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Introduction 
 
Nipah Virus has been declared as a global health 
problem due to its high mortality in humans and 
non-availability of its vaccine or other means of 
prophylaxis (1,2) and was first confirmed to in-
fect humans in Malaysia in 1999 with symptoms 
of encephalitis (3). Nipah Virus has negative po-
larity single-stranded RNA (4) with extremely less 
generation time rendering it more potent to mu-
tate and infect new hosts. It has six genes which 
encode Nucleocapsid (N), Phosphoprotein (P), 
Matrix protein (M), Fusion protein (F), Attach-
ment Glycoprotein (G) and RNA polymerase (L) 
(5). Once internalized, the incubation time for 

this virus ranges between 4-45 days and the typi-
cal symptoms appear only after 4-14 days (2). 
The virus infection may affect the major organs 
such as heart, brain, kidneys, lungs, spleen etc. 
Symptoms of encephalitic syndrome, serious 
neurological damage and tachycardia have been 
also reported moreover in Malaysia, more than 
50% of patients compromised consciousness 
whereas in Bangladesh and India over 90% of 
patients have been reported such severe symp-
toms (6). This virus is zoonoticand is known to 
be transmitted from various species of bats (7) 
and in addition, human-to-human transmission 
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has also been observed via direct contact with 
patient secretions (8).  
No vaccinations or medications have been ap-
proved for use in humans as of yet, despite the 
fact that several research on the NiV vaccine 
have been published and moreover, Nipah Virus 
treatment includes prophylaxis of venous throm-
bosis, airway patency maintenance and body elec-
trolyte balance maintenance (9).  
The current emphasis of this research is the de-
velopment of the vaccines with enhanced safety 
profiles and promoting T-cell-mediated immuni-
ty. Evaluating T-cell responses has gained popu-
larity in the initial stages of therapeutic trials. The 
effectiveness of vaccinations in providing long-
lasting immunity and generating antibodies that 
can neutralize a wide range of pathogens is de-
termined by the immunological characteristics of 
T cells. Research has been conducted to deter-
mine the activation state of human B- and T-cell 
populations following acute Nipah virus infec-
tion. Although effector features were seen in ac-
tivated CD8 T-cells, activated CD4 T-cells were 
less prominent (10).  
Considering the risks of infection, the codon us-
age of Nipah virus about human hosts was stud-
ied to identify the genes with most translation 
potential to design CD8+ cytotoxic T cell immu-
nogenic peptides for development of vaccine 
against Nipah virus. The selected peptides were 
then docked with their MHC-I heavy chain to 
identify the types of physical interactions fol-
lowed by molecular dynamics simulations to 
evaluate the dynamic interactions of the immu-
nogenic peptides with the MHC-I alleles. The 
selected 11 peptides from the four structural pro-
teins of Nipah virus were predicted to interact 
with the HLA alleles which cover over 95% to 
98% human population worldwide and hence 
offer a strong case for further development of 
Nipah virus vaccine.  
 

Materials and Methods  
 
This study was conducted at the School of Bio-
technology, Katra, India, in 2022. 

 
Sequence retrieval and host codon usage 
estimation 
Nucleotide and amino acid sequences of all CDSs 
of the Nipah virus (F, G, C, L, M, N, P, V and 
W) were retrieved from the NCBI in FASTA 
format. Net nucleotide distribution of A, T, G 
and C in the CDSs, especially at the end position 
of the codons i.e., U3%, G3%, C3% and A3%, 
net AU% was calculated. Overall distribution of 
A and U at third position in codons (AU3) as 
well as G or C at third position (GC3) was calcu-
lated. Followed by this, the net G and C present 
(GC%), G and C at the first two positions of co-
don (GC12%) and G/C at third position 
(GC3pos) were calculated. Relative dinucleotide 
abundance analysis was done to identify the di-
nucleotide pairs favored by the host organisms. 
There are 16 dinucleotide combinations for A, T, 
G and C and the dinucleotide frequency patterns 
explain the mutational and selection pressures in 
viruses and Relative synonymous codon usage 
analysis (RSCU) is the ratio of the observed to 
the expected value for the amino acid residue. 
For the overrepresented codons the RSCU value 
is >1.6, and for the underrepresented codons this 
value is <0.6. For codons with RSCU values 0.6 
and 1.6 are considered as randomly used or unbi-
ased codons. Method developed by Wright was 
applied to identify the bias in utilization of syn-
onymous codons to identify the effective number 
of codons (Nc) and its value ranges from 20 to 
61, where 20 indicate maximum bias and only 
one codon per amino acid is used even if other 
codons are available whereas 61 indicates no bias 
at all which indicates the equal use of all the co-
dons. Nc > 35 is understood as highly biased co-
don usage. Relative Codon Deoptimization Index 
(RCDI) analysis was performed to understand 
the similarity between the viral genes and host 
genome to estimate the viral gene’s translation 
potential in host(11). 
 
Selection of antigenic proteins and 
immunogenic peptides 
The antigenicity of the structural proteins was 
analyzed using the widely known VaxiJen2.0 
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server (12). This tool can predict antigenic pro-
teins with greater than 80% accuracy where the 
default cutoff of 0.4 was set for antigenicity cal-
culation and the antigenic structural proteins 
above the cutoff were used for identification of 
immunogenic peptides. The physicochemical and 
structural properties of the antigenic proteins 
such as molecular weight, amino acid composi-
tion, hydrophilicity and hydrophobicity were then 
computed using the ExpasyProtParam server 
(13). CD8+ T Cell Epitope (CTL) were identified 
using the NetCTL 1.2 server at threshold of 0.75 
for more conclusive and effective prediction us-
ing the Major Histocompatibility Complex Class 
I (MHC-I) i.e., A1, A2, A3, A24, A26, B7, B8, 
B27, B39, B44, B58, and B62 (14). For IC50 (half 
maximal concentration for inhibition), stabilized 
matrix method (SMM) was employed and IC50 
<50 nM was selected as higher affinity in this 
analysis. The peptides predicted so far were then 
studied for Antigenicity prediction using the 
VaxiJenserver(12), Allergenicity prediction using 
the AllergenFPserver (15) and for Toxicity pre-
diction using the ToxinPred server (16). During 
viral infection, Helper T Cell epitopes stimulate 
the release of various cytokines, which further 
activate other immune cells such as natural killer 
cells, macrophages, cytotoxic T cells etc., there-
fore IFN-gamma induction potential of these 
non-allergenic/non-
toxic/antigenic/immunogenic peptides was pre-
dicted through IFNepitope web server (17). 
 
MHC-I allele prediction and population 
coverage 
Corresponding MHC/HLA allele that binds to 
the antigenic peptides were predicted by 
NetCTL2 server; the IEDBs MHC-I prediction 
server was used using its recommended settings 
to identify top of 27 HLA reference set MHC-I 
alleles(18). The results are reported in percentile 
rank as a measure of affinity of the peptide with 
the MHC-I allele, where lower percentile exhibits 
strong binding. In this study, the percentile rank 
was fixed at 1.3. Population coverage analysis of 
vaccine candidate peptides was done using 
IEDBs server to design a wide spectrum vaccine 

possessing high efficacy across global ethnicities 
(19). 
 
 MHC-I structure modeling 
3D structures of the selected MHC-I alleles were 
generated through the Swiss-Model and the mo-
lecular docking was done using the Autodock-
Vina under the default parameters (20–22). The 
3D structure of the peptides was modeled using 
the PepStrMod online server. Criteria for the ge-
ometric cutoffs values to identify the interactions 
between the alpha chain of MHC-I and the anti-
genic peptides used in this study are as under: H 
bonds, where a distance of 2.5 Å between the 
donor and acceptor, donor angle of ≥120º be-
tween donor hydrogen acceptor atoms and ac-
ceptor angle ≤90º between hydrogen acceptor 
bonded atoms. Three types of hydrophobic in-
teractions i.e., π-cation, π-π and the other were 
recorded. For π-cation, aromatic and charged 
groups exists between 4.5 Å, in π-π interaction, 
the two aromatic groups should be stacked face 
to face or face to edge and for other nonspecific 
hydrophobic interactions, the hydrophobic side 
chains should be ≤3.6Å distance. Ionic interac-
tions between oppositely charged atoms were 
considered if their distance was ≤3.7Å. Water 
bridges were protein peptide interactions mediat-
ed by a water molecule. Geometric criteria was 
D-H..A donor angle ≥110Å, H…A_X angle of 
≥90Å. 
 
Molecular dynamics simulations 
Desmond molecular dynamics software (academ-
ic version) was used to conduct the simulations 
of Nipah virus peptides bound with MHC-I (23). 
Overall, 11 MD simulations were conducted and 
the length of each MD trajectory was 50 nano-
seconds. The protein preparation wizard of 
Schrodinger Maestro was used to optimize the 
proteins (24). System builder tool was used to 
place the protein in the center of an orthorhom-
bic box and solvated with water using TIP3P wa-
ter model. 0.15 M NaCl was added to mimic the 
physiological salt concentration (23). Overall 
charge of the system was neutralized using the 
counter ions of Na+ or Cl- ions. The MD simula-
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tions were conducted at 300ºK and 1 Bar condi-
tions. The default parameters were used for the 
preparatory and production phase of MD. One 
thousand frames were generated from each MD 
simulation trajectory. 
 

Results  
 

Codon usage analysis 
Coding sequences (CDSs) of Nipah virus were 
studied and observed that A and U nucleotides 
were in abundance as compared to the G and C 
nucleotides. The instances of A, U, G and C nu-
cleotides at the third position of the CDSs were 

observed in the order A>U>G>C as reported in 
the previous study (25). The Nc-GC3 plot was 
generated and the dots representing the CDSs 
below the curve indicating the codon usage were 
due to the selection pressure (Fig. 1). 
 
Antigenicity prediction 
Through the ProtParam tools (13) the characteri-
zation of the physicochemical properties (Table 
1) of these viral proteins was also done such as 
the longevity of these proteins was predicted over 
30 hours in mammalian cells.  
  

 

 
Fig. 1: The Nc-GC3 plot showing the dots representing the CDSs below the curve, indicating the codon usage of 

the Nipah virus genes were influenced by selection pressure 

 
Table 1: The physicochemical properties and antigenicity score of the antigenic structural proteins of the Nipah Virus 

 

S.No. Name Vaxijen 
anti-

genici-
ty 

score 

Amino 
acids 

Mol.Wt 
(KDa) 

pI Ext. 
coff. 

Half  life 
(Hrs.) 

In-
sta-

bility 
Index 

Aliphatic 
Index 

Avg. 
Hy-

dropa
thici-

ty 

-vely 
charge
d Ami-

no 
Acids 

+vely 
charged 
Amino 
Acids 

1 Nucleo-
protein 

(N) 

0.5494 532 58.168 6.06 43890 30 52.33 86.28 -.236 64 62 

2 Phos-
phopro-
tein (P) 

0.5720 709 78.3 4.61 46215 30 48.52 76.29 -.730 128 76 

3 Fusion 
Protein 

(F) 

0.773 546 60.281 5.85 42135 30 38 112.44 0.195 49 46 

4 Attach-
ment 

Glyco-
protein 

(G) 

0.5135 602 67.039 8.58 76750 30 34.56 90.95 -.178 53 61 
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Prediction of CD8+ peptides 
From the antigenic proteins, nanomer peptides 
were identified which could bind to the MHC-I 

proteins hence using the NetCTL 1.2 web server 
(14). 126, 105, 133 and 133 potential CD8+ T 
cell epitopes (CTL 9mer) were predicted using 
the default threshold of 0.6 for the structural pro-
teins respectively (Table 2). 

 
Table 2: List of top selected CD8+ T Cell Lymphocytes 

 

CD8+ T cell Epitope (CTL) 

Fusion Protein 
Peptide sequence Antigenicity Score Allergenicity Toxicity Position 
DISSQISSM Antigen 0.5778 Non-Allergenic Non-Toxin 455-463 

FTDKVDISS Antigen 0.5729 Non-Allergenic Non-Toxin 450-458 
MLSMIILYV Antigen 0.446 Non-Allergenic Non-Toxin 491-499 

SITGQIIYV Antigen 0.5185 Non-Allergenic Non-Toxin 261-269 
LITFISFII Antigen 0.4535 Non-Allergenic Non-Toxin 509-517 

ITFISFIIV Antigen 1.3332 Non-Allergenic Non-Toxin 510-518 

KIKSNPLTK Antigen 0.725 Non-Allergenic Non-Toxin 47-55 

RRVRPTSSG Antigen 1.6761 Non-Allergenic Non-Toxin 531-539 

Nucleocapsid Protein 
Peptide sequence Antigenicity Score Allergenicity Toxicity Position 

NRGYLEPMY Antigen 0.8971 Non-Allergenic Non-Toxin 351-359 

SMGALNINR Antigen 1.0967 Non-Allergenic Non-Toxin 344-352 

VEETGMAGF Antigen 0.8613 Non-Allergenic Non-Toxin 259-267 

YLEPMYFRL Antigen 0.9123 Non-Allergenic Non-Toxin 354-362 

Attachment Glycoprotein 
Peptide sequence Antigenicity Score Allergenicity Toxicity Position 

LYFPAVGFL Antigen 0.8143 Non-Allergenic Non-Toxin 362-370 

MGIRPNSHY Antigen 0.871 Non-Allergenic Non-Toxin 399-407 

MNIMIIQNY Antigen 0.4923 Non-Allergenic Non-Toxin 65-73 

VMPYGPSGI Antigen 0.5878 Non-Allergenic Non-Toxin 348-356 

YFPAVGFLV Antigen 0.8129 Non-Allergenic Non-Toxin 363-371 

Phosphoprotein 

Peptide sequence Antigenicity Score Allergenicity Toxicity Position 

AQPPYHWSI Antigen 0.9115 Non-Allergenic Non-Toxin 360-368 

EIQEIANTV Antigen 0.5284 Non-Allergenic Non-Toxin 693-701 

HLVSMMIMI Antigen 0.4048 Non-Allergenic Non-Toxin 570-578 

MPKSRGIPI Antigen 1.4672 Non-Allergenic Non-Toxin 396-404 

QLNASTAVK Antigen 0.465 Non-Allergenic Non-Toxin 449-457 

RHVRGSPPY Antigen 0.7335 Non-Allergenic Non-Toxin 429-437 

SEVIVGISP Antigen 0.9906 Non-Allergenic Non-Toxin 259-267 

VTDVVYHDH Antigen 0.6573 Non-Allergenic Non-Toxin 111-119 

YPSAGTENV Antigen 0.5047 Non-Allergenic Non-Toxin 412-420 

 
Allergenicity, antigenicity, toxicity and 
immunogenicity prediction 
MHC-I binding peptides of structural protein-
were identified as non-allergenic using the Aller-
genFP web server (15). Following, the ToxinPred 
web server (16) was used to identify 8, 4, 5 and 9 
peptides as non-toxic peptides for above proteins 
(Table 1). Further, 3 peptides for Nucleocapsid 

and 3 each for Phosphoprotein, Attachment Gly-
coprotein and 2 peptides for Fusion protein were 
found to have potential to induce the IFN gam-
ma to ascertain their potential to activate the 
components of the immune system. All these 
peptides were predicted as positive inducers of 
the IFN gamma (Tables 3-6) using the IFNepitop 
web server (17).  
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Table 3: Selected CD8+ T Cell Epitopes of Nucleocapsid protein binding alleles of MHC-I 

 
Nucleocapsid Protein 
Peptide MHC-I allele Percentile rank (<10) 
SMGALNINR HLA-A*31:01 0.25 

HLA-A*33:01 0.82 
HLA-A*11:01 1.3 

VEETGMAGF HLA-B*44:03 0.33 
HLA-B*44:02 0.35 
HLA-B*40:01 0.44 

YLEPMYFRL HLA-A*02:01 0.05 
HLA-A*02:06 0.11 
HLA-A*02:03 0.29 
HLA-B*08:01 0.78 
HLA-A*23:01 0.82 
HLA-A*24:02 0.85 
HLA-A*32:01 1.1 

 
Table 4: Selected CD8+ T Cell Epitopes of Attachment glycoprotein binding alleles of MHC-I. 

 

Attachment Glycoprotein 
Peptide MHC-I allele Percentile rank (<10) 
LYFPAVGFL HLA-A*23:01 0.09 

HLA-A*24:02 0.12 
MGIRPNSHY HLA-A*30:02 0.14 

HLA-B*15:01 0.27 
HLA-B*35:01 0.38 
HLA-B*58:01 0.74 
HLA-B*53:01 0.77 
HLA-A*01:01 0.93 
HLA-A*26:01 0.95 
HLA-B*57:01 1.2 

YFPAVGFLV HLA-A*24:02 0.39 
HLA-A*23:01 0.41 

 
Table 5: Selected CD8+ T Cell Epitopes of Phosphoprotein binding alleles of MHC-I 

 

Phosphoprotein 
Peptide MHC-I allele Percentile rank (<10) 
EIQEIANTV HLA-A*68:02 0.02 

HLA-A*26:01 0.45 
HLA-B*51:01 0.75 
HLA-A*02:06 1.3 

HLVSMMIMI HLA-A*02:03 0.99 
HLA-A*02:01 1.1 

YPSAGTENV HLA-B*51:01 0.11 
HLA-B*53:01 0.26 
HLA-B*35:01 0.31 
HLA-B*07:02 0.5 
HLA-A*68:02 0.91 
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Table 6: Selected CD8+ T Cell Epitopes of Fusion binding alleles of MHC-I 

 

Fusion protein 
Peptide MHC-I allele Percentile rank (<10) 
DISSQISSM HLA-A*26:01 0.05 

HLA-B*35:01 0.5 
HLA-A*68:02 0.65 
HLA-B*08:01 0.77 

ITFISFIIV HLA-A*68:02 1.2 

 
Using the IEDB’s population coverage tool (19), 
the peptides of the Nucleocapsid, Phosphopro-
tein, Attachment Glycoprotein and Fusion pro-

tein had 82.2%, 63.2%, 60.58% and 25.22% pop-
ulation coverage (Fig. 2).  

 

 
 

Fig. 2: Bar graphs showing the Human Global Population coverage based on the set of HLA alleles of the IEDB 
server 

 
Docking and molecular dynamics of selected 
peptides with MHC-I  
Further, using the PyRx and Autodock tool, the 
docked complexes of the peptides and MHC-I 
were generated (Fig. 3) and subjected to all atom 
molecular dynamics simulations; the length of 
each of these MD simulations was 50 ns. The 
root mean square deviation plots of the heavy 
chain of MHC-I alleles were also generated. All 
the MHC-I heavy chains had converged their 

RMSD trajectories during the MD simulation 
(Fig. 4), suggesting the lesser deviation in these 
receptors upon binding with their peptide mole-
cules. The RMSF plots were also plotted along 
with their residues interacting with peptides high-
lighted (Fig. 5). To visualize the interactions of 
peptide with peptide binding groove, protein-
peptide contact diagrams evolved across the 
length of the MD trajectory were also plotted. 
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Fig. 3: Binding of HLA alleles with peptides of structural proteins. The HLA-A amino acids are shown in blue while 

and the immunogenic peptides are shown in yellow stick representation 

 
Fig. 4: Nucleocapsid, Attachment Glycoprotein, Fusion peptides, and Phosphoprotein. The convergence of RMSD 

during the 50 nanoseconds molecular dynamics simulation trajectory hints at structural stability of the MHC-I 
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Fig. 5: The root mean square fluctuation (RMSF) plots of MHC-I heavy chain with immunogenic peptides are shown along 
with the amino acid positions (green) directly involved in interactions with the peptides highlighted. The primary sequence of 

MHC-I heavy chain is also shown with secondary structure 

 
Nucleocapsid’s immunogenic peptides 
The top one peptide interacted with the 
HLA_A_ 30.02 allele. During the 50 ns MD tra-
jectory, five hydrophobic interactions were ob-
served between the YLEPMYFRLI and MHC-I 
allele’s antigen binding pocket residues i.e., Tyr 7, 
Tyr59, Tyr99, Trp 147 and Tyr159. Nine major 

water bridges were formed by Tyr 59, Glu63, 
Asn66, Asn 77, Tyr 80, Tyr 99, Glu114, Arg152, 
Gln155 and Aln158 amino acids. Tyr 7, Tyr 59, 
Tyr 99, Trp 147, Leu156 Tyr 159 of the heavy 
chain formed H-bonds with the YLEPMYFRLI 
peptide (Fig. 6).  

 

 
Fig. 6: MHC-I and Nucleocapsid/ Attachment Glycoprotein immunogenic peptide’s contact map showing various 
amino acids of MHC-I interacting with the peptides via H-bond (green), Hydrophobic interactions (purple), water 

bridge (blue) and ionic interactions (red) 
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Attachment Glycoprotein’s immunogenic 
peptides 
HLA-A-23.011 was predicted to interact with all 
three peptides of Attachment Glycoprotein. 
Through MHC-I peptide contacts maps, it was 
observed that HLA-A-23-01 formed seven H-
bonds with the LYFPAVGFL peptide via its 
Tyr7, Phe8, Asn7, Trp147, Gln155, Tyr159 and 
Tyr171. Nine hydrophobic interactions were con-
tributed by the Tyr7, Val67, His70, Phe99, 
His114, Trp147, Val152, Leu156 and Tyr159. Six 
water bridges were formed by the Glu63, Lys66, 
His70, Trp147, Gln155, Thr163 and Cys164. 
MHC-I and YFPAVGFLV peptide’s contacts 
map revealed seven H-bond contacts involving 
Asn66, His70, Arg97, Tyr99, Gln114, Glu152, 
and Tyr159 amino acids of MHC-I heavy chain. 
Six hydrophobic interactions were contributed by 
the Tyr7, Val34, Trp133, Trp147, Ala150, Trp156 
AND Trp167. Single ionic interaction was 
formed by the Glu152. Seven water bridges were 

formed by the Tyr7, Asn63, Asn66, Thr73, 
Gln114, Glu152 and Tryr 171. Around 18 dis-
tinct amino were involved in these interactions 
across the length of the MD trajectory (Fig. 6). 
 
Fusion protein 
Two peptides selected for MD simulations with 
the HLA_A_68_02 allele of MHC-I. 
HLA_A_68_02 and ITFISFIIV complex’s MD 
was evaluated for the protein-peptide contacts. 
Seven H bonds were formed by the Asn63, 
Asn66, Gln70, Tyr99, Gln155, Tyr159 and 
Trp167 of the MHC-I heavy chain amino acids 
with the peptide. Three hydrophobic interactions 
were contributed by the Tyr7, Trp156 and 
Tyr159. Seven water bridges were formed by the 
Tyr7, Ala69, Glm70, Thr73, Gln155 and Tyr171. 
Around 15 amino acids were involved in distinct 
interaction throughout the MD trajectory time-
line (Fig. 7). 

 

 
 

Fig. 7: MHC-I and Fusion peptides/Phosphoprotein immunogenic peptide’s contact map showing various amino 
acids of MHC-I interacting with the peptides via H-bond (green), Hydrophobic interactions (purple), water bridge 

(blue) and ionic interactions (red) 
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HLA_A_68_02 and DISSQISSM peptide’s con-
tacts map revealed eleven H-bonds formed by 
Tyr7, Asn63, Asn66, Gln70, Asp77, Tyr99, 
Thr143, Lys146, Trp147, Tyr159 and Tyr171. 
Three hydrophobic interactions were formed by 
the Trp156, Tyr159 and Trp167.Six water bridges 
were formed by the As66, Thr73, Asp77, Thr80, 
Arg97, Thr142 and Gln155 of the MHC-I heavy 
chain amino acids with the immunogenic peptide. 
Throughout the timeline of the MD trajectory, 
around 18 distinct amino acids were involved in 
contact with DISSQISM peptide. This suggests 
that peptide was accommodated well in the pep-
tide-binding groove (Fig. 7). 
 
Phosphoprotein 
Three immunogenic peptides of the phosphopro-
tein i.e., EIQIEANTV, HLVSMMIMI AND 
YPSAGTENV were studied through molecular 
dynamics to visualize their binding to the MHC-I 
protein. The common HLA allele interacting with 
these peptides was HLA-A*26:01. HLA-A*26:01 
MHC-I complex with EIQIEANTV had nine H-
bonds involving Tyr7, Tyr59, Arg62, Arg65, 
His70, Asp74, Glu152 and Arg163. Hydrophobic 
interaction was added by Trp167. Ten water 
bridges were observed where Tyr7, Tyr9, As63, 
Arg65, Asn66, Thr73, Asp74, Arg97, Glu152 and 
Trp156 of MHC-I heavy chain were involved. 
Twenty amino acids of the MHC-I remained in-
volved in consistent interactions with the peptide 
throughout the MD simulation timeline (Fig. 7). 
HLA-A*26:01 and HLVSMMIMI complex re-
vealed six H- bonds contributed by the Asn66, 
His70, Arg97, Tyr99, Glu152 and Tyr159 of 
MHC-I with HLVSMMIMI. Four hydrophobic 
interactions were formed by the Tyr7, Trp 147, 
Trp156 and Trp167 with the peptide. Single ionic 
interaction was contributed by the Glu152. Tyr7, 
Asn63, Asn66, Gln114, Glu152 and Tyr171 
formed six water bridges with the peptide. Eight-
een amino acids of the MHC-I were found to 
remain in interaction with the peptides through-
out the MD simulation highlighting the con-
sistency of the interaction between the two (Fig. 
7). 

For YPSAGTENV, HLA-A*26:01’s six amino 
acids i.e., Tyr9, Arg62, Asn63, Asn66, His70 and 
Arg163 contributed in H- bonding with the pep-
tide. Trp156 formed the hydrophobic interaction. 
Nine ionic interactions were formed through the 
involvement of the Tyr7, Arg62, Asn66, Thr73, 
Glu152, Gln155, Tyr159, Arg163 and Trp167 of 
the MHC-I heavy chain. Consistently, throughout 
the MD simulation around sixteen amino acids of 
MHC-I heavy chain remained in contact with the 
peptide, highlighting the consistent accommoda-
tion of peptide in heavy chain’s peptide binding 
groove (Fig. 7). The VEETGMAGF, 
SMGALNINR and MGIRPNSHY peptides 
complexed with the MHC-I were not simulated 
due to computational resource constraints. 
 

Discussion 
 
The Nipah virus (NiV) presents a major public 
health risk and declared as a global health prob-
lem by the WHO and Centre for Disease Control 
and Prevention (CDC) (1, 2). In the regions such 
as Australia, Bangladesh, India, Malaysia, and 
Singapore, where it is linked to high mortality 
rates due to conditions like acute respiratory dis-
tress syndrome and encephalitis (30). The lack of 
approved vaccines or treatments for human use 
highlights the urgent need for effective vaccine 
development. This study offers valuable insights 
into potential immunogenic peptides that could 
be crucial for creating a viable vaccine. 
One notable aspect of this research is the fre-
quency distribution of viral proteins, which may 
affect their stability and expression, ultimately 
influencing the immune response. Understanding 
the virus's genetic structure is essential for pin-
pointing conserved regions suitable for vaccine 
targeting. The identification of potential CD8+ T 
cell epitopes is especially important, as cytotoxic 
T cells play a vital role in clearing the virus and 
preventing severe disease. Notably, the high cu-
mulative population coverage of 94.12% for the 
selected HLA alleles suggests that the vaccine 
could be effective across diverse ethnic groups, 
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making it a strong candidate for global applica-
tion. 
This study underscores the importance of identi-
fying CD8+ T cell epitopes in the development 
of effective vaccines. By generating robust im-
mune responses, we can enhance protection 
against the Nipah virus and improve overall vac-
cination strategies. Focusing on conserved and 
immunogenic peptides will allow for future vac-
cine formulations that promote broad and long-
lasting immunity. Consequently, the findings 
from this study represent a significant advance-
ment in the quest for a Nipah virus vaccine. The 
identified immunogenic peptides could inform 
future vaccine designs, contributing to public 
health efforts to control and prevent Nipah virus 
infections. Ongoing research is crucial for vali-
dating these findings and moving toward clinical 
application. 
 

Conclusion 
 
Bioinformatics workflow was used to identify the 
immunogenic peptides from the four structural 
proteins of the Nipah virus. 11 immunogenic, 
nontoxic, non-allergenic CD8+ antigenic pep-
tides were identified and found to be inducers of 
interferon gamma. For each of the proteins the 
resulting peptides were further predicted for their 
HLA-A alleles and the overall human population 
coverage against these peptides was predicted 
using the state-of-the-art tools. Resulting peptides 
if used in the vaccine will induce an immune re-
sponse in 92%-98% of the human population 
across the globe. Further, the docking and mo-
lecular dynamics simulation experiments substan-
tiated the strong binding between the MHC-I and 
peptides. 
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