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Background. Middle East Respiratory Syndrome Coronavirus (MERS-CoV), associated with severe respira-
tory illness, originates from the Middle East region. The virus is transmitted from animals to humans, with 
the dromedary camel serving as a significant reservoir. The virus's high fatality rate has spurred research into 
vaccine development and therapeutics. 
Objective. This study aimed to employ an in silico approach to design a potential vaccine candidate against 
MERS-CoV, focusing on the M protein as an antigen. 
Methods. The FASTA sequence of M protein was used to predict B cell and major histocompatibility complex 
class I and class II epitopes. The best epitopes were selected from these predicted epitopes. The vaccine candi-
date's construct consisted of epitopes, linkers, and a tag. The sequence of the vaccine candidate's construct, 
consisting of 390 amino acids, was back-translated, optimized, and then inserted into a plasmid for cloning 
and expression using SnapGene. The 3D structure of the vaccine candidate is docked with TLR-4 receptor. 
Molecular dynamics simulation was run for this docked complex using GROMACS gmx, version 2021.4. 
Results. Through computational modeling and analysis, we developed a novel vaccine candidate with pro-
mising structural and functional properties. Our results suggest that the designed vaccine candidate has the 
potential to induce a robust immune response. 
Conclusions. This in silico approach presents a promising MERS-CoV vaccine candidate designed to trigger 
both humoral and cellular immune responses. This candidate holds the potential to provide broad-spectrum 
protection against MERS-CoV. 

Keywords: MERS-CoV; vaccine candidate's; molecular docking; molecular dynamics simulation; bioinfor-
matics approaches. 

 

Introduction 

MERS-CoV is an infectious virus that was first 

reported in Jeddah, Saudi Arabia, in June 2012 [1]. 

MERS-CoV is a zoonotic viral pathogen. It likely 

uses bats as its natural host [2] camels may acquire 

MERS-CoV from bats and it also transmit from 

camels to camels [3] and by direct contact to these 

camels (dromedary camels) it can be transmitted to 

Humans [4]. MERS-CoV enters the human body 

via the lower respiratory tract, leading to the deve-

lopment of severe respiratory symptoms that may 

ultimately result in respiratory failure or affect other 

organs [5]. As of July 4th, 2023, health authorities 

globally have recorded a cumulative total of 2,613 in-

stances of MERS-CoV, with 945 fatalities [6]. Most 

of MERS vaccines currently being developed are 

based on the MERS-CoV S protein [7]. The genome 

of MERS-CoV contains 30,119 nucleotides [8] and 

encodes four structural proteins, containing spike (S), 

membrane (M), nucleocapsid (N), envelope (E), it 

also have some accessory proteins for example 3, 

4a, 4b, 5 and 8 [9]. In this study, we used modern-

day computational methods to design a novel multi-

epitope vaccine candidate against MERS-CoV us-

ing its M protein as an antigen. The main protein 

in the viral envelope is M protein. By networking 

with all the other structural proteins, they play a 

crucial part in viral assembly [10]. The M protein 

is the prevalent protein of the envelope. Its length 

could be 217-230 amino acid, but it could go up to 

270 residues in some variants [11]. To use a novel 

approach consisting in utilizing advanced computa-

tional methods and immunoinformatics tools for 

the design of an in silico vaccine candidate against 

MERS-CoV. This approach involves the identifica-

tion of potential antigenic peptides, structural mo-

deling of vaccine candidate, and validation through 

molecular docking and MD simulations. Previous 

studies based on developing in silico vaccine candi-

dates against MERS-CoV lacks the in silico cloning 

technique. Our study also aims to demonstrate the 
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feasibility and efficacy of in silico cloning and op-

timization in the development of a MERS-CoV 

vaccine candidate. The benefits include accelerated 

vaccine development timelines, reduced need for 

extensive laboratory experimentation, and the abi-

lity to rapidly respond to emerging viral threats. In 

this study we aimed to design a multi epitope ba-

sed in silico vaccine candidate against MERS-CoV 

using its Beta coronavirus England 1 strain. The 

M protein of this strain consist of 219 amino acids. 

Constructing an in-silico Vaccine candidate against 

the MERS-CoV M antigen involves several steps. 

Initially, the viral antigen is used to predict poten-

tial epitopes which can elicit immune response. 

Then these epitopes are linked together using lin-

kers. Three-dimensional structure of these linked 

epitopes is then predicted, and that structure is 

then used to dock with receptor and MD simula-

tion is then run on the complex formed by vaccine 

candidate and receptor dock. 

Materials and methods 

Antigen 

M antigen of MERS-CoV [Beta coronavirus 

England 1] is selected as an antigen, because of its 

important role in virus cell cycle. The M antigen is 

essential for the assembly and maturation of viru-

ses. It has value of 0.5504 for Overall Prediction for 

the Protective Antigen predicted by VaxiJen 2.0 [12]. 

Protein sequence of MERS-CoV M protein [Beta 

coronavirus England 1] was downloaded from 

NCBI [13] with accession number AFY13313.1, 

this protein has 219 amino acids. 

Epitopes prediction and evaluation 

B cell and T cell epitopes for the M antigen 

were predicted by IEDB [14]. As T cell epitopes we 

predicted was of two types of major histocompatibility 

complex (MHC) class I and MHC class II epitopes. 

IEDB tool predicted linear epitopes for B cell and 

used ANN 4.0 and NN-align 2.3 (NETMHCII 2.3) 

method to predict MHC class I and MHC class II 

Epitopes respectively. Then Firstly, epitopes having 

ic50 value equal or more than 100 was deleted, 

then VaxiJen v2.0 server was used to predict vacci-

genicity of remaining epitopes. Epitopes with Vax-

ijen value lower than 0.6 was deleted, but in case 

of B cell epitopes threshold value in Vaxijen 2.0 

server was 0.4. epitopes having good Vaxijen value 

are than used in AllerTop server [15] to predict 

there allergenicity, the allergic epitopes are deleted. 

At last, ToxinPred tool [16] was used to check to-

xicity of epitopes, all the epitopes were nontoxic. 

So, in the end we only had 21 potential epitopes, 

which are candidates for a vaccine construct with 9 

MHC class II, 11 MHC class II, and 1 B cell epi-

topes. 

Vaccine candidate's construction 

All the epitopes were joined together using 

linkers and then to provide more stability and so-

lubility to vaccine candidate an adjuvant is also 

connected to vaccine candidate's N-terminal with 

the aid of a linker. Then a tag is added to the C 

terminal to have an identification of our vaccine 

candidate in a complex or mixture of proteins. 

Then physiochemical properties were examined using 

the ProtParam online server [17]. PsiPred tool [18] 

was used to predict secondary structure of our vac-

cine candidate's construct and I-Tasser is used to 

predict tertiary structure. I-TASSER [19], which 

stands for Iterative Threading ASSEmbly Refine-

ment, is a hierarchical method used for predicting 

protein structure and annotating structure-based 

functions. The process begins by identifying structu-

ral templates from the Protein Data Bank (PDB) us-

ing a multiple threading approach called LOMETS. 

These templates are then used to construct full-

length atomic models through iterative simulations 

based on template fragments. This allows for the 

derivation of information regarding the protein's 

functions. The finest-modeled structure underwent 

refinement using the Galaxy Refine server [20]. 

The final 3D model was subject to analysis using 

ProSAweb [21] and Ramachandran plot. The Ra-

machandran plot, obtained from PROCHECK [22], 

evaluates the torsional angles of each residue in the 

protein and categorizes them as allowed, favored, 

or outliers. ProSA web was utilized to identify er-

rors in the generated 3D models by analyzing the 

atomic coordinates of the model. ProSA web pro-

vides a Z-score indicating the overall quality of the 

model and plots residue energies of the protein.  

Cloning 

EMBOSS bactranseq [23] is used to backtran-

slate sequence of vaccine candidate into nucleotide 

sequence and then it is refined using Jcat [24] and 

then inserted into a vector by inducing cut in vec-

tor using SnapGene [25]. 

Docking and Molecular dynamic simulation 

 Structure of TLR-4 was retrieved from RCSB 

in pdb format using PDB id 3FXI [26], all the li-

gands and water molecules are than deleted from 
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Figure 1: Schematic illustration of complete methodology of in silico epitopes based vaccine candidate development 

 

this structure. This structure is then used as recep-

tor. Cluspro 2.0 server [27] is used for docking. 

Refined structure of vaccine candidate is than 

docked with this TLR-4 receptor. The best scored 

model obtained from Cluspro is than subjected to-

wards MD simulation. MD simulation is per-

formed using GROMACS [28] gmx, version 2021.4 

CHARMm36 force field [29] at 100. The docked 

complex was positioned at the center of a triclinic 

box with a space of 1.5 nm from all edges and sol-

vated with the TIP3P water model. Sodium-

Chloride (NaCl) was added at physiological con-

centrations. After that, 3 independent runs were 

simulated, and the systems were minimized with 

different shutdown criteria using the steep of the 

steepest descent method to ensure independent si-

mulations. Next, for each system, we carried out 

two equilibration steps: a 1 ns NVT equilibration 

followed by a 10 ns NPT equilibration. After the 

equilibrations, two systems were run for 50 ns, and 

the last one for 100 ns of a production run were 

performed. Generated graphs, data and files were 

visualized using qtGrace [30] and Microsoft excel 

2019 and VMD [31], respectively. The methodolo-

gy of in silico vaccine candidate development is il-

lustrated in Fig. 1. 

Results 

Antigen selection 

The M protein of MERS-CoV is selected as 

an antigen and candidate to construct an in-silico 

vaccine candidate against it has multiple functions. 

It helps shape the virus and assemble new viral 

particles, allowing them to be released from in-

fected cells. The M protein also assists in moving 

viral components within the cell and helps the vi-
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Figure 2: (a) Secondary structure of M antigen of MERS-CoV and (b) tertiary structure of M antigen predicted by I-TASSER 

 

rus evade the host's immune system. Additionally, 

it may contribute to the development of symptoms 

and damage caused by the virus. FASTA sequence 

of M protein is downloaded from NCBI with ac-

cession number AFY13313.1, It have 219 amino 

acids.  

 AFY13313.1 M protein [Beta coronavirus 

England 1] 

MSNMTQLTEAQIIAIIKDWNFAWSLIFLL

ITIVLQYGYPSRSMTVYVFKMFVLWLLWP

SSMALSIFSAVYPIDLASQIISGIVAAVSAM

MWISYFVQSIRLFMRTGSWWSFNPETNC

LLNVPFGGTTVVRPLVEDSTSVTAVVTNG

HLKMAGMHFGACDYDRLPNEVTVAKP

NVLIALKMVKRQSYGTNSGVAIYHRYKA

GNYRSPPITADIELALLRA. 

Antigenicity of this sequence is predicted by 

VaxiJen and have 0.5504 VaxiJen value. It is non 

allergen and nontoxic as predicted by AllerTop and 

ToxinPred respectively. Secondary structure pre-

dicted by PSIPred of M protein suggests that 50 

amino acids participate in formation of beta-

strands and 99 amino acids are participated in 

formation of alpha-helix, remaining 70 amino ac-

ids makes coil as shown in Fig. 2. Tertiary structure 

is predicted by I-TASSER. 

Epitopes prediction and evaluation 

B cell and T cell epitopes were predicted us-

ing IEDB tool and only epitopes which are non-

allergic, nontoxic, having ic50 value below 100 and 

had VaxiJen value 0.6 or above (threshold value 

in case of B-cell is 0.4) was selected, predicted by 

Aller Top, ToxinPred, IEDB and VaxiJen server 2.0 

respectively. So, we had 21 potential epitopes, 

which are candidates for a vaccine with 9 MHC 

class II, 11 MHC class II, and 1 B cell epitope. All 

the epitopes and there vaxijen values for MHC 

class I and MHC clas II are mentioned in Table 1 

and Table 2 respectively. 

Only 1 b cell epitope is selected as a candi-

date for a vaccine KMVKRQSYGTN, its vaxijen 

value is 0.4474 and it is also nontoxic and non-

allergen. Population coverage for MHC class I epi-

topes and MHC class-II epitopes separately and 

combined is assessed against whole world and for 

different world regions using IEDB server. The 

population coverage for combined MHC class I 

and MHC class II epitopes was estimated to be 

89.78%. MHC class I and MHC class II epitopes as 

combined showed highest percentage of population 

coverage (94.34%) in North America followed by 

Europe (93.01%), North Africa (85.50%), West In-

dies (83.95%), South Asia (82.40%), East Africa 

(81.80%), East Asia (81.43%), West Africa (80.30%), 

Central Africa (75.54%), Northeast Asia (70.91%), 

Southwest Asia (65.28%), South Africa (59.39%), 

Oceania (55.02%) as shown in Fig. 3. 

Vaccine candidate construction and evaluation 

All the individual epitopes were linked toge-

ther using different linkers, depending upon there 

types. GPGPG linker is used to link MHC class I 

epitopes and AAY linker is used to link all the epi-

topes of MHC class II epitopes. B cell epitope is 

also linked to MHC class I epitopes with the help 

of GPGPG linker. An adjuvant is added at the N 

terminal of vaccine candidate's construct, to pro-

vide the vaccine candidate's more stability and im-

prove its solubility in the expression system. This 

adjuvant is linked with B cell epitope using EAAAK 

linker. The adjuvant we used is heat-liable entero-

toxin MUTANT S63K which can be retrieved 

from RCSB.org using PDB ID 1LT4 [32].  
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  Table 1: Potential MHC class I epitopes candidates for vaccine and their toxicity vaxijen value and allergenicity 

Epitope no. Epitopes VaxiJen Value Allerginicity Toxicity 

1 AIIKDWNFA 1.286 Non-allergen Non-toxic 

2 FMRTGSWWSF 0.7623 Non-allergen Non-toxic 

3 ITADIELALL 0.945 Non-allergen Non-toxic 

4 LITIVLQYGY 0.8467 Non-allergen Non-toxic 

5 LLITIVLQY 0.8719 Non-allergen Non-toxic 

6 LWPSSMALSI 0.6861 Non-allergen Non-toxic 

7 NVLIALKMVK 1.0571 Non-allergen Non-toxic 

8 SLIFLLITIV 0.9646 Non-allergen Non-toxic 

9 TADIELALLR 0.7197 Non-allergen Non-toxic 

Table 2: Potential MHC class II epitopes candidates for vaccine and their toxicity vaxijen value and allergenicity 

Epitope no. Epitopes VaxiJen Value Allergenicity Toxicity 

1 DWNFAWSLI 2.3238 Non-allergen Non-toxic 

2 FAWSLIFLL 1.0535 Non-allergen Non-toxic 

3 IIKDWNFAW 1.6834 Non-allergen Non-toxic 

4 ITADIELAL 0.9197 Non-allergen Non-toxic 

5 IVLQYGYPS 0.9152 Non-allergen Non-toxic 

6 LKMAGMHFG 0.9909 Non-allergen Non-toxic 

7 MRTGSWWSF 1.0057 Non-allergen Non-toxic 

8 NFAWSLIFL 1.6504 Non-allergen Non-toxic 

9 PNVLIALKM 1.1168 Non-allergen Non-toxic 

10 VLIALKMVK 1.28954 Non-allergen Non-toxic 

11 WNFAWSLIF 1.3815 Non-allergen Non-toxic 

 

Figure 3: Population coverage of MHC class I and MHC class II epitopes 
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Figure 4: Final vaccine candidate construct with 3 types of epi-
topes, an adjuvant and linkers (linking epitopes and adjuvant 
together) 

 

FASTA sequence of adjuvant is 

APQTITELCSEYRNTQIYTINDKILSYTES

MAGKREMVIITFKSGETFQVEVPGSQHI

DSQKKAIERMKDTLRITYLTETKIDKLCV

WNNKTPNSIAAISMKN 

At the end of the vaccine candidate a 6x His-

tidine tag is attached for identification of our spe-

cific protein (vaccine candidate) in a complex or 

mixture of proteins. The final vaccine candidate's 

construct has an adjuvant (heat-liable enterotoxin 

MUTANT S63K) attached to b cell with linker 

EAAAK and then GPGPG linker is used to attach 

B cell epitope to MHC class I epitopes and all the 

MHC class I epitopes. To link MHC class I and 

MHC class II epitopes we used AAY and all the 

epitopes of MHC class II are also linked by AAY 

linker, the arrangement of adjuvant, linkers and 

epitopes can be seen in Fig. 4.  

Final vaccine candidate construct 

APQTITELCSEYRNTQIYTINDKILSYTES

MAGKREMVIITFKSGETFQVEVPGSQHI

DSQKKAIERMKDTLRITYLTETKIDKLCV

WNNKTPNSIAAISMKNEAAAKKMVKRQ

SYGTNGPGPGAIIKDWNFAGPGPGFMR

TGSWWSFGPGPGITADIELALLGPGPGLI

TIVLQYGYGPGPGLLITIVLQYGPGPGLW

PSSMALSIGPGPGNVLIALKMVKGPGPG

SLIFLLITIVGPGPGTADIELALLRAAYDW

NFAWSLIAAYFAWSLIFLLAAYIIKDWNF

AWAAYITADIELALAAYIVLQYGYPSAAYL

KMAGMHFGAAYMRTGSWWSFAAYNFA

WSLIFLAAYPNVLIALKMAAYVLIALKMV

KAAYWNFAWSLIFHHHHHH 

This vaccine candidate sequence is 390 amino 

acids long and is non allergen, nontoxic and have 

VaxiJen value of 0.6625 predicted by AllerTop, 

ToxinPred and VaxiJen server 2.0 respectively. 

Then Prediction of solubility of vaccine candidate’s 

sequence for expression in Escherichia coli is pre-

dicted by SOLUPROT V1.0. solubility score here 

is 0.828, means it has better solubility in Escheri-

chia coli and sequence can be subjected towards 

further processing's. The secondary and tertiary 

structure of vaccine candidate is shown in Fig. 5. 

PSIPRED tool is used to predict the secondary 

structure of the vaccine candidate's construct, 

demonstrating it have 153 amino acids involved in 

constructing alpha-helix, 99 amino acids are in-

volved in making beta-pleated sheets and remain-

ing 138 amino acids makes up coils. Tertiary struc-

ture is predicted using I-TASSER. This 3D struc-

ture has C-score of 1.58 and Estimated TM-score  

= 0.52  0.15, Estimated RMSD = 10.4  4.6 Å in-

dicating a good 3D structure. 

The predicted tertiary structure is then sub-

jected towards GALAXYWEB server for its refine-

ment, the refined structure is then used in furthur 

analysis. To evaluate the model's validity, protein 

structure comparisons and analyses were conducted 

using ProSA-web and Ramachandran plot. The Z-

score for the most accurate 3D model was de-

termined by ProSA Web. The vaccine candidate's 

3D refined structure obtained a Z-score of 2.28, 

which falls within the typical range of scores 

observed for native proteins of similar size. The 

ERRAT Value [33] of 3D structure of vaccine 

candidate is 87.9581 [33]. The Ramachandran plot 

analysis predicted by UCLA PROCHECK reveals 

that the majority of residues (96.3%) are located 

within the favored and allowed regions out of 

which 67.3% are in mostfavoured region, 27.2% 
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a           b 

Figure 5: (a) Secondary structure of vaccine candidate predicted by PsiPred and (b) tertiary structure of vaccine candidate predicted 
by I-TASSER 

                      

    

     a                 b 

Figure 6: Structure validation of vaccine candidate tertiary structure using (a) UCLA Ramachandran plot and (b) ProSA web 
Z-score 

 

residues in additional allowed region and 1.8% in 

generously allowed region with only 3.7% residing 

in the outlier region. There are 2 end residues, 

37 glycine residues and 24 proline residues. The 

ramachandran plot and ProsaWeb's Z-score plot 

can be seen in Fig. 6. The outcomes indicate that 

the quality of the model designed is considered 

acceptable. 

Immune simulation 

Using CIMMSIM server immune simulation 

is predicted, using default parameters as, simula-

tion volume is 10, random seed is 12345, number 

of steps are 100, number of injection is one and 

the vaccine injection with no LPS which indicates

that this vaccine candidate will have its effect in 

human body for 33 days [34]. The graphs generated 

by CIMMSIM are shown in Fig. 7. 

Cloning 

The FASTA sequence of vaccine candidate is 

back translated into nucleotide sequence using 

EMBOSS backtranseq tool, jcat.de is used to im-

prove this sequence. By using snap gene this se-

quence is converted into map, and then inserted 

into a vector (Pbr322) by inducing cut in it at 

BsaAI site. Our vaccine candidate’s map is 1170 bp 

long and vector has 4361 base pairs, in final cloning 

system we had vector+ vaccine candidate map of 

5531 base pairs. The maps can be visualized in Fig. 8. 
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Figure 7: Immune Simulation: (a) amount of antigens could be more than 650000 after vaccination in first 5 days and the IgM an-
tibodies are produced approximately after 3 days, IgG1 could be produced at day 5; (b) TR cell production: maximum of 140 active 
TR cells; (c) macrophages population: active macrophages starts increasing from day 1, but do not increase much for days 5–33; 
(d) CD8 T-cytotoxic lymphocytes. Memory cells stays constant for 33 days but number of non-memory TC cells fluctuates; (e) ac-
tive CD8 T-cytotoxic lymphocytes starts increasing from day 3 and could be more than 500 after 33 days; (f) dendritic cells count: 
total DC could fluctuate between 160–240 in 33 days; (g) Natural Killer cells shows a higher frequency of change in numbers, the 
highest number of NK cells is 374 at day 10; (h) B lymphocytes memory cells increase from day 3–8 and then stay constant but 
non-memory cells decreases; (i) active B lymphocytes cells per mm³ could be up to 500 

Docking and Molecular dynamics simulation 

The prepared refined 3D structure of vaccine 

candidate is then docked with TLR-4 receptor. 

Cluspro 2.0 server is used for docking [35]. Cluspro 

will generate many models with different weighted 

scores. From the results 0 model have minimum 

energy of 1505.7.1 showing better dock complex. 

So, it is downloaded for further analysis. 

The vaccine candidate exhibited an interac-

tion with both chains of the TLR-4 receptor as 

shown in Fig. 9. For better understanding of this 

interaction between TLR-4 receptor and vaccine 

candidate we used LigPlot+ v.2.2.4 [36]. A strong 

interaction between TLR-4 Chain A and vaccine 

candidate can be observed in Fig. 10.  

Vaccine candidate also interacted with the 

chain B of TLR-4, but only a few residues partici-

pated in this interaction as shown in Fig. 11. 
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Figure 8: Cloning of vaccine candidate using Snapgene (a), map of vaccine candidate (b), pBR322 vector (c) recombinant plasmid 
having vaccine construct nucleotide sequence, (d) insertion of vaccine candidate in Pbr322 by inducing cut on BsaAI 

 

Figure 9: The complex formed by the docking of vaccine candidate and TLR-4 receptor 
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Figure 10: Interaction between TLR-4 receptor's chain A and vaccine candidate visualized by DIMPLOT tool of LigPlot, green 
lines show hydrogen bonds 

 

Figure 11: Interaction between chain B of TLR-4 and vaccine candidate 
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Figure 12: (a) RMSD at 0.1 ns all the three runs was at 0.11nm butt gradually it increased and 1st 50 ns run ended up on 0.64nm 
and 2nd 50 ns was at 0.88nm and at 100 ns the RMSD value is 1.31; (b) comparison of RMSD density of all three runs; (c) rate of 
gyration is 4.39 nm at 0.1 for all runs but fluctuate to 4.37 nm and 4.41 nm for 50 ns runs and 4.50 nm for 100ns runs; (d) number 
of Hydrogen Bond fluctuations; (e) center of mass gradually decreases for all three runs; (f) comparison of density of Center of mass 
of all three runs; (g) shows RMSF of all three chains, Chain A and Chain B are of receptor both constitutes of 601 residues and 
third chain is of vaccine candidate which constitutes of 390 residues; (h) SASA value is 696.58 on 0.1 ns and is 699.10 nm and 
669.63 nm for 2 50 ns runs and 723.62 at 100 ns 

The best scored model is than subjected to-

wards MD simulation. MD simulation is per-

formed using GROMACS gmx, version 2021.4 and 

CHARMm36 force field at 100 ns. The docked 

complex was positioned at the center of a triclinic 

box with a space of 1.5 nm from all edges and sol-

vated with the TIP3P water model. Sodium-

Chloride (NaCl) was added at physiological con-

centrations. After that, 3 independent runs were 

simulated, and the systems were minimized with 

different shutdown criteria using the steep of the 

steepest descent method to ensure independent si-

mulations. Next, for each system, we carried out 

two equilibration steps: a 1 ns NVT equilibration 

followed by a 10 ns NPT equilibration. After the 

equilibrations, two systems were run for 50 ns, and 

the last one for 100 ns of a production run were 

performed. Generated graphs and files were visua-

lized using qtGrace [30], Microsoft Excel 2019 and 

VMD [31]. Fig. 12 shows all graphs generated after 

the MD simulation of complex. 
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Discussion 

Our study demonstrates the feasibility and 

utility of in silico vaccine candidate design in 

combating emerging viral threats such as MERS-

CoV. By leveraging computational modeling and 

bioinformatics tools, we have expedited the iden-

tification and optimization of a potential vaccine 

candidate targeting the M protein of MERS-CoV. 

Middle east respiratory syndrome is an infrequent 

yet serious respiratory sickness. So, designing a 

vaccine against MERS-CoV is really a need of 

time. Researchers have employed immunoinfor-

matics to create cutting-edge multi-epitope-driven 

vaccine models for viruses like MERS-CoV, 

SARS-CoV-2, Ebola [37, 38]. Shafi Mahmud and 

colleagues also prepared an in silico vaccine can-

didate against MERS-CoV but they used S glyco-

protein as an antigen [39]. At present, there is 

neither a FDA approved drug, vaccine nor a tar-

geted treatment available for MERS. The vaccine 

candidate was developed to confer immunity by 

utilizing multiple small antigenic peptide frag-

ments. 

We retrieved FASTA sequence of M protein 

of MERS-CoV and then predicted three types of 

epitopes B cell epitopes, MHC class I epitopes 

and MHC class II epitopes using IEDB. Top epi-

topes were chosed on the basis of their allerge-

nicity, antigenicity and IC50 value. So, our vac-

cine candidate has three types of epitopes (1 B cell, 

9 MHC class I, 11 MHC class II), linkers were 

used to link all epitopes, a 6x Histidine tag added 

at the end of vaccine candidate and an adjuvant 

was added in start of vaccine candidate's con-

struct. Heat-liable enterotoxin MUTANT S63K 

was used as an adjuvant and is linked to B cell 

epitope using EAAAK linker. GPGPG and AAY 

linkers were used to link MHC class I and MHC 

class II epitopes respectively. After construction 

of vaccine candidate, we performed in silico clon-

ing in SnapGene using pBR322 as vector and 

then we predicted tertiary structure of constructed 

vaccine candidate using I-Tasser. This 3D struc-

ture has a C-score of 1.58 and Estimated TM-

score = 0.52  0.15 Estimated RMSD = 10.4  4.6 Å 

indicating a good 3D structure. and then we re-

fined this tertiary structure using GalaxyRefine. 

This structure was docked with TLR-4 using 

Cluspro 2.0. the best scored docked complex was 

downloaded and subjected towards MD simula-

tions. The RMSD and RMSF characteristics of 

the vaccine candidates remained under 2 Å thro-

ughout the simulation period. These outcomes es-

tablish the integrity of the vaccine candidate 

complexes and their limited mobility under the 

simulation conditions. As our designed vaccine 

candidate, molecular docking and molecular dy-

namics simulation is completed based on compu-

tational programs and softwares, there are chances 

that the predicted biological responses and inte-

ractions are not 100% accurate. The complexity 

of biological systems can be difficult to replicate 

with precision in a digital environment. although 

our designed vaccine candidate proved good in 

molecular docking and molecular dynamics simu-

lations, but it must be validated through in vitro 

and in vivo experimentations. The MERS virus 

may undergo antigenic variation, which could af-

fect the effectiveness of the vaccine designed 

against a specific M antigen sequence. Conti-

nuous monitoring and potential updates to the 

vaccine design may be necessary to address viral 

mutations. The immune simulation study sug-

gested that our developed vaccine candidate is 

probable to elicit an adequate immune response 

upon subsequent exposure following the final in-

jection. 

Conclusions 

We used modern bioinformatics approaches 

to design vaccine candidate against MERS-CoV 

using Matrix protein as an antigen. This vaccine 

candidate constituents upon 391 amino acids and 

1170 nucleotide if we back translate the amino 

acid sequence using EMBOSS Backtranseq tool. 

Using snapgene in silico cloning of vaccine candi-

date was performed and pBR322 was used as a 

vector. The 3D structure of vaccine candidate is 

docked with TLR-4 receptor using Cluspro 2.0 

and then the best scored model is subjected to-

wards Molecular dynamics simulation. MD simu-

lation is performed using GROMACS gmx, ver-

sion 2021.4. The in silico immune simulation 

confirmed immune cell response against antigen. 

The in silico vaccine candidates developed against 

MERS-CoV earlier was based on using nucleo-

capsid protein and spike protein as antigen, 

meanwhile in silico cloning was also not reported 

in those works. But we used M protein to con-

struct a vaccine candidate against MERS-CoV, as 

it is the most abundant structural protein in the 

virus and is crucial for the assembly and shape of 

the virus. It interacts with other structural pro-

teins to form the viral envelope. we used Snap-

gene for in silico cloning of our vaccine candidate, 

which facilitates virtual optimization and valida-
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tion of our back translated vaccine candidate's 

construct. However, the experimental support is 

indispensable to certify the vaccine candidate use 

against MERS. 
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РОЗРОБЛЕННЯ МУЛЬТИЕПІТОПНОЇ ВАКЦИНИ-КАНДИДАТА ПРОТИ MERS-CoV: IN SILICO ПІДХІД 

Проблематика. Коронавірус Близькосхідного респіраторного синдрому (MERS-CoV), асоційований із важкими респіраторними 
захворюваннями, походить із регіону Близького Сходу. Вірус передається від тварин до людини, при цьому основним резервуа-
рним хазяїном є одногорбий верблюд. Високий рівень смертності від вірусу спонукав до розроблення вакцин і терапевтичних 
засобів. 
Мета. Із застосуванням in silico підходу розробити потенційну вакцину проти MERS-CoV, зосереджуючись на білку M як антигені. 
Методика реалізації. Послідовність білка M у форматі FASTA використовувалася для прогнозування епітопів B-клітин і епітопів 
головного комплексу гістосумісності I і II класу. З цих передбачуваних епітопів були обрані найкращі. До складу вакцини-
кандидата входять епітопи, лінкери та мітки. Послідовність конструкції вакцини-кандидата, що складається з 390 амінокислот, 
було зворотно транскрибовано, оптимізовано і вставлено в плазміду з метою клонування та експресії за допомогою SnapGene. 
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Тривимірну структуру вакцини-кандидата було доковано з рецептором TLR-4. Моделювання молекулярної динаміки докованого 
комплексу було виконано за допомогою GROMACS gmx, версія 2021.4. 
Результати. За допомогою комп’ютерного моделювання й аналізу розроблено нову вакцину-кандидата із перспективними 
структурними та функціональними властивостями. Наші результати свідчать про те, що розроблена вакцина-кандидат має 
потенціал викликати сильну імунну відповідь. 
Висновки. Застосований in silico підхід пропонує до розгляду перспективну вакцину-кандидата проти MERS-CoV, яка здатна 
викликати як гуморальну, так і клітинну імунну відповідь. Цей кандидат має потенціал забезпечити захист широкого спектру від 
MERS-CoV. 

Ключові слова: MERS-CoV; вакцина-кандидат; молекулярний докінг; моделювання молекулярної динаміки; біоінформатичні 
підходи. 


