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Abstract Nipah virus (NiV) is highly pathogenic single-

stranded negative sense RNA virus. It can cause severe

encephalitis and respiratory disease in humans. In addition,

NiV infects a large range of host including mammals. As a

result of its higher zoonotic potential and pathogenicity for

human, it has been rated as an alert in recent days. A

therapeutic treatment or vaccines has become elusive to

fight against this virus. In this study, the attachment

(G) and fusion (F) glycoproteins of NiV, responsible for

the viral attachment and entry to the host cell, were

selected to develop epitope-based vaccine against Nipah

virus. Epitopes were identified from the conserved region

of G and F protein of NiV. Both B-cell and T-cell immu-

nity were checked to affirm it that these epitopes will be

able to induce humoral and cellular immunity. A total of 6

T-cell epitopes and 19 significant HLA–epitope interac-

tions were identified. Eventually it has shown an acceptable

percentage in population coverage (46.45 %) and efficient

binding with HLA molecule by molecular docking study.
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1 Introduction

The initial outbreak of human Nipah virus (NiV) infection

caused 276 patients in Malaysia and Singapore in

1998–1999 [1, 2]. Recurrent Nipah outbreaks have been

also reported since 2001 in India and Bangladesh [3–5].

The febrile encephalitis with about 40 % mortality rate was

displayed in the large Malaysian outbreaks. In the more

recent Bangladeshi and Indian outbreaks, an increased rate

of respiratory disease and a potential human to human

transmission were prominent. The latter one had the mor-

tality rate about 75–92 % [3, 6–8]. Fruit bats of the genus

Pteropus were recognized as natural reservoir of NiV [9].

NiV is closely related to Hendra virus and represents

Henipavirus in the paramyxovirus family [10]. Unlike most

of the paramyxoviruses, henipaviruses cause diseases in

mammals, e.g. pigs, cats, horses, humans [11, 12] and are

considered as biosafety level 4 (BSL-4) organisms. Its

potential to cross the species boundaries like from bats to

domestic animals and humans causing fatal infection

appears to be a consistent feature of henipaviruses. In

addition, it is also reported that NiV transmission occurs

from human to human [7, 13]. According to CDC (centers

for disease control and prevention), treatment is limited to

supportive care. Approved vaccine or drugs have still

remained unavailable for human use. As of now, a subunit

vaccine targeting Hendra G protein has been recently used

in Australia to protect horses from the infection of Hendra

virus (HeV) (http://www.cdc.gov/vhf/nipah/prevention/

index.html).

NiV has two major envelope glycoproteins which are

attachment protein G and fusion protein F, responsible for

the viral attachment and entry to host cell, respectively.

Initial attachment is mediated by the N-glycans of G pro-

tein, whereas F protein is mainly responsible for the viral
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fusion with host cell [14, 15]. Prior to this, G protein

triggers a conformational change in F protein to mediate

the viral fusion by an unknown mechanism [16]. In this

study, we aimed to use both G and F proteins for designing

epitope-based peptide vaccine against NiV on the basis of

the available knowledge on immunity to other paramyx-

oviruses [17–19]. Both G and F proteins are the major

targets of the neutralizing antibodies and vaccine-induced

protection of this virus [20, 21]. An experimental protec-

tive efficacy study in pigs using canary pox virus vector has

suggested that together they are the most potent candidate

of immunogens [18].

In spite of serious health complications, the scientific

knowledge of the epidemiology and ecology of this virus is

limited to design an universal vaccine. Bioinformatics,

especially immunoinformatics, is an emerging field in

vaccine design. The combination of experimental and in

silico methods is crucial to solve complex problems such as

revealing immune responses and vaccine design [22].

Available bioinformatics tools provide the searching option

to scan for probable epitope candidate from huge sets of

protein antigens which are encoded by complete viral

genomes. This computational vaccine design approach has

proven very effective in combating diseases such as mul-

tiple sclerosis [23], malaria [24], and tumors [25]. The most

critical step in any computational vaccine designing

approach is the identification of HLA ligands and T-cell

epitopes [26]. Through T-cell epitope prediction tools for

the identification of allele-specific binding peptides, it is

also possible to reduce the number of potential peptides

considered as vaccine candidates.

2 Methods

2.1 Retrieval of Protein Sequences

NCBI (National Center for Biotechnology Information)

(http://www.ncbi.nlm.nih.gov/) and PATRIC (pathosys-

tems resource integration center) (http://www.viprbrc.org/)

database were explored to retrieve the required sequences

of G and F proteins of NiV. Different Nipah endemic

countries like Bangladesh, India, Malaysia, and Singapore

were considered to collect sequences.

2.2 Multiple Sequence Alignment

Clustal Omega software can align virtually any number of

sequences quickly and accurately. In this study, EBI-

Clustal Omega program (http://www.ebi.ac.uk/Tools/msa/

clustalo/) was used to perform multiple sequence alignment

for the retrieved sequences [27]. The sequence alignment

was the basis to find conserved regions from G and F

proteins of NiV.

2.3 Immunogenicity of Conserved Peptide

Immune Epitope Database (IEDB) has different methods of

T-cell epitope prediction for the purpose of assessing

immunogenicity of a peptide. To identify T-cell epitopes

from the conserved peptide, NetCTL prediction method was

utilized (http://tools.immuneepitope.org/stools/netchop/

netchop.do) [28, 29]. To set the sensitivity and specificity

levels at 0.7 and 0.985, respectively, the threshold was set at

1.0. The IEDB MHC class-I binding prediction tool (http://

tools.immuneepitope.org/mhci/) was used to identify MHC

class-I alleles for the final set of CTL peptides. Through

there were several methods to predict the MHC class-I

alleles, stabilized matrix method (SMM) was used in this

study [30]. All the available alleles were selected prior to

prediction. The specified length of epitope was 9.0.

TAP score, proteasomal score, processing score, and

MHC-I binding score for each epitope were evaluated on

the basis of SMM method available from the IEDB

‘‘Proteasomal cleavage/TAP transport/MHC class-I com-

bined prediction’’ tool (http://tools.immuneepitope.org/pro

cessing/) [30–32]. Conservancy of the finally selected

epitopes within the sequences of G and F proteins was

determined through the epitope conservancy analysis tool

[33].

2.4 Assessment of HLA–Epitope Interaction

by Molecular Docking Study

Protein Data Bank (PDB) database was explored to retrieve

the 3D structure of MHC class-I molecule (HLA-C*12:03;

PDB ID: 2FSE). PEPstr peptide tertiary structure predic-

tion server (http://www.imtech.res.in/raghava/pepstr/) has

designing facility for 3D structures of epitopes, and this

facility was utilized to design the 3D structure of the best

epitope ITFISFIIV [34].

The docking study was executed through the AutoDock

Tools (ADT) and AutoDock Vina (Vina) from MGL soft-

ware packages (version 1.5.6) [35, 36]. PDBQT files of both

the protein (HLA-C*12:03) and ligand (ITFISFIIV) were

generated prior to docking study. The parameter of center

grid box was set at 22.474, 5.416, 34.437 Å in x, y, and

z axis respectively, whereas the size was set at 40, 38 and

52 Å in x, y, and z directions respectively. All of the above

parameters were set at 1.0 Å spacing. Vina was employed

for conducting the final docking experiment. To run a con-

trol experiment along with immune dominant determinant of

human type-II collagen (PDB ID: 2FSE) was used as an

epitope with all the above parameter unchanged.
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2.5 Population Coverage

Population coverage is used to see whether the final set of

epitopes and their HLA alleles are feasible for the signifi-

cant percentage of people or not for the endemic regions.

The IEDB population coverage calculation tool (http://

tools.immuneepitope.org/tools/population/iedb_input) was

used to calculate population coverage for the final set of

epitopes and their alleles [37].

2.6 Prediction of B-Cell Epitope

B-cell epitope prediction tool (http://tools.immuneepitope.

org/bcell/) was utilized to predict the B-cell antigenicity of

conserved peptide on the basis of the Kolaskar and Ton-

gaonkar [38] method which has the ability to predict

antigenic determinants with approximately 75 % accuracy.

3 Results and Discussion

3.1 Multiple Sequence Alignment

A total of 18 G protein sequences and 15 F protein

sequences from different NiV strains from different geo-

graphic regions were retrieved from NCBI and PATRIC

databases to perform multiple sequence alignment. A

peptide region of 503–544 amino acids was found to be

remained conserve in all given G protein sequences (Sup-

plementary Fig. 1). For F protein, 461–546 amino acids

region remained conserved in all given sequences

(Supplementary Fig. 2). Both the conserved peptides were

present on the C-terminal region of their respective protein.

3.2 Immunogenicity of Conserved Peptides

For the conserved region of G protein, NetCTL prediction

tool did not predict any potential T-cell epitopes. So, fur-

ther analysis was not performed for this peptide. Results

produced from the NetCTL prediction tool for the con-

served region of F protein are depicted in Fig. 1. NetCTL

tool predicted 78 overlapping CTL peptides. But only six

of them were finally selected on the basis of a total score

C1 (Table 1). MHC-I binding prediction tool provided 481

possible MHC-I allele interactions with the six finally

selected CTL peptides. Criteria like IC50 value B100 was

set to determine the potential CTL peptide-MHC-I allele

interaction. It resulted in the final set that includes only 19

MHC class-I alleles which is given in Table 2. To become

a successful candidate for designing peptide vaccine,

potent binding interaction with MHC-I allele is must for a

Fig. 1 T-cell epitopes predicted by NetCTL prediction tool. While most of the potential epitopes were failed to cross the threshold level (0.50),

sharp peaks represent the epitopes that cross threshold level. X-axis represents the amino acids, whereas Y-axis represents the score

Table 1 CTL epitopes predicted by NetCTL prediction tool

Sequence of epitope Overall score

PTSSGDLYY 4.5960

IVEKKRNTY 2.1352

QSLQQSKDY 1.1371

RPTSSGDLY 0.6185

SMLSMIILY 0.5963

ITFISFIIV 0.5122
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T-cell epitope. The obtained results have demonstrated that

all the finally chosen T-cell epitope has significant inter-

actions with MHC-I alleles (Fig. 2).

Additionally, proteasomal score, TAP score, MHC-I

binding score, and processing score were also consid-

ered to determine the immunogenicity of final epitopes

Table 2 Epitopes and their HLA class-I alleles

Epitope HLA alleles

PTSSGDLYY HLA-A*68:23, HLA-A*32:07, HLA-A*80:01, HLA-A*29:02, HLA-C*12:03, HLA-C*03:03, HLA-A*01:01, HLA-B*27:20

IVEKKRNTY HLA-A*68:23, HLA-C*12:03, HLA-A*32:07, HLA-C*03:03, HLA-B*27:20, HLA-C*05:01

QSLQQSKDY HLA-A*32:07, HLA-C*03:03, HLA-B*27:20, HLA-B*15:17, HLA-A*68:23, HLA-C*12:03, HLA-B*40:13, HLA-A*32:15

RPTSSGDLY HLA-A*32:07, HLA-A*68:23, HLA-B*27:20, HLA-C*12:03, HLA-B*40:13, HLA-C*03:03, HLA-B*35:01

SMLSMIILY HLA-A*32:07, HLA-A*29:02, HLA-A*68:23, HLA-B*27:20, HLA-B*15:03, HLA-B*40:13, HLA-A*80:01, HLA-C*12:03

ITFISFIIV HLA-A*68:23, HLA-C*12:03, HLA-A*68:02, HLA-A*32:07, HLA-B*40:13, HLA-B*27:20, HLA-A*32:15, HLA-A*02:11,

HLA-A*02:06, HLA-A*02:50, HLA-A*02:16

Fig. 2 Three dimensional (3D)

structures of both experimental

and predicted epitopes and

MHC Class-I molecule. (a) 3D
Structure of experimental

epitope (immunodominant

determinant of human type-II

collagen (PDB ID: 2FSE).

(b) Predicted 3D structure of

designed epitope ITFISFIIV.

(c) Visualization of the crystal

structure of MHC class-I

molecule HLA-C 12:03 (PDB

ID: 2FSE) using PyMOL
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(Supplementary Table 1). In our study, the above param-

eters were found in favor of the six final epitopes. The six

T-cell epitopes were also found to have 100 % sequence

identity with the given F proteins which is also a necessary

prerequisite to become potential epitope candidate in

designing peptide vaccine. The result of epitope conser-

vancy analysis is summarized in Table 3.

3.3 Evaluation of HLA–Epitope Interactions

A great deal of interactions with MHC-I alleles increases

the chance of a peptide to become the best candidate for

vaccine designing. Among the six final T-cell epitopes, a

9-mer ITFISFIIV epitope was found to have the highest

interactions with MHC-I alleles. Therefore, we used it in

molecular docking study to further validate its potentiality

to interact with MHC-I allele. The 3D structures of

experimental epitope, ITFISFIIV epitope, and MHC class-I

molecule (HLA-C*12:03) are presented in Fig. 2 which

were used in docking study. In Vina docking protocol,

binding energy expressed in kcal/mol plays the major role

for predicting best conformer of epitope ITFISFIIV.

The binding energy of epitope ITFISFIIV with the

binding groove of HLA-C*12:03 was found to be

-7.1 kcal/mol which was compared with the binding

energy of experimental epitope (-7.0 kcal/mol) to HLA-

C*12:03 and found to be similar to each other. This almost

similar binding energy of both the simulations indicates the

satisfactory accuracy of the predicted epitope to form

interaction with MHC-I allele. Figure 3 represents a com-

parative analysis at binding of both designed and experi-

mental epitopes.

3.4 Population Coverage

Population form different genetic backgrounds has differ-

ent MHC allele frequencies. Therefore, for the efficient

vaccine development one should consider the candidate

epitope which would be able to interact with HLA alleles

prevailing in the affected region where the designed vac-

cine would be implemented. In this study, we performed

population coverage study for our predicted T-cell epitopes

and their respective MHC-I alleles in a preliminary man-

ner. We selected only three countries while predicting

population coverage, namely: India, Malaysia, and Singa-

pore. The following parameters were computed by popu-

lation coverage tool: (1) projected population coverage (2)

number of epitope hits/HLA combination recognized by

the populations, and (3) minimum number of epitope hits/

HLA combinations recognized by 90 % of the population

(PC90). The highest population coverage was found in

India 46.5 % (Fig. 4a), and the lowest one was in Malaysia

8.37 % (Fig. 4b). In Singapore population coverage was

24.13 % (Fig. 4c). Although in our study we did not get

considerable population coverage for Malaysia and Sin-

gapore, 46.5 % population coverage from India for the

predicted T-cell epitopes and their respective MHC-I

Table 3 Conservancy of epitopes in source sequences

Epitope no. Epitope sequence Sequence identity C100 %

1 PTSSGDLYY 100.00

2 IVEKKRNTY 100.00

3 QSLQQSKDY 100.00

4 RPTSSGDLY 100.00

5 SMLSMIILY 100.00

6 ITFISFIIV 100.00

Fig. 3 Binding of both the

designed and experimental

epitope at the binding groove of

HLA-C*12:30.

(a) Experimental epitope bound

at the binding groove of the

HLA-C 12:03. (b) Designed
epitope bound at the binding

groove of HLA-C 12:03. Stick

represents the epitopes, whereas

cartoon represents the HLA

molecule

Interdiscip Sci Comput Life Sci (2015) 7:177–185 181

123



182 Interdiscip Sci Comput Life Sci (2015) 7:177–185

123



alleles is remarkable, further validating the efficacy of our

proposed epitope vaccine.

3.5 B-Cell Antigenicity

The results of IEDB B-cell epitope prediction toll is

illustrated in Figs. 5 and 6. A total of two B-cell epitopes

were identified from the conserved peptide of F protein,

whereas three potential B-cell epitopes were found in the

conserved peptide of G protein (Table 4). All residues over

mean antigenicity are considered as potentially antigenic.

From the result of F protein antigenicity prediction, it was

observed that the MHC-I restricted epitope ITFISFIIV

superimposed with one of the predicted B-cell epitopes

also. Therefore, we considered it as the best epitope can-

didate from NiV F protein for the development of epitope-

based peptide vaccine against this virus which can trigger

both the cell mediated and humoral immunity in host body.

Although it was mentioned earlier that no T-cell epitope

was identified from the conserved region of G protein, but

three of B-cell epitopes were found from this peptide. This

concludes that the conserved peptide of G protein could be

used to design vaccine targeting B-cell-mediated immune

response.

4 Conclusions

Designing epitope-based peptide vaccine has the growing

interest for the viral vaccination due to the recent advances

in protein data and sequencing technologies. It is advan-

tageous to work with in silico findings before attempting

laboratory trial to some extent. In this study, the results

suggest that it is possible to design a universal peptide

vaccine to prevent all the strains of NiV. Additionally, they

may assist to develop unique detection method of NiV. We

suggest further in vitro and in vivo studies to determine the

actual potency of identified epitopes to stimulate immune

response.

bFig. 4 Population coverage based on MHC restriction data. In the

graph, the line (-0-) represents the cumulative percentage of the

population coverage of the epitopes. The individual bar represents the

population coverage for each epitope. (a) The highest population

coverage 46.45 % was seen for India. (b) Population coverage in

Malaysia was 8.37 %, and (c) for Singapore population coverage was

24.13 %

Fig. 5 B-cell antigenicity for the conserved region of F protein. X-axis represents the amino acids, whereas Y-axis represents antigenic

propensity. Average antigenic score was 1.048. Area displayed by the threshold line is considered as potential B-cell antigenic regions
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