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  Abstract: Introduction: The coronavirus disease COVID-19, caused by the SARS-CoV-2 virus, 
was a global pandemic that happened in March of 2020. The virus was mutated into several widely-
spread strains such as Alpha, Beta, Gamma, Delta, and Omicron, and is continuing its unpredictable 
mutation.  

Method: Multi-Epitope Vaccine (MEV) is one type of recombinant vaccine with its sequence con-
taining multiple epitopes and is considered as an effective way to fight against the infectious dis-
ease. Previous in-silico approaches to MEV construction have been constrained by their inability to 
predict molecular conformation structures accurately, consequently leading to inaccurate property 
evaluations. In this work, we designed a novel MEV for the future  prevention of COVID-19 or 
similar diseases. We set strict thresholds to screen for epitope candidates in order to construct highly 
effective MEV and use the latest ColabFold (a modified version of AlphaFold2) to predict accurate 
tertiary structures of the MEV.  

Results: We especially studied epitopes from the main proteins of SARS-CoV-2 (i.e., the envelope, 
membrane, nucleo-, and spike proteins) that can provoke immunity response of B-cells, helper T-
cells (Th), and cytotoxic T-cells (CTL), then we combined them through amino acid linkers to con-
struct the MEV. We evaluated the vaccine in terms of its physicochemical properties, population 
coverage, safety for use, secondary and tertiary structure, docking immunity response, and immu 
nity response eliciting capability. 

Conclusion:  These in-silico assessments demonstrate that our proposed vaccine can elicit effective 
immune responses and it is safe to use with a high population coverage. 
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1. INTRODUCTION 

COVID-19, caused by the infection of severe acute res-
piratory syndrome coronavirus 2, or SARS-CoV-2, was de-
clared a global pandemic in March 2020 by the World 
Health Organization (WHO). The SARS-CoV-2 virus, from 
the Coronaviridae family, is a Baltimore class IV virus with 
an enveloped positive-sense single-stranded RNA genome 
((+)ssRNA), homologous to other highly infectious virus, 
e.g., SARS-CoV-1 and MERS-CoV [1-3]. SARS-CoV-2 has 
a 29,881bp- length reference genome and a whole 9860-
amino-acid protein sequence length. There are, in total, 4 
structural viral proteins, namely the envelope, membrane, 
nucleo-, and spike proteins. Similar to SARS-CoV-1, the 
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binding interactions between the peripheral Spike protein (S) 
of SARS-CoV-2 and the trans-membrane Angiotensin-
converting enzyme 2 (ACE2) protein of human host cells are 
generally understood as the major mechanism allowing the 
viral genome enter the host cells [4, 5]. In fact, the Spike-
ACE2 binding leads to the formation of endocytic vesicles 
with Transmembrane protease serine 2 (TMPRSS2), cleav-
ing the S1 domain of Spike protein; Virions enter host cells 
via an endocytic pathway, and they replicate intracellularly 
in a rapid pace eventually leading to pathogenic infections[ 
6-8]. After being released into the host cells, the viral RNA 
replicates itself to synthesize virus proteins [6-8]. SARS-
CoV-2 also has immune evasion capacity through different 
mechanisms, e.g., suppressing the type I and III interferons 
(IFNs) signaling pathway by various viral Non-Structural 
Proteins (NSPs) and other encoding Open Reading Frames 
(ORFs) [9, 10]. Due to these characteristics, the virus has 
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spread widely, and this has been demonstrated by the recent-
ly   developed computational model [11, 12]. 

In the fight against the desperate spread of the COVID-
19 pandemic, governments, scientists, researchers, and vac-
cine companies spared no effort in developing various cate-
gories of vaccines against SARS-CoV-2 [13, 14], where live 
attenuated vaccines [15, 16], adenovirus vaccines [17, 18], 
mRNA vaccines [19-21], and recombinant protein vaccines 
[22] are most widely used during the pandemic. Although the 
composition of different vaccine categories may be different, 
they basically share similar functionality related to immune-
cell epitopes. That is, they all target immune-cell epitopes to 
elicit an immune response. This is achieved by presenting 
antigenic components to the immune system, which then rec-
ognizes and mounts a defense against the virus [23-28]. For 
example, live attenuated vaccines use a weakened form of the 
virus to stimulate an immune response without causing dis-
ease. Adenovirus vaccines leverage a modified virus to deliver 
the genetic material into cells, prompting them to produce 
viral proteins and stimulate immunity. mRNA vaccines use  a 
piece of the virus’s genetic code to instruct cells to produce a 
protein that triggers an immune response. Recombinant pro-
tein vaccines utilize engineered viral proteins to stimulate the 
immune system directly. 

However, the virus genome sequences are not immutable, 
and contrarily, they have a significantly  high mutation rate, 
mostly caused by encoded polymerase with low fidelity [29-
31]. Thus, viruses of- ten exist inside hosts as quasi-species, 
which is a population of viruses within a single infected host 
with genetic diversity [32]. Moreover, infectious viruses 
have always been evolving under selective pressure from the 
host immune responses [33, 34]. Thus, recombinant protein 
vaccines containing limited epitope species are questioned 
regarding their potential deficiency in facing virus quasi-
species and virus diversity evolution, which is not perfect as 
an ideal vaccine design, especially   in an urgent situation 
such as a pandemic due to potential antibody evasion[ 35]. 
This brings the idea of multi-epitope vaccines, or MEV, to 
overcome this difficulty. 

MEV is a type of recombinant vaccine with its sequence 
containing multiple epitopes, which are short peptides from 
specific antigens for the host’s immune system to recognize 
and elicit immune response such as antibody production. 
These epitope sequences in the MEV are linked by specifi-
cally designed amino acid linkers. An MEV initiates the im-
mune response by merging the epitopes, which can be simul-
taneously identified by B-cell, helper T-cell (Th), and cyto-
toxic T-cell (CTL)[ 36]. Compared to traditional vaccines, 
MEV has been found to be a promising way to fight against 
viral infections [37] for several reasons, such as no need for 
microbial culture, its lower development cost, safer usage 
(no real pathogen required), and stronger immunogenicity 
[38-41]. 

Recent research on MEVs has shown promising devel-
opments, revealing their potential to elicit robust immune 
responses by targeting multiple regions of a pathogen [42-
44.] These vaccines offer enhanced efficacy and broader 

protection compared to traditional vaccines, as they are de-
signed to   efficiently induce immunity, which is crucial for 
long-term protection against viruses [45, 46].  Studies have 
demonstrated the effectiveness of MEVs in generating com-
prehensive immune responses and addressing a wide range 
of viral threats. Additionally, significant advancements in 
bioinformatics  tools have allowed for the precise prediction 
and selection of epitopes that ensure high population cover-
age while minimizing potential adverse reactions [37, 47]. 
However, a notable challenge remains for those in silico 
frameworks icluding the inability to accurately predict the 
conformation of the constructed MEV, which has led to in-
accuracies in the in-silico evaluation of these vaccines. This 
issue highlights the need for continued research and refine-
ment in the design and evaluation processes to fully realize 
the potential of MEVs in combating infectious diseases. 

In this work, we construct a Multi-Epitope Vaccine 
(MEV) using strictly screened epitopes. These epitopes are 
selected based on various metrics, including percentile rank, 
conservation, anti-genicity, ability to induce interferon 
gamma, allergenicity, and toxicity. Our approach employs 
in-silico immunoinformatics methods to ensure the vaccine’s 
effectiveness, safety, broad population coverage, and immu-
nogenicity. We further use the latest ColabFold, which is a 
modified AlphaFold2-Multimer algorithm interrogating the 
MMseqs2 dataset [48] to predict the MEV’s ac- curate ter-
tiary structure, supported by the high ERRAT score. On top 
of that, the properties of the MEV are comprehensively eval-
uated. In silico simulation results confirm the effectiveness 
of the developed vaccine, revealing its remarkable ability to 
provoke long-lasting immunity through the  activation and 
proliferation of both T and B cells while also triggering a 
vigorous production of antibodies. 

2. MATERIALS AND METHODS 

The flowchart in Fig. (1) describes a pipeline of steps for 
the construction and evaluation of our MEV. We began with 
the prediction of the antigenicity of SARS-CoV-2’s Enve-
lope (E), Membrane (M), Nucleo- (N), and Spike (S) pro-
teins. We then predicted the associated MHC-I, MHC-II, and 
B-cell epitopes for each of the E, M, N, and S virus proteins. 
We then evaluated and score-ranked  these predicted 
epitopes in terms of their antigenicity, allergenicity, toxicity, 
and interferon gamma-inducing capability. The MEV was 
then constructed using the top-ranked epitopes, and its phys-
io-chemical properties were evaluated. We then predicted, 
refined, and validated the construct’s conformation structure. 
Docking of the construct was then performed with the TLR3 
and HLA alleles. The immune response of the MEV con-
struct was also simulated for the final evaluation of the ef-
fect. 

2.1. Epitope Selection 

Four main COVID-19 virus protein sequences, including 
envelope, membrane, nucleo-, and spike proteins, 
wereretrieved from the Uniprot Swiss database under the 
accession numbers P0DTC4, P0DTC5, P0DTC9, and 
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P0DTC2. Antigenicity were detected by the Vaxigen 2 serv-
er under the virus model. B-cell and T-cell epitopes werep-
redicted separately based on the virus’s envelope, membrane, 
nucleo-, and spike proteins. B-cell epitopes werepredicted 
using ABCpred for 16- mer sequences, where the threshold 
was set at 0.5. T-cell epitopes werepredicted using IEDB 
MHC-i and MHC-ii separately. Both predictions used the 
reference allele from the IEDB prediction tool.  For each 
different MHC allele type and different peptide length, we 
filtered out the predicted epitopes for MHC-i (at percentile 
ratio > 0.01) and for MHC-ii (at percentile ratio > 0.1). Con-
servatory analysis was performed using the IEDB conserva-
tory analysis tool for all T-cell epitopes. Epitopes with all 
100 percent conservatories werereserved. 

Antigenicity for the remaining epitopes was determined 
using vaxigen 2. For CD4 cell epitopes, the capability of 
inducing the Interferon-gamma waspredicted via IFNepitope, 
with the motif and SVM hybrid model. Epitopes determined 
to be able to induce interferon were reserved. Population 
coverage for MHC-I and MHC-II epitopes wasanalyzed us-
ing the IEDB Population Coverage tool.  Toxins werepre-
dicted via Toxinpred, and allergenicity was predicted by 
Allercatpro. Only epitopes that weredetermined as non-toxic 
and nonallergenic were kept for analysis afterward. 

2.2. Vaccine Construction, Structure Prediction, Refine-
ment, and Evaluation 

2.2.1. Vaccine Construction and Properties 

The epitopes were chosen among the remaining epitopes 
sat isfying that they must have a low percentile rank, a wide 
coverage of different immune cells, and from all four virus 
proteins. As an adjuvant, beta-defensin-3 was added at the 

start of the vaccine after the EAAAK linker to boost immune 
responses and enhance the effectiveness. AYY, GPGPG, and 
KK linkers wereused to join within MHC-I epitopes, MHC-
II epitopes, and B-cell epitopes respectively. A 6xHis-tag tail 
wasadded at the end of the construct. The links wereadded in 
order to genera,te a sequence with minimized junctional im-
munogenicity. The physicochemical properties of the con-
struct was assayed via ProtParam at Expasy. 

2.2.2. Interferon-γ Induction and Allergenicity Prediction 

The interferon-γ inducing capability of the vaccine con-
struct was predicted by IFNepitope, where the length was set 
as 9-mer amino acids scanning over the entire construct and 
SVM was chosen as the prediction method. The AllerCatPro 
server was used to predict the allergenicity of the vaccine. 

2.2.3. Structure Prediction, Refinement, and Evaluation 

The secondary structure of the vaccine was predicted  
via PSIPRED 4.0, while Colabfold v1.5.2 was used to pre-
dict the tertiary structure. MMseqs2 model (UniRef+ 
Environmental) was used for multiple sequence alignment 
(MSA), and 5 models were set to generate the result. The 
model with the highest IDDT was selected. GalaxyRefine2 
performed structure refinement on the predicted tertiary 
structure from Colabfold, where all parameters were set by 
default. 

Prosa, ERRAT, and PROCHECK were then used to ex-
amine the quality of the predicted tertiary protein structure. 
All parameters were set as default. 

2.2.4. Molecular Docking of Vaccine Construct 

Molecular docking of the vaccine construct was per-
formed via HDOCK. Chain A of the Protein Data Bank 

 
Fig. (1). Flowchart of MEV design and evaluation. 
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(PDB) entity 1ZIW was chosen as a receptor model of the 
human toll-like receptor 3(TLR3). For docking with the 
HLA allele, 2 HLA alleles (HLA-A*32:01 and HLA-
DRB*07:01) were input as the model of the receptors. The 
protein sequencing data were obtained from an allele search 
tool under the ID 6at5.1.A and 3pdo.1.B respectively. 
SWISS-MODEL was used to model their tertiary structures. 
The docking models for each of the three docking constructs 
(TLR3, HLA-A, HLA-DRB) with the lowest docking score 
were set as the final models. 

2.2.5. Codon Adaption and In-silico Cloning 

Codon adaption analysis was conducted by the JCAT 
server.  JCAT took the sequence of the vaccine construct as 
input data, where the host organism was set as e-coli k12, 
and the restriction enzymes wereset as BamHI and EcoRI. 
The in-silico cloning was performed by the Snapgene soft-
ware, where Plasmid pET-28(+) was used. Sequences 
GAATTC and  GGATCC, which are the cleavage sites of 
the restriction enzymes EcoRI and BamHI, were added at  
the start and end of the vaccine construct, respectively. The 
same restriction enzymes were used to cut plasmid to inte-
grate the sequences of the vaccine at positions 192-1078. 

2.2.6. Immunity Simulation 

The immune response of the vaccine was simulated by 
the C-immsim server.  The total number of simulation steps 
wasset as 1050, with each step being 8 hours (350 days). 
Three injections occured at steps 1, 84, and 168 (0 days, 28 
days, and 56 days). The other parameters wereset by default. 

3. RESULTS AND DISCUSSION 

3.1. Identification of Various Categories of Epitopes 

3.3.1. Antigenicity test for the Four Main Proteins of 
SARS-CoV-2 

The amino acid sequences of the four proteins of SARS-
CoV-2 (the envelop, membrane, nucleoprotein, and spike 
protein) were tested to understand whether they have high 
levels of antigenicity as antigens. The test was carried out 
using Vaxigen 2 [49]. The corresponding overall protective 
antigen prediction scores were3cm025, 0.5102, 0.5059, and 
0.4646, respectively. The threshold was set as 0.4 for the 
virus model. 

3.3.2. Prediction of HLA-I, HLA-II, and B-cell Epitopes 

We predicted three types of epitope sites at each of the 
antigen sequences of SARS-CoV-2. We used IEDB mhc-i 
[50, 51] to predict T-cell HLA-I epitopes and mhc-ii [52-54] 
to predict T-cell HLA-II epitopes. The B-cell epitope sites 
were predicted  through ABCpred [55]. We identified a total 
of 98 HLA-I and HLA-II epitopes and a total of 203 B-cell 
epitopes, which all have a high percentile rank. The selection 
criteria are detailed in the Methods    section. 

3.3.3. Epitope Filtration and Docking Analysis 

 All those epitopes were found to be 100% conserved by 
the IEDB conservatory analysis tool [56] and determined as 

antigens via the Vaxigen 2 server, and all those CD4 cell 
epitopes were determined to have the capability of inducing 
the Interferon γ by IFNepi- tope server, were remained for 
further consideration to construct the vaccine. In total, 56 T-
cell epitopes (13 MHC-I epitopes and 43 MHC-I epitopes) 
and 13 B-cell epitopes were held in this consideration. 

To find out the interaction level between predicted 
epitopes and the receptor (HLA-a, HLA-drb, and TLR3), we 
performed docking analysis on two selected epitopes 
(NVSLVKPS- FYYVSRVK, and RVKNLNSSR). Fig. (2) 
shows that epitope residues fit well with HLA-a, HLA-drb, 
and TLR3 receptors, which are also shown by the low dock-
ing score calculated by the hdock server (-221.83, -180.42, -
243.25, -144.00, -192.76, -141.54 for 
NVSLVKPSFYYVSRVK and RVKNLNSSR docking to 
HLA-a, HLA-drab, and TLR3, respectively). It is noted that 
NVSLVKPS- FYYVSRVK shows a slightly stronger fitting 
level with HLA-a, HLA-drab, and TLR3 compared to 
RVKNLNSSR. We concluded the reason was that its longer 
sequence leads to more surface exposure chances to the re-
ceptors. 

3.3.4. Population coverage Analysis 

We conducted the population coverage analysis on the 
remaining MHC-I and MHC-II epitopes through an IEDB 
population coverage tool [57][ in order to identify those 
epitopes that are able to cover wide populations in the world. 
It has been found that these MHC-I and MHC-II epitopes 
have respectively 86.53% and 92.92% coverage of the world 
population. Their average hit values (i.e., the average num-
bers of epitope hits / HLA combinations recognized by the 
population) are 2.51 and 6.6 for the MHC-I and MHC-II 
epitopes, respectively. Their PC90 values (i.e., the minimum 
numbers of epitope hits / HLA combinations recognized by 
90% of the population) are 0.74 and 3.63, respectively (Fig. 
3). 

3.3.5. Allergenicity and Toxicity Prediction 

Allergenicity and toxicity of these epitopes were predict-
ed by Allercatpro [58] and Toxinpred [59]. All epitopes were 
found to be of non-allergenicity and non-toxicity. 

3.4. Vaccine Construction and Structure Prediction 

3.4.1. Vaccine Construct Design 

In our design, the MEV was required to include epitopes 
from each of the virus proteins (envelope, membrane, nucle-
oprotein, spike), and each of the antigens should  contribute 
epitopes corresponding to different types of immune cells 
(B-cell, HLA-I cell and HLA- II cell). We excluded those 
epitopes with relatively high percentile rank in each epitope 
category.  Based on these selection criteria, the vaccine was 
designed as demonstrated in Fig. (4a). This vaccine contains 
293 amino acids, consisting of beta-defensin-3 as adjuvants, 
7 HLA-I epitopes joined by AYY linkers, 4 HLA-II epitopes 
joined by GPGPG linkers, 4 B-cell epitopes joined by KK 
linkers, an EAAAK linker at the beginning of the sequence 
and a 6xHis-tag tail at the end. Among these epitopes, three 
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Fig. (2). Selected epitopes docking analysis. (a) NVSLVKPSFYYVSRVK in complex with HLA- a (b) RVKNLNSSR in com-
plex with HLA-a. (c) NVSLVKPSFYYVSRVK in complex with HLA- drb MHC-I epitope. (d) RVKNLNSSR in complex with 
HLA-drb. (e) NVSLVKPSFYYVSRVK in complex with TLR3 MHC-I epitope. (f) RVKNLNSSR in complex with TLR3. (A 
higher resolution / colour version of this figure is available in the electronic copy of the article). 

 

 
(a) 

(Fig. 3) Contd…. 
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(b) 

Fig. (3). Population coverage analysis. (a) MHC-I epitope population coverage. (b) MHC-II epitope population coverage. (A higher resolu-
tion / colour version of this figure is available in the electronic copy of the article). 

 

are from the envelop protein, two from the membrane pro-
tein, one from the nucleo-protein protein, and 9 from the 
spike protein. The linkers serve the purpose of maintaining a 
stable   epitope structure and avoiding the formation of novel 
epitopes. 

3.4.2. Vaccine Properties and Secondary Structure Predic-
tion 

We used the Expasy server [60] to examine physico-
chemical properties of the vaccine construct. The chemical 
formula of our construct was C1478H2298N396O383S10, 
with 293 amino acids having a molecular weight 
32063.53KDa. The score of 92.18 aliphatic index implies 
that the construct is thermally stable, and its instability index 

27.16 again indicates that the construct is a stable protein. 
A grand average of hydropathicity (GRAVY) score of 0.058 
classifies the construct as hydrophobicity. 

The IFNepitope server [61] determined a 47.5% positive 
interferon epitope ratio of the con- struct, and the Aller-
CatPro server found the construct to be non-allergenic. 

The secondary structure of the vaccine construct was 
predicted by the PSIPRED server [62], as  displayed in Fig. 
(4b), where the alpha helix and beta sheets are in different 
colours. 

3.4.3. Tertiary Structure Prediction and Refinement 

 Colabfold [48, 63] was used to predict a tertiary struc-
ture for the vaccine construct. The model with the highest 
local distance difference test (IDDT) score was selected. The 
refined model 3 from the GalaxyRefine2 server [64] was 
chosen, which has  a Root-Mean-Square Deviation (RMSD) 
of 3.574, molProbity of 1.099, clash score of 1, poor ro- 
tamers of 0, Rama favored score of 95.5 and a GALAXY 
energy of -5193.01, indicating a relatively accurate predic-
tion structure (see Fig. 4c). 

3.4.4. Structure Validation for the MEV 

The predicted structure was tested by Prosa [65], ERRAT 
[66], and PROCHECK [67]. Prosa returned a z-score of -
2.36 (see Supplementary Figs. 1-5), which is in the range of 
the scores for a protein of such size (around 300 amino ac-
ids). The ERRAT server returned an overall quality score of 
95 (see Supplementary Fig. 4), which is a high score  indi-
cating the structure with non-bonded interactions between 
different atom types. PROCHECK returned no errors for the 
vaccine construct, and some of the validation results are 
shown imSupplementary Figs. (1-5); Supplementary Figs. 
(1-3) display a Ramachandran plot and Chi1-Chi2 plot for 
different types of the residuals and a plot summarizing the 
statistic parameters of the main chain structure, respectively. 
Most residues are found at favourable conformations in 
terms of  Psi-Phi and Chi1-Chi2 torsion angles, and all of the 
statistics for the main chain of the construct are within a rea-
sonable range, indicating the high quality of the tertiary vac-
cine synthesis. 

3.4.5. Molecular Docking Tests for the Vaccine Construct 

The docking of the vaccine construct was performed by 
the HDOCK server [68]. A Human toll-like receptor 3 
(TLR3), one HLA-A allele (HLA-A*32:01), and one HLA-
DRB allele (HLA-DRB*07:01) were set to evaluate the vac-
cine’s immunogenicity. All three docking complexes have a 
low docking score of -333.16, 

-289.97 or -349.13 corresponding to the model TLR3-
vaccine, HLA-A-vaccine, or HLA-DRB- vaccine calculated 
by the HDOCK server, respectively, indicating stable bind-
ings between the ligand and the receptor (Fig. 5). 

3.4.6. Codon Adaption and In-silico Cloning 

Gene expression of a vaccine is largely affected by the 
codon sequence and composition. Appropriate codon 
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(a) 

 
(b) 

 
(c) 

Fig. (4). Multi-epitope vaccine construct (a) Vaccine sequence where the colors gray, yellow, brown, and black represent adjuvant, HLA-I 
epitope, HLA-II epitope, and B-cell epitope respectively. The colour red represents any linker between two epitopes. (b) Predicted secondary 
structure of our vaccine construct. (c) Predicted tertiary structure. (A higher resolution / colour version of this figure is available in the elec-
tronic copy of the article). 

 
Fig. (5). Vaccine construct docking with TLR3 (a), HLA-A (b) and HLA-DRB (c), where the vaccine as the ligand is coloured purple and the 
receptor is coloured red. (A higher resolution / colour version of this figure is available in the electronic copy of the article). 
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(a) 

 
(b) 

Fig. (6). Codon adaption and in-silico cloning for our vaccine construct. (a) Codon optimization result. (b) In-silico cloning result (the vac-
cine construct is coloured red). (A higher resolution / colour version of this figure is available in the electronic copy of the article). 

 
orientation may result in a high level of gene expression 
compared to others, although they produce the same peptide. 
The JCAT server [69] helped perform codon adaption for the 
vaccine construct in Escherichia coli (strain k12), where the 
cleavage sites of restriction enzymes BamHI and EcoRI 
wereavoided. The result of our MEV is shown in Fig. (6). 
The total codon of our vaccine was 879-base with a CAI-
Value 1.0. It indicated a high level of expression capability. 
The GC-Content of the codon was 50.967, which is similar 

to that of Escherichia coli strain K12 (50.734). The opti-
mized codon was then inserted into the pET-28(+) plasmid 
via the Snapgene software (shown in red color between the 
sites EcoRI and BamHI.1). 

3.4.7. Immunity Simulation 

 The immunity prediction results are shown in Fig. (7) as 
derived by the C- immsim server [70]. The x-axis represents 
the time of injection, and the y-axis stands for the amount of 
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the specific cell/antibody/antigen types. Immune cells (T and 
B cells) and the antibody wereinduced and enriched sharply 
at the injection time of the vaccine. Active B-cells main-
tained at  a high level over the 360 days after the injection. 
Antibodies (IgG1, IgG2, and IgGM) wereinduced  and re-
mained in the body after the injection, with IgG1 generated 
at a very high level after the third dose. The findings estab-
lish the efficacy of the formulated vaccine, elucidating its 
remarkable capacity to induce enduring immunity by stimu-
lating the activation and proliferation of both T and B cells, 
in addition to eliciting a robust production of antibodies. 

CONCLUSION 

We designed a novel multi-epitope vaccine according to 
the sequences from the four main proteins of the SARS-
CoV-2 virus (envelope, membrane, nucleo-, and spike pro-
tein). We examined some key properties of the four proteins 
to ensure they all are antigens. Then, we predicted their T- 

and B-cell epitopes. We filtered the epitopes based on per-
centile rank, conservatory, antigenic- ity, interferon-γ induc-
ing capability, allergenicity, and toxicity so that the remain-
ing epitopes are relatively effective for stimulating immune 
response as well as safe for use. We also performed a popu-
lation coverage analysis to ensure wide coverage of our de-
signed vaccine. To understand  more about the vaccine prop-
erties, secondary and tertiary structures were predicted via 
PSIPRED and ColabFold. The structures were validated by 
Prosa, ERRAT and PROCHECK. Molecular docking was 
then performed for the vaccine with human TLR3 and HlA 
alleles. The stable docking construct indicates its effective-
ness. The corresponding gene, after codon optimization, was 
successfully cloned into the plasmid vector (pET-28a (+)). 
Then the C-immsim server was used for simulating the im-
mune response of the vaccine, which revealed the capability 
of the MEV to elicit high-level primary, secondary, and ter-
tiary immune responses. A limitation  of this study is that all 
construction and analysis for the MEV are currently based 

 
Fig. (7). Simulation for vaccine immunity response. (a) B-cell population plot. (b) B-cell popu- lation plot in terms of cell states. (c) Helper 
T-cell population plot. (d) Antibody type plot. (A higher resolution / colour version of this figure is available in the electronic copy of the 
article). 
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on in-silico re- sults. To achieve more accurate analyses, 
future wet-lab experiments regarding the properties of MEV 
may need to be conducted. 
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