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Abstract

Dengue virus (DENV) is a major mosquito vector based human pathogenic flavivirus which is causing major threat world-
wide, yet the availability of therapeutic treatment and several vaccines, still called for advance treatment and vaccine devel-
opment. The present top down computational approach is a vaccine development step to find novel super antigenic HLA
binding epitopes from DENV proteome. The approach used sequence based screening to find complete conserve and high
population coverage, common epitopes among all DENV serotype. Propred and Immune Epitope Data Base were used for
sequence based screening with recommended parameters. Among top 29 identified epitopes, five structural protein epitopes
viz. *LQGRGPLKL*!, ?VVVLGSQEG®’, "2 LVGIVTLYL'®, “SMKILIGVVI'**, ”?YIIVGVEPG® and one nonstructural
protein epitope SLKNDIPMTG?® were showed high conserve nature and high population coverage from complete DENV
proteome. Further structure based study involving docking and molecular dynamic simulation to confirm stable behavior
of HLA allele—peptide complex to give potent cell mediated immune response. Docking of epitope ">YIIVGVEPG®'—
DRB1 0401 allele and epitope >*LQGRGPLKL*'-B*5101 allele complexes showed the best binding energy of — 7.71 and
— 7.20 kcal/mol, respectively and stable binding pattern over the time window during molecular dynamic simulation. This
computational approach resulted novel epitopes which can be used in the design and development of short epitope based
vaccines as well as diagnosis tools for dengue infection.
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Introduction

Dengue virus (DENYV) is a major Aedes mosquito vector
based human pathogenic flavivirus which is causing world-
wide high morbidity and mortality in recent times. Dengue
(DENV) flavivirus belongs to family flaviviridae (Pulma-
nausahakul et al. 2010). DENV infection cause dengue fever
with more severe forms Dengue Hemorrhagic Fever (DHF)
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and Dengue Shock Syndrome (DSS) with the help of vec-
tor Aedes (Aedes albopictus and Aedes aegypti) mosquitoes
(Sanyaolu et al. 2017). Day by day, dengue becoming a
major health problem because of some major factors such
as population growth, urbanization and difficult mosquito
vector control. All together, these factors increasing the
cases of dengue infections all over the world (Gubler 2004).
WHO reported the number of cases of dengue infection
increased over 2.4 million to 4.2 million from 2010 to 2019
and the largest number of dengue cases ever reported glob-
ally in 2019 but therapeutic treatment and vaccine still under
development. Therapeutic drugs refer Chimeric Yellow fever
virus DENV Tetravalent Dengue Vaccine (CYD-TDV) and
available conventional vaccines don’t have potential to cope
with this global DENV infection problem (WHO 2020).
Dengue virus proteome comprises total ten proteins such
as core, glycoprot and envelope as structural proteins and
nonstructural (NS1, 2a, 2b, 3, 4a, 4b and 5) proteins (Guz-
man et al. 2010; Schigler et al. 2007). The virus has four
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immunogenically related serotypes DEN-1, DEN-2, DEN-3,
and DEN-4 (Pulmanausahakul et al. 2010).

A lot of research has been done to develop a successful
dengue vaccine and therapeutic drugs which are yet ongo-
ing. Still, there is no specific antiviral drug and vaccine
available for dengue. CYD-TDV is mostly tested vaccine
and licensed by several endemic countries. Apart this, sev-
eral other vaccines such as tetravalent TV0O03/TV005 and
DENVax vaccines also in phase IIIrd and IInd under vaccine
development, but these vaccines have problems in efficacy
which varied by age groups, serotype and severity of dengue
disease (Vannice et al. 2016). Dengue infection with one
serotype gives lifelong immunity to same serotype, but rein-
fection with hetro-serotype increased risk of severe dengue,
which is a major problem in dengue vaccine development
known as an Antibody Dependent Enhancement (ADE).
During the course of infection, developed antibodies by one
DENYV serotype can recognize other serotype at time of rein-
fection but these antibodies are not specific to other serotype
therefore these antibodies act as non neutralizing antibody
(Pinheiro-Michelsen et al. 2020). During this, antigen and
antibody complex is recognized by Fc receptors of phago-
cytic cells, which facilitate entry of different DENV serotype
virus (Olsen et al. 2011).

Indeed, this ADE problem can be surmounted by iden-
tifying the potent peptide epitopes which are completely
conserved among all DENV serotypes. This cross-reac-
tivity and cross-protection is particularly significant in
the case of DENV infection, so that immunity should be
develop against all DENV serotype which require spe-
cific targeted common and conserve epitope regions from
different geographical DENYV serotypes (Williams et al.
2009; Kirsten et al. 2015). Epitope based vaccines are
superior over traditional vaccine and also can overcome
problems of side effects, specificity, ADE (Srivastava et al.
2020). The epitope alone does not sufficient to initiate an
immune response; it has to bind to host Human Leuco-
cyte Antigen (HLA). Due to high polymorphic nature of
HLA in human, population coverage is a major issue in
global vaccine development (Gupta and Kumar 2020a,
b). The HLA molecules bind to a range of immunogenic
sequential peptide epitopes through antigen processing
and presentation, which induce ultimately helper T cell to
release cytokines. These cytokines activate both Tc cells
and B cells to give cell mediated and humoral immune
response, respectively (Chaplin 2010). The epitope bind-
ing specificity to different alleles shows variations with
different geographical populations. The combinations
of few HLA alleles can represent the one geographical
population called HLA Supertypes and the name of supe-
rantigen is given to those peptides which bind to several
alleles of HLA supertype. Recently, Japanese encephalitis
and West Nile virus epitope based vaccine development
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studies also showed supertype analysis can help to find
novel vaccine candidates (Sharma et al. 2014). Under the
concept of HLA supertype, the screened conserved and
superantigenic T Cell epitopes resolved the problem of
population coverage (Kangueane et al. 2005).

The present top down computational approach is a vac-
cine development step to find novel super antigenic HLA
binding epitopes which is an urgent need in present time
which reduce time as well as experimental burden (Sharma
et al. 2018). The similar vaccine development approaches
have already given good results against many other infec-
tious agents such as Chikungunya, Campylobacter vaccine
development, recently (Saxena and Mishra 2020; Gupta
and Kumar 2020a, b). The DENV proteome several fold
sequence based screening resulted complete conserve,
high population coverage, superantigenic epitopes. Con-
sequently, these epitopes and alleles were structurally
modeled for their docking study. The epitope peptide and
respective HLA allele complexes having least binding
energy were explored for molecular dynamic simulation
to analyze binding stability. Thus, the current approach to
epitope-based vaccine development is more dominant over
traditional vaccines with respect to side effects, doses, cost
and high production.

Methodology

The complete genome and protein sequence of Dengue Virus
(DENV) was obtained from the NCBI sequence database,
having accession Number AFZ40225 (Sayers et al. 2009).
The genome and proteomics analysis of DENV were done
by DDBJ database and ExPasy analysis tool, respectively.
In addition, IEDB server was used for the variation and con-
servation study of epitopes for all DENV serotypes. The
complete methodology employed in this study is presented
in Fig. 1.

Screening of HLA Binding Epitopes

The whole proteome DENV with accession Number
AFZ40225 was examined for screening of HLA bind-
ing epitopes by using Propred (Singh and Raghava 2001)
and Propred I (Singh and Raghava 2003) sequence based
algorithms. HLA Class II binding nanomer peptides were
screened against 51 alleles with 4% threshold value by
Propred, similarly HLA Class I binding nanomer peptides
were screened against 47 alleles with same threshold value
by Propred 1. These predicted epitope peptides were again
validated by Artificial Neural Network (ANN) and (SMM)
based algorithms through IEDB server.
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I Genome & all protein sequences of DENV were retrieved from NCBI database I

1

| Study of physiological properties of all DENV viral proteins was done by Expasy |

Prediction of HLA I & HLA II binding Epitopes by Propred I and Propred, respectively

{

Cross check of screened epitope with other algorithms viz. IDEB (ANN etc)

{

All the predicted epitope of DENV protein were subjected for worldwide conserve region analysis among all
geographical regions (IEDB conservancy tool)

| pl value analysis of each mutated epitope by protparam |

| B cell epitope screening of DENV protein by BCpred and AAP algorithms |
J

| Selection and analysis for finding the T cell epitopes which are sharing the B cell epitope fragment |

| Supertype analysis for finding of superantigen properties of predicted peptide HLA I and II by IEDB platform |

Above several fold screening of epitopes will reduce the promiscuous T cell epitopes numbers on the basis of
mathematical/ statistical sequence based methods

Completely conserved, super antigenic and maximum HLA binding peptides were selected as potential
epitope for structure based analysis for their validation as vaccine candidate

{

These epitopes and respective HLA alleles were modeled structurally and their interactions were examined by
docking analysis

Epitope peptide and respective HLA allele complexes having least binding energy were explored for molecular
dynamic simulation to analyze binding stability

Ultimately, the above top down computational approach resulted novel epitopes which can be used in the design
and development of short epitope based vaccines as well as diagnosis tools for Dengue infection

Fig. 1 Flowsheet of top down computational approach for prediction of complete conserve, high population coverage and superantigenic

epitopes to develop global DENV vaccine

Worldwide Conservancy Analysis of Screened T Cell
Epitopes

All screened DENV T cell epitopes were undergone for
worldwide conservancy study among different serotype.
For conservancy study, NCBI Database was used to get
the all protein sequences of all serotypes. Thus, maximum

4-5 sequences of each structural and non structural DENV
protein were taken from database for all four DENV sero-
types. The screened epitopes from each DENV strain protein
were employed to Immune Epitope Database and Analysis
Resource (IEDB) conservancy tool (Bui et al. 2007). This
conservancy analysis was done against all four DENV sero-
type to identify complete conserve epitopes in all serotypes.

@ Springer



1472 International Journal of Peptide Research and Therapeutics (2021) 27:1469-1480

During this analysis, less than 70% conserve epitopes were
screened out from further study and complete conserve, sin-
gle and double mutated epitopes were forwarded for further
analysis and also pl value calculation (Khan et al. 2006).

Cross Checking of T Cell Epitope Having Property
of B Cell Epitope

The analysis first employed the BCPred method (EL-Manza-
lawy et al. 2008) to predict B cell epitopes from DENV pro-
teome and further validation of results was done by an AAP
method (Chen et al. 2007). This study useful to find those
common T cell epitopes and B cell epitopes which share
same peptide region and can have the ability to induce cell
mediated as well as humoral immunity (Terry et al. 2015).

HLA Supertype Based Population Coverage Analysis
for DENV

The HLA supertype concept gives strength in screening of
high population coverage epitopes among a large pool of
screened T cell epitopes. The potential conserve epitopes
which shows binding with all HLA supertypes have high
population coverage and become promising candidates
for vaccine (Burrows et al. 2003). This analysis consists
five—five HLA class I (A2, A3, A24, B7, B15) and HLA
class IT (DR, DR4, DR3, DP2, MainDP) supertypes. Class I
HLA supertype have 23 alleles and HLA class II supertypes
includes 14 alleles to maximize population coverage during
analysis (Reche and Reinherz 2005).

This supertype analysis involved two known immuno-
genic peptides as positive controls to validate and compare
with identified epitopes. These positive control peptides are
MISTLPETTVV!# and ®*ILRGSVAHK?"® belongs to the
Hepeatitis core protein and HIN1 Nucleoprotein, respectively
(Sharma et al. 2017; Singh et al. 2015a).

Modeling of Selected T-Cell Epitopes and Favored
Alleles

Screened epitopes and favored alleles 3D models were cre-
ated with the help of PEPstrMOD (Singh et al. 2015a, b)
and Modeler 9.10 (Webb and Sali 2016) for structure based
study, respectively.

Molecular Docking Analysis of Identified Epitopes
with Respective HLA Alleles

Autodock 4.2 platform was used for the molecular binding
study of epitopes and respective alleles (Morris et al. 2009)
and also validated by Hex 8.0 (Ritchie et al. 2008). Dur-
ing docking study,.pdbqt file was generated by adding polar
hydrogen atoms in place of water molecules from receptor
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and applying required charges (Kollman and Gasteiger
charges etc.). Finally autodock tools were used to visualize
and analyse the epitope and allele docked complexes. These
binding analyses were further studied by Fast Fourier trans-
formation based Hex 8.0 docking platform.

Molecular Dynamic (MD) Simulation Study of HLA
Allele-Epitope Complexes

MD simulation of HLA allele and epitope complexes were
done by using NAnoscale Molecular Dynamics (NAMD)
(James et al. 2005) with Visual MD (VMD) (Humphrey
et al. 1996). For MD simulations, epitope and allele com-
plexes structural .PSF file was created through.PDB files
with the help of a VMD PSF builder tool with considera-
tion several force field parameters viz. equilibrium lengths,
bond strengths and bonding interactions. NAMD produced
trajectory.dcd file and source file (rmsd.tcl) also produced
through VMD Tk console. The epitope allele complex root
mean square deviation (RMSD) values were saved in form of
the file rmsd.dat throughout the simulation process over the
time window and RMSD plot was generated for the equilib-
rium stability of the complex during simulation.

Results

As per methodology all sequential steps results were shown
in DENV vaccine development; to obtain best potential T
cell epitopes as vaccine candidates against Dengue infection.

HLA Alleles Binding T Cell Epitopes of DENV

Top nanomer epitopes were predicted with 4% threshold
value through a quantitative matrix of both Propred and
Propred I algorithms, along with one more parameter also
taken in consideration for selection of nanomer epitope such
as epitope with high frequency to bind with HLA alleles
(Sharma et al. 2017; Singh and Raghava 2003). Among top
29 identified epitopes, five structural protein epitopes viz.
BLQGRGPLKL*, *VVVLGSQEG*’, ">LVGIVTLYL'®,
MMKILIGVVI'*, ”?YIIVGVEPG® and one nonstructural
protein epitope 'SLKNDIPMTG?® were showed high con-
serve nature and population coverage from complete DENV
proteome (Table 1). Additionally, with these above peptides,
capsid protein represents QQLTKRFSL, LQGRGPLKL
potential conserved epitopes.

Conservancy Analysis
The DENV conservancy study resulted 27 epitopes com-

pletely conserve among all predicted epitopes in all four
serotypes. Among them, 15 HLA II binding epitopes and 11
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Table 1 Top identified epitopes S. no. Epitope Predicted T cell epitopes PI value HLA DENV serotypes
of DENV Py Propred L and position alleles, class
Propred with 4% threshold
value Capsid
1. 22 QQLTKRFSL 11.0 43,1 QQLTKRFSL*
2. 33 LQGRGPLKL 11.0 43,1 LQGRGPLKL#*
3. 45 LVAFLRFLT 9.75 45,11 LVAFLRFLT*
Flavi glycoprot
4. 249 VVVLGSQEG 4 26,11 VVVLGSQEG*
Flavi E stem+E C
5. 146 MKILIGVVI 8.50 20,11 MKILIGVVI*
6. 172 LVGIVTLYL 5.52 43,11 LVGIVTLYL*
7. 170 LVLVGIVTL 5.52 34,11 LVLVGIVTL*
8 97 MRGAKRMAI 12.01 39,1 MRGAKRMATI*
9. 157 IGMNSRSTS 9.75 26,11 IGMNSRSTS*
10. 72 YIIVGVEPG 4.0 20,11 YIIVGVEPG*
11. 15 IVIRVQYEG 6.0 20,1 IVIRVQYEG*
Flavi NS1
12. 32 FQPESPSKL 6.0 36,1 FQPESPSK(ARP*)L
13. 102 LRPQPTELK 8.75 25,11 LR(T?3)PQPT(MPHELK
Flavi NS2A
14. 108 TILELTDAL 3.67 20,1 TILELTDAL*
15. 91 MMTTIGIVL 5.28 221 MMTTIGIVL*
16. 104 TIPETILEL 3.79 21,1 TIPETILEL*
17. 4 MALFLEEML 3.79 241 MALFLEEML*
18. 97 IVLLSQSTI 5.52 26,11 IVLLSQSTI*
Flavi NS2B
19. 32 GLLTVCYVL 5.52 40,I GLLTVCYVL*
20. 41 TGRSADLEL 4.37 321 TGRSADLEL*
21. 18 LKNDIPMTG 5.84 30,1 LKNDIPMTG*
22. 36 VCYVLTGRS 8.19 26,11 VCYVLTGRS*
23. 34 LTVCYVLTG 5.52 37,11 LTVCYVLTG*
Flavi NS4A
24. 58 ATVTGGIFL 5.57 221 ATVTGGIFL*
25. 60 VTGGIFLFL 5.49 21,1 VTGGIFLFL*
26. 51 LLLLTLLAT 5.52 32,11 LLLLTLLAT*
27. 24 LAVLHTAEA 5.24 2311 LAVLHTAEA*
Flavi NS5
28. 114 EPKEGTKKL 8.59 21,1 EPKEGTKKL*
29. 201 YNMMGKREK 9.70 25,11 YNMMGKREK*

Interpretation for Table 1
*Depict conserved epitope in among all serotype strains (DENV1, DENV2, DENV3 and DENV4)

In DENV Serotype column, green colour amino acid residues represent varied amino acid in different sero-

type strain

Interpretation example for DENV Serotype column: LR(TP*»PQPT(MP#ELK, here original peptide is
LRPQPTELK. Arginine (R) second amino acid is replaced by Threonine (T) in DENV3 serotype and Thre-
onine (T) at sixth position is replaced by Methionine in DENV4 with change in pl

HLA I binding epitope were observed complete conserve.
The screened HLA 1II binding peptides showed 76% conserv-
ancy with DENV2, 66% with DENV3, 61% with DENV1
and 57% with DENV4 (Fig. 2). DENV2 was observed highly
conserved (76%) among all serotype. Similarly, screened

HLA I binding peptides showed 78% conservancy with
DENV2, 67% with DENV1, 63% with DENV3, and 61%
with DENV4 (Fig. 2). Structural protein epitopes QQLT-
KRFSL, LQGRGPLKL, VVVLGSQEG, LVGIVTLYL,
MKILIGVVI, YIIVGVEPG and nonstructural protein
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Fig.2 A worldwide relative epitopes conservancy analysis of DENV serotypes for HLA alleles. Panel A representing analysis of HLA II binding

peptides and Panel B representing analysis of HLA I binding peptides

b YIIVGVEPG

Fig.3 DENV epitope peptides model by PEPstrMOD viewed by
PyMOL viewer. a YIIVGVEPG, b LQGRGPLKL (Singh et al. 2015a, b)
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LKNDIPMTG, IVLLSQSTI, LLLLTLLAT, YNMMG-
KREK peptide epitopes were observed top binder in case of
conservancy and allele coverage (Fig. 3).

B Cell Epitopes with Property of T Cell Epitopes

DENYV three T cell epitope have similarity with predicted B
cell epitopes such as VVVLGSQEG, YIIVGVEPG and IVIR-
VQYEG; but FQPESPSKL and LRPQPTELK T cell epitope
show partially match with B cell epitope fragments.

B Cell Epitope Fragments Which Showed T Cell
Epitopes Within as Highlighted Colored Text

DENYV:

Seq 1: KNPHAKKQDVVVLGSQEGAM protein Glyco-
prot c envelope

Seq 2: IEAEPPFGDSYIIVGVEPGQ protein Flavi
Eenvelope

Seq 3: HGTIVIRVQYEGDGSPCKIP protein Flavi
Eenvelope

Seq 4: RPQPTELKYSWKTWGKAKML protein NS1
non structural

Seq 5: TDNVHTWTEQYKFQPESPSK protein NS1 non
structural
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HLA Supertype Based Population Coverage Analysis
for DENV

This findings revealed that epitopes QQLTKRFSL, LQGRG-
PLKL, GLLTVCY VL and TGRSADLEL showed binding to
all HLA alleles of supertype HLA class I A2, A3, A24 and
B7 additionally these identified epitopes also show bind-
ing to several members of the other HLA class I supertypes
as well (Table 2). Likewise, the epitopes VVVLGSQEG,
MKILIGVVI, LVGIVTLYL, YIIVGVEPG, LKNDIPMTG
and IVLLSQSTI were showed binding to almost all alleles
DR, DR3, DP2, DR4 and Main DP HLA class II super-
type; additionally, epitopes also presented binding to sev-
eral members of other HLA class II supertypes (Table 3).
These all identified HLA Class I and HLA class II binding
epitopes showed acceptable result in comparison of both
positive control peptides (STLPETTVV and ILRGSVAHK).
Sharma et al. (2018) conducted similar supertype analysis
for West Nile vaccine development which gave most promis-
ing vaccine candidates with similar sets of supertype alleles.

Therefore QQLTKRFSL, LQGRGPLKL VVVLGSQEG,
MKILIGVVI, LVGIVTLYL, YIIVGVEPG, LKNDIPMTG
and IVLLSQSTI epitopes were identified as superantigen
peptides. These tabulated superantigen peptides and respec-
tive HLA alleles, were modeled for binding simulations
study. In population coverage analysis by IEDB platform,
these all conserved epitopes taken against most frequent
supertype (IEDB recommended) set of alleles HLA class I
and class II. This study reveals that mapped class I epitopes
shows overall 79.12% of population coverage and mapped
class II epitopes show overall 81.81% of population coverage
(Table 4). The epitopes QQLTKRFSL and LQGRGPLKL
showed 43.68% population coverage with HLA Class I set
of alleles (HLA-A*02:01, HLA-A*02:02, HLA-A*02:06,
HLA-A*02:03 and HLA-A*68:02) and MKILIGVVI,
LVGIVTLYL, VVVLGSQEG and YIIVGVEPG epitopes
showed 81.81%, 63.18%, 59.93% and 70.55% coverage
with HLA class II set of alleles (HLA-DRB1*01:01, HLA-
DRB1#15:01, HLA-DRB1*#03:01, HLA-DRB1*#04:01,
HLA-DRB1%¥04:05, HLA-DRB1*11:01, HLA-DRB1*#12:01,
HLA-DRB1%¥13:02, HLA-DRB1*07:01, HLA-DRB1*08:02,
HLA-DRB4%*01:01) respectively.

On the basis of above all, above sequence based
results the most promiscuous T cell peptide epitopes
viz. DENV:QQLTKRFSL, DENV:LQGRGPLKL
DENV:VVVLGSQEG, DENV:MKILIGVVI,
DENV:LVGIVTLYL, DENV:YIIVGVEPG,
DENV:LKNDIPMTG and DENV:IVLLSQSTI were showed
good population coverage, propred allele frequency, con-
servancy and super antigen property; which will undergo for
structure based binding simulation analysis with most fre-
quent and IEDB recommended set of HLA alleles viz. HLA
I (A* 0101, A* 0201, A* 0301, B*0702, B*3501, B*5101,

B*5102 and B*5301) and HLA IT (DRB1*0101, DRB1*0401,
DRB1*0405 and DRB1*#0301) as shown in Tables 2 and 3.

T-Cell Epitopes 3D Structure Modeling

The PEPstrMOD (Peptide 3D Prediction server) modeled
structure of epitopes (LQGRGPLKL, QQLTKRFSL, LKN-
DIPMTG, VVVLGSQEG, YIIVGVEPG, IVLLSQSTI and
LVGIVTLYL) with sequence length 9 residues.

Superantigenic DENV Epitopes and Respective HLA
Alleles Binding Simulation Study

Structure based analysis by docking and Molecular Dynamic
(MD) simulation is required to confirm peptide and favoured
allele interaction and their complex stability to induce immune
response (Peele et al. 2020). Here binding study of superan-
tigen epitopes VVVLGSQEG, LVGIVTLYL, MKILIGV VI,
YIIVGVEPG, LKNDIPMTG, IVLLSQSTI, QQLTKRFSL
and LQGRGPLKL with HLA alleles, were done to ana-
lyse the docking pattern between them. Docking of epitope
2YIIVGVEPG®*-DRB1 0401 allele and epitope **LQGRG-
PLKL*'-B*5101 allele complexes showed the least binding
energy of — 7.71 and — 7.20 kcal/mol, respectively.

Complex YIIVGVEPG-DRB1 0401 showed two Hydro-
gen bond viz. ARG146: NH and THR90: O (Fig. 4). Simi-
larly complex of LQGRGPLKL-B*5101 showed three H
bond viz. ASN77: NH, TYR99: OH and TYR9: OH (Fig. 5).
Confirmation using Hex 8.0 also presented for these com-
plexes to show their stability. Autodock 4.2 and Hex 8.0
result showed in Table 5.

Superantigen Epitope-HLA Allele Complexes
Binding Simulation Study by NAMD

The superantigen epitope and HLA allele complexes with
best binding energy viz. YIIVGVEPG-DRB1 0401 and
LQGRGPLKL-B*5101 resulted by docking Autodock 4.2
were examined for stable binding pattern over the time win-
dow during molecular dynamic simulation (NAMD-VMD).

DENV epitope YIIVGVEPG-DRB1 0401 allele complex
displayed the maximum RMSD value of 10.1 A (Fig. 6) like-
wise LQGRGPLKL-B*5101 allele complex showed the
maximum RMSD value of 8.4 A (Fig. 7). Both complexes
showed stable and equilibrium binding pattern as depicted
in RMSD values.

Discussion

In present analysis, two superantigen epitopes viz. LQGRG-
PLKL and YIIVGVEPG were found top DENV superan-
tigen among all top screened superantigen epitopes with
highest population coverage and conservancy. The study
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Table 2 DEN Vepitopes having high affinity (less than 50 percentile value) with HLA class I Supertypes by IEDB ANN and SMM methods

DENV HLA Class I Supertype analysis

S. no. Epitope Supertype A2 (percentile value)
A*0201 A*0202 A*0203 A*0205 A*0206

1 QQLTKRFSL 4.5 4.2 7.6 1.6 1.6
2 LQGRGPLKL 6.7 49 7.8 3.1 3.8
4 GLLTVCYVL 0.99 1.7 4.0 3.1 24
5 TGRSADLEL 27 22 24 16 20
6 HBV- STLPETTVV 1.2 1.8 1.1 0.37 0.2
7 HINI- ILRGSVAHK 14 12 6.8 12 16

DENYV HLA Class I Supertype analysis

S. no. Epitope A3 Supertype
A*0301 A*1101 A*3101 A*3301 A*6801

1 QQLTKRFSL 18 16 6.5 7.5 24
2 LQGRGPLKL 15 27 26 47 48
4 GLLTVCYVL 36 36 17 29 52
5 TGRSADLEL 26 28 25 30 30
6 HBV- STLPETTVV 74 6.4 9.5 8.9 7.9
7 HINI- ILRGSVAHK 0.02 0.62 0.44 25 2.3

DENYV HLA Class I Supertype analysis

S. no. Epitope A24 Supertype
A*2301 A*2402 A*2403 A*2405 A*2407

1 QQLTKRFSL 4.0 4.6 4.2 4.6 4.5
2 LQGRGPLKL 43 5.7 5.4 5.7 44
4 GLLTVCYVL 8.7 11 9.4 11 8.7
5 TGRSADLEL 14 15 13 15 9.1
6 HBV- STLPETTVV 59 6.0 6.6 6.0 5.2
7 HINI- ILRGSVAHK 22 21 22 21 18

DENV HLA Class I Supertype analysis

S. no. Epitope B7 Supertype
B*0702 B*3501 B*5101 B*5301 B*5102

1 QQLTKRFSL 3.0 7.6 13 9.0 14

2 LQGRGPLKL 14 12 14 8.5 13

4 GLLTVCYVL 29 36 24 31 30

5 TGRSADLEL 1.5 4.9 6.4 5.5 4.1

6 HBV- STLPETTVV 34 42 0.84 33 0.57

7 HINI- ILRGSVAHK 14 30 51 43 54

DENYV HLA Class I Supertype analysis

S. no. Epitope B15 Supertype
A*0101 B*1501 B1502 - -

1 QQLTKRFSL 24 1.6 2.6

2 LQGRGPLKL 21 1.4 3.8

4 GLLTVCYVL 37 14 21

5 TGRSADLEL 20 7.9 4.5

6 HBV- STLPETTVV 3.8 34 2.3

7 HINI- ILRGSVAHK 20 5.7 9.6
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Table 2 (continued)

Less 50 value represents high affinity with allele

Table 3 DENYV epitopes having high affinity (less than 50 percentile range) with HLA class II Supertypes by IEDB ANN and SMM methods

DENYV HLA Class II Supertype analysis

S. no. Epitope DR Supertype (percentile range)
DRB1*0101 1*0701 1*0901 1*1101 1*1501

1 DENV- VVVLGSQEG 32-51 72-79 32-63 51-69 30-51
2 DENV- MKILIGVVI 15 5.90-35 21-51 20-31 4.10-8.80
3 DENV-LVGIVTLYL 6-20 20-42 56-61 16-29 1.50-1.80
4 DENV- YIIVGVEPG 7-54 22-64 16-61 33-73 30-73
5 DENV - LKNDIPMTG 19-66 61-88 37-60 44-65 31-51
6 DENV-IVLLSQSTI 15-23 21-27 35-51 18-39 9.20-33
7 HBV- STLPETTVV 15-90 34-76 20-98 53-67 50-92
8 HINI- ILRGSVAHK 4.80-27 11-36 24-48 18-32 6.80—44
DENYV HLA Class II Supertype analysis
S. no. Epitope DR4 Supertype DR3 Supertype

DRB1*#0401 1*#0405 1*0802 DRB1*0301 3*#0101
1 DENV- VVVLGSQEG 20-35 40-56 37-58 31-64 73-82
2 DENV- MKILIGVVI 33-50 18-37 6-21 24-56 41-49
3 DENV-LVGIVTLYL 7.40-24 1.30-6.60 18 9.30-50 34-64
4 DENV- YIIVGVEPG 16-44 19-47 5.70-57 19-84 52-63
5 DENV - LKNDIPMTG 7.80-31 27-58 28-46 1.40-29 24-47
6 DENV- IVLLSQSTI 8.20-28 4.40-18 7.10-22 18-49 59-76
7 HBV- STLPETTVV 23-76 33-83 25-83 19-59 71-82
8 HINI- ILRGSVAHK 6.90-28 32-72 6.40-21 29-56 65-76
DENYV HLA Class II Supertype analysis
S. no. Epitope DP2 Main DP Supertype

DPB1*0201 DPB1*#0101 0402 0501

1 DENV- VVVLGSQEG 51-77 50-62 60-71 54-69
2 DENV- MKILIGVVI 19-36 35-68 25-51 39-70
3 DENV-LVGIVTLYL 13-17 39-67 23-45 53-76
4 DENYV- YIIVGVEPG 1645 1848 2349 26-70
5 DENV - LKNDIPMTG 41-83 28-73 27-73 26-74
6 DENV-IVLLSQSTI 15-28 24-35 27-36 41-45
7 HBV- STLPETTVV 38-72 17-77 26-79 35-65
8 HINI- ILRGSVAHK 59-72 19-53 24-56 4.70-25

Less percentile value represents high affinity with allele

Table4 DENV HLA class I

o ) Population/area Class I
(A) and II (B) binding epitopes
population coverage calculation Coverage® Average hit" PC90° Coverage Average hit® PC90°
result
World 79.12% 5.75 0.48 9.63 0.55

*Projected population coverage

® Average number of epitope hits/HLA combinations recognized by the population

“Minimum number of epitope hits/HLA combinations recognized by 90% of the population
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Fig.4 Docked peptide YIIVG-
VEPG-DRB1 0401 allele com-
plex showed two hydrogen bond
interactions (green dot string)
with THR90 and ARG146
amino acids by Autodock 4.2
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Fig.5 Docked peptide LQGRGPLKL-B*5101 allele complex
showed three hydrogen bond interactions (green dot string) with ASN
77, TYR99 and TYR9 amino acids by Autodock 4.2
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Fig.6 NAMD-VMD simulation graph between RMSD value and
time window (picoseconds) of YIIVGVEPG-DRB1 0401 complex,
displaying equilibrium and stability with highest RMSD value (10.1
A) at 6800 picoseconds

showed that LQGRGPLKL epitope binding to supertypes
HLA class I all allele members viz. A2 (A*0201, A*0202,
A*0203, A*0205, A*0206), A3(A*0301, A*1101, A*3101,
A*3301, A*6801), A24 (A*2301, A*2402, A*2403,
A*2405, A*2407), B7 (B*5101, B*5102, B*5301, B*0702,
B*3501) and B15 (A*0101, B*1501, B*1502) and YIIVG-
VEPG peptide epitope binding to HLA class II supertype,
all allele members DR(DRB1*0101, 1*0701, 1*0901,
1*¥1101, 1*1501), DR4 (DRB1*0401, 1¥0405, 1*0802),
DR3 (DRB1*#0301, 1*0101), DP2 (DPB1*¥0201), Main DP
(DPB1*#0101, 1*0402, 1*¥0501) with recommended IEDB
value (Tables 2 and 3). Both epitopes supertype analysis
were compared with positive control peptides which gave
acceptable values shown in Tables 2 and 3. As a result,
epitopes LQGRGPLKL and YIIVGVEPG were identified
as most potential superantigenic epitopes for DENV. Simi-
lar sequence based studies resulted superantigenic peptide
epitope vaccine candidates from whole proteome to develop
multi epitope vaccines against various pathogens, recently
such as Japanese encephalitis and West Nile virus vaccine
(Sharma et al. 2017, 2018). Screening potential epitopes
from complete proteome of pathogen including structural
and nonstructural proteins in top down manner result least
number of potential epitopes which were tested with sev-
eral parameters such as high frequency to bind HLA alleles,
high population coverage and conservancy. These factors
are essential to present good vaccine candidates and fur-
ther these epitopes structure based study by docking and
simulation will prove their interaction with alleles. The

Table 5 Top DENV peptide

. . - S. no DEN Vepitope Allele Autodock 4.2 Hex 8.0
epitopes with respective
supertype alleles docking result Binding energy H bond Hex energy H bond
by Hex 8.0 and Autodock 4.2
1. VVVLGSQEG DRB1_0405 —5.60 2 —501.70 1
2. LVGIVTLYL DRB1_0401 - 6.50 2 —323.32 1
3. YIIVGVEPG DRB1_0401 -17.71 2 —421.72 1
4. LQGRGPLKL B*5101 -17.20 3 —248.27 1
5. QQLTKRFSL B*5101 -17.19 4 —221.67 2

@ Springer



International Journal of Peptide Research and Therapeutics (2021) 27:1469-1480 1479

2

RMSD (A)
O FRP NWHA VLI ONOWWO

0 2000 4000 6000 8000 10000

Time (picoseconds)

Fig.7 NAMD-VMD simulation graph between RMSD value and
time window (picoseconds) of LQGRGPLKL-B*5101 complex,adis—
playing equilibrium and stability with highest RMSD value (8.4 A) at
5800 picoseconds

strong epitope and allele complex interaction with helper
T cell result cell mediated and humoral immune responses
(Chaplin 2010). These computational approaches gave the
best platform for vaccine development by reducing random
experimental time and cost (Maria et al. 2017). As the pre-
sent sequence base study showed two epitopes LQGRG-
PLKL and YIIVGVEPG as super antigen peptides which
further under gone for structure based analysis by docking
and Molecular Dynamic (MD) simulation to confirm peptide
and favored allele interaction and their complex stability to
induce immune response (Peele et al. 2020).

The present docking of DENV peptide YIIVGVEPG
with allele DRB1 0401 showed good binding by both Hex
8.0 and Autodock 4.2 docking platforms. Binding energy
of YIIVGVEPG-DRB1 0401 complex via Autodock 4.2
is — 7.71 kcal/mol and showed two hydrogen bonds viz.
ARG146: NH and THR90: O amino acid residues. Molecu-
lar dynamic simulation NAMD-VMD analysis confirm
that the complex YIIVGVEPG-DRBI1 0401 showed stable
binding pattern over the time window of 6800 picoseconds.
Likewise LQGRGPLKL-B*5101 peptide allele complex
also showed stable binding through Hex 8.0 and Auto-
dock 4.2 tools. The complex showed good binding energy
(= 7.20 kcal/mol) with three H-bonds viz. ASN77: NH,
TYR99: OH and TYRO: OH.

Here, NAMD-VMD study further confirms that the
LQGRGPLKL-B*5101 complex showed stable binding
pattern over the time window of 5800 picoseconds. Finally
the present analysis extracted two peptides LQGRGPLKL
and YIIVGVEPG as the most potential superantigenic vac-
cine candidate for DENV. Along with this several other
promising peptides can be utilize as diagnostic reagents as
well as DENV vaccine candidates. Since long back compu-
tation top down vaccine development approaches resulted
potential peptide candidates against many infectious dis-
eases viz. HIN1, HIV Tuberculosis and JEV (Jardine et al.
2013; De Groot et al. 2013; Feng et al. 2013; Sharma and

Kumar 2010). Recently, also the similar peptide based vac-
cine development approaches already given good results for
several other more infectious agents such as Chikungunya,
Campylobacter vaccine development (Saxena and Mishra
2020; Gupta and Kumar 2020a, b). This approach has proven
much advantage over conventional vaccine development pro-
cedure such as time, cost, side effects and no risk of the
presence of infectious whole pathogens (Khalili et al. 2014;
Maria et al. 2017). However, these peptide epitopes will be
further examined as diagnostic reagents and potent vaccine
candidates for DENV.

Conclusion

The present top down approach screened out two most pro-
miscuous peptide epitopes LQGRGPLKL and YIIVGVEPG.
These epitopes are superantigenic, novel conserved vaccine
candidates and can also be good diagnostic reagents for
DENYV. These peptides can replace the use of whole viral
proteins or whole attenuated viruses as vaccine candidates.
These potential peptide epitopes could be further examined
for vaccine and diagnostic reagents property.
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