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Introduction 
The blue tongue disease (BTD) is a non-contagious insect transmitted 
disease of ruminants, particularly sheep and certain species of non-
African wild ruminant [1, 2]. The disease is caused by blue tongue 
virus (BTV). The virus is double stranded RNA virus belongs to 
the genus orbivirus in the family reoviridae [3, 4]. The orbiviruses 
genome encodes for four nonstructural protein (NS1-NS4) and seven 
structural proteins (VP1-VP7) [3, 4]. The genome is segmented and 
composed of ten segments packaged with an icosahedral capsid, ∼80 
nm in diameter, and three concentric protein layers [5]. The outer 
core composed of 60 trimers of VP2 and 120 of trimers of VP5. 
The mid-layer contained the virus genome, the viral transcriptase 
complexes and provided a ‘scaffold for addition of 780 copies of 
VP7 (organized as 260 trimers) to form the core-surface layer. In the 

inner most layer the ‘sub core shell was found and constructed from 
12 decamers of VP3 [5]. When the Merino sheep were imported in 
to South Africa became infected with The BTV disease since 1900 
[6]. The disease transmitted via several species of biting midges 
belonging to the genus Culicoides by different way, vector-free 
transmission, and vertical from dam to fetus [7-9]. Also, horizontal 
transmission via direct contact of BTV-26 isolated for the first time 
from symptomatic sheep in Kuwait in 2010 was reported [10]. In this 
direct contact transmission, the virus does not replicate in midges 
and Culicoides-derived KC cells [11, 12].

The clinical symptoms of the disease is characterized by vascular 
injury that resulted in hemorrhage and ulceration of the mucous 
membranes in the upper portion of the gastrointestinal tract; 
coronitis and laminitis; facial and inter muscular oedema; pleural 
and pericardial effusion; pulmonary oedema and necrosis of skeletal 
and cardiac muscle [13-15]. Moreover, the symptoms of the BTV 
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Abstract
Blue Tongue Disease (BTD) is a non-contagious insect transmitted disease of ruminants caused by double stranded RNA virus. 
This study aimed to predict an effective multi-epitopes vaccine against BTD from VP5 and VP7 as immunogenic proteins using 
immunoinformatic tools. The VP5 and VP7 proteins sequences were retrieved from GenBank of National Center for Biotechnology 
Information (NCBI). The sequences of each protein were aligned for conservancy using Bioedit software. Immune Epitope 
Database (IEDB) analysis resources were used to predict B and T cell epitopes. The proposed MHC-1 epitopes of both proteins 
were further subjected to molecular docking to show minimum binding energy of each epitopes. In our results, two epitopes 
(235-SEEV-235 and 85-PDPLSP-90) from VP5 and two epitopes (79-PISPDYTQ-86 and 297-PIFPPN-302) from VP7 were 
proposed as B cell epitopes since they were shown to be linear, surface accessible and antigenic epitopes. For T cells, MHC-1 
binding prediction tools showed multiple epitopes strongly interacted with BoLA alleles from both VP5 and VP7. Among them 
three epitopes, (257-KLKKVINAL-265, 487-QMHILRGPL-495 and 350-VMMRFKIPR-358) fromVP5 protein and four epitopes 
(86-QHMATIGVL-94, 315-TLADVYTVL-323, 17-TLQEARIVL-25 and 10-TVMRACATL-18) from VP7 protein interacted 
with the highest number of alleles and demonstrated best binding affinity to MHC-1 alleles. Thus were proposed as a vaccine 
candidate from VP5 and VP7 proteins. All the epitopes from VP5 and VP7 that interacted with MHC-1 alleles when subjected 
to molecular docking against the sheep b_microglobulin alleles demonstrated biologically significant higher binding affinity 
which expressed by their lower global and attractive energy. In conclusion, eleven epitopes were predicted as promising vaccine 
candidates against BTD from the VP5 and VP7 immunogenic proteins. These epitopes require to be validated experimentally 
through in vitro and in vivo studies. 
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serotype-8 caused reproductive failure among pregnant cattle and 
sheep. Also, serotype-8 infection has high rate of vertical virus 
transmission that lead to teratogenic defects in congenitally infected 
calves [16-18]. There is extensive heterogeneity of the field strains of 
BTV. This variations lead to different virulence and other biological 
properties of individual field strains of the virus. This variation 
result from genetic shift and genetic drift. The later was as a result 
of re-assortment of viral genes during mixed infections of either the 
vertebrate or invertebrate hosts following infection with more than 
one virus serotype or strain [19].

The BTV has more than one immunogenic protein. TheVP2 is the 
primary target of neutralizing antibody responses but high variability 
permits differentiation of the 26 BTV serotypes due to this known 
as serotype specific neutralizing antibody induction [20-24]. While 
it has been suggested that vp5 may aid induction supporting vp2 
tertiary conformation [22]. VP7 which high immunogenic and 
widely used in serological diagnosis, some inner capsid proteins may 
induce various degrees of immunity; their specific contributions to 
protection are not fully elucidated [25-28]. Also, some nonstructural 
proteins have a role in immunity by produce protective cell-mediated 
immune responses [29, 30]. These non-structure proteins are NS1 
and NS2 which induce specific humoral or cellular immunity, while 
NS3 is understood to induce specific immunological responses but 
to a lesser degree [31-34].

Various types of vaccines were uses to prevent BTV infection since 
1908 [35]. Modified live vaccine was used to control the disease in 
sheep in southern Africa, and more recently in Corsica, the Balearic 
Islands and Italy [36]. Also live attenuated vaccine was used and 
demonstrated effective protection. However, animals showed clinical 
signs of bluetongue infection; teratogenicity and adverse effects were 
also reported [37]. Whole inactivated vaccines, which represent 
safer than live attenuated vaccine and are commercially available. 
However, some concerns exist over the reliability of inactivation 
for each vaccine batch [38]. The recombinant vaccine was also used 

against BTV but constraints imposed by the high cost of performing 
experiments in bio-containment facilities for large animals have led 
to the establishment of a small animal model for BTV [39]. DNA 
vaccines that characterized by safety, easy manufacturing, biological 
stability and cost effectiveness but have low immunogenicity. 
They can be useful to prime the immune system when used in 
heterologous vaccination regimes in combination with recombinant 
viruses as boosting agents. This heterologous vaccination strategy 
was successfully used in various studies [40-42].

In silico vaccines tools for vaccine design was developed since 
1980s to predict T and B cell immune epitope [43]. This method used 
computational and experimental tools to identify the immunogenic 
part or antigen suited to form vaccine prediction. Sometimes the 
intact protein is used for prediction of the vaccine or corresponding 
RNA or DNA [44-47]. In silico, vaccines are simple in production in 
a well-controlled process. Also in silico, vaccines can be designed 
to provoke an immune response that is very specifically directed 
to highly immunogenic regions of antigens [48, 49]. This vaccine 
design process tailored to specific MHC alleles and combinations 
thereof provides the basis of safer personalized therapy [48, 49]. 
Thus, the need for a safer and efficacious vaccine without future 
complications is highly recommended. In this study, we aimed 
to use the immunoinformatics approaches found in the Immune 
Epitope Database (IEDB) to predict epitopes from VP5 andVP7 
proteins of BTV that elicit the immune system and acted as safer 
efficacious vaccine.

Materials and Methods
Protein sequences retrieval and alignment tool 
The protein sequences of VP5 (56 sequences) and VP7 (65 sequences) 
were retrieved from the NCBI database (https://www.ncbi.nlm.nih.
gov/protein/?term=bluetongue+vp5,vp7) [50]. The protein strains 
were retrieved according to their accession numbers, country and 
date of collection and were presented in table (1). 

Table 1: The retrieved strains with accession numbers, countries and year of collection (vp5) and (vp7)
VP5 VP7

Accession Country Year accession Country Year
*YP-052955.1 USA 2004 **YP_052967.1 USA, England 2004;1988
AKV61130.1 Sudan 1983 AFV67788.1 China 2012
AKV61129.1 Spain 2010 AAW32489.1 South Africa 1979-2004
AKV61128.1 Spain 2005 AAW32488.1 South Africa, Greece 1979-2004;1999
AKV61127.1 Spain 2004 AAW32487.1 South Africa, Greece 1979-2004;2000
AKV61126.1 Spain 2003 AAW32483.1 South Africa, France 1979-2004;2003
AKV61125.1 Cyprus 1969 AKH40942.1 Hungary 2014
AKV61124.1 Morocco 2009 AIS39803.1 Spain 2003
AKV61123.1 Morocco  2009 ABG91359.1 South Africa, Turkey 1979-2004;1999
AKV61122.1 Morocco 2009 AQW44904.1 France 2016
AKV61121.1 Morocco 2009 AYA21811.1 South Africa 2017
AKV61120.1 Morocco 2004 AYA21810.1 South Africa 2017
AKV61119.1 Israel 2008 AYA21809.1 South Africa 2017
AKV61118.1 Israel 2006 AYA21807.1 South Africa 2017
AKV61117.1 Greece 2012 AYA21804.1 South Africa 2017

          Volume 5 | Issue 2| 75

https://www.opastonline.com/


J Clin Exp Immunol, 2020 www.opastonline.com

AKV61116.1 Greece 2012 AYA21796.1 South Africa 2017
AKV61115.1 Greece 2012 AYA21795.1 South Africa 2017
AKV61114.1 Greece 2000 AYA21792.1 South  Africa 2016
AKV61113.1 Greece 2000 AXQ59259.1 France 2017
AKV61112.1 Greece 1999 AKV61252.1 Sudan 1983
AKV61111.1 Greece 1999 AKV61251.1 Spain 2010
AKV61110.1 Greece 1979 AKV61249.1 Spain 2004
AKV61109.1 France 2003 AKV61250.1 Spain 2005
AKV61108.1 France 2003 AKV61248.1 Spain 2003
AKV61107.1 France 2003 AKV61247.1 Cyprus 1969
AKV61106.1 Egypt 1977 AKV61246.1 Morocco 2009
AKV61105.1 Cyprus 2011 AKV61245.1 Morocco 2009
AKV61104.1 Cyprus 2011 AKV61244.1 Morocco 2009
AKV61103.1 Cyprus 2011 AKV61243.1 Morocco 2009
AKV61102.1 Cyprus 2011 AKV61242.1 Morocco 2004
AKV61101.1 Cyprus 2011 AKV61241.1 Israel 2008
AKV61100.1 Cyprus 2004 AKV61240.1 Israel 2006
AKV61099.1 Cyprus 1969 AKV61239.1 Greece 2012
AIL52757.1 South Africa N/A AKV61238.1 Greece 2012
AEO19755.2 South Africa N/A AKV61237.1 Greece 2012
AGJ83446.1 South Africa N/A AKV61236.1 Greece 2000
AFV67787.1 China 1997 AKV61235.1 Greece 2000
AEO19827.1 Italy 2003 AKV61234.1 Greece 1999
AEO19815.1 Italy 2003 AKV61233.1 Mandriko 1999
CAE53015.1 South Africa N/A AKV61232.1 Greece N/A
CAE52998.1 Argentina N/A AKV61231.1 France 2003
CAE52997.1 Greece N/A AKV61230.1 France 2003
CAE52996.1 Turkey N/A AKV61229.1 France 2003
CAE52995.1 Turkey N/A AKV61228.1 Egypt 1977
CAE52994.1 Cyprus N/A AKV61227.1 Cyprus 2011
CAE52993.1 Sudan N/A AKV61226.1 Cyprus 2011
CAE52992.1 South Africa N/A AKV61225.1 Cyprus 2011
AIK27564.1 India 2008 AKV61224.1 Cyprus 2011
CAH04360.1 Spain  N/A AKV61223.1 Cyprus 2011
CAH04359.1 Spain N/A AKV61222.1 Cyprus 2004
ALU65919.1 South Africa 2011 AKV61221.1 Cyprus 1969
AFX79650.1 Argentina 2010 AIL52758.1 South Africa 2014
AFX79644.1 Argentina 2009 AEO19754.1 South Africa 2011
AFX79638.1 Argentina 1999 AGJ83447.1 N/A 2012
AFX79632.1 Argentina 1999 AEO19826.1 Italy 2003
AFX79626.1 Argentina 1999 AEO19814.1 Italy 2003

ABO34077.1 Portugal 2004
       AAF97691.1 China N/A

AIK27565.1 India 2008
ALU65921.1 South Africa 2011
AFX79651.1 Argentina 2010
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AFX79645.1 Argentina 2009
AFX79639.1 Argentina 1999
AFX79633.1 Argentina 1999

   AFX79627.1 Argentina 1999

*Reference sequence of vp5                                                                                  **Reference sequence of vp7
N/A: not available
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Molecular evolution analysis
The retrieved sequences of VP5 and VP7 were subjected to 
evolutionary divergence analysis and a phylogenetic tree was 
constructed to determine the common ancestor of each strain using 
MEGA 7.0.26 (7170509-x86_64) [51].

Multiple sequence alignment
The protein sequences of the retrieved strains of VP5 and VP7 
were further aligned to obtain the conserved regions using multiple 
sequence alignment (MSA) tools of the Clustal W in the Bio Edit 
program, version 7.0.9.0 [52].

Figure 1: Phylogenetic tree of VP5 and VP7. The retrieved strains demonstrated divergence in their common ancestors
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Figure 2: Multiple sequence alignment showed the conservancy between sequences of the retrieved strains of VP5 and VP7 proteins. 
The alignment was performed using BioEdit software tool. Dots showed the conserved regions while rectangular within the sequences 
showed the mutated or the unconserved region between strains

B-lymphocytes epitopes prediction
Tools from IEDB (http://tools.iedb.org/bcell/), were used to identify 
the B cell epitopes, including Bepipred for linear epitope analysis 
with a default threshold value of 0.350 for both VP5 and VP7, Emini 

for surface accessibility with the default threshold value 1.000 for 
both VP5 and VP7 and Kolaskar and Tongaonkar for antigenicity 
scale with a default threshold values of 1.019 and 1.026 for VP5 
and VP7 respectively [54-56].

Figure 3: Prediction of B-cell epitopes of VP5and VP7 by different IEDB scales (a- Bepipred linear epitope prediction, b- Emini surface 
accessibility, c- Kolaskar and Tongaonkar antigenicity prediction). Regions above threshold (red line) are proposed to be a part of B cell 
epitope while regions below the threshold (red line) are not
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T-lymphocytes epitopes prediction
The IEDB was used for the identification of the T cell 
epitopes prediction. The prediction method included the major 
histocompatibility complex class I. Unfortunately the genome project 
did not assemble a complete sequence of the ovine or bovine MHC-П 
locus [57-59]. Therefore, this study used only the MHC-1 alleles.

MHC-I Binding Predictions
Analysis of epitopes binding to MHC-I molecules was assessed by 
the software of IEDB MHC-I prediction tools. The prediction method 
was obtained by Artificial Neural Network (ANN), Stabilized Matrix 
Method (SMM) or Scoring Matrices derived from combinatorial 
peptide libraries [60-63]. Before the prediction step, epitopes length 
was set as 9mers. The conserved epitopes that bound to alleles 
at score equal to or less than 3 percentile rank were selected for 
further analysis.

Homology Modeling
Phyre2 for protein structure prediction server (http://www.sbg.bio.
ic.ac.uk/~phyre2/html/page.cgi?id=index/) was used for creation the 
3D structure of the VP5 and VP7 of bluetongue virus. The reference 
sequences [YP_052955.1 and YP_052967.1] were used as an input 
and Chimera 1.8 was used as a tool to visualize the selected epitopes 
belonging to B cell and T cell (MHC-I) [60]. Homology modeling was 
used for visualization of the surface accessibility of the B-lymphocytes 
predicted candidate epitopes as well as for visualization of all predicted 
T cell epitopes in the structural level [60].

Prediction of the 3D structure of the sheep allele
The sequence of sheep allele (MHC1) (b_microglobulin) was 
retrieved from the uniprot server at (https://www.uniprot.org/
uniprot/?query=sheep+mhc1&sort=score) (uniprot number 
(Q6QAT4) and was used to predict the 3D structure of the sheep 
allele. The sequence was retrieved in FASTA format and submitted 
to Phre2 for homology modeling. Chimera software was used to 
display 3D structure of alleles

Prediction of the 3D structure of the proposed epitopes
The homology modeling of the MHC-I predicted epitopes was 
performed with PEP FOLD3 (http://bioserv.rpbs.univ-paris-diderot.
fr/services/PEP-FOLD3/) to predict the linear structures from amino 
acid sequences

Molecular Docking
Molecular docking was performed according to peptide-binding 
groove affinity, between Sheep allele (b_microglobulin) and the 
proposed peptides from MHC-I. Sheep b_microglobulin allele was 
acted as receptors while the proposed peptides acted as ligands. 
Molecular docking technique of 3D structure of b_microglobulin 
allele and 3D modeled epitopes was performed using Patch Dock 
online tools; an automatic server for molecular docking (https://

bioinfo3d.cs.tau.ac.il/PatchDock/) by submitting PDB of ligands 
and receptors after homology modeling by Phyer 2 server (http://
www.sbg.bio.ic.ac.uk/~phyre2/html/page.cgi?id=index) and PEP 
FOLD3. Firedock was used to select the best models [64, 65]. 
Visualization of the results was performed by the off-line UCSF-
Chimera visualization tool1.8 [60].

Result
Phylogenetic Analysis
Figure (1) provided the phylogenetic relationship of the 56 and 
65 retrieved strains of the VP5 and VP7 proteins of BTV viruses 
respectively. The phylogeny demonstrated evolutionary divergence 
among the retrieved strains VP5 and VP7.

Epitopes conservancy
Sequence alignment of all retrieved strains of VP5 and VP7 was 
performed using ClustalW that presented by Bioedit software. 
Sequence alignment was performed to obtain 100%-conserved 
epitopes from the retrieved strains. As shown in figure (2) the 
retrieved sequences of VP5 and VP7 demonstrated conservancy when 
sequences were aligned. The conserved regions were recognized by 
the identity of amino acid sequences among the retrieved sequences

B cell Epitopes Prediction
VP5 and VP7 reference sequences proteins were subjected to Bepipred 
linear epitope prediction, Emini surface accessibility and Kolaskar 
and Tongaonkar antigenicity prediction methods from IEDB. The 
thresholds of Bepipred linear epitope, Emini surface accessibility 
and Kolaskar and Tongaonkar antigenicity of the two proteins were 
shown in figure (3). In Bepipred linear epitope prediction method; 
the average score of VP5 protein to B-lymphocytes was -0.052 
(minimum: -0.003 and maximum: 1.969). Table (2) showed that 22 
epitopes were predicted by Bepipred method as a linear epitopes. 
In Emini surface accessibility prediction, the average score of VP5 
protein was 1.000 (minimum: 0.076 and maximum: 8.010). Emini 
surface accessibility method predicted 15 epitopes on the surface that 
have potential binding to B-lymphocytes cells (Table 2). In Kolaskar 
and Tongaonkar antigenicity prediction method, the average score 
of VP5 protein was 1.019 (minimum: 0.869 and maximum: 1.222). 
This method predicted 9 antigenic epitopes with potential binding 
to B-lymphocytes cells (Table 2). Values equal to or greater than the 
default thresholds -0.052, 1.000 and 1.019 were considered as linear, 
surface accessible and antigenic epitopes, respectively. Accordingly, 
two conserved epitopes were successfully predicted to elicit the B 
cell lymphocytes since they were conserved among all retrieved 
strains, got higher score values in Emini surface accessibility and 
Kolaskar and Tongaonkar antigenicity prediction methods. These 
two epitopes were 235-SEEV-235 and 85-PDPLSP-90. The three-
dimensional structure (3D) level of these epitopes was shown in 
Figure 4.
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Table 2: B-cell epitopes prediction from VP5 and VP7 proteins. The position of peptides is according to the position of amino 
acids in the vp5 protein of BT virus
VP5: PEPTIDES START END EMINI 1.000 KOLASKAR 1.019
IPDE 294 297 1.135 0.983
GRAIE 249 253 0.666 0.963
SPKIE 275 279 1.409 1.002
SPKI 275 278 1.052 1.04
APWDS 369 373 1.029 0.98
YGESV 65 69 0.748 1.056
KDIPDE 292 297 2.278 0.955
SGRTLT 421 426 0.971 0.971
SNTAKK 21 26 2.734 0.937
RDGMQEE 209 215 2.859 0.879
EAASEEV 229 235 0.906 1.011
*SEEV 232 235 1.08 1.024
EKEIEGI 335 341 0.868 0.952
KELEDEQR 100 107 6.563 0.936
ERFAESEIGAA 36 46 0.539 0.977
GEELPDPLSPGERGMQ 81 96 1.686 0.966
*ELPDPLSPG 83 91 1.017 1.033
*ELPDPLSP 83 90 1.318 1.053
*ELPDPLS 83 89 1.083 1.051
*PDPLSP 85 90 1.485 1.053
PDPLS 85 89 1.236 1.051
LPDP 84 87 1.192 1.061
VP7: PEPTIDE START END EMINI 1.000 KOLASKAR 1.026
TSLA 53 56 0.684 1.059
QGRN 176 179 2.292 0.884
AGVT 206 209 0.455 1.058
AGARGD 165 170 0.92 0.936
NPTQQN 235 240 4.873 0.926
MPGPLT 335 340 0.785 0.998
AQGNSQQT 197 204 3.118 0.96
GPISPDYTQ 78 86 2.324 1.013
*PISPDYTQ 79 86 2.836 1.03
PIFPPNDRD 297 305 3.151 0.98
*PIFPPN 297 302 1.016 1.035
EIPFTTEAANE 98 108 1.86 0.962
RVTGETSTWGPARQP 111 125 4.649 0.971

*peptides revealed higher score if they were shorten in all tools.

For VP7, Bepipred linear epitope prediction method average score was 
-0.012 (minimum: -0.001 and maximum: 1.719). Table (2) showed that 
13 epitopes were predicted by Bepipred method as a linear epitopes. 
In Emini surface accessibility prediction, the average score of VP7 
protein was 1.000 (minimum: 0.080 and maximum: 5.913). Emini 
surface accessibility method predicted 9 epitopes on the surface that 
have potential binding to B lymphocytes cells (Table 2). In Kolaskar 
and Tongaonkar antigenicity prediction method, the average score 

of VP7 protein was 1.026 (minimum: 0.872 and maximum: 1.228). 
This method predicted 4 antigenic epitopes with potential binding 
to B lymphocytes cells (Table 2). Values equal to or greater than the 
default thresholds -0.012, 1.000 and 1.026 were considered as linear, 
surface accessible and antigenic epitopes, respectively. Accordingly, 
two conserved epitopes were successfully predicted to elicit the B 
cell lymphocytes since they were conserved among all retrieved 
strains, got higher score values in Emini surface accessibility in Emini 
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surface accessibility and Kolaskar and Tongaonkar epitopes were 
79-PISPDYTQ-86 and 297-PIFPPN-302. The three-dimensional 

structure (3D) level of these epitopes was shown figure 4.

Figure 4: Position of proposed conserved B cell epitopes in structural level of VP5 and VP7 proteins of BTV. Two epitopes were predicted 
to interact with B cell from each protein. The epitopes showed conservancy, surface accessibility and antigenicity using IEDB software

T Lymphocytes Epitopes Prediction
VP5 protein was analyzed using IEDB MHC-1 binding prediction 
tool to predict T lymphocytes epitopes that have binding affinity with 
MHC-I alleles based on Artificial Neural Network (ANN) percentile 
maxi ≤ 3. As shown in Table 3, a total of 70 epitopes were found to 
interact with MHC-I alleles. The epitopes 257-KLKKVINAL-265, 

487-QMHILRGPL-495 and 350-VMMRFKIPR-358 interacted 
with the highest number of alleles and demonstrated best binding 
favorable affinity to MHC-1 alleles. Thus were proposed as a vaccine 
candidate from VP5 protein. The three dimensional structural level 
(3D) of these epitopes within VP5 protein of BTV was shown in 
Figure 5.
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Table 3. List of epitopes that had binding affinity with MHC-I alleles of VP5 protein. The position of peptides is according to 
position of amino acids in vp5 protein of BTV
Peptide Start End Alleles Percentile Rank
AERFAESEI 35 43 BoLA-HD6 1.3

BoLA-T2b 0.84
AESEIGAAT 39 47 BoLA-D18.4 2.7

BoLA-T2b 1.4
AIEGAYKLK 251 259 BoLA-T2a 0.68
ATIDGLVQG 46 54 BoLA-T2a 2.9
DKIDVPLFL 515 523 BoLA-D18.4 2.5

BoLA-T2C 2.3
DKVIHPRVM 343 351 BoLA-D18.4 3

BoLA-T2b 1.6
DLSHMRSPK 269 277 BoLA-T2a 0.69

BoLA-T2C 1.2
DSDDVFFFH 372 380 BoLA-T2a 2.4

BoLA-T2b 2.7
BoLA-T2C 1.7

EAYREFLNL 427 435 BoLA-HD6 0.78
BoLA-JSP.1 1.2
BoLA-T2b 0.15

EEAIQEIAG 214 222 BoLA-T2b 1.3
EEVPLIGAG 233 241 BoLA-T2b 0.6
EIAGMTADV 219 227 BoLA-T2C 2.1
EPTIIATTL 279 287 BoLA-T2b 0.87
ESFFLGFDL 389 397 BoLA-HD6 3

BoLA-JSP.1 0.22
BoLA-T2b 0.18

FLGSMHYDI 460 468 BoLA-JSP.1 1.3
BoLA-T2C 1.7

GAYKLKKVI 254 262 BoLA-D18.4 1.6
BoLA-HD6 1.6
BoLA-JSP.1 2.8

GMQEEAIQE 211 219 BoLA-D18.4 0.48
GMTADVLEA 222 230 BoLA-D18.4 2.9
GRAIEGAYK 249 257 BoLA-T2a 0.35
GSMHYDITY 462 470 BoLA-D18.4 1.5

BoLA-JSP.1 1.3
BoLA-T2a 0.28

HHRNESFFL 385 393 BoLA-HD6 2.2
BoLA-T2b 0.43
BoLA-T2C 1.6

HIKQEILPK 319 327 BoLA-T2a 0.16
HMRSPKIEP 272 280 BoLA-D18.4 0.47
HPRVMMRFK 347 355 BoLA-T2a 0.84
IEDKVIHPR 341 349 BoLA-T2b 2.6
IEGAYKLKK 252 260 BoLA-T2a 2.5
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IEGIEDKVI 338 346 BoLA-T2b 2.4
IEIERDGMQ 205 213 BoLA-T2b 1.3
IEPTIIATT 278 286 BoLA-T2b 2.7
IGAATIDGL 43 51 BoLA-T2C 2.9
IHPRVMMRF 346 354 BoLA-JSP.1 1.2
IKQEILPKF 320 328 BoLA-D18.4 0.19

BoLA-JSP.1 1.5
IKSLSRFGK 5 13 BoLA-T2a 0.43
INALSGIDL 262 270 BoLA-T2b 1.6

BoLA-T2C 2.3
IQEIAGMTA 217 225 BoLA-D18.4 3
KEIEGIEDK 336 344 BoLA-T2a 1.5
KIIKSLSRF 3 11 BoLA-HD6 2.6
KKIYSTIGK 25 33 BoLA-T2a 0.11
KLKKVINAL 257 265 BoLA-D18.4 2.2

BoLA-HD6 0.09
BoLA-JSP.1 0.78
BoLA-T2b 0.48
BoLA-T2C 0.09

KSLSRFGKK 6 14 BoLA-T2a 0.04
KVIHPRVMM 344 352 BoLA-D18.4 0.88

BoLA-HD6 0.2
LQMHILRGP 486 494 BoLA-HD6 2.6
LSHMRSPKI 270 278 BoLA-HD6 1.6
LTEAYREFL 425 433 BoLA-JSP.1 0.4
LVQGSVHSI 51 59 BoLA-T2C 2.3
MQEEAIQEI 212 220 BoLA-D18.4 0.07

BoLA-HD6 0.39
PIFLGSMHY 458 466 BoLA-T2a 0.48
PKIEPTIIA 276 284 BoLA-D18.4 2.5
PTIIATTLE 280 288 BoLA-T2a 2.2
QMHILRGPL 487 495 BoLA-D18.4 0.35

BoLA-HD6 0.05
BoLA-JSP.1 0.03
BoLA-T2b 0.18
BoLA-T2C 2.1

RAIEGAYKL 250 258 BoLA-D18.4 0.28
BoLA-HD6 0.16
BoLA-JSP.1 2.9

RAILGALKF 500 508 BoLA-D18.4 2.4
BoLA-HD6 2.6

RLKYNKEIT 112 120 BoLA-HD6 3
RNESFFLGF 387 395 BoLA-JSP.1 2.1
RSPKIEPTI 274 282 BoLA-HD6 1.7

BoLA-JSP.1 0.36
RTLTEAYRE 423 431 BoLA-T2a 0.79

https://www.opastonline.com/


J Clin Exp Immunol, 2020 www.opastonline.com            Volume 5 | Issue 2| 84

RVMMRFKIP 349 357 BoLA-HD6 2.5
BoLA-T2a 2.3

SEEVPLIGA 232 240 BoLA-T2b 2.4
SGIDLSHMR 266 274 BoLA-T2a 0.74
SLSRFGKKV 7 15 BoLA-T2C 0.38
STIGKAAER 29 37 BoLA-T2a 0.12
TAKKIYSTI 23 31 BoLA-HD6 1.6

BoLA-JSP.1 2.1
TIIATTLEH 281 289 BoLA-T2a 2.2
TLTEAYREF 424 432 BoLA-D18.4 0.27

BoLA-T2C 0.53
VIHPRVMMR 345 353 BoLA-T2a 1.8
VMMRFKIPR 350 358 BoLA-D18.4 0.13

BoLA-JSP.1 0.39
BoLA-T2a 0.74
BoLA-T2b 2.1

YKLKKVINA 256 264 BoLA-D18.4 2.9
YREFLNLSI 429 437 BoLA-JSP.1 1.1
YSTIGKAAE 28 36 BoLA-T2a 1.6

Figure 5: Position of proposed conserved T cell epitopes in structural level of VP5 protein of BTV three epitopes were predicted to 
interact with T cell
Vp7 protein was also analyzed using IEDB MHC-1 binding 
prediction tool to predict T lymphocytes epitopes that have binding 
affinity with MHC-I alleles based on Artificial Neural Network 
(ANN) percentile maxi ≤ 3. As shown in Table 4, a total of 76 
epitopes were found to interact with MHC-I alleles. The epitopes 

86-QHMATIGVL-94, 315-TLADVYTVL-323, 17-TLQEARIVL-25 
and 10-TVMRACATL-18 interacted with the highest number of 
alleles provided best binding affinity to MHC-1 alleles (Table 4). 
The three dimensional structural level (3D) of these epitopes within 
VP7 of BTV was shown in Figure 6.
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Table 4: List of epitopes that had binding affinity with MHC-I alleles from VP7 protein. The position of peptides is according to 
position of amino acids in vp7 protein of BTV

Peptide       Start       End                  Allele Pecentile Rank
AARALTVMR 5 13 BoLA-T2a 1.4
AMAQGNSQQ 195 203 BoLA-D18.4 0.47

BoLA-HD6 2.1
ARGDVQQIF 167 175 BoLA-D18.4 1.3
ARQPYGFFL 122 130 BoLA-JSP.1 1.2

BoLA-T2b 0.2
BoLA-T2C 0.13

ATIGVLATP 89 97 BoLA-T2a 0.4
DMMLSAAGI 67 75 BoLA-D18.4 1.6

BoLA-HD6 1.9
BoLA-T2b 0.42
BoLA-T2C 0.87

DMRAGRIIA 216 224 BoLA-D18.4 2.2
DYTQHMATI 83 91 BoLA-T2b 0.75

BoLA-T2C 0.79
EILGIAINR 31 39 BoLA-T2a 2.7

ETSTWGPAR 115 123 BoLA-T2a 1.4
FAMAQGNSQ 194 202 BoLA-T2a 1.4
FFMCLDMML 62 70 BoLA-HD6 0.51

BoLA-JSP.1 0.13
BoLA-T2b 0.86
BoLA-T2C 2.3

FQGRNDPMM 175 183 BoLA-D18.4 0.62
BoLA-HD6 0.07
BoLA-JSP.1 1.2
BoLA-T2b 2.9

FRDHTWHGL 273 281 BoLA-JSP.1 3
FYISMDKTL 249 257 BoLA-HD6 1.6

BoLA-JSP.1 0.57
GARGDVQQI 166 174 BoLA-HD6 2.3
GLTLRGVTM 42 50 BoLA-D18.4 1.2

BoLA-HD6 1.3
BoLA-T2b 0.37
BoLA-T2C 2

GPARQPYGF 120 128 BoLA-T2b 2.6
GPLTRAIAR 337 345 BoLA-T2a 2.1

GRNDPMMIY 177 185 BoLA-D18.4 0.5
GVTMRPTSL 47 55 BoLA-HD6 0.77

BoLA-T2b 0.43
HNPTQQNAM 234 242 BoLA-JSP.1 1.3
IAARALTVM 4 12 BoLA-D18.4 2.7

BoLA-JSP.1 2
IAINRYNGL 35 43 BoLA-HD6 2.3

BoLA-JSP.1 2.5
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BoLA-T2b 1.2
IAWDGQAAL 223 231 BoLA-D18.4 0.19

BoLA-HD6 2.1
BoLA-JSP.1 0.63
BoLA-T2C 2.2

IFQGRNDPM 174 182 BoLA-JSP.1 2.1
BoLA-T2b 0.42

INRYNGLTL 37 45 BoLA-HD6 1.9
BoLA-JSP.1 1.9
BoLA-T2b 1.8

IQVVFYISM 245 253 BoLA-D18.4 0.28
BoLA-HD6 1.9
BoLA-JSP.1 1.2
BoLA-T2b 0.2

ISMDKTLNQ 251 259 BoLA-T2a 0.25
ISPDYTQHM 80 88 BoLA-JSP.1 1.2
KTLNQYPAL 255 263 BoLA-D18.4 0.52

BoLA-HD6 1.2
BoLA-JSP.1 0.33
BoLA-T2C 0.61

LEANVMEIL 25 33 BoLA-T2b 0.23
LQEARIVLE 18 26 BoLA-HD6 2.9
LTLRGVTMR 43 51 BoLA-T2a 0.3
LTVMRACAT 9 17 BoLA-T2a 1.9
LVWRRIENF 186 194 BoLA-HD6 0.83
MIYLVWRRI 183 191 BoLA-HD6 0.73
MLPPIFPPN 294 302 BoLA-T2C 2.3

MMIYLVWRR 182 190 BoLA-D18.4 2.6
BoLA-JSP.1 2.9

MMLSAAGIN 68 76 BoLA-D18.4 0.85
MRAGRIIAW 217 225 BoLA-D18.4 0.92
NDRDSILTL 302 310 BoLA-T2b 1.9

BoLA-T2C 0.53
NMLPPIFPP 293 301 BoLA-D18.4 0.65

BoLA-T2b 1.9
BoLA-T2C 0.81

NQYPALTAE 258 266 BoLA-D18.4 0.11
BoLA-T2C 2.8

NRTTLPNML 287 295 BoLA-JSP.1 2.2
BoLA-T2C 1.9

PARQPYGFF 121 129 BoLA-HD6 2.9
BoLA-T2b 1.8

PMMIYLVWR 181 189 BoLA-JSP.1 2.7
BoLA-T2a 0.43

PPNDRDSIL 300 308 BoLA-HD6 2.7
QHMATIGVL 86 94 BoLA-D18.4 1.2

BoLA-HD6 0.44
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BoLA-JSP.1 1.2
BoLA-T2b 0.12
BoLA-T2C 1.5

QYPALTAEI 259 267 BoLA-JSP.1 0.57
RAGRIIAWD 218 226 BoLA-T2a 2.4
RIIAWDGQA 221 229 BoLA-HD6 2
RIVLEANVM 22 30 BoLA-HD6 2
RNDPMMIYL 178 186 BoLA-JSP.1 0.08
RQPYGFFLE 123 131 BoLA-HD6 0.89

SMDKTLNQY 252 260 BoLA-D18.4 0.99
STWGPARQP 117 125 BoLA-T2a 2
TLADVYTVL 315 323 BoLA-D18.4 0.63

BoLA-HD6 0.41
BoLA-JSP.1 0.99
BoLA-T2b 1.5
BoLA-T2C 0.02

TLPNMLPPI 290 298 BoLA-JSP.1 0.51
BoLA-T2C 0.88

TLQEARIVL 17 25 BoLA-D18.4 0.1
BoLA-HD6 0.54
BoLA-JSP.1 1.7
BoLA-T2b 2.1
BoLA-T2C 0.06

TMRPTSLAQ 49 57 BoLA-D18.4 0.14
TQHMATIGV 85 93 BoLA-D18.4 0.8

BoLA-T2b 2.7
TSTWGPARQ 116 124 BoLA-T2a 1.3
TTLPNMLPP 289 297 BoLA-T2a 0.69
TVMRACATL 10 18 BoLA-D18.4 0.93

BoLA-HD6 0.47
BoLA-JSP.1 0.1
BoLA-T2b 0.16
BoLA-T2C 0.07

TWGPARQPY 118 126 BoLA-D18.4 0.51
VLATPEIPF 93 101 BoLA-D18.4 1.2

BoLA-T2C 1.5
VLEANVMEI 24 32 BoLA-HD6 2.8
VMEILGIAI 29 37 BoLA-D18.4 1.7

BoLA-JSP.1 1.8
VMRACATLQ 11 19 BoLA-D18.4 1.5
VSLNAGARG 161 169 BoLA-T2a 1.3
VTMRPTSLA 48 56 BoLA-T2a 1.9
VVFYISMDK 247 255 BoLA-T2a 0.06
WRRIENFAM 188 196 BoLA-D18.4 2.7
YLVWRRIEN 185 193 BoLA-D18.4 2

YSFRDHTWH 271 279 BoLA-JSP.1 2.2

https://www.opastonline.com/


J Clin Exp Immunol, 2020 www.opastonline.com           Volume 5 | Issue 2| 88

BoLA-T2a 0.13

Figure 6: Position of proposed conserved T cell epitopes in structural level of VP7 protein of BTV. Four epitopes were predicted to 
interact with T cell

Molecular docking
Since the virus causes serious disease in sheep, the proposed epitopes 
were docked with MHC1 of sheep allele (b_microglobulin). As 

shown in table (5) the global energy binding for each proposed 
epitopes from that interacted with MHC-1 alleles was highly 
negative which indicated the strong binding features of the epitopes 
to the receptor.

Table 5: The global energy binding for each proposed epitopes and the attractive VDW
Ligand (VP5) Receptor Global energy Attractive VDW
KLKKVINAL b_microglobulin -48.89 -16.79
VMMRFKIPR b_microglobulin -39.5 -26.38
QMHILRGPL b_microglobulin -51.03 -26.12
Ligand (VP7) Receptor Global energy Attractive VDW
TLQEARIVL b_microglobulin -44.78 -21.22
TLADVYTVL b_microglobulin -45.45 -23.38
TVMRACATL b_microglobulin -48.69 -22.02
QHMATIGVL b_microglobulin -46.25 -20.85

The top ranked proposed epitopes were selected for molecular 
docking to predict and symbolize the image of real MHC1 epitopes 
interaction with sheep allele (b macroglobulin). For VP5 and VP7; 
the peptide-binding groove affinity was used to evaluate the ability 
of proposed epitopes to bind the sheep alleles/receptors. Results 
indicated that the docked epitopes achieved strong binding affinity 

to sheep alleles based on global energy and attractive VDW in 
kcal/mol unit (table 5). The lowest binding energy (kcal/mol) 
was selected to predict MHC1 probable epitopes. Docked ligand 
epitopes of VP5 (257-KLKKVINAL-265, 350-VMMRFKIPR-358, 
487-QMHILRGPL-495) with b_microgobulin allele (receptor) 
showed higher binding affinity which expressed by the lower 
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global energy (-48.89, -39.50 and -51.03 respectively). For VP7, 
the ligand epitopes (17-TLQEARIVL-25, 315-TLADVYTVL-323, 
10-TVMRACATL-18 and 86-QHMATIGVL-94) when docked with 

receptor b_microglobulin showed higher binding affinity which 
expressed by the lower global energy (-44.78, -45.45, -48.69 and 
-46.25, respectively).

Figure 7: Visualization of PatchDock molecular docking of (a): b_microglobulin alleles receptors (b): VP5 proposed epitopes to MHC-I 
and (c): VP7 proposed epitopes to MHC-I using UCSF-Chimera visualization tools. The receptors (b_microglobulin alleles) were 
represented by green colour while CTL epitopes were represented by red colour

Figure 8: Visualization of PatchDock molecular docking of MHCI proposed epitopes and b_microglobulin alleles receptors using UCSF-
Chimera visualization tool for both VP5 (the upper epitopes) and VP7 (the lower epitopes). The receptors (b_microglobulin alleles) 
represented by rounded ribbon structure hotpink colour while CTL epitopes were represented by sticks structure
Figure 7 & 8 provided the 3D structure of the sheep allele and the 
proposed epitopes binding sites. The visualization of the binding 
interactions between the sheep allele (receptor) and the proposed 
epitopes from VP5 and VP7 in the structural level was performed 
using UCSF-Chimera visualization tool 1.8.

Discussion 
Bluetongue virus (BTV) causes the hemorrhagic disease bluetongue 
(BT) in ruminants. Currently the control of the disease outbreaks 
is through vaccination with conventionally modified-live and 
inactivated vaccines [66, 67]. However, these vaccines demonstrated 
multiple drawbacks such as the high costs of production, the need for 
multiple priming doses of vaccine as well as booster immunizations. 
Inactivated vaccines also have inherent potential limitations due 
to stability and product ‘‘shelf life,’’ and these limitations may 
limit their utility in outbreak situations [68]. The ideal BT vaccine 

is efficacious, safe, affordable, and protective against multiple 
serotypes and enables the differentiation of infected from vaccinated 
animals. Therefore, there is a need for improved BT vaccines. In 
this study, we used various bioinformatics tools to predict multiple 
epitopes from VP5 and VP7 proteins of the BTV against B and T 
cells. Both humoral and cellular immunity contribute to protection 
against BTV infection and an effective vaccine should, therefore, 
aim to induce both [69, 70]. 

The purpose from B cell epitope prediction was to find the potential 
antigen that would interact efficiently with B cells and eliciting 
immune response. For the epitope to be a B cell epitope, it would be 
a linear epitope, has surface accessibility and antigenic as well [54-
56]. These criteria were performed by IEDB prediction tools. Two 
conserved epitopes (235-SEEV-235 and 85-PDPLSP-90) from the 
VP5 protein and another two conserved epitopes (79-PISPDYTQ-86 

https://www.opastonline.com/


J Clin Exp Immunol, 2020 www.opastonline.com             Volume 5 | Issue 2| 90

and 297-PIFPPN-302) from VP7 were successfully proposed 
eliciting the B cell lymphocytes since they were conserved linear 
epitopes among all retrieved strains, got higher score values in Emini 
surface accessibility and Kolaskar and Tongaonkar antigenicity 
prediction methods. 

T cells have crucial role in stimulation of immune response as well as 
antigen mediated clonal expression of B cell. The IEDB server did not 
assemble a complete sequence of the bovine or ovine MHC-П locus. 
Thus the analysis was only completed with BoLA MHC-I alleles. 
Cytotoxic CD8+T lymphocytes (CTL) restrict the spread of infectious 
agents by recognizing and killing infected cells or secreting specific 
antiviral cytokines [71, 72]. Thus, T-Cell epitope-based vaccination is a 
unique process of eliciting strong immune response against infectious 
agents such as viruses [73]. The cytotoxic T cells are responsible for the 
immune elimination of intracellular pathogens such as viruses because 
these cells recognize the presented endogenous antigenic peptides by 
the MHC class I molecules. In this study, MHC-1 binding prediction 
methods using IEDB database predicted different CTLs epitopes that 
strongly interacted with various BoLA alleles. For instance a total of 70 
and 76 epitopes from VP5 and VP7 proteins were found to interact with 
MHC-I alleles, respectively. The epitopes 257-KLKKVINAL-265, 
487-QMHILRGPL-495 and 350-VMMRFKIPR-358 from VP5 
protein and 86-QHMATIGVL-94, 315-TLADVYTVL-323, 
17-TLQEARIVL-25 and 10-TVMRACATL-18 from VP7 protein 
were found interacted with the highest number of alleles and 
demonstrated best binding affinity to MHC-1 alleles. Accordingly, 
these epitopes were proposed as a candidate vaccine against BTV 
disease. 

To study the effective binding between the MHC-1 proposed 
epitopes from the VP5 and VP7 proteins with ovine HLA 
molecules, the proposed epitopes were docked against sheep 
allele (b_macroglobulin). The docked ligand epitopes of 
VP5 (257-KLKKVINAL-265, 350-VMMRFKIPR-358, 
487-QMHILRGPL-495) with b_microgobulin allele (receptor) 
showed higher binding affinity which expressed by the lower 
global energy (-48.89, -39.50 and -51.03) respectively. For 
VP7 epitopes (17-TLQEARIVL-25, 315-TLADVYTVL-323, 
10-TVMRACATL-18 and 86-QHMATIGVL-94) when docked 
with b_microgobulin allele (receptor) expressed lower global energy 
(-48.89, -39.50 and -51.03), respectively. These docking results 
favored the good binding affinity between sheep allele and the 
proposed epitopes of MHC-1.

Conclusion
This study focused mainly on the production of a peptide vaccine 
from VP5 and VP7 proteins of BTV disease using immnunoiformatics 
approach. Epitopes that showed conservancy and high binding 
affinities to many MHC-1 alleles were proposed as the best 
candidates for vaccine production. Although bioinformatics studies 
have been established to facilitate the peptide vaccine design, not all 
the in silico predicted epitopes are optimally immunogenic in vivo. 
Thus, it remains necessary to test the expected peptides in vivo to 
ensure their efficacy to elicit both B and T cells. 
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