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Dengue fever is caused by the mosquito-borne virus termed (DENV). However,
DENV-2 has been identified as the most prevalent amongst the Indonesian
pediatric urban population, in contrast with the other four serotypes. Therefore,
it is important to reduce severe infection risk by adopting preventive measures,
including through vaccine development. The aim of this study, therefore is to use

KEYWORDS: various in silico tools in the design of epitope-based peptide vaccines (T-cell and

DENV-2, B-cell types), based on the DENV-2 envelope glycoprotein sequences available.

epitope, Therefore, in silico methods were adopted in the analysis of the retrieved protein

g—cellll, sequences. This technique was required to determine the most immunogenic
-ce

protein, and is achieved through conservancy analysis, epitope identification,
molecular simulation, and allergenicity assessment. Furthermore, B4XPM1, and
KAWLVHRQW were identified from positions 204-212, while the 77 to 85 peptide
region was considered the most potent T-cell and B-cell epitopes. The interaction
between KAWLVHRQW and HLA-C*12:03 occurs with maximum population
coverage, alongside high conservancy (96.98%) and binding affinity. These results
indicated a potential for the designed epitopes to demonstrate high immunity
against DENV-2.

1. Introduction

The mosquito-borne dengue virus (DENV) is a
single positive-stranded RNA of Flavivirus, known
to instigate dengue fever (DF). This infection is
commonly propagated by the vector, Aedes mosquito,
including A. aegypti and A. albopictus. In addition, the
primary infectionis typically asymptomatic, while the
secondary is characterized by symptom progression,
comprising high fever. Moreover, subsequent
stages commonly feature dengue hemorrhagic
fever (DHF), which is implicated in plasma leakage,
where further outflow into the interstitial spaces
have been associated with dengue shock syndrome
(DSS). This phenomenon is known to be involved
with cardiovascular compromise, and further shock
(Back and Lundkvist 2013). In addition, a total of five
serotypes have been identified to date, including
the DENV-1, DENV-2, DENV-3, DENV-4 and DENV-5
(Mustafa et al. 2015).

The dengue cases reported worldwide exceeds
double with every passing decade between 1990
at 8.3 million (3.3-17.2 million), and 2013, at 58.4

* Corresponding Author
E-mail Address: lisna.hidayati@ugm.ac.id

Copyright ©2020 Institut Pertanian Bogor

million (23.6-121.9 million) (Stanaway et al., 2016).
Moreover, one of the most significant global burden is
recorded in Indonesia (Nadjib et al. 2019). Harapan et
al. (2019) showed an elevating trend over the course
of 50 years, where the incidence rates appears cyclic,
and peaking at every 6-8 years The DENV is highly
prevalent amongst the pediatric urban population
(Prayitno et al. 2017), and DENV-2 is identified as the
most popular serotype (Sasmono et al. 2018).

A total of three structural proteins are contained
in the DENV RNA genome, including the precursor
membrane (prM), capsid (C), and envelope (E).
Specifically, E protein comprises a transmembrane
region as well as an ectodomain, sub-divided further
into 3 domains. These include envelope domain I
(EDI), which is responsible for structure organization,
II (EDII), known to be a highly conserved fusion
loop, and III (EDIII), involved in receptor binding
(Khetarpal and Khanna, 2016). Furthermore, these
molecules are estimated to be vital components in
vaccine development, and also as a crucial target for
antibiotics inhibition and neutralization (Chiang et
al. 2013; Clark et al. 2016).

Moreover, various vector control strategies are
considered during the dengue prevention process.
This is achievable at the larval breeding sites,
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through some management approaches, including
via biological, chemical, and environmental means.
These often present with several limitations,
especially in the aspect of sustainability (long-term)
and efficiency. Previous studies showed reduced
vector competence, following the introduction of
Wolbachia to a population of A. aegypti, although long
or shorter trial period is required to attain success
at numerous sites, which is insufficient in settings
characterized by high transmission. Therefore,
vaccine use is considered to be most ideal (Dorigatti
et al. 2018).

There is significant focus on remedies against
E-protein during the vaccine development process.
This molecule implicated in viral entry and binding,
as well as structural integrity. Despite the increased
need to evaluate safer techniques, E-protein site is
considered to be a viable target (Fahimi et al. 2018).
Aguiar et al. (2016) reported on the several health
risks of Dengvaxia (CYD-TDV), which is the first ever
approved dengue vaccine-, in terms of increased
primary infection potential. Chakraborty et al. (2010)
highlighted high E-protein variability as a major
challenge, hence the need for an in silico approach in
predicting the epitope and human leukocyte antigen

(HLA) candidates.

Antigenetic E
prottein

Sette and Fikes (2003) acknowledged epitope-
based design as a valuable approach focused on
immune response, particularly in terms of increased
safety and potency. A study by Soria-Guerra et
al. 2015) showed antigens to be characterized
by epitopes, with the capacity to ensure specific
stimulation. In addition, numerous studies have
shown the tendency for epitope-based vaccines to
efficiently elicitimmune responses against a number
of pathogens (Liu et al. 2006, 2017; Huang et al.
2013). Hence, the predictions attained with the use
of in silico tools during vaccine design is expected to
provide substantial advantages in contrast with some
conventional methods, particularly in the aspect of
lower costs and faster output.

The aim of this study, therefore, is to use various
in silico tools in the design of peptide vaccines
based on epitope (T-cell and B-cell types), using the
available envelope glycoprotein sequences of DENV-
2. The results generated are expected to confirm the
recommendation of new candidates.

2. Materials and Methods

Figure 1 shows the study method adapted from
Dash et al. (2017), with some modifications.
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Figure 1. Graphical depictions of the methodologies used in peptide vaccine design
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2.1. Protein Sequence Retrieval, Evaluation
Analysis and Antigenic Protein Evaluation

Furthermore, the UniProt database served as
a source for all the available sequences in the E of
DENV-2 (Rolf et al. 2017). This was followed by the
use of ClustalW tool for multiple sequence alignment.
Therefore, the MEGA X software was used to assemble
the phylogenetic tree (Kumar et al. 2018), which was
generated in the nwk format with the iTOL web server
(Letunic and Bork 2019). Subsequently, most efficient
antigenic protein from the sequences available was
predicted with VaxiJen v2.0 (Doytchinova and Flower
2007).

2.2. T-Cell Epitope
Conservancy Analysis

The NetCTL 1.2 server was used to identify T-cell
epitope at setting values of 0.05, 0.1, and 0.5 for weight
on TAP transport efficiency, weight on C terminal
cleavage and epitope identification threshold,
respectively. The limits for sensitivity and specificity
0.89 and 0.94, respectively (Larsen et al. 2007). In
addition, immune epitope database (IEDB) tools
were used to predict the conservancy and processing
(Tenzer et al. 2005; Sidney et al. 2007), to ensure the
candidates are forecasted based on peptide processing
within the cell. Moreover, the proteasomal cleavage/
TAP transport/MHC class I in this study was used as a
merged predictor tool to predict the overall score for
each (Tenzer et al. 2005), by adopting the stabilized
matrix method (Peters and Sette 2005). The T-cell
identification process was restricted to 12 human
leukocyte antigen (HLA) supertypes, and all alleles
were evaluated prior to the prediction process, with
peptide lengths set at 9.0.

Identification and

2.3. Prediction of Population Coverage and
Allergenicity Assessment

The predictions for epitopes was performed using
the IEDB population coverage tool (Bui et al. 2006).
This involved selecting the combined MHC-I and
MHC-II alleles obtained from the population datasets.
Subsequently, those collected from Northeast, East,
South, Southwest, and Southeast Asia, Europe, West,
East, Central, North, and South Africa, South, North,
and Central America, Oceania, as well as West Indies
were predicted.

Therefore, AllergenFP 1.0. was used to analyze the
allergenicity of a predicted epitope. This involved
applying a concept based on the respective descriptor
fingerprints, and was further implemented into a

four step algorithm. Furthermore, this was required
to identify the probable non-allergens and allergens
(Dimitrov et al. 2014).

2.4. Molecular Simulation Analysis of HLA-
Allele Interaction

The PEP-FOLD3 web-based server was used
to present all five predicted epitopes in three-
dimensional (3D) structures (Lamiable et al. 2016),
and the five best clusters were represented for each
sequence. Therefore, structures characterized by the
least energy model were selected for further analysis.

In addition, the SWISS-MODEL online tool was
used to generate a hypothetical 3D structure of
HLA-C*12:03 with the homology modelling (Biasini
et al. 2014). The hypothetical structure was then
minimized and corrected using a ModRefiner (Xu
and Zhang 2011), before validating with Verify 3D
(Eisenberg et al. 1997), PROCHECK (Laskowski et al.
1993), ERRAT (Colovos and Yeates 1993), and QMEAN
(Benkert et al. 2008).

The AutoDock Vina was used for molecular
docking analysis (Trott and Olson 2009) in PyRx 0.8.
Therefore, MGLTools 1.5.6 was adopted in the addition
of AutoDock atom types and Gasteiger charges to the
structure, after introducing the hydrogen atoms. The
output file was presented in a pdbqt format, and used
as a docking target. In addition, the exhaustiveness
was set at 8, and the center coordinates were
customized at X:16.8453,Y:-42.3440,and Z:3.6168, in
accordance with a default, while the space searched
was consequently optimized to 57.0680 A x 70.7331
A x 60.8774 A prior to docking.

2.5. Identification of the B-cell Epitope

The B-cell epitope candidate was predicted using
various IEDB tools, and the following evaluations
where performed: prediction for antigenicity
(Kolaskar and Tongaonkar 1990), Chou and Fasman
B-turn (Chou and Fasman 1977), Emini surface
accessibility (Emini et al. 1985), Bepipred linear
epitope based on Hidden Markov model (Larsen et
al. 2006), and Karplus and Schulz flexibility (Karplus
and Schulz 1985).

3. Results

The epitopes with potential against DENV-2
were predicted using several in silico tools, through
methods adapted from Dash et al. (2017) with
modifications in terms of the tools and target used.
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3.1. Evolutionary Analysis and Antigenicity
Prediction of the E Sequences

A total of 232 E protein sequences derived from
dissimilar DENV-2 variants were obtained from
the UniProtKB database. Therefore, MEGA X was
used to perform multiple sequence analysis before
calculating the overall mean distance. Furthermore,
bootstrap and unweighted group method with
arithmetic mean (UPGMA) was used to construct
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the phylogenetic tree with 1,000 replications.
The parameters of gamma distribution were set
to 1, before removing all ambiguous positions for
each sequence pair. Figure 2 shows the phylogram
generated using the nwk format obtained from the
assembled tree, with the aid of an iTOL web server.
The results indicate the existence of closely related
protein sequences, and was supported by the value
for overall mean distance (0.02).
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Figure 2. Evolutionary divergence analysis of the 232 envelope glycoprotein sequences of DENV-2 available, results
displayed in a phylogenetic tree. Bootstrap value of branches corresponding to partitions reproduced in less
than 0.50 of bootstrap replicates (1,000 replicates) were not shown
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Therefore, the VaxiJen v2.0 web-based server
was subsequently used to analyze the sequences
for antigenicity, and the predictions were 70-
89% accurate with auto cross covariance (ACC).
Furthermore, the most antigenic protein was
determined to be UniprotKB id: B4XPM1, with a
prediction score of 0.6947. Hence, this sequence was
selected for applications in further analysis.

3.2. T-cell Epitope Identification and
Conservancy Analysis

The NetCTL 1.2 server was used to predict the five
most potent epitope on the basis of the combinatorial
score, as shown in Table 1. In addition, numerous
epitopes were analyzed without compromising
specificity or sensitivity, with a threshold of 0.5. The
predictions were also based on potency in cellular
peptide processing and conservancy, through the
respective antigens. This was performed by using
various IEDB tools to respectively generate a total
score and conservancy percentage.

The proteasomal cleavage/TAP transport/MHC
class I combined predictor tool was used to analyze
the binding and interactions between MHC-I
alleles and the 9-mer T-cell epitopes identified.
The binding capacity of peptides with IC,, value
<50 nm are estimated to be strong, with <500 nm
as intermediate and <5,000 nm was considered
weak. Hence, the threshold was regulated at <200
nm during this current investigation, in order
attain a higher affinity. The results showed an
interaction between the KAWLVHRQW epitope and
the predominant MHC-I alleles, despite the high
conservancy (96.98%) retained across all antigens
(Table 2). Therefore, KAWLVHRQW was deemed to be
the epitope candidate based on the aforementioned
factors. Moreover, HLA-A*68:23 HLA-C*12:03 and
HLA-B*27:20 reportedly interacted with all five
epitopes, and were consequently adopted in further
analysis.

Table 1. Five most potent epitopes based on their
combinatorial score, obtained from NetCTL 1.2

server
Supertype Epitope Combinatorial score (nm)
Al ITEAELTGY 2.7293
B58 KAWLVHRQW 1.8640
B8 IGKALHQVF 1.7518
B44 QEGAMHTAL 1.6721
A24 SYSMCTGKF 1.6264

3.3. Prediction of Population Coverage and
Allergenicity Assessment

Some of the essential aspects of epitope-based
vaccine design include allergenicity and population
coverage, resulting from considerations attributed
to the range of affected people, as well as safety
characteristics of the vaccines. The AllegenFP 1.0
and IEDB were tools respectively used to predict
the cumulative percentage of allergenicity and
population coverage for KAWLVHRQW. Moreover,
similar assessment was also performed with
the five epitopes identified in contrast with the
three HLA alleles. Table 3 showed the presence of
KAWLVHRQW in all regions analyzed. Meanwhile
the allergenicity sequence was forecasted to be a
probable non-allergen, and glycine cleavage system
protein H (UniprotKkB-Q7M1V3) was identified as
the nearest protein, belonging to the species Oryza
sativa. The results showed a generally low population
coverage for all five epitopes compared to the three
alleles, Table 4 showed a relatively better coverage
with HLA-C*12:03, and the allele was consequently
selected for further molecular modelling.

3.4. Molecular Simulation Analysis of HLA-
Allele Interaction

The SWISS-MODEL was used to generate a 3D
hypothetical structure for HLA-C*12:03, based
on homology modelling using protein sequences
available in the EBI database (C*12:03:01:01), and
was subsequently refined with the ModRefiner 2.0.
In addition, the structures generated were validated
with Verify3D, PROCHECK, ERRAT, and QMEAN, based
on the SAVES v5.0 server (https://servicesn.mbi.ucla.
edu/SAVES/). The results showed an average 3D-1D
score of 0.2 in 94.12% of the residues, with Verify3D
assessment, and was then considered to be passable.
Moreover, 84.2697 was determined to be the overall
score possessed by the model, using the ERRAT
analysis. This was further categorized as good, because
the value was above the 80.00 criterion. Based on the
Ramachandran plot generated with PROCHECK, the
favoured regions were characterized by 92.5% of the
residue, with the additional allowed areas measuring
7.1%,0.4% for generously allowed, and disallowed was
0%. Figure 3a shows the presence of over 90% structure
in a preferred region, hence the model is further
considered to be of good quality. Figure 3b showed 0.26
as the QMEAN Z-Score, while the normalized QMIEAN4
was within the range of 0.5 to 1, indicating the model
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Table 2. Interaction, binding and conservancy of the identified T-cell epitope

Epitope MHC-I Allele Total score (proteasomal cleavage, TAP IC,, (nm) Epitope
Transport, MHC-I score, processing score) conservancy (%)
IGKALHQVF HLA-B*15:03 1.39 13.20 94.40
HLA-C*12:03 1.30 16.60
HLA-B*27:20 1.10 25.90
HLA-A*02:50 0.76 57.60
HLA-A*32:07 0.66 71.60
HLA-A*32:15 0.65 72.80
HLA-A*68:23 0.54 95.70
HLA-B*40:13 0.51 101.60
HLA-C*03:03 0.42 124.60
HLA-C*07:02 0.31 160.80
HLA-B*15:02 0.25 186.30
ITEAELTGY HLA-A*68:23 1.99 3.00 96.98
HLA-C*12:03 114 21.30
HLA-A*26:02 1.04 26.60
HLA-B*15:17 0.99 30.50
HLA-A*32:07 0.95 32.90
HLA-B*27:20 0.59 76.60
HLA-C*05:01 0.58 77.00
HLA-A*32:15 0.55 83.20
HLA-C*03:03 0.50 93.50
HLA-B*40:13 0.28 154.50
HLA-C*14:02 0.20 186.00
KAWLVHRQW HLA-B*57:01 1.40 3.90 96.98
HLA-B*58:01 113 7.30
HLA-B*40:13 1.01 9.80
HLA-B*27:20 0.91 12.30
HLA-B*15:17 0.75 17.80
HLA-A*02:50 0.72 18.80
HLA-C*12:03 0.70 19.90
HLA-A*68:23 0.69 20.30
HLA-A*32:01 0.28 52.40
QEGAMHTAL HLA-A*32:15 0.13 73.80 96.98
HLA-A*32:07 0.09 80.90
HLA-C*03:03 0.48 18.60
HLA-B*27:20 0.47 18.90
HLA-A*68:23 0.08 46.50
HLA-B*40:01 0.03 52.80
HLA-A*02:50 0.02 53.90
HLA-C*12:03 -0.11 71.50
HLA-B*40:13 -0.22 92.90
HLA-A*32:07 -0.36 127.40
HLA-B*15:02 -0.49 172.30
HLA-A*32:15 -0.55 198.30
SYSMCTGKF HLA-A*24:03 1.69 4.60 96.98
HLA-A*32:07 1.67 4.80
HLA-C*14:02 1.10 17.60
HLA-B*27:20 1.09 18.30
HLA-A*68:23 0.84 32.30
HLA-A*32:15 0.59 57.80
HLA-B*40:13 0.57 60.00
HLA-C*07:02 0.56 62.00
HLA-C*12:03 0.44 81.30
HLA-A*24:02 0.16 156.50
HLA-A*23:01 0.15 157.90
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Table 3. Population coverage of the proposed epitope
against DENV-2.  ?Projected  population
coverage, baverage number of epitope
hits/HLA combinations recognized by the
population, cminimum number of epitope hits/
HLA combinations recognized by 90% of the
population

Population/area Class combined

Coverage*  Average_Hit" Pc90¢
(%)
Central Africa 100.00 15.04 14.24
Central America 100.00 6.82 6.07
East Africa 100.00 16.45 15.47
East Asia 100.00 16.66 15.41
Europe 100.00 19.99 18.64
North Africa 100.00 134 12.85
North America 100.00 19.98 18.77
Northeast Asia 100.00 16.35 15.39
Oceania 100.00 14.62 13.68
South Africa 100.00 6.7 6.13
South America 100.00 17.61 16.45
South Asia 100.00 18.12 1713
Southeast Asia 100.00 14.76 14.02
Southwest Asia  100.00 14.97 14.19
West Africa 100.00 15.42 14.27
West Indies 100.00 9.29 8.63
Average 100.00 14.76 13.83
Standard 0.00 3.9 3.72
deviation

Table 4. Population coverage of the identified five epitopes
against HLA-C*12:03. <2Projected population
coverage, baverage number of epitope hits/HLA
combinations recognized by the population,
cminimum number of epitope hits/HLA
combinations recognized by 90% of the population

Class combined

Population/area

Coverage*  Average_Hit? Pc90¢
(%)
Central Africa 5.33 0.27 0.53
East Africa 2.24 0.11 0.51
East Asia 0.41 0.02 0.5
Europe 14.75 0.74 0.59
North Africa 10.54 0.53 0.56
North America 5.73 0.29 0.53
Northeast Asia 471 0.24 0.52
Oceania 4.47 0.22 0.52
South Africa 1.99 0.1 0.51
South America 455 0.23 0.52
South Asia 10.32 0.52 0.56
Southeast Asia 1.48 0.07 0.51
Southwest Asia 8.26 0.41 0.55
West Africa 3.45 0.17 0.52
Average 5.59 0.28 0.53
Standard 3.91 0.2 0.02

Deviation

as acceptable for use in subsequent analysis. The
results of molecular docking higher binding affinity of
KAWLVHRQW and ITEAELTGY against HLA-C*12:03 at
-7.5 kcal/mol and -7.6 kcal/mol, respectively, as shown
in Table 5. These outputs indicate a higher binding
probability with both epitopes, and the consequent
capacity to initiate immune response.

The potent B-cell epitope was identified by
evaluating the protein sequence previously selected
from screening with VaxijJen v2.0. Subsequently, the
sequence potency, based on the peptide position were
predicted using various IEDB tools.

The protein sequence antigenicity was evaluated
using a method by Kolaskar and Tongaonkar. This
technique emphasizes on the occurrence frequency
and the physicochemical properties of the amino acid
components, and is performed on the experimentally
known epitopes. In addition, high antigenicity is
indicated by values >1.00. The results showed that the
average, minimum and maximum scores are 1.024,
0.861, and 1.272 respectively. Table 6 and Figure 4a
show a total of 22 epitopes, which reportedly satisfied
the threshold requirement, and further indicates the
tendency to express a B-cell response.

The protein was evaluated for emini surface
accessibility, being one of the characteristics of a
potent B-cell epitope. Table 7 and Figure 4b showed
the high accessibility of the region between 77-88 and
358-363. The B-turn prediction by Chou and Fasman
showed regions of 65-90, 97-113, and 217-232 to be
highly hydrophilic, as observed in Figure 4c. Figure 4d
showed the prediction for increased flexibility within
the region of 61-92, 141-177, and 220-240, based on
Karplus and Schulz. In addition, prediction for f-turn
by Chou and Fasman, and flexibility by Karplus and
Schulz were estimated based on the relationship
between B-turn potential, flexibility and hydrophilicity
with antigenicity. Moreover, a total of nine epitopes
were determined to be the potent B-cell type, using
the bepipred linear prediction, as shown in Table 8
and Figure 4e. Based on the potential use of E protein
against DENV-2 the results suggest the predicted
peptide sequences between the position range of 77
to 85 as potent B-cell epitopes, for possible application
in vaccine design.

4. Discussion
Several approaches are involved in dengue vaccine

development, including the inactivated forms,
tetravalent live attenuated types, plasmid DNA,
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Table 5. Molecular docking of the identified epitopes Table 6. Prediction of antigenic region of protein using

against HLA-C*12:03 Kolaskar and Tongaonkar antigenicity method

Ligand Binding affinity (-kcal/mol)  Start End Peptide Length
IGKALQHF -7.0 20 33 WVDIVLEHGSCVTT 14
KAWLVHRQW -75 42 48 DFELIKT 7
QEGAMHTAL -6.5 53 63 PATLRKYCIEA 11
SYSMCTGKF -6.9 71 77 ASRCPTQ 7
ITEAELTGY -7.6 88 95 KRFVCKHS 8
113 120 IVTCAMFT 8
128 133  KIVQPE 6
RN NN =] 137 143 YTIVITP 7
125 ‘ 161 170  EIKVTPQSSI 10
194 200 NEMVLLQ 7
205 222 AWLVHRQWFLDLPLPWLP 18
234 241  KETLVTFK 8
o 247 255 KQDVVVLGS 9
g 275 288  GNLLFTGHLKCRLR 14
290 297 DKLQLKGM 8
305 312  KFKVVKEI 8
318 327  GTIVIRVQYE 10
331 339  SPCKIPFEI 9
344 359 KRHVLGRLITVNPIVT 16
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 374 391 GDSYHIGVEPGQLKLSW 18
Position 425 451 LGGVFTSIGKALHQVFGAIYGAAFSGV 27
456 465  KILIGVVITW 10

D | : o ' i d s

(= [
8 § 100
4
095
2
090
0
085
2 L] R T D A 2D 1 ST S L L I S 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500
Position Position
15 T T T T T T T T T T T T T T T T
c e

Score
Score

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 E 50 20 40 60 80 100120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500
Position Position

Figure 4. B-cell epitope prediction using various IEDB tools. (a) Kolaskar and Tongaonkar antigenicity prediction, (b)

Emini surface accessibility prediction, (c) chou and Fasman B-turn prediction, (d) karplus and Schulz flexibility

prediction, and (e) Bepipred linear epitope prediction
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Table 7. Prediction of Emini surface accessibility of the

protein
Start End Peptide Length
34 41 MAKNKPTL 8
48 57 TEAKHPATLR 10
64 70 KLTNTTT 7
77 88 QGEPSLNEEQDK 12
121 126 CKKNME 6
130 135 VQPENL 6
154 160 DTGKHGK 7
162 169 IKVTPQSS 8
231 236 WIQKET 6
240 248 FKNPHAKKQ 9
288 293 RMDKLQ 6
324 329 VQYEGD 6
358 363 VTEKDN 6
390 395 SWFKKG 6
404 410 TTMRGAK 7

Table 8. Prediction of Bepipred linear epitopes of the

protein
Start End Peptide Length
51 51 K 1
70 85 TASRCPTQGEPSLNEE 16
144 158 HSGEENAVGNDTGKH 15
168 170 SSI 3
223 229 GADTQGS 7
245 246 AK 2
327 332 EGDGSP 6
359 360 TE 2
362 374 DNPVNIEAEPPFG 13

virus-like particles, virus-vectored, and recombinant
subunit vaccines. Fahimi et al. (2018); Tripathi and
Shrivastava (2018) highlighted E protein as one
of the principal focus during development, based
on the variety of functions in DENV. This molecule
is estimated to play a significant role as a receptor
attachment site to ensure cellular viral entry, and
also represents an appropriate target during the
development of vaccine (De Paula et al. 2008; Quinan
et al. 2016; Versiani et al. 2017; Shukla et al. 2018).
Therefore, similarity was evaluated by performing the
multiple sequence alignment on the 232 E sequences
of DENV-2 available. The results showed significant
similarity, with the tendency to provide strong cross-
reactivity against various DENV-2 strains (Dash et al.
2017).

Tahir Ul Qamar et al. (2019) acknowledged the
identification of desired sequences as a major
challenge during epitope-based vaccinedevelopment,
especially with samples capable of high antigenicity.
Therefore, VaxiJen 2.0, was adopted as a robust

in predicting the antigenicity of all 232 E DENV-2
sequences. This analysis is based on the sample’s auto
cross covariance (ACC) transformation to uniform
vectors with fundamental amino acid characteristics
(Doytchinova and Flower 2007). The result showed
the highest antigenicity in sequence B4XPM1, which
was then subjected to further analysis.

The cognate antigen referred to as epitopes
are fractions of the B- and T- cells implicated as
mediators in adaptive immunity. Also, both forms
ought to be contained in an ideal peptide vaccine,
hence epitope identification is crucial for the
development of optimized products (Sette and Fikes
2003). Specifically, the T-cell form is identified by
analyzing the E sequence with NetCTL 1.2, which is
reliable in predicting cytotoxic T-lymphocyte (CTL)
9-mer epitopes. This tool practically integrates the
predictions of proteasomal cleavage, and the MHC
class I affinity and TAP transport efficiency for 12
known supertypes (Larsen et al. 2007). The five
candidates with most significant combinatorial
scores were further analyzed with numerous
immunoinformatics tools selected from the Immune
Epitope Database (IEDB). These include conservancy
analysis and proteasomal cleavage/TAP transport/
MHC class 1 combined predictor tool. The results
demonstrate the greatest number of human
leukocyte antigen (HLA) alleles bonds with epitope
KAWLVHRQW. This indicates the encouragement of
promiscuity following the increasing coverage. Based
on this method, proper interaction was established
between all five candidates and a total of three HLA
alleles, encompassing HLA-A*68:23 HLA-B*27:20 and
HLA-C*12:03 (Tian et al. 2018). Also, high conservancy
was observed across the 232 E sequences. Hence,
further population coverage analysis were conducted
on the epitope, alongside all three HLA alleles.

The broad population coverage is ensured by
considering the promiscuity factor during the
epitope selection process. This results generated
based on the discrepancies in allele expression
frequency with different populations show the
individual reaction to different peptide sets obtained
from a specific pathogen. In addition, the design
also needs to evaluate the individual constituent
allergenicity, as administration possibly results in
adverse reactions (Kelso et al. 1999). The population
coverage of the proposed epitope KAWLVHRQW
against MHC-I1 and MHC-II alleles was then analyzed,
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and also for allergenicity using AllergenFP 1.0.
Hence, this tool provides a balanced prediction for
both non-allergens and allergens (Dimitrov et al.
2014). Moreover, the population coverage of all five
epitope candidates were evaluated against the three
HLA alleles, and KAWLVHRQW was determined
to demonstrate highest coverage globally. The
allergenicity prediction further showed the epitope
as a probable non-allergen, where O. sativa, which
is majorly used as food with several medicinal
and health benefits, due to the significantly close
protein characteristics. According to Jamil and Anwar
(2016), the use is considered to be generally safe.
in addition, the HLA-C*12:03 allele demonstrated
greater coverage in contrast with the others, and was
subsequently used for molecular simulation analysis
(Oyarzun and Kobe 2015).

The SWISS-MODEL was used to generate a
hypothetical three-dimensional (3D) structure for
the allele HLA-C*12:03, according to the homology
modelling (Biasini et al. 2014). This development
was based on the protein sequences available at
the EBI database (C*12:03:01:01) (Rodriguez-Tomé
et al. 1996). In addition, the ModRefiner was used
for structural optimization, by constructing and
refining the structure from Ca traces, by minimizing
the atomic-level energy through a two-step
process (Xu and Zhang 2011). Subsequently, several
tools were used to validate the hypothetical 3D
structure, including the ERRAT (Colovos and Yeates
1993), Verify3D (Eisenberg et al. 1997), QMEAN
(Benkert et al. 2008) and PROCHECK (Laskowski
et al. 1993). Particularly, the approached used to
measure correctness through Verify3D was based
on compatibility with the amino acid present.
Furthermore, the overall score observed was over
80.00, and further indicates a good model (Eisenberg
et al. 1997). The protein model quality was measured
with PROCHECK by exhaustively evaluating the
stereochemistry. Therefore, the residues present at
the most allowed and favorable regions had a score
>90%, and the model was further considered to be of
high-quality (Laskowski et al. 1993). The ERRAT was
used to measure correctness level of specific protein
structure regions. This determination was based
on the nature of the noncovalent pairwise bonded
interactions (CO, CN, CC, NN, OO, and NO). The model
was considered as good with score >80.00 (Colovos
and Yeates 1993). Furthermore, QVIEAN was used for

the composite scoring function, due to the proteins’
varied geometrical aspects (Benkert et al. 2011).
The results collectively suggest the acceptability
of HLA-C*12:03 as a the proposed hypothetical
structure to be adopted during molecular docking
simulations.

The bond between immunogenic peptides
and MHC receptors is essential for peptide
immunogenicity mechanisms. The binding affinity
between epitopes and HLA alleles was analyzed using
molecular docking, performed by acknowledging
the receptor capacity of HLA molecules, where
epitopes serve as candidate ligand (Dash et al
2017). These findings indicate the higher probability
for KAWLVHRQW and ITEAELTGY to bind with
HLA-C*12:03, and consequently trigger an immune
response.

The B-cell epitopes are considered an essential
component in epitope-based vaccine development,
due to the mediation role played during viral
neutralization in potent humoral immune response
(Sette and Fikes 2003). The candidate epitope was
predicted from the B4XPM1 sequence evaluated,
using the numerous immunoinformatics tools
present in IEDB. This activity was performed through
antigenicity assessment, based on the considerations
of surface accessibility, amino acid constituents,
B-turn potential, polarity and flexibility (Chou and
Fasman 1977; Karplus and Schulz 1985; Emini et al.
1985; Larsen et al. 2006; Kolaskar and Tongaonkar
1990). Collectively, the results indicate a need to
consider the peptide region ranging from position 77
to 85 as potent B-cell epitope.

Moreover, in silico methods have significantly
influenced  epitope-based dengue  vaccine
development. The time and cost required for during
the identification process is reduced significantly.
Therefore, candidates for vaccine development were
successfully provided against DENV-2 envelope
glycoprotein. However, Further research is needed
to improve the design of vaccines required for
other serotypes, and also to facilitate models for
multivalent variants.

5. Conclusion
The results indicate epitope KAWLVHRQW

obtained from peptide region 77 to 85 at positions
204-212 to be the most potent B-cell and T-cell.
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In summary, the developed components were
estimated to confer a significantly high immunity
against DENV-2.
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