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ABSTRACT: The Flaviviridae family of viruses includes the dengue virus
(DENV) and the Zika virus (ZIKV). Which have already caused outbreaks
and epidemics in a number of countries in the entire world. Dengue fever and
Zika fever are two and among the most widely disseminated mosquito-borne

viral illnesses in the world both of these diseases have the potential to erupt
in many places of the world at the same time, and they can be lethal as well
as life-threatening. Unfortunately, there isn't a vaccine that works well
enough to combat these viruses. As a result, we used an immunoinformatics
method to build a multivalent and multipathogenic epitope-based vaccination
that can combat both DENV and ZIKV infections at the same time in this
study. ZIKV epitope QPENLEYRI and DENV epitope NKPTLDFEL
docking scores of -346.10 and -379.80 were designed for a multivalent and
multipathogenic vaccine that contained non-allergenic but also highly
antigenic T-cell (100 percent conserved) from DENV and ZIKV serotypes.
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INTRODUCTION: DENV and ZIKV virus are
two flaviviruses spread by mosquitoes that affect
approximately 1/2 of the worldwide population®.
As a result of population expansion and migration,
urbanization and climate change, Aedes aegypti
disease has grown %3 *°. The extrinsic incubation
time for flaviviruses like DENV and ZIKV is
predicted to be 10 to 14 days °. The composition of
saliva varies when the salivary glands are infected,
impacting blood acquisition and skin infection ’.
Infections with DENV, ZIKV and CHIKV
stimulate the c-jun n terminal kinase (JNK)
pathway, activating complement and apoptotic
effectors and leading to a wide antiviral response ®.
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In contrast, whether administered as DNA, protein
or produced by a chimpanzee adenovirus, ZIKV
EDIII failed to suppress viral proliferation in mice
% 10 Adoptive transplantation of ZIKV-specific
CD8 T cells decreased viral load in mice, ** *2
indicating that Thl cells are also necessary for full
protection against ZIKV infection **. For both HLA
classes, a variety of epitopes having strong binding
affinity, promiscuous and antigenicity were
predicted .

Controlled human challenge infection models are
being researched as a potential alternative
technique of obtaining effectiveness proof for
vaccination regulatory clearance There is
currently no effective Zika vaccine available;
however, a ZIKV vaccine has been developed and
is being evaluated in clinical trials ** *". Sanofi
Pasteur produced Dengvaxia, a licensed dengue
vaccine that provides only limited protection and
comes with a list of warnings ****?°. 1t’s also been
licenced for usage in over 20 Countries where
dengue fever is prevalent and the European Union
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and the United State ** %%, Further investigation
revealed that dengue sero youngsters under the age
of 9 years had the lowest vaccination effectiveness
of 14.4%. As a result, the goal of my research was
to use computer simulations to discover potential
vaccine candidates and antiviral efficacy testing.
The goal of the study is to come up with safe and
effective medicines for patients > ?*. Dengue virus
infection can be symptomatic or asymptomatic
depending on the serotype .

The febrile phase lasts two to seven days. Plasma
leakage and hemorrhagic symptoms occur in DHF
and Dengue Shock Syndrome DSS. Without
correct treatment, severe plasma leakage can cause
metabolic acidosis, shock, and organ damage in the
foetus. In certain epidemiological research,
secondary dengue virus infections were linked to
an elevated risk of DHF/DSS ?°. During the early
epidemics, patients reported ZIKV infection side
effects Fever, angioedema, redness, and blindness
are some of the symptoms, despite 50-80% of
diseases being asymptomatic #’. For the first time,
Guillain-Barre syndrome was linked to Zika virus
infection, indicating the virus's neurotropic nature;
also, viral RNA was detected in semen and urine
during this outbreak *%. Autopsy samples were also
used to confirm the foetus *°. Since early 2016, the
World Health Organization (WHO) has declared
the Zika virus an international public health crisis is
underway.

DENV and ZIKV both belong in Flavivirus; their
genome organization and virion shape are identical.
DENV and ZIKV have single-stranded positive
RNA around 11, 000 nucleotides in ORF. DENV
and ZIKV contain structural (C, prM and E)
proteins with 7 (NS1, NS2A, NS2B, NS3, NS4A,
NS4B NS5) non-structural proteins. In general, 55—
56 percent of DENV and ZIKV polyproteins have
similar sequences, but 69-72 percent of Dengue
virus polyproteins are homologous in four
serotypes. Non-structural proteins (NS1) are
cytoplasmic proteins that play a role in viral RNA
proliferation and polyprotein production. Each E
dimer is made up of two antiparallel monomer units
its helixes at the c-terminus are attached in the two-
layer membrane of the virus E protein. Because E
protein is immediately involved in the fusion of
membrane and binding properties of the receptor
after the entrance, it is largely exposed to the
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outside and hence contains the majority of
neutralizing epitopes M proteins are buried in a pair
beneath each dimeric E ectodomain in nooks and
holes at the both E units on the viral membrane.
Although antibodies against numerous viral
proteins to a stimulus flavivirus infection here
antibodies provide considerable protection and
neutralize antibodies to the E protein on the viral
surface *°.

Flavivirus envelope protein's ectodomain is made
up of 3 subdomains *. 11 Domain is a large finger-
like region that parallels to the virus surface and its
tip contains a hydroxyl group. Domain Il is an
immune globulin molecule that can be folded
projects out from the virus surface and is assumed
to be crucial virus interaction. Domain | connects
domains Il and 111 with an eight-stranded barrel. E
domain Il was found to be the most common
target DENV neutralizing antibodies, antibodies
that area are primarily specific serotype 2. While
antibodies that the target fusion loops epitopes are
typically have little neutralizing activity. On the
contrary, some human investigations have directly
demonstrated the relevance of ZIKV EDIII-specific
antibodies. Antibodies against in a single study, E
domain Il with quaternary epitopes, were shown to
be the best effective at neutralizing a panel for
human mAb collected from various convalescent
patients.

DENV and ZIKV's envelope proteins have a high
amount of structural homology, with 35, 51, and 29
percent protein identity in EDI, EDII, and EDIII.
Cross-reactivates within antibodies targeting two
viruses' E domain 1/I1 are common and less for
antibodies targeting domain Ill. As a result, E
protein is the best epitope-based vaccination target.
The DNA vaccine comprising ZIKV prM and E
protein developed by the National Institute of
Allergy and Infectious Diseases and evaluated in a
Phase Il study, is the most advanced Zika vaccine
candidate. Immunoinformatics is described as
applying computational tools and methodologies
for  interpreting, creating and  altering
immunological knowledge **. Infections with
DENV and ZIKV both induce potent T cell
responses with unclear roles. Cross-reactive CD4 +
T cells have been studied. The neutralization and
enhancement activities of the dengue and Zika
vaccines were both reduced, demonstrating that the
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E dimeric structure on the top of VLP requires this
space. Current preventative and treatment options
for many infectious diseases are either inadequate
or nonexistent. Although DENV and ZIKV have so
many genetic and structural similarities, a nearly
identical manner of transmission by a mosquito
with the adaptive response, DENV and ZIKV are
often confused. All of the aforementioned show
that T cell and B cell responses are key components
of adaptive immunity against dengue and Zika
virus, that T cell and B cell components should be
taken into account while developing protective
vaccines. The present vaccine development is being
guided by the application of immunoinformatics to
the Antigens with As B and T cell epitope-based
vaccination.

MATERIALS AND METHODS:

Viral Protein Selection: This study employed
statistical approaches to predict the most successful
DENV and ZIKV vaccine applications. The virus
pathogen resource sequence database was used to
retrieve the Dengue virus and Zika virus amino
acid sequences. (https://www.viprbrc.org/brc/vipr-
protein-serch.spg). DENV and ZIKV viral proteins
were extracted using the FASTA format.

Predictions of Allergenicity and GRAVY of
Protein: Allergen FP algorithm, which was
mentioned in this study, was included (FP stands
for Finger Print). The similarity index was used to
select Envelope Proteins that aren't allergens .
Prot Param is software that calculates physical and
chemical properties like stability for a protein in
TrEMBLL and therefore user-entered epitope
sequence. (http://www.expasy.org/sprot/) a
comprehensive protein sequence database with
high-quality annotations.

Prediction of MHC Epitopes from Zika and
Dengue Vectors: ProPredl is a web-based tool
which anticipates MHC binding sites in antigenic
protein sequences using a graphical interface. The
server uses a matrix-based prediction technique.
This site may be useful for detecting binding areas
that are promiscuous in their ability to bind to a
variety of HLA alleles. T-cell epitopes have crucial
role for vaccine development, trigger immune
response. The use of Propredl for detecting T cell
epitopes that bind with class 1 HLA alleles and
increased affinity was studied °.
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The MHC Class Il proteins, when combined with
antigenic fragments, produce epitopes that T-helper
cells (CD4+) detect. MHC Class Il proteins are
essential in almost every antigen reaction as a
response. These proteins perform a direct or
indirect function in a range of immune responses.

Prediction of  Toxicity,  Hydrophobicity
Hydropathicity and Hydrophilicity: Epitope
toxicity, hydrophobicity, hydropathicity, and
hydrophilicity were all evaluated using the toxin
Pred *°. It can be used to locate the least cytotoxic
peptides and to develop the least toxic peptides.

Prediction of Instability and GRAVY from
Epitope: Expasy Prot Param calculated the index
of Instability; hydropathicity with GRAVY.
TrEMBL can be used to specify the epitope. The
atomic and amino acid compositions are self-
evident.

B-cell Epitope Prediction: The ABCpred service's
purpose is to predict B cell epitope in an antigen
sequence using an artificial neural network. This
server is used for fixed-length patterns with a
machine-based strategy. Use of a recurrent neural
network, researchers was able to achieve an
accuracy of 65.93 percent. The tabular outcome is a
table that shows the length of amino acids in a
protein predicted by the server from N-terminal to
C-terminal ¥

2.7 Prediction of Short Listed Consensus
Epitopes and Analysis of Antigenicity and
Immunogenicity: Dengue and Zika Virus
multivalent and multipathogenic vaccines could be
developed using the prediction of shared epitopes
between known serotypes. When the projected Zika
and dengue virus serotype epitopes were evaluated,
the standard peptides were discovered to be
CONsensus epitopes.

The consensus epitope approach was used to filter
out prospective candidates that were most likely to
activate an immunological response against the
Dengue Virus. Antigenicity is a characteristic of
vaccines that decides whether an antigen or not.
Epitope reacts to antibodies that lead the immune
system to develop a defense mechanism against
new threats. VaxiJen is the first server to forecast
protective antigens without using alignment %,
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IEDB is an accessible tool that includes a
comprehensive database for measuring
experimentally immune epitopes as well as a set of
tools. The IEDB includes tools for predicting and
analysing the immunogenicity of epitopes *°.

Modeling, Refining and Validation of Tertiary
Structures: PEPstr is a service that premises the
tertiary structure of short peptides lengths ranging
from 7 to 25 residues. This is a server that creates
three-dimensional models of tiny peptide
structures. This will allow researchers to develop
modified peptides with the required therapeutic
properties in mind %442,

Structure-Based Modeling of MHC Alleles
and Evaluation: To prepare allele structures, the
IMGT/HLA Database is used. As well as statistics
on sequence validation Computational approaches
were used to represent some of the allele structures
that were not present in the IMGT/HLA database.
Procheck is a programme that evaluates the stereo
chemical quality of a protein structure in
comparison to other well-refined structures ***,

ICso and Conservancy Analysis: Based on 1Csy
values, the prediction server Propredl for each of
the genes, we predicted the appropriate allele
hypothesised T-cell epitopes. The ICsy value with
the lowest value was chosen for further
investigation.

Similarly, specific allele frequency was the sole
variable that only measured tallied to meet the
needs and demands of binding alleles for each
amino acid. The redundant alleles were not taken
into account. The IEDB's epitope conservancy
research method to determine epitope conservation
was utilised to forecast the target epitopes'
conservancy trend .Conservancy can be calculated
using provided identity factors, as well as the
minimum and maximum conservancy amounts.
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Analysis of Population Coverage: Tool IEDB was
used to calculate the population coverage of the
specified epitopes. Individuals of different
ethnicities/countries, on the other hand, have
distinct MHC-related pools/frequencies due to the
significant polymorphism of MHC molecules. As a
result, epitope-based vaccinations may be used to
improve population distribution when reducing the
amount of uncertainty and variation in coverage
obtained or expected among ethnic groups.

Docking: Peptide protein interactions serve a
critical role in immunological responses to name a
few examples. A peptide sequence created by
sampling probable peptide-binding conformations
and using an energy scoring feature to score the
anticipated protein-peptide complexes.
HPEPDOCK is a tool that performs blind protein-
peptide docking via the hierarchical method.

RESULTS:

Selection of Viral Proteins for Vaccine
Preparation: The multivalent and multipathogenic
vaccine was created using the virus pathogen
resource sequence database. The structural
envelope protein's amino acid sequence was
determined using the dengue and zika viruses. The
virus uses the structural protein to infiltrate the host
and assemble viral particles. For this study, the E-
proteins of DENV and ZIKV Flavivirus serotypes
were chosen, and an epitope was created that
elicited both B and T cell responses.

Predictions of Allergenicity and GRAVY of
protein: The method presented in this work was
made available on Allergen F P, a specially
developed website. Non-allergenic  Envelope
proteins of DENV and ZIKV were chosen for
further study. A higher negative score is
determined as a result of the GRAVY analysis.
Stability is determined using the similarity index,
which includes physiochemical properties.

TABLE 1: PREDICTION OF ALLERGENICITY AND GRAVY OF PROTEIN

Name of predection Result Molecular Theoretical Instability  Classifies GRAVY  Aliphatic

vectors score weight index the protein value index
Zeka 0.82 Non-allergen  54446.19 6.51 21.56 stable -0.083 80.26

Dengue 0.82 Non-allergen  54200.72 7.91 27.73 stable -0.082 84.81

Prediction of MHC Epitopes from Zlka and
Dengue Xectors: Epitopes of Enevelope protein
linked to the MHC class | allele were projecting
from Propred | to classify DENV and ZENV CTL
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epitopes. The immunological acknowledgment is
triggered by T-cell epitopes. A high rating
demonstrates good precision. ZENV and DENV
were predicted to have 30 and 16 CD8+ epitopes.
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The Epitopes were stable with non-allergenic.
Analysis' cutoff point was set at 4%, and epitope
chose more than 100 values. The top 13 and 11
epitopes were picked from the Enevelope proteins
bound to Helper T lymphocyte (HTL) that have
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MHC-II alleles of ZENV and DENV. The value
cut-off is Actual Score 5 with 4 thresholds. As a
result, more than 5 actual score epitopes will be
included in the next study.

TABLE 2: SHORTLISTED MHC1 EPITOPES OF ZIKA AND TOXICITY, HYDROPHOBICITY, HYDRO-
PATHICITY, HYDROPHILICITY, INSTABILITY AND GRAVY ANALYSIS

Epitope  Position  Score Allele SVM  Prede-

Hydro- Hydro- Hydro- Insta- Nature (GRA

sore ction phobicity  pathicity philicity  bility VY)
index value
GLDFS 195 125 HLA-A1 -1.01 Non 0.02 -0.04 -0.49 14.22 stable -0.044
DLYY Toxin
GLFGK 106 1106 HLA-A2 -0.80 Non 0.15 0.97 -0.48 -9.98 stable 0.967
GSLV Toxin
TMNNK 205 530 HLA-A2 -0.01 Non -0.14 -0.64 -0.61 45.71 unstable  -0.644
HWLV Toxin
ALGGV 490 270 HLA- -0.97 Non 0.42 2.44 -1.24 22.60 stable 2.444
MIFL A*0201 Toxin
SYSLCT 304 100 HLA- -1.28 Non 0.11 1.01 -0.93 45.11 unstable 1.011
AAF A24 Toxin
IVIGVG 387 240 HLA- -1.01 Non -0.01 0.59 0.27 -19.41 stable 0.589
DKK A68.1 Toxin
TVSNM 49 200 HLA- -0.77 Non -0.19 -0.09 0.13 22.60 stable -0.100
AEVR A68.1 Toxin
CVTVM 30 120 HLA- -0.68 Non -0.12 0.33 0.00 16.76 stable 0.333
AQDK A68.1 Toxin
LVWLG 472 120 HLA- -1.48 Non 0.07 0.62 -0.75 13.17 stable 0.689
LNTK A68.1 Toxin
GRLFSG 282 2000 HLA- -1.06 Non -0.15 -0.28 -0.03 -0.54 stable -0.311
HLK B*2705 Toxin
HRSGST 401 2000 HLA- -0.58 Non -0.15 -1.02 0.39 48.28 unstable  -1.133
IGK B*2705 Toxin
IRCIGV 1 1000 HLA- -0.19 Non -0.22 0.20 0.04 8.89 stable 0.222
SNR B*2705 Toxin
GRLITA 356 600 HLA- -0.93 Non -0.05 0.40 -0.31 27.09 stable 0.400
NPV B*2705 Toxin
DPPFGD 379 880 HLA- -1.19 Non -0.03 -0.54 -0.03 73.09 unstable  -0.600
SYI B*5101 Toxin
DAHAK 247 242 HLA- -0.43 Non -0.42 -1.28 0.64 57.08 unstable -1.278
RQTV B*5101 Toxin
QPENLE 131 440 HLA- -1.36 Non -0.31 -1.31 0.35 30.81 stable -1.456
YRI B*5102 Toxin
KPTVDI 38 242 HLA- -1.17 Non -0.03 0.35 0.20 32.63 stable 0.389
ELV B*5102 Toxin
TAAFTF 309 220 HLA- -1.71 Non 0.06 0.74 -0.57 13.17 stable 0.822
TKV B*5102 Toxin
HAKRQ 249 146.4 HLA- -0.83 Non -0.23 -0.14 0.03 66.51 unstable  -0.156
TVVV 1 B*5103 Toxin
IPLPWH 221 124.6 HLA- -0.84 Non 0.17 0.42 -0.85 40.77 unstable 0.467
AGA 3 B*5301 Toxin
FSDLY 198 121.8 HLA- -0.66 Non 0.08 0.47 -0.91 22.60 stable 0.522
YLTM 3 B*5301 Toxin
PPFGDS 380 121.5 HLA- -0.96 Non 0.09 0.23 -0.48 63.66 unstable 0.256
YIV 6 B*5301 Toxin
WDFGS 429 183.5 HLA- -0.99 Non 0.17 0.53 -0.62 4,79 stable 0.533
VGGV 8 B*5401 Toxin
WFHDIP 217 181.5 HLA- -0.63 Non 0.14 -0.06 -1.04 23.89 stable -0.067
LPW 8 B*5401 Toxin

International Journal of Pharmaceutical Sciences and Research 3626



Dixit, IJPSR, 2022; Vol. 13(9): 3622-3634.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

FSQILIG 463 174.2 HLA- -1.10 Non 0.22 1.40 -0.96 42,26  unstable  1.556
TL 5 B*5401 Toxin

VPAQM 341 134.8 HLA- -1.03 Non 0.06 0.72 -0.34 48.70  unstable  0.800
AVDM 9 B*51 Toxin

KSLFG 454 264 HLA- -1.07 Non 0.05 0.14 -0.60 7142  unstable  0.144
GMSW B*5801 Toxin

KEWFH 215 139.1 HLA- -0.73 Non -0.07 -0.55 -0.10 -11.01 stable -0.611
DIPL 8 B*0702 Toxin

KLRLK 297 138.6 HLA- -1.48 Non -0.24 -0.30 0.19 1.99 stable -0.333
GVSY 7 B*0702 Toxin

RLKMD 292 138.3 HLA- -0.94 Non -0.51 -0.78 0.92 38.21 stable -0.778
KLRL 4 B*0702 Toxin
TABLE 3: SHORTLISTED MHC Il EPITOPES OF ZIKA AND TOXICITY, HYDROPHOBICITY,
HYDROPATHICITY, HYDROPHILICITY, INSTABILITY AND GRAVY ANALYSIS

Epitope  Position Score Allele SVM  Prede- Hydro- Hydro- Hydro-  Instability Nature GRAV

score  ction phobicity  pathicity philicity index Y value

IFLSTA 494 55 DRB1_ -1.38 Non- 0.22 1.64 -0.88 8.89 stable 1.856
VS 0404 Toxin

YRIMLS 136 6.7 DRB1_ -136 Non- -0.02 0.47 -0.66 8.89 stable 1.856
VHG 0405 Toxin

MIFLST 494 5.5 DRB1_  -1.16 Non- 0.31 2.19 -1.19 22.60 stable 1.311
AVS 0410 Toxin

LGGFG 179 6.1 DRB1_ -1.05 Non- 0.29 1.31 -0.84 13.17 stable 2.433
SLGL 0701 Toxin

LIGTLL 466 58 DRB1_ -1.35 Non- 0.42 2.43 -1.59 42.26 unstabl  0.244
VWL 0701 Toxin e

FTKVP 313 52 DRB1_ -145 Non- -0.02 0.24 -0.12 -19.41 stable 0.700
AETL 0701 Toxin

VFNSL 436 51 DRB1_ -0.60 Non- 0.08 0.70 -0.46 -0.54 stable 0.856
GKGI 0701 Toxin

LVTTT 44 5 DRB1_  -0.76 Non- 0.04 0.77 -0.68 28.41 stable 0.089
VSNM 0701 Toxin

YVCKR 89 59 DRB1_ -0.89 Non- -0.23 0.09 0.06 11.42 stable 0.011
TLVD 0801 Toxin

LRLKG 297 5.1 DRB1_  -1.40 Non- -0.16 0.01 -0.08 48.91 unstabl -1.000
VSYS 0801 Toxin e

WNNKE 235 6.4 DRB1_ -0.66 Non- -0.19 -0.90 0.22 8.89 stable 2411
ALVE 0817 Toxin

VMIFLS 493 6.1 DRB1_ -1.18 Non- 0.30 2.17 -1.10 39.96 stable 0.067
TAV 1501 Toxin

VRGAK 414 54 DRB1_ -0.88 Non- -0.29 0.07 0.41 8.75 stable 1.850
RMAV 1501 Toxin

TABLE 4: SHORT LISTED MHC1 EPITOPES OF DENGUE AND TOXICITY, HYDROPHOBICITY,
HYDROPATHICITY, HYDROPHILICITY, INSTABILITY AND GRAVY ANALYSIS

Epitope  Position Score Allele SVM  Prede-  Hydro- Hydro- Hydro- Instability = Nature = GRAVY

score  ction philicity  pathicity  philicity index value

NKPTL 37 474 HLA- -1.36 Non- -0.18 -0.70 0.30 18.44 stable -0.700
DFEL A2 Toxin

LVLVG 479 186 HLA- -1.32 Non- 0.41 3.01 -1.31 -9.98 stable 3.011
VVTL A2 Toxin

GMNSR 467 180 HLA- -0.73 Non- -0.27 -0.64 0.07 79.11 unstable -0.644
STSL A2 Toxin

FGSLG 422 291 HLA- -1.21 Non- 0.26 1.21 -0.93 22.60 stable 1.211
GVFT A*02 Toxin

01

VFTSIG 428 110 HLA- -1.06 Non- 0.14 1.26 -0.58 -0.54 stable 1.256
KAL A24 Toxin

SVSLV 476 200 HLA- -1.21 Non- 0.32 2.49 -1.00 -0.54 stable 2.489
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LVGV A68. Toxin
1
TTMRG 404 180 HLA- -0.63 Non- -0.45 -1.01 0.57 17.87 stable -1.011
AKRM AB8. Toxin
1
RSTSLS 471 126.6 HLA- -1.19 Non- -0.15 0.38 -0.14 57.71 unstable 0.378
VSL A2.1 Toxin
TSLSVS 473 1241 HLA- -1.38 Non- 0.19 1.86 -0.88 8.89 stable 1.856
LVL A2.1 Toxin
SRSTSL 470 300 HLA- -1.14 Non- -0.24 -0.13 0.09 79.11 unstable -0.133
SVS B*27 Toxin
02
CPTQG 74 2000 HLA- -141 Non- -0.13 -0.64 0.03 56.33 unstable -0.644
EPSL B*27 Toxin
05
MDLEK 340 480 HLA- -1.20 Non- -0.30 -0.54 0.57 66.51 unstable -0.544
RHVL B*44 Toxin
03
NSRSTS 469 286 HLA- -0.91 Non- -0.28 -0.43 0.08 79.11 unstable -0.433
LSV B*51 Toxin
01
LVLVG 479 484 HLA- -1.32 Non- 0.41 3.01 -1.31 -9.98 stable 3.011
VVTL B*51 Toxin
02
FKNPH 240 1835 HLA- -0.12 Non- -0.47 -2.10 0.66 15.30 stable -2.100
AKKQ 8 B*54 Toxin
01
AKKQD 245 136.9 HLA- -0.89 Non- -0.13 0.38 0.27 56.60 stable 0.378
VVVL 5 B*07 Toxin
02
TABLE 5: SHORTLISTED MHC Il EPITOPES OF DENGUE AND TOXICITY, HYDROPHOBICITY,
HYDROPATHICITY, HYDROPHILICITY, INSTABILITY AND GRAVY ANALYSIS
Epitope  Position Score  Allele SVM Prede Hydro- Hydro-  Hydro- Instabi  Nature GRA
score -ction  phobicity  pathicity philicity lity VY
index
LRMDK 286 58 DRB1_ -1.30 Non- -0.35 -0.60 0.55 8.75 stable 1.850
LQLK 0301 Toxin
LVGVV 480 5 DRB1_ -1.05 Non- 0.32 2.16 -1.26 -21.42 stable 0.467
TLYL 0410 Toxin
LVLVG 478 8.1 DRB1_ -1.28 Non- 0.37 2.71 -1.18 8.89 stable 1.856
VVTL 0701 Toxin
IQMSSG 269 7.3 DRB1_ -0.89 Non- 0.04 0.50 -0.57 22.60 stable 1.311
NLL 0701 Toxin
MKILIG 454 5.2 DRB1_ -1.71 Non- 0.31 2.33 -0.85 13.17 stable 2.433
VVI 0701 Toxin
WLVHR 205 5.3 DRB1_ -0.45 Non- 0.01 0.18 -1.30 42.26 unstable 0.244
QWFL 0703 Toxin
LIGVVI 457 5 DRB1_ -1.28 Non- 0.42 2.37 -1.40 -19.41 stable 0.700
TWI 0703 Toxin
FVCKH 89 6.6 DRB1_ -0.31 Non- 0.42 0.47 -0.22 -7.81 stable 0.467
SMVD 0817 Toxin
WIQKE 230 54  DRB1_ 0.72 Non- -0.06 -0.07 -0.3 -0.54 stable -0.078
TLVT 0817 Toxin
MRGAK 405 5.8 DRB1_ -1.20 Non- -0.30 -0.16 0.40 11.42 stable 0.011
RMAI 1501 Toxin
LVTFK 236 5.5 DRB1_ -0.79 Non- -0.05 -0.03 -0.40 48.91 unstable  -1.000
NPHA 1501 Toxin

International Journal of Pharmaceutical Sciences and Research

3628



Dixit, IJPSR, 2022; Vol. 13(9): 3622-3634.

Prediction of  Toxicity, Hydrophobicity,
Hydropathicity and Hydrophilicity: The Toxin
Pred program was used to test toxicity, which
classed them toxic or non-toxic. A negative SVM
score shows that the chosen epitopes were non-
toxic, hydrophobic, and hydropathic, while a
positive SVM score indicates that they should be
studied further.

Prediction of Instability and GRAVY from
Epitopes: Prot Param is a carefully curated protein
sequence database with high-quality annotations.
This approach was used to choose research with
higher GRAVY negative scores and stability. We
discovered 8 MHC1 and 0 MHC I1 epitopes for the
Zika virus and 3 MHC | and 1 MHC |11 epitopes for
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the Dengue virus with stable protein, which we
utilized in the next investigation.

Prediction of B-cell Epitope: For envelope protein
of ZENV and DENV, all epitopes expected via
ABC pred with a score greater than 0.50 have been
chosen. For ZENV and DENV, 49 and 54 B. cell
epitopes have been projected from envelope
proteins, respectively.

In the design of the final vaccine, projected B-cell
epitopes were utilized as a basis for CTL and HTL
epitopes. B cell epitopes overlapped with T cells
were selected and accepted for inclusion in
vaccine's final design.

TABLE 6: PREDICTION OF SHORTLISTED B CELL EPITOPES FROM ZIKA AND DENGUE VECTORS

ZEKA DENGUE
Rank Sequence Start Score Rank Sequence Start Score
position position
1 TVEVQYAGTDGPCKVP 327 0.94 1 HGTIVIRVQYEGDGSP 317 0.94
1 AKVEVTPNSPRAEATL 165 0.94 1 YGTVTMECSPRTGLDF 178 0.94
2 TGHETDENRAKVEVTP 156 0.93 2 KYCIEAKLTNTTTASR 58 0.90
3 FGSLGLDCEPRTGLDF 183 0.91 2 PWLPGADTQGSNWIQK 219 0.90
4 SGMIVNDTGHETDENR 149 0.89 3 KGMSYSMCTGKFKVVK 295 0.89
5 AVLGDTAWDFGSVGGV 422 0.88 3 ECSPRTGLDFNEMVLL 184 0.89
5 TVMAQDKPTVDIELVT 32 0.88 4 TTMAKNKPTLDFELIK 32 0.88
5 EWFHDIPLPWHAGADT 216 0.88 4 KGGIVTCAMFTCKKNM 110 0.88
6 YEASISDMASDSRCPT 61 0.87 5 TTASRCPTQGEPSLNE 69 0.87
6 KFTCSKKMTGKSIQPE 118 0.87 5 IGVVITWIGMNSRSTS 459 0.87
7 GDKKITHHWHRSGSTI 392 0.86 5 GVSWTMKILIGVVITW 450 0.87
7 YSLCTAAFTFTKVPAE 305 0.86 6 DSYIIGVEPGQLKLS 375 0.86
7 SGHLKCRLKMDKLRLK 286 0.86 6 TGHLKCRLRMDKLQLK 280 0.86
7 PWHAGADTGTPHWNNK 224 0.86 7 AILGDTAWDFGSLGGV 413 0.84
7 GGTWVDVVLEHGGCVT 17 0.86 7 FETTMRGAKRMAILGD 402 0.84
8 RGWGNGCGLFGKGSLV 99 0.85 7 GSWVDIVLEHGSCVTT 18 0.84
9 GRLITANPVITESTEN 356 0.84 8 QSSITEAELTGYGTVT 167 0.83
10 IELVTTTVSNMAEVRS 43 0.83 8 TIVITPHSGEENAVGN 138 0.83
10 NPVITESTENSKMMLE 362 0.83 9 HSMVDRGWGNGCGLFG 94 0.82
10 DFSDLYYLTMNNKHWL 197 0.83 9 SSIGQMFETTMRGAKR 396 0.82
11 RGAKRMAVLGDTAWDF 416 0.82 9 GSNWIQKETLVTFKNP 228 0.82
12 GVSNRDFVEGMSGGTW 5 0.81 10 VLEHGSCVTTMAKNKP 24 0.81
12 GMSWFSQILIGTLLVW 459 0.81 10 AMFTCKKNMEGKIVQP 117 0.81
12 KSIQPENLEYRIMLSV 128 0.81 11 AEPPFGDSY IIIGVEP 369 0.79
13 GEAYLDKQSDTQYVCK 78 0.8 11 GRLITVNPIVTEKDSP 349 0.79
13 ASDSRCPTQGEAYLDK 69 0.8 11 PFEIMDLEKRHVLGRL 336 0.79
13 MMLELDPPFGDSY VI 374 0.8 12 KTEAKQPATLRKYCIE 47 0.78
13 AGTDGPCKVPAQMAVD 333 0.8 12 FGAIYGAAFSGVSWTM 440 0.78
14 GSTIGKAFEATVRGAK 404 0.79 12 NPIVTEKDSPVNIEAE 355 0.78
14 VLEHGGCVTVMAQDKP 24 0.79 13 AVGNDTGKHGKEVKVT 150 0.77
15 YVCKRTLVDRGWGNGC 90 0.78 14 KIVQPENLEYTIVITP 128 0.75
15 EALVEFKDAHAKRQTV 240 0.78 15 QMENKAWLVHRQWFLD 200 0.74
15 FVEGMSGGTWVDVVLE 11 0.78 16 FTSIGKALHQVFGAIY 429 0.73
16 DMQTLTPVGRLITANP 348 0.77 16 TGATEIQMSSGNLLFT 265 0.73
16 RAEATLGGFGSLGLDC 175 0.77 16 KHGKEVKVTPQSSITE 157 0.73
16 SVHGSQHSGMIVNDTG 142 0.77 16 MRCIGISNRDFVEGVS 1 0.73
17 KVPAQMAVDMQTLTPV 340 0.76 17 HSGEENAVGNDTGKHG 144 0.71
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18 GDSYIVIGVGDKKITH 383 0.73
19 TVSNMAEVRSYCYEAS 49 0.71
19 EMDGAKGRLFSGHLKC 276 0.71
19 HWLVHKEWFHDIPLPW 210 0.71
20 QILIGTLLVWLGLNTK 465 0.7
20 LGKGIHQIFGAAFKSL 441 0.7
21 NGSISLTCLALGGVMI 481 0.69
22 IFGAAFKSLFGGMSWF 448 0.66
23 AGALEAEMDGAKGRLF 270 0.65
24 TFTKVPAETLHGTVTV 313 0.62
24 GSQEGAVHTALAGALE 259 0.62
25 DAHAKRQTVVVLGSQE 247 0.54

18 ETLVTFKNPHAKKQDV 235 0.70
19 QDVVVLGSQEGAMHTA 248 0.69
20 GSQEGAMHTALTGATE 254 0.68
21 NRDFVEGVSGGSWVDI 8 0.66
21 QGEPSLNEEQDKRFVC 7 0.66
21 KPTLDFELIKTEAKQP 38 0.66
21 RVQYEGDGSPCKIPFE 323 0.66
22 KEIAETQHGTIVIRVQ 310 0.65
23 KLSWFKKGSSIGQMFE 388 0.64
23 VEPGQLKLSWFKKGSS 382 0.64
24 NGCGLFGKGGIVTCAM 103 0.63
25 WDFGSLGGVFTSIGKA 420 0.61
26 MCTGKFKVVKEIAETQ 301 0.60
27 IGMNSRSTSLSVSLVL 466 0.59
28 NEEQDKRFVCKHSMVD 83 0.58
29 DFENEMVLLQMENKAWL 192 0.54
30 NPHAKKQDVVVLGSQE 242 0.51

Prediction of Consensus Epitope, Antigenicity
and Immunogenicity: We created peptide datasets
with equal MHC binding affinity and separated
those that were and weren't recognized by T cells.
In my research, | projected a total of 7 consensus
epitopes. DENV and ZIKV were projected to have
4, 3 epitopes. Consensus B cell epitopes were
chosen from among B cell epitopes that were
antigenic to anticipate T cell epitopes. Epitopes
RLKMDKLRL, QPENLEYRI, GRLFSGHL had a
score of 0.86, 0.81, and 0.71 for Zika and
NKPTLDFEL, TTMRGAKRM, FKNPHAKKQ
and WIQKETLVT score 0.88, 0.84, 0.70 and 0.82
for Dengue Consensus B cell epitopes were
selected in each case. Antigenicity Epitopes
GRLFSGHL, RLKMDKLRL score-1.3059, -
1.3693 of ZIKAV were ruled out for future study.
Similarly, epitopes TTMRGAKRM,
FKNPHAKKQ, and WIQKETLVT with DENV
antigen scores of 0.1214, -0.2365, and 0.2331 were
ruled out for future study due to non-antigen. For
the next study, only epitope QPENLEYRI,

NKPTLDFEL score 1.2917, 0.6084 of ZIKV, and
DENYV as an antigen were used. T cells with a high
Immunogenicity score are more likely to be
recognized, while those with a low
Immunogenicity score are less likely to be
accepted. The epitope RLKMDKLRL -0.40722 of
ZIKAV was eliminated for further analysis after
failing to obtain a positive value. Similarly, DENV
epitopes  TTMRGAKRM, FKNPHAKKQ, and
WIQKETLVT with scores of -0.08685, -0.25293,
and -0.1058, respectively, were rejected for further
analysis. The epitopes of ZIKV and DENV that
QPENLEYRI, GRLFSGHL, and NKPTLDFEL
score 0.13656, 0.0123, and 0.20284 generate a
positive score were chosen for the next study. The
antigenicity and immunogenicity of the vaccine
constructs were QPENLEYRI and NKPTLDFEL,
showing that it is both antigenic and immunogenic.
Both epitopes imply that the final vaccine design
was a potent antigen as a result of this approach,
which was chosen for further research.

TABLE 7: PREDICTION OF SHORTLISTED CONSENSUS EPITOPES AND ANALYSIS OF ANTIGENICITY AND

IMMUNOGENICITY

Types of Epitopes Start Score Protective Probability of Immunogenicity
vectors position score Antigenicity
Zika KSIQPENLEYRIMLSV 128 0.8 1.2917 ANTIGEN 0.13656
EMDGAKGRLFSGHL 276 0.71 -1.3059 NON-ANTIGEN
SGHLKCRLKMDKLRLK 286 0.86 -1.3693 NON-ANTIGEN
Dengue TTMAKNKPTLDFELIK 32 0.88 0.6084 ANTIGEN
FETTMRGAKRMAILG 402 0.84 0.1214 NON-ANTIGEN
ETLVTFKNPHAKKQDV 235 0.70 -0.2365 NON-ANTIGEN
GSNWIQKETLVTFKNP 228 0.82 0.2331 NON-ANTIGEN -0.1058

Tertiary Structure Modeling, Refinement, and
Evaluation: PEPstr is a program that allows you to
run lengthy simulations of predicted peptides. This
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will allow researchers to develop modified peptides
with the required therapeutic properties in mind.
PSIPRED's projected standard secondary structure
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information and Beta Turns' anticipated
information are both used in the procedure.

Allele Structure: The 3D structure of the given
allele HLA B*2705 was built using the IPD
IMGT/HL allele Structure Prediction service
(2BSR). MODELLER 9.10 is homology simulation
programme that the model picked with allele HLA
A-2 as Sample Template PDB ID
(4U6X).PROCHECK was used to check the allele's
stereo chemical properties.
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Docking: Hpepdock online server, which was
utilized for protein docking. Hpepdock docking's
success provides a huge number of results, from
which the top ten were chosen for analysis. After
examining all ten docked conformations, the best-
docked model was number one, demonstrating the
best interactions between the receptor and ligand.
ZIKV and DENV alleles HLA-B*2705, HLA-A2
bind to QPENLEYRI, NKPTLDFEL. Geometric
form complexity docking scores of -346.10 and -
379.80 were discovered.

FIG. 1: EPITOPES (A) QPENLEYRI (ZIKA) INTERACTION WITH AN ANTIGEN-BINDING POCKET OF HLA-
B*27: 05 EPITOPES (B) NKPTLDFEL (DENGUE) INTERACTION WITH AN ANTIGEN-BINDING POCKET OF

HLA-A2

ICsp Values and Conservancy Prediction
through Consensus Sequences: In the Informatics
in Medicine Unlocked 20 (2020) 1004306 IEDB,
Alleles having the ideal 1C50 values were chosen
the ideal binders to investigate next study. E

(Structural ~ Protein)  component was the
QPENLEYRI and NKPTLDFEL Conservancy 100
percent of ZIKV and DENV confirmed by the
IEDB tool.

TABLE 8: PREDICTION OF IC 50 VALUES, CONSERVANCY ANALYSIS AND DOCKING

Types of IC 50 Value

vectors

Epitope
sequence

Percentage of protein
sequences that match
with 100% identity

Minimum Maximum Docking
identity identity score

Zika  QPENLE HLA-B*35:01{0.693}, HLA-
YRI B*37:01{0.405}, HLA,
B*38:01{0.445}, HLA-

B*39:01{1.7920}, HLA-
B*39:02{0.693},
HLAB*44:03{0.405},
HI AR*R1:N1f£1 RAOY

HLA-A1 {0.693}, HLA-A2

{1.553}, HLA-
A*02:01{1.143}, HLA-
A*02:05{0.519}, HLA-

A*11:01{-2.120}, HLA-A24
{1.792}, HLA-A3 {-0.799},
HLA-A*31:01{1.609}, HLA-
A*33:02{0.105}, HLA-A68.1
{1.609}, HLA-A2.1

NKPTL
DFEL

Dengue

100.00% (55/55)

100.00% (69/69)

100.00% 100.00% -346.10

100.00% 100.00% -379.80
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Population Coverage Study: The selection of a
group of epitopes with a large number of HLA
binding capacities will aid in the expansion of
global coverage. We have a propensity to be ready
to develop the response of every human fraction to
a specified epitope by utilizing HLA constitution
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frequencies. In my research, | discovered that the
ZIKV epitope QPENLEYRI covers 53.49 % of the
entire world's population while the DENV epitope
NKPTLDFEL covers 54.31 % of the entire world's
population.
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DISCUSSION: We presented a potential epitopes
QPENLEYRI, NKPTLDFEL of ZIKV and DENV
based on this information; it fights and defeats
Dengue and Zika viruses by a mixture of
immunizations and vector blockage. In order to
anticipate epitope vaccine candidate agents against
virus, immunoinformatics methods are becoming
increasingly popular. We found consecutive amino
acids when screening, so this whole ZIKV and
DENV proteome included THL, CTL, and B cell
epitopes. The use of immunoinformatics method
epitope cluster will pave the way for further
research for the development of a ZIKV and DENV
synthetic epitope vaccination that is precisely
targeted. The rapid Zika virus outbreaks have
added to the difficulty of solving the dengue

problem. Like any other scientific challenge before
it, the enormous global outbreaks of ZIKV and
DENV have prompted substantial research into
flavivirus virology, immunology, and vaccinology.

CONCLUSION: The predicted immunogenic
epitopes QPENLEYRI, NKPTLDFEL of ZIKV,
and DENV were docked with the most common
MHC molecules observed in our studies
HLAB*27:05, HLA A-2. Two-pronged approaches
combine human preventive vaccines with vector
blockade to interrupt transmission cycles in several
points required to tackle mosquito-borne viruses. B
cell and T cell vaccinations are anticipated aid in
overcoming the impact on humans, prevent
mosquito  transmission, and  allow  for
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comprehensive disease control. However, more
experimental testing is required to determine these
procedures' practicality, efficiency, and safety.
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