Table 1. Prediction of the subcellular localization of eukaryotic proteins using DeepLoc server which
differentiates between 10 different localizations

PV o Localization

Mitochon Cell Endoplasmic  Golgi

Cytoplasm  Peroxisome dri Lysosome Extracellular Plastid - Nucleus
ria membrane reticulum apparatus
Likelihood 0.4748 0.1458 0.128 0.0886  0.0608 0.0464 0.0244 0.02 0.006 0.0051
Type Soluble Membrane
Likelihood 0.8146 0.1854
PVise [ ocalization Cytoplasm  Peroxisome Lysosome Cell Plastid Endoplasmic M.'tOChonNucleus Extracellular Golgi
membrane reticulum dria apparatus
Likelihood 0.3292 0.2826 0.1197 0.0745  0.0525 0.0436 0.0418 0.0247 0.0178 0.0136
Type Soluble Membrane
Likelihood 0.6503 0.3497
SOD Localization Mitochondria Peroxisome Extracellula Cytoplasm Plastid
Likelihood 0.9993 0.0002 0.0002 0.0002  0.0001
Type Soluble Membrane
Likelihood 0.7678 0.2322
GST Localization Cytoplasm nglrlnbrane Mitochondria ~ Peroxisome  Nucleus Fe?s:%?lljar;mlc Golgi apparatus ~ Lysosome
Likelihood 0.8887 0.0715 0.012 0.0078 0.0074 0.0072 0.0039 0.0009
Type Soluble Membrane
Likelihood 0.936 0.064
GPx Localization Cytoplasm MitochondrioCytoplas En_doplasmi(GoIgi
n m reticulum apparatus
Likelihood 0.8812 0.0913 0.021  0.0026 0.0039
Type Soluble Membrane
Likelihood 0.8593 0.1407
HSP70 Localization Cytoplasm  Peroxisome :\:'tOChondrPlastid Nucleus  Lysosome i?s:%%ar;m'c Cell membrane Golgi apparatus
Likelihood 0.9096 0.0537 0.0133 0.0063 0.006 0.0053 0.0034 0.0014 0.0007
Type Soluble Membrane
Likelihood  0.9902 0.0098
HSP90 Localization Cytoplasm  Nucleus Endc_)plasml Lysosome Peroxisome Cell Golgi Mitochondria Extracellular
c reticulum membrane  apparatus
Likelihood 0.9611 0.0266 0.0066 0.0037 0.0006 0.0004 0.0004 0.0003 0.0003
Type Soluble Membrane
Likelihood 0.9991 0.0009
HSP11 Localization Cytoplasm  Nucleus Lysosome Peroxisome En_doplasmlc I\_/Iltochond Plastid Cell Golgi Extracellular
0 reticulum ria membrane apparatus
Likelihood 0.852 0.1293 0.0054  0.0039 0.0028 0.0025 0.0016 0.0013 0.0007 0.0004
Type Soluble Membrane
Likelihood 0.9943 0.0057

Table 2. Shared identity of the selected human anti-oxidant and heat shock proteins with vaccine construct.

S.N.  Vaccine construct Human protein Identity (%) Similarity (%)  Matching Score
1 PVao GST 6.20 9.4 62.2
2 SOD 11.2 14.4 73.4
3 GPx 8.0 11.2 77.9
4 PVysp HSP70 11.5 17.8 91.0
5 HSP90 4.5 5.8 55.5
6 HSP110 9.0 14.5 52.0




Table 3. Evaluation of Antigenicity, Allerginicity and Physiochemical properties of Antioxidant and
Heat shock proteins

Name of AntigenPro Solubility No. of

Molecular Theoretical Formula Total

Estimate half life

Instability Aliphatic GRAVY

protein  score amino weight  isoelectric no. of index index
acids (Da) Point(PI) atoms
SOD 0.826141 0.901803 223 25097.14 8.81 C1136 3555 30 hours (mammalian 30.97 96.68 -0.174
H 1788 reticulocytes, in vitro).
N 304 >20 hours (yeast, in vivo).
0317 >10 hours (Escherichia
S10 coli, in vivo).
GPx  0.818261 0.543441 220  24880.56 7.59 C1130 3481  30hours (mammalian ~ 26.91 78.86 -0.240
H 1728 reticulocytes, in vitro).
N 290 >20 hours (yeast, in vivo)
0322 >l0hours
S11 (Escherichia coli, in vivo)
GST 0.517046  0.901803 208 24226.81 6.79 C1090 3404 30 hours (mammalian 30.29 86.73 -0.523
H 1697 reticulocytes, in vitro).
N 297 >20 hours (yeast, in vivo).
0311 >10 hours (Escherichia
S9 coli, in vivo).
HSP110 0.915828 0.901803 817 092521.91 5.48 C 4090 12975 30 hours (mammalian 39.85 76.38 -0.571
H 6471 reticulocytes, in vitro).
N 1119 >20 hours (yeast, in vivo).
>10h (Escherichi
HSP90 0.677248 0.901803 717 82604.71 4.98 C3651 11611 30 hours (mammalian 40.90 80.63 -0.637
H 5813 reticulocytes, in vitro).
N 957 >20 hours (yeast, in vivo).
01162 S >l(_J hour_s (Escherichia
S 28 coli, in vivo).
HSP70 0.923227 0.90180 645 70356.50 5.56 C 3078 9887 30 hours (mammalian 39.95 79.27 -0.446
H 4947 reticulocytes, in vitro).
N 859 >20 hours (yeast, in vivo).
0983 >10 hours (Escherichia
S 20 coli, in vivo).
Table 4. IFN-y epitope of antioxidant and heat shock proteins of filarial parasite
Peptide  Sequence Method Result Score
SOD LRGDAGVSGIIYFQQGSGGS MERCI NEGATIVE 1
NGCTSAGDHY MERCI NEGATIVE 1
DIKLRGPLSVIGHSLVVH MERCI NEGATIVE 2
ITTISGSVS SVM NEGATIVE -0.43281269
SGSVSGLTPGLHGFHVHQYG SVM POSITIVE 1.5438308
DQT SVM POSITIVE 1.3440322
AGDHYNP SVM NEGATIVE -0.14867243
NPFGKTHGGPNDRIKHIGDL SVM POSITIVE 0.94673579
GNIVAGANG SVM NEGATIVE -0.21317333
ANTDDLGQGTGNMREESLK SVM NEGATIVE -0.021679592
TGNAGSRLAC SVM NEGATIVE -0.59914591
GPx YEFTVKDI MERCI POSITIVE 1
CKSGATDKNYRQLQEMHTRL MERCI POSITIVE 1
NGVDVSLEKYRGHVCLIVNV MERCI NEGATIVE 2
VNGSDADDLY MERCI NEGATIVE 1
NQFGGQEPWAEAEIKKFVTE SVM POSITIVE 1.133996
KYGVQFDMFSKIKV SVM NEGATIVE -0.49531073
FLKSRQHGTLTNNIKWNFSK SVM POSITIVE 1.329577


http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=LRGDAGVSGIIYFQQGSGGS&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=NGCTSAGDHY&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=DIKLRGPLSVIGHSLVVH&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=ITTISGSVS&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=SGSVSGLTPGLHGFHVHQYG&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=DQT&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=AGDHYNP&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=NPFGKTHGGPNDRIKHIGDL&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=GNIVAGANG&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=ANTDDLGQGTGNMREESLK&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=TGNAGSRLAC&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=YEFTVKDI&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=CKSGATDKNYRQLQEMHTRL&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=NGVDVSLEKYRGHVCLIVNV&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=VNGSDADDLY&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=NQFGGQEPWAEAEIKKFVTE&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=KYGVQFDMFSKIKV&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=FLKSRQHGTLTNNIKWNFSK&method=hybrid&model=main

QPVKRYSPTTAPYDIEGDIM SVM NEGATIVE -0.14343861

GST DRINASDWPSMKSHFHFGQ MERCI POSITIVE 1
LPCLYDGDHQIVQSG MERCI POSITIVE 1
PIRLVLVDQGIKFTD MERCI NEGATIVE 1
AILRHLA SVM NEGATIVE -0.022975403
RKHNLNGGNELETTHID SVM NEGATIVE -0.2516892
MFCEGVRDLHTKYTKMIYQA SVM POSITIVE 1.0405944
ILPVELAKFE SVM NEGATIVE -0.43792163
KLLATRD SVM POSITIVE 0.093108711
DGKNFILGEKISYVDFVLFE SVM POSITIVE 1.7967633
CLDKFPLLKAYHQRMEDRPG SVM POSITIVE 1.4030477

HSP 110  RVRILLTNLLRESGKKAEEV MERCI POSITIVE 1
AAMKCAILSPAFKVRDFSVK MERCI NEGATIVE 1
PPKAEPAKEPEKGSDGQKGE SVM POSITIVE 0.570793
ETDDTKG SVM POSITIVE 0.046773
NQEKEENTNAPSNDVVLP SVM POSITIVE 0.505780
AFTTRGRSMGVAARQQLNTN SVM POSITIVE 0.502655

HSP 90 DDEAEEE MERCI POSITIVE 1
DEEEDKKEKDKK SVM NEGATIVE -0.930605
GEIEDVGE SVM POSITIVE 0.7048250
KKDEDKEKKE SVM NEGATIVE -0.784628
LAVKHFSVEGQLEFRALLFV SVM POSITIVE 1.261721

HSP 70 KSTAGDTHLGGEDFDNRMVN MERCI POSITIVE 5
MPGGMPSGAPGAGSTGGGPT MERCI NEGATIVE 5
SAGGMPGG SVM POSITIVE 0.5289680
AVITVPAYFNDSQRQATKDS SVM POSITIVE 0.8848280

Table 5. Predicted Discontinuous B-cell epitopes of PVao and PVysp

No. PVao Residues Number Score
of
residues

V54, E55, ASG, A57, E58, E59, Q60, 861, EGZ, F63, D64, VGS, |66, L67, E68, A69, A70, G7l, D72, K73,
K74, |75, G76, V77, |78, K79, VBO, V81, R82, E83, |84’ AlOO, PlOl, KlOZ, P103, L104, LlOS, E106, K107
2 G667, P668, G669, M670, F671, 0672, E673, G674, V675, R676, D677, L678, H679, TGSO, K681, Y682, TGSS, 103 0.765

684’ MGBS, |686, Y687, 688, A689, G690, |695, 696’ 705’ 706, : 707’ P708, G709, C710, 711, D712,

K713, F714, P715, L716, L7l7, K718, A719, Y720, H721, Q7221 R723, D726, R727, P728, G746, D747, G748,

K749, N750, F751, |752, L753, G754, E755, K756, |757’ 8758, Y759, V760, D761, F762, V763, |_764, F765,

E766, G767, P768, G769, P770, G771, |772, |773, Y774, A775, A776, Y777, V778, A779, E780, V781, Y782,

A783, Y786, A790, T793, E794, K795, D796, 8797, Y798, A799, ASOO, Y801, H802, H803, H804, H805, HBOG,

H807

3 P255, GZSG, P257, 6258, N259, 6260, C261, T262, 8263, A264, G265, D266, H267, Y268, GZGQ, P270, G27l, 26 0.735
272 273 274 p275 276 277 4279 280 G283
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481" ) 482 ' 483 QB4 |5485 486 | 1487 ~488 489 || 490 493 1,495 \r 1496 £1497 ~505 \ /506 n(507
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508 <509 510 511 512 513 | 514 515 516 517 p518 519 p520 521 =522 | 523 524
G S D A, D DY L Y K, G, PR, G, P GO R, L, KT
2 2 4 47 4 4 1 2 4 7
SS 5 RS 6 G5 6 5: P5 8 V5 9 K550, R55 Y55 8553 P55 T555 T556 A55 P558 Y559 D560

1 2 4 7 4 7 1 2
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P>, G, PP, G, R, KX, H™Y, NP5, L™ N


http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=QPVKRYSPTTAPYDIEGDIM&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=DRINASDWPSMKSHFHFGQ&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=LPCLYDGDHQIVQSG&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=PIRLVLVDQGIKFTD&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=AILRHLA&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=RKHNLNGGNELETTHID&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=MFCEGVRDLHTKYTKMIYQA&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=ILPVELAKFE&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=KLLATRD&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=DGKNFILGEKISYVDFVLFE&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=CLDKFPLLKAYHQRMEDRPG&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=RVRILLTNLLRESGKKAEEV&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=AAMKCAILSPAFKVRDFSVK&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=PPKAEPAKEPEKGSDGQKGE&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=ETDDTKG&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=NQEKEENTNAPSNDVVLP&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=AFTTRGRSMGVAARQQLNTN&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=DDEAEEE&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=DEEEDKKEKDKK&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=GEIEDVGE&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=KKDEDKEKKE&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=LAVKHFSVEGQLEFRALLFV&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=KSTAGDTHLGGEDFDNRMVN&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=MPGGMPSGAPGAGSTGGGPT&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=SAGGMPGG&method=hybrid&model=main
http://crdd.osdd.net/raghava/ifnepitope/pep_design.php?sequence=AVITVPAYFNDSQRQATKDS&method=hybrid&model=main
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Table 6. Promiscuous epitopes of multiepitope vaccine constructs

PVuse HLA-Al

MAKLSTDELLDAFKEMTLLELSDFVKKFEETFEVTAAAPVAVAAAGAAPAGAAVEAAE
EQSEFDVILEAAGDKKIGVIKVVREIVSGLGLKEAKDLVYDGAPKPLLEKVAKEAADEAK
AKLEAAGATVTVKEAAAKPPKAEPAKEPEKGSDGOQKGEGPGPGETDDTKGGPGPGNQE
KEENTNAPSNDVVLPGPGPGAAMKCAILSPAFKVRDFSVKGPGPGRVRILLTNLLRESGK
KAEEVGPGPGAFTTRGRSMGVAARQQLNTNGPGPGDEEEDKKEKDKKGPGPGDDEAEE
EGPGPGGEIEDVGEGPGPGKKDEDKEKKEGPGPGLAVKHFSVEGOLEFRALLFVGPGPG
SAGGMPGGGPGPGMPGGMPSGAPGAGSTGGGPTGPGPGKSTAGDTHLGGEDFDNRMV
NGPGPGAVITVPAYFNDSQRQATKDSGPGPGAILSPAFKVGPGPGVRILLTNLLGPGPGYI
KITPNKAGPGPGERIMKAQALAAYFSKLFYDTYAAYKLTVLGATYAAYNTNIKNTIIAA
YMSEEMNGETAAYQLEFRALLFAAYMSLIINTEYAAYLMSLIINTEFAAYETALLSSGFAA
YVKDLVVLLFAAYMKENQKOQIYAAYTRGTKITLYAAYYMTDPIDEYAAYYSDNQPGVL
AAYYTNITRARFAAYSSSQASIEIHHHHHH

HLA-A2

MAKLSTDELLDAFKEMTLLELSDFVKKFEETFEVTAAAPVAVAAAGAAPAGAAVEAAE
EQSEFDVILEAAGDKKIGVIKVVREIVSGLGLKEAKDLVDGAPKPLLEKVAKEAADEAK
AKLEAAGATVTVKEAAAKPPKAEPAKEPEKGSDGQKGEGPGPGETDDTKGGPGPGNQE




KEENTNAPSNDVVLPGPGPGAAMKCAILSPAFKVRDFSVKGPGPGRVRILLTNLLRESGK
KAEEVGPGPGAFTTRGRSMGVAARQQLNTNGPGPGDEEEDKKEKDKKGPGPGDDEAEE
EGPGPGGEIEDVGEGPGPGKKDEDKEKKEGPGPGLAVKHFSVEGQLEFRALLFVGPGPG
SAGGMPGGGPGPGMPGGMPSGAPGAGSTGGGPTGPGPGKSTAGDTHLGGEDFDNRMV
NGPGPGAVITVPAYFNDSQRQATKDSGPGPGAILSPAFKVGPGPGVRILLTNLLGPGPGYI
KITPNKAGPGPGERIMKAQALAAYFSKLEFYDTYAAYKLTVLGATYAAYNTNIKNTIIAA
YMSEEMNGETAAYQLEFRALLFAAYMSLIINTEYAAYLMSLIINTEFAAYETALLSSGFAA
YVKDLVVLLFAAYMKENQKQIYAAYTRGTKITLYAAYYMTDPIDEYAAYYSDNQPGVL
AAYYTNITRARFAAYSSSQASIEIHHHHHH

HLA-
A*0201

MAKLSTDELLDAFKEMTLLELSDFVKKFEETFEVTAAAPVAVAAAGAAPAGAAVEAAE
EQSEFDVILEAAGDKKIGVIKVVREIVSGLGLKEAKDLVDGAPKPLLEKVAKEAADEAK
AKLEAAGATVTVKEAAAKPPKAEPAKEPEKGSDGQKGEGPGPGETDDTKGGPGPGNQE
KEENTNAPSNDVVLPGPGPGAAMKCAILSPAFKVRDFSVKGPGPGRVRILLTNLLRESGK
KAEEVGPGPGAFTTRGRSMGVAARQQLNTNGPGPGDEEEDKKEKDKKGPGPGDDEAEE
EGPGPGGEIEDVGEGPGPGKKDEDKEKKEGPGPGLAVKHFSVEGQLEFRALLFVGPGPG
SAGGMPGGGPGPGMPGGMPSGAPGAGSTGGGPTGPGPGKSTAGDTHLGGEDFDNRMV
NGPGPGAVITVPAYFNDSQRQATKDSGPGPGAILSPAFKVGPGPGVRILLTNLLGPGPGYI
KITPNKAGPGPGERIMKAQALAAYFSKLFYDTYAAYKLTVLGATYAAYNTNIKNTIAA
YMSEEMNGETAAYQLEFRALLFAAYMSLIINTFYAAYLMSLIINTFAAYETALLSSGFAA
YVKDLVVLLFAAYMKENQKQIYAAYTRGTKITLYAAYYMTDPIDEYAAYYSDNQPGVL
AAYYTNITRARFAAYSSSQASIEIHHHHHH

HLA-
A*0205

MAKLSTDELLDAFKEMTLLELSDFVKKFEETFEVTAAAPVAVAAAGAAPAGAAVEAAE
EQSEFDVILEAAGDKKIGVIKVVREIVSGLGLKEAKDLVYDGAPKPLLEKVAKEAADEAK
AKLEAAGATVTVKEAAAKPPKAEPAKEPEKGSDGQKGEGPGPGETDDTKGGPGPGNQE
KEENTNAPSNDVVLPGPGPGAAMKCAILSPAFKVRDFSVKGPGPGRVRILLTNLLRESGK
KAEEVGPGPGAFTTRGRSMGVAARQQLNTNGPGPGDEEEDKKEKDKKGPGPGDDEAEE
EGPGPGGEIEDVGEGPGPGKKDEDKEKKEGPGPGLAVKHFSVEGQLEFRALLFVGPGPG
SAGGMPGGGPGPGMPGGMPSGAPGAGSTGGGPTGPGPGKSTAGDTHLGGEDFDNRMV
NGPGPGAVITVPAYFNDSQRQATKDSGPGPGAILSPAFKVGPGPGVRILLTNLLGPGPGYI
KITPNKAGPGPGERIMKAQALAAYFSKLEYDTYAAYKLTVLGATYAAYNTNIKNTIIAA
YMSEEMNGETAAYQLEFRALLFAAYMSLIINTEYAAYLMSLIINTFAAYETALLSSGFAA
YVKDLVVLLFAAYMKENQKQIYAAYTRGTKITLYAAYYMTDPIDEYAAYYSDNQPGVL
AAYYTNITRARFAAYSSSQASIEIHHHHHH

PVHSP

HLA-Al

HLA-A2

MAKLSTDELLDAFKEMTLLELSDFVKKFEETFEVTAAAPVAVAAAGAAPAGAAVEAAE
EQSEFDVILEAAGDKKIGVIKVVREIVSGLGLKEAKDLYDGAPKPLLEKVAKEAADEAK
AKLEAAGATVTVKEAAAKNSYGPGPGNTGPGPGVGKGLRILAFGPGPGFPIRGLAEGPG
PGDDGGPGPGLRGDAGVSGGPGPGIIYFQQGSGGSITTIGPGPGSGSVSGLTGPGPGPGLH
GFHGPGPGVHQYGDQTGPGPGNGCTSAGDHYGPGPGNPFGKTHGGGPGPGPNDRIKHI
GDLGNIVAGANGGPGPGDIKLRGPLSVIGHSLVVHAGPGPGANDDLGQGGPGPGTGNM
REESLKTGNAGSRLACGPGPGYEFTVKDIGPGPGNGVDVSLEKYRGHVCLIVNVGPGPG
CKSGATDKNYRQLQEMHTRLGPGPGNQFGGQEPWAEAEIGPGPGKKFVTEKYGVQFD
MFSKIKGPGPGFLKSRQHGTLTNNIKWNFSKGPGPGVNGSDADDLYKGPGPGFLKSRQH
GTLTNNIKWNFSKGPGPGQPVKRYSPTTAPYDIEGDIMGPGPGPIRLVLVDQGIKFTDGP
GPGDRINASDWPSMKSHFHFGQGPGPGLPCLYDGDHQIVQSGGPGPGAILRHLAGPGPG
RKHNLNGGNELETTHIDGPGPGMFCEGVRDLHTKYTKMIYQAGPGPGILPVELAKFEGP
GPGCLDKFPLLKAYHQRMEDRPGGPGPGKLLATRDGPGPGDGKNFILGEKISYVDFVLF
EGPGPGIIYAAYVAEVYAAYYAAYAYDTEKDSYAAYHHHHHH
MAKLSTDELLDAFKEMTLLELSDFVKKFEETFEVTAAAPVAVAAAGAAPAGAAVEAAE
EQSEFDVILEAAGDKKIGVIKVVREIVSGLGLKEAKDLYDGAPKPLLEKVAKEAADEAK
AKLEAAGATVTVKEAAAKNSYGPGPGNTGPGPGVGKGLRILAFGPGPGFPIRGLAEGPG
PGDDGGPGPGLRGDAGVSGGPGPGITYFQQGSGGSITTIGPGPGSGSVSGLTGPGPGPGLH




GFHGPGPGVHQYGDQTGPGPGNGCTSAGDHYGPGPGNPFGKTHGGGPGPGPNDRIKHI
GDLGNIVAGANGGPGPGDIKLRGPLSVIGHSLVVHAGPGPGANDDLGQGGPGPGTGNM
REESLKTGNAGSRLACGPGPGYEFTVKDIGPGPGNGVDVSLEKYRGHVCLIVNVGPGPG
CKSGATDKNYRQLQEMHTRLGPGPGNQFGGQEPWAEAEIGPGPGKKFVTEKYGVQFD
MFESKIKGPGPGFLKSRQHGTLTNNIKWNFSKGPGPGVNGSDADDLYKGPGPGFLKSRQH
GTLTNNIKWNFSKGPGPGQPVKRYSPTTAPYDIEGDIMGPGPGPIRLVLVDQGIKFTDGP
GPGDRINASDWPSMKSHFHFGQGPGPGLPCLYDGDHQIVQSGGPGPGAILRHLAGPGPG
RKHNLNGGNELETTHIDGPGPGMFCEGVRDLHTKYTKMIYQAGPGPGILPVELAKFEGP
GPGCLDKFPLLKAYHQRMEDRPGGPGPGKLLATRDGPGPGDGKNFILGEKISYVDFVLF
EGPGPGIIYAAYVAEVYAAYYAAYAYDTEKDSYAAYHHHHHH

HLA-
A*0201

MAKLSTDELLDAFKEMTLLELSDFVKKFEETFEVTAAAPVAVAAAGAAPAGAAVEAAE
EQSEFDVILEAAGDKKIGVIKVVREIVSGLGLKEAKDLVDGAPKPLLEKVAKEAADEAK
AKLEAAGATVTVKEAAAKNSYGPGPGNTGPGPGVGKGLRILAFGPGPGFPIRGLAEGPG
PGDDGGPGPGLRGDAGVSGGPGPGIYFQQGSGGSITTIGPGPGSGSVSGLTGPGPGPGLH
GFHGPGPGVHQYGDQTGPGPGNGCTSAGDHYGPGPGNPFGKTHGGGPGPGPNDRIKHI
GDLGNIVAGANGGPGPGDIKLRGPLSVIGHSLVVHAGPGPGANDDLGQGGPGPGTGNM
REESLKTGNAGSRLACGPGPGYEFTVKDIGPGPGNGVDVSLEKYRGHVCLIVNVGPGPG
CKSGATDKNYRQLQEMHTRLGPGPGNQFGGQEPWAEAEIGPGPGKKFVTEKYGVQFD
MFESKIKGPGPGFLKSRQHGTLTNNIKWNFSKGPGPGVNGSDADDLYKGPGPGFLKSRQH
GTLTNNIKWNFSKGPGPGQPVKRYSPTTAPYDIEGDIMGPGPGPIRLVLVDQGIKFTDGP
GPGDRINASDWPSMKSHFHFGQGPGPGLPCLYDGDHQIVQSGGPGPGAILRHLAGPGPG
RKHNLNGGNELETTHIDGPGPGMFCEGVRDLHTKYTKMIYQAGPGPGILPVELAKFEGP
GPGCLDKFPLLKAYHQRMEDRPGGPGPGKLLATRDGPGPGDGKNFILGEKISYVDFEVLF
EGPGPGIIYAAYVAEVYAAYYAAYAYDTEKDSYAAYHHHHHH

HLA-
A*0205

MAKLSTDELLDAFKEMTLLELSDFVKKFEETFEVTAAAPVAVAAAGAAPAGAAVEAAE
EQSEFDVILEAAGDKKIGVIKVVREIVSGLGLKEAKDLVYDGAPKPLLEKVAKEAADEAK
AKLEAAGATVTVKEAAAKNSYGPGPGNTGPGPGVGKGLRILAFGPGPGFPIRGLAEGPG
PGDDGGPGPGLRGDAGVSGGPGPGITYFQQGSGGSITTIGPGPGSGSVSGLTGPGPGPGLH
GFHGPGPGVHQYGDQTGPGPGNGCTSAGDHYGPGPGNPFGKTHGGGPGPGPNDRIKHI
GDLGNIVAGANGGPGPGDIKLRGPLSVIGHSLVVHAGPGPGANDDLGQGGPGPGTGNM
REESLKTGNAGSRLACGPGPGYEFTVKDIGPGPGNGVDVSLEKYRGHVCLIVNVGPGPG
CKSGATDKNYRQLQEMHTRLGPGPGNQFGGQEPWAEAEIGPGPGKKFVTEKYGVQFD
MFESKIKGPGPGFLKSRQHGTLTNNIKWNFSKGPGPGVNGSDADDLYKGPGPGFLKSRQH
GTLTNNIKWNFSKGPGPGQPVKRYSPTTAPYDIEGDIMGPGPGPIRLVLVDQGIKFTDGP
GPGDRINASDWPSMKSHFHFGQGPGPGLPCLYDGDHQIVQSGGPGPGAILRHLAGPGPG
RKHNLNGGNELETTHIDGPGPGMFCEGVRDLHTKYTKMIYQAGPGPGILPVELAKFEGP
GPGCLDKFPLLKAYHQRMEDRPGGPGPGKLLATRDGPGPGDGKNFILGEKISYVDFVLF
EGPGPGIIYAAYVAEVYAAYYAAYAYDTEKDSYAAYHHHHHH

Table 7. PV a0 Toxicity prediction of selected epitopes of vaccine constructs

Vaccine epitope Sequence SVM Prediction Hydrophobicity Hydropathicity Hydrophilicity Charge Mol wt
Score
B-cell epitope
seql LRGDAGVSG -1.14 Non-Toxin -0.10 -0.02 0.28 0.00 831.02
seql0 ANTDDLGQG -0.82 Non-Toxin -0.21 -1.10 0.41 -2.00 890.00
seqll TGNMREESLKTGNAGS -0.90 Non-Toxin -0.28 -0.77 0.41 1.00 2095.62
RLAC

seql2 YEFTVKDI

-0.94 Non-Toxin -0.09 -0.18 0.06 -1.00 1014.25
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seql3 NGVDVSLEKYRGHVC -1.05 Non-Toxin -0.06 0.35 -0.20 0.50 2214.88
LIVNV

seql4d CKSGATDKNYRQLQE -0.29 Non-Toxin -0.42 -1.38 0.44 250  2379.99
MHTRL

seql5 NQFGGQEPWAEAEI -0.94 Non-Toxin -0.10 -0.96 0.06 -3.00 1575.86

seql6 KKFVTEKYGVQFDMFS-1.25 Non-Toxin -0.20 -0.53 0.27 3.00 2324.06
KIK

seql7 VNGSDADDLYK -0.68 Non-Toxin -0.24 -0.96 0.58 -2.00 1196.38

seql8 FLKSRQHGTLTNNIKW -1.52 Non-Toxin -0.27 -1.00 -0.09 450 2420.08
NFSK

seql9 QPVKRYSPTTAPYDIEG-0.75 Non-Toxin -0.19 -0.77 0.16 -1.00 2281.85
DIM

seq2 IIYFQQGSGGSITTI -1.53 Non-Toxin 0.12 0.55 -0.79 0.00 1585.03

seq20 PIRLVLVDQGIKFTD  -0.99 Non-Toxin -0.06 0.41 -0.06 0.00 1714.27

seq2l DRINASDWPSMKSHFH -1.02 Non-Toxin -0.23 -1.07 0.02 1.00 2260.74
FGQ

seq22 LPCLYDGDHQIVQSG 0.24 Non-Toxin -0.06 -0.19 -0.27 -1.50 1645.05

seq23 AILRHLA -0.96 Non-Toxin 0.02 1.14 -0.56 150 793.08

seq24 RKHNLNGGNELETTHI -0.95 Non-Toxin -0.34 -1.52 0.49 0.00 1948.35
D

seq25 MFCEGVRDLHTKYTK -0.76 Non-Toxin -0.17 -0.35 -0.12 150 2435.17
MIYQA

seq26 ILPVELAKFE -0.79 Non-Toxin 0.08 0.84 -0.09 -1.00 1158.55

seq27 KLLATRD -0.80 Non-Toxin -0.35 -0.46 0.64 1.00 816.06

seq28 DGKNFILGEKISYVDFV -1.66 Non-Toxin -0.00 0.26 -0.07 -2.00 2333.97
LFE

seq29 CLDKFPLLKAYHQRME-1.02 Non-Toxin -0.30 -0.93 0.39 150 2418.12
DRPG

seq3  SGSVSGLT -0.93 Non-Toxin 0.05 0.51 -0.35 0.00 706.86

seq4 PGLHGFH -0.84 Non-Toxin 0.08 -0.31 -0.76 1.00 763.96

seg5 VHQYGDQT -0.63 Non-Toxin -0.24 -1.49 -0.16 -0.50 947.09

seg6 NGCTSAGDHY -0.69 Non-Toxin -0.16 -0.95 -0.12 -0.50 1024.16

seq7 NPFGKTHGG -0.86 Non-Toxin -0.14 -1.26 -0.02 150 914.12

seq8 PNDRIKHIGDLGNIVAG -1.16 Non-Toxin -0.11 -0.36 0.12 0.50 2031.57
ANG

seq9 DIKLRGPLSVIGHSLVYV -1.07 Non-Toxin 0.01 0.66 -0.28 2.00 2011.70
HA

MHC-I toxicity

seql  VAEVYINSY -0.88 Non-Toxin 0.06 0.48 -0.71 -1.00 1057.29

seq2 DAGVSGIIY -1.35 Non-Toxin 0.18 0.96 -0.51 -1.00 894.12

seq3 MTAIKADDY -1.02 Non-Toxin -0.13 -0.32 0.24 -1.00 1027.27

seqg4 LTNSNYTEL -1.12 Non-Toxin -0.16 -0.71 -0.33 -1.00 1054.25

seg5 GKDVSLEKY -1.08 Non-Toxin -0.28 -1.03 0.74 0.00 1038.29

seqg6  YTKMIYQAY -0.95 Non-Toxin -0.07 -0.42 -0.86 1.00 1180.51

seq7 HTKYTKMIY -1.14 Non-Toxin -0.21 -0.96 -0.33 250 1184.55

seq8 FTDDRINAS -1.07 Non-Toxin -0.30 -0.82 0.48 -1.00 1038.19

seq9 AYDTEKDSY -1.12 Non-Toxin -0.37 -1.86 0.76 -2.00 1091.20

MHC class |1

seql KNFILGEKI -1.29 Non-Toxin -0.08 0.04 0.14 1.00 1061.43

seq2 DIKLRGPLS -1.04 Non-Toxin -0.22 -0.29 0.43 1.00 998.32
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seq3 PLSVIGHSL -0.88 Non-Toxin 0.17 1.06 -0.76 0.50 922.23

seq4  LSVIGHSLV -0.96 Non-Toxin 0.23 1.70 -0.92 0.50 924.25

PVysp toxicity prediction

B- cell epitopes

seql AFTTRGRSMGVAARQQ-1.09 Non-Toxin -0.29 -0.66 0.01 3.00 2179.73
LNTN

seq2 RVRILLTNLLRESGKKA -1.19 Non-Toxin -0.30 -0.36 0.58 2.00 2325.06
EEV

seq3 AAMKCAILSPAFKVRD -1.07 Non-Toxin -0.08 0.55 -0.01 3.00 218294
FSVK

seqg4 ETDDTKG -0.98 Non-Toxin -0.48 -2.31 1.60 -2.00 764.83

seq5 NQEKEENTNAPSNDVV -0.83 Non-Toxin -0.31 -1.45 0.59 -3.00 1998.35
LP

seq6 PPKAEPAKEPEKGSDG -0.34 Non-Toxin -0.39 -2.07 1.32 -1.00 2079.53
QKGE

seq7 DDEAEEE -0.81 Non-Toxin -0.52 -2.74 2.50 -6.00 835.81

seq8 KKDEDKEKKE -0.71 Non-Toxin -0.88 -3.70 3.00 0.00 1276.54

seq9 GEIEDVGE -0.93 Non-Toxin -0.12 -0.76 1.09 -4.00 846.96

seql0 DEEEDKKEKDKK -0.90 Non-Toxin -0.85 -3.67 3.00 -2.00 1520.77

seqll LAVKHFSVEGQLEFRA -1.39 Non-Toxin 0.04 0.82 -0.41 0.50 2304.04
LLFV

seql2 SAGGMPGG -1.03 Non-Toxin 0.10 -0.04 -0.19 0.00 632.80

seql3 MPGGMPSGAPGAGSTG -1.49 Non-Toxin 0.06 -0.26 -0.19 0.00 1644.10
GGPT

seql4 KSTAGDTHLGGEDFDN -1.18 Non-Toxin -0.26 -1.08 0.49 -1.50 2164.58
RMVN

seql5 AVITVPAYFNDSQRQA -1.76 Non-Toxin -0.20 -0.54 0.06 0.00 2211.69
TKDS

MHC class-1 epitope

seql FSKLFYDTY -0.67 Non-Toxin -0.05 -0.23 -0.61 0.00 1183.44

seq2 KLTVLGATY -0.70 Non-Toxin 0.06 0.73 -0.63 1.00 965.29

seq3  NTNIKNTII -0.80 Non-Toxin -0.13 -0.26 -0.29 1.00 1030.33

seqg4d MSEEMNGET -0.73 Non-Toxin -0.25 -1.34 0.72 -3.00 1027.21

seqd QLEFRALLF -1.18 Non-Toxin -0.00 0.81 -0.52 0.00 1136.49

seq6é  MSLIINTFY -1.19 Non-Toxin 0.20 1.24 -1.27 0.00 1101.46

seq7 LMSLIINTF -1.01 Non-Toxin 0.26 1.81 -1.21 0.00 1051.45

seq8 ETALLSSGF -0.56 Non-Toxin 0.08 0.67 -0.38 -1.00 924.14

seq9 VKDLVVLLF -1.35 Non-Toxin 0.22 2.16 -0.71 0.00 1045.47

seql0 MKENQKQIY -0.93 Non-Toxin -0.43 -1.86 0.47 1.00 118151

seqll TRGTKITLY -1.20 Non-Toxin -0.22 -0.43 -0.12 2.00 1052.37

seql2 YMTDPIDEY -0.77 Non-Toxin -0.14 -1.00 0.10 -3.00 1146.35

seql3 YSDNQPGVL -1.57 Non-Toxin -0.13 -0.73 -0.21 -1.00 992.18

seql4 YTNITRARF -0.81 Non-Toxin -0.32 -0.68 -0.19 200 114141

seql5 SSSQASIEI -0.89 Non-Toxin -0.07 0.07 0.03 -1.00 921.09

MHC class-11 epitope

seql  YIKITPNKA -1.00 Non-Toxin -0.15 -0.46 -0.07 2.00 1047.39

seq2 ERIMKAQAL -1.45 Non-Toxin -0.24 -0.18 0.37 1.00 1059.42

seq3  AILSPAFKV -1.05 Non-Toxin 0.16 1.40 -0.59 1.00 945.29

seq4  VRILLTNLL -1.31 Non-Toxin 0.09 1.69 -0.86 1.00 1054.49



https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=PLSVIGHSL&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=LSVIGHSLV&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=AFTTRGRSMGVAARQQLNTN&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=AFTTRGRSMGVAARQQLNTN&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=RVRILLTNLLRESGKKAEEV&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=RVRILLTNLLRESGKKAEEV&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=AAMKCAILSPAFKVRDFSVK&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=AAMKCAILSPAFKVRDFSVK&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=ETDDTKG&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=NQEKEENTNAPSNDVVLP&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=NQEKEENTNAPSNDVVLP&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=PPKAEPAKEPEKGSDGQKGE&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=PPKAEPAKEPEKGSDGQKGE&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=DDEAEEE&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=KKDEDKEKKE&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=GEIEDVGE&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=DEEEDKKEKDKK&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=LAVKHFSVEGQLEFRALLFV&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=LAVKHFSVEGQLEFRALLFV&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=SAGGMPGG&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=MPGGMPSGAPGAGSTGGGPT&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=MPGGMPSGAPGAGSTGGGPT&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=KSTAGDTHLGGEDFDNRMVN&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=KSTAGDTHLGGEDFDNRMVN&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=AVITVPAYFNDSQRQATKDS&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=AVITVPAYFNDSQRQATKDS&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=FSKLFYDTY&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=KLTVLGATY&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=NTNIKNTII&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=MSEEMNGET&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=QLEFRALLF&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=MSLIINTFY&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=LMSLIINTF&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=ETALLSSGF&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=VKDLVVLLF&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=MKENQKQIY&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=TRGTKITLY&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=YMTDPIDEY&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=YSDNQPGVL&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=YTNITRARF&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=SSSQASIEI&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=YIKITPNKA&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=ERIMKAQAL&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=AILSPAFKV&thval=0.0
https://webs.iiitd.edu.in/raghava/toxinpred/pepsearch_S.php?seq=VRILLTNLL&thval=0.0

Table 8. Residues pair selected for disulfide engineering.

Resl Seq # Resl AA Res2 Seq# Res2 AA 13 Energy Sum B-Factors
28 PHE 37 ALA 111.66 3.37 19.65
29 GLU 37 ALA -99.5 4.45 19.67
64 ASP 129 VAL 118.32 4.92 19.11
68 GLU 127 VAL 116.39 4.19 19.7
71 GLY 72 ASP -105.29 3.97 23.35
76 GLY 123 ALA 80.13 1.32 19.25
89 GLY 92 GLU 81.62 1.74 19.51
108 VAL 112 ALA -106.12 3.27 20.1
152 GLN 154 GLY 93.03 2.66 26.31
158 GLY 160 GLY -91.92 5.63 29.98
170 GLY 174 GLN -88.46 5.25 26.41
186 ASP 415 GLY -114.11 5.13 18.91
188 VAL 209 VAL 116.11 3.13 19.09
191 GLY 641 ASP/ -57.31 6.28 19.18
194 PRO 277 LYS -90.95 1.25 19.05
194 PRO 278 GLU -114.89 4.79 19.04
200 CYS 637 ALA 122.13 3.56 18.89
202 ILE 641 ASP -62.28 4.73 19.12
203 LEU 208 LYS 85.1 5.1 19.48
208 LYS 405 ASP 72.13 4.34 19.55
210 ARG 405 ASP -77.13 5.87 19.14
213 SER 395 GLY 120 5.18 21.45
215 LYS 216 GLY -99.84 0.79 22.26
216 GLY 217 PRO 107.45 1.73 23.71
225 LEU 407 ARG 72.08 1.9 19.05
232 GLU 256 VAL -109.56 5.49 21.45
242 PRO 259 ARG 113.48 1.85 18.9
244 PRO 258 ALA 99.05 1.08 18.96
244 PRO 271 ASP -92.18 5.62 18.84
245 GLY 275 ASP -106.82 3.78 19.2
246 ALA 258 ALA 85.82 0.71 19.04
276 LYS 435 SER 106.32 3.03 19.12
283 GLY 427 SER 111.42 6.5 19.04
286 PRO 308 GLY 90.92 4.97 19.76
317 ASP 382 GLY -109.94 2.59 25.49
324 PRO 339 LEU 109.67 1.92 21.14
334 SER 337 GLY 111.13 3.37 19.72
344 LEU 378 GLY 124.29 3.52 23.44
357 MET 359 GLY 122.96 6.84 21.64
378 GLY 380 THR -112.44 3.55 26.66
416 ALA 444 SER -92.41 2.63 18.99
421 PRO 467 PRO -104.78 4.61 18.8
423 TYR 515 TYR 83.01 3.53 18.99
424 PHE 428 GLN 91.36 4.05 18.89
448 LYS 643 GLN 93.6 4.39 19.15
462 LEU 469 TYR 70.56 6.76 19.07
468 GLY 601 ALA -62.85 3.92 19.22
483 GLU 487 LYS 118.41 4.59 20.1



512 GLY 612 ALA -94.46 1.49 19.03
528 ALA 547 ARG 75.39 4.02 19.11
535 MET 543 GLN 119.58 6.45 19.13
541 ALA 575 PHE 126.32 6.26 19.36
541 ALA 577 ALA -77.58 7.04 19.55
553 ALA 558 ILE -116.66 7.32 18.98
571 ILE 577 ALA 81.75 0.72 19.56
597 LEU 604 LYS 125.94 5.4 19.22
629 THR 630 ASP -88.27 5.24 22.08
646 VAL 652 THR 114.51 3.65 19.22
659 PHE 676 HIS 107.41 5.44 19.83
660 ALA 675 HIS 96.61 4.39 19.59
PVAO

6 THR 143 GLY 121.78 4.74 0

10 LEU 143 GLY 100.89 5.18 0

12 ALA 16 MET 99 121 0

16 MET 20 GLU 70.69 4.12 0

27 LYS 30 GLU 96.07 4.33 0

43 ALA 55 GLU -110.96 4.26 0

53 ALA 86 SER -76.27 3.94 0

56 ALA 58 GLU -80.58 3.24 0

65 VAL 76 GLY 80.18 5.17 0

83 GLU 89 GLY 67.16 7.26 0

97 VAL 115 GLU 116.57 3.2 0

99 GLY 100 ALA 117.18 5.97 0

121 GLU 161 GLY -71.83 3.87 0

137 SER 185 PRO -97.01 4.25 0
139 GLY 151 VAL -717.9 3.65 0

140 PRO 188 ARG -101.26 3.28 0
156 ARG 196 GLY -83.54 1.82 0

159 ALA 193 VAL -66.74 1.47 0

159 ALA 196 GLY 113.26 3.06 0

175 PRO 216 GLY 112.95 4.55 0

191 ALA 223 SER 88.21 3.1 0
194 SER 224 VAL 123.81 4.19 0
204 PHE 217 PRO 85.1 5.01 0

218 GLY 241 GLY -82.9 3.21 0

222 GLY 245 GLY -100.43 3.63 0

247 HIS 281 GLY -90.24 8.17 0

255 PRO 256 GLY 108.82 1.28 0

257 PRO 260 GLY 124.31 2.81 0

264 ALA 286 PRO -58.9 2.34 0
268 TYR 283 GLY -97.65 3.89 0

276 PHE 278 LYS -103.19 1.45 0

284 PRO 322 VAL -59.46 7.15 0
288 PRO 325 HIS -96.51 3.64 0

290 ASP 295 ILE 114.71 5.52 0

291 ARG 292 ILE 108.71 3.56 0

299 GLY 326 SER -101.11 5.77 0

310 GLY 348 PRO 119.93 411 0



324
328
333
344
365
372
383
386
386
391
393
405
413
414
423
425
448
456
466
468
496
533
557
610
620
645
647
650
668
673
675
686
692
693
699
706
749
750
753
773
793

GLY
VAL
PRO
GLY
SER
GLY
GLY
PRO
PRO
ASP
SER
VAL
CYS
LYS
ARG
LEU
GLU
GLY
VAL
PHE
TRP
ASN
ALA
GLN
TYR
GLY
GLY
HIS
PRO
GLU
VAL
ILE
GLY
PRO
GLU
PRO
LYS
ASN
LEU
ILE
THR

367
370
336
347
403
379
404
396
398
395
394
454
463
422
426
429
451
501
467
470
542
573
558
611
623
656
653
653
704
674
713
720
695
731
739
746
793
751
789
778
796

LEU
GLY
GLY
GLY
LEU
VAL
ILE
LYS
ARG
GLU
LEU
GLY
LYS
TYR
GLN
HIS
ILE
GLY
GLN
MET
GLY
ILE
PRO
GLY
ASP
ASN
ASN
ASN
GLU
GLY
LYS
TYR
ILE
PRO
THR
GLY
THR
PHE
TYR
VAL
ASP

75.57
-78.2
-78.57
-79.73
104.31
99.66
-86.34
104.63
93.17
125.17
-109.96
-60.21
-70.48
108.55
-104.93
-105.7
95.9
69.39
106.75
-114.38
87.2
-95.93
-69.01
108.94
123.66
76.84
106.22
86.64
-94.47
-110.51
-83.32
85.05
-88.71
-95.35
-89.93
-66.55
89
124.48
110.87
-89.43
-90.1

4.81
4.44
3.33
5.39
0.28
5.79
2.99
1.19
1.63
6.97
2.36
3.17
4.09
5.19
5.4

2.22
0.72
4.74
3.04
4.31

3.86
4.98
3.62
8.38
2.46
4.07
1.96
5.78
1.28
1.6

4.25
5.42
1.13
4.66
6.66
2.7

7.62
0.84
4.33
5.05
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Table 9. Molecular docking of MEVs-TLR4 complexes showing H-bonds

Vaccine Ligand

Interacting residues

PVao TLR4

PVysp TLT4

LYS™:HZ3 - GLN':0E1, ASP™:HN - ASP™:0D1, GLN*:HE22 - THR*:0,
ASN®®:HD22 - GLUM:0E2, ASP®™:HN - ASP™®%0D2, GLN*:HE21 - PRO®:0,
GLY™:HN - ALA™:0, GLN':HE21 - LYS"%:0, LEUY®:HA - GLU?:OE1,
VAL*2HA-GLN*®:0, GLU™:HA - GLU™:OE1, GLY™:HA1 - ASP*:0D2,
GLY?:HA2 - GLU?®%0E1, GLY":HA1l - GLN*:0, ASP™*HA - ASP%:0D2,
PRO®:HA - LEU%.0, VAL*:HA LEU?:0, GLY®™:HA2 - ASP™“:0D1,
SERY%HB2-GLY™:0, SER™:HB2 - ALA™:0, LYS™:HE1 - LYSY%:0,
HIS':HE1 - PHE™:0 LEU*:HA - ALA*:0

LYS™NZ - GLU*%:0E2, LYS®:NZ - GLU?:OE1, LYS™:NzZ - LEU%*%:0,
GLY®™%:H - THR®%:0G1, THR¥*:0G1 - SER®:0G, GLY®*%H - ASN*:0D1,
LYS®":NZ - VAL*0, ARG*:NE PRO™:0, ASN2%:N - ASP™:0D1,
THR*®:0G1 - GLY™:0, HIS**>:ND1 - PRO¥:0, ASN>*:ND2 - SER¥20G,
SER®%:0G - ASN®L0G1, LYS™:CE - GLU?™0, GLY®%:CA - ASN*"°:0,
SER*3:CB GLN°®0E1, GLY**°:CcA HIS®®:0, LYS®:.CE - PROZ%.0,
SER®:CB - GLY™¥:0, HIS®*®:CE1 - GLU*0, GLNY:CA - SER*%O0G,
HIS®®:CEL - ALA®*:0

Table 10. Details of immune simulation results of PV a0 and PVusp Vaccine constructs

S.N Types of immune PV a0 PVhusp
response
1 Antigen count (I* dose) Decrease to zero Decrease to zero
count after 5™ day of count after 5™ day
injection of injection
2 Antigen count Decrease to zero Decrease to zero
(11" and 111 dose) after 1% day of after 2" day of
injection injection
3 Antibody titers (1gG + Elicited high level of Elicited high level
IgM and antibody titer of antibody titer
IgG1 + 1gG2)
4 Total B cell population 580 500
per state at end of I1ird
dose (cells per mm3)
5 Active B cell population 480 320
at end of Ilird dose (cells
per mma3)
6 Plasma B lymphocytesat 9 6
end of 111" dose (1gG1)
7 IFN-y (ng/ml) 4.3x10° 4.2x10°
8 TGF-B (ng/ml) 1.1x10* 7.5x10"
9 IL-2 (ng/ml) 3.0x10° 2.0x10°
10 IL-10 (ng/ml) 4x10* 4x10*
11 IL-12 (ng/ml) 2x10° 2x10*
11 Memory T-helper 4000 -3200
lymphocytes count
(cells,per mm3)
13 Active T-cytotoxic 2200 -850

lymphocytes population



per state (cells per mm3)

14 Active macrophages 100 100
(cells per mm3)
15 Macrophages presenting 200 200

(cells per mm3)
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Figure 1. Methodology for multiepitope vaccine construction, Docking, Simulation and Cloning
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Figure 2. Visualization of vaccine constructs epitopic regions (A) Amino acids sequence of the PV ao
adjuvant (yellow) B-cell and HTL (green) CTL (purple) and 6 His tag sky color (B) Yellow peaks
represent epitopic regions and green non-epitopic regions.
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Figure 3. Visualization of vaccine constructs epitopic regions (A) Amino acids sequence of the PVysp
adjuvant (yellow) B-cell and HTL (green) CTL (purple) and 6 His tag sky color (B) Yellow peaks
represent epitopic regions and green non-epitopic regions.
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Model 4 Model 5

Figure 4. I-TASSER model of PV ao and PVysp vaccine candidate for model 1 to 5 (A) PV ap vaccine
candidate models and (B) PVysp vaccine candidate models
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Figure 6. PROCHECK results of PVap and PVysp candidates (A) PV ao (before and after refinement)
(B) PVysp, and (before and after refinement) showing the amino acid residues in Ramachandran Plot
before and after refining process



Figure 7. Disulfide bond-bridge (white lines) of vaccine constructs is shown (A) PVao and (B) PVusp



