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ABSTRACT

Docking studies of few C-3 Substituted Azapterglimdich act as Hepatitis C Virus RNA-
Dependent RNA Polymerase inhibitor was performeddiyg MOE 2009. The docking studies
reveal that majority of the Azapteridine derivasvimteracted with Hepatitis C Virus RNA-
Dependent RNA Polymerase through hydrogen bondingedl as hydrophobic interactions. The
present analysis is useful in future drug design.

Keywords: - Azapteridines, drug design, hydrogen bonding, dptobic interaction, MOE
2009.

INTRODUCTION

Hepatitis C virus (HCV) infection is a major causkliver failure, and is responsible for the
majority of liver transplants. An estimated 170lmoit people have been infected by HCV [1],
which in most cases establishes a chronic infecti@mt puts them at risk for cirrhosis and
hepatocellular carcinoma. The current standardeafttnent is pegylated interferon-alpha (IFN-
a) in combination with ribavirin. This treatmentopides a sustained response in about 80% of
patients infected with genotype 2 and 3 viruseg, dnly about 40% of those infected by a
genotype 1 HCV [2]. These drugs also result in pmadly severe side effects, causing a
significant number of patients to withdraw fromattment [3].
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HCV is a positive strand RNA virus that encodeleast four enzymatic activities. These include
the NS2 protease, a protease and a helicase enbydB&$3 and, a polymerase encoded by
NS5B. HCV is strictly dependent on its RNAdependeMA polymerase (RdRp) for genome
replication, and this polymerase is an attractaget for development of inhibitors [4]. The
RdRp shares a core structure common to other poasas [5-9], however, sequence homology
with other polymerases is limited to the catalyite. There is a high degree of sequence
diversity within the HCV genome across isolatese do the low fidelity of the RdRp. This
presents a challenge for identifying efficacious-&iCV drugs, both because of the structural
variability in the initial drug target and the potil for the rapid development of resistance. The
development of a new generation of inhibitors hi@imeted the attention of many researchers
working in the design, synthesis, and molecular @liad studies of reversible and selective
inhibitors.[10]The determination of the 3D structure of Hepatti¥irus RNA-Dependent RNA
Polymerase by X-ray crystallographgs opened the way for molecular modeling studiegyet
better insight into the Inhibitory mechanism of léps C Virus RNA-Dependent RNA
Polymerase, a series of Azapteridine derivativesewellected from literature [11] and studied
against Hepatitis C Virus RNA-Dependent RNA Polyaserenzyme by molecular docking .

MATERIALSAND METHODS

Experimental

Structures of all Azapteridine derivatives werelaxied from literature [11]. The compounds
were sketched and converted into three dimensisinattures using the program Chem Draw
[12] . Since the main goal of this study was tof@®n docking to understand binding between
ligand (Azapteridine analogues) and receptor (HgpaC Virus RNA-Dependent RNA
Polymerase PDB ID-2gir) was chosen to get fruitedults [13]. During docking most of the
default settings were applied except that the nundbeetain were 30 instead of 10 during
docking in MOE. Protein structures were first repdj Ramchandran plot was plotted to
ascertain the health of protein (Figure 1) and thppropriately protonated in the presence of
ligand using the Protonate3D [14] process in MOEotdéins prepared in this manner were
applied directly for docking. It is well documentéed literature [15] that if a crystallographic
structure of the protein complexed with a relatvelose analog of the ligand is available,
"ligand-based docking" may be performed. In thiscpdure, one or more conformations of the
candidate ligand are fitted to the crystallograggtracture of the known ligand by optimizing the
similarity in electrostatic and steric potentialthe experimental structure of the "template”
ligand is then deleted, leaving the candidate ligalocked to the protein. In addition, the
conformation of the fitted ligand may be simultangly optimized during the fitting. The same
strategy was used to get best docking results. difault procedure using Triangle Matcher
placement method with London dG scoring was useth&docking runs.

Docking Algorithms

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

landscape. Thus at the expense of computation tines, find final docked solutions that the
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direct method might have missed. Here we reportifeeof MOE-Dock by Chemical Computing
Group Inc’, which has the advantage flexible docking as wsliintegration with a graphical
interface as well as with other modules, such adyais, molecular mechanics, and molecular
dynamics.
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Figure:-1 Ramchandran Plot (pdb- 2gir) after energy and residue optimization

Docking Simulations

In MOE London dG scoring is used as default settmgalculate the exact confirmation and
configuration of the ligand to find the best mollecwith minimum binding energy and it can be
used to develop potential drug molecules agairestdisease. The London dG scoring function
estimates the free energy of binding of the ligand from a given pose. Thadtional form is a
sum of terms:

AG=c+Eg,, + ZCHBfHB + Zcuf.lf + ZAD;'

h—bonds m—lig atoms |

where C represents the average gain/loss of rotational teantklational entropyEsex is the
energy due to the loss of flexibility of the ligacalculated from ligand topology onlyl;s
measures geometric imperfections of hydrogen bamik takes a value in [0,1s is the
energy of an ideal hydrogen borfgl; measures geometric imperfections of metal ligatiand
takes a value in [0,1]Cy is the energy of an ideal metal ligation; abdis the desolvation
energy of aton. The difference in desolvation energies is catedlaccording to the formula

AD, = C:Rf{ ﬂﬂ ul|™® du—QJw I du}

ug AE

WhereA andB are the protein and/or ligand volumes with atobelonging to volumd; R is
the solvation radius of atoin(taken as the OPLS-AA van der Waals sigma paranpitis 0.5
Angstrom); andC; is the desolvation coefficient of atamAtoms are categorized into ~12 atom
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types for the assignment of tk coefficients. MOE 2009.10 was run on a Windows bded
Pentium Dual Core-®0 GHz PC (with 2GB RAM).

RESULT AND DISCUSSION

The purpose of the Dock application is to searchfdgorable binding configurations between
small to medium-sized ligands and a not-too-flexitslacromolecular target, which is usually a
protein. For each ligand, a number of configuraticalledposesare generated and scored in an
effort to determine favorable binding modes. Thearsle for binding modes is usually
constrained to a specific, small region of teeeptorcalled thesite As one would expect the
predictive power of Docking correlates with the s of freedom of the system. Docking
results are expected to be reliable when the ligamd molecules with limited flexibility, and the
site is not significantly larger than the ligandgéands having up to 10 rotatable bonds can be
handled reasonably. However, if there is extra mpla@ophore information, docking more
flexible ligands may still produce reasonable ressuThe Docking workflow is divided into
stages. For each stage, multiple methods are blgik@nd new methods can easily be integrated.
The stages areConformational Analysis. If ligand conformations are not supplied via a
conformation database, Docking can be used to generonformations from a single 3D
conformer by applying a collection of preferredsion angles to the rotatable bonds. Bond
lengths and bond angles will not be altered. Rimtjsnot be flexed Placement. A collection of
poses is generated from the pool of ligand conftiona using one of the placement methods
like Alpha Triangle in which Poses are generatedsinyerposition of ligand atom triplets and
triplets of receptor site poin®escoring (1). Poses are generated by the placement methodology
can be rescored using one of the available methbgsically, scoring functions emphasize
favorable hydrophobic, ionic and hydrogen bond actst likeL ondon dG Scoring (default in
MOE ) function estimates the free energy of binding loé igand from a given pose.
Refinement Poses resulting from the placement stage can fivedeusing either the explicit
molecular mechanics forcefield method or the gaddudl energetics method aRdscoring (2).
Poses resulting from the refinement stage candmored using one of the scoring schemes.

In the present docking analysis, all twelve c-3stilited Azapteridine derivatives were docked
into active site of Hepatitis C Virus RNA-Depend&NA Polymerase enzyme. Docking results
for twelve Azapteridine derivatives were given able no-1. For our studies, X-ray crystal
structure of Hepatitis C Virus RNA-Dependent RNAyPeerase enzyme was taken from PDB
entry 2gir, having resolution of 2.0 A.

Docking analysis reveal that the most active compo{compound no-12) interacted with
receptor through nonpolar and hydrophobic inteoasti there is no hydrogen bond formation
reported during docking analysis (figure no-2).Timember of conformations generated by
compound 12 were 18 which indicated that flexipilg an important parameter for the ligand to
docked deeply within the binding pocket of Hepatii Virus RNA-Dependent RNA Polymerase
enzyme. The energy of conformation for compounava® -9.9366 which indicate compound is
active at lowest energy of conformation. There texigood correlation betweendgand energy

of conformation which suggest that the most actbeenpound 12 have lowest energy of
conformation (as shown in table no-1}. Further aeftid inspection of the binding pocket
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indicated that compound 12 adopted a position iny@ophobic cage surrounded by Trp 528,
Arg 422, Met 423, Leu 497, Leu 474, His 475 and &&. These amino acid residue approach
closely to the

ligand but do not have any qualifying strong inttias (i.e. hydrogen bonds) may be classified
as non-bonded residues that have a significantteffe the orientation and binding of the ligand,
but which may be spread out over a number of ps@wiontacts, each of which is relatively
weak. Quinoline ring in compound 12 approaching rogtobic region of receptor which
involves amino acid residues like Arg 422, Met 428 Trp 528 (as shown in figure no- 2 (a) )

Table:-1 Docking resultsfor C-3 Substitited Azpteridine derivatives.

compound no S rmsd_refine | E_conf | E place | E scorel | E refine | No. of conf
1 -11.7888| 3.07243 -38.965 -45.538 -8.2433  -11.789 15
2 -11.6148| 3.00503 -36.867 -53.48Y -8.7094  -11.615 15
3 -12.4556| 2.73222 -46.43| -50.40% -8.8986 -12.45%6 16
4 -11.9546| 1.71762 -43.639 -40.008 -8.5578  -11.9%5 17
5 -12.2287 1.5915 -32.4420  -43.271  -8.2025  -12.229 13
6 -13.1063| 1.94384 0.5887| -48.582 -8.397 -13.106 16
7 -12.5119] 1.91239 -17.984 -45.36f -8.53583 -12.512 11
8 -14.7077| 1.01005 -28.204  -79.129 -8.528 -14.708 14
9 -14.1815| 1.97697 3.09402 -67.36fy -8.1086  -14.182 11
10 -16.2314 2.4748 -1.9265 -58.854 -8.9242  -16.231 22
11 -15.9153  2.65673 7.50051 -58.066 -8.7908  -15.915 10
12 -14.6086) 2.01911 -9.9366 -49.641 -8.2756  -14.609 18

S- The final score, which is the score of the lasgstthat was not set to nonemsd_refine- The root mean square
deviation between the pose before refinement amgake after refinemeri, conf- The energy of the conformer. If
there is a refinement stage, this is the energguated at the end of the refinement. Note thatFHorcefield
refinement, by default, this energy is calculatdthwhe solvation option set to Bork, place - Score from the
placement stagé;_scorel- Score from the rescoring stage(g),refine- Score from the refinement stage aal of
conf- number of conformations generated by ligand.

Final docked position of flat azapterinine ring wead shape complementarity with flat
hydrophobic region of the receptor which revealsat taizapteridine ring significantly involved
in hydrophobic interaction with receptor.(as shawfigure 2 (a) and (b)).

Second most active compound 11 interact with recegitrough hydrogen bonding wherein
carbonyl group of azapteridnine ring form hydrogpemd with Arg 422 residue .

The hydrogen bonding score was found to be 20%irtedatomic distance was recoded to be
1.98 A’. The C-3 substituted phenoxy phenyl group imgexilbility to the azapteridine ring and
interacted with residues lle 482,Leu 419 and Lefi #thfough nonbonding interactions.(as shown
in figure 2 (c) ). Apparently, the residue Arg 422y contribute to the binding and stabilization
of compound 11 in the cavity space of RNA polymeraghe energy of conformation for
compound 11 was observed to be 7.50051 which stglyast flexibility of phenoxy phenyl
group may not significantly affecting the biolodie&tivity.(as shown in table no-1).The number
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of conformation generated by compound 11 is meta/to the phenoxy phenyl substituent at c-
3 position.

1 eud74

Card?5 Misd75

 Wetd23

" Leud97

(a) Compound 12 (b) Compound 12

Asn527
o8

Lyss33 P | -
Leud19 dars

Arg422 Serd76

Figureno - 2 (c) Compound 11 Figureno 2 (d) Compound-10

Furtheroreover compound 10 and 9 interacted witiRNlymerase through hydrogen bonding

with residue Arg 422 in which hydrogen bond scaredompound 10 was observed to be 24%
and for compound 9, hydrogen bonding score was 23T%e docking results for compound 9

and 10 reveled that biphenyl group in compound 8 aréented horizontally in the hydrophobic

cage of receptor wherein ,it is interacted withidess Leu 497, Leu 419 and lle 482. These
residue may be involved in flexible alignment ofrgmund 9 in the hydrophobic cage of

receptor. (As shown in figure 2 (e) )
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Asn527 Metiad  Lewd?
Arga42

Phed72  ievd74 Aty

L
Argd22 lle482

Hisd75 se1476

5;@5&@,

i ‘ ‘
ASnS27- (P32
Leus34

Ala376
Lys533 | eud97

Figureno 2(e) Compound- 9 Figureno 2(f) Compound-8

In compound 10, substituent at c-3 postion facioegely to the amino acid residue lle 482 ,Leu
419 and Val 485 which suggest that compound 10d@gk contact with the receptor surface
which may offer proper fit between drug and recefas shown in figure 2(d) ). The energy of
conformation for compound 9 and 10 was observebet®.09402 and -1.9265 which suggest
that compound 10 elicited superior biological resgwas compare to compound 9 due to low
energy of conformation. (as shown in table no-1lprébver the number of conformation
generated by compound 10 was 22 which evidentbnuhtthat flexibility is a crucial parameter

for proper alignment as well as stability of ligaintb the receptor cavity (as shown in table no-
1).

Compound 7 reported no hydrogen bonding interactiith receptor wheras compound 8 forms
hydrogen bond with Arg 422 residue. In compoun@h&nyl group is placed between residues
Leu 419, Trp 528, His 475, Leu 497 and Arg 422 ab»@ that compound entered into the
receptor pocket by posing the phenyl group at fwhich was orienting horizontally into the
receptor pocket.(as shown in figure 2 (g) ).

Trp528

His475

Met423

Lev497

Figureno 2(g) Compound -7 Figure no (2h) Comp-6
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The energy of conformation for compound 7(IC 50.31) was observed to be -17.986 which
suggest the stable interaction between drug aneptec (Table no-1). In compound 8, c-3
substituted phenyl ring which have further chlonbsitution at meta position is in close
proximity of Leu 419 residue and orienting horizht in the receptor pocket surrounded by
residues Leu 497, Trp 528, Met 423. (as shown garé 2 (f)).These amino acids are non
bonded residues which are involvd in flexible aftigant as well as orientation of ligand into the
receptor cavity. The energy of conformation for pawnd 8 (IC 50- 0.28) was observed to be -
28.204 which imply that activity of compound copead to the lowest energy of

conformation.(as shown in table no-1).

Carbonyl group of azapteridine ring in compouna®f hydrogen bond with Ser 476 residue of
receptor and hydrogen bonding score was found @0b& Azapteridine ring orient closely near
the residues Tyr 477, lle 482 and His 475 alsorgauted to some of the interactions to stabilize
the complex. The energy of conformation for commbén(IC5g9 — 0.50) was observed to be

0.5887 which propose that compound is moderatédlyewhich match up the Kg. ( as shown

in figure no- 2(h) ) .C-3 substituted thaizole ripgsitioned horizontally in the hydrophobic cage
of receptor in which thaizole ring is surrounded Bys 475,Trp 528 and Met 423 stabilized the
drug receptor complex.

His475

) leag? Metd23

lled 2

Figureno 2(i) Compound 5 Figureno 2(j) Comp-4

Compound 5 interacted with receptor through nonkdndnteraction. Azapteridine ring
positioned closely toward lle 482, Ser 476 and 4¥r. The Azapteridine ring was sandwiched
between the Ser 476 and Tyr 477 residues. (as shofigure no- 2(i )). The thiophene ring at c-
3 position is in close proximity to the residue &8 and orient closely near residues Leu 419,
Arg 422, Met 423 and Trp 528. The energy of confation for compound 5 (IC 50 — 1.16) was
observed to be -32.442 which suggest that substitwif thiophen ring at c-3 position have
moderate impact on biological profile of compoun(I&ble no-1).

In compound 4, C-5 carbonyl group of azapteridorenfhydrogen bond with Ser 476 residue of
receptor wherein percent of hydrogen bonding wasended to be 20 %. Further C-7 carbonyl
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group is in close proximity to the Tyr 477 and H82 but no interaction was observed.
Moreover, substitution of pyridine ring at C-3 pasi reported nonboding interaction with
residues Leu 419, Trp 528, Met 423, Leu 497 and4is. (as shown in figure 2(j)). These
residues may have certain hydrophobic kind of adgon with receptor. The energy of
conformation for compound 4 (Kg- 0.92) was observed to be -43.639 which intend tha

substitution of pyridine ring at C-3 position haess to moderate impact on biological activity.
(as shown in table no-1).

No bonded interaction was reported in compound 8reih Azapteridine ring was positioned

slight vertically in the hydrophobic cage of rea@ppocket and is in close proximity to the

residue Tyr 477 and lle 482.( as shown in figure))2(The cyclohexane ring at C-3 position

orient vertically (due to its flexible nature) ihet receptor pocket and may have hydrophobic
interaction with the residues Met 423, Arg422, B8, His 475, Leu 474 and Leu 497. The

residues may be engaged in flexible orientatiooyofohexane ring into the receptor pocket. The
energy of conformation for compound 3 was repottebe -46.43 which intend that substitution

of cyclohexane ring at C-3 position have moderatpact on biological activity (I§g- 0.58) .

(as shown in table no-1).

Compound 1 and 2 have no bonding interaction wétteptor. In compound 1, tertiary butyl
group is in close proximity to the residues Leu 4AB)422, Met 423, Tyr 474 and Arg 501.(as
shown in figure no 2 (m) ). Azapteridine ring inngpound 1 orient horizontally in the
hydrophobic pocket of receptor surrounded by ressdlrp528, His 475, Ser 476, Lys 533, and
Lys 531. These residues may engaged in hydroplimtgiaction as well as flexible alignment of
azapteridine ring into the receptor cavity. Thergpeof conformation for compound 1 was
found to be -38.965 (as shown in table no-1l)whebfealed that substitution of tertiary butyl
group have less impact on Biological activity ofrqgmound 1 ( 1§g- 2.37) .

o T ‘ /“‘.‘l,:
ey,

Met423

Figureno 2 (m) Compound 1.
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In compound 2, C-3 substituted pentyl group in €loentact with Leu 419 residue of receptor
and may engaged in hydrophobic interaction withrbgtiobic surface of receptor.(as shown in
figure 2 (I)). Tertiary pentyl group positioned tieally within the

Arg501

Aigdii  Metd23
Leud74

Phe472 Tgp528
Lys533

jeud19

TNy m ) 'L\
T S

His475
Ala376 i

lle482

Figureno 2 (k) Comp-3 Figureno 2 (I) Compound -2

Binding packet of receptor surrounded by residuss445, Tyrd77, Ser 476, Leu 419 and Ser
473. This residue comprises hydrophobic core ofeptwr cavity and may engaged in
hydrophobic interaction with compound 2. Moreoveateridine ring in compound 2 is in close
proximity to the His 475, Ala 376 and Ser 473. Ehassidues contributed some of the
interactions to stabilize the complex. The energgamformation for compound 2 was observed
to be -36.867 ( as shown in table no-1) which sagtiet substitution of tertiary pentyl group at
C-3 position have significant impact on biologictivity of compound 2 ( 1§y 0.66).
Noticeably, Increase in number of carbon atom eocémrthe activity of compound 2 as
compared to compound 1.
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