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Abstract
Bunyamwera orthobunyavirus and its serogroup can cause several diseases in humans, cattle, ruminants, and birds. The viral 
M-polyprotein helps the virus to enter the host body. Therefore, this protein might serve as a potential vaccine target against 
Bunyamwera orthobunyavirus. The present study applied the immunoinformatics technique to design an epitopic vaccine 
component that could protect against Bunyamwera infection. Phylogenetic analysis revealed the presence of conserved pat-
terns of M-polyprotein within the viral serogroup. Three epitopes common for both B-cell and T-cell were identified, i.e., 
YQPTELTRS, YKAHDKEET, and ILGTGTPKF merged with a specific linker peptide to construct an active vaccine com-
ponent. The low atomic contact energy value of docking complex between human TLR4 (TLR4/MD2 complex) and vaccine 
construct confirms the elevated protein–protein binding interaction. Molecular dynamic simulation and normal mode analysis 
illustrate the docking complex’s stability, especially by the higher Eigenvalue. In silico cloning of the vaccine construct was 
applied to amplify the desired vaccine component. Structural allocation of both the vaccine and epitopes also show the effi-
cacy of the developed vaccine. Hence, the computational research design outcomes support that the peptide-based vaccine 
construction is a crucial drive target to limit the infection of Bunyamwera orthobunyavirus to an extent.
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Introduction

Bunyamwera orthobunyavirus belongs to the family Bun-
yaviridae, of genus Bunyavirus. Generally, more than 25 
orthobunyaviruses are the leading causative agents of sev-
eral diseases in the human host, as well as in livestock and 
bird species (Dutuze et al. 2018). The consequences of the 
disease is known as Bunyamwera fever, an arthropod-borne 
viral infection, primarily manifest in human beings (Kohl 
et al. 2003). Mosquito, ticks, mites etc., acts as a potent car-
riers of the virus from ruminants to humans. Bunyamwera 
virus and its serogroup cause many associate diseases like 
an acute fever in humans, encephalitis, joint pain, arthralgia, 
myalgia, genetic defects, follicular tonsillitis, bronchopneu-
monia, abortions, and premature births (Ashford 2001; Lam-
bert and Lanciotti 2009; Medlock et al. 2007; Yanase et al. 
2006). This viral serogroup is prevalent primarily in Afri-
can countries, such as Nigeria, Uganda, Kenya, and Zambia 
(Fig. 1A) (Cavazzana et al. 2016; Wertheim et al. 2012). The 
genome of this virus contains an ambisense tripartite RNA 
genome consisting of three fragments of ambisense RNA, 
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i.e., small (S), medium (M), and large (L) (Mazel-Sanchez 
and Elliott 2012; Odhiambo et al. 2016; Shi et al. 2016). 
The S, M, and L fragments lengths are approximately 1 kb 
−2 kb, 4 kb −5 kb, and 6.9 Kb, respectively. The S fragment 
encodes NSs protein, while the M fragment encodes a poly-
protein, split into three post-transcriptional mRNA encod-
ing three different functionally autonomous polypeptides, 
namely Gn, Nsm, and Gc. The M-polyprotein, translated 
from M fragment RNA of Bunyamwra orthobunyavirus can 

be used as an ideal component for vaccine construction as 
these encodes for virion surface glycoproteins that mediate 
the entry of the virus into the host body (Shi et al. 2016; 
Soldan and González-Scarano 2005). As noted, M-polypro-
tein is evolutionarily conserved within the serogroup of the 
Bunyamwera virus (Fig. 1B).

There are mainly two promising existing techniques 
for potent vaccine development, i.e., conventional and 
reverse vaccinology techniques (He et al. 2010). Reverse 

Fig. 1   A Infection reported and death case by Bunyamwera orthobu-
nyavirus and serogroup in African countries (source WHO report, 
1998). B Phylogenetic tree of Bunyamwera orthobunyavirus and 

serogroup based on M-polyprotein by using the ML method to infer 
phylogenetic tree in MEGA
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vaccinology is a specific, advanced, most effortless, and 
powerful approach compared to the conventional one (Kazi 
et al. 2018). Reverse vaccinology utilizes immunoinfor-
matics knowledge to construct an efficient vaccine against 
pathogenic viruses (Vivona et al. 2008). Using reverse vacci-
nology technique, multiple computational methods based on 
immunoinformatics can be employed to construct a vaccine 
design (Bhattacharya et al. 2020b). This technique exploits 
several authentic prediction servers and software to find the 
promising epitopes present within the targeted protein.

The 3D conformational architecture of identified epitopes 
and vaccine construct significantly impact peptide-based 
immunoinformatics research. Molecular docking is per-
formed to examine the interaction of epitopes with the 
immune system. The molecular dynamic simulation study 
and normal mode analysis are required to validate the rigid-
ity of the vaccine protein docking complex and calculate 
protein flexibility. More significantly, in-silico cloning was 
adopted for amplifying the desired vaccine protein, which 
ultimately leads to establishing a robust immune system to 
protect the targeted microorganism. Therefore, the meth-
odological efforts will emerge as a significant drive towards 
controlling Bunyamwera infection and allied diseases by the 
support of highly advanced immunoinformatics proficiency 
practices.

The present research aims to limit Bunyamwera infection 
and abundance to achieve a suitable epitopic vaccine com-
ponent against Bunyamwera orthobunyavirus.

Material and Methods

The standard methodologies applied to execute existing 
work are listed in a flow chart (Fig. 2). Every step of this 
adopted methodology is crucial and promising for success-
fully designing the desired epitopic vaccine against Buny-
amwera orthobunyavirus.

Retrieval of Protein Sequences

The amino acid sequences of M-polyprotein and glyco-
protein of Bunyamwera orthobunyavirus serogroup (e.g., 
Bunyamwera virus, Cache Valley virus, Fort Sherman virus, 
Ilesha virus, Shokwe virus, Wyeomyia virus, Ngari virus, 
Germiston virus, Maguari virus, Potosi virus, Northway 
virus, Biroa virus, Batai virus, Kairi virus, Guaroa virus, 
Bozo virus, Main drain virus, Playas virus) were retrieved 
from the NCBI protein database in FASTA format (Geer 
et al. 2010). These sequences were further processed via 
multiple immunoinformatic servers and software for devel-
oping the epitopic vaccine against B. orthobunyavirus.

Multiple Sequence Alignment and Phylogenetic 
Analysis of Bunyamwera Serotypes

Multiple sequence alignment (MSA) of the stored pro-
tein sequences was performed via the M-Coffee server, 
which is originally an extension of Tree-based Consistency 

Fig. 2   Flow chart of the adopted 
methodology for designing the 
desired epitopic vaccine
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Objective Function for alignment Evaluation (T-COFFEE), 
Version_11.00.d625267 (Notredame et  al. 2000; Wal-
lace et al. 2006). This specific server is a widely accepted 
sequence alignment server that carries out MSA by generat-
ing a local and global pairwise alignment library of amino 
acid sequences. The query sequences of the FASTA file are 
deposited to the specified server for accurate alignment of 
sequences. This server attributes a specific color code for 
each aligned amino acid as the output result. The funda-
mentality of MSA is to find conserved regions within pro-
teins, map out evolutionary linkage, and apply for the protein 
homology modeling (Thompson and Plewniak 1999). The 
phylogenetic relationship among these 18 M-polyprotein of 
Bunyamwera serotypes was constructed on the maximum 
likelihood (ML) method with the help of the Molecular 
Evolutionary Genetics Analysis (MEGA) version X soft-
ware in global alignment (Kumar et al. 2018). MEGA v.X 
implements many analytical methods and reliable tools for 
constructing a phylogenetic tree that reflects the relation-
ship between the species groups based on protein sequence 
(in FASTA format) as input data. This software can also 
construct phylogenetic trees considering neighbor-joining, 
maximum parsimony, UPGMA, and maximum evolution 
tree methods.

Prediction of B‑Cell Epitopic Region

B-cell epitopes are molecules recognized by the antibod-
ies of the immune system and can elicit a proper humoral 
immune response. Identification of B-cell epitopes is one of 
the crucial steps in the generation of a functional epitopic 
vaccine. To identify the B-cell epitopes present within 
M-polyprotein, the IEDB immune database is used (Nielsen 
et al. 2003). The IEDB linear B-cell prediction can employ 
several methods to recognize promising epitopes. However, 
the present study adopted the Bepipred Linear Epitope Pre-
diction method to identify potential epitopic elements that 
are further used for vaccine design construction (Larsen 
et al. 2006).

T‑Cell Epitope Prediction Within the B‑Cell Epitope

The presence of a T-cell epitope within a protein chain can 
initiate cell-mediated cytotoxicity. Instead of separating B 
and T-cell epitope, the common epitopes are much more 
effective in an immune system (Bhattacharya et al. 2019). 
To get the common B and T-cell epitopes, identified B-cell 
epitopes are processed through the Proped-I and Proped 
servers for MHC-I and MHC-II molecule, respectively 
(Bhasin and Raghava 2007; Dikhit et al. 2017, 2018; Singh 
and Raghava 2003). The servers identify T-cell epitopes that 
can bind with 51 MHC-II and 47 MHC-I allele components 
(Mustafa and Shaban 2006). The servers use a matrices 

prediction algorithm to acquire the efficient T-cell epitope 
(Lin et al. 2008).

3D Structure Prediction of Epitopes

3D structure of an epitope has a pivotal role in the con-
struction of purposeful vaccine design. For constructing the 
epitope model, the DISTILL 2.0 server was used (Baú et al. 
2006). The server possesses two types of recurrent neural 
networks for structure prediction that are bidirectional (Pol-
lastri et al. 2002). The result is filtered through two suc-
ceeding stages before output. The input was magnified via 
prophecies in the first stage and averaged in multiple adjoin-
ing windows.

If σj = (αj, βj, γj) is an output of j, as helix, strand and coil 
correspondingly as input then in the second stage, Ij will be 
the input rather than j-

where kf = j + f(2ω + 1), 2ω + 1 shown the window size 
(ω = 7) and 2p + 1 signify considered window numbers 
(p = 7) (Pollastri and Mclysaght 2005).

Vaccine Construction and Modeling

Further, to construct a multi-epitopic vaccine design against 
Bunyamwera orthobunyavirus virus, adjuvant and selected 
epitopes are joined together with the help of linker peptides. 
The 3D structure of a vaccine protein is critical for gaining 
access to the immune system. Therefore, the 3D structure 
of the vaccine protein has been modeled via RaptorX web 
server, a self-activating system for 3D structure modeling of 
amino acid sequences (Källberg et al. 2012). It only needs 
a FASTA input to form a 3D model of the query sequence. 
Protein modeling is currently served as the leading technique 
to generate dependable 3D protein structure models and is 
customarily employed in several practical applications (Rout 
et al. 2020; Sushila et al. 2020).

Structure Validation

Validation of the protein model is remarkable for the estab-
lishment of its 3D structure. The superior structure of the 
protein model was validated through the ProSA and PRO-
CHECK web-based server. The PROCHECK was used 
to evaluate the stereochemical parameters of polypeptide 
sequences and overall structure geometry (Laskowski et al. 
1993). All residues within the Ramachandran plot output are 
critical for the validation of protein structure. Accordingly, 
the ProSA server was appointed to compute the ‘Z’ score of 

Ij =

⎛
⎜⎜⎝
�j,

k−p+��
h=k−p−�

�h,… ,

kp+��
h=k−p−�

�h

⎞⎟⎟⎠



International Journal of Peptide Research and Therapeutics (2022) 28:5	

1 3

Page 5 of 15  5

the protein model within the known ‘Z’ score range (Wied-
erstein and Sippl 2007). ProSA also estimates the energy 
of amino acid residues and furnishes an energy plot that is 
critical for model validation. Both servers need a standard 
PDB file of the desired model as an input component to 
assess model quality.

Antigenicity Analysis

The antigenic appearance of an epitope is a decisive fea-
ture to gain access within the immune system. The VaxiJen 
(v2.0) server was used to characterize the antigenic quality 
of the selected epitopes (Doytchinova and Flower 2007a). 
The server predicts immunogens applying independent 
alignment methods (Droppa-Almeida et al. 2018). Thus, the 
prediction of antigenic epitope was solely based on physi-
ochemical parameters of the protein rather than the existing 
amino acid sequence (Mehla and Ramana 2016). The pre-
diction technique has five targeted fields based on the bio-
component (viz. virus, bacteria, fungi, parasite and tumor). 
The real-time accuracy of the server fluctuates from 70% to 
89% with the change of targeted substances (Doytchinova 
and Flower 2007b). An auto cross-covariance (ACC) process 
was also incorporated to maintain the uniform length of the 
deposited sequence (Doytchinova and Flower 2007a). The 
following formulas anticipate the ACC​

where ‘j’ is the presented by z-scale (j = 1,2,3), ‘l’ is the lag 
(l = 1, 2….L), ‘n’ is the amino acid represented (n = 1, 2…n). 
Two different scales are evaluated by Eq. (2).

Molecular Docking Analysis

Molecular docking is one of the critical steps for success-
ful vaccine development. In this research work, PatchDock 
web server has been allotted to perform the protein–protein 
docking of the selected molecule (Duhovny et al. 2002). A 
geometry-based algorithm was utilized for the completion of 
molecular docking (Schneidman‐Duhovny et al. 2003). For 
docking analysis, the PDB files of both proteins were used. 
Best docking complexes are ranked against geometric shape 
complimentary with Atomic Contact Energy (ACE) value. 
The ACE is computed by the following formula.

Inside two atoms set S1 and S2 with distance d. ACE is

(1)Ajj(l) =

n−l∑
i

zj,i × zj,i+1

n − l
………

(2)Cjk(l) =

n−l∑
i

zj,l×zk,i+1

n − l
…………

where, |s–t| significance Euclidean distance amid s and t, 
T [s,t] signifies the prearranged score of s and t atom pair.

T[s,t] is estimated using the subsequent formula

Here, ‘0’ indicates the solvent. (Ns,t) represent a connec-
tion between s, t and another connection of s-0 show (Nt,0) 
appropriated connection number of expected complexes. In 
addition, Cs,t, and Cs,0 indicate connections of s,t, and s-0 (Guo 
et al. 2012).

Molecular Dynamics Simulation

Molecular dynamics simulation was applied to appraise vac-
cine stability using NAMD2.14b2_Win64-multicore soft-
ware package to select the suitable CHARMM force-field 
parameters (Kalé et al. 1999; MacKerell et al. 2000). In this 
prospect, the designed vaccine was a solvated water mole-
cule in a cubic box of 5 × 7 × 9 nm3 performed on VMD1.9.3 
software (Humphrey et al. 1996). Here, we set the NVT ther-
modynamic parameter for running NAMD simulation and 
ensembled it at 310 K and 1.013 atm pressure. RMSD (Root 
Mean Square Deviation) and RMSF (Root Mean Square 
Fluctuation) assessed the whole dynamic simulation of the 
vaccine protein and showed its actual stability for its bind-
ing to the receptor molecule. The molecular dynamics study 
technique and parameters were adapted from earlier research 
(Rout et al. 2019; Rout el at. 2021).

Normal Mode Analysis (NMA) Analysis

The iMODS server was used for Normal Mode Analysis 
(López-Blanco et  al. 2014). The iMODS server assists 
two homologous structures and large macromolecules for 
molecular structure exploration. The internal coordinate of 
NMA naturally arranges the atomic motion of biological 
macromolecules with respect to functional activities. The 
characteristic of internal coordinate formulation progresses 
effectively for NMA and extends its entire stereochemistry 
maintenance (Kovacs et al. 2004). The server is provided 
with B-factor, the deformability of structural complex, 
elastic network, variance, co-variance map, and Eigenvalue 
required energy for structural distortion. The sated equations 
give the potential energy of atomic link (harmonic springs).

EACE =
�

s∈S1,t∈S2,‖s−t‖≤d
T[s, t]

T[s, t] = −In
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×
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where Fij represents the spring stiffness matrix, rij represents 
the atomic distance of I and j; 0, t stands for equilibrium and 
current formation. The modes are generated from Lagran-
gian equations using eigenvalue problem (Noguti and Gō 
1983).

where H indicates Hessian derivative of potency, T indicates 
kinetic energy, matrix X = (x1, x2, … xn) holds eigenvectors 
and Λ = diag (λ1, λ2, …, λn) indicates diagonal matrix hav-
ing eigenvalues. The common elucidation in internal coor-
dinates, q, is given by

where ak and δk vary with initial conditions, xk is kth eigen-
vector, and its allied frequency is vk. The docking complex 
is deposited to iMODS with default parameters.

In Silico Cloning of Vaccine

In order to conduct the cloning of vaccine construct and its 
expression within an expression vector, the reverse transla-
tion and optimization of the codon is a vital footstep. For 
reverse translation and codon optimization, the Java Codon 
Adaptation Tool (Jcat) was utilized (Grote et al. 2005). The 
server provides optimized nucleotide sequence, codon adap-
tive index (CAI), and GC content in percentile value (Pan-
dey and Prajapati 2019). The optimum CAI value for gene 
expression within target bacteria is 1.0, but a value between 
0.8 and 1.0 is considerable (Narula et al. 2018). Henceforth, 
the GC content of the optimized codon should have resided 
within 30–70% range for successful expression. The expres-
sion vector pET28a ( +) was selected for cloning, and its 
sequences were retrieved from ‘addgene’ vector database 
(Kamens 2015). Finally, precise cloning was performed 
using SnapGene v5.1.7 software (Biotech, 2015).

Results

Multiple Sequence Alignment and Phylogenetic 
Analysis of Bunyamwera Serotypes

The MSA analysis results show a high level of sequence 
similarities between the M-polyprotein of Bunyamwera 
serogroup. The MSA is shown in the supplementary file 
(F-1), demonstrating a consensus score of 97, which is sig-
nificant. The amino acids with violet and green color rep-
resent bad alignment, whereas yellow and red signify aver-
age and good alignments, respectively. Most of the residues 
within the result are depicted in red color, indicating a good 

(4)HX = ∧TX

(5)qt
k
= q0

k
+

n∑
k=1

akXkcos
(
2�vkt + δk

)

alignment. From the result of MSA, it can be supposed that 
the amino acid compositions of these proteins follow a more 
or less similar pattern. As the properties and functions of 
the proteins solely rely upon their amino acid composi-
tion, these proteins resemble their characteristics and func-
tionality (Edgar and Batzoglou 2006). Therefore, it can be 
concluded that any therapeutics element developed against 
M-polyprotein will be effective for all the serogroup of Bun-
yamwera. Phylogenetic tree of the 18 nos. of M-polyprotein 
sequences was constructed using MEGA-X software through 
the maximum likelihood method (Jones et al. 1992). The 
main aim for employing the maximum likelihood method 
is to establish the pattern of branching i.e., tree topology, 
length of the branches, and parameters of the evolutionary 
model that maximize the chances of proper sequence study 
(Strimmer and Haeseler 1996). The phylogenetic tree of all 
the Bunyamwera serogroup reflects their evolutionary his-
tory. The tree’s branching shares 99% of sequence identity 
(Fig. 1B), reflecting that they are present in proximity to 
each other. The tree also elaborates that the M-polyprotein is 
evolutionarily conserved within the serogroup of the Buny-
amwera virus.

B‑Cell Epitopes Prediction

The FASTA sequence of M-polyprotein of Bunyamwera 
orthobunyavirus was deposited to the IEDB online server 
with default parameters for obtaining potential B-cell 
epitopes. Residues with a higher value than the given 
threshold of 0.35 are designated as B-cell epitope and are 
graphically presented in Fig. 3. At this given threshold, the 
sensitivity and specificity of the server are 49% and 75%, 
respectively (Larsen et al. 2006). The IEDB server predicted 
55 nos. of B-cell epitopes, which are presented in supple-
mentary Table S1 along with their amino acid sequence, 
length, and position.

T‑Cell Epitope Prediction Within the B‑Cell Epitope

The T-cell epitopes are predicted from earlier identified 
B-cell epitopes using Proped and Proped-I servers. Three 
9meric epitopes YQPTELTRS, YKAHDKEET, and ILGT-
GTPKF, emerged as potential epitopes common to both the 
B-cell and T-cell. The B-cell epitopes are reduced to nine 
amino acids sequence in common epitopes, as the Proped 
predicted only 9meric epitopes (Patra et al. 2020). The 
9meric epitopes that are shown in Table 1 are highly con-
served T-cell epitopes and common to MHC- I, MHC-II 
allele, and B-cell. These epitopes are the most potent candi-
date for vaccine construction as they can trigger both B-cell 
and T-cell mediated immunogenicity.
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Modeling of the Epitopes

The DISTILL (V.2) webserver was specially appointed for 
giving precise three-dimensional architecture of amino acid 
having small sequences (≥ 400 aa) (Baú et al. 2006). The 
chosen epitopic sequences (YQPTELTRS, YKAHDKEET, 
and ILGTGTPKF) were submitted to DISTILL for structural 
configurations. The server offers five structures of the query 
sequence in a PDB file format, but only the top-ranked struc-
ture of each epitope is used for further structural analysis. 
The 3D images of epitopes are graphically generated with 
the help of UCSF Chimera software from the PDB data and 

are presented in supplementary Fig. S1(A, B, and C) (Pet-
tersen et al. 2004).

Vaccine Construction and Modeling

In this work, the three common epitopes were merged with 
the help of A(EAAAK)4ALEA(EAAAK)4A peptide linker. 
The linker peptide has the ability to improve the biologi-
cal activity and expression of the targeted proteins (Chen 
et al. 2013). These epitopes are also linked with an adjuvant 
using the same linker component for constructing the vac-
cine element. The proposed vaccine model is graphically 
represented in Fig. 4. In that context, the bacterial flagellin 
(Vibrio cholerae V51) was taken as a vaccine adjuvant to 
enhance the immune response. The tertiary structure of the 
vaccine construct has been modeled in the RaptorX web 
server and represented in Fig. 5.

Justification of Vaccine Model

Proper justification is critically helpful for establishing 
the 3D configuration of predicted vaccine construct. The 
Ramachandran plot by PROCHECK validation server 
reveals that 91.2%, 8.2%, 0.6%, and 0% non-glycin and 
non-proline residues exist in most favored, additionally 
allowed, generously allowed, and disallowed regions, 
respectively (Table 2). The Ramachandran plot of all resi-
dues has been represented in Fig. 6. The presence of more 

Fig. 3   Graphical interpretation of B-cell epitopes (red line indicates the given threshold while yellow and green represents epitopic and non-
epitopic portions, respectively) (Color figure online)

Table 1   Common epitopes for B-cell and T-cell along with the 
encountered MHC alleles and amino acids position of epitopes

Sequence MHC-I allele MHC-II allele Position

YQPTELTRS HLA-B*2702
HLA-B*5401
HLA-B*51

DRB1_0401
DRB1_0426

716–724

YKAHDKEET HLA-A20 Cattle
HLA-B*5401

DRB1_1114
DRB1_1302

782–790

ILGTGTPKF HLA-A3
HLA-A2.1
HLA-B*2702
HLA-B*5301
HLA-B*51
HLA-B62
MHC-Ld

DRB1_0421 1172–1180
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than 90% residues in the most favored region justified 
the model as a valid one (Laskowski et al. 2006). Within 
the ‘Z’ score plot of another validation server ProSA, the 
model lays within ‘Z’ score range of experimentally estab-
lished proteins (Fig. 7) and ‘Z’ score for this model is 
−3.36. The energy for this model seems to be significantly 

low (Fig. 8) that is also a characteristic of good quality 
protein model (Ramatenki et al. 2015).

Antigenicity Prediction

Antigenicity is a fundamental parameter to express the 
pathogenicity and construction of vaccines over the epitopic 
region (Chen et al. 2007). The constructed vaccine sequence 
was deposited to VaxiJen v.2.0 server selecting the virus as 
a targeted organism. The computed antigenic score of the 
vaccine construct is 0.4657, and the server designated it as 
a probable antigen being laid over the threshold score of 0.4.

Molecular Docking Analysis

The PDB file of both TLR4 (TLR4/MD2 complex) and 
vaccine construct are submitted to PatchDock server for 
efficient molecular docking. The significantly low Atomic 
Contact Energy (ACE) value-containing complex was cho-
sen for analysis among the provided docking complexes. 
The selected docking complex having an ACE value of 
−43.49 kcal/mol, concluded high reactivity between the 
vaccine construct and TLR4 (TLR4/MD2 complex). Fur-
thermore, the PyMOL molecular visualization program had 
been applied to analyze and visualize the docking complex 
(Schrodinger 2010). The vaccine constructs and TLR4 
(TLR4/MD2 complex) docking complex are shown in Fig. 9. 
Protein–protein docking has a significant role in regulating 
multiple cellular functions (Chen et al. 2016). In the present 
work, the docking complex with a notably low ACE value 
implies that the vaccine construct will indeed combine with 
the TLR4 (TLR4/MD2 complex) and initiate the required 
inflammatory immune response (Fig. 10). 

Molecular Dynamics Simulations of Vaccine 
Construct

Energy minimizing of vaccine construct uses CHARMM 
force-field parameter; performed in NAMD 2.14 software. In 
order to measure the vaccine residue’s flexibility during the 

Fig. 4   Graphical arrangement of final vaccine construct from 
epitopes using different linkers

Fig. 5   3D structure of the final vaccine candidate construct (helices 
are in yellow color while beta-sheets are colored green) (Color figure 
online)

Table 2   Plot statistics of all amino acids of vaccine construct

Amino acid position Number Percentage (%) Total

Favored region 145 91.2 159
Addition allowed region 13 8.2
Generously allowed region 1 0.6
Disallowed region 0 0
End-residues 2
Glycine residues 2
Proline residues 2
Total residues 165
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time of simulation, the RMSF of all residues was computed 
and presented in Fig. 11A. Slight fluctuations of most of 
the residues indicate that vaccine molecules might be rec-
ognized perdurable interactions with the receptor protein. 
RMSD fluctuation plot also defines the structure stability 
and is represented in Fig. 11B. NAMD plot of Timestep (TS) 
and protein atomic (Cα) angle are demonstrated in Fig. 11C.

Normal Mode Analysis

The docking complex’s stability and its large-scale motility 
are analyzed through Normal Mode Analysis (NMA). Each 
residue of the proteins is dynamic to a particular direction, 
presented by arrows. The resultant motion is shown with 
a large arrow. From the result of NMA, it was confirmed 
that the vaccine construct is directed towards the TLR4 
(TLR4/MD2 complex) and in vice-versa mode (Fig. 12A). 
The resultant B-factor shows consistency with the NMA, 
and in some portions, it is a little bit fluctuating (Fig. 12F). 
The presence of a few hinges or deformable residues within 
the deformability plot reflects that the docking complex 
shows a higher degree of structural stability (Fig. 12E). The 
connection matrix of paired atomic residue is presented in 
the covariance matrix map, where the rigidness of the pro-
tein complex increases with the color gradient from blue 
to red (Fig. 12B) (Stetz and Verkhivker 2015). The con-
nection springs are displayed as an elastic network where 
every dot is representative of springs, while the stiffness of 
springs increases or decreases with the darkness of every dot 
(Fig. 12C). The Eigenvalue can be stated as the value pro-
portional to the energy required for deforming the stability 
of the docking complex (Hasan et al. 2019). The Eigenvalue 
for the docking complex is 6.067450e−06 which seems to be 
significantly high for deforming this complex (Fig. 12D).

Fig. 6   Ramachandran plot for all residues of vaccine construct

Fig. 7   The ‘Z’ score of vaccine construct (black dot) within the ‘Z’ 
score range of experimentally proved structure (Color figure online)

Fig. 8   Energy plot of amino acid of vaccine construct
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In Silico Cloning of Vaccine

In silico cloning of the vaccine construct was performed 
inside the pET28a ( +) expression vector within E. coli K12 
strain after codon optimization within the JCat server. The 
CAI value of the optimized codon is 1.0, which is the most 
appropriate for the expression of the vaccine construct. The 
GC content of the optimized sequence is 50.73%, which 
resides within the optimum range of 30–70%. After con-
firming the CAI and GC value of the optimized codon, Xho1 
and NcoI restriction sites were combined with the optimized 
codon. Finally, the optimized codon was cloned in pET28a 
( +) expression vector (Fig. 13).

Discussion

Subjective scientific findings and precise construction of 
potential drug targets are decisive steps to discover the 
present-day drug. Despite the available antiviral drugs, 
the vaccine has a central role in eradicating viral infection 
effectively and precisely (Shepard et al. 2006). Existing 
research architecture focuses on embarking the probable 
vaccine targets design against B. orthobunyavirus, which 
might be mainly responsible for manifesting severe illness 
in humans, birds, and domestic animals (Dutuze et al. 2018; 
Vasconcelos and Calisher 2016). Remarkably, vaccine devel-
opment through the immunoinformatics approach could be 
a functional and necessary strategy to resist pathogenic 
infection. Therefore, this biocomputational work focused 

Fig. 9   Molecular docking 
complex of final vaccine con-
struct and TLR4 (TLR4/MD2 
complex) (green color shows 
the final vaccine structure and 
red color is the receptor protein) 
(Color figure online)

Fig. 10   The TLR4 (TLR4/MD2 
complex) protein-mediated 
inflammatory immune response 
pathway initiated by the vaccine 
construct
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on the reverse vaccinology approach specifically to develop 
an epitopic vaccine against the Bunyamwera orthobunya-
virus. The MSA outputs of the M-polyprotein protein of 
Bunyamwera serogroup demonstrate higher levels of amino 
acid sequence similarity. Based on the constructed phylog-
eny in MEGA v.X, it is clear that the experimental protein 
is present in a highly conserved manner among the Buny-
amwera serogroup. They show overall 99% similarities in 
their amino acids’ composition within the M-polyprotein 
component. Thus, the M-polyprotein was served as a prime 
target for vaccine designing as it is conserved within the 
Bunymwera orthobunyavirus. The protein was subjected to 
B-cell epitope analysis within the IEDB server using the 
BepiPred method. Subsequently, the 55 emerging B-cell 
epitopes were again finely processed in Proped and Proped-
I server to identify the common epitopes that can interact 
with B-cell, MHC-II, and MHC-I molecules. The B-cells 
are able to generate a humoral immune response against 
viral infections and subsequently develop antibodies with 
the help of T-helper cells (Dörner and Radbruch 2007). 
T-cell epitopes generate a cellular immune response with 
the help of cytotoxic T-cells that is much more effective 
against viral infections (Rojas et al. 2017). Only three 9mer 
epitopes (YQPTELTRS, YKAHDKEET, and ILGTGTPKF) 
were identified as common B-cell and T-cell epitopes, which 
were further mapped out using the DISTILL v 2.0 server. 

Together with A(EAAAK)4ALEA(EAAAK)4A peptide 
linker element, these three epitopes were linked together. 
Bacterial flagellin (Vibrio cholerae V51) protein was linked 
with the designed epitopes as an adjuvant applying the 
same linker to trigger a proper inflammatory response. Sub-
sequently, the constructed vaccine was modeled through 
the RaptorX web server and validated through the ProSA 
and PROCHECK servers. The presence of 91.2% residues 
within the most favored region and the ‘Z’ score value for 
the model -3.36 within the experimental ‘Z’ score range 
establishes the model quality. The studies of MD simula-
tion assess the structural stability of the vaccine construct 
(Figs. 11 and 12). The result of molecular simulation indi-
cates that vaccine construct might be docked with receptor 
with its proper dimension. The VaxiJen score for vaccine 
construct is 0.4657, which may also designate as a poten-
tial antigen. While the molecular docking between TLR4 
(TLR4/MD2 complex) protein and vaccine construct exhib-
ited a highly negative ACE value (−43.49 kcal/mol), it is too 
critical for spontaneous and high reactivity. Subsequently, 
such docking also reveals that the vaccine adjuvant will 
combine with TLR4 (TLR4/MD2 complex) and generate 
an inflammatory immune response, a promising milestone 
to control the viral infection (Bhattacharya et al. 2020a). The 
protein simulation consequence shows the docking complex 
as stable, as reflected by the high Eigenvalue (6.067450e−06). 

Fig. 11   Molecular dynamics (MD) simulation of vaccine constructs. A Root mean square fluctuation (RMSF) plot. B Root mean square devia-
tions (RMSD) plot, C) NAMD plot of TS vs. atomic angle (Cα)
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Besides that, the in-silico cloning techniques clear out as an 
artificial procedure to amplify the vaccine element for its 
accurate application. The constructed vaccine has marked 
effectiveness to limit the robust infectivity of Bunyamwera 
orthobunyavirus.

Conclusions

The vaccine targeted for the M-polyprotein of Bunyamw-
era orthobunyavirus might substantially contain the viral 
pathogenicity. Hence, the current research design will prove 
a precious drive to lead the modern therapeutics to resist the 
infection of Bunyamwera orthobunyavirus and other related 
diseases. Common B-cell and T-cell epitopes (YQPTEL-
TRS, YKAHDKEET, and ILGTGTPKF) will be the key ele-
ments to evoke humoral and cell-mediated immunity aligned 
with the viral infection. The conjugated adjuvant will trig-
ger the TLR4 (TLR4/MD2 complex) protein pathway and 
generate an inflammatory immune response against the viral 

infection of Bunyamwera orthobunyavirus. Therefore, this 
immunoinformatic research might be a powerful and potent 
technique for constructing epitopic vaccines against several 
viral diseases.
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