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ABSTRACT

Infection with Human Immunodeficiency Virus (HIV) followed by immune
deficiency isamajor threat to human. AsHIV 1 proteaseisessential for the
proteolytic cleavage of precursor viral protein, it remains as an effective
and more reasonable target for drug design against HIV. In the present
work, we resolved athree dimensional structure of HIV 1 protease using
comparative modeling technique and identified the active sites. We de-
signed a lead candidate using hydrogen bonding potential and amino
acids active dite affinities. Validation was done using in silico docking
techniques. The result clearly demonstrates the binding affinity of the
drug candidate with the HIV 1 protease. The current study offers a new
drug candidate that has promising inhibitory activity on the HIV 1 pro-
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INTRODUCTION

Thefirst caseof HIV infectionwasreported by CDC
(USA) in 1981 from the blood samplesof homosexual
men sufferingfrom severeimmunedefidency. Later many
srainssuchasHTLV 11l (Human T Lymphotropic Vi-
rus) and LAV (Lymphadenopathy associated Virus) were
reported. Also thethird virusARV (AlDS-associated
reterovirus) wasreported inthesameyear’>3. HIV com-
prisesof complex genomewith regulatory and structurd
genes. Genessuch asGag, pol, env comprisesof struc-
tura part whereastat and rev areregul atory genes®. Pol
genescodesfor proteased ong with other productssuch
asintegraseand reversetranscriptasd. Current strat-
egy isto suppressthereplication of the virusthrough
HAART (highly activeanti-retrovird thergpy)>9. Inthis
scenario proteaseinhibitorsare more powerful in pre-

venting vira replication. Currently thereareeight pro-
tease inhibitors which are approved by the US.FDA
whichincludesRitonavir and Lopinavir. Themost com-
petitiveresearch at presentisfindingtheHIV 1 protease
inhibitors because of its mutationg™. Thehigh rate of
mutationinvird proteinsoccursduetothemistrandation
of Linevery 10,000 codons. ThustheHIV 1 protease
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You can find many useful example scripts in the
examplessautonode irectory.
* ?* to run Modeller.

D:~\>mod9v? align2d.py

Figurel: Modeler command prompt
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Figure2: Resultsfor modeller 9v7. Threedimensional struc-
tureof HIV 1proteasewascongructed usngmodeller 9v7. The
templateused herewascrysal structureof HIV -1 CRF-01

becomesdrug-resistanceto the proteaseinhibitorg®. Al
the approved proteaseinhibitor drugshavelargehydro-
phobic moietiesthat interactswith the hydrophobic P2-
P2’ pockets in the active sites!®. Thereforeto find an
effectiveHIV 1 proteaseinhibitor thegood structure of
proteinisnecessary.

Thethreedimensiona structure of theprotein pro-
videsavduableinformation, whichisusudly performed
using X-ray crystallography and NMR studies. A rapid
dternaefor comparativemoddingistouseatheoreticd
mode. Thecurrent study usesarestraint based method
to build such modd using M odeller software. By com-
paring thespatid restraintsof the homologoustemplate
thegtructureof thetarget canbedefined. Experimentdly
defined Sructure servesasatemplae. Thecurrent study
usesAuto-Dock Vinafor dockinganayss.

METHODOLOGY

Homology modeling

Thethreedimensiona structureof HIV 1 protease
wasdesigned using Modeller. Model ler usesrestraint
based techniquefor the prediction of threedimensiona
structures. For the better resol ution of the structurethe
templ ate was sel ected based on many criteriasuch ase
Value, number of positivesand number of identities.
Blast search was performed to find the best templ ate.
Thealignment scorefor target and crysta structure of

Figure3: Resultsfor thepocketspresent intheHIV 1 pro-
tease. Ligsitewasused to deter minetheactive sitespresent
theHIV-1Protease

HIV 1 crfO1 (3D3T) areasfollows.
Expect value=1- 49
Positives=100%

Identities=93%

Gaps=0%

Using the spatial restraints of thetemplate, three
dimensiona structureof the HIV 1 Proteasewas con-
structed*?,

Theprotein canform pocketswheretheligand binds.
Thustheidentification of pocketsbecomesmoreim-
portant in protein-ligand docking studies. Ligsite, an
onlineweb server extendsthe pocketsby scanningaong
thefour cubic diagonalsalongwithx, y, zaxesW. This
identifiesthe pocketsintheHIV 1 Proteasewhichwere
used for docking theligand with the protein.

Pocket identification

Three pocketswereidentified.
PKT-135
PKT-29
PKT-7

Ferrous (d_sp®) atoms were present inthe active
dte.

Following this, theamino acidsnearer totheactive
Stewereidentified. Thedistance betweenthe center of
the pockets and the nearest amino acid were calcu-
lated using SWISS PDB viewer. After analyzing the
nature of the active siteamino acid such ashydropho-
bic or hydrophilic thedrug was searched.
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Figure4: Sructureof abacavir
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Figure5: Sructureof ritonavir
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Figure7: Autodock-vinashowing grid box

Ritonavir, Abacavir arethetwo drugs, currently used
in the treatment of HIV 1 infection. Abacavir and
Ritonavir hasLopinavir asbasic compound. Lopinavir
is a potent inhibitor of the cytochrome P,., 3A,
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Figure8: Ramachandran plot showingtheresult for theHIV
1 proteaseafter comparativemodelling

Figure9: Sructureof abaritobeforedocking

(CYPA,). Lopinavir/Ritonavir causesincreaseinin-
hibitory quotient (1Q), thishigh 1Q actsasabarrier for
theformation of viral resistanceto the drugi*?. From
thedrug bank report it hasbeen identified that Abacavir
isapowerful nucleosideana og of reversetranscriptase
receptor.

It has an average molecul ar weight of 286.3323.
Abacavir was converted into active metabolites and
incorporateswiththevird DNA. Thisinducesthenega:
tiveregulation of HIV 1 reversetranscriptaseand act
asachain terminator. Sameway theinformation and
the structureof theritonavir wasa so collected and ana-
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Figure10: Newly formulated drug candidateabarito showing
interaction with theactivesite

lyzed from drug bank. The 3°OH of'the drug prevents
theformation of 5’to3” phosphodiester linkage of viral
DNA® 3, The co-formulated drug named K a etracon-
tai nsthe combination of lopinavir/ritonavirt4,

Ritonavir isapowerful inhibitor of HIV 1 protease.
HIV 1proteaseisrequired for cleavageof certainviral
polyprotein precursorsinto functional proteins. This
Ritonavir bindstotheactivesiteof theHIV 1 protease
andinhibititsactivity!*18,

Inthis study we have designed apotent HIV 1in-
hibitor which hasthe properties of both Abacavir and
Ritonavir.

Formulation of thedrug abarito

The lead molecule was designed using
chemsketchl.1. Wemade changesin sdechainsof the
mol ecul es except the 3°OH group of Abacavir. This
drug a so sharesthe Ritonavir structure. The sulphur
group in the benzene ring of the ritonavir was
coformulated with the new HIV 1 proteaseinhibitor.
Since it shares the properties of both abacavir and
ritonavir it was named ““Abarito”.

After thedrug formulation, theenergy optimization
and geometrica optimization wasdoneusngArguslab.
Theformulamolecular weight ranges 372.401.

Ener gy minimization and geometrical optimization

Conformational analysisof thelead moleculeis
based on the mol ecular mechanics. Using thismethod
the molecular structure, energiesand other properties

BioTechnology — o

Figure1l: Sructureof thenewly formulated HIV 1 protease
inhibitor after docking

can becalculated. Energy minimizationistheintegra
part of the molecular mechanics. Inthe present work,
Arguslabwasused for performingenergy minimization
and geometrica optimization*,

Energy calculationsusing argudab

Method— AM1
SCF type— RHF
Total energy =-93387.29 Kcal/mol

Calculationsfor geometrical optimization

Method — UFF
Linear search— BFGS
Total energy =108.83 K cal/mol

Docking

Docking was performed using Autodock vina4.2.
AsAutodock 4.0 has better resol ution than autodock
3.05, we used quite more advanced version than
autodock 4.0. Autodock vina4.2 runsonwindowsplat-
form and unlike other autodock versionsit does not
need Cygwin platform to run on windows maching®®l,

RESULTSAND DISCUSSION

After theHIV-1 protease has been modeled using
Moddler9v7, it wasvalidated using Ramachadran plot
from savsserver. Theaboveresult indicatesthat there
arenomoleculesin thedisallowed regions. Also there
ae97.5% aminoacidsinthemos favored regionswhich
imply thestability of themodd.
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TABLE1 TABLE?2
Drug pose Binding affinity(kcal/mol) RMSD value Drugpose Binding affinity(kcal/mol) RMSD value
1 -6.1 0.000 1 -6.5 0.000
2 -6.1 6.355 2 -6.4 20.509
3 -6.0 21.248 3 -6.3 19.876

After thedrug candidate has passed all theentire
prerequi Site steps such asenergy minimization and geo-
metrica optimization, thedrug wasdocked with dl the
three activesitespresentintheHIV 1 protease.

Theinhibitor after formulation contains6 torsions
anglesnamely. They are C10, N9, C1,N17, C18, and
C21. Thustheinhibitor canrotateinthesetorsonsangles
in order to get the good dock pose.

Theresult (Figure8) confirmsthedocking ability of
newly formulated drug abarito which consist of essen-
tial 3’0OH of abacavir and sulphur group of ritonavir.
Theinhibitor isdocked with al activesite-PKT 135,
PKT, 29, PKT 7. Among thethree active sitesthein-
hibitor had more affinity with PKT 29.

TABLE 1givesthebinding affinity andthe RM SD
vaueof the newly formul ated inhibitor on dockingwith
PKT 135. Thefirst poseinthe auto dock result gives
thereasonable binding affinity and RMSD va ue.

Theinhibitor was aso docked withthe PKT 29;
TABLE 2 givestheresults of interaction of inhibitor
withtheactivesite29. Comparing thetwo results, drug
interaction on PKT 29 was more than the PKT 135.
PKT 7 does not contain any amino acid in close to
activesiteand subsequently itisimpossiblefor anin-
hibitor to bind with those amino acids. Hencethein-
hibitor was not docked with PKT 7.

The newly formulated inhibitor abarito had more
affinity toward PKT 29 (activesite). Thebinding affin-
ity -6.5kcal/mol was morereasonablethan-6.1 along
withitsRM SD value (0.000) which wasagood sign
for aperfect docking.

When comparingthestructureof theinhibitor before
(Figure8) and after docking (Figure 10), itisevident that
thedesignedinhibitor hasability to bind with theactive
siteof HIV 1 protease. At thisdock posethe binding
affinity of theinhibitor washigh as-6.5 kca/moal.

CONCLUSION

The present study givesanew drug candidate that
could beused asand inhibitor to HIV 1 protease. The

3’OH group present can bind with the HIV 1 protease
and inhibit theenzyme activity. Sincethe drug candi-
date haslow molecular weight, the absorption and ex-
cretion rate becomes high. The number of acceptors
and donorswasaso lessthan 5following Lipinski rule
of drug. Since abarito possess the property of both
Abacavir and Ritonavir it is postul ated to be more ef -
fectivein thetreatment of HIV. Thusthe newly formu-
lated abarito gives promising hopesof inhibitory activ-
ity against HIV 1 protease.
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