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Abstract

H1N1is a current endemic in both human and pig populations and is the cause of Swine flu in
humans. Bioinformatics tools enable us to move rapidly from protein sequence to vaccine design.
ProPred-1, Rankpep and PeptGen are servers used for identification of epitope with the help of
artificial neural network approach. For HIN1 we identified 10 matrix proteins (M1) which are
mainly responsible for propagation of HIN1. From ProPred-1,Rankpep and PeptGen conserved
40 epitopes were identified by their selective algorithms and scoring matrices. A virtual library
was designed for the 40 epitopes and further it was used for epitope conservancy analysis tool
(IEDB) to narrow down the list of putative epitopes to 20 only. A structural library of all
conserved putative epitopes was then minimized with Prime Schrodinger module and then ten
putative epitopes were designedwith the motto of identifying best virtual vaccine. The pace of
vaccine design will accelerate when these in silico results combined with in vitro methods for
screening and confirming epitope.
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INTRODUCTION

A serotype of Influenza virus A, HIN1 is a currentdemic in both human and pig populations
and is the cause of Swine flu in humans [1]. Inilzee ‘A’ viruses are enveloped RNA viruses
with an eight-segmented, single-stranded, nega&vse genome belonging to the family
Orthomyxoviridae. The segment of influenza A virus having eight ggeencoded 10 proteins:
hemagglutinin (HA), neuraminidase (NA), matrix mois M2 and M1, nonstructural (NS)
proteins NS1 and NS2, the nucleocapsid, and tle® tholymerases, the PB1 (polymerase basic
1), PB2, and PA (polymerase acidic) proteins [2uknza type A viruses are sub-typed based
upon the HA and NA antigens, which are surfacegastfound on the viral envelope [3]. The
capsid is the protein shell of a virus enclosesgireetic material of the virus. Matrix protein of
H1N1 virus is the outer covering which contains épitope detection site [4]. So by designing
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the peptides complementary to the epitopes, amhhf preventing infection can be done.
Epitopes were predicted for HIN1 virus with thephef Propredl [5], PeptGen and Rankpep
software. After that IEDB [6]conservancy analysiashbeen performed for the identified

epitopes. The nonamer epitopes obtained are th&grael in ISIS Draw and 3D optimized in

ChemSketch.A virtual library is prepared by finaftyinimizing the structures through Prime

(Minimization) module of schrédinger which gave tredue of potential energy for each epitope
and enable to select the best ten epitope on #is bAminimum potential energy.

MATERIALS AND METHODS

The complete genome information was collected fid@BIl (M1_I33A0) and the protein
sequence (Indian Strain) was retrieved from SWIE®P (Q76V10). Then the protein
sequence was submitted to three different onlinkstimr epitope prediction Propred I, Rank Pep
and Peptgen. Common eptitopes predicted from theetlools were taken and submitted to
“Epitope Conservancy Analysis Tool” from Immunologi epitope databaseto find the degree of
conservancy of an epitope within a given proteigusace.Structures of the resulting epitopes
from “Epitope Conservancy Analysis Tool” were drausing ISIS Draw and optimized in ACD
Chemsketch software. The energy of designed pepsidlecture was minimized using
Schrédinger software.

RESULTS AND DISCUSSION

T cell immune responses are driven by antigeni¢copps, and hence their identification is
important for understanding disease pathogenesdigtwiogy, and for vaccine design. There are
two types of T cell epitopes, named CD8 and CD4cklare only recognized in the context of
the MHCI and MHCII molecules, respectively, by twrespondent T-cell types. Engaging both
sets of T-cells is desirable for mounting a strdefensive immune response against cancer cells
and pathogens. Appropriate processing of antiggigess must occur prior to their binding to
the relevant MHC molecules. Incidentally, the Gytemus of most MHCI-restricted epitopes
(CD8-T cell epitopes) results from cleavage bypghateasome, and thus, proteasome specificity
is important for determining T-cell epitopes. MHQigands are of short length (8-11), as they
are constrained into the MHCI peptide binding gmowith their N- and C-terminal ends
connected by a network of hydrogen bonds to coesergsidues of the MHCI molecule.

Epitope Prediction by Propred1

The ProPred-1 is an on-line service for identifying MHC Class-I binding regions in antigens.
It implements matrices for 47 MHC Class-I allelggpteasomal and immunoproteasomal
models. It is a matrix based method that allowslisteon of MHC binding site in an antigenic
sequence for 47 MHC class | alleles. The matriftasn BIMAS server that helps in prediction
of proteosome&immunoproteosome cleavage sites iandigenic sequence [7]. It also helps in
finding MHC binders, having cleavage site at C-tewm, because of becoming promiscuous
potential T-cell Epitopes [8], these epitope canveeas suitable vaccine components.
Overlapping 9-mer peptides were calculated by usgntitative matrix for all MHC alleles.
The highly predictor binders were given as a restiich are greater than the threshold of 4%.
Threshold value for binders depends upon its geigcand sensitivity as shown in figure 1.The
9-mer peptides were selected on the basis of addtiatrix, where score of peptide is calculated
on the basis of summing the score at each podith@ncentre position that is 4 rights and 4 left
are considered as predicted proteasome cleavage sit
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Epitope Selection
Epitopes are selected on the basis of their presendifferent alleles. The number of alle(@3
is decided by subtracting the number of overl@sfrom the total number of allel€Bl) of their
presence (Eq. 1).

n=N-0 (1)

If the value of ‘n’ >= 3, then the epitope is takato consideration.

MSLLTEVETYVLSIVPSGPLRAETAQRLEDVFAGENTDLEALMEWLRETRPI LSPLTRGI LGFVFTLTVPSERGLORRRFVONALNGNGD PNNMDRAVRLYRRLRRET TFHGAREVALSY SAGALASCMGLTYNRMGTVTTEVAFGLVCATCEQT

MSLLTEVETYVLSIVPSGPLEARIAQRIEDVFAGRNTDLEALMEWLRTRPILSPLTRGILGEVE TLTVPSERGLORRRFVONAL HGNGD PNNMDRAVRLYRKLERE I TFHGAREVALSY SAGAL ASCMGLIVNRMGTVT TEVAFGLVCATCEQT

MSLLTEVETYVLSTVPSGPLRAETAQRLEDVFAGENTDLEALMEWLETRPI LSPLTRGI LGFVFTLTVPSERGLORRRFVONALNGNGDPNNMDRAVKLYRRLRRET TFHGAREVALSY SAGALASCMGLTYNRMGTVT TEVAFGLVCATCEQT

MSLLTEVETYVLSIVPSGPLEARIAQRIEDVFAGRNTDLEALMEWLETRPILSPLTRGI LGFVF TLTVPSERG LORRRFVONAL HGNGD PNNMDRAVRLYRKLKRE I TFHGAREVALSY SACGALASCMGLIYNRMGTVTTEVAFGLVCATCEQT

MSLLTEVETYVLSIVPSGPLEAEIAQRLEDVFAGRNTDLEALMEWLETREPILSPLTRGI LGFVE TLTVPSERGLORRRFVONALNGNGD PHNMDRAVRLYRRKLERE I TFHGAREVALSY SAGALASCMGLIYNRMGTVT TEVAFGLVCATCEQT

MSLLTEVETYVLSIVPSGPLKAETAQRLEDVFAGKNTDLEALMEWLKTRPI LSP LTEGI LGFVFTLTVPSERGLORRRFVONALNGNGD PNNMDEAVELYRKLEKREI TFHGAREVALSY SAGALASCMGLIYNRMGTVT TEVAFGLVCATCEQT

MSLLTEVETYVLSIVPSGFPLEAEIAQRLEDVFAGRNTDLEALMEWLETREPILSPLTRGI LGFVE TLTVESERGLORRRFVONALHGNGD PHNMDRAVRLYRKLEKRE I TFHGAREVALSY SAGALASCMGLIYNRMGTVT TEVAFGLVCATCEQT

MSLLTEVETYVLSIVPSGPLEKAETAQRLEDVFAGKNTDLEALMEWLETRPI LSPLTEGI LGFVFTLTVPSERGLORRRFVONALNGNGD PNNMDEAVELYRKLEREI TFHGARKEVALSY SAGALASCMGLTIYNRMGTVT TEVAFGLVCATCEQT

MSLLTEVETYVLSIVPSGPLEAEIAQRIEDVFAGRNTDLEAILMEWLETREILSPLTRGI LGFVF TLTVEPSERGLORRRFVONAL HGNGDPNNMDRAVELYRKLERE I TFHGAREVALSY SAGALASCMGLIVNRMGTVT TEVAFGLVCATCEQT

MSLLTEVETYVLSIVPSGPLKAETAQRLEDVFAGKNTDLEAIMEWLKTRPI LSPLTKGI LGFVFTLTVESERGLORRRFVONALNGNGD PNNMDEAVELYRKLKREI TFHGAREVALSY SAGALASCMGLIYNRMGTVT TEVAFGLVCATCEQT

MSLLTEVETYVLSIVPSGPLEAEIAQRIEDVFAGRNTDLEAIMEWLETRPILSPLTRGI LGEVE TLTVEPSERGLORRRFVONALHGNGD PNNMDRAVEL YRKLERE I TFHGAREVALSY SAGALASCMGLIYNRMGTVT TEVAFGLVCATCEQT

MSLLTEVETYVLSIVPSGPLEAETAQRLEDVFAGKNTD LEALMEWLETRPI LSPLTRGI LGFVFTLTVPSERGLORRRFVONALNGNGD PNNMDEAVELYRKLEKREI TFHGAREVALSY SAGALASCMGLIYNRMGTVT TEVAFGLVCATCEQT

MSLLTEVETYVLSIVPSGPLEAEIAQRIEDVFAGENTDLEAIMEWLRTRPILSPLTRGI LGEVE TLTVPSERG LORRRFVONAL HGNGD PNNMDRAVELYREKLERE I TFHGAREVALSY SAGAL ASCMGLIYNRMGTVT TEVAFGLVCATCEQT

MSLLTEVETYVLSIVPSGPLRAETAQRLEDVFAGENTDLEALMEWLETRPI LSPLTRGI LGFVFTLTVPSERGLORRRFVONALNGNGDPNNMDRAVKLYRRLRRETI TFHGAREVALSY SAGALASCMGLTYNRMGTVTTEVAFGLVCATCEQT

Figure 1: Overlapping nonamer peptides obtained byropred 1

PeptGen

PeptGen generates peptides in the stairstep pattiering sequence length in (9). The selected
peptides were C-terminal cleavage site. The peptinle generated on the basis of proline rule.
Hydropathy of each amino acid is calculated as {3wéttlehydropathy index and also
represented in [9]. In figure 2 most hydrophobidramacids are represented by dark blue and
light blue whereas most hydrophilic with red andkpi
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Figure 2: Nonamer epitopes obtained by PeptGen shawn stair step arrangement
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Rankpep

This server predicts peptide binders to MHCI molesudrom protein sequence/s or sequence
alignments using Position Specific Scoring Matri¢gsSSMs). In addition, it predicts those
MHC-I ligands whose C-terminal end is likely to bee result of proteasomal cleavage[9].
Peptides that bind to a given MHC molecule shapiaece similarity. PSSM was used from
these alignments of MHC ligands using profile weidtankpep selects effective epitope binders
on the basis of SVM based classifier trained o lbesidue properties and amino acid sequence.

10593 11% 1862%
1048.26 1181 1824%
1006.26 6839 1745%

1
9 130
10 {1

Figure 3: Consensus Epitope obtained by Rankpep dhe basis of score and optimal score

The output of RANKPEP as shown in figure 3 consadta list of peptides ordered by their
binding potential (score) to the selected MHC molec On the basis of score and optimal score
(39.198) of the predicted peptide relative to thlathe consensus and keeping a binding thresh
hold of 8.49, a specific consensus Epitope wasimddaas FLWKWHWCYV. Also all rows
highlighted in red represent predicted binders angeptide highlighted in violet has a C-
terminus predicted by the cleavage model used[10].

Table 1: Library of conserved Epitopes selected bghree on line tools i.e. Propred1l,
PeptGen, Rankpep

S.No. P.S* S.No. P.S* S.No P.S* S.No. P.S*

M1 RMGTVTTEV | M11 VFAGKNTDL M 21 RRRFVQNAL M31  VETYVLSIV
M 2 LLTEVETYV | M12 AMEVASQAR| M22 GAKEVALSY M 32 TEVETYVLS
M3 GILGFVFTL M 13 LYRKLKREI M23 QARQMVQAM | M 33 KEVALSYSA
M 4 QMVTTTNPL | M14 KAVKLYRKL [ M24 QAYQKRMGV |M 34 GAKEVALSY
M5 ILSPLTKGI M 15 SLLTEVETY M 25 MEWLKTRPI M 35 TEVAFGLVC
M 6 ALMEWLKTR | M16  VTTTNPLIR M 26 SAGLKDDLL M 36 VTTEVAFGL
M 7 QMVQAMRTI | M17 LKDDLLENL M 27 SSAGLKDDL M 37 HENRMVLAS
M8 LIYNRMGTV [ M 18  ALASCMGLI M 28 THPSSSAGL M 38 NNMDKAVKL
M 9 KTRPILSPL M19 IRHENRMVL M 29 FHGAKEVAL M 39 DPNNMDKAV
M 10 RLEDVFAGK [ M20 RGLQRRRFV M 30 EVETYVLSI M 40 LGFVFTLTV

* Nonamer peptide obtained by comparative apprgach of three on line tools Propredl,Rankpep,PeptGen
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IEDB (Epitope conservancy analysis)

Finally 40 epitopes were selected on the basik@fé¢sult of the three online tools used for the
prediction of epitopes. The common epitopes welectsd from the large data set obtained and
their virtual library was made as shown in tablédnservancy analysis for the obtained epitope
was done with the help of IEDB (Immune Epitope Date and Analysis Resource) which is a
project hosted by scientists at the La Jolla lawgitfor Allergy and Immunology (LIAI), with
support from the National Institute of Health (NJF9nd Department of Health and Human
Services (HHS).This tool calculates the degree arfservancy of an epitope within a given
protein sequence set at different degrees of seguelentity. Conservancy is defined as the
fraction of protein sequences that contain the oppit and Identity is the degree of
correspondence (similarity) between two sequences.

Epitope No. 4 ¥ | Epitope name | Epitope sequence | Epitope length | Percent of protein sequence matches at identity >100% 4 ¥ | Minimum identity View details
1 M1 El

RMGTVTTEV 82.35% (14/17) 858.89% 100.00% Go

2 M2 LLTEVETYV 9 94.12% (16/17) 88.89% 100.00% Go

3 M3 GILGFVFTL El 88.24% (15/17) 88.89% 100.00% Go

a Ma QMVUTTTNPL o 70.59% (12/17) 88.89% 100.00% Go

5 M5 ILSPLTKGI El 88.24% (15/17) 88.89% 100.00% S0
(3 Me ALMEWLKTR 9 76.47% (13/17) 88.89% 100.00% Go

7 M7 QMVQAMRTI 9 64.71% (11/17) 88.89% 100.00% Go

8 Ms LIYNRMGTV ) 82.25% (14/17) 88.80% 100.00% Go

) Mo KTRPILSPL El 100.00% (17/17) 100.00% 100.00% So
10 M10 RLEDVFAGK El 100.00% (17/17) 100.00% 100.00% Go
11 M11 VFAGKNTDL 9 100.00% (17/17) 100.00% 100.00% Go
12 M12 AMEVASQAR 9 76.47% (13/17) 88.89% 100.00% So
13 M13 LYRKLKREI El 88.24% (15/17) 88.89% 100.00% S0
14 M14 KAVKLYRKL = 23.53% (4/17) 77.78% 100.00% Go
15 M15 SLLTEVETY 9 94.13% (16/17) 88.80% 100.00% So
16 M16 VTTTNPLIR Bl 76.47% (13/17) 88.89% 100.00% So
17 M17 LKDDLLENL 9 70.59% (12/17) 77.78% 100.00% Go
18 M1s ALASCMGLI El 100.00% (17/17) 100.00% 100.00% Go
19 M19 IRHENRMVL 9 94.12% (16/17) 88.89% 100.00% Go
20 M20 RGLQRRRFV 9 100.00% (17/17) 100.00% 100.00% So
21 H21 RRARFWMAL ! 100.00% {17/17) 100.00% 100.00% Go
22 22 GAKEVALSY 2 B2.35% (14717} TILTES 100.00% Gg
23 M23 QARGIMYCAM L] 82.35% (14/17} EZ.89% 100.00% Go
24 24 QATOREMGY L) 100,005, [17/17) 100005 100,005 S0
25 25 MEWLETRP 2 1000 (17/17) LOL D00 100.00%: &g
26 26 SAGSDDLL L TOL59% (12117} Tr.7E% 100.00% =]
2 27 SEAGLKDDL L 70.59% (12717} TITE% 100.00% Go
28 “2E THPSSSAGL 9 94.12% (16/17) E8.89% 100.00%: Go
20 29 FHGAKEWAL - TO59% (12/17) TI.7E% 100.00% ir]
30 [kl EVETVVLSE 9 10000 {17/17) 100L00% 100,000 Go
a1 M1 VETTVLSIV S FO.59% (12/17] B 8T% 100.00% Go
32 M3z TEVETIVLS a 100.00% {17/17} 100.00% 100,004 Go
33 33 KEVALSYSA 9 AL T6%h (2/17) FrIEw 100.00%. G0
3L GAKEVALEY a TI.TE% 100.00%: G

35 =35 TEVAFGLWC E] e8.85% 100.00% Go
<1 [kl NTTEVAFGL =] ER.80% 100,005 Go
37 3T HENRMWLAS a 1 B8.8%% 100.00%: o0
g s3g IRDHCAVIL L 22.53% (4/17) B8 85% 10000 Go
35 Cx L] CPNMORAY o 23.53%, (417} E8.89% 100.00% Go
40 a0 LGFWFILTY a 100,005 (17/17) 100L00%: 100, D0 Go

Figure 3: IEDB Epitope conservancy tabular view

The Figure 3 view shown for each epitope, the dated degree of conservancy (percent of
protein sequence matches a specified identity Jezetl the matching minimum/maximum

identity levels within the protein sequence set. ha basis of identity and similarity the

conservancy of 20 epitopes was selected as the dpiistpe. The nonamer peptides were
designed by ISIS Draw and then were 3D optimizedChemSketch. The epitopes designed
were then minimized using Schrodinger Prime modahel related potential energy was
obtained. The Minimization refinement task performrsamcated-Newton energy minimization,

using the OPLS_2005 all-atom force field (proteitiajzed) for proteins and OPLS_2001 for

cofactors, and treating solvation energies andceffeia the Surface Generalized Born (SGB)
continuum solvation model. For the ten epitopesimimn energy was obtained as mentioned in
table 2 And optimized structure shown in figure 4.
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Table 2: Nonamer peptide sequences with their Potéal Energy

1 RRRFVOQNAL -883.373 6 LYRKLKREI -411.967

2 RGLQRRRFV -829.907 7 QMVQAMRTI -390.327

3 QARQMVQAM -670.982 8 HENRMVLAS -382.239

4 IRHENRMVL -545.981 9 LKDDLLENL -380.821

5 QAYQKRMGV -461.361 10 DPNNMDKAV -329.507
RRRFVOQNAL RGLQRRRFV

QARQMVQAM
x

Figure 4: Minimized and optimezed strucure of temonamer epitope
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The optimized and minimized structure of epitope ba further used for the ADME prediction
and for the in-vitro testing on cell lines so tkta efficacy of the epitopes can be identified as a
effective peptide vaccine for HIN1.

CONCLUSION

T cell immune responses are driven by antigeni¢copps, and hence their identification is

important for understanding disease pathogenesisetiology, and for vaccine design.Epitope

designing for the serotype of Influenza virus A HAN1 was performed by retrieving the

sequence from Swiss prot, Indian strain Q76V10ntidal 40 nonamers epitopes were selected
as conserved epitopes obtained from Propred I, pgmkand Peptgen by different scoring

algorithms. The 40 epitopes selected are basi€xlgrminal cleavage which are proteosomal
site. For forty epitopes selected, IEDB analysis warformed for getting the percentage of
identity and similarty , the minimum identity wapta 77.78% and max identity was about

100%. Conservancy calculated for all nonamer peptvds in average 92%. Finally structure

was designed for the nonamer’s and energy was nzadrusing Schrodinger Prime module.

Ten best selected peptides on the basis of minipatential energy were selected, further these
epitope can be checked for the invitro activitiesspecific cell lines . Epitope prediction done

gives an insight to predict more peptide vaccinavant for the influenza A virus (H1N1).
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