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ABSTRACT

An efficient vaccine which would stimulate both humoral and cell mediated immune response is the ideal solution
for HIV/AIDS problem. CD4+ T cells play a significant role in induction and maintenance of CD8+ T cell and
antibody-producing B cell responses their by aid a tremendous role HIV disease control. Our study based on
immunoinformatics approach focus on the prediction of HLA-DRB1*10 allele specific epitopes capable of
triggering immunogenic activity. |IEDB method was adopted to identify Gag epitopes vaccine candidates
MYSPISILDIKQGPK-P1, RMYSPISILDIKQGP-P2, YSPISILDIKQGPKE-P3, VPVGEIY KRWIILGL-P4,
PVGEI' YKRWIILGLN-P5 restricted to HLA-DRB1* 10 allele would aid significant CD4+ T cell immune response
against HIV infection and population coverage among south Indian population were assessed. Three dimensional
structures of epitopes P1-P5 modeled using | Tasser, and their insights of binding affinity towards HLA binding
groove analyzed by ClusPro based docking studies resulted with conventional hydrogen bonding. Thus the
interaction between the screened P1-P5 epitopes and DRB1* 10 alleles exhibiting stability and would aid immune
response. Current data would provide the insights for design and development of novel GAG based vaccine
candidate against HIV infection
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INTRODUCTION

Acquired immunodeficiency syndrome (AIDS) a majealth concern is caused blyiman immunodeficiency virus
(HIV), a retrovirus that belongs to the Lentivireldamily. The Human Immunodeficiency Virus infectio
implements progressive decline in immunologicapogse and leading to Acquires Immunodeficiency Syme
(AIDS) claiming morbidity and mortality. Currentlyis estimated that in worldwide 75 million peoplizing with
HIV-1 [1].Recent report of ZDInternational AIDS conference revealed that neanfyillion people living with HIV

in Asia and the Pacific [2].Human immunodeficienminus-1 (HIV-1) has infected more than 75 millioagple and
caused nearly 36 million deaths worldwide[3]. Ng&0.89 lakh people are said to be HIV carriergngia based
on National AIDS control organization recent reg@@13-14) [4].HAARTtreatment has had a profound impact on
the AIDS epidemic, it should be understood that HAART treatment is not a cure for HIV and carriesown
drawbacks [5Current research focusing on subunit vaccine eafpeqeptide based vaccine which would aid
induction of specific cellular immune response theduce viral load [6]. Nine subtypes (A-D, F-Hgntl K) and 61
circulating recombinant forms (CRFs) existing ingébup a most prominent HIV-1 group in the world.(Zlade
of M group is given global priority due to its pedence.CD, + role in the immune induction is not only limitéa
antibody production also capable of generating CD&ell responses [8-11]. Earlier studies on DRBRS* DRB1
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*07, DRB1*1301, DRB1*1302, DRB1*1101-05 allele [12 restricted epitope mapping for GAG and ENV
protein of HIV-1 “C” clade isolates if India prowd the structural insights of peptide-MHC comple&s
prediction of novel epitopes restricted to MHC sléisallele facilitate the development of novel Gaased vaccine
construct, The identification of MHC class |l résted peptide epitopes is an important goal in imolagical
research. Since DRB1*10 allele frequency is moreragrthe south Indian population [15], thus our gtrastricted

to prediction of Gag epitopes specific for DRB1*dl(ele.

EXPERIMENTAL SECTION

HIV-1 “C” clade Gag sequence assessment for consancy:
Conserved fragment of Gag protein sequences weteved based our earlier studies[13,44d conservancy score
for each amino acid the Gag sequence considerddrtber computational studies to predict promis@iepitopes.

CD 4+ epitope prediction using IEDB recommended method:

Based on Gy value peptide binding affinity of MHC molecules weralculated in IEDB prediction server’'s IEDB
recommended method [16-20], a novel approach tyatice distinct features of MHC class Il peptidiactions.
IEDB Recommended uses the Consensus approach, momiNN-align, SMM-align, and CombLib if any
corresponding predictor is available for the molecotherwise NetMHClIpan is used@ihus reduce the number of
experiments required for identifying helper T agitopes and play an important role in rationalcirae design.

DRB1*10 allele sequence retrieval frequency analysi

Protein sequence of DRB1*10 allele retrieved frdre tMGT HLA sequence database [21], IMGT provides a
centralized resource for clinical or scientific uggment in the HLA system [22]. Allele Frequendyl@RB1*10
allele was retrieved literature survey of Balaknigh et al and the frequency ranging from 11.53 $é6utashtrans)
25 % among the gounders [15], thus DRB1*10 allekdricted epitope prediction and their MHC intei@attwvould

be help in determining the Gag based vaccine aactstr

Modeling of DRB1 *01 HLA allele and CD,4+ Epitopes, evaluation and binding groove analysis:

To explore MHC-peptide complex interaction pattémree dimensional structure of DRB1*10 allele stuoe is
needed,since experimentally resolved structur®f®B1*10 is not available in public protein struauwepositories,
structure was modeled using I-Tasser [23]. | Taaseonline platform for protein structure and fuoetpredictions
and 3D models are built based on multiple threaditignments by LOMETS and iterative templatefragemn
assembly simulations;function insights are derilsd matching the 3D models with BioLip protein fuioct
database [24].Finally TM-Score and sequence ideititthe structurally aligned regions were usedetaluate
structural similarity between target and templatalels. Modeled 3D structure of DRB1*10 was evalddig Mol
probity version 4.02 [25] analysis the model's stechemical quality and identify the amino acidhwitnusual
backbone confirmation’s scores ,further PROSA eatédn [26] was used to compare the target and taiepl
models to ensure the modeled structure quality. BDRO binding grooves were identified using Accslry
Discovery Studio 2.0 Binding site analysis mod@é]nd allele structure was their energies were mizegohito the
closest local minima using generalized CHARMM fdield [28] as implemented in Accelrys Discovery &tu?2.0.

Modeling of Epitopes using threading method:

| Tasser [23] predicts the GAG epitopes structyecgic for DRB1*10 allele based on sequence-taeitire. First
generates 3D atomic models from multiple threadiatignments and iterative structural assembly sitmra.
Accuracy of the prediction assessed based on amdfalscore of the modeling.

HLA-DRB1*07 allele and Gag Epitope affinity analyss:

Peptide and DRB1*10 allele complexes were genenasedy ClusPro server [29] that automatically catimy the
docking of two protein structures supplied by tlserm(or as PDB IDs). The result set is a rankedofiputative
complexes, ordered by clustering properties. lhdsed on PIPER program’s FFT (Fast Fourier Trams)¢30]
based rigid docking includes two stages , germraif low energy docked complexes based on pairintegaction
potential as first stage and clustering of dockechglexes and low energy clusters assessment uSiffSemi-
Definite programming based Underestimation) prograhich predicts clusters stability using mediuamge
optimization algorithm as second stage and finatgble clusters are further refined using MontdeCa
simulation,top ranked models of peptide and DRB1&lléle complex interaction visualized using DSWMalizer
4.0 [31] .
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RESULTS AND DISCUSSION

Conserved fragment of Gag protein sequences adihngliigin and their consensus scores were evalfiatddrther
promiscuous epitope identification.

CD 4+ promiscuous epitope prediction and scoring evalden:

IEDB epitope prediction restricted to DRB1*10 a#lérequency is high among south Indians ) for Gagserved
fragment results were given in units oM for combinatorial library and SMM_align, a lomeamber indicates
higher affinity.Most known epitopes have high adieimediate affinity. Sturniolo is method resultehwaw score.
Higher score indicates higher affinity.For eachtmlpand finally a percentile rank for each of theee methods
(combinatorial library, SMM_align and Sturniolo) generated,small nhumbered percentile rank indichtgh
affinity. Based on percentile rank top listed epés were selected and designated with identifiexr P1-P6
according to their scor@able 1).

Table 1: CD 4+ promiscuous epitope and prediction scores

Epitopes Percentile Rank| Netmhc llscore| smmalign score St:;g'r%lo
MYSPISILDIKQGPK-P1 0.53 8.4 6 33
RMYSPISILDIKQGP-P2 0.53 7.9 6 31
YSPISILDIKQGPKE-P3 0.53 9.1 7 41
VPVGEIYKRWIILGL-P4 0.77 10.1 7 47
PVGEIYKRWIILGLN-PE 0.77 104 7 52

Figure 1: Three dimensional model of CQ+ epitopes

MYSPISILDIKQGPK-P1

YSPISILDIKQGPKE-P3 VPVGEIYKRWIILGL-P4 PVGEIYKRWIILGLN-P5

3D modeling of DRB1 *01 HLA allele and CQQ+ Epitopes, evaluation and binding groove analysis:
To infer the MHC-peptide affinity cannot be intezfrd only on primary sequence level, to explorecstiral level
interaction 3D structure of both peptides and DREl*allele is needed and it was predicted using siséa
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(Figurel).CD, + Epitopesand DRB1*10 allele structures were modeled usifigdser and their score were listed in
the Table-2 ,Top listed model was selected based on C scate Rhscore and further model was evaluated using
Molprobity version 4.02, it assess the stereo chemical gualithe structure based on Ramachandran(pigure-

2B) 89.7% of residues are in the favorable regionc@ e determined by NMR and X-ray generated (sigoifgrall
model quality) was -5.43 for the model DRB1*10 kdland this score was generated by PROSA web (feiglure-

2C) and finally binding pocket analysis done using élcgs DS 2.0 software and visualization of modeled
DRB1*010 carried out using Accelrys DS 4.0 softw@figure 2A) (Accelrys Inc., San Diego, CA, USA)

Table 2: 3D structure of CD 4+ promiscuous epitopes and DRB1*10 prediction scose

EPITOPE C SCORE | TM SCORE | RMSD
MYSPISILDIKQGPK-P1 131 0.52 21
RMYSPISILDIKQGP-P2 1.34 0.55 2.1°A
YSPISILDIKQGPKE-P3 1.43 0.54 2.4°A
VPVGEIYKRWIILGL-P4 0.28 0.75 05A
PVGEIYKRWIILGLN-PS 0.53 0.65 1.3A
DRB1*10 1.52 0.53 170

Figure 2: Three dimensional model of DRB1*10 alleland model evaluation
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Binding affinity analysis of HLA-DRB1*10 allele and Gag Epitope:

Peptide and DRB1*10 allele complexes were generatsidg highly effective multistage docking approach
CLUSPRO implemented with a simplified energy fuaotand limited flexibility to discover regions ofterest. The
sizes and lowest energy values for largest clustérbalanced, electrostatic-favored, hydrophobimfad and
VdW+Elec were listed in th@able 3. The interacting residues of the representative etsodut of the largest
clusters were analyzed and visualized by Discogtudio 4.0. Strong binding affinity between Gagtepes and
HLA alleles could implement CR+ cell specific immune induction. Based on bindgrgove occupancy of Gag
epitope and then the molecular interaction type badd distance and finally interacting residuesitfms like
anchor position especially in the ¢ terminal regiimally well-oriented peptide-MHC complexes frahe top
listed models, their binding free energy scoresewsermpared and the peptide—MHC complex with theekivgcore
was selected for further molecular interaction gsial Using Discovery studio visualizer 4.0 hydnodeonding
between the Gag epitopes and DRB1*10 allele weatyaed and bond distance upto 3.5where considered for
promiscuous epitope selection. Current study coewoof epitope prediction processes as well a kriyedased
molecular docking technique thus provides strutinsaghts of MHC class | CTL epitopes comparedhvitie basic
automated epitope-predicted servers.
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Figure 3:CD,+ Gag epitopes binding affinity for DRB1*10 allele
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Table 3:Binding affinity of Gag epitopes for DRB1*10 allele

GAG Epitopes Bm(dkgg /rlir(;elz)rgy Interacting Atoms Bond(llilo?tance
DRB1*10:CYSLL: H — Gag Epitope: SER3: O 1.90851
DRB1*10:CYS1= SC - GagEpitope: PROA4: 2.8658¢
DRB1*10:LEU2E H - GagEpitope: PRO14: 1.8999¢
RMYSPISILDIKQGP-P2 -818 DRB1*10:ARG59:HH12 - Gag Epitope: ILE7: O 2.46928
Gag Epitope:ILE7:H - DRB1*10:GLU38:0E2 2.36372
Gag Epitope: LYS11:HZ3 - DRBI*10.THR18: O 2.07765
Gag Epitope: LYS15:HZ3 - DRBL*10:PRO25; O 1.72076
DRBI*10:CYS1: H - Gag Epitop: SER3: C 1.9085;
DRB1*10:CYSL: SC- Gag Epitop: PRO%: C 2.8658
) DRB1*10:LEU28: H - Gag Epitope: PRO14: O 1.89994
MYSPISILDIKQGPK-P3 9102 DRB1*10:ARG59:HH12 - Gag Epitope: ILE7: O 2.46928
Gag Epitope: LYS11:HZ3 - DRBI*10:-THR18: O 2.07765
Gag Epitope: LYS15:HZ3 - DRBL*10:PRO25; O 1.72076
DRB1*10:ARG5:HH12 - Gag Epitope: PROL: O 2.04454
DRB1*10:ARG5:HH22- Gag Epitop: PROL: C 1.8044¢
DRB1*10:ARG123:HH12-Gag Epitope: GLY13: O 1.76769
PVGEIYKRWIILGLN-P6 -966.2 Gag Epitope:ARG8:HE - DRB1*10:HIS45:NE2 2.08473
Gag Epitope:ARG8:HH11 - DRB1*10:HIS45:NE2 2.06537
Gag Epitope:ARG8:HH12 - DRB1*10:GLU43:0E2) 1.95325
DRBI*10:CYS44H - Gag Epitope: TYR7:OH 2.00485
] Gag Epitope:ARGO:HHL- DRB1*10:GLN178:0E. | __ 1.8623!
VPVGEIYKRWIILGL-P5 839.5 Gag Epitope: ARG9:HH12 - DRB1*10:GLY180: O 1.8262
Gag Epitope: ARG9:HH22 - DRB1*10:GLY180: O 2.34405
DRB1*10:ARG5:HH12 - Gag Epitope:ASP8:0D1 229533
DRB1*10:ARG5:HH12 - Gag Epitope:ASP8:0D 1.90733
DRB1*10:ARG5:HH22 - Gag Epitope:ASP8:0D1 1.78382
DRB1*10:CYS44:SG - Gag Epitope:SER5:0G 3.16502
DRB1*10:CYS44: SG - Gag Epitope: LEU7: O 3.01267
DRB1*10:GLY49:H - Gag Epitope:SER2:0G 2.48931
DRB1*10:THRL19:HGL - Gag Epitope: ILE9: O 1.97642
] DRB1*10:THR119:HGL1 - Gag Epitope: LYS10: O 2.48506
YSPISILDIKQGPKE-P4 514 DRB1*10:ARG122: HE - A GLU15: O 2.06104
DRB1*10:ARG122:HH11 - Gag Epitope: GLU15: © 1.81744
DRB1*10:ARG123:HH12 - Gag Epitope TYRL.OH 1.69644
Gag Epitope: TYRL: HH - DRBL*10:-VAL120: O 1.93038
Gag Epitope:SER2:HG - DRB1*10:TYRL12:0H 1.97987
Gag Epitope:SER5:HG - DRB1*10:CYS44:SG 2.47207
Gag Epitope: GLN1L:HE21 - DRB1*10:VAL114: G 2.02438
Gag Epitope:GLNLL:HE21 - DRBL*10:SER117:06 2.45162

CONCLUSION

Computational study on Insights of HLA-DRB1*10 AkeGag peptides would be helpful indentifying thagG
based HIV vaccine construct .Epitope based vacoimstruction using conventional methods are timesoming
and expensive, thus computation method for epitogeed vaccine construct screening based on IEDBatiet
identified the promiscuous epitopes namely P1-Rb arre specific for DRB1*10 allele since the seabydrogen
bonding and epitope’s occupancy on binding grookvéhe DRB1*10 alleles and lower binding energy scor
epitopes were ranked .Binding of antigenic peptioled1LA allele signifies their role in cellular imme response
.Complete systematic study suggests the promiscapitope candidates need to be further testedriexgmetally
for conventional vaccine design.
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