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ABSTRACT

We report docking studies @Amino-6-arylsulfonylbenzonitrile derivatives asnmucleoside
HIV-1 reverse transcriptase inhibitors. Docking dies were performed on three different types
of 2-Amino-6-arylsulfonylbenzonitrile derivativesfocus on the application of docking methods
and parameters to study substrate—enzyme interatad 2-Amino-6-arylsulfonylbenzonitrile
derivatives as ligand with immunodeficiency viresarse transcriptase as receptor. In present
study structure-based drug design flexible dockwege performed to get better understanding of
binding mode of ligand with receptor. Docking sasdexplores different substituents as well as
hydrophobic, steric and electronic features whidfees and are essential for non-nucleoside
RT inhibitors to show anti-HIV-1 activity. The pea$ analysis reveals that presence of cyano
group on aromatic ring and —Cl at position 3 aresfitve factors for anti-HIV activity.

Keywords. computer-aided drug design, human immunodeficiefrtas reverse transcriptase,
structure-based drug design, 2-Amino-6-arylsulfoeyzonitrile derivatives

INTRODUCTION

Acquired immuno deficiency syndrome (AIDS), causgdthe HIV virus, is one of the world’s
pandemic disease with crucial medical, economic sowlal impact on the modern world. The
current chemotherapy, combining three or more dnggscreasing the survival of HIV-infected
patients for longer time and provides an improvedility of life. But due to increasing
emergence of drug resistance Highly Active Antoetral Therapy (HAART) has received a
setback. Therefore, the issue of rapid emergenceesiftance virus has to be tackled by
designing either new potent efficient inhibitors iy modifying the existing drugs in order to
inhibit wild type HIV-1 as well as pre-existing rswnt viral variants due to occurrence of
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mutations during ongoing viral replication. Comptaieded drug design designing is a powerful
tool for designing new drug or modifying existingud. These methods are simple, non-
expensive and accelerate the process of desigromgl rand potent molecules with desired
biological activity [1-7].

Quantitative structure activity relationship (QSA&t)d docking methods are two generally used
computational methods in structure-based drug de€8BDD). In QSAR methodologies, a
mathematical relationship, relating the biologieaitivity to some molecular descriptors is
obtained. In docking studies, different search allgms such as simulated annealing and genetic
algorithm in combination with scoring function suas molecular mechanic calculations are
being used to study the binding of the ligands poadein with known structure. Thus docking is
an attempt to predict the structure of the intesoolar complex formed between two or more
constituent molecules. Through docking procedurespnly new biological active compound is
introduced, but also the chemistry of the ligandtgin interaction is well recognized.

The current therapies for HIV inhibition are chyethased on the inhibition of three key viral
enzymes: HIV-1 reverse transcriptase (RT), HIV-atgase and HIV-1 integrase. The inhibition
of RT is considered as one of the most attractvgets in the anti-HIV chemotherapy because it
does not exist in Humans and play important rolthenviral replication. Based on the chemical
structures and the inhibitory mechanism, the RTibitdrs are classified as nucleoside and
nucleotide RT inhibitors (NRTIs) and non-nucleosRI€ inhibitors (NNRTIs). NRTIs binds to
the active site of RT and act as substrate decog<lain terminators whereas NNRTIs bind to
an allosteric site of HIV-1 RT located about 10\lag from the catalytic site [8],[9].

The NNRTIs play an important role in current antWHtherapy as a part of a successful
combination therapy due to safety, selectivity &igh potency. Different aspects of NNRTIs
have recently been reviewed [10], [11]. In preseotk we have used flexible docking to explore
the binding of 2-Amino-6-arylsulfonylbenzonitrileedvatives which are NNRTIsith HIV-1

RT. Use of flexible docking can enhance the drugigfeprocess by making it more reasonable
[12], and the inclusion of that flexibility couldebdecisive when targeting a highly dynamic
protein, such as HIV-1 RT. X-ray crystallographiadies shows that RT is a 1000-amino-acid
heterodimer of p66 and p51 subunits, which are eachposed of “fingers,” “thumb,” “palm”
and “connection sub domains [13]. Considering thgehconformational changes associated as
well as the large size and the extensive flexipiliisplayed by the HIV-1 RT inhibitors that are
currently used clinically, applying the flexible dang will be useful to understand the types of
interactions between these NNRTIs and HIV-1 RT.

MATEIALSAND MEHTODS

2. Experimental protocol / Computational approach

2.1 Data set:

2-Amino-6-arylsulfonylbenzonitrile derivatives déwped by Chan [14] along with their
biological activities are taken for docking studiesd are listed in table 1 along with their
biological activities, expressed in terms of gCThe compounds include structurally diverse
derivatives of 2-Amino-6-arylsulfonylbenzonitrileitiw substituents like -Cl, -CHetc. Only
those derivatives are considered here for whichrate value of plg was reported.
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Figure 1. structure of 2-Amino-6-arylsulfonylbenzonitrile derivatives
Tablel. Anti-HIV-1 activity (inhibitory concentration pl Csp) of 2-Amino-6-arylsulfonylbenzonitrile

NH,

derivatives
Sr. No. Code X Y e plCsq
1 S1 S 3-Cl 16.000 -1.2041
2 S2 S 3,5-Gl 0.120  0.9208
3 S3 S 2 -OCHl 2.700 -0.4314
4 S4 S 3-OCH 1.500 -0.1761
5 S5 S 3-CHl 0.960 0.0177
6 S6 S 4-—CH 5.700 -0.7559
7 S7 S 2-Cl 7.200 -0.8573
8 S8 S 4-Cl 12.000 -1.0792
9 S9 S 3-Br 15.000 -1.1761
10 S10 S 3-F 12.000 -1.0792
11 S11 S 2-CN 9.100 -0.9590
12 S12 S 3-CN 1.100 -0.0414
13 S13 S 3-CF 7.100 -0.8513
14 S14 S 2,5-Gl 3.500 -0.5441
15 S15 S 3,5-(CH), 1.100 -0.0414
16 S16 S 3-Cl, 5-CH 1.700 -0.2304
17 S17 S 3-OCk5-CH; 0.140 0.8539
18 S18 S 3-OCK5-CF; 13.000 -1.1139
19 S19 S H 8.700 -0.9395
20 SO1 SO 3-OcH 19.000 -1.2788
21 S0O2 SO 3,5-(Chh 0.500 0.3010
22 SO3 SO 2-0OCH 12.000 -1.0792
23 S04 SO 3-CH 10.000 -1.0000
24 SO5 SO 3-Br 4800 -0.6812
25 SO6 SO 2-CN 9.900 -0.9956
26 SO7 SO 2,5-Gl 6.200 -0.7924
27 SO8 SO 3-Cl,5-CH 0.520 0.2840
28 S0O9 SO 3-0CH5-CRK 0.900 0.0458
29 0SO1 S© 4-OCH 13.000 -1.1139
30 0S02 S@ 3-Br,5-CH 0.003  2.5229
31 0S03 S@ H 6.900 -0.8388
32 0S04 S@ 2-0OCH 1.400 -0.1461
33 0SO5 S@ 3-OCH 0.600 0.2218
34 0S06 S@ 2-CH; 4500 -0.6532
35 0SO7 S© 3-CH; 0.200 0.6990
36 0S08 S© 4-CH 7.300 -0.8633
37 0s09 s 2-Cl 5.900 -0.7709
38 0sO10 s@ 3-Cl 0.400 0.3979
39 0S0O11 S@ 2-Br 12.000 -1.0792
40 0S012 S@ 3-Br 0.200 0.6990
41 0S013 S@ 2-F 5.000 -0.6990
42 0S014 S@ 2-CN 6.000 -0.7782
43 0S0O15 S@ 3-CN 1.800 -0.2553
44 0S0O16 S© 3-Ch 5.300 -0.7243
45 0S017 S@ 2,5-Ch 0.300 0.5229
46 0S018 Ss@ 3,5-Ch 0.030 1.5229
a7 0S019 S@ 3,5-(CH), 0.010 2.1549
48 0S020 S@ 3-Cl,5-CH 0.010 2.3010
49 0S021 S@ 3-0CH, 5-CHs; 0.010 2.0000
50 0S022 S@ 3-0CH, 5-CF; 0.040 1.3979
51 0S023 S® 3-O(CH)s-CHs 5-CH; 0.400 0.3979
52 0S024 S© 1-naphthyl 1.000 0.0000
53 0S025 S@ 2-naphthyl 0.030 1.5229
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3. Computational methods

3.1 Molecular structures

The molecular structures were drawn and optimizzdguChemDraw ultra 11.0 and exported to
Molecular Operating Environment (MOE). MOE-Dock liueés a Monte Carlo simulated
annealing process for docking a substrate int@thtiee site of a macromolecule. The molecular
structures were further prepared along with thegims (charges and protonation states were
assigned) by the docking engine.
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Figure2: Ramchandran plot of the PDB 3DRP

The structure of HIV-1 RT bound to different drugas being solved by crystallography and
different binding sites have been determined deipgnoin the nature of the ligand counterparts
as well as on the experimental conditions of theeaech. Docking procedures were performed
on HIV-1 RT as receptor, downloading its structinoen the Protein Data Bank (PDB). Different
files of HIV-1 RT complexed with different ligandse available from that web site. We selected
PDB file (PDB code: 3DRP) complexed with R8E.

The rationale of this selection is to choose tleepéor with the ligand as similar as possible with
2-Amino-6-arylsulfonylbenzonitrile derivatives atatated in the most active drug binding site.
The structure of HIV-1 RT protein was obtained froRrotein Data Bank [Research
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Collaboratory for Structural Bioinformatics (RCSB)ttp://www.rcsb.org/pdl}) The structure
was validated by plotting Ramchandran plot usingpt&in Geometry” module in MOE, which
shows that 91.93% of the residues are in the cagmm of the Ramachandran Map and Core:
Score > 0.02 Allowed: 0.0005 <= Score <= 0.02 @utlscore < 0.0005 (Fig.2).

3.2 Docking Algorithms

Docking programs are of two classes, “direct” andbiased.” Despite of the disadvantage of
making assumptions about the potential energy tzapks to save computational time direct
docking softwares such as DOCK have the benefismpged. Unbiased methods such as
AutoDock, FTDOCK and MOE-Dock perform with few asgotions about the potential energy

landscape. Thus at the expense of computation times, find final docked solutions that the

direct method might have missed. Here we reportifeeof MOE-Dock by Chemical Computing

Group Inc. [15], which has the advantage flexibdelkdng as well as integration with a graphical
interface as well as with other modules, such adyais, molecular mechanics, and molecular
dynamics.

3.3 Docking Simulations

In MOE London dG scoring is used as default settmgalculate the exact confirmation and
configuration of the ligand to find the best moliecwith minimum binding energy [11] and it
can be used to develop potential drug moleculessigthe disease. The London dG scoring
function estimates the free eney§ of binding of the ligand from a given pose. Thadtional
form is a sum of terms:

AG=c+E,, + ZCHBfHB + ZC.uﬁf + ZAD:

h—bonds m—iig atons |

where C represents the average gain/loss of rotational teantslational entropyEsex is the
energy due to the loss of flexibility of the ligaiicalculated from ligand topology onlyh;s
measures geometric imperfections of hydrogen bardb takes a value in [0,1G4g is the
energy of an ideal hydrogen borfg; measures geometric imperfections of metal ligatiand
takes a value in [0,1]Cy is the energy of an ideal metal ligation; andis the desolvation
energy of aton. The difference in desolvation energies is catedlaccording to the formula

AD, = ¢ R} {.”..“zﬂ du—jjj|u| du}

wE AE

WhereA andB are the protein and/or ligand volumes with atobelonging to volume; R is
the solvation radius of atom(taken as the OPLS-AA van der Waals sigma paranpétie 0.5
Angstrom); andC; is the desolvation coefficient of atamAtoms are categorized into ~12 atom
types for the assignment of tki coefficients. MOE 2008.10 was run on a Windows béRed

Pentium IV 266 GHz PC (with 1GB RAM).

3.4 Docking Run Parameters:

Since the main goal of this study was to perfooukehg to understand binding between ligand
and receptor six molecules were chosen to gefdftugsults. The list includes one highly active
and one lowest active compound from each serieen®ulocking most of the default settings
were applied except that the numberR&tainwere 10 instead of 30 during docking in MOE.
Protein structures were first repaired and then@ppately protonated in the presence of ligand
using the Protonate3D [16] process in MOE. Protgirepared in this manner were applied
directly for docking. It is well documented in liggure [17] that if a crystallographic structure of
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the protein complexed with a relatively close agat the ligand is available, "ligand-based
docking” may be performed. In this procedure, onenore conformations of the candidate
ligand are fitted to the crystallographic structaféhe known ligand by optimizing the similarity
in electrostatic and steric potentials. The experntal structure of the "template” ligand is then
deleted, leaving the candidate ligand docked toptiogein. In addition, the conformation of the
fitted ligand may be simultaneously optimized dgrthe fitting. The same strategy was used to
get best docking results. The default proceduregu$riangle Matcher placement method with
London dG scoring was used for the docking runs.

3.5 Docking of the molecule set

With the assumption that the comparison of dockegults obtained for most active and least
active compounds from each series will give bestencture based understanding, compound
therefore compound S1, S2, SO1, SO2, OSO1, OSOR wed for docking studies. Figure 3

contains best docking pose of each selected melesmd Table 2 contains docking scores and
Table 3 contains calculated parameters obtained)MOE.

Table 2: Different results obtained after docking 2-Amino-6-arylsulfonylbenzonitrile derivativesin active site
of HIV-1 RT along with other parameters calculated by M OE

Sr. 1 2 3 4 5 6

No.

Code S1 S2 SO1 S0O2 0Sso1 0S02
pICsq -1.204 0.921 -1.279 0.301 -0.653 2.523
S -11.3046 -12.3693 -12.6280 -12.2915 -11.9934 44108
Econf 0.60 0.00 1.40 1.40 0.60 0.60
Eplace -57.720 -60.426 -73.321 -70.176 -86.405 23&8.
Escorel -11.3046 -12.3693 -12.6280 -12.2915 -1#4.9932.4109

S: The final score, which is the score of the siage that was not set to norieconf: the energy of the conformer.
Eplace: Score from the placement stage. Escorelte$mom the rescoring stage(s).

Table 3: Different parameters calculated by M OE before and after docking for the selected ligands

Code S1 S2 SO1 S0O2 0OS0O1 0S02
E(x) Before 75.829 74.049 100.459 100.783 64.277 52.100
After 82.121 75.761 127.483 119.341 98.540 336.550
Estr Before 3.696 3.757 3.691 4.253 3.412 3.334
After 20.897 20.606 20.860 20.871 20.305 16.446
Eang Before 17.880 19.280 28.890 25.131 15.825 8.902
After 15.080 15.150 46.227 39.544 21.538 11.685
Estb Before 0.226 0.403 0.293 0.472 0.591 0.489
After -0.368 -0.322 -2.558 -1.850 -0.862 1.823
Eoop Before 0.098 0.112 0.314 0.564 0.033 0.017
After 0.000 0.000 0.000 0.000 0.000 0.024
Etor Before 12.562 13.620 19.271 18.264 -2.325 -2.566
After 9.489 10.140 18.932 17.338 -0.147 -2.245
Evdw Before 43.966 45.446 49.796 50.229 40.790 36.112
After 39.420 38.593 44.084 44.816 50.588 308.818
Eele Before -2.600 -8.568 -1.797 1.871 5.951 5.813
After -2.398 -8.407 -0.061 -1.377 7.117 0.000
Eres Before 0.000 0.000 0.000 0.000 0.000 0.000
After 0.000 0.000 0.000 0.000 0.000 0.000
TPSA 49.810 49.810 95.320 86.090 93.180 83.950
logP 3.945 4598 2.316 2.924 1.982 3.044

Where E(x): potential energy of a molecular systestr: bond stretch energy Eang: bond angle bendygriestb:
stretch-bend energy Eoop: out-of-plane energy Hdredral angle or torsion energy Evdw: van der Waaergy

Eele: electrostatics energy Eres: restraint energy
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The parameters like E(x), Estr, logP and other waleulated for selected ligand before and
after docking. For this the ligand was protonated &thered using “LigX” module in MOE and
various parameters were calculated before doclkifter docking the parameters were calculated
directly without doing protonation and tether. A&klculated parameters are listed in table 3.
Analysis of the table 3 indicates that the caladdbgP for all the selected compound is below
five which means these are good choice as drugdaied Moreover, the values of E(x) which is
function of the atomic coordinates and calculatgdhle formula:

E(X) = Estr + Eang+ Estb + Eoop + Etor + Evdw + EeIe + Esol + Eres

Where each of the energy terms is itself a sumluivg different types of atomic interactions,
indicates that the lowest energy conformation isthebest poseonformation. For most active
compound OSO2 the value of Evdw has very largefice before and after docking indicating
substantial van der Waal interactions between tigand protein and this may be the reason
behind its high activity. Since other ligands aleoashowing van der Waal interactions with
various amino acids in binding pocket it seem thaat der Waal interactions are necessary for
their binding. Hydrogen bonding is represented tyedi line
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Figure 3: Docking poses of different 2-Amino-6-arylsulfonylbenzonitrile derivatives.
RESULTSAND DISCUSSIONS

The NNRTIs rapidly lead to the appearance of desgistant HIV-1 mutants, botin vitro as
well asin vivo. The mutations that cause resistance to the NNRpfear to be located at
positions 98, 100, 101, 103, 106, 108, 179, 188, 180, 230, and 236 of the p66 subunit, and
position 138 of the p51 subunit, of the HIV-1 reseetranscriptase. The most notorious is the 181
Tyr — Cys mutations that lead to resistance to almoMNMRTIs. Under the continued pressure
of the NNRTIs the 181 Ty~ Cys mutants can further mutate to the 181 Sydle mutant,
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which is even more resistant to the drugs. Mutatioray also appear/disappear in a controlled
fashion so as to import a higher level of resistaras has been noted with the 106 ValAla
mutation that was replaced by the 190 GlyGlu mutation under increased pressure of the drug
(i.e., quinoxaline S-2720).

The fact that the different classes of NNRTIs gige to different resistance mutations may be
interpreted to mean that they interact with diffgraffinities or different amino acid residues
within the NNRTI-binding site [17]. This suggestsat the different NNRTIs should not
necessarily lead to cross-resistance.

From the docking it is clear that the side chaid bBackbone of residue surrounding the active
site adjust to each bound drug with each drug Wferént amount this suggests that the
conformation of receptor changes on introductiomrofy at active site. This means this protein
is able to interact and accommodate inhibitors iffieleent chemical structures. The results
demonstrate that 2-Amino-6-arylsulfonylbenzonitdierivatives can be docked and aligned into
the NNRTI allosteric binding site extremely well.

The docking studies reveal that like other NNRTBAMmino-6-arylsulfonylbenzonitrile
derivatives also bind with protein in a “Butterfike” mode and introduce short range
conformational changes in protein. All the ligareibited van der Waals interactions with
various amino acids in p66 subunit.

The most active compound OSO2 binds to proteironbt due to hydrogen bonding but due to
hydrophobic and electrostatic interactions alsobiftds with Tyr 318 and Lys 103 through
hydrogen bonding whereas the compound OSO1 whictvsinydrogen bonding with Lys 101
through oxygen of —OCHgroup and no hydrogen bonding due to oxygen of, ¢Qup and —
CN group.

Table 4: Antiviral Activity of Representative 2-Amino-6-arylsulfonylbenzonitrilesNNRTIsagainst HIV-1
Wild-Type and M utantViruses [14]

Sr. No. virus/compds 0S018 0S02
1 wild-type 0.037  0.009
2 K103N 8.3 0.97

3 V106A 0.0062 0.0015
4 Y181C 50 10

5 V106A/Y181C 1.8 0.077
6 E138K 0.085 0.015
7 G190A 0.084 0.031
8 V108I1/Y181C 58 18

9 Vv108l| 0.047 0.011
10 Y188C 0.14 1.7

11 K103N/L100I 5.5 16

12 P236L 0.0025 0.011
13 K103N/Y181C >50 >50

14 K103N/V108I 4 15

15 K103N/P225H 3.8 13

Analysis of table 4 clears that if mutation is VI8881C than the activity of OSO2 decreases
significantly, same is true for OSO18. This fagbgort our docking results that active compound
bind to the protein through Y181 using-t interactions. To add further the mutation
K103N/V108I or K103N/P225H causes a noteworthy ease in activity of OSO2 indicating

that ligand binds to protein through K103 or V108 B225. This not only suggests that
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interaction with K103 is very important for bindirft again confirms results of our docking
studies also that compound OSO2 binds with Tyr &i@ Lys 103 through hydrogen bonding.
Whereas earlier docking studies by Chen [14] intdiddhat the ligands bind to protein through
carbonyl oxygen of amino acid K101.

Compound SO2 shows hydrogen bonding through —CN ks 103 but compound SO1 shows
two hydrogen bonds one with Tyr 318 through —CN atieér with the Val 106 through —-OGH
group. Compound S2 shows hydrogen bonding with3M@ and Lys 101 through —CN group
but compound S1 shows two hydrogen bondings omeigir —CN with Tyr 318 and other with
Leu 234 through —NKgroup. But due to additional —Cl the hydropholmiteractions are very
high. The presence of hydrophobic group like sCGH position 4 and 5 increases activity
considerably hence retention of —C#t position 4 &/or 5 is highly favorable. The pease of —
Br at position 3 has positive impact but negativpact at position 2, therefore in future drug
development it should be retained at position 3.

The amino acids in the binding pocket of RT enzyane mainly lipophilic with aromatic
residues [18]. Therefore, not only hydrogen bondinghydrophobic interactions also play vital
role in deciding anti-HIV activity [19]. Hydrogenohding plays activity enhancing role if it is
between —CN and Tyr 318. Extensive hydrophobicau#ons are instrumental in stabilizing the
2-Amino-6- arylsulfonylbenzonitrile derivatives. Asxpected, the major role is played by the
aromatic moiety present in the structutes interactions are observed between the aromatic
moieties of the amino acid residues that convetdbeainner side of the binding cavity and the
aromatic moieties of the ligand. The electrostatieraction is stabilized by these stacking type
interactions. As stated earlier 181 F# Cys mutation is responsible for resistance ancerain
the 2-Amino-6- arylsulfonylbenzonitrile derivativésnds to protein through this amino acid
therefore 2-Amino-6- arylsulfonylbenzonitrile deaiives are good candidates for future drug
designing for resistant HIV-1 viruses. To concluithe, docking studies provide understanding on
the binding interaction of the 2-Amino-6- arylsuifdbenzonitrile derivatives and could be
useful for developing new strategies for novel lonfor design to speed up the drug discovery
process. Finally, the docking studies performeck tserffer from the limitations associated with
the approximations inherent to simplified empiricabdels and qualms associated with protein
structure.
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