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ABSTRACT

Hantaan virus (HNTV), a prototypic member of Hantavirus genus, is an etiological agent of potentially fatal
hemorrhagic fever with renal syndrome (HFRS). The virus infects a large number of patients annually, with a
mortality rate more than 10%. However, no treatment option or vaccine is available against the virus. The virus
expresses two envelope proteins having role in viral attachment to host. Among them HNTV glycoprotein G2 has
higher antigenicity making it a better target for vaccine development. However, 3-D structure of the protein is not
available which is important for identifying epitopes that are essential for vaccine design. Therefore, this study was
designed to predict a structural model of glycoprotein G2 and to predict peptide sequences for vaccine devel opment
containing conserved epitopes within the structure. Many of the physio-chemical and structural propertiesincluding
secondary structure and di-sulfide linkage of the protein were predicted using a number of computational tools. The
3D structure of the protein was modeled using 1-TASSER online tool. The quality of the predicted models was
evaluated with Ramachandran plot and Z-score. The structural and sequence i nformation was used to predict B-cell
and T-cell epitopes on glycoprotein G2. A model with reliable quality was generated. Using various bio-informatics
and immuno-informatics tools, a total of 9 continuous B-cell and 22 T-cell epitopes were predicted having
significant antigenicity. These antigenic epitopes were further analyzed for conservation and a total of 4 B-cells and
8 T-cell epitopes were found to be highly conserved in sequences from diverse origins. These epitopes revealed by
the current study are recognized by immune system to protect host from HNTV infection can be potential targets for
vaccine devel opment.
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INTRODUCTION

Hantaan virus (HNTV) belongs to theHantavirus genus within theBunyaviridae family. This virus can cause
hemorrhagic fever with renal syndrome (HFRS). Tiseake, HFRS, can be fatal during outbreaks reguiti a
mortality rate of more than 10% [1-3]. About 60,000L00,000 cases are reported annually worldwidd, tae
infection is predominant in the East Eurasian gwartt, including China, Korea and far East Rusgjaldis disease
has taken a heavy toll on the Chinese people héatiroximately, 1.2 million symptomatic infectioasid 44,300
deaths have been reported [5]. Therefore, developwferemedy against the virus e.g. treatment opfar the
disease and immunization by vaccine is necessarfortlinately, no known antiviral treatment optiogaast the
virus is currently reported [6,7]. However, sevexiiémpts have been made to develop vaccine aghesirus.
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Strategies that have already been carried outuelole vaccine against HNTV are mainly limited teeliattenuated
form of the virus and DNA vaccine. DNA vaccine igm@ntly under trial [8,9]. However, no attempt teen made
to predict or design peptide vaccine against thesviTo our best knowledge, there is a lack ofrimfation about the
structure of proteins of the virus and any compoteti analysis has not yet been done that can delyelop
effective inhibitors against the virus. With thevadt ofin silico methods, it is possible to predict the structure o
proteins using homology based modeling and inhibigmainst the virus.

The virus contains negative sense single strandédl g&nome. The genome is segmented into three: pagsall

(S) segment encoding capsid proteins, a mediums@gnent encoding the envelope glycoproteins G1Gshchnd

a large (L) segment encoding viral RNA dependenARidélymerase [10-12]. G1 and G2 are first produesca
single polypeptide chain and then the polypeptisecleaved to form separate G1 and G2 [12]. The two
glycoproteins undergo maturation to be associatiédl @ach other [13]. Most of portions of G1 glycoin reside

in transmembrane region while G2 is more expos¢lddmuter environment [14].

The sequence and structure of protein may prowvigeoitant insight for designing effective vaccineaiagt the
virus. Therefore, the aim of this study was to pethe structure of G2 glycoprotein and vaccirmgea within the
sequence of G2 glycoprotein. G1 glycoprotein wascoasidered because it is embedded in the envelbpe G2
is more exposed to the outer environment for immigaetion [14]. Conserved B-cell and T-cell epitopeere
predicted that can be used further to design éfeericcine against the virus.

MATERIALS AND METHODS

Protein retrieval and homology modeling

G2 glycoprotein sequence was retrieved from ref datpbase in NCBI h{tp://www.ncbi.nlm.nih.goy The
accession of the sequence was NP_941988.1. It hexked if any 3-D structure was available for thetgin in
Protein Data Bank (PDB) [15]. As there was no aldé structure, the three dimensional structurthefprotein
was predicted using I-TASSER online server [16]isTiool generates five structural models for thet@n and
assigns confidence score (C-score) for each madel.model with maximum C-score is the best modem&ry
structure analysis was performed by ProtParam endéol [17]. Different parameters computed using tibol were
molecular weight, theoretical pl, amino acid conipas, extinction coefficient, estimated half-lifénstability
index, aliphatic index, and grand average of hydtbigity (GRAVY). Protein secondary structure wamlgized
using SOPMA [18]. DIANNA tool was used to checkudf&le connectivity of the protein [19].

Steriochemical analysis and model evaluation

The models were further evaluated through Psi/@tmiachandran plot and their Z-score. Overall qualityg model

is evaluated by Z-score which was determined uStRPSA web tool [20]. To construct ramachandran plot
PROCHECK software was used through PDBsum onlink[®1]. Ramachandran plot assesses the stereochlemi
quality of 3-D structure analyzing residue-by-residgeometry and overall structure geometry. Finaily
combination with all the evaluation and validatiorethods a structure was predicted for the G2 giyatem of
HNTV.

Prediction of B-cell and T-cell epitope

B-cells and T-cells are the main players in promgkinmune response against an antigen. The antigeof G2
glycoprotein was evaluated using VaxiJen onlinegamnt prediction server [22]. Transmembrane topologs
checked using TMHMM online tool [23]. Using hiddévlarkov model this tool predicts the locations of
transmembrane, intracellular and extracellular gegi The transmembrane and exo-membrane regionheof
protein were analyzed for the presence of T-cellopps. Propred-1 and propred predicts epitopesAToMHC
class-l alleles and 51 MHC class-II alleles respebt [24,25]. A 5% threshold was set for MHC cldssleles to
filter proteasome and immune proteasome. Protedsdesvage site of MHC binder at C-terminal indesagreater
chances for being T-cell epitopes [26]. BCPredranBerver was used to predict B-cell epitopes tpkbBPb6 specific
criteria for epitope prediction [27]. For this poge only protein segment exposed on the surfateeofnembrane
was taken into account. Again, the antigenicity wetermined using VaxiJen online server [22]. Digtaious B-
cell epitopes were predicted using Disco Tope 2r@es using 3-D structure of the G2 glycoproteid][2
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Conservancy analysis of the predicted epitopes

A total of 91 HNTV envelope glycoprotein sequenbasing diverse origins were downloaded from theablase
and the G2 glycoprotein portion was truncated fremeh of the given sequence. Altogether, these §lesees
were subjected to multiple sequence alignment uMBgsA software [29]. This result was further anagizand
conservation of selected epitopes was evaluated) UEDB conservation analysis tool [30].

RESULTS

Analysis of the predicted protein structure

The protein sequence was downloaded from the NC&kejm database using accession NP_941988.1. Timanyr
structure analyzed by ProtParam online tool shaotlvatithe G2 protein is 478 amino acids long hadngolecular
weight of 52904.2 Daltons. The computed theorefsm@lectric point (pl) was 5.65 indicating a néggly charged
protein. The computed instability index (II) was. B3 referring the protein as stable. The negatiren@ average of
hydropathicity (GRAVY) of -0.116 indicated that pe is hydrophilic in nature. Glycine (9.6%), 3&xi(8.2%),
Leucine (7.9%), Threonine (7.3%) and Isoleucine’/4®. are most predominant. SOPMA secondary structure
prediction results showed that it has 19.04% alptles, 27.62% extended strand, 10.25% beta amd43.10%
coils. Total 27 cysteines are present in the sexrpiedisulfide bonds predicted by DIANNA are showrttie Table
1. Disulfide connectivity was predicted to be invieen amino acids 1-4, 2-15, 3-26, 5-10, 6-16, 2-82, 11-14,
13-19, 17-21, 18-25, 20-22, and 23-24. This knogedight provide an important insight in understagdhe
protein secondary structure because disulfide beadgay important roles in protein fold stabilinati Protein 3D
structure is pivotal in understanding of its fupati interaction with other proteins, localizationdamany other
aspects of it. Therefore, 3D structure of the proteas predicted using I-TASSER online server. Tidw predicted
five possible structural models and assigned cenfié score (C-score) for each of the models. Gesfaor five
predicted structures of HNTV glycoprotein G2 wer8®@ 2.64, 2.47, 1.91 and 1.64. Model with the mmn C-
score (2.64) was selected as the best predictadtste for HNTV G2 glycoprotein. The structure wasualized
using UCSF Chimera. The structure was further etelliusing Ramachandran plot and Z-score. Thetrektiie
Ramachandran plot showed 72.5% residues in thedbleregion. The Z-score, indicative of overalldabquality,
is used to check whether the input structure idiwithe range of scores typically found for natpeteins of
similar size. The Z-score of the protein was -4PRifjure 1). The Ramachandran plot and Z-score teastertained
the quality of the homology model of G2 protein.

Table 1 Predicted disulfide bonds by DIANNA tool

Predicted bonds

87 - 117 KTSFHCYGACT — ETSWGCNPSD(184 -237RHVKVCIIGTV — DKGFLCPEFPG
91 - 248 HCYGACTKYEY — SFRKKCNFATT 219 -352WCTSTCQFGDP — VSLTECPTFLT
103 -44IWHTAKCHYERD — QCGIKCWFVKS322 -367LGENPCKIGLQ — CDKAICYGAES
122- 17ECNPSDCPGVGT IDMNDCFVSRH 345- 437GFTLTCLVSLT - DGAPQCGIKCW
129 -25€GVGTGCTACGL — ATTPICEYDGN 362 -397TSIKACDKAIC — GSTFRCCHGED
132 -15¢TGCTACGLYLD — YSRRVCVQFGE398 -40zSTFRCCHGEDC — CHGEDCSQIGL
167- 21EGEENLCKIIDM - IFKHWCTSTCC

Epitope Prediction

Overall antigenicity of the protein predicted byxXidenv2.0 online server was 0.5977 indicating itaggrobable
antigen. TMHMM online tool was used to check thensfmembrane protein topology and results showed tha
residues 1 - 452 arelocated outside of the enveldpke residues 453 - 475 are within the transmemérregion
and residues 476 - 478 are found to be presensatkithe envelope.

The portion of an antigen which binds to an antipotblecule is called an epitope or antigenic deteamt. \When
an antigen is a protein molecule, epitope may theeea short peptide sequence from the proteinpateh of atoms
on the protein surface in the three-dimensionatep8oth continuous and discontinuous epitopeseatemely
important for immunity against viral infection. Bt continuous epitope prediction was carried aihg BCPred
server. Epitope length was set as 10 amino acitts %% classifier specificity while the overlappifiger was on.
A total of 21 B-cell epitopes were predicted by B&dPserver. All the epitopes were found either tedan the
transmembrane region or exposed outside. Antigecice for each of the epitopes was calculated ugagJen
online server and it was found that only 9 out dfffiad probable antigenic properties and all thpifbpes were
exposed outside (Table 2). Moreover, Disco Topes2rer used to predict discontinuous B-Cell egitofsom the
protein 3D structure showed that a totalep®opic locations were found (Table 3, Figure 2).
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B- Cell epitope prediction

Phi (degrees)
Ramachandran Plot statistics
No. of
Residues
Most favoured regions [A,B, L] 298
Additional allowed regions I[a,b,1,p] 86
Generously allowed regions [~a,~b,~1,~p] 14
Disallowed regions [xx] 13
Non-glycine and non-proline residues 411 100.0%
End-residues (excl. Gly and Pro) 2
Glycine residues 16
Proline residues 15
Total number of residues 478

Based on an analysis of 118 structures of resolution of at least

2.0 Angstroms and R-factor no greater than 20.0 a good quality

model would be expected to have over 90% in the most favoured
regions.

Z-score

=15

—20

200 400 600 800 1000
Number of residues

Figure 1 3D structure of hantaan virus glycoproteinG2. A. Predicted 3D structure of the glycoproteirG2 using homology modeling B.
Ramachandran plot showing residues in the most favable and disallowed regions. C. Z-score showing ¢hquality of 3D structure.
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Table 2 Linear B-Cell epitopes with their antigenicscore

Position Epitope VaxiJen scor¢ Comments | Position Epitope VaxiJen scorecComments
201 FGPLEGGGL 0.0723 Non-antigery189 VSKFSQGDTL  0.0795 |Nor-antige
43 LTNPLEEAQS 0.2558 Non-antiger|19 VPMHTDLELD 0.9948 Antigen
113 TSWGCNPSDC 0.1504 Non-antiger|257 EYDGNMVSGY| 0.1221 |Non-antige
1 SETPLTPVWN  0.3557 Non-antigen313 DFDNLGENPG 0.1107 |Non-antige
55 LHIEIEEQTI 1.132 Antigen 83 TSFHCYGACT] 0.9770 Antigen
135 YLDQLKPVGS  0.1589 Non-antigen399 HGEDCSQIGL  1.3138 Antigen
372 SVTLTRGQNT 1.1341 Antigen  [294 KDPDGMLRDH -0.284  |Non-antige
431 DDGAPQCGIH -0.164 Non-antiger443 FVKSGEWISG 0.6316 Antigen
219 CQFGDPGDINI  0.7637 Antigen 385 SGKGGHSGST  1.2906 Antigen
234 GFLCPEFPGS 0.1712 Non-antigern94 YEYPWHTAKQ 0.4521 Antigen
345 CLVSLTECPT  0.0444 Non-antiger

Table 3 Amino acid residues in the discontinuous éppes predicted from glycoprotein G2 structure

Scholar Research Library

PositiongResidue{Contact numberPropensity scorédiscoTope scor@ositionsResidueiContact numbenPropensity scor®iscoTope sco
67 ASP 3 -2.964 -2.968 290 ARG 13 -1.815 -3.101
114 SER 0 -2.396 -2.120 295 ASP 11 -2.534 -3.508
115 TRP 5 -3.439 -3.618 297 ASP 13 -2.172 -3.417
116 GLY 0 -3.845 -3.403 299 MET 13 1.543 -0.129
14¢ ILE 3 -3.39¢ -3.35¢ 30C LEU 12 0.941 -0.547
260 GLY 5 -3.445 -3.624 301 ARG 14 1.407 -0.364
261 ASN 2 -3.794 -3.588 302 ASH 9 -0.677 -1.635
278 SER 11 -2.729 -3.680 42Q GL 6 -1.488 -2.007
282 SER 9 0.086 -0.958 421 ILH 3 -1.164 -1.375
282 THR 26 1.43% -1.72% 422 SEFR 1 0.26% 0.117
284 MET 18 0.54: -1.591 427 GLU 10 0.78¢ -0.45¢
285 HIS 6 -0.257 -0.917 424 ILE] 1 1.284 1.022
287 THR 12 -2.610 -3.690 425 GLY 8 1.102 0.056
288 ASP 14 -1.555 -2.987 426 ASN 17 -1.688 -3.449
289 GLU 1 -0.489 -0.548

Figure 2 Discontinuous B-cell epitopes of the glypootein G2 shown in yellow.
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T — Cell epitope prediction

T lymphocytes play a pivotal role in recognitiondasubsequent elimination of intracellular pathogé&ncell
epitpopes that bind to MHC Class | molecules weesligted using Propred | online server along withtgasome
and immunoproteasome filter on at 5 thresholds. MHC Class | alleles were considered when G2 pmotei
sequence was analysed by Propred [. Only thd tepitopes for each of the alleles were taken &ctmount and a
total of 13 epitopes were predicted. Each of thopps were analysed for antigenic properties usiagiJen v2.0
online server and out of 13 epitopes, 8 had pre@babtigenic properties (Table 4).The protein seqeiemas also
used to predict MHC Class Il binding regions usiihg Propred online server. All the predicted eptopere then
checked for their antigenicity (Table 5). EpitopeUDFSLTS at position 24 was found to have highesigenicity
ensuring maximum binding affinity.

Table 4 MHC class | binding peptides on the basisf@ntigenicity

Starting Peptide MHC class | allele Antigenic
position score
HLA-AL, HLA-B*2702, HLA-B*2705, HLA-B*3701, HLA-B40, HLA-B*4403, HLA-B60,
47 LEEAQSIDL | LA t: cre 1.3540
HLA-AL, HLA-A*1101, HLA-B*3901, HLA-B*3902, HLA-B7,
128 GCTACGLYL | 1\ hs' MAGLd 0.5195
HLA-A2, HLA-B*3701, HLA-B40, HLA-B*4403, HLA-B*5401, HLA-B60, HLA-B61, HLA-
23 TDLELDFSL | 40301, HLA-Cw*0602, HLA-Cw*0702, MHC-Db, MHC-KKMHC-Ld 2.0861
HLA-A2, HLA-A*0205, HLA-A2.1, HLA-B*3801,HLA B*3901,HLA-B*3902, HLA-B*5101,
HLA-B*5102, HLA-B*5103, HLA-B*5201, HLA-B*5301, HLAB*5401, HLA-B*51, HLA-
335 WGSGVGFTL | 55801, HLA-B60, HLA-B62, HLA-B7, HLA-B*0702, HLA-Gv*0702, MHC-Db revised, 0.6654
MHC-Dd, MHC-Kb, MHC-Ld
HLA-A*0205, HLA-A*1101, HLA-A24, HLA-A*3101, HLA-A68.1,, HLA-B14, HLA-B*3901,
264 LCVELLESL | HLA-B*3902, HLABAO, HLA-B*5102, HLA-B*5301 HLA-B*5401, HLA-B*51, HLA-B*5801, 08415

HLA-B8, HLA-Cw*0301,HLA-Cw*0401, HLA-Cw*0602, HLA-Gv*0702, MHC-Db, MHC-Db
revised, MHC-Kb, MHC-Kd

367 CYGAESVTL | HLA-A24, HLA-A*3302, HLA-B*3801, HLACw*0401, MHC-Kb, MHC-Kd 0.8999

HLA-B*2702, HLA-B*2705, HLA-B*3701,HLA-B40, HLA-B*4403, HLA-B60, HLA-B61,

318 | GENPCKIGL | 1) A-B*0702, HLA-Cw*0301, MHC-Kk, MHC-Ld 1.1630
411 AAPHLDKVN | HLA-B*5101, HLA-B*5102, HLA-B*5103, H.A-B*5801 0.4827
Table 5 MHC class Il binding peptides on the basisf antigenicity
Starting Peptide MHC class Il allele Antigenic
position score
DRB1_0101, DRB1_0421, DRB1_1101, DRB1_1120, DRB28I DRB1_1302, DRB1_1305,
457 WIVLIVLCV DRB1 1307, DRB1 13 0.497
465 VFLLFSLVL DRB1_0101,DRB1_0102,DRB1_0410, DRB501, DRB1_1502,DRB1_1506 0.8378
150 IRYSRRVCV DRB1_0301, DRB1_0309, DRB1_1107 0825

DRB1_0301, DRB1_0305, DRB1_0306, DRB1_0307, DRBD8)®RB1_0309, DRB1_0311}
467 LLFSLVLLS | DRB1_0401, DRB1_0426, DRB1_1101, DRB1_1102, DRBD41DRB1_1106, DRB1_1107, 0.7849
DRB1_1121, DRB1_1311, DRB1_1322

DRB1_0305, DRB1_0306, DRB1_0307, DRB1_0308, DRBILI)®RBI_0401, DRB1_0421],

24 LELDFSLTS DRB1_0426 2.4905
DRB1_1107
148 ITIRYSRRV DRB1_0402 1.1647
182 VCIIGTVSK DRB1_0404, DRB1_0423 1.2303
323 IGLQTSSIE DRB1_0410 0.772
340 FTLTCLVSL DRB1_0701, DRB1_0703 0.795
175 FVSRHVKVC DRB1_0801, DRB1_0802, DRB1_0804, DRBl_QBOG, DRBL13)®RB1_0817, DRB1_1114] 0.9935
DRB1_132:
78 LNLKTSFHC DRB1_0804 1.8984
260
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463 LCVFLLFSL DRB1_1501, DRB1_1506 0.8415
46€ FLLFSLVLL DRB1_150: 0.833:
138 LKPVGSAYK DRB5_0101, DRB5_0105 0.5253

Conservation of epitopes
Conservancy of effective antigenic 9 B-cell epitog€able 2) and 22 T- cell epitopes (Table 4 andée checked

against 91 HNTV glycoprotein G2 sequences retrieyemn the NCBI protein database. B-cell epitope
TSFHCYGACT at position 83 with antigenic score 9¥as found to be conserved for all sequences Widvo
identity. Other B-cell eptiopes showing significaainservancy with more than 94% matches at 100%itgavere:
CQFGDPGDIM at postion 219, YEYPWHTAKC at positiod,.and SVTLTRGQNT at position 372. A total of 8
T-cell epitopes were found highly conserved showingre than 95% matches at 100% identity. They were
WGSGVGFTL at position 335, GCTACGLYL at position 82VCIIGTVSK at position 182, TDLELDFSL at
position 23, CYGAESVTL at position 367, AAPHLDKVNt gosition 411, LNLKTSFHC at position 78, and
LELDFSLTS at position 24 (Table 6). Conserved B-aeld T-cell epitopes are shown in Figure 3 and 4.

Table 6 Conservancy analysis of B-cell and T-celp&opes

Scholar Research Library

B-cell/ T- Epitope Epitope Percent of protein sequence matches at Minimum Maximum
cell sequence length 100% identity identity identity
B-cell TSFHCYGACT 10 100.00% (91/91) 100.00% 100400
B-cell CQFGDPGDIM 10 98.90% (90/91) 70.00% 100.00%
B-cell YEYPWHTAKC 10 98.90% (90/91) 90.00% 100.00%
T-cell WGSGVGFTL 9 98.90% (90/91) 88.89% 100.00%
T-cell GCTACGLYL 9 97.80% (89/91) 88.89% 100.00%
T-cell VCIGTVSK 9 97.80% (89/91) 88.89% 100.00%
T-cell TDLELDFSL 9 96.70% (88/91 88.89v 100.00%
T-cell CYGAESVTL 9 96.70% (88/91) 88.89% 100.00%
T-cell AAPHLDKVN 9 96.70% (88/91) 88.89% 100.00%
T-cell LNLKTSFHC 9 96.70% (88/91) 88.89% 100.00%
T-cell LELDFSLTS 9 95.60% (87/91) 88.89% 100.00%
B-cell SVTLTRGONT 10 94.51% (86/91) 90.00% 100.00%

Figure 3 Conserverd B-cell epitopes of the glycoptein G2 shown in yellow.
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Figure 4 Conserved T-cell epitopes of the glycoprein G2 shown in yellow.

DISCUSSION

The current study was focused on prediction of mise vaccine against HNTV. This approach of vaecin
development is based only on in-silico analysise Plotein sequences of antigens present in the wirel analyzed
to find out regions in the protein that can be uagd vaccine. This kind of vaccine developmentahasady been
successful in case of Hepatitis B virus, Hepafitigirus and HIV where synthetic peptide vaccinesengeveloped
using gene sequence of the viruses. Those vacahewed efficacy in clinical trials. With the incedag
availability of genomic data this approach is beirsggd more often to develop vaccines against viovg-a-days.
Based on the principle of these studies we analié@V glycoprotein G2 to propose potential peptigguence to
be used as peptide vaccine.

Currently no high-resolution structure is availafde HNTV glycoprotein G2. Also, there is no eviderto develop
peptide vaccine against the virdis.silico prediction of structure of the protein facilitatesccine development and
a deeper understanding about the mechanism of @ity and immune response. For structure detetimima
homology modeling approach was used. In the predistructure there is only a single helical regidich lies in
the transmembrane region of the protein. The rfetbteoprotein is located in the exomembrane regiath comprises
of strands, turns and coils. The antigenicity @ fiotein was evaluated and it was found to betangial antigen
that elicits immune response. The antigenic detgants or epitopes on the protein were determinbds& epitopes
are regions of protein structure interact diregtith the immune system and are recognized by aditdso T-cell
receptors and B-cell receptors, consequently, thes \particle is either neutralized or subjectedidanious effector
mechanisms. Conservancy analysis of the epitopewesh that B-cell epitope TSFHCYGACT (Figure 5) was
conserved in all possible genotypes at 100% idertiteven other B-cell and T-cell epitopes weredtsund to be
highly conserved showing variation in only one amnicid position for some genotypes. Among four B-ce
epitopes SVTLTRGQNT at position 138 have the higlaesigenic score of 1.1341. Among eight conseriaxl|
epitopes LELDFSLTS at position 24 has the highasiganic score of 2.4905. A higher value of antigestore
increases binding affinity to the immune systenis lhotable that most of the epitopes are locatewo regions of
the protein: a domain close to the transmembralieah@ortion and a region of the protein that lasay from the
transmembrane region. Peptides containing theesmguof these epitopes along with the predictecoditnuous
epitopes can be used for vaccine development. fifteemation about the epitopes can also be usedéhfobitor
development against the virus because they plagpedsable role in viral attachment to host celttiermore, the
structure of the glycoprotein G2 along with micrgsg data can provide further insight about attaatitraed entry.
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Figure 5 A B-cell epitope in the HNTV glycoproteinG2 model. The epitope (TSFHCYGACT) structure is cared in yellow.
CONCLUSION

HNTV glycoprotein G2 can be used to develop vac@geinst the virus. Structural analysis of the girotmay
facilitate development of effective inhibitor. Agénic determinants present on the protein can Ipertant target
for vaccine design and development. The conseregibms of the protein can also give useful infororatfor

development of diagnostic method of the virus iman body.
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