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LMFAIVGGL-B*5101 HLA allele complexes have shown 
best energy minimization and stable complexes during simu-
lation. The study also showed the optimum binding epitopes 
FVLALLAFF and LMFAIVGGL with cTAP1 (PDB ID: 
1JJ7) cavity, as revealed by Autodock 4.2, concluding 
favored passage through the ER membrane from cytosol 
to the ER lumen during cytosolic processing. The docking 
experiment of epitopes FVLALLAFF, LMFAIVGGL with 
cTAP1 very well show 1 H-bond state with a binding energy 
of −1.62 and −0.23 kcal/mol, respectively. These results 
show a smooth pass through of the epitope across the chan-
nel of cTAP1 via being weakly bonded and released into the 
ER lumen through the cavity of cTAP1. Overall, identified 
peptides have potential application in the development of 
short peptide based vaccines and diagnostic agents for West 
Nile virus.

Keywords cTAP · Epitope · Immunoinformatics · 
Simulation · Vaccine · West Nile

Introduction

West Nile virus (WNV) is a mosquito born virus classified 
under the flaviviridae family comprising 72 other viruses 
such as yellow fever virus, Japanese encephalitis virus, den-
gue virus, virus and tick-born encephalitis virus. WNV is 
transmitted to human being by Culex mosquito species viz. 
Cx. pipiens, Cx. perexiguus, Cx. modestus, Cx. Tarsalis and 
Cx. Quinquefasciatus (Petersen et al. 2013). WNV has sin-
gle stranded RNA genome of 11,000 nucleotides translating 
a single polypeptide of 3433 amino acids (Brinton 2014). 
The virus has three structural (Capsid, precursor membrane 
protein and envelope protein) and seven nonstructural 
(NS1, NS2a, NS2b, NS3, NS4a, NS4b and NS5) proteins. 

Abstract West Nile virus (WNV) is a major pathogenic 
flavivirus which causes human neuro-invasive disease, 
worldwide. Still successful vaccine and therapeutic treat-
ment against WNV infection is not available, which demands 
the development of more potential WNV vaccines. The pre-
sent study used immunoinformatics methods viz. Matrix 
and Artificial Neural Network (ANN) based algorithm to 
identify the promiscuous and conserve T cell epitopes from 
entire WNV proteome followed by structure based analy-
sis of identified epitopes. The epitopes were also taken for 
TAP binding analysis and epitope conservancy analysis. 
Among 89 identified epitopes, eight epitopes showed high 
potential and conserve nature but two epitopes viz. capsid 
40FVLALLAFF48 and NS2B 9LMFAIVGGL17 were found 
most promiscuous and having high population coverage in 
comparison of other identified epitopes and known anti-
genic positive control epitopes. Further, Autodock 4.2 and 
NAMD–VMD molecular dynamics simulation were used 
for docking and molecular dynamics simulation respec-
tively, to validate epitope and allele complex stability. The 
3D structure models were generated for epitopes and corre-
sponding HLA allele by Pepstr and Modeller 9.10, respec-
tively. Epitope FVLALLAFF-B*3501 allele and epitope 
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In human, WNV leads to cause West Nile (WN) fever and 
neuro-invasive diseases. As reported, 16,196 clinical cases 
with WNV Neuro-invasive disease have been detected from 
1999 to 2012 with approximately 1549 deaths in the United 
States (Amanna and Slifka 2014). WN fever is character-
ized by several clinical symptoms such as headache, malaise, 
fever, myalgia, chills, vomiting, rashes, fatigue, eye pain 
and sometimes lymphadenopathy. In severe WNV infection 
cases (<1%) of WN Neuro-invasive disease is characterized 
by meningitis, encephalitis, acute flaccid paralysis, arthral-
gia, ataxia, visual disturbances, tremors, bulbar dysfunction 
etc. (Petersen et al. 2013). However, no human vaccine and 
therapeutic treatment are yet available for WNV infection 
(CDC 2015). Presently ribavirin, pyridazine nucleoside, cor-
ticosteroids and interferon α-2b are being used to subdue the 
symptoms of WN viral infection (Beasley 2011). Overall, 
there is an urgent need for effective and specific targeted vac-
cine and therapeutic means to answer the hazardous infec-
tion being proliferated by WNV. The option of epitope vac-
cine provides rather more effective, more specific immune 
response and also does not have side effects in contrast of 
whole virus based conventional vaccines (De Groot et al. 
2002; Sharma and Kumar 2010). The conventional vaccine 
approaches are not viable for pathogens which are antigeni-
cally diverse and not cultivable in the laboratory (Singh and 
Mishra 2016). In addition to these potentials, the major ben-
efit of epitope based vaccine is the ability to give high doses 
of immunogen at economical cost (Tang et al. 2012).

In acquired immune system, antigens can only be rec-
ognized by T cells when they are bound with major histo-
compatibility complex (MHC) (Zhang et al. 2005). MHC 
molecules are highly polymorphic and also known as human 
leukocyte antigens (HLA) in humans. HLA molecules have 
the ability to present a range of peptide epitopes on the sur-
face of cells for recognition by T cells (Sharma et al. 2014). 
The most promiscuous T cell epitopes can bind with num-
ber of HLA supertype alleles to cover different populations 
which lower the chance of antigen escape related to anti-
genic drift or shift. The HLA supertype concept has a pro-
found role in the perceptive of T cell peptide epitope assort-
ment and disintegration during T cell immune responses 
(Kangueane et al. 2005). The immune system has two anti-
gen processing and presentation pathways viz. cytosolic 
pathway and endocytic pathway. Endogenous and exogenous 
antigens are processed and presented on the membrane by 
HLA class I and II molecules under the cytosolic and endo-
cytic pathway, respectively. The transporter associated with 
antigen processing (TAP) protein is involved in transport of 
cytosolic peptides into rough endoplasmic reticulum (RER) 
to further bind with HLA class I molecules during cytosolic 
pathway. TAP protein is present in the membrane of RER 
which act as a channel between cytosol and lumen of RER. 
Therefore peptides binding to HLA class I and TAP protein 

is a crucial factor to initiate an immune response (Procko 
and Gaudet 2009; Gaudet and Wiley 2001).

Here we present sequence and structure based study 
of identified promiscuous HLA and cTAP binding T cell 
epitopes. 3D structure models were generated for epitopes 
and corresponding HLA allele by Pepstr and Modeller 9.10, 
respectively for their structure based study. The structure 
based study involve the docking of the identified consen-
sus peptide nanomer epitope with cTAP1 and favored HLA 
alleles to confirm the antigen processing and presentation 
process. The docking study of epitope with cTAP1 comes 
as a cross check that identified conserved epitope is indeed 
well bound and channeled by the cTAP1 cavity from cyto-
plasm to the ER lumen for HLA class I antigen processing 
and presentation. Further, best promiscuous epitopes ana-
lyzed for their binding stability to respective HLA allele by 
NAMD–VMD molecular dynamics simulation.

Methodology

Lineage 1a WN strain viruses are widely distributed in 
Africa, Europe, the Middle East, Asia, and the America 
regions (Petersen and Roehrig 2001); hence it can be used 
for vaccine development which can also provide cross pro-
tection against others WNV lineages. The protein sequences 
of WNV strain (Accession No. AGI16461) were retrieved 
from sequence database NCBI. For validation of the pre-
dicted epitopes as potential antigens; the Hepatitis core pro-
tein (Accession No. CAA59535) peptide epitope 141STL-
PETTVV149 and H1N1 Nucleoprotein (Accession No. 
P03466) peptide epitope 265ILRGSVAHK273 were taken as 
positive control (Singh et al. 2015a; Ansari et al. 2009).

Identification of T Cell Peptide Epitopes and Their 
Conservancy Study

All non-structural and structural proteins of WNV were 
examined for identification of HLA class I binding T cell 
peptide epitopes using immunoinformatics tools viz. Pro-
pred I. Propred I (http://crdd.osdd.net/raghava/propred1/) 
tool was employed to screen the all possible peptides against 
47 HLA class I alleles at 4% threshold (Singh and Raghava 
2003). Later Identified epitopes were analyzed for their 
TAP binding property by MHC Pred 2.0 (http://www.ddg-
pharmfac.net/mhcpred/MHCPred/help.htm) (Guan et al. 
2006) and worldwide conservancy study among different 
lineages/geographical regions strains by the IEDB conserv-
ancy tool (http://tools.iedb.org/conservancy). To perform the 
conservancy analysis, all protein sequences of all genotypes 
belong to different geographical regions (India, USA, Italy 
and Russia) was obtained randomly from NCBI database. 
IEDB MHC class I binding prediction tool (http://tools.iedb.
org/mhci/) with recommended Artificial Neural Network 

http://crdd.osdd.net/raghava/propred1/
http://www.ddg-pharmfac.net/mhcpred/MHCPred/help.htm
http://www.ddg-pharmfac.net/mhcpred/MHCPred/help.htm
http://tools.iedb.org/conservancy
http://tools.iedb.org/mhci/
http://tools.iedb.org/mhci/
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(ANN) algorithm (Nielsen et al. 2003) was also employed 
for supertype binding analysis of highly conserved peptides 
for five (A2, A3, B7, A24, and B15) class I HLA supertypes. 
The identified nanomeric peptides with less than 50 IEDB 
percentile value and 88–100% conservancy with a maxi-
mum single mutation were selected for further study. This 
immunoinformatics approach helped in finding of promiscu-
ous epitopes among identified T cell epitopes. Promiscuous 
epitopes are those epitopes which bind with all HLA allele 
members of HLA supertypes (Burrows et al. 2003; Fig. 1).

Here the study includes 20 HLA alleles of five HLA 
class I supertypes viz. A2 (A*0201, A*0202, A*0203, 
A*0205, A*0206), A3 (A*0301, A*1101, A*3101, A*3301, 
A*6801), A24 (A*2301, A*2402, A*2403, A*2405, 
A*2407), B7 (B*5101, B*5102, B*5301, B*0702, B*3501) 
and B15 (A*0101, B*1501, B*1502) to cover maximum 
population (Reche and Reinherz 2005). Further, this analy-
sis also included the two known positive controls antigenic 
peptide epitopes as similar as we have taken in immuno-
informatics study for Japanese encephalitis (Sharma et al. 
2017). The positive controls were analyzed for their IEDB 
percentile value against five (A2, A3, A24, B7 and B15) 
class I HLA supertype alleles to compare with identified 
epitopes. Hepatitis core protein (Accession No. CAA59535) 
peptide epitope 141STLPETTVV149 and H1N1 Nucleopro-
tein (Accession No. P03466) peptide epitope 265ILRGS-
VAHK273 have taken as positive control (Singh et al. 2015a; 
Ansari et al. 2009).

Structural Modeling and Validation of Selected HLA 
Alleles and Identified Epitopes

Among all screened nanomer peptide epitopes, one epitopes 
of capsid protein (FVLALLAFF) and one epitope of non 
structural protein NS2B (LMFAIVGGL) of WNV were iden-
tified as potential epitopes on the basis of propred I screen-
ing, IEDB percentile score, high conservancy and popula-
tion allele coverage. Epitopes were modeled by Pepstr (Kaur 
et al. 2007) and their structure also validated by Amber 6.0. 
All experimented HLA alleles sequences were obtained 
from IMGT database (Robinson et al. 2015) and modeled 
using corresponding templates by MODELLER9.10 (Sali 
2014). HLA alleles models were further validated by using 
Errat (Colovos and Yeates 1993), ProSA (Wiederstein and 
Sippl 2007), ProQ (Wallner and Elofsson 2003) and RAM-
PAGE (Lovell et al. 2002).

Molecular Docking Study of Identified Epitopes 
with their Favored Alleles and Human cTAP1

After structural modeling of identified peptide epitopes 
and favored HLA alleles, molecular binding simulation 
was performed by Autodock4.2 and Hex8.0. (Morris et al. 

2009; Ritchie et al. 2008). For docking, water molecules 
were removed from the receptor, added polar hydrogen to it 
and also necessary charges (Gasteiger and Kollman charges 
etc.) were added to generate final docking receptor .pdbqt 
file. The ligands (epitopes) were kept free for bond rotation 
except peptide bonds. Discovery studio visualizer tool was 
used for analysis of the docked peptide and allele complexes. 
These binding analyses were further validated by Hex 8.0 
interactive molecular graphics program. The Fast Fourier 
transformation based Hex docking (Hex 8.0) was framed 
with grid dimension of 0.6 with a range of 180 and step size 
7.5. After binding analysis with favored HLA alleles, best 
HLA class I binding epitopes were identified for docking 
study with human cTAP1(PDB-1JJ7) to confirm their anti-
genic processing during cytosolic process.

Molecular Dynamic Simulation of Epitope–HLA Allele 
Complexes

Nanoscale molecular dynamics (NAMD) with visual 
molecular dynamics (VMD) was used for molecular dynam-
ics (MD) simulation study (James et al. 2005; Humphrey 
et al. 1996). In order to run MD simulations for epitope and 
allele complex, we generated a Protein complex structure 
file (PSF) by accessing .pdb files through the PSF builder 
tool of VMD. The file .psf was generated by using various 
force field parameters such as bond strengths, equilibrium 
lengths and various bonding interactions. Finally trajectosry 
.dcd file generated by NAMD. Root mean square deviation 
(RMSD) value of the complex was calculated by using rmsd.
tcl source file from the Tk console of VMD. Finally RMSD 
was saved as rmsd.dat file and Microsoft Excel was used to 
plot the values in the file rmsd.dat. RMSD graph was gener-
ated for an equilibrated MD simulation system of epitope 
and allele complexes.

Result

The present study is top down Immunoinformatics based 
approach to identify the potential vaccine candidates in 
the form of T cell epitope which is divided in two parts (i) 
sequence based study to screen the potential T cell epitopes 
from whole WNV proteome (ii) structure based study for 
validation of screened most potential T cell epitopes to their 
potentiality as antigen or vaccine candidates.

Identification of HLA Class I Allele, TAP Binding 
Epitopes and Conservancy Study

Among all 89 identified HLA class I epitopes, only eight 
epitopes showed high conservancy and high potential 
in sequence based analysis, also from among them one 
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structural capsid protein epitope (FVLALLAFF) and one 
epitope of a NS2B protein (LMFAIVGGL) were predicted 
most potential epitopes in terms of Propred screening, TAP 

binding  IC50 score, conserve nature and HLA allele cover-
age (Table 1). The epitope LMFAIVGGL was found 100% 
conserve nature among all different geographical strains 

All protein sequence retrieval of WNV from NCBI

Screening of HLA Class I T cell Epitopes from all WNV proteins (three structural and seven nonstructural proteins) by Propred I  
at 1-4 % threshold 

by Propred at 1-4 % thresholdScreened epitope were also tested for IEDB MHC class I binding tool with recommended ANN algorithm to find possible
epitopes which are specific to five class I HLA supertype alleles (A2, A3, A24, B7 and B15) to cover maximum population

Propred I screened T cell epitopes will under gone for Worldwide conservancy analysis by IEDB conservancy tool (Four different 
geographical regions viz. India, USA, Italy  and Russia origin WNV strains were taken for conservancy analysis)

Apart from above sequence based analysis, these promiscuous epitopes were also analyzed for their TAP binding property by 
MHCPred 2.0 

These epitopes were analyzed by Autodock 4.2, Hex 8.0 with their favored supertype alleles and along with this, epitopes will 
further check for their an�gen processing during cytosolic process by docking with cTAP protein(1JJ7)

NAMD-VMD molecular dynamic simula�on of epitope and HLA allele complex for their complex stability

Finally manifold sequence based screening and their valida�on by structure based study result poten�al immunogenic T cell 
HLA class I epitopes as  promising WNV vaccine candidate; no doubt candidacy of epitopes will be further test by in vivo or in 

vitro methods

Manifold fold sequence based epitope mapping study result best epitopes with high popula�on coverage, 88%-100% 
conservancy and also TAP binder which under go for more complex Structure based study  analysis and valida�on

Along with this analysis two known an�genic pep�de epitopes as posi�ve control were also analyzed for their IEDB percen�le 
value against five class I HLA supertype alleles (A2, A3, A24, B7 and B15) to find poten�al epitopes

Fig. 1  Flowchart of immunoinformatics top down approach employed in sequence and structure based binding prediction study of HLA class I 
and TAP binding peptides for WNV vaccine development (Sharma et al. 2017)
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and also showed TAP binding property with  IC50 value of 
25.0 nM. But epitope FVLALLAFF showed 88% conserve 
nature with a single mutation (Alanine replaced by Valine 
amino acid) FVLALLA(V)FF and also showed TAP bind-
ing property with  IC50 value of 6.71 nM. The study showed 
that among all identified epitopes, including positive con-
trol (Hepatitis core protein (Accession No. CAA59535) 
peptide epitope 141STLPETTVV149 and H1N1 Nucleopro-
tein (Accession No. P03466) peptide epitope 265ILRGS-
VAHK273) epitopes, only two epitopes viz. FVLALLAFF 
and LMFAIVGGL are binding to all allele members of A2, 
B7, A3, A24, and B15 HLA class I supertypes with less 
than 50 percentile rank value (Tables 1 and 2). This analy-
sis showed that these two epitopes were also found more 
superior in term of high population coverage than positive 
controls as shown in Table 2. Therefore FVLALLAFF and 
LMFAIVGGL epitopes were identified as super antigenic or 
promiscuous. These identified super antigenic epitopes and 
favored HLA alleles, were modeled to analyze their binding 
simulations.

Structural Modeling of Identified Epitopes and HLA 
Alleles

Structural model of FVLALLAFF and LMFAIVGGL 
epitopes were generated by Pepstr, which were further 
refined with energy minimization and MD simulation using 
Amber 6.0. The IMGT/HLA Database and Protein Data 

Bank (PDB) Database allowed us to retrieve information 
upon a specific HLA allele sequences and their pdb struc-
tures. HLA class I, A*0101, A*0201, A*0301, B*0702, 
B*3501, B*5101 and B*5301 alleles and their PDB ID are 
4NQV, 1A07, 3RL1, 3VCL, 1XH3, 1E27 and 1A10, were 
taken for docking experiments respectively. The B5102 allele 
structure was not retrieved from PDB database, will be mod-
eled with the help of MODELLER9.10 by using template 
1BII PDB. Structural model of allele B5102 was validated 
by using several tools viz. ProSA, Errat, Pro Q and RAM-
PAGE. Models quality was acceptable on the basis of OQF, 
LG score, Max Sub and Z score values (Fig. 2; Table 3). 
Residues in favored region were 91.6% on Ramachandran 
plot for B5102 alleles as revealed by RAMPAGE.

Binding Simulation Study of Identified Peptide 
Epitopes and HLA Alleles

Docking study of epitopes FVLALLAFF and LMFAIVGGL 
with major HLA alleles of HLA class I supertypes were done 
to reveal their binding pattern. Binding of FVLALLAFF and 
LMFAIVGGL epitopes with B3501 and B5101HLA allele 
showed the lowest binding energy of −4.80 and −4.57 kcal/
mol, respectively. Stable complex of FVLALLAFF-B3501 
formed two H-bond viz. ARG357:HN1 and LEU363 
(Fig.  3). Similarly, stable complex of LMFAIVGGL-
B*5101 allele formed two H bond viz. with ASP30 and 
TRY302 (Fig. 4). Validation using Hex 8.0 also showed that 

Table 1  Most potential identified HLA class I supertype alleles and TAP binding epitopes of WNV by IEDB and MHCpred2.0, respectively

a Represents peptides shown in geographical strain column are fully conserved peptides in all tested geographical strains (Italy, USA, Russia, 
India etc). In WNV geographical strain column, bold amino acid residues in brackets show varied amino acid or mutation

S. No. Epitope 
position

Predicted T cell epitopes pI value Propred I HLA alleles 
binding frequency

TAP binding score by 
MHCpred 2.0  IC50 (nM)

Conservancy different 
geographical strains of 
WNV

Flavi capsid
 1. 40 FVLALLAFF 5.52 43, I 6.71 FVLALLA(V)FF

Flavi E stem
 2. 142 TTLKGAQRL 11.00 22, I 1520.55 TTLK(R)GAQRL

Flavi NS2B
 3. 9 LMFAIVGGL 5.52 45, I 25 LMFAIVGGLa

 4. 3 VMTAVGLMF 5.49 46, I 1.20 VMTAVGLMFa

 5. 12 AIVGGLAEL 4.00 44, I 293.76 AIVGGLAELa

Flavi NS4A
 6. 107 LSLLLMIVL 5.52 28, I 33.04 LSLLLMIVLa

 7. 103 GMLLLSLLL 5.52 28, I 28.38 GMLLLSLLLa

Flavi NS5
 8. 356 YALNTFTNL 5.52 21, I 1655.77 YALNTFTNLa

HBV core (+ve control)
 9. 141 STLPETTVV 4.00 14 620.87 STLPETTVVa

H1N1 nucleoprotein (+ve control)
 10. 256 ILRGSVAHK 11.00 12 508.16 ILRGSVAHKa



382 Int J Pept Res Ther (2018) 24:377–387

1 3

Table 2  HLA Class I supertype alleles binding T cell peptide epitopes with IEDB percentile score

S.No. Epitope A2 supertype (percentile rank value)

A*0201 A*0202 A*0203 A*0205 A*0206

1 FVLALLAFF 3.7 4.4 12.5 4 0.9
2 TTLKGAQRL 20 26.8 34.5 44 12.5
3 LMFAIVGGL 1.1 0.6 0.55 1.4 4.4
4 VMTAVGLMF 19 13.9 14.1 31 12.15
5 AIVGGLAEL 3.3 1.65 1.65 5.6 1.05
6 LSLLLMIVL 12 19.15 19.1 62 9.2
7 GMLLLSLLL 1.3 2.9 4.2 68 4.25
8 YALNTFTNL 4.9 10.3 7.8 26 1.55
9 STLPETTVV (+C) 4.3 14.95 7.65 – 3.0
10 ILRGSVAHK (+C) 31 28 19 – 57

A3 supertype (IC50 value)

A*0301 A*1101 A*3101 A*3301 A*6801

1 FVLALLAFF 17 14 12.5 5.8 8.7
2 LMFAIVGGL 5.9 23 12 20 26
3 TTLKGAQRL 32 29.5 37 46 40.5
4 VMTAVGLMF 4.6 10.8 17.5 26.5 26.8
5 AIVGGLAEL 29.5 28.5 34.5 63 49
6 LSLLLMIVL 15.1 22 11 22 50
7 GMLLLSLLL 4.15 10.7 11 27.5 67
8 YALNTFTNL 35 30 12.15 10.8 32.5
9 STLPETTVV (+C) 27 12.5 25.5 54 39.5
10 ILRGSVAHK (+C) 0.25 4.7 4.25 8.65 10.7

A24 supertype (IC50 Value)

A*2301 A*2402 A*2403 A*2405 A*2407

1 FVLALLAFF 1.0 3.0 1.6 2.5 3.1
2 LMFAIVGGL 14.5 19 10.05 16 14
3 TTLKGAQRL 10.75 9.7 6.05 13 –
4 VMTAVGLMF 0.6 1.25 2.75 – –
5 AIVGGLAEL 26.5 31.0 11.8 – –
6 LSLLLMIVL 16.15 19.1 11.3 – –
7 GMLLLSLLL 3.6 3.65 5.65 – –
8 YALNTFTNL 2.35 8.0 3.05 – –
9 STLPETTVV (+C) 30.5 34 8.4 – –
10 ILRGSVAHK (+C) 41.0 47.5 78 – –

B7 supertype (IC50 Value)

B*0702 B*3501 B*5101 B*5301 B*5102

1 FVLALLAFF 15 1.6 6.1 1.8 18
2 LMFAIVGGL 22 17 19 25 30
3 TTLKGAQRL 21 44 37 47 –
4 VMTAVGLMF 18 7.9 47 7.5 –
5 AIVGGLAEL 5.9 27 62 – –
6 LSLLLMIVL 15 13 12 25 –
7 GMLLLSLLL 22 40 25 24 –
8 YALNTFTNL 5.6 6.1 0.7 1.6 –
9 STLPETTVV (+C) 15 49 21 52 –
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FVLALLAFF-B3501 and LMFAIVGGL-B*5101 interac-
tions formed stable complexes with one H-bond. Binding 

energy of epitopes with favored HLA alleles by Autodock 
4.2 and Hex 8.0, are tabulated in Tables 4 and 5.

Furthermore, we also present the docking study of identi-
fied highly conserved peptide epitopes FVLALLAFF and 
LMFAIVGGL with human cTAP1 (PDB-1JJ7) for their 
cytosolic processing. This docking study shows that the 
epitope peptides gets hold in the cavity by one hydrogen 
bond each, which may conclude a smooth passage for pep-
tide epitope transport from cytoplasm to ER lumen.

Docking study of these identified epitopes with cTAP1 
(PDB-1JJ7) show optimum binding with acceptable binding 
energy. Epitope FVLALLAFF is forming one hydrogen bond 
in the cavity of cTAP1 viz. ARG659 with overall binding 

Table 2  (continued)

B7 supertype (IC50 Value)

B*0702 B*3501 B*5101 B*5301 B*5102

10 ILRGSVAHK (+C) 38 83 82 61 –

B15 supertype (IC50 value)

A*0101 B*1501 B1502 – –

1 FVLALLAFF 9.25 2.9 5.05
2 LMFAIVGGL 23.5 1.1 4.95
3 TTLKGAQRL 23 32 14.9
4 VMTAVGLMF 3.75 1.1 6.15
5 AIVGGLAEL 51.5 12 13.8
6 LSLLLMIVL 4.15 8.8 48
7 GMLLLSLLL 11.05 6.3 15.7
8 YALNTFTNL 19 11 2.55
9 STLPETTVV (+C) 12.5 19 59.5
10 ILRGSVAHK (+C) 81.5 14 20.5

Here <50 IEDB percentile score or equivalent score represent good binding affinity. Here ‘‘–’’ represent non binder property and +C represent 
positive control

Fig. 2  ProSA analysis: Z score plot of B5102 allele representing 
−9.15 Z score

Table 3  Calculated Errat, ProQ and Pro SA scores for B5102 HLA 
allele

S.No. Allele Errat (OQF) Pro Q ProSA (Z score)

LG score Max Sub

1 B5102 92.509 3.417 0.359 −9.15

Fig. 3  Docked epitope FVLALLAFF-B3501 allele complex by 
Autodock 4.2 showing detailed position of amino acids along with 
formation of 2  H-bonds (yellow dotes string) with LEU363 and 
ARG357. (Color figure online)



384 Int J Pept Res Ther (2018) 24:377–387

1 3

energy −1.62 kcal/mol (Fig. 5); epitope LMFAIVGGL is 
forming one hydrogen bond in the cTAP1 viz. GLN552 with 
overall binding energy −0.23 kcal/mol (Fig. 6).

NAMD Simulation of Epitope–HLA Allele Complexes

The complexes of peptide and allele produced by Auto-
dock4.2 were employed for their binding stability by 
NAMD-VMD simulation. Peptide FVLALLAFF-B3501 

allele complex showed the highest 11  Å RMSD value 
(Fig.  7) likewise LMFAIVGGL-B5101 allele complex 
showed the highest 11.4 Å RMSD value (Fig. 8). The RMSD 
values of both the complexes are acceptable to conclude 
stable binding.

Discussion

In the presented study, Propred I and IEDB were employed 
for mapping of best T cell epitopes from proteome of WNV 
with consideration of different geographical conservancy 
study FVLALLAFF and LMFAIVGGL epitopes were iden-
tified as highly conserved, high propred HLA class I allele 
binding frequency and promiscuous with maximum popula-
tion coverage among all predicted T cell epitopes.

Among all identified epitopes, including two positive 
control peptides, only two epitopes viz. FVLALLAFF and 
LMFAIVGGL of WNV were found as best epitope in terms 
of the HLA allele population coverage with conserve nature 
and were also good cTAP1 binders. TAP binding property 
is necessary to transport the cytosolic processed epitopes 
into the lumen of the RER through TAP protein to bind with 
MHC class I alleles. Study showed that FVLALLAFF and 
LMFAIVGGL epitopes binding to all allele members of A2 
(A*0201, A*0202, A*0203, A*0205, A*0206), A3(A*0301, 
A*1101, A*3101, A*3301, A*6801), A24 (A*2301, 
A*2402, A*2403, A*2405, A*2407), B7 (B*5101, B*5102, 

Fig. 4  Docked epitope LMFAIVGGL-B5101 allele complex by 
Autodock 4.2 showing detailed position of amino acids along with 
formation of 2  H-bonds (green dotes string) with TYR302 and 
ASP30. (Color figure online)

Table 4  Best identified WNV 
T cell epitopes and HLA alleles 
binding simulation revealed by 
Autodock 4.2 and Hex 8.0

BE binding energy, IME intermolecular energy, IE internal energy, TorE torsional energy

S. No. JEV peptide HLA Allele Autodock 4.2 (kcal/mol) Hex 8.0 (kcal/mol)

BE IME IE TorE H Bond Hex energy

1 FVLALLAFF B*3501 −4.80 −14.63 −0.57 +9.83 2 −360.88
2 LMFAIVGGL B*5101 −4.57 −16.09 −0.30 +11.52 2 −399.17

Table 5  Identified WNV 
epitopes and favored supertype 
HLA alleles binding simulation 
revealed by Autodock 4.2 and 
Hex 8.0

S. No. Peptide Allele Autodock 4.2 (kcal/mol) Hex 8.0 (kcal/mol)

Binding energy H bond Hex energy H bond

1 FVLALLAFF A*0101 −0.25 1 −188.12 1
2 FVLALLAFF A*0201 −4.35 1 −172.33 0
3 FVLALLAFF A*0301 −2.12 0 −156.23 1
4 FVLALLAFF B*3501 −4.80 2 −360.88 1
5 FVLALLAFF B*5102 −1.10 1 −312.67 1
6 FVLALLAFF B*5101 −2.04 1 −198.32 1
7 FVLALLAFF B*5301 −3.56 2 −166.32 1
8 LMFAIVGGL A*0101 −1.53 1 −72.32 1
9 LMFAIVGGL A*0201 −1.55 1 −167.89 1
10 LMFAIVGGL A*0301 −2.04 1 −156.76 1
11 LMFAIVGGL B*3501 −2.08 2 −315.53 1
12 LMFAIVGGL B*5101 −4.57 2 −399.17 1
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Fig. 5  a The docking study of identified highly conserved epitope 
FVLALLAFF (grey solid spheres) with cTAP1 (white solid spheres) 
channel cavity facilitating the smooth passage of the epitope from 

cytoplasm to ER lumen. b This docking study shows that the FVLA-
LLAFF epitope peptide gets hold by one hydrogen bond at cavity of 
cTAP1 viz. ARG659 with binding energy −1.62 kcal/mol

Fig. 6  a The docking study of identified highly conserved epitope 
LMFAIVGGL (grey solid spheres) with cTAP1 (white solid spheres) 
channel cavity facilitating the smooth passage of the epitope 

from cytoplasm to ER lumen. b This docking study shows that the 
LMFAIVGGL epitope peptide gets hold by one hydrogen bond at 
cavity of cTAP1 viz. GLN552 with binding energy −0.23 kcal/mol
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Fig. 7  Graph displaying RMSD in relation to time (picoseconds) for 
NAMD-VMD simulation of WNV peptide FVLALLAFF and B3501 
allele complex, with highest RMSD value of 11 Å at 7000 picosec-
onds
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Fig. 8  Graph displaying RMSD in relation to time (picoseconds) for 
NAMD-VMD simulation of WNV peptide LMFAIVGGL and B5101 
allele complex, with highest RMSD value of 11.4 Å at 10,600 pico-
seconds
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B*5301, B*0702, B*3501) and B15 (A*0101, B*1501, 
B*1502) HLA class I supertype with less than 50 IEDB 
percentile value (Table 2). Therefore epitopes FVLALLAFF 
and LMFAIVGGL were identified as superantigenic or pro-
miscuous peptide epitopes for WN. Altogether the above 
immunoinformatics analysis, hence shows that the identified 
peptides are most promising vaccine candidates for WNV, 
this was further validated by binding simulation analysis 
with favored HLA alleles of class I.

The binding of epitopes and HLA alleles revealed by 
Autodock 4.2 were further confirmed by Hex 8.0. The Hex 
energy of the FVLALLAFF-B3501 complex obtained by 
Hex 8.0 was acceptable. Autodock 4.2 results for dock-
ing of FVLALLAFF-B3501 revealed binding energy of 
−4.80 kcal/mol and formed two H-bonds viz. ARG357 and 
LEU363amino acid residues. The NAMD-VMD study fur-
ther confirms that the FVLALLAFF-B3501 complex indeed 
attains stability with acceptable RMSD with a time frame of 
7,000 picoseconds. Likewise Hex energy and binding energy 
of LMFAIVGGL-B5101 allele was also observed to be in 
the acceptable range of Hex 8.0 and Autodock 4.2 tools. 
Autodock result of this complex revealed the binding energy 
to be −4.57 kcal/mol forming two H-bonds viz. ASP30 and 
TRY302. The NAMD-VMD study further confirms that the 
LMFAIVGGL-B5101 complex indeed attains stability with 
acceptable RMSD with a time window of 10,600 picosec-
onds. In addition to the above studies of the complex of 
epitope and alleles, we also performed the study of docking 
for epitopes FVLALLAFF, LMFAIVGGL with the cTAP1 
which show appropriate binding in cTAP cavity with bind-
ing energy −1.62 and −0.23 kcal/mol, respectively. This 
study revealed that the identified epitope is transported from 
cytoplasm to ER lumen through the cTAP1 cavity as shown 
in Figs. 5 and 6. The epitope get a hold in the cTAP1 cavity 
by one hydrogen bond. With the optimum binding energy 
in the cTAP cavity, we may conclude a smooth passage for 
peptide epitope transport from cytoplasm to ER lumen.

The present study has identified epitopes FVLALLAFF 
and LMFAIVGGL as the most promising candidate for 
WNV vaccine having super antigenic property. Epitope 
LMFAIVGGL was also found as a potential HLA class I 
supertype binder in our similar study for Japanese encephali-
tis (Sharma et al. 2017) which gives a prospect of a common 
epitope of multiple sources to develop a vaccine of multiple 
pathogens. Epitope LMFAIVGGL was found common pro-
miscuous and conserve in both infectious WNV and JEV. 
These identified potential novel peptide nanomer epitopes 
are more effective candidates in contrast to the vaccine can-
didates as whole viral proteins; furthermore, it has been 
reported that few number of peptide epitopes can represent 
complete antigenicity of a protein (De Groot et al. 2002). 
In agreement with this immunoinformatics study, peptide 
epitope based vaccines have shown potential result against 

several highly infectious diseases such as JEV, HIV, H1N1, 
H7N9 and Tuberculosis (Sharma et al. 2017; Sharma and 
Kumar 2010, Jardine et al. 2013, De Groot et al. 2013; Feng 
et al. 2013). Immunoinformatics appears to be one of the 
fields that accelerate the immunological research progres-
sion to the development of effective vaccines (Khalili 2014). 
These identified epitopes could be tested as vaccine candi-
dates and diagnostic reagents for WNV as further prospects.

Conclusion

We document the identification of HLA class I binding WN 
viral nanomer peptides epitopes revealed from Propred I 
and IEDB, respectively along with worldwide conservancy. 
We further found that the peptides 40FVLALLAFF48 and 
9LMFAIVGGL17 are highly conserved and super antigenic 
epitopes. Identified capsid epitope 40FVLALLAFF48 and 
NS2B epitope 9LMFAIVGGL17 showed stability in complex 
form with B3501 and B5101 HLA alleles respectively; addi-
tionally smooth passage of these peptide epitopes through 
cTAP1 shows actual cytosolic antigen processing for mem-
brane surface presentation by HLA class I. These epitopes 
have shown the high conservancy with sequence and struc-
ture based analysis with higher capability in comparison of 
positive controls as vaccine candidates. Finally manifold 
sequence based screening and their validation by structure 
based study result potential immunogenic T cell HLA class 
I epitopes as promising WNV vaccine candidates; no doubt 
candidacy of epitopes will be further tested by in vivo or 
in vitro methods.
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