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Abstract 9 

It is of special significance to find a safe and effective vaccine against coronavirus disease 2019 (COVID-10 

19) that can induce T cell and B cell -mediated immune responses.  There is currently no vaccine to 11 

prevent COVID-19. In this project, a novel multi-epitope vaccine for COVID-19 virus based on surface 12 

glycoprotein was designed through application of bioinformatics methods. At the first, seventeen potent 13 

linear B-cell and T-cell binding epitopes from surface glycoprotein were predicted in silico, then the 14 

epitopes were joined together via different linkers. The ability of the selected epitopes to induce 15 

interferon-gamma was evaluate using IFNepitope web server.  One final vaccine was constructed which 16 

composed of 398 amino acids and attached to 50S ribosomal protein L7/L12 as adjuvant. 17 

Physicochemical properties, as well as antigenicity in the proposed vaccines, were checked for defining 18 

the vaccine stability and its ability to induce cell-mediated immune responses. Three-dimensional 19 

structure of the mentioned vaccine was subjected to the molecular docking studies with MHC-I and 20 

MHC-II molecules. The results proposed that the multi-epitope vaccine with 50S ribosomal protein 21 

L7/L12 was a stable construct with high aliphatic content and high antigenicity.  22 

 23 
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1. Introduction 25 

 26 

In early 2020, COVID-19 began generating headlines all over the world because of the extraordinary 27 

speed of its transmission. So, there are rising concerns about community infections. Vaccination is one of 28 

the most effective tools to prevent infectious diseases [1][2]. As far as our knowledge concerns, there is 29 

no report about developing COVID-19 multi epitope vaccine. Therefore, we became eager to design 30 

potent multiepitope vaccines from antigenic sites of coronavirus surface glycoprotein. The 31 

multiepitope vaccines have advantageous over conventional vaccines with regards to safety 32 

profile and high immunogenicity [3]. Multiepitope vaccines have the potential to induce 33 

responses restricted by a wide variety of HLA molecules and generate a balanced CD4+ and 34 

CD8+ cellular immune response. Another molecule that contribute to innate immunity contains 35 

TLR3 that activates antiviral mechanism during infection.  Recently, in silico design of epitope-36 

based vaccines has been done for vaccine developing against many infectious diseases. Some 37 

bioinformatics tools could facilitate the development of multi epitope-based vaccines. The 38 

computational tools can optimize the extensive immunological data such as antigen presentation 39 

and processing to achieve specific interpretations [4]. In recent decades, several vaccines were 40 
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established based on in silico methods that include efficient vaccines against Toxoplasma gondii 41 

[5], Brucella abortus [6], Escherichia coli [7], Vibrio cholera [8], Human immunodeficiency 42 

virus-1 [9], Hepatitis C virus [10] and many others. In several experimental studies, the efficacy 43 

of computationally designed vaccines has been recently approved for use in defined human 44 

vaccines [11][13]. In this study, in silico analysis were performed to determine exclusive B cell 45 

and T-cell epitopes from coronavirus surface glycoprotein that are antigenically most significant 46 

for coronavirus.  In our research, some unique exclusive B cell and T-cell epitopes from 47 

coronavirus surface glycoprotein were selected based on their antigenicity, stability and length. 48 

The selected epitopes were merged into each other using suitable linkers for organization of final 49 

vaccine construct. Consequently, the stability and efficacy of the vaccines were predicted by a 50 

set of bioinformatics methods. 51 

2. Material and methods 52 

2.1 Data collection 53 

At the first step of our study, the reference amino acid sequences of  coronavirus surface glycoprotein 54 

(YP-001856243.1), five  HLA-1 (NP_001229971.1, NP_001229687.1, NP_002118.1, NP_061823.2, 55 

NP_005507.3) and six HLA-2 protein (NP_001229454.1, NP_006111.2, NP_001230891.1, 56 

NP_002110.1, NP_061984.2, NP_001020330.1) were retrieved from NCBI 57 

(https://www.ncbi.nlm.nih.gov). SWISS-MODEL Server (https://swissmodel.expasy.org/) was utilized 58 

for modelling of 3-D structures of HLA class I and HLA class II, But for TLR-3 the data in PDB bank 59 

was used and optimized by chimera 1.12 [14.] 60 

2.2 Multiple sequence alignment and antigen selection 61 

To determine exclusive conserved sequence of the coronavirus surface glycoprotein, NCBI BLAST was 62 

performed (https://blast.ncbi.nlm.nih.gov/Blast.cgi). Also, for defining the conserved region (s) in the 63 

protein sequences, multiple sequence alignment was done by Multalin server 64 

(https://www.multalin.toulouse.inra.fr/multalin). Additionally, the antigenicity of the coronavirus surface 65 

glycoprotein was evaluated using VaxiJen 2.0 server (http://www.ddg-66 

pharmfac.net/vaxijen/VaxiJen/VaxiJen.html[15]. Finally, the most particular conserved sequence and 67 

antigenic peptide were selected for further analysis.  68 

2.3 B-cell epitope prediction and selection  69 

Linear B-cell epitopes in the vaccine model were predicted using ElliPro 70 

(http://crdd.osdd.net/raghava/bcepred) [16] and IEDB analysis Resource (http://tools.iedb.org/population) 71 

[17]. 72 

2.4 T-cell epitope prediction and selection  73 

MHC-I restricted epitopes were predicted through ProPred-1 server 74 

(http://tools.immuneepitope.org/analyze/html/mhc_binding.html) [18]. The server uses special patterns 75 

for HLA-A*03:01 allele. Similarly, MHC-II restricted epitopes were predicted using ProPred server 76 

(http://tools.immuneepitope.org/mhcii). The server uses special patterns for DRB1*01:07 allele. Finally, 77 

the conserved sequence and antigenic peptide were selected for further analysis.  78 

2.5 Construction of final vaccine   79 
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Seventeen suitable common B-cell and T-cell epitopes (9-16 amino acids) from coronavirus surface 80 

glycoprotein were selected and organized in the final vaccine construct. Then, these epitopes were merged 81 

together with AAY, KK linkers and considered as a multi-epitope vaccine. One adjuvant “50S ribosomal 82 

protein L7/L12 83 

(MSDINKLAETLVNLKIVEVNDLAKILKEKYGLDPSANLAIPSLPKAEILDKSKEKTSFDLILKGAG84 

SAKLTVVKRIKDLIGLGLKESKDLVDNVPKHLKKGLSKEEAESLKKQLEEVGAEVELK) 85 

with 124 amino acids were incorporated with EAAAK linker at N-terminal portion of the constructs.     86 

The sequence of the designed vaccine structures with their adjuvant are depicted in Table 3. The final 87 

vaccines (IV1) stretch was found to be 398 amino acids. 88 

2.6 Physicochemical properties analysis 89 

In this research, five characteristics (molecular weight, theoretical pI, extinction coefficient, aliphatic 90 

index and grand average of hydropathicity) of the constructed vaccine was evaluated using ProtParam 91 

server (http://web.expasy.org/protparam).   92 

2.7 Secondary structure analysis  93 

The frequency of the secondary structure of the constructed vaccines (alpha helix, extended strand and 94 

random coil) were computed using GOR IV web server (http://npsa-pbil.ibcp.fr/cgi-95 

bin/npsa_automat.pl?page=npsa_gor4.html). 96 

 97 

2.8 Molecular docking study 98 

To confirm the binding affinity of the best vaccine to MHC-I and MHC-II molecules, molecular docking 99 

was done between the selected vaccines and five HLA-1 structures (NP_001229971.1, NP_001229687.1 , 100 

NP_002118.1 , NP_061823.2 , NP_005507.3 ), also six HLA-2 proteins (accession numbers: 101 

NP_001229454.1 , NP_006111.2  , NP_001230891.1 , NP_002110.1 , NP_061984.2  , NP_001020330.1) 102 

and TLR-3 (PDB ID: 2A0Z) separately. Molecular docking studies were done using H-dock server 103 

(https://bioinfo3d.cs.tau.ac.il/ PatchDock/) with default complex type and clustering RMSD of 4Å.  The 104 

binding sites of final construct and TLR3 were studied using fully automated protein-ligand interaction 105 

profiler server (PLIP; https://projects.biotec.tu-dresden.de/plip-web/plip/index). The outputs of PLIP were 106 

in XML format, flat text, and visualization files [19]. The visualization files were visualized using 107 

PyMOL software (windows version 2.0.7). Then, seventeen epitopes were analysed by IFNepitope server. 108 

   . 109 

2.10 IFNγ  analysis 110 

IFNepitope web server is established for users working in the field of vaccine design. This server allows 111 

users to predict and design IFN-gamma inducing peptides.  The ability of the selected epitopes to induce 112 

interferon-gamma was evaluate using IFN epitope server. 113 

  114 

3. Results 115 

3.1 Multiple sequence alignment and antigen selection  116 
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Initially, coronavirus surface glycoprotein was studied for determining specific conserved part of protein 117 

between the virus serotypes. Results of protein BLAST are shown in Table 1. The results demonstrated 118 

that coronavirus surface glycoprotein had the most conservancy levels between 97. 8 and 100. Also, 119 

VaxiJen score of the protein showed high antigenicity. Due to having good antigenicity, high exposure 120 

probability to the immune system and high conservancy, this protein was selected for vaccine design.  121 

3.2 T-cell and B-cell epitope prediction  122 

 In the current study, some appropriate common B-cell and T-cell epitopes were designed. The predicted 123 

MHC-I and MHC-II restricted epitopes were compared to B-cell epitopes to determine shared epitopes 124 

(Table 2). Finally, 17 epitopes with 9-16 amino acids were selected. These epitopes are located between 125 

residues 14-642.  These epitopes exhibited a relatively high aliphatic index (>60), high antigenicity (>1.6) 126 

and low instability index (less than 20). The most potent epitope was repeated three times and merged 127 

into the other epitopes using suitable linkers (KK, AYY) for organization of final vaccine construct. 128 

3.3 Antigen selectivity of constructed vaccines 129 

Final construct vaccine was composed of 398 amino acids which were respectively attached to 50S 130 

ribosomal protein L7/L12 as adjuvant. The antigenicity score of constructed vaccine are shown in           131 

Table 3. The result demonstrated that IV1 has 1.2110 antigenicity (Table 3).   132 

3.4 Physicochemical properties  133 

Physicochemical properties of the constructed vaccine were predicted using Protparam server. The results 134 

revealed that this multi-epitope vaccine have low instability “as a value below 40” predicts that the 135 

protein is stable. The IV1 construct showed the highest Isoelectric point with 8.52 value. From the 136 

aliphatic Index of view, this construct showed aliphatic index more than 90 % (Table 4). The results of 137 

gor4 demonstrated that the random coil values of the IV1 were high compared to Alpha helix and 138 

extended structure. 139 

3.5 Analysis of docking results 140 

The results of docking the constructions with HLA-1 and HLA-2 confirmed the high values with IV1 141 

construct.  Also, the results of TLR-3 analysis showed values of 1680.569 for IV1 which demonstrate the 142 

high efficacy of vaccine  construct  (Tables 5). Figure 2 indicate docking results of the Vac1 construct 143 

with the TLR-3 as the examples of vaccines potential for interaction. The results showed that TLR-3 have 144 

interaction to Glu115, Gly 118 residues of AV1.  145 

 146 

2.10 IFNγ analysis 147 

The result of IFNγ analysis was described in Table 6. The result demonstrates that among 17 epitopes ,16   148 

epitopes have potential to produce IFN-γ.   Epitope 6 showed the highest score with value of 2.  149 

 150 

4. Discussion 151 

Due to the nature of coronavirus and high infectious rate, the progress of a vaccine against coronavirus is 152 

very challenging. Though, with the development of computational methods, these limitations are reduced. 153 

By the way, using computational methods, the design of recombinant vaccines and the estimation of 154 

physicochemical properties as well as vaccines efficacy could be available [20] [21]. Then, this research 155 
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was intended to design an effective multi-epitope recombinant vaccine against coronavirus using a unique 156 

multi-step bioinformatics approach.  Our potent multi-epitope vaccine is contained seventeen epitopes in 157 

surface glycoprotein of coronavirus along with AAY and KK linkers and 50S ribosomal protein L7/L12 158 

as adjuvant. Based on our knowledge, there is no report about computational design of epitope-based 159 

vaccine for coronavirus. Recently, in silico, design of epitope-based vaccine was used for vaccine 160 

development against several infectious diseases. Several bioinformatics tools have been established that 161 

accelerate the growth of multi epitope-based vaccines. In recent decade, several multiepitope vaccines for 162 

pathogenic viruses have been reported. Multi epitope vaccines could provide an effective immunization 163 

against different serotypes of a pathogen. Despite mentioned advantages of Multi epitope vaccines, poor 164 

immunogenicity is considered as a major drawback to growth of these vaccines [22], [23]. The in-silico 165 

results proposed that our multi-epitope vaccine was very stable with high aliphatic index and it was 166 

potentially antigenic. As reported earlier, high aliphatic index shows the higher thermos-stability of the 167 

constructed vaccine. At the present research, the aliphatic index was high, and instability was low and 168 

Gravy indices were negative. Also, the higher PI, as the case of this study, shows the higher potential for 169 

cell wall attachment. However, the proposed vaccine has high antigenicity. This was chosen for docking 170 

studies. The results demonstrated that our mentioned vaccine could be a right candidate for experimental 171 

research [24]. 172 

Conclusion 173 

This study introduced designing novel multi epitope vaccines against Coronavirus which could cover 174 

conserve sequence of the virus. The multi-epitope vaccine presented by this study showed promising 175 

result through in silico step, which could be followed by in vitro and in vivo studies. 176 
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 258 

 259 

 260 

Fig 1: Molecular docking analysis of IV1construct with TLR-3. The results showed that TLR-3 261 

have interaction to Glu 115 and Gly 118 residues of AV1 262 

 263 

 264 

 265 

 266 

 267 

 268 

 269 

 270 

 271 

 272 

 273 

.CC-BY 4.0 International license(which was not certified by peer review) is the author/funder. It is made available under a
The copyright holder for this preprintthis version posted March 13, 2020. . https://doi.org/10.1101/2020.03.10.985499doi: bioRxiv preprint 

https://doi.org/10.1101/2020.03.10.985499
http://creativecommons.org/licenses/by/4.0/


9 

 

Table 1: Results of the antigenicity and BLAST of coronavirus surface glycoprotein and 274 

antigenicity prediction  275 

 276 

 277 

Table 2: Result of final T-cell and B-cell epitope prediction screening from coronavirus surface 278 

glycoprotein   279 

 280 

   Sequence Length  Start-
End 

Vaxijen Isoelectric 
point  

Aliphatic 
index  

Instability GRAVY 

1   KLNDLCFTN  9 386-394 2.90 5.83 86.67 17.24 -0.24 
2 KLNDLCFTNV 10 386-395 2.69 5.83 88 -14.52 -0.2 
3 KLNDLCFTNVY 11 386-396 2.22 5.83 97.27 -19.15 -0.06 
4 PTKLNDLCFTN 11 384-394 2.19 6.22 70.91 -12.29 -0.4 
5 SPTKLNDLCFTN 12 383-394 2.01 5.55 65 26.18 -0.4 
6 VSPTKLNDLCFTN 13 382-394 2.17 5.80 82.32 24.94 -0.08 
7 KLNDLCFTNVYA 12 386-397 1.92 5.83 97.5 3 0.2 
8 KLNDLCFTNVYAD 13 386-398 1.67 4.21 90 -2.98 -0.07 
9 LNDLCFTNV 9 387-395 2.01 3.80 118.89 -7.81 0.6 
10 GVSPTKLNDLCFTN 14 381-384 2.21 5.83 76.43 23.87 -0.1 
11 YGVSPTKLNDLCFTN 15 380-384 2.06 5.83 71.33 17.29 -0.18 
12 CYGVSPTKLNDLCFTN 16 379-384 2.01 5.82 66.88 16.83 -0.01 
13 CVNLTTRTQ 9 15-23 1.87 8.25 75.56 -7.87 -0.34 
14 QCVNLTTRTQ 10 14-23 1.78 8.25 68 -13.62 -0.66 
15 LDITPCSFGGVSV 13 585-697 1.88 3.80 104.62 12.92 1.06 
16 LDITPCSFGGVSVI 14 585-698 1.61 3.80 125 12.71 1.03 
17 VKNKCVNFN 9 534-642 2.05 9.31 64.44 6.92 -0.51 

  281 

 282 

 283 

 284 

 285 

 286 

 287 

Protein Average antigenicity VaxiJen score Minimum 
identity (%) 

Maximum 
identity (%) 

Coronavirus surface 
glycoprotein 

0.4646 0.4 97.8  100 
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 288 

Table 3: Average antigenicity of constructed vaccine using Vaxijen 289 

 290 

 291 

 292 

 293 

 294 

 295 

 296 

Table 4:   Physico-properties of constructed vaccines 297 

 298 

 299 

 300 

Table 5. HDOCK scores of HLA1, HLA2 and interaction residues of selected sequences 301 

 302 

 303 

Vaccine Sequence Vaxijen 
IV1 
  

  
  
MSDINKLAETLVNLKIVEVNDLAKILKEKYGLDPSANLAIPSLPKAEILDKSKEKTSF
DLILKGAGSAKLTVVKRIKDLIGLGLKESKDLVDNVPKHLKKGLSKEEAESLKKQL
EEVGAEVELKEAAAKKLNDLCFTNAAYKLNDLCFTNAAYKLNDLCFTNAAYKLND
LCFTNVAAYKLNDLCFTNVYAAYPTKLNDLCFTNAAYSPTKLNDLCFTNAAYVSPT
KLNDLCFTNAAYLNDLCFTNVAAYKLNDLCFTNVYAAAYKLNDLCFTNVYADAAY
GVSPTKLNDLCFTNAAYYGVSPTKLNDLCFTNAAYCYGVSPTKLNDLCFTNAAYCV
NLTTRTQAAYQCVNLTTRTQKKLDITPCSFGGVSVKKLDITPCSFGGVSVIKKVKN
KCVNFN  
 
 
 
 

  

 1.2110 

Protein Molecular 
weight 

Isoelectric 
point  

Aliphatic index  GRAVY Instability Alpha  Extended Random 

coil 
IV1  43679.43 

 
 

8.52 92.71  -0.046 
 

11.85 
  

  23.37%   8.54% 

 

68.09 

Protein Hla1-
A1 

Hla1-
Chain 
G 

Hla1-
Chain  
E 

Hla1-  
Chain  
F 

Hla1- 
Chain  
CW-1 

TLR3 Hla2 - 
antigen 
gama 
chain 

Hla2- 
DM 

Hla2- 
DO 

Hla2- 
DP 

Hla2- 
DQ 

Hla2- DR 

IV1 951.2 957.2 951.2 1215.7 1220.8 1680.5  1215   1214   1215.7 1215.7 1215.7 1215.7 
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 304 

 305 

 306 

 307 

 308 

 309 

 310 

 311 

Table 6: IFNγ analysis score of 17 selected epitopes using IFNepitope web server 312 

Donor EP1 EP2 EP3 EP4 EP5 EP6 EP7 EP8 EP9 EP10 EP11  EP12  EP13 EP14 EP15 EP16 EP17 

1 0.45  0.46  0.47  1 1 2 - 0.47 0.45 1 1 1 0.46 0.46 1 1 0.45 

  313 

 314 
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