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Abstract  Vesicular stomatitis (VS) is a disease of horses, cattle and swine caused by vesicular stomatitis virus 
(VSV). The virus belongs to the genus Vesiculovirus of the family Rhabdoviridae. The disease has no treatment or 
vaccine. Therefore the aim of this study was to design multi-epitopes vaccine against vesicular stomatitis New 
Jersey virus using peptides of the glycoprotein to stimulate protective immune response. A total of 46 sequences of 
the Glycoprotein of VSV were retrieved from NCBI database. Sequences were aligned to determine the conservancy 
and to predict epitopes using IEDB analysis resource. Six epitopes were predicted as promising B cell epitopes since 
they fulfilled the criteria of surface accessibility, antigenicity and proposed as most probable B cell epitope. These 
epitopes were 393-VLKTKQGYK-401, 147-PHSVKVDEY-155, 454-SKNPVEL-460, 240-CRKPGYKL-247, 427-HPHIE-431  
and 505-PIYKS-509. For T cell; four epitopes 86-FRWYGPKYI-94, 184-FTSSDGESV-192, 189-GESVCSQLF-197 and  
108-CLEAIKAYK-116 were proposed as MHC-I epitopes since they interacted with the highest numbers of alleles  
and with high binding affinity. For MHC-II four epitopes namely 241LKNDLWFQI255, 86FRWYGPKYI94, 
184FTSSDGESV192, and 18IEIVFPQHT26 were proposed as peptide vaccine since they interacted with high affinity to 
MHC-II alleles. It is noteworthy the epitopes 86-FRWYGPKYI-94, 184-FTSSDGESV-192 were found interacting with 
both MHC-I and MHC-II. Thus they further used for docking with the equine haplotype molecules (ELA-A3) where 
they demonstrated lowest binding energy to the equine MHC class I molecule haplotype. To our knowledge there is 
no epitope based vaccine for the Vesicular stomatitis New Jersey Virus (VSV-NJ) via reverse vaccinology. In this 
study, twelve epitopes were proposed eliciting both humeral and cell mediated immunity and predicted to act as a 
promising peptide vaccine against VSV. Clinical trial is required to proof these epitopes as an efficient vaccine 
against vesicular stomatitis virus. 
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1. Introduction 

Vesicular stomatitis (VS) is a disease of horses, cattle, 
and swine caused by vesicular stomatitis virus (VSV). The 
virus belongs to the genus Vesiculovirus of the family 
Rhabdoviridae [1,2]. The disease is transmitted by black 
flies (Simulium spp.), sand flies (Lutzomyia spp.) and 
biting midges (Culicoides spp.) [3,4]. Clinically the 
affected animals showed typical vesicular lesions on 
muzzle, tongue, lips, or coronary band and teats [5,6]. The 
VS is classified as A-list infectious disease of the Office 
International des Epizooties (OIE) with economically 
important contagious disease of livestock [7,8]. The 
disease is endemic in Central America and northern 

regions of South America. Recently outbreaks were 
reported between 2004- 2006 and the infected horses 
reached up to 78% and 68% in cattle [9,10].  

Vesicular stomatitis virus (VSV) contains two main 
serotypes; New Jersey and Indiana vesicular stomatitis. 
The former serotype account for more than 80% of the 
clinical cases reported in endemic areas [11,12]. VSV is 
negative-sense single-stranded genome encodes five 
structural proteins, nucleoprotein (N), Phosphproteins (P), 
matrix protein (M), glycoprotein (G), and polymerase (L) 
[13]. Glycoprotein was used as a vaccine vector and it has 
been shown to be the main antigenic target for immune 
response to the virus [14-17]. 

Vaccination is usually considered to be the most 
effective method of preventing infectious diseases. The 
only vaccine available for the control of VS is an 
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inactivated preparation. This vaccine showed no successful 
results [18,19]. Efforts to create live attenuated vaccines, 
subunit- or DNA mediated vaccines against VSV was 
initiated but have limited success [20,21]. At present there 
is no satisfactory vaccine against VSV infection. Therefore 
successful approaches for vaccine design against vesicular 
stomatitis virus are highly required. Epitope-based vaccines 
can be constructed for B-cell to predict epitopes that 
mainly induce antibody production and the T-cell epitopes 
that induce cellular response and cytokine secretion as 
cytotoxic T-cells. The advantages of epitope-based 
vaccines; it focused on the immune response, enhancing 
immunity and avoiding undesirable epitopes and reducing 
costs. The peptide vaccines have been developed for many 
infectious diseases [22-31]. Therefore the aim of this 
study was to design a peptide vaccine against vesicular 
stomatitis New Jersey virus using peptides of its 
glycoprotein as an immunogen to stimulate protective 
immune response. 

2. Materials and Methods 

2.1. Retrieval of Protein Sequences 
A total of 46 Glycoprotein sequences of New Jersey 

Vesicular stomatitis virus were retrieved from National 
Center for Biotechnology Information database (NCBI) 
(https://www.ncbi.nlm.nih.gov/protein/) in 19th September 
2017. Most of these sequences were from USA. The 

retrieved sequences and their accession numbers as well 
as the date and the region of collection were listed in 
Table 1. 

2.2. Phylogenetic Evolution 
Phylogenetic tree of the retrieved sequences of the 

capsid proteins of HEV was created using MEGA7.0.26 
(7170509) software [32]. The protein tree was constructed 
using maximum likelihood parameter in the software. 

2.3. Determination of Conserved Regions 
Multiple sequence alignment was used to obtain 

conserved regions in the retrieved sequences using 
Clustal-W as applied in the Bio-Edit program (version 
7.2.5.0) [33]. Candidate epitopes were analyzed by 
different prediction tools at the Immune Epitope Database 
IEDB analysis resource (http://www.iedb.org/). 

2.4. B-cell Epitope Prediction 
B-cell epitopes were characterized by their antigenicity, 

hydrophilicity, surface accessibility and flexibility. Hence, 
the reference sequence of glycoprotein was analyzed by 
several B-cell prediction tools. BepiPred linear epitope 
prediction tools was used to predict linear epitopes [34,35], 
Emini surface accessibility prediction tool was used to 
predict surface epitopes [36], and kolaskar and tongaonker 
antigenicity tool was used to predict antigenic epitopes [37]. 

Table 1. Retrieved virus strains, their accession numbers and their area of collection 

Accession number Year Country Accession number Year Country 

YP_009047084 1984 Honduras AAG00863.1 1999* USA 

AFO67835.2 1984 Honduras AAG00862.1 1999* USA 

AFO67850.1 1995 USA AAG00861.1 1999* USA 

AFO67845.1 2005 USA AAG00860.1 1999* USA 

AFO67840.1 1989 USA AAG00859.1 1999* USA 

AFO67830 1992 Colombia AAG00858.1 1999* USA 

AFO67825.1 2003 Costa Rica AAG00857.1 1999* USA 

AFO67820.1 1992 Costa Rica AAG00856.1 1999* USA 

AFO67815.1 1985 Panama AAG00855.1 1999* USA 

AFO67810.1 1983 Nicaragua AAG00854.1 1999* USA 

AMK37534.1 1998 Colombia AAG00853.1 1999* USA 

AMK37529.1 2000 Colombia AAG00852.1 1999* USA 

AMK37524.1 1998 Colombia AAG00851.1 1999* USA 

AMK37519.1 1998 Colombia AAG00850.1 1999* USA 

AMK37514.1 1998 Colombia AAG00849.1 1999* USA 

AMK37509.1 1993 Colombia AAG00848.1 1999* USA 

AMK37504.1 1985 Ecuador AAG00847.1 1999* USA 

AKO63234.1 2014 USA AAG00846.1 1999* USA 

AKA88567.1 2014 USA AAG00845.1 1999* USA 

AIP90495.1 2014 USA AAG00844.1 1999* USA 

AGS42188.1 2012 USA AAG00843.1 1999* USA 

AAG00865.1 1999* USA ASR83121.1 2007 Mexico 

AAG00864.1 1999* USA ASR83116.1 2008 Mexico 

*Specific year of submission in the NCBI database. 
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2.5. T-Cell Epitope Prediction 
T cell epitopes were predicted by tools available in Immune 

Epitope Database (IEDB) (tools.immuneepitope.org) which 
provides on Major Histocompatibility Complex (MHC) 
binding predictions. It is noteworthy in this study the 
human alleles in the IEDB were used to predict the  
MHC-1 and MHC-11 binding epitopes. 

2.5.1. MHC Class I Binding Predictions 
MHC I prediction tool has been used to analyze the 

preferential binding of Glycoprotein to MHC class I 
molecule. A different method for MHC-1 binding 
prediction was available in the Immune Epitope Database 
(IEDB). The artificial neural network (ANN) was used to 
calculate IC50 values of peptide binding to MHC-1 
molecules and calculation of the HLA alleles [38,39]. 
Before prediction, all peptides length was set to 9 amino 
acids [30]. The alleles having binding affinity IC50 equal 
to or less than 300 nM were suggested as candidate epitopes. 

2.5.2. MHC Class II Binding Predictions 
Peptide binding analysis of MHC class II molecules 

was assessed by the IEDB MHCII prediction tool. Certain 
HLA-DR, HLA-DP, HLA-DQ alleles were analyzed 
[40,41]. MHCII binding prediction was achieved using 
NN-align method [42]. All epitopes that bind to many alleles 
at score equal to or less than 1000 half-maximal inhibitory 
concentration (IC50) were proposed as MHCII epitopes.  

2.6. Homology Modeling 
The reference sequence of Glycoprotein of VSV-NJ 

was used to create the 3D structure by Raptor X server at 
(http://raptorx.uchicago.edu/Structure Prediction/predict/) 
and UCSF Chimera (version 1.8) was used to visualize the 
selected epitopes belonging to the B- cell, MHC I, and 
MHC II [43].  

2.7. Molecular Docking 
Pep fold software was used to predict the three dimensional 

structure of selected peptides [44]. Raptor X was used to 
predict 3D structure of the MHC class I of Equas Caballus 
ELA-A3 haplotype (NP_001116853.1). These structures 
were further prepared for running docking in Patch Dock 
server [45] and visualized using Chimera 1.8. [43] 

3. Results 

3.1. Phylogenetic Evolution 
Phylogenetic tree demonstrated the evolutionary 

divergence within the retrieved sequences of the 
glycoprotein. As shown in Figure 1 retrieved strains 
showed molecular divergence in their common ancestors. 

3.2. Sequences Alignment 
Sequence alignment of all retrieved strains was 

performed using ClustalW that presented by Bioedit 
software. As shown in Figure 2, the retrieved sequences 

demonstrated conservancy when sequences were aligned. 
The conserved regions were recognized by identity of 
amino acid sequences among the retrieved sequences. 

3.3. B-cell Epitope Prediction 
As shown in Figure 3, BepiPred linear epitopes 

prediction, Emini surface accessibility and kolaskar and 
tongaonker antigenicity tools were used for prediction of 
B cells epitopes with thresholds of 0.031, 1.000 and 1.035, 
respectively. According to the criteria of B cell prediction 
tools; Bepipred linear epitope prediction tools proposed 32 
epitopes as a linear epitopes. Emini surface accessibility 
and Kolaskar and Tongaonkar antigenicity methods proposed 
25 and 13 epitopes, respectively. However ten epitopes 
only has passed the three criteria of B cell prediction tools. 
Table 2 demonstrated all these epitopes that predicted by 
the B cell tools. Among these epitopes; six epitopes were 
proposed as B cell epitopes since they got high scores in 
the three tools. The 3D structures of these six epitopes in 
the glycoprotein were provided in Figure 4. 

3.4. MHC Class I Binding Predictions 
IEDB MHCI epitope prediction tool generated 10 unique 

binding epitopes from the Glycoprotein having affinity 
values less or equal 300 nM that bound to highest number 
of MHCI alleles. These epitopes were demonstrated in 
Table 3. From these ten epitopes; four epitopes namely 
86FRWYGPKYI94, 184FTSSDGESV192, 189-GESVCSQLF-197 
and 108-CLEAIKAYK-116 were proposed as MHC-1 epitopes 
since they bound to high number of alleles with less IC50 
and percentile rank. The 3D structures of these epitopes in 
the glycoprotein were provided in Figure 5 and Figure 6. 

 
Figure 1. Evolutionary divergence analysis of capsid protein of the HEV. 
The retrieved strains showed divergence in their common ancestors 
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Figure 2. Multiple sequence alignment (MSA) of the retrieved strains using Bioedit software and ClustalW. Dots indicated the conservancy and letters 
showed the alteration in amino acid 

 
Figure 3. Prediction of B-cell epitopes by different IEDB scales (a- Bepipred linear epitope prediction threshold 0.031, b- Emini surface accessibility 
threshold 1.000, c- Kolaskar and Tongaonkar antigenicity prediction threshold 1.035). Regions above threshold (red line) are proposed to be a part of B 
cell epitope while regions below the threshold (red line) were not 
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Table 2. B cell predicted epitopes. The table demonstrated the predicted conserved epitopes with their surface accessibility score (a) and 
antigenicity score (b) 

Peptide Start End Length Emini score 
1.000 

Antigenicity score 
1.035 

PQHT 23 26 4 2.102 1.023 
GDWK 28 31 4 1.389 0.891 
PKYI 91 94 4 1.357 1.077 
DCDL 272 275 4 0.493 1.099 
AGEP 213 216 4 1.07 0.963 
SAYKDG 114 118 5 1.655 0.979 
DPDLD 257 261 5 1.879 0.982 
DLPHI 266 270 5 0.643 1.087 
DLPH* 266 269 4 1.158 1.071 
TGEVD 409 413 5 0.97 0.977 
#PIYKS 505 509 5 1.44 1.064 
GPKNPG 326 331 6 1.871 0.93 
IPRMEG 360 365 6 0.895 0.94 
HPHIEA 426 432 6 0.872 1.057 
#HPHIE* 427 431 5 1.099 1.055 
LKKDDT 437 442 6 3.298 0.959 
YYGDTG 447 452 6 1.44 0.974 
GLPETG 215 220 6 0.775 0.97 
SIHNEEP 97 103 7 1.878 0.973 
FFSDSEE 204 210 7 1.328 0.968 
PGEHATD 282 288 7 1.729 0.962 
#SKNPVEL 454 460 7 1.391 1.038 
#CRKPGYKL 240 247 8 1.295 1.062 
FNPGFPPQSCGYG 121 133 13 0.432 1.029 
PHSVKVDEYTGEWID 147 161 15 1.424 1.02 
PHSVK* 147 151 5 1.324 1.099 
#PHSVKVDEY* 147 155 9 1.742 1.084 
EIGPNGVLKTKQGYK 387 401 15 1.863 0.998 
#VLKTKQGYK* 393 401 9 2.348 1.042 
TVHNSTKWFTSSDGESV 176 192 17 1.286 0.996 
YNYCPTSADKNSHGTQTGIP 37 56 20 2.671 1.002 
YNYCPTSADK* 37 46 10 2.107 1.035 

*Peptide after being shortened 
#B cell proposed epitopes. 

 
Figure 4. Structural positions of the B cell epitopes of glycoprotein of New Jersey Vesicular stomatitis virus. The position of the six epitopes was 
shown encircled. The figure showed the positions of these epitopes from different sites of view of the same protein 
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Table 3. List of best epitopes that had binding affinity with the human MHC class I alleles 

Peptide Start End Allele ic50 Percentile 
FRWYGPKYI# 86 94 HLA-B*27:05 112.67 0.3 

   HLA-C*06:02 24.67 0.1 

   HLA-C*07:01 94.4 0.1 

   HLA-C*07:02 160.32 0.3 

   HLA-C*12:03 115.43 0.2 
FTSSDGESV# 184 192 HLA-A*02:06 58.38 0.7 

   HLA-A*68:02 25.21 0.6 

   HLA-C*03:03 238.64 1 

   HLA-C*12:03 71.14 0.2 
GESVCSQLF# 189 197 HLA-B*40:01 58.6 0.2 

   HLA-B*40:02 271.47 0.4 

   HLA-B*44:02 8.96 0.1 

   HLA-B*44:03 30.43 0.1 
CLEAIKAYK# 108 116 HLA-A*03:01 253.54 0.4 

   HLA-A*31:01 245.93 0.6 

   HLA-A*68:01 168.01 1.3 
ETVHNSTKW 175 183 HLA-B*57:01 226.23 0.3 

   HLA-B*58:01 36.81 0.3 
GICKMPFCR 233 241 HLA-A*11:01 223.57 0.4 

   HLA-A*31:01 102.98 0.5 
GPKYITHSI 90 98 HLA-B*07:02 36 0.2 

   HLA-B*08:01 297.85 0.5 
GTRIVRQLW 369 377 HLA-B*57:01 13.31 0.2 

   HLA-B*58:01 194.54 0.5 
ISLISDVER 289 297 HLA-A*31:01 107.56 0.5 

   HLA-A*68:01 81.93 0.6 
KVDEYTGEW 151 159 HLA-B*58:01 29.97 0.3 

   HLA-C*05:01 131.16 0.4 

# MHC-1 proposed epitopes. 

Table 4. List of the best four epitopes that had binding affinity with the human MHC class II alleles 

Core Sequence Peptide Sequence Start End Allele IC50 Rank 
IEIVFPQHT SPILGKIEIVFPQHT 12 26 HLA-DRB1*01:01 134.4 34.49 

    HLA-DRB1*07:01 360.8 28.69 

    HLA-DRB1*13:02 472.4 16.82 

    HLA-DRB1*15:01 281.9 21.11 

    HLA-DRB4*01:01 55.5 4.2 

 PILGKIEIVFPQHTT 13 27 HLA-DRB1*01:01 64.1 24.31 

    HLA-DRB1*07:01 376.8 29.3 

    HLA-DRB1*11:01 749.7 36.58 

    HLA-DRB1*13:02 467.1 16.71 

 PILGKIEIVFPQHTT   HLA-DRB1*15:01 245.5 19.37 

    HLA-DRB4*01:01 66 5.09 

 ILGKIEIVFPQHTTG 14 28 HLA-DQA1*05:01/DQB1*02:01 762 16.34 

    HLA-DRB1*01:01 41.4 19.03 

    HLA-DRB1*07:01 537.4 34.35 

    HLA-DRB1*11:01 371.8 27.32 

    HLA-DRB1*13:02 655.5 20.4 

    HLA-DRB1*15:01 263.1 20.23 

    HLA-DRB4*01:01 66.6 5.14 

 LGKIEIVFPQHTTGD 15 29 HLA-DRB1*01:01 42.1 19.22 

    HLA-DRB1*04:05 501.2 29.32 

    HLA-DRB1*07:01 736.6 39.24 

    HLA-DRB1*09:01 999.8 38.96 

    HLA-DRB1*11:01 313.9 25.3 

    HLA-DRB1*13:02 662.1 20.51 

    HLA-DRB1*15:01 372.2 24.85 

    HLA-DRB4*01:01 65.1 5.01 
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Core Sequence Peptide Sequence Start End Allele IC50 Rank 

 GKIEIVFPQHTTGDW 16 30 HLA-DRB1*01:01 125.9 33.51 

    HLA-DRB1*08:02 220 4.93 

    HLA-DRB1*11:01 378 27.51 

    HLA-DRB1*13:02 887.2 24.24 

    HLA-DRB1*15:01 454.3 27.66 

    HLA-DRB4*01:01 64.2 4.93 

 KIEIVFPQHTTGDWK 17 31 HLA-DRB1*01:01 248.1 44.72 

    HLA-DRB1*08:02 417.5 10.12 

    HLA-DRB1*15:01 576.6 31.23 

    HLA-DRB4*01:01 57.4 4.37 

 IEIVFPQHTTGDWKR 18 32 HLA-DRB1*01:01 657.1 61.01 

    HLA-DRB4*01:01 79.8 6.21 
FRWYGPKYI WMTTCDFRWYGPKYI 80 94 HLA-DPA1*01:03/DPB1*02:01 931.6 29.43 

    HLA-DQA1*05:01/DQB1*03:01 312.4 28.61 

    HLA-DRB1*01:01 541 57.99 

    HLA-DRB1*07:01 11.2 1.93 

    HLA-DRB1*09:01 33.9 1.87 

    HLA-DRB1*13:02 377 14.69 

    HLA-DRB1*15:01 28.3 2.54 

    HLA-DRB3*01:01 57.3 3.08 

    HLA-DRB5*01:01 12.2 2.99 

 MTTCDFRWYGPKYIT 81 95 HLA-DPA1*01:03/DPB1*02:01 568.6 22.98 

    HLA-DQA1*05:01/DQB1*03:01 227.3 24.21 

    HLA-DRB1*01:01 225.7 43.01 

    HLA-DRB1*07:01 12.9 2.32 

    HLA-DRB1*09:01 29.5 1.52 

    HLA-DRB1*13:02 379.4 14.74 

    HLA-DRB1*15:01 25 2.13 

    HLA-DRB3*01:01 57.7 3.09 

    HLA-DRB5*01:01 9.5 2.22 

 TTCDFRWYGPKYITH 82 96 HLA-DPA1*01:03/DPB1*02:01 211.3 13.31 

    HLA-DQA1*05:01/DQB1*03:01 220.9 23.84 

    HLA-DRB1*01:01 97.8 29.88 

    HLA-DRB1*07:01 16.3 3.06 

 TTCDFRWYGPKYITH 82 96 HLA-DRB1*09:01 26.4 1.29 

    HLA-DRB1*11:01 612.8 33.73 

    HLA-DRB1*13:02 356.1 14.18 

    HLA-DRB1*15:01 21.5 1.71 

    HLA-DRB3*01:01 61.8 3.25 

    HLA-DRB5*01:01 7.3 1.55 

 TCDFRWYGPKYITHS 83 97 HLA-DPA1*01/DPB1*04:01 952.3 21.24 

    HLA-DQA1*05:01/DQB1*03:01 194 22.19 

    HLA-DRB1*01:01 45.7 20.18 

    HLA-DRB1*07:01 21.1 4.07 

 TCDFRWYGPKYITHS 83 97 HLA-DRB1*09:01 26.3 1.28 

    HLA-DRB1*11:01 412.4 28.59 

    HLA-DRB1*13:02 365.8 14.42 

    HLA-DRB1*15:01 25.2 2.16 

    HLA-DRB3*01:01 70.3 3.56 

    HLA-DRB5*01:01 6.3 1.24 

 CDFRWYGPKYITHSI 84 98 HLA-DQA1*05:01/DQB1*03:01 202 22.71 

    HLA-DRB1*01:01 104.1 30.75 

    HLA-DRB1*07:01 27.7 5.3 

    HLA-DRB1*09:01 32.7 1.78 

    HLA-DRB1*11:01 424.1 28.95 

    HLA-DRB1*13:02 554.9 18.51 

    HLA-DRB1*15:01 30.2 2.76 

    HLA-DRB3*01:01 119.8 5.02 

    HLA-DRB5*01:01 8.1 1.8 
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Core Sequence Peptide Sequence Start End Allele IC50 Rank 

 DFRWYGPKYITHSIH 85 99 HLA-DPA1*01/DPB1*04:01 855.4 20.05 

    HLA-DQA1*05:01/DQB1*03:01 214.3 23.46 

    HLA-DRB1*01:01 190 40.02 

    HLA-DRB1*07:01 33.5 6.27 

    HLA-DRB1*09:01 41 2.49 

    HLA-DRB1*13:02 888.7 24.27 

    HLA-DRB1*15:01 36.2 3.48 

    HLA-DRB3*01:01 200.9 6.88 

    HLA-DRB5*01:01 10.9 2.63 

 FRWYGPKYITHSIHN 86 100 HLA-DPA1*01/DPB1*04:01 967.7 21.43 

    HLA-DPA1*01:03/DPB1*02:01 439.7 20.07 

    HLA-DQA1*05:01/DQB1*03:01 239 24.87 

    HLA-DRB1*01:01 188.9 39.93 

    HLA-DRB1*09:01 66.5 4.5 

    HLA-DRB1*15:01 75.5 7.72 

    HLA-DRB3*01:01 339.7 9.36 

    HLA-DRB5*01:01 12.4 3.03 

FTSSDGESV HNSTKWFTSSDGESV 178 192 HLA-DQA1*05:01/DQB1*03:01 752.2 42.78 

    HLA-DRB1*04:05 469.4 28.29 

    HLA-DRB1*07:01 64.6 10.5 

    HLA-DRB1*09:01 196.4 12.75 

    HLA-DQA1*05:01/DQB1*03:01 609 39.1 

    HLA-DRB1*01:01 841.7 64.73 

    HLA-DRB1*04:05 475.1 28.47 

    HLA-DRB1*07:01 76 11.79 

    HLA-DRB1*09:01 149.2 10.06 

 STKWFTSSDGESVCS 180 194 HLA-DQA1*05:01/DQB1*03:01 517.8 36.34 

    HLA-DRB1*01:01 564.7 58.66 

    HLA-DRB1*04:01 537.4 30.16 

    HLA-DRB1*04:05 541.3 30.56 

    HLA-DRB1*07:01 103.9 14.53 

    HLA-DRB1*09:01 115.4 7.94 

    HLA-DRB3*01:01 916.3 16.91 

 TKWFTSSDGESVCSQ 181 195 HLA-DQA1*05:01/DQB1*03:01 481.9 35.18 

    HLA-DRB1*01:01 361 51.34 

    HLA-DRB1*04:01 587.4 31.84 

    HLA-DRB1*04:05 650.9 33.61 

    HLA-DRB1*07:01 159.9 18.94 

    HLA-DRB1*09:01 88.1 6.11 

    HLA-DRB3*01:01 868.4 16.36 

    HLA-DRB5*01:01 962.3 42.63 

 KWFTSSDGESVCSQL 182 196 HLA-DQA1*05:01/DQB1*03:01 482.1 35.18 

    HLA-DRB1*01:01 547.5 58.18 

    HLA-DRB1*07:01 254.7 24.23 

    HLA-DRB1*09:01 130.4 8.89 

 WFTSSDGESVCSQLF 183 197 HLA-DQA1*05:01/DQB1*03:01 468 34.71 

    HLA-DRB1*01:01 811.3 64.18 

    HLA-DRB1*04:05 784.2 36.92 

    HLA-DRB1*07:01 285.3 25.62 

    HLA-DRB1*09:01 239.7 14.93 

 FTSSDGESVCSQLFT 184 198 HLA-DQA1*05:01/DQB1*03:01 575.4 38.11 

    HLA-DRB1*01:01 849.3 64.86 

    HLA-DRB1*07:01 453.4 31.89 

    HLA-DRB1*09:01 403 22.07 
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Core Sequence Peptide Sequence Start End Allele IC50 Rank 
LKNDLWFQI RKPGYKLKNDLWFQI 241 255 HLA-DPA1*01/DPB1*04:01 384.7 12.77 

    HLA-DPA1*01:03/DPB1*02:01 109.9 8.87 

    HLA-DPA1*02:01/DPB1*01:01 57.5 6.14 

    HLA-DPA1*03:01/DPB1*04:02 171.5 13.54 

    HLA-DRB1*04:05 364.5 24.47 

    HLA-DRB1*13:02 897.7 24.4 

    HLA-DRB3*01:01 52.6 2.9 

    HLA-DRB5*01:01 250.1 24.5 

 KPGYKLKNDLWFQIT 242 256 HLA-DPA1*01/DPB1*04:01 305.3 11.11 

    HLA-DPA1*01:03/DPB1*02:01 94.8 8.07 

    HLA-DPA1*02:01/DPB1*01:01 46.5 4.87 

    HLA-DPA1*03:01/DPB1*04:02 99.8 9.65 

    HLA-DRB1*04:05 384.5 25.26 

    HLA-DRB1*08:02 947.6 21.52 

    HLA-DRB1*13:02 727.6 21.67 

    HLA-DRB3*01:01 50.4 2.8 

    HLA-DRB5*01:01 210.2 22.53 

 PGYKLKNDLWFQITD 243 257 HLA-DPA1*01/DPB1*04:01 323.8 11.51 

    HLA-DPA1*01:03/DPB1*02:01 109.1 8.83 

    HLA-DPA1*02:01/DPB1*01:01 45.3 4.73 

    HLA-DPA1*03:01/DPB1*04:02 86.2 8.74 

    HLA-DRB1*04:05 404.1 25.99 

    HLA-DRB1*08:02 783.4 18.32 

    HLA-DRB1*09:01 905.5 36.8 

    HLA-DRB1*13:02 680.6 20.83 

    HLA-DRB3*01:01 45.8 2.61 

    HLA-DRB5*01:01 267.2 25.25 

 GYKLKNDLWFQITDP 244 258 HLA-DPA1*01/DPB1*04:01 326.4 11.57 

    HLA-DPA1*01:03/DPB1*02:01 115.2 9.14 

    HLA-DPA1*02:01/DPB1*01:01 50 5.28 

    HLA-DPA1*03:01/DPB1*04:02 84.2 8.59 

    HLA-DRB1*04:05 506.3 29.48 

    HLA-DRB1*08:02 642.7 15.39 

    HLA-DRB1*09:01 845.3 35.38 

    HLA-DRB1*13:02 766 22.31 

    HLA-DRB3*01:01 50.4 2.8 

    HLA-DRB5*01:01 346.3 28.31 

 YKLKNDLWFQITDPD 245 259 HLA-DPA1*01/DPB1*04:01 360.2 12.27 

    HLA-DPA1*01:03/DPB1*02:01 125 9.64 

    HLA-DPA1*02:01/DPB1*01:01 50.7 5.36 

    HLA-DPA1*03:01/DPB1*04:02 98.4 9.56 

    HLA-DRB1*08:02 760.2 17.89 

    HLA-DRB1*13:02 993.7 25.82 

    HLA-DRB3*01:01 102.5 4.55 

    HLA-DRB5*01:01 674.7 37.26 

 KLKNDLWFQITDPDL 246 260 HLA-DPA1*01/DPB1*04:01 584.8 16.28 

    HLA-DPA1*01:03/DPB1*02:01 245.5 14.52 

    HLA-DPA1*02:01/DPB1*01:01 73.8 7.92 

    HLA-DPA1*03:01/DPB1*04:02 193.5 14.52 

    HLA-DRB1*08:02 918.9 21.01 

    HLA-DRB3*01:01 228 7.41 

 LKNDLWFQITDPDLD 247 261 HLA-DPA1*01/DPB1*04:01 773.7 18.98 

    HLA-DPA1*01:03/DPB1*02:01 453.9 20.42 

    HLA-DPA1*02:01/DPB1*01:01 150.6 14.44 

    HLA-DPA1*03:01/DPB1*04:02 359.6 20.16 

    HLA-DRB3*01:01 436.7 10.86 
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3.5. MHC class II binding predictions 
Peptides binding to MHC class II molecules were 

evaluating with the IEDB MHC-II prediction tools  
using human alleles. Several methods were used for 
analysis of MHC-II epitopes binding grooves. However 
the NN- align is important for instantaneous identification 
of the MHC class II binding core epitope. In this study, 
several core peptides were predicted to interact with 
considerable number of MHCII alleles. However four 
epitopes namely 241LKNDLWFQI255, 86FRWYGPKYI94, 
184FTSSDGESV192, and 18IEIVFPQHT26 demonstrated 
great binding interaction with 82, 78 and 44 and 39 MHC-
II alleles, respectively. These four epitopes and their 
interacting alleles were provided in Table 4. The epitopes 
86FRWYGPKYI94 and 184FTSSDGESV192 were found 
interacting in both MHC-I and MHC-II alleles. Thus their 
positions in the 3D structures of glycoprotein was 
depicted in Figure 5 while the 3D structures of 
18IEIVFPQHT26 and 241LKNDLWFQI255 in the 
glycoprotein were depicted in Figure 6. 

3.6 Docking of the Selected Epitopes with 
MHC Class 1 Alleles 

Binding models of the best probable epitopes 
(86FRWYGPKYI94, 184FTSSDGESV192, 189-GESVCSQLF-197 
and 108-CLEAIKAYK-116) to the equine ELA-A3 molecule 
was observed using Patch dock. As demonstrated in Table 5 
lowest binding energy (kcal/mol) was selected to predict 
probable CTL epitopes based on the score of global energy 
and attractive VDW in kcal/mol unit of docked molecules. 
Docking of 86FRWYGPKYI94 and 184FTSSDGESV192 with 
ELA-A3 allele produced -22.07kcal/mol and -70.22kcal/mol 
global energy respectively. This indicated the strong binding 
affinity between the ligand and the receptor. Moreover,  
189-GESVCSQLF-197 and 108-CLEAIKAYK-116 epitopes 
demonstrated favorable binding affinity with ELA-A3 
allele with -23.72kcal/mol and 1.34kcal/mol global energy, 
respectively. Generally the docked molecules showed 
different binding site for ELA-A3 allele (Figure 7 and 
Figure 8). These results revealed that the docked epitopes 
could induce the humoral and cellular immunity responses. 

 
Figure 5. Structural position of the two epitopes of glycoprotein of New Jersey Vesicular stomatitis virus that interacted with both MHC-I & MHC-II 
alleles. Also these two epitopes were docked with equine haplotype molecule 

 
Figure 6. Structural positions of the other two promising T cell epitopes of glycoprotein of New Jersey Vesicular stomatitis virus. The position of the 
epitopes was shown in dark blue, purple and yellow colors. The figure showed the positions of these epitopes from different sites of view of the same 
protein 
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Figure 7. Visualization of the 3D structure of ELA-A3 equine allele (in green color) using chimera visualization tool. The a, b, c and d are the docked 
epitopes 86FRWYGPKYI94, 184FTSSDGESV192, 189-GESVCSQLF-197 and 108-CLEAIKAYK-116, respectively, (shown in yellow color) that proposed for 
CTL for docking with ELA-A3 equine allele 

Table 5. The binding energy and Attractive VDW scores for the proposed epitopes with ELA-A3 equine allele using PatchDock server 

Epitopes Start End Receptor Binding Energy 
Score (kcal/mol) 

FTSSDGESV 184 192 ELA-A3 -70.22 

GESVCSQLF 189 197 ELA-A3 -23.72 

FRWYGPKYI 86 94 ELA-A3 -22.07 

CLEAIKAYK 108 116 ELA-A3 -1.34 

 
Figure 8. Visualization of PatchDock Molecular docking of MHCI proposed epitopes and ELA-A3 equine allele receptors using UCSF-Chimera 
visualization tool. Receptors (ELA-A3 allele) represented by rounded ribbon structure green colour while CTL epitopes represent by yellow and red 
colors 
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4. Discussion 
Vesicular stomatitis (VS) is contagious disease caused 

by Vesicular stomatitis virus (VSV) often causes a 
mortality rate exceeding 90% in horse. Vaccination is 
effective method of preventing Vesicular stomatitis (VS) 
such as inactivated preparation vaccine, live attenuated 
vaccine, and DNA mediated vaccine. But all these vaccine 
available have not performed successfully. Therefore, in 
this study we aim to predict peptide vaccine for the 
Vesicular stomatitis New Jersey virus of its glycoprotein 
as an immunogen to stimulate protective immune response. 
Peptide- based vaccine has good desirable immune 
response and a minimal immunological side effect. There 
are many peptide vaccines under development of designing 
vaccine and therapeutic for most infectious diseases such 
as influenza virus, cancer, Ebola virus, and other [46-50].  

In this study the selected peptides that could be 
recognized by B cell and T cell epitope. For B cell  
epitope prediction; eight epitopes PKYI, VLKTKQGYK, 
PHSVKVDEY, SKNPVEL, CRKPGYKL, HPHIE, 
PIYKS, and DLPH got scores above the threshold of 
Emini and antigenicity, therefore that capable of inducing 
the desired immune response as B cell epitope. For MHC I 
and II binding prediction used human alleles in IEDB  
T-cell prediction tools since it showed similarity, because 
haven’t entered equine alleles as data [40,51,52]. 

There were two epitopes “FRWYGPKYI, FTSSDGESV” 
interacted with the highest numbers of MHC class I alleles 
and have high binging affinity and the lowest binding 
energy to equine MHC class I molecule (ELA-A3) haplotype 
in the structural level. FRWYGPKYI epitope was found 
to bind 5 MHCI Alleles; HLA-B*27:05, HLA-C*06:02, 
HLA-C*07:01, HLA-C*07:02, HLA-C*12:03 and 
FTSSDGESV epitope was found to bind 4 MHC II Alleles 
HLA-A*02:06, HLA-A*68:02, HLA-C*03:03, HLA-C*12:03. 
While in MHC II prediction, five most potential epitopes 
were chosen on the basis of highest number of MHC II 
alleles “IEIVFPQHT, FRWYGPKYI, FTSSDGESV, 
LKNDLWFQI, and LISDVERIL. This study proposed 
an interesting T cell epitope (FRWYGPKYI, FTSSDGESV) 
that have very strong binding affinity to both MHC1 and 
MHC11 alleles. So this epitope based vaccine would be 
able to elicit both humeral and cell mediated immunity. To 
our knowledge there is no epitope based vaccine for the 
Vesicular stomatitis New Jersey Virus (VSV-NJ) using 
immunoinformatics approach. 

5. Conclusion 

This study predicted novel B-cells and T-cell epitopes 
from the glycoprotein of Vesicular stomatitis New Jersey 
Virus strains. The proposed epitopes showed conservancy 
rates and demonstrated potentiality as based peptide 
vaccine for application in the control of Vesicular 
stomatitis New Jersey Virus infection. The use of  
such vaccines will likely reduce the challenges associated 
with live attenuated vaccines and allow broad  
coverage of the target Vesicular stomatitis New Jersey 
Virus strains. Accordingly Immunoinformatic techniques 
focused on immune response would avoid undesirable 

epitopes and reducing costs for designing of new vaccines 
and therapies. 
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