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Abstract: The prime objective of this study is to predict peptide vaccine against all genotypes of
HCV that might be a part of combination therapy. We used bioinformatic approaches to identify
the T cell and B cell epitopes having high antigenicity from the envelope glycoproteins E1 and E2 of
HCV.For the analysis, HLA-A1, HLA-A*01:01, HLA-A3, HLA-B*2702, HLA-B*2705, HLA-B7, HLA-
B8, HLA-Cw*0702, HLA-DRB1*1101, HLA-DRB1*03:01, DRB1*0401 and DRB1*0311 alleles were
selected for the prediction of T cell epitopes. Consequently, potential B cell epitopes for each surface
protein were predicted i.e., ALYVGMCGA, VNYRNVSGIY, GAAFCSALYV and CGVVSAKTVC.
Likewise, T cell peptide epitopes having potential to bind with MHC class I molecule were also
identified ie, AWAKVVVIL, VRYVGATTA, VAPTLAVRY, WEYVVLAFL, WEYIMLVFL,
AVKWEYVVL and WEYVVLLFL. Further, T cell epitope capable of binding to MHC class II
identified ie, VAIIMVMFS, LVLAQVMRI, VVIDIAGG, LVGSATLCS,
VVASATLCS, LLADARVCA, IQLINTNGS, LQLINTNGS and VVLLFLLLA. These peptides are

potential candidates for design of vaccine.

molecule was
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1. Introduction

HCV is a global blood-borne virus that caused infection to an estimated of 1.3 million
people worldwide [1]. The genus was first identified in 1988 [2-3]. It is a small circular,
enveloped, positive sense and single-stranded RNA virus and belongs to the hepacivirus
genus within the Flaviviridae family with a diameter of approximately 50-60 nm [4].
Individuals suffering from chronic HCV infection usually remains asymptomatic for a
long period and certainly undiagnosed and this leads to severe fibrosis, cirrhosis [5],
hepatocellular carcinoma [6], requiring liver transplantation in many patients [7] Figure
1. Several studies revealed that the developing countries are at more risk for viral diseases
like hepatitis C virus [8]. The entry of HCV into the host cell is a complex mechanism.
HCV has 1-7 distinct genotypes with 30% genetic variability [9]. The polyprotein

translated from viral RNA genome is cleaved into three structural and seven
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nonstructural proteins [10]. The viral nucleocapsid is surrounded by the envelope glycoproteins i.e. E1 and E2 which
are covalently linked complexes of transmembrane proteins [11], and the surface of these proteins is highly glycosylated
[10]. Additionally, one of the major contents of E1 protein is a C-terminal transmembrane domain (TMD) and it has4-5
glycosylation sites [12], whereas E2 protein contains four O-linked glycosylation sites [13]. Apart from their
glycosylation dissimilarities, both function as a heterodimer to mediate the viral passage [14]. Further, the viral entry
into the hepatic cell is controlled by several intracellular signaling steps [15]. It requires four essential receptors and co-
receptors i.e. CD81, scavenger receptor class B type I (SR-BI), and junction proteins named occludin and claudin-1 [16].
The virus particles are linked with certain lipoproteins such as apolipoprotein E (ApoE) to form lipoviral particles (15).
SR-BI receptor first interacts with ApoE on the lipoviral molecule of the virus [17], the virus is then mediated into the
cell by the action of clathrin-mediated endocytosis process that finally leads to the discharge of viral genome into the
host cell [18].

Infection by HCV can be detected within a period of 1-3 weeks, but HCV-specific T-cells or antibodies
are recognizable only after 1-2 months [19], however, this leads to the chronicity [20]. In that case, chronic infection and
re-infection of the virus can be controlled in the acute phase by the role of neutralizing antibodies (nAbs) [20], but the
delayed response of these nAbs may be risky [21]. An HCV vaccine will be successful if it can stimulate both cellularas
well as humoral immune responses. It has been observed thata strong cellular response is essential for viral clearance

and defense [22]. However, for inducing the humoral (B-cell) immune response against viral infections, prophylactic

vaccines are preferred, while for activating both humoral and cellular (T-cell) immune responses the therapeutic

Acute hepatitis C

chronic
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vaccines are favored [23].
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Figure 1. Occurrence of HCV infection

The struggle for the development of vaccines against hepatitis C virus continues since the traditional way of
vaccine design and testing the efficacy of the vaccine is difficult and remains a matter of great concern. Notably, HCV
is characterized by very high genetic variability [24]. Reverse vaccinology has opened up a new dimension in the field
of vaccine prediction usingbioinformatic tools [25]. The basicidea behind this technique is to use the complete genomic
sequence of an organism to predict potential antigens of encoded proteins using algorithms. For any synthetic vaccine
immune dominant epitopes must be there for triggering immune response against the pathogen [26] so that B cells and
T cells can recognize the epitopes of an antigen. Using reverse vaccinology approach, the first pathogen against which
synthetic vaccine developed was for serogroup B Neisseria meningitides [27]. With the advent of reverse vaccinology
approach, it is now possible to predict epitopes of high efficacy without culturing any extremely infectious pathogen in

the laboratory. The prime requirement of this technique is the availability of whole genome sequence of an infectious
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organism. Amino acid residues form the building blocks of a peptide vaccine. Multiple epitope loaded peptide vaccine
is now effectively used for the treatment of various diseases, since several clinical trials have been carried out. The first
peptide-based vaccine clinical trial on melanoma antigen was initiated in 1995 [28]. For instance, if there is no vaccine
yet available against a pathogen or difficult to develop on the basis of its macromolecule, the first attempt made in this
regard is to develop a peptide-based multiple-epitope loaded vaccine using the modern tools of immunoinformatics.
Traditional way of vaccination using the live-attenuated organism can be risky and sometimes unsafe as the virus may
turn into an active form by mutation and might produce several side effects to the host cell [29]. But, vaccines containing
purified or recombinant macromolecules of the pathogen seem to have lesser side effects (28) and hence less risky in

contrast to the traditional ones [30].

The advantages of peptide-based vaccine include easy production at low cost and does not need any cold
preservation, both T cell and B cell responses can directly be stimulated and personalized immune response can be
triggered. In this study, we identified the T cell and B cell epitopes havinghigh antigenicity for Major Histocompatibility
Complex (MHC) I and I molecules from the evolutionarily conserved regions of envelope glycoproteins El and E2. The
peptide-based vaccines formulated on the basis of reverse vaccinology do not run the risk of back-mutation into an
active form of virus [31]. Several studies reported the importance of immunoinformatics for identifying T cell epitopes,
B cell epitopes, and estimating the antigenicity and other biochemical properties of epitopes [32], but this work would

provide insights into peptide vaccine formulation against HCV.

2. Methods

Data retrieval and amino acid sequence alignment

From the protein database of NCBI, amino acid sequences of the envelope glycoproteins E1 and E2 of different

genotypes of HCV with their accession IDs were retrieved (http://www.ncbi.nlm.nih.gov/). Conserved regions in E1

and E2 protein sequences of HCV were identified using the CLUSTALW program [33]. The capsid protein E1 and E2
were selected, as they are conserved sequences and exists on the outer membrane of virion. Therefore, the epitopes

derived from this region could potentially trigger the immune responses against HCV infection specifically.

Prediction of B cell and T cell epitopes of E1 and E2 proteins of HCV

B cell epitope

Predictions of B cell epitopes (linear octapeptides) of E1 and E2 protein sequences of HCV were done using ABCpred
analytical tool. All potential B cell continuous linear epitopes were identified using artificial neural network method

[34].

T cell epitope

Potential T cell epitopes ((linear hexapeptides) of E1 and E2 glycoprotein sequences of HCV were determined by
ProPred-1 [35] and ProPred prediction tool [36]. The peptides having potential to bind with MHC class I molecule were
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identified using matrix based method, and the epitopes having affinity for binding to MHC class II molecule were

determined using quantitative matrices obtained from published work [37].

Immunogenicity and Antigenicity Score

Immunogenicity of potential T cell epitope capable of binding with MHC Class I molecule was predicted on the
basis of immunogenicity score using IEDB Immunogenicity prediction tool as per Calis method [38] similarly,
immunogenicity score of T cell epitopes capable of binding with MHC Class II molecule was predicted according to
Dikhit et al approach [39]. The immunogenicity is calculated on the basis of amino acid properties and their positions
within the peptide. In addition to this, antigenicity of predicted epitope was calculated. Antigenicity is a property that
measures the antigenic propensity of a peptide sequence [40]. The antigenicity score of each predicted peptide epitope
was determined using the online tool VaxiJen v2.0 [41-43]. However, Beta-turn prediction on the basis of Chou and
Fasman scale [44] of secondary protein structure was identified to determine the immunogenicity of the epitopes as the

beta-turn region of proteins are directly responsible for providing immunogenicity (Rini1992 SC).

In addition to this, the 3D structures of E1 and E2 protein of HCV were retrieved from the Protein Data Bank (PDB)

available at http:www.pdb.org.

Physiological properties of predicted B-cell and T-cell Epitopes

The identified epitopes were used for further in-silico analysis for its physiochemical characterizations.
Parameters such as hydrophilicity, GRAVY score, polarity etc were taken into the account. Hydrophilicity was
determined using Parker hydrophilicity scale, which is based on peptide retention time in high-performance liquid
chromatography (HPLC) on a reversed-phase column [45]. GRAVY score, atom counts for each peptide and instability
index (the level of protein stability) were determined using ProtParam software [46]. Further, aliphatic index, polar as
well as non-polar amino acids and aromaticity of those predicted epitopes were determined using EMBOSS Pepstats
web tool [47] while the nef charge at neutral pH (7.0) was estimated using Protein calculator v3.4 [48]. Further, the surface
accessibility of each predicted epitope was carried out using the web tool Emini surface accessibility scale [49].

Additionally, flexibility for each epitope was then estimated using Karplus and Schulze scale [50].

For detailed analysis of isoelectric point and molecular weight of each predicted epitope, the ProtParam ExPasy web

tool was used, which allows computation of the theoretical pl and Mw [46, 51-52].

3. Results

Alignment of amino acid sequences of capsid protein Eland E2 of Hepatitis C-Virus

Generally, antigenic epitopes on the surface of capsid protein have a special chemical structure that triggers the
immune system. This peptide based epitope prediction is based on the alignment of conserved sequences. These
conserved regions can be considered to be the major targets for the development of neutralizing antibodies. Further,

the conserved epitopic regions are inversely proportional to the antigen escape and mutation, so these regions were
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identified using bioinformatic tools [53]. Hepatitis C-virus genome has high mutation rate which results in increased
genotypic diversity. The E1 and E2 capsid proteins comprise of a consistent pattern of conserved and variable regions,
so these two proteins were used for prediction and analysis of the strongly antigenic epitopes contained in them.
Further, E1 and E2 proteins harbour the target binding region of neutralizing antibodies. We had aligned seven E1 and
six E2 proteins from different HCV genotypes obtained from the National Center for Biotechnology Information
database (http://ncbinlm.nih.gov) using CLUSTALW program to find out the conserved regions within the protein
sequences Figure 2. It is believed that the highly conserved epitopic regions are less prone to antigen escape and viral
mutation [54]. From the alignment figures, it was observed that the alignment score for E1 was 17568 and for E2 the
score was 27917.1t revealed that the intertype variability of E2 proteins was higher than that of E1 proteins. From these
results, we could conclude that E2 proteins showed less consistency in the positions of variable regions as compared to

the E1 proteins.
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Figure 2a & 2b. Phylogenetic analysis of E1 and E2 proteins from different genotypes of HCV, respectively.

Identification of B-cell and T-cell Epitopes and their Characterization

After a detailed analysis newly, efficient B-cell peptide epitopes were predicted using immunoinformatics
analytical tool Table 1. From a comprehensive analysis of antigenicity, accessibility, flexibility, hydrophilicity, gravy
score and Chou-Fasman conformation in the present study, the selection of promising continuous linear B-cell epitopes
of each surface protein were determined based on maximum hydrophilicity score of the epitopes using ABCpred
software that relies on artificial neural network. Potential B cell epitopes for E1 and E2 protein sequences of different
HCV genotypes were found within the conserved locales and the start position of each epitope in the protein sequence,
along with their pl, polarity, atom count, aliphatic and aromatic index were determined as shownin Table 2. The T cell
epitopes capable of binding to MHC class I molecules were identified using the ProPred-1 software. Constant
dysregulation of HLA expression was found to be associated with increased HCV chronic infection [55], which could
influence cell-mediated vaccine therapies. Therefore, HLAA*01:01 allele along with HLA-A1, HLA-A3, HLA-B*2702,
HLA-B*2705, HLA-B7, HLA-B8, HLA-Cw*0702 [56] were preferred for predicting T cell MHC-I epitopes of E1 and E2
proteins of HCV using ProPred I analysis tool at 4% default threshold value Table 3. In addition, the predictions for T
cell MHC-II epitopes of E1 and E2 proteins were done using ProPred at a 3% threshold value. The DRB1*1101,
DRB1*0201, DRB1*0311 and DRB1*0401 alleles were found to be associated with chronic HCV infection [55-56] Table 4.
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Table 1: B cell peptide epitopes against E1 and E2 proteins with their accessionnumbers and

antigenicity scores of HCV

Envelope HCV genotypes Accession numbers Peptide Sequence Score Start Antigenicity
. Position Score
protein
El 1 YP 005272621 NDCTNDSITW 0.81 14 0.02
2 YP_001491550 ALYVGMCGA 0.79 83 0.17
3 YP_009272636 VNYRNVSGIY 0.79 1 1.21
4 YP 009272648 GAAFCSALYV 0.71 77 0.17
5 YP 005272660 CVPCVRAGNI 0.77 35 2.54
6 NP_751520 VFLVGQLFTF 0.79 93 -0.21
7 YP_009272681 ILHEPGCVERC 0.83 25 -0.34
E2 1 YP 005272622 CGVVSAKTVC 0.83 113 1.38
2 YP_009272637 FLASLFYTHE 0.86 54 0.24
3 YP_009272649 CNDSLQTGFI 0.81 46 0.33
4 YP_009272661 GWFGCTWMNS 0.83 166 -0.01
5 YP 009272682 PPQGSWEFGCS 0.87 162 -0.33
6 NP_751921 FIPSPVVVGT 0.86 126 1.46
Table 2: Chemical properties of predicted B cell epitopes of HCV
Peptide Chou- Hydrophilicity ~ Accessibility — Flexibility Instability  pl rH Mw Gravy  Aliphatic  Aroma Polar Non-
epitopes Fasman score index -ticity Y polar
of B cell confornat- index o
ion
ALYVGMCGA 08 -14 15 09 Hog 556 01 2208 154 444 111 0 100
(stable)
VNYRNVSGIY 10 22 10 09 -4.06 836 09 118432 024 300 200 40 60
(stable)
GAAFCSALYV 09 15 09 09 031 552 0.1 1001.72 162 500 200 10 a0
(stable)
CVPCVRAGNI 09 03 04 09 41.09 207 08 1031.26 097 400 0 20 20
(unstable)
CGVVSAKTVC 09 20 01 09 o0 803 038 966.13 136 400 0 30 70
(stable)
FLASLFYTHK 08 43 03 09 369 288 11 122644 031 300 400 40 60
(unstable)
CNDSLQTGFI 1.1 38 07 10 3237 381 -11 109721 012 200 100 30 30
(unstable)
FTPSPVVVGT 10 0.1 17 10 7448 350 01 1003.16 096 300 100 30 70
(unstable)
Table 3: T cell peptideepitopes E1 and E2 proteins that can bind with MHC class I molecule
with their accession numbers and antigenicity scores of HCV
Envelope HCWV Accession MHC Peptides Length  Residue  Percentage Antigenicity
protein - - - Allele no. score Score
genotypes numbers class
El 1 YP 009272621 I HLA-Cw*0702 AWAEKVVVIL 9 176 2956 032
2 YP_001491550 1 HILA-B*¥2703 VEYVGATTA 9 57 67.01 046
3 YP 009272636 I HILA-B*2703 NQSRCWWVAL 9 43 3140 0.36
4 YP_ 009272648 I HLA-B*7 APGCVPCVL 2 3 5030 0.02
5 YP_009272660 I HLACw*0702 VPEIVLEVF 9 149 46.83 0438
6 NP_751920 I HLA-B*2705  MNWSPTAAL 9 133 46.67 1.68
7 YP 009272681 I HLA-Cw*0702 VAPTLAVRY o 51 5405 1350
E2 1 YP_009272622 I HLA-B*2703 VEWEWVILL 9 333 8934 212
2 YP_009272637 I HLA-B*2705 WEYVVLAFL ] 333 48.60 1.16
3 YP_009272649 I HLA-B*2703 WEYIMLVFL 9 334 4360 1.14
4 YP 009272661 I HLA-B*7 AVEWEYVVL ] 335 37.57 159
5 YP 009272682 I HLA-B*2705 IRWEWVVLV 9 335 7766 238
6 NP_751921 I HLA-B*2705 WEYVVLLFL ] 333 48.60 0.84
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Table 4: T cell peptide epitopes E1 and E2 proteins that can bind with MHC class II molecule

with their accession numbers and antigenicity scores of HCV

Capsid HCV Accession MHC Peptide Length  Position  Allele % of Threshold Antigenicity
protein  genotypes numbers Class Allele sequence Score highest for 3% with Score
score score

El 1 YP_009272621 II HLA- VVMSATLCS 9 73 6.6 76.74 148 028
DRE1*0401

YP_001481550 II HLA- VAIIMVMEFS 9 179 46 3542 1.1 0.74
DEE1*0301

3 YP_009272636 II HLA- LVLAQVMRI 9 140 6.0 63.16 296 037
DREL1*0301

4 YP_009271648 I HLA- VVIDIIAGG 9 151 36 63.64 208 058
DREL*0301

YP_009272660 II HLA- LVLSSILRV 9 140 50 52.63 296 0.10
DREL*0301

6 NP_731920 T HLA- LVGSATLCS 9 73 34 62.79 148 013
DEE1*0401

YP_009272681 II HLA- VVASATLCS 9 73 52 60.47 148 024
DREL*0401

E2 1 YP_009272622 I HLA- LLADARVCA 9 343 43 49.77 208 0.14
DREL*0311

2 YP_009272637 II HLA- LQLINSNGS 9 27 43 50.00 148 -0.06
DREL*0401

YP_009271649 I HLA- LMYAMEFNS 9 57 48 5053 196 056
DREL*0301

4 YP_009272661 II HLA- IQLINTNGS 9 26 52 60.47 148 033
DEB1*0401

YP_009272682 I HLA- LOLINTNGS 9 27 52 60.46 148 028
DREL*0401

6 NP_751921 II HLA- VVLLFLLLA 9 335 49 39.04 11 0.52
DREL1*1101

3D-Structure of Capsid ProteinE1 and E2

The three-dimensional structures of E1 and E2 proteins of HCV were retrieved from PDB (Protein Databank)
having ID 2KNU [57] and 4WEB [16], respectively. E1 glycoprotein showed the molecular weight of 3328.97D, atom
count: 229, residue count: 29, unique protein chains: 1, with unique A chain (Figure 3a). Additionally, E2 glycoprotein
had molecular weight 102877.65D, atom count: 4201, residue count: 924, unique protein chains:3, with unique E chain

(Figure 3b).

Figure 3. (a). 3D structure of E1 2KNU). (b). 3D structure of E2 (4WEB)

4. Discussion

Since more than one B-cell epitope could be recognized in a protein, so the antigenic propensity of each B-cell
epitope was further determined. Sometimes not all epitopes in a protein induce high humoral immunity. In the present
study, seven B-cell epitopes ie. NDCTNDSITW, ALYVGMCGA, VNYRNVSGIY, GAAFCSALYV, CVPCVRAGN],
VFLVGQLFTF and ILHEPGCVPC were predicted for E1 protein. Likewise, six B cell epitopes namely CGVVSAKTVC,
FLASLFYTHK, CNDSLQTGFI, GWFGCTWMNS, PPQGSWFGCS and FTPSPVVVGT were predicted for E2 protein.
The antigenicity of these epitopes was then predicted and we identified the epitopes having antigenic score > 0.5 as
highly antigenic epitope Table 1. Following analysis, the filtered B cell epitopes of both E1 and E2 proteins were found
to be ALYVGMCGA, VNYRNVSGIY, GAAFCSALYV, CVPCVRAGNI, CGVVSAKTVC, FLASLFYTHK, CNDSLQTGFI
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and FTPSPVVVGT Table 2. These selected epitopes were analyzed for other biochemical properties and consequently,
three epitopes namely ALYVGMCGA (antigenic score 0.17), VNYRNVSGIY (antigenic score=1.21), GAAFCSALYV
(antigenic score=0.17) for E1 and the sole epitope CGVVSAKTVC (antigenic score=1.38) for E2 were recognized as
suitable B cell epitopes based on instability index (stable peptides were selected as B cell epitope). Thes e B-cell epitopes
might be associated with the production of neutralizing antibody response against HCV. Based on those

characterization B-cell epitopes were represented graphically Figure 4.

B Cell epitope properties B Cell epitope properties B Cell epitope properties

2 § o)
15 . %
" 6
1 P
0 = Antigenicty

= Hydrophiich 5 —
08 Y ]
w— AL 33Dty 4 —

2 = Aiphatic ndex
Flexidity 3 Cravyxore
o5 | AUVGMCGA  VNTRAVIGIY  GAAFCSALWV - COWSAKTVC Aromati<ity
1 . 10
45 0 s 0 e
g | AUVGMCGA  VNYRAVIGIY  GAARCSALYV  COWSAKTVC AUVGMCGA  VNYRNVSGIY  GAARCSALV  COWSAKTVC
Figure 4a Figure 4b Figure 4c

Figure 4(a). Graphical representation for B cell epitopes of E1 and E2 protein and their predicted hydrophilicity,
accessibilityand flexibility and (b) Graphical representation for B cell epitopes of E1 and E2 protein and their predicted
net charge at pH 7 along with Gravy score and isoelectric point. (c) Graphical representation for B cell epitopes of E1

and E2 protein and their predicted antigenicity, aliphatic index and aromaticity.

In addition, potential T cell epitopes that could bind with MHC Class I molecule for E1 and for E2 were
predicted within the conserved regions Table 3. The predicted peptides from E1 were AWAKVVVIL, VRYVGATTA,
NQSRCWVAL, APGCVPCVL, VPEIVLEVF, MNWSPTAAL, VAPTLAVRY and from E2 were VRWEWVILL,
WEYVVLAFL, WEYIMLVFL, AVKWEYVVL, IRWEWVVLV and WEYVVLLFL. Of these, five peptides from El i.e.
AWAKVVVIL, VRYVGATTA, NQSRCWVAL, MNWSPTAAL and VAPTLAVRY, and six peptides from E2 i.e.
VRWEWVILL, WEYVVLAFL, WEYIMLVFL, AVKWEYVVL, IRWEWVVLV and WEYVVLLFL were found to be in the

antigenic range. Moreover, peptides were further analyzed for instability index and polarity of aminoacids in the peptide

Table 5.

Depending on these parameters, we could reduce the number of predicted epitopes to seven for E1 and E2 proteins i.e.
AWAKVVVIL, VRYVGATTA, VAPTLAVRY, WEYVVLAFL, WEYIMLVFL, AVKWEYVVL and WEYVVLLFL. Further,

the atom count of each epitope was also determined Table 6.
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Table 5: Chemical properties of T-cell epitopes binding with both MHC Class I and Class II complex of HCV
Peptide epitopes of T cell Instability pl pH Mw Gravy  Aliphatic = Aromaticity Polar% Non-

binding with MHC Class score index index polar %
I molecule
4
AWAKVVVIL 4.16 8.80 0.9 998.28 2.18 77.7 11.1 11.1 88.8
(stable)
VRYVGATTA -18.36 872 09 937.06 0.48 444 111 33.3 66.6
(stable)
NQSRCWVAL 87.61 8.25 0.9 1076.24 -0.10 33.3 11.1 444 55.5
(unstable)
MNWSPTAAL 46.19 528 -0.1 990.14 0.20 33.3 11.1 33.3 66.6
(unstable)
VAPTLAVRY 21.91 8.72 0.9 989.18 0.85 55.5 11.1 22.2 77.7
(stable)
VRWEWVILL 67.80 597 -0.1 1213.49 1.18 55.5 22.2 22.2 77.7
(unstable)
WEYVVLAFL 8.89 4.0 1.1 1139.36 1.65 55.5 33.3 11.1 88.8
(stable)
WEYIMLVFL 8.89 4.0 -1.1 1213.50 1.70 444 33.3 11.1 88.8
(stable)
AVKWEYVVL 5.69 6.05 -0.1 1106.33 0.95 55.5 22.2 22.2 77.7
(stable)
IRWEWVVLV 46.40 6.0 -0.1 1199.46 1.23 55.5 22.2 22.2 77.7
(unstable)
WEYVVLLFL 8.89 4.0 -0.1 1181.44 1.87 55.5 33.3 11.1 88.8
(stable)
Peptide epitopes
of T cell binding with
MHC ClassII molecule
{
VVMSATLCS 57.71 549 -01 91011 178 444 0.0 33.3 66.6
(unstable)
VAIIMVMFS 8.89 549 -0.1 1010.32 2.77 55.5 11.1 11.1 88.8
(stable)
LVLAQVMRI -7.87 9.75 09 104235 1.80 66.6 0.0 22.2 77.7
(stable)
VVIDIIAGG 22.60 380 -1.1  856.03 2.15 66.6 0.0 11.1 88.8
(stable)
LVLSSILRV 73.09 9.75 0.9 999.26 2.02 66.6 0.0 33.3 66.6
(unstable)
LVGSATLCS -0.54 5,52 -0.1 850.0 1.48 444 0.0 33.3 66.6
(stable)
VVASATLCS 8.89 549 -0.1 850.0 1.77 55.5 0.0 33.3 66.6
(stable)
LLADARVCA -0.54 5.83 -0.1 931.12 1.30 66.6 0.0 22.2 77.7
(stable)
LMYAMKENS 61.51 859 09 1104.35 0.30 22.2 22.2 33.3 66.6
(unstable)
IQLINTNGS -33.94 552 -0.1 959.07 0.04 33.3 0.0 55.5 444
(stable)
LQLINTNGS 2.82 552 -0.1  959.07 -0.03 33.3 0.0 55.5 444

(stable)
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VVLLFLLLA 8.89 5.49 -0.1 1000.33 8.89 88.8 11.1 0.0 100
(stable)

Table 6: Atom counts for each predicted B-cell and T-cell epitope of HCV

B cell peptide epitopes
n
ALYVGMCGA
VNYENVSGLY 53 31 15 16 0
GAAFCSALYV 16 68 10 13
CGVVSAKTVC 39 71 11 12 2
T cell of peptide
epitopes that binds to
MHC Class I molecule
a
AWAEVVVIL 50 a3 11 10 0
VRYVGATTA a1 68 12 13 0
VAPTLAVRY 46 76 12 2 0
WEYVVLAFL 59 a2 10 13 0
WEYIMLVFL 52 a3 10 13 1
AVEWEYVVL 55 a3 11 13 0
WEYVVLLFL 52 a3 10 13 0
T cell of peptide
epitopes that binds to
MHC Class II molecule
1!
VAIIMVMES 47 79 g 11 2
LVLAQVMRI a7 a7 13 11 1
VVIDIIAGG ag 69 9 12 0
LVGSATLCS as 63 9 13 1
VVASATLCS a5 63 9 13 1
LLADARVCA ag 70 12 12 1
IQLININGS 40 70 12 15 0
LQLINTNGS 40 70 12 15 0
VVLLFLLLA 532 a9 9 10 0

Moreover, the predicted potential epitopes that would bind with MHC class Il complex from E1 protein were
identified as VVMSATLCS, AIIMVMFS, LVLAQVMRI, VVIDIAGG, LVLSSILRV, LVGSATLCS and VVASATLCS and
from E2 protein were LLADARVCA, LQLINSNGS, LMYAMKENS, IQLINTNGS, LQLINTNGS and VVLLFLLLA Table
4. Here, all the peptides from E1 ie. VVMSATLCS, VAIMVMES, VVIDIAGG, LVLAQVMRI, LVLSSILRV,
LVGSATLCS and VVASATLCS and five peptides from E2 ie. LLADARVCA, LMYAMKEFNS, LQLINTNGS,
IQLINTNGS and VVLLFLLLA were found to be in the antigenic range. Further biochemical characterizations of these
predicted peptides having potential to bind with both MHC I and II complex were performed Table 5. From the
findings, the epitopes having potential to bind with MHC II complex were identified in E1 and E2 proteins. These
epitopes along with atom counts were VAIIMVMEFS, LVLAQVMRI, VVIDIAGG, LVGSATLCS, VVASATLCS,
LLADARVCA, IQLINTNGS, LQLINTNGS and VVLLFLLLA Table 6.

Furthermore, biochemical characterization was done graphically for both T cell epitopes (HLA classI and HLA
classII) for validating and is presented below Figure 5. Preferentially, B cell and T cell linear epitopes could be selected

on the basis of length, conservancy, antigenicity and other biochemical properties for peptide vaccine formulation.
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For determining the antigenicity of each predicted peptide, Vaxijen server was used, since it performs well in
both validation and prediction at a threshold of 0.5 antigenic scores for viruses [41-43]. The tool is based on the
physiochemical properties of peptides.

T cell epitope properties binding with MHC Class I T cell epitope properties binding with MHC Class |
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Figure 5(a). Graphical representation for T cell epitopes of E1 and E2 protein binding with MHC Class I molecule
with their predicted isoelectric point, net charge at pH 7 and gravy score and (b). Graphical representation for T cell
epitopes of E1 and E2 protein binding with MHC Class I molecule and their predicted antigenicity, aliphatic index,
and aromaticity.(c). Graphical representation for T cell epitopes of E1 and E2 protein binding with MHC Class I1
molecule with their predicted isoelectric point, net charge at pH 7 and gravy score and (d). Graphical representation
for T cell epitopes of E1 and E2 protein binding with MHC Class I molecule and their predicted antigenicity, aliphatic
index, and aromaticity.

5. Limitations

The development of the epitope-based study has advanced the vaccinology approach that leads to analysis of large
data sets as well its complete properties. This research report has evaluated all possible efficient epitopes from E1 and
E2 and there immunogeneic properties. However, the present work also comes with some caveats, as the epitope
sequence is not the only factor dictating the effectiveness of an antibody whereas, the affinity of the antibody for its
target is also important. Furthermore, the report also not tells us about the linkers to bind to its predicted peptides

sequences.
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6. Conclusion

In this work, an attempt was made to predict the epitopes of the E1 and E2 proteins of high-risk Hepatitis C virus for
designing a peptide vaccine. The potential T cell epitopes (HLA classI and HLA classII) and B cell epitopes of E1 and
E2 proteins were identified using different bioinformatic tools. From the present study, the epitopes predicted as
potential B cell epitopes were ALYVGMCGA, VNYRNVSGIY, GAAFCSALYV and CGVVSAKTVC. Similarly, the T cell
epitopes that could bind with MHC class I molecule were predicted as AWAKVVVIL, VRYVGATTA, VAPTLAVRY,
WEYVVLAFL, WEYIMLVFL, AVKWEYVVL and WEYVVLLFL and likewise, the T cell epitopes binding to MHC class
II molecule were predicted as VAIIMVMES, LVLAQVMRI, VVIDIIAGG, LVGSATLCS, VVASATLCS, LLADARVCA,
IQLINTNGS, LQLINTNGS and VVLLFLLLA. The study provides insights for designing an efficient peptide vaccine
against HCV.
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