analogs (NRTIs) and nonnucleosides, 


and there are promising leads for compounds that either block the RNase H activity or block the polymerase in other ways. A better understanding of the structure and function(s) of RT and of the mechanism(s) of inhibition can be used to generate better drugs; in particular, drugs that are effective against the current drug-resistant strains of HIV-1 (Sarafianos et al., 2009).

All HIV-1 drugs, including NNRTIs, selected for drug resistance .In the case of NNRTIs; resistance involves mutation of critical residues in the binding pocket (Campiani et al., 2002).

Crystallographic analysis of HIV-1 has defined the details of binding of the NNRTIs and delineated important structural differences between unliganded RT, RT bound to nucleic acids and RT bound to NNRTIs (Das et al., 2004).

It has been recognized that NNRTIs that have the structural flexibility and the ability to adapt to changes in the geometry of the binding pocket caused by resistance mutations are important in discovering NNRTIs that will be effective against resistant viruses (Ding et al., 1995; Roth et al., 1997; Das et al., 2005).  

2.1  DOCKING PRINCPILE

The two main approaches for molecular docking are shape complementarity method and simulation process. In shape complementarity method, geometrical matching between protein and ligand are basic units for working, where solvent accessible surface area of the receptor is calculated. The simulation method is a complicated process where various physical phenomenon like torsion angle, distance between the protein and ligand, conformation of the protein and ligand molecule are involved (Elcock et al., 2001).  

MATERIALS AND METHODS



3.MATERIALS AND METHODS

An experimental research was formulated to study the “ Molecular docking studies of HIV-1 Reverse transcriptase with Non-Nucleoside inhibitors effective against a broad range of drug-resistant strains ” in accordance with its objectives and is presented in the current study. 

3.1.0 Target

3.1.1 Ligands

3.2.0 Pymol

3.2.1 Running and monitoring jobs

3.2.2 Preparation of protein target structure

3.2.3 Preparation of ligand compounds

3.2.4 Docking method-GLIDE 

3.2.5 Grid generation

3.2.6 Specifying the receptor grid

3.2.7 High Throughput Virtual Screening using GLIDE

3.2.8 ADME/Toxicity tests

3.2.9 Setting docking options

3.2.10 Energy minimization settings

3.2.11 GLIDE/PRIME induced fit docking

3.2.12 Induced fit docking protocol

3.2.13 Step by step docking method 

3.2.14 Schematic representation of ligand construction

3.2.15 Schematic representation of target and ligand fitting

3.2.16 Docking output job files

3.3.0 Preparation of protein molecule

3.4.0 Preparation of ligand

3.5.0 Setting up GOLD parameter

3.6.0 Screening criteria

3.7.0 Docking analysis using maestro    


3.1.0 TARGET


The protein molecule chosen for the docking studies was HIV-1 Reverse Transcriptase.The crystal structure of human immunodeficiency type I reverse transcriptase, was used as target structure in the current study. It was obtained from RCSB Protein Data Bank with the PDB ID: 2B5J. 

The structural details of the protein are as follows:

PDE4




:  (E.C. 2.7.7.49)

Crystal structure resolution

:  2.90 Å
Chains present



:  2-(A, B)

Total residues



:  979 amino acids

Crystallography method

:  X- ray diffraction

Space Group



:  C 2
R-value



:   0.248

Ligand chemical 

Component (co-crystal)

:   3AC
3.1.1 LIGANDS

About 85 compounds non-nucleotide inhibitors were used for docking studies, which were selected using literature studies. The canonical structure or PDB files of the compounds were used for docking.
3.2.0 PYMOL

Pymol is an open-source, user-sponsored, molecular visualization system created by Warren Lyford DeLano. The Py portion of the software's name refers to the fact that it extends, and is extensible by, the Python programming language. It is well suited to producing high quality 3D images of small molecules and biological macromolecules such as proteins. Many information’s like interaction between the biological molecules can be easily visualized using


 Pymol. It can also be used to visualize the hydrogen bonds and other bond interaction between the molecules.

METHODS

USING GOLD
3.3.0 PREPARATION OF PROTEIN MOLECULE

      The experimental structure of HIV -1 RT was retrieved from the RCSB Protein Data Bank as a pdb file. The PDB code of the protein was 2B5J. The protein molecules were prepared mainly by using the software Swiss-pdb viewer. Active site residues with in a range of 3.5Å were selected and saved in pdb format. Later, the active site residues were minimized in Argus lab after adding hydrogen bonds. The list of atoms in active site, were saved separately as a list file in text document format, which will be used as an input for GOLD.

3.4 PREPARATION OF LIGAND

The ligand compounds were taken from literature. The ligand structures were drawn using Chemsketch and saved in mol format. The saved ligand compounds were later import and minimized in Argus lab after adding hydrogen bonds. The molecules thus obtained were saved in pdb format.

3.5 SETTING UP GOLD PARAMETER

The protein molecule was imported into GOLD. The ligands were also imported. GOLD was run in a particular way such that a particular atom number was given from the identified active site. The GOLD was setup to run at an active site radius of 3.5 Å. The output folder was also specified. All the other fitness function parameters and the genetic algorithm parameters were kept in default mode. The GOLD was run and the output was viewed using Silver and pymol.


3.6 SCREENING CRITERIA

                The output was produced as GOLD Fitness scores and different energy functions. The fitness scores were mainly considered for the results and the screening. The ligands with scores of 50 (GOLD Fitness score for co-crystallized ligand) and above were only considered. The output of these protein-ligand complexes were exported as PDB files using GOLD. These complexes were then analysed using a good molecular graphics viewer like Pymol. The output were analysed for the properties such as hydrogen bonding interactions.
3.7 Docking Analysis using MAESTRO


Maestro is the graphical user interface for all of Schrödinger’s products as CombiGlideTM, Epik TM, Glide TM, Impact TM, Liaison TM, LigprepTM, Phase TM, Macro Model TM, Prime TM, QikPropTM, QsiteTM, and Strike TM. It contains tools for building, displaying, and manipulating chemical structures for organizing, loading and storing these structures and associated data and for setting up, monitoring, and visualizing the results of calculations on these structures. Figure 3 shows the Maestro workspace.


figure 3: Running and Monitoring Jobs



Maestro has panels for each product for preparing and submitting jobs. To use these panels, appropriate product and task from the Applications menu and its submenus should be chosen. Set the appropriate options in the panel, and then click Start to open the Start dialog box and set options for running the job. The Monitor panel is the control panel for monitoring the progress of jobs and for pausing, resuming, or killing jobs. The text pane shows various output information from the monitored job, such as the contents of the log file. While jobs are running, the Detach, Pause, Resume, Stop, Kill, and Update buttons are active. When there are no jobs currently running, only the Monitor and Delete buttons are active. When a monitored job ends, the results are incorporated into the project according to the settings used to launch the job.

[image: image4.emf]
FIGURE 4: JOB LAUNCHING WINDOW


3.2.2 preparation OF PROTEIN TARGET STRUCTURE



The 3D structure of the protein HIV-1 Reverse Transcriptase (pdb id: 2B5J) was downloaded from Protein Data Bank (www.rcsb.org) and modified for Glide Docking calculations. For Glide (Schrödinger) calculations, the downloaded RT pdb file was imported into Maestro workspace and refined using the AMBER forcefield. Water molecules were removed and H atoms were added to the structure.
3.2.3 Preparation OF LIGAND compounds



All the small molecules i.e. ligand structures (non-nucleoside inhibitors from literature studies) were drawn using the builder panel available in the Schrödinger software. The structures were then energy minimized using the OPLS-2005 force field until it reaches the RMSD 0.0018 kcal/mol. 

3.2.4 Docking Method – GLIDE (Grid Based Ligand Docking with energetics)



Glide searches for favourable interactions between one or more typically small ligand molecules and a typically larger receptor molecule usually a protein. Each ligand must be a single molecule, while the receptor may include more than one molecule e.g. a protein and a cofactor. GLIDE can be run in rigid or flexible docking modes; the later automatically generates conformation for each input ligand. The combination of positions and orientation of the ligand relative to the receptor, along with its conformation in flexible docking, is referred to as a ligand pose. The ligand poses that GLIDE generates pass through a series of hierarchical filters that evaluate the ligand interaction with the receptor. The initial filters test the spatial fit of the ligand to the defined active site and examine the complimentarity of ligand–receptor interactions using the GRID based method patterned after the empirical ChemScore function. 

             Poses that pass these initial screens enter the final stage of the algorithm, which involves evaluation and minimization of a grid approximation to the OPLS-AA non-bonded ligand–


receptor interaction energy. Final scoring is then carried out on the energy-minimized poses. Schrödinger’s proprietary GLIDE Score multi ligand scoring function is used to score the poses. If Glide Score was selected as the scoring function, a composite Emodel score is then used to rank the poses of each ligand and to select the poses to report to the user. Emodel combines Glide Score non-bonded interaction energy and for flexible docking, the excess internal energy of the generated energy conformation. 
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FIGURE 5: GLIDE DOCKING HIERARCHY

3.2.5 Grid generation

Choose Receptor Grid Generation from the Glide submenu of the Applications menu. The Receptor Grid Generation panel has three tabbed folders, to specify settings for the receptor grid generation job:


• Receptor

• Site

• Constrain


FIGURE 6: GRID GENERATION WINDOW
3.2.6 Specifying the Receptor Grid

To specify the receptor grid for the docking job, click Browse in the Receptor grid section of the Settings folder to open a file selector and choose a grid file (.grd). The file name, without the .grd extension, is displayed in the Receptor grid base name text box. You can also enter the base name directly into the text box.
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FIGURE 7: GRID BASE DOCKING-1
HTVS (High Throughput Virtual Screening) docking is intended for the accurate screening of ligands. This docking requires grid generation unlike induced fit docking and docks one ligand (flexible) at a time to the rigid protein active site.
Two types of Docking Algorithm used for the current study were:

      HTVS (HIGH THROUGHPUT VIRTUAL SCREENING)

INDUCED FIT DOCKING

3.2.7 High Throughput Virtual Screening using Glide

1. The grid files produced by a single receptor grid generation task can be used for any number of jobs docking ligands to that receptor.

2. After correcting formal charges and bond orders in the ligand, set up and start the automated preparation and refinement portions of the protein preparation procedure using the Protein Preparation panel. 

3. Ensure that the ligands to be docked are in the right form.

      4.  With the prepared receptor-ligand complex in the Workspace, use the Receptor Grid Generation panel to specify settings, and start the receptor grid generation job. 


5. Specify the base name for the receptor grid files you want to use in the Ligand Docking panel, and use the other settings and options in the panel to set up and start a ligand docking job. As many docking jobs as you want can be set up in this panel, using the current receptor grids or specifying a different set of grids to use. 

Glide docking uses the assumption of a rigid receptor, although scaling of van der Waals radii of nonpolar atoms, which decreases penalties for close contacts, can be used to model a slight “give” in the receptor and/or ligand. 

3.2.8 ADME/TOXICITY TESTS

ADME is an acronym in pharmacokinetics and pharmacology for absorption, distribution, metabolism and excretion. It describes the disposition of a pharmaceutical compound within an organism. In order to improve the deliverability of a drug substance in the lead optimization process, it is essential to relate changes in molecular properties to structural modifications. The four criteria all influence the drug levels and kinetics of drug exposure to the tissues and hence influence the performance and pharmacological activity of the compound as a drug.

CRITERIA

ABSORPTION/ADMINISTRATION

Before a compound can exert a pharmacological effect in tissues, it has to be taken into the bloodstream usually via mucous surfaces like the digestive tract. Uptake into the target organs or cells needs to be ensured too. This can be a serious problem at some natural barriers like the blood-brain barrier. Factors such as poor compound solubility, chemical instability in the stomach, and inability to permeate the intestinal wall can all reduce the extent to which a drug is absorbed after oral administration. Absorption critically determines the compound's bioavailability. Drugs that absorb poorly when taken orally must be administrated in some less desirable way, like intravenously or by inhalation.


DISTRIBUTION

The compound needs to be carried to its effector site, most often via the bloodstream. From there, the compound may distribute into tissues and organs, usually to differing extents.

METABOLISM

Compounds begin to be broken down as soon as they enter the body. The majority of small-molecule drug metabolism is carried out in the liver by redox enzymes, termed cytochrome P450 enzymes. As metabolism occurs, the initial (parent) compound is converted to new compounds called metabolites. When metabolites are pharmacologically inert, metabolism deactivates the administered dose of parent drug and this usually reduces the effects on the body. Metabolites may also be pharmacologically active, sometimes more so than the parent drug.

 EXCRETION/ELIMINATION

Compounds and their metabolites need to be removed from the body via excretion, usually through the kidneys (urine) or in the feces. Unless excretion is complete, accumulation of foreign substances can adversely affect normal metabolism.

There are three sites where drug excretion occurs. The kidney is the most important site and it is where products are excreted through urine. Biliary excretion or faecal excretion is the process that initiates in the liver and passes through to the gut until the products are finally excreted along with waste products or faeces. The last method of excretion is through the lungs e.g. anaesthetic gases.

Excretion of drugs by the kidney involves 3 main mechanisms:


Glomerular filtration of unbound drug. Active secretion of drug by transporters  (e.g. anions such as urate, penicillin, glucuronide, sulphate conjugates) or cations such as choline, histamine). Filtrate 100-fold concentrated in tubules for a favourable concentration gradient so that it may be reabsorbed by passive diffusion and passed out through the urine.


TOXICITY

Sometimes, the potential or real toxicity of the compound is taken into account (ADME-Tox or ADMET). When the Liberation of the substance is considered, we speak of LADME. Computational chemists try to predict the ADME-Tox qualities of compounds through methods like QSPR or QSAR.

QIKPROP
QikProp is a quick, accurate, easy-to-use absorption, distribution, metabolism, and excretion (ADME) prediction program designed by Professor William L. Jorgensen. QikProp predicts physically significant descriptors and pharmaceutically relevant properties of organic molecules, either individually or in batches. In addition to predicting molecular properties, QikProp provides ranges for comparing a particular molecule’s properties with those of 95% of known drugs. QikProp also flags 30types of reactive functional groups that may cause false positives in high-throughput screening (HTS) assays. QikProp can be run either from the Maestro GUI or from the command line. QikProp has two modes: normal mode and fast mode. In fast mode, certain time-consuming calculations are omitted, some properties are not predicted, and some have different values.

QikProp properties and descriptors can be used as input to strike, which is a collection of chemically aware statistical tools for examining correlations within data. It can develop and employ QSAR/QSPR models

3.2.9 Setting Docking Options

Under Options in the Docking section of the Settings folder, you can choose whether ligands are docked flexibly, rigidly, or not at all (score in place), and set options for conformation generation. These options are described below. 

Flexible Docking: This is the default option, and directs Glide to generate conformations internally during the docking process; this procedure is known as flexible docking. At present, conformation generation is limited to variation around acyclic torsion bonds, generation of conformations of non-aromatic five and six membered rings, and generation of pyramidalizations 


at certain trigonal nitrogen centers, such as in sulfonamides. We can control whether ring conformations are generated or with the option Allow flips of 5- and 6-member rings. This option is selected by default.

3.2.10 ENERGY Minimization Settings

The energy minimization stage of the docking algorithm minimizes the energy of poses that are passed through the Selection of initial poses scoring phase. The Energy minimization section of the Settings - Advanced Settings dialog box contains two options: Distance-dependent dielectric constant GLIDE uses a distance-dependent dielectric model in which the effective dielectric “constant” is the supplied constant multiplied by the distance between the interacting pair of atoms. The default setting is 2.0, and Glide’s sampling algorithms are optimized for this value. Although this text box allows you to set the dielectric constant to any real value greater than or equal to 1.0, changing this setting is not recommended. 


FIGURE 8: GRID BASE DOCKING-2


       Glide does not allow for receptor flexibility in docking, but scaling of van der Waals radii of non-polar atoms, which decreases penalties for close contacts, can be used to model a slight “give” in the receptor and the ligand. This may not be sufficient to treat systems where ligand binding induces substantial conformation changes in the receptor (“induced fit”). Schrödinger has developed a procedure for such cases, which uses Prime, and Glide to perform induced fit docking.

3.2.11 GLIDE/PRIME INDUCED FIT DOCKING


The induced fit docking allows the receptor to alter its binding sites so that it more closely conforms to the shape and binding mode of the ligand. The ability to model induced fit docking has two main applications:

Generation of an accurate complex structure for a ligand known to be active but that cannot be docked in an existing (rigid) structure of the receptor.

Rescue of false negatives (poorly scored true binders) in virtual screening experiments, where instead of screening against a single conformation of the receptor, additional conformations obtained with the induced fit protocol are used.

3.2.12 INDUCED FIT DOCKING PROTOCOL

 
The prepared protein is docked using induced fit protocol using the following system.

1. Constrained minimization of the receptor (Glide protein preparation, refinement only) with an RMSD cutoff of 0.0018 Å
 2. Initial Glide docking of each ligand using a softened potential (Van der Waals radii scaling). By default, a maximum 20 poses per ligand are retained, and by default poses to be retained must have a Coulombic-vdW score less than 100 and an H-bond score is less than –0.05. 
3. One round of Prime side-chain prediction for each protein/ligand complex, on residues within a given distance of any ligand pose (default 5 A).

4.Prime minimization of the same set of residues and the ligand for each protein/ligand complex pose. The receptor structure in each pose now reflects an induced fit to the ligand structure and conformation.


5.   Glide re-docking of each protein/ligand complex structure within a specified energy of the lowest-energy structure (default 30 kcal/mol). The ligand is now rigorously docked, using default Glide settings, into the induced-fit receptor structure. 6. Minimization of the re-docked ligand within the protein.

7. Estimation of the binding energy (Glide Energy) for each output pose.

Schrödinger has developed a Python script that automates the induced fit docking process. This Python script has an interface in Maestro, in which we can specify the structures and enter settings for various options, and then the job running. The script then completes the protocol without further intervention. The structures use for induced fit docking must be prepared in the same manner as for Glide. The protein and ligand preparation must precede the use of the protocol. Figure 9 shows the window for induced fit docking.


FIGURE 9: INDUCED FIT DOCKING PANEL

3.2.13 Step by Step Docking Method

1. Import the protein co-crystallized structure; 2B5J was downloaded from the Protein data Bank.

2. All the water molecules were deleted.


3. Adjust the ligand bond orders and formal charges.

4. Docking was done, targeting the active site by keeping the appropriate ligand as reference. 

5. Run protein preparation

3.2.14 SCHEMATIC REPRESENTATION OF LIGAND CONSTRUCTION:

Glide
Structures of the HIV-1 Reverse Transcriptase inhibitors were drawn and saved in Maestro format

All the structures were minimized and saved in a folder
 3.2.15 SCHEMATIC REPRESENTATION OF TARGET AND LIGAND FITTING

2B5J target structure was loaded into Glide software

Non-nucleotide inhibitor structure (ligand) was loaded

Binding site specified

Ligand was docked with receptor

Results and docking score were saved


3.2.16 DOCKING OUTPUT JOB FILES
Jobname_lig.mae                 The input ligand structure file

Jobname_lig_prep.mae        The post preparation ligand structure file

Jobname_lig_ref.mae           The post refinement ligand structure file if




          present, the Receptor structure file contains

                                             Only the Receptor file.
        

Jobname_prot.mae               The input receptor structure files.

Jobname_prot_prep.mae      The post preparation receptor structure file

Jobname_prot_ref.mae         The post refinement receptor structure files. 

                                              Contains the Receptor and ligand structure unless                                                                                                                                    

                                              there is a separate Ligand structure file

 Jobname.log                         The log files for the complete preparation                                                                 

                                              and Refinement job


RESULTS AND DISCUSSION



RESULTS AND DISCUSSION

The results of the present study entitled “Molecular docking studies of HIV-1 Reverse transcriptase with Non-Nucleoside inhibitors effective against a broad range of drug-resistant strains” are presented and discussed under this chapter.

4.1 LIGPLOT INTERACTION:

       The Ligplot program automatically generates schematic diagrams of protein-ligand interactions for a given PDB file (2B5J).

       The interactions shown were those mediated by hydrogen bonds and by hydrophobic contacts. Hydrogen bonds were indicated by dashed lines between the atoms involved, while an arc represented hydrophobic contacts with spokes radiating towards the ligand atoms they contact. The contacted atoms were shown with spokes radiating back.

       Atom accessibilities can also be depicted; the ligand atoms can be colour-coded to indicate their accessibility to solvent.
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FIGURE 10: 2B5J-LIGPLOT OF INTERACTIONS WITH LIGAND

TABLE 1

 ACTIVE SITE RESIDUES BEFORE DOCKING USING PyMOL

	S.NO
	PDB
	INTERACTION

        (D-H…A)
	BOND DISTANCE BETWEEN DONOR & ACCEPTOR (Å)

	1
	2B5J
	LYS101 (O-H...N)
	2.85
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FIGURE 11: INTERACTION IN CO-CRYSTAL USING PyMOL


In the current study, 85 compounds were collected from the literature studies for docking analysis. Interaction studies were performed using GOLD and GLIDE docking program. Among the 85 compounds docked, top 10 compounds were selected in GOLD and tabulated. The Gold fitness score and interactions of selected compounds along with co-crystal ligand were shown in the table 2.

TABLE 2

LIST OF SELECTED COMPOUNDS, ITS STRUCTURE AND IUPAC NAME
	S.NO
	COMPOUNDS
	STRUCTURES
	IUPAC NAME

	1.
	CO-CRYSTAL
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	 (2e)-3-{3-[(5-ethyl-3-iodo-6-methyl-2-oxo-dihydropyridine-4-yl) oxy] phenyl} acrylonitrile

	2.
	COMPOUND 44
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	1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-4-methoxy-1H-benzimidazole



	3.
	COMPOUND 58
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	1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-N-methyl-1H-benzimidazol-4-amine



	4.
	COMPOUND 59
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	1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-N, N-dimethyl-1H-benzimidazol-4-amine



	5.
	COMPOUND 61
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	1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-N-hydroxy-1H-benzimidazole-4-carboximidamide



	6.
	COMPOUND 63
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	1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-N, N-dimethyl-1H-benzimidazole-4-carboxamide



	7.
	COMPOUND 64
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	1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-1H-benzimidazole-4-carboxylic acid



	8.
	COMPOUND 68
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	1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-1H-benzimidazole-4-carbaldehyde



	9.
	COMPOUND 71
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	1-[1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-1H-benzimidazol-4-yl] methanamine



	10.
	COMPOUND 75
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	[1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-1H-benzimidazol-4-yl] acetonitrile




4.2 GOLD DOCKING RESULTS:

      Docking of 85 ligand molecules with the target Reverse transcriptase protein (PDB ID: 3B5J) was carried out and the result was analysed using SILVER. Compounds with highest GOLD fitness score was selected and their structure, interaction with the activesite, bond distance of the interaction and GOLD fitness score was discussed in detail.

4.2.1 RESULT OF CO-CRYSTAL LIGAND
The GOLD Fitness score for the compound (2e)-3-{3-[(5-ethyl-3-iodo-6-methyl-2-oxo-dihydropyridine-4-yl) oxy] phenyl} acrylonitrile was 54.06. The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residue (LYS101) O-H…O by forming hydrogen bonds of length 2.436Å.
4.2.2 RESULT OF COMPOUND 44 
         The GOLD Fitness score for the compound 1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-4-methoxy-1H-benzimidazole was 48.19. The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residue (LYS103) N-H…O by forming hydrogen bond length 2.303 Å.


4.2.3 RESULT OF COMPOUND 58

       The GOLD Fitness score for the compound 1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-N-methyl-1H-benzimidazol-4-amine was 55.66. The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residue (LYS101) O-H…N by forming the hydrogen bond lengths of 2.633Å.

4.2.4 RESULT OF COMPOUND 59

       The GOLD Fitness score for the compound 1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-N, N-dimethyl-1H-benzimidazol-4-amine was 51.17. The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residue (LYS103) N-H…N by forming the hydrogen bond lengths of 2.374Å.
4.2.5 RESULT OF COMPOUND 61

      The GOLD Fitness score for the compound 1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-N-hydroxy-1H-benzimidazole-4-carboximidamide was 46.83. The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residue (LYS103) O-H…N by forming the hydrogen bond lengths of 2.672Å.

4.2.6 RESULT OF COMPOUND 63

      The GOLD Fitness score for the compound 1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-N, N-dimethyl-1H-benzimidazole-4-carboxamide was 50.04. The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residue (GLY190) N-H…O by forming the hydrogen bond lengths of 2.571Å.


4.2.7 RESULT OF COMPOUND 64

       The GOLD Fitness score for the compound 1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-1H-benzimidazole-4-carboxylic acid was 53.27. The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residue (LYS103) N-H…O, by forming the hydrogen bond lengths of 2.266Å.
4.2.8 RESULT OF COMPOUND 68

       The GOLD Fitness score for the compound 1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-1H-benzimidazole-4-carbaldehyde was 55.22. The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residue (GLY190) N-H…O, by forming the hydrogen bond lengths of 2.711Å.

4.2.9 RESULT OF COMPOUND 71

      The GOLD Fitness score for the compound 1-[1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-1H-benzimidazol-4-yl] methanamine was 60.58. The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residue (LYS101) O-H…N by forming the hydrogen bond lengths of 2.316Å.

4.2.10 RESULT OF COMPOUND 75

      The GOLD Fitness score for the compound [1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-1H-benzimidazol-4-yl] acetonitrile was 53.69. The interaction of the ligand with the receptor molecule was viewed using Silver. From the output of the silver, the resulting interaction was analyzed. The ligand has shown good interaction with the residue (LYS103) 0-H…N by forming the hydrogen bond lengths of 2.250Å.


TABLE 3

 TEN BEST COMPOUND RESULTS (GOLD)

	S.NO
	COMPOUNDS
	INTERACTION

(D-H…A)
	BOND DISTANCE BETWEEN DONOR & ACCEPTOR (Å)
	GOLD SCORE

	1.
	CO-CRYSTAL
	(LYS101) O-H...O
	2.436
	54.06

	2.
	COMPOUND 71
	(LYS101) O-H...N
	2.316
	60.58

	3.
	COMPOUND 58
	(LYS101) O-H...N
	2.633
	55.66

	4.
	COMPOUND 68
	(GLY190) N-H...O
	2.711
	55.22

	5.
	COMPOUND 75
	(LYS103) O-H...N
	2.250
	53.69

	6.
	COMPOUND 64
	(LYS103) N-H...O
	2.266
	53.27

	7.
	COMPOUND 59
	(LYS103) N-H...N
	2.374
	51.17

	8.
	COMPOUND 63
	(GLY190) N-H...O
	2.571
	50.04

	9.
	COMPOUND 44
	(LYS103) N-H...O
	2.303
	48.19

	10.
	COMPOUND 61
	(LYS103) 0-H...N
	2.672
	46.83



4.3 THE BEST COMPOUNDS PRINT VIEW RESULT (GOLD)
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FIGURE 12: INTERACTION OF CO-CRYSTAL COMPOUND WITH THE ACTIVE SITE RESIDUES OF TARGET PROTEIN RT
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FIGURE 13: INTERACTION OF COMPOUND 44 WITH THE ACTIVE SITE RESIDUES OF TARGET PROTEIN RT
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FIGURE 14:  INTERACTION OF COMPOUND 58 WITH THE ACTIVE SITE RESIDUES OF TARGET PROTEIN RT
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FIGURE 15:  INTERACTION OF COMPOUND 59 WITH THE ACTIVE SITE RESIDUES OF TARGET PROTEIN RT
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FIGURE 16:  INTERACTION OF COMPOUND 61 WITH THE ACTIVE SITE RESIDUES OF TARGET PROTEIN RT
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FIGURE 17:  INTERACTION OF COMPOUND 63 WITH THE ACTIVE SITE RESIDUES OF TARGET PROTEIN RT
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FIGURE 18:  INTERACTION OF COMPOUND 64 WITH THE ACTIVE SITE RESIDUES OF TARGET PROTEIN RT
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FIGURE 19:  INTERACTION OF COMPOUND 68 WITH THE ACTIVE SITE RESIDUES OF TARGET PROTEIN RT
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FIGURE 20:  INTERACTION OF COMPOUND 71 WITH THE ACTIVE SITE RESIDUES OF TARGET PROTEIN RT
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FIGURE 21: INTERACTION OF COMPOUND 75 WITH THE

ACTIVE SITE RESIDUES OF TARGET PROTEIN RT
TABLE 4

VIRTUAL SCREENING RESULTS (GLIDE)
	S.NO
	COMPOUND
	GLIDE SCORE
	GLIDE ENERGY


	INTERACTION

    (D-H…A)
	DISTANCE BETWEEN DONOR & ACCEPTOR

(Å)

	1.
	CO-CRYSTAL
	-10.212938
	-44.135475
	(O-H...N) LYS101
	2.786

	2.
	COMPOUND 44
	-9.738874
	-38.999920
	
	

	3.
	COMPOUND 58
	-9.899648
	-42.702485
	(O-H...N) TYR188
	2.836

	4.
	COMPOUND 68
	-9.741776
	-42.156080
	
	

	5.
	COMPOUND 71
	-9.373176
	-35.926328
	
	


TABLE 5

 INDUCED FIT DOCKING RESULTS OF BEST COMPOUND (GLIDE)

	S.NO
	COMPOUND
	GLIDE

SCORE
	GLIDE ENERGY

(Kcal/mol)
	INTERAC-TION

(D-H…A)


	DISTANCE BETWEEN DONOR & ACCEPTOR

(Å)



	1.
	CO-CRYSTAL
	-10.628168
	-46.642789
	(N-H...0) LYS103

(O-H...N) LYS101
	3.108

2.780

	2.
	COMPOUND 44
	-10.142854
	-50.258300
	(N-H...F) LYS101
	3.138

	3.
	COMPOUND 58
	-8.272395
	-46.976450
	(N-H...F) LYS101
	2.807

	4.
	COMPOUND 68
	-10.507189
	-52.814352
	(N-H...F) LYS101

(N-H...O) LYS103
	3.393

2.965

	5.
	COMPOUND 71
	-10.305944
	-45.623517
	(O-H...N) LYS103

(O-H...N) LYS101
	3.171

2.812

	
	Co-Crystal
	Compound 44
	Compound 58
	Compound 68
	Compound 71

	Mol wt

(130.0 to 725.0)
	406.22
	386.348
	385.363
	379.802
	384.332

	SASA-Solvent Accessible surface area in square angstroms

(300.0-1000.0)
	585.297
	591.550
	612.957
	641.464
	597.200

	Volume

(500.0-2000.0)
	1014.95
	1073.407
	1097.555
	1109.818
	1070.529

	Donor HB

(0.0-6.0)
	1.000
	0.000
	1.000
	4.000
	0.000

	Hb accpt HB               (2.0-20.0)
	4.500
	2.250
	2.500
	5.250
	3.500

	QP logS

(6.5-0.5)
	- 5.644
	-6.181
	-6.471
	-5.296
	-5.646

	QPlogKp 

(8.0 to -1.0)
	-3.062
	0.256
	-0.469
	-3.337
	-1.480

	QPlogBB 

(3.0-1.2)
	-1.045
	0.474
	0.344
	-1.477
	-0.167

	Percent Human oral absorption

(>80% is high & <25% is poor)
	92.139
	100
	100
	100
	100

	Rule of five
	0
	1
	1
	0
	0


TABLE 6: ADME RESULTS FOR THE BEST COMPOUNDS

4.4 GLIDE PRINT VIEW RESULT
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FIGURE 22: INTERACTION BETWEEN CO-CRYSTAL

AND RT
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FIGURE 23: INTERACTION BETWEEN COMPOUND 44 AND RT
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FIGURE 24: INTERACTION BETWEEN COMPOUND 58 AND RT
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FIGURE 25: INTERACTION BETWEEN COMPOUND 68 AND RT
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FIGURE 26: INTERACTION BETWEEN COMPOUND 71 AND RT


Discussion:

Reverse transcriptase is used by reverse-transcribing RNA viruses genomes into DNA, which is then integrated into the host genome and replicated along with it. Reverse-transcribing DNA viruses, can allow RNA to serve as a template in assembling, and making DNA strands. HIV infects humans with the use of this enzyme.

The ability of molecular docking methods to locate selective inhibitors reinforces our view of structure-based drug discovery as a valuable strategy, for identifying lead compounds. This study focuses on series of ligands that are further screened for a successful candidate drug using rational drug design.

In the present work I proposed and evaluated the interaction of Non-nucleoside reverse transcriptase inhibitor and its derivative compounds with Reverse transcriptase as target by using the docking program GOLD and GLIDE.
To study the molecular basis of interaction and binding affinity of Non-nucleoside reverse transcriptase inhibitor and its analogues, these compounds were docked into active site of Reverse transcriptase using GLIDE. The best 5 compounds were screened out using high throughput virtual screening. These 5 best compounds were further subjected to Induced Fit Docking studies. 

Based on ADME results Compound 71 and 58 is found to satisfy all the necessary parameters to act as a Drug. 

Based on overall studies, we can conclude that compound 71 and compound 58 was found to be more potent inhibitor based on glide score, glide energy and interaction with residues in the active site of the Reverse Transcriptase. In future this can be taken as an effective drug candidate for the second – generation drug discovery.


Binding affinity of nonnucleoside reverse transcriptase inhibitors, were docked into active site of Reverse Transcriptase using GOLD. Among the compounds, which were docked, compound 71 and compound 58 has given higher fitness score compared to other compounds (including co-crystallized ligand). The compound 71 and compound 58 has given highest score of 60.58 and 55.66 by showing strong interaction with the residues LYS101 (O…N) having hydrogen bonds of length 2.316Ǻ and 2.633Ǻ respectively. 

The type of interaction it exhibits and the residues with which it interacts convey that they are good inhibitors of Reverse Transcriptase as they exhibit drug like activity. The results of the current project suggest that the compounds herewith proposed are showing orientation close to active site and these compounds can be used as a lead for designing future pharmaceuticals that may be used as inhibitors of Reverse Transcriptase.


SUMMARY AND CONCLUSION



4. SUMMARY AND CONCLUSION

In this post-genomic era, research increasingly focuses on proteomics. Experimental and computational efforts are devoted to large-scale generation and analysis of information derived from 3D structures and dynamics of proteins, with the goal of scientific and commercial breakthrough in drug discovery.

The structure of Reverse Transcriptase complex with 3AC562(A) is taken as the representative structure for docking studies. The PDB ID of the protein is 2B5J.

The Nonnucleoside inhibitors are collected from the literature studies were docked into the active site of RT using GOLD and GLIDE software. In Gold the docking evaluations were made on the basis of fitness function, Gold score and ChemScore. For both the scoring functions, the docking conformation generated with best fitness has been analysed by the comparison of ligand binding position and fitness function score. In GLIDE, HTVS and XP was performed and four compounds (44,58,68 and 71) were selected for induced fit docking.

  
By docking analysis of GOLD and GLIDE, the compounds 71 and 58 were found to be potent inhibitors of RT compared with the drug used. It exhibit more interaction with the active site residues LYS 101, LYS 103, PRO 236, TYR 188, VAL 179, VAL 106, HIS 235 and GLY 190.This shows that the compounds serves as a potent inhibitors of RT for HIV-1.

The current study on docking analysis-using GOLD and GLIDE on nonnucleoside inhibitors may inhibit the protein. The results revealed that the compounds 71 and 58 with more interaction and score might be used as a non-nucleoside inhibitor for the treatment of HIV disease.

To conclude that the proposed compounds 71(1-[1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-1H-benzimidazol-4-yl] methanamine) and 58 (1-(2,6-difluorobenzyl)-2-(2,6-difluorophenyl)-N-methyl-1H-benzimidazol-4-amine) showed orientation close to the active site and this compounds can be use as inhibitors of RT.
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