=

b

L
-

L T

TDIHES 10-2024-0174887  [Hh'=y

O (19) it =53] % (KR) (11) FANE  10-2024-0174887

(12) 3NESFR(A) (43) BAHLA 202412918
(561) FAES &7 (Int. Cl.) (71) &¢4<¢
CO7K 14/005 (2006.01) A61K 38/00 (2006.01) st A
AGIK 39/00 (2006.01) A6IK 39/215 (2006.01) ZA% 244 st 1, g n(SAE)
A6IP 31/14 (2006.01) (72) &g Ak
(52) CPCE3 o] A=

CO7K 14/005 (2013.01)

YT FHA TAZ 459, 1015 15045
A6IK 38/00 (2013.01)

sl vielate] o}

(21) 299% 10-2023-0073457 B B
(22) E997 202343069089 U=, 2= AT, ASERSHERA, A2

&= olzdith}rE D-24
F|&x B xk3u}E
oL, YAE HAF uFAAxTA, L]
5 230 o}BE P21 63

(74) A=

ssyale

A TLE 2023306908Y

: 1
A ArmavEleld a2 HolAe] di AUEE FEoI= ¥ oE Efate AxTZ ol
g dolAl gt WA Fu =y

w2 AfasRvbol 2 -2 WMol Ao et odEZ JEfol= gl o] EIeh= AR upHbolg| -2 W)
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3 Al A
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AT 1

MEHT 19] ofniAt AR o]Fojzl oI EX, HAHZ 29| ofnjial AR o]Fojx AUEZ, HIAHZ
39] olu|iit MER o]FofF qUEX AMIAHUT 49 o]t MER o] Foj oI EX MAHE 19| ofn
A IR o]Foj7l oI EX, MEHT 59 oluit AR o]FojRl ofIEX, MIAHT 69 ofnwal A
A= o]Fof oYEZ, MAHZE 79 ofujAl MIR o]|Fod ouEX, MAHZE 82 oluit AR o]
Folzl oEX, HAHZT 99| olu|it AR o]Fofd ouEZ MIAHE 109 ofu|it AR o] Foix
OFEX MIWHE 119 oniil IR o]Foj7 JIEX L MAHE 129 ofn|it AER o] Fofzl o5
EYE Y33l oI EX MElo|=

AT 2

A&l Sloj A,

Al2dko] Qo] A,

A7) FEpol= FF = GPGPG BA L, oI EZ FEelo]=,

AT 4

A1l ol A,

A7) T EE = SARS-CoV-2 Hlolels ol S-vhildo MHC thHF-HAAlel] et 5 B L T AlX oIE
z2l, dIEE FElo| =,

A3 5

AT 19 olmial HEE o] FolA I EZ, HIHE 29 olnial HEE o]Fo|R JIEZ MIHF
39| ofn|iAt MAR o]Fof WEX, MIAHT 49 oju|iit AR o] FojR] I EZ MIME 19 ofn
A qER oo oFEZ HEHZE 59 ofniil HER o]FolR WEZ  MIHF 69 ofu]al A
gz o]Folx IEZ, AGHE 79 ofnial AR o]FoF IEZ, AGHE 89 oluxAil A= o]
Folzl I EX, ANEWHE 99 oluit IR o]FojH qIEX, AEHFT 109 oAl LR o]FoH
I EX AMIHE 119 olniil IR o]Fol7 oIEX L MIAHE 129 ofu|xit AER o] Fof7 of 5
BEXE I35l Alazmzulo]#] -2 WolAo ik WAl TH AR

271 271 A EZEL JEel= A o8 dAH= A, Abmaszuutolg -2 ol gk WAl Fu
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FHoR 5§ Jbed WA, Er WAZA (adjwvant)E B EFSHE, Az iutole 2-g Wol Ao e

Apzm el el 2 WolAlo] Hig ol TEE |k Pelol= WAL sty A%, Ao shire] Auel A
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A3 11

A108e] oA,

471

WO ETE SARS-CoV-2 Hlolelzs wolAle] S-ghalelA MHC UlRHAA (s [ 9 Feh 100
g E

e B R T AE oIEzd, AMre] Ao Wi,

ol ok

T
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L
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E UHE famIupoltia B GE AAEE Gools R oE TYHE Jeagiold 2 8
oAl T WAl Fu 2B B Aot ek FAMORE, WY Aus FIPS 0§ Armz v
olel g WolAlel UIg |3 EX Frtol= L o]F T WA Fu ATl BT Flo|th,
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SARS-CoV-29] 2 tifa& dogla A AlAl urt o] Abdel Fgio] e}, o] wpelgiis B AZun

olgl~ Ade] £3hH SARS-CoV 2 MERS-CoV Hlelelxe} WAk #eo] vt Ay
5]

2
A e & T, JdE, TF T T AR IUtME Aol BAEUY. dxFHer, v, B
WAlR 5o gR Iyl AE A7)z mEWQTh. COVID-19% 7+ 2 Abgdell thdk thekgt Ao w W AAA
oz Tzttt ey oy s F4E 749 AElE SARS-CoV-29] Al2§ EdAwo] wolAe] 3oz 93] o

7kl A AT

SARS-CoV-2 @ =1 WHo|MZYXE REdr] gs] thekst A sure] Aadwo] g}, oE Sof, B wygse
AR IS AFEEEe] SARS-CoV-29] ofA w®lolAld] tigh v HEe]= 7|uk oI EX WAl F45 A
ok, 2 IS SARS-CoV-29] T3 A5 WolA|e] uA o|FEEZE AEste] AAY WAl G
= . 5, 71E AFAES Ui vholel =9k A7) 9k Al WAl F2E s %’4611
G =S 71&dT. A =39 7]ES AFESFe] SARS-CoV-2 Hbolg o) thdtale] AL o8] F 33

J J9E WAl Fz27F BaE ek, FAlel 12719 COVID-19 Wjilo] SARS-CoV-2 7+sdel dis|

ey} oled sk WAl FHE SARS-CoV-2 WolAl, 3] thE melwol <1s) AW Omicron R 1 8k9) Wol)
R O-L—b—w:}—b— Qo FEgr}. mep] WE EFo] SARS-CoV-2 WolA ¥ 3l W
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T W T W

Edve] 9 FEE QEte]= Aol FRIHJT). o] g WlolA|9 stedt dFS SARS-CoV-2 wiol# 2 ¢+ s}
@ : A% ssfolz Fomge] pxA Wal: 7
o dF = s = | g e Walshs Aol B AR EFdshs WolAl: 5E4AA
545 WA A AYES Folth. wEbA oifw $23% SARS-CoV-2 WolAE frashs A2 =dwe]
WA 4 gl WY WA R A3 Basith, B $-E oldd do® g BE Wolx ¢ §hg o
of sl A W WeE AT F ole Bl WA WA FxE Z7Y0

olelg AHAE Telstel ¥ AT s)Ee] WE WolAl, 53] RED 3% WolE meld thF ovEx feel=
AW WA FRE AASE AS HEZ Gt o7 BE F st WA Fuok &% Aze] Al 4%
W OA" WY Mge AEHOE ATl Gk Alolth, EF o BAwle] WX WAL SRS-CoV-29] HE 1
o wolAl % sl WolAEE wasly] 9% BET W PaE U ok d)
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7] Al EzZe] qadiEE F 6o YEhY 2l

271 A EZEL JEte|= oo o8 ddE = AY F Ak

747] SlFEX = SARS-CoV-2 Hbole] oA S-thij oA MHC tiH-Fxtel] tieg 26 B 2 T AX oI&

b, IS 19 ofuieal AR o] Fofzl HEX, MAMDE 29| ol DR o] Foll
39] ot Mdm o]Folx JIYESX, AAMT 49] ofpil MEr o] Folx] IEE,
19] olujyAl Az o]2ojA I EX  AAuMFE 59 ojujiAl AR o]RojA JIEZ AMAWNF
69 ofrial AR o] Foj ouEZ, MAWDE 79| ofn|iil AR o] Fojil CVEL, HAUF 89 ofy]
=4 AR o] FofRl MY B, AT 99] ofvmit MAR o] Fofil I EX, AT 109] ofv|=il A
dz o]Folx CIEX, MEHE 119 opieit AdR o] Fol oI Ex gl MAHE 129 ofrit Md=
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o wWAA "ACA AMEEE 8o, "AlzmFRububo]#] 2-2(SARS-CoV-2) "2 SARS-CoV-2(Severe acute
respiratory syndrome coronavirus 2) Hi= Al WA 20199 AlF F2uubo]#] (2019 novel coronavirus,
2019-nCoV)+= 14 wlA(DNA sequencing)’d Hk= 7]5(Positive sense) @ 7} RNA(single-stranded RNA)
Azvutolg a2, QA A9l la mRumbboldAtAT-199] dddew dHA vk, TdHE =
ol opd A ARoM = Habghat 22 v 5571 o] mpojg el AuEdvtar Azsh= ojEe] AR,
Wbz o 7 Ao A= SARS-CoV-27F 71 qS WM U STIHEEF ST AR R kel 2~ (Bat SARS-
like coronavirus)¢} 238 34 FAAS AU dE AoR B}, SARS-CoV-2% T Aol A Lo} =
AH TR HGAEHE Yol mzubbol e At AS-19 o] ddoitt. o g wA wiiol 1 mpoj
g 7ol oY B T 9@ mEubbel A ghal BEAR, AARAY|TE BE olF ToME EA, =
7F A, HE s AelA W AT WAL AHES v, FTEAEEVISY T AHSH £ #ES
AARAZ = 7 3R JrtaEolA o] rleldAE "2019d Z2uUmbolH 2 AS Hhol# "y "20194d
Szvpto]l A 23S 3 wholgAehal BET

e M
i r

N

24 "HAA HANA ALSEHE §o], "dIEXZ"E EA FA O I AAHE FLAFFAY ofnjit 7
AE, == AEANME T AE €A amd 2/r= Fo FAATA EahA (Major Histocompatibility
Complex, MHAC)Z=&Alol ol&) A= z7|ojut, Tak, 7] dVEZE &, T AEX F8&3 T HA 23
o3 A= FHE FAsE BAE, I, oA 9 A HEpel= Fx, EE HIE ongit

w9l WA AANA AFEEE gol, "uare 54 geo] el W WMeg o]Zolus] faiA AAel Fo
7] A% WMoy 2HES AU

wel AN QAN AEHE o], “Alammipulele s WolAle] W W Fu 2PET & sz
dpole) s Wl Aol tid WAo RN ALg bsd 2ARS ofuF),

2 Ao e AE JHIE HAd WS e U oI EX JElo|t AES EdshE EU¥e] WX
td F2E NS, 27 A7 A MA FEdA s aTtela e (S- ‘:JH“X‘)E—‘?—H E3] RBD &
AWolE 1y sle] WA FTXAE ey Y EE AT oA RBD JIozZHE CIL (Cytotoxic T-

Lymphocyte) o3 EX HTL(Helper T-Lymphocyte) O EX % B A|¥E OﬂvJJEJE qenstac). Aelsl 5
H

o7t Qe 54 CHEZ(9mer)E WA Adol AHEHTH el Bl Meg s Al AL AT
399 FL AE AY VY ARG 49 979 7 A4 FRdde d9d 399 2R Y fue
TE FY B AE LT AE FNEZ(CIL L HIL) 7} 92 ;LZA N-rek ol A A @A o5 FrhE W
4Z7A % PADRE A L3t At dgel A WA RReME Belssty 54, fz}%, e ERE IS
e wMa xel oe] 5YS BAUn. B WA Fuel 3 PxE Ruysy AGNS fE &% F98
918 TLR-4/MD2 HhAel =78kt

ofgt B ANl % Aol E Boke] urt Al AHAth. e o5 AN ¥ AgelEs ¥ e
AN A AT ASE wAS Ve olE Al L Adelo] THAE AL oy,

Az 2 P
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SARS-CoV-2 Mutation Analyzer dlo|EjH|o]=9} F 204 = AL,

F 1
Sl. Part of the Mutations
No. SARS-CoV-2
genome
1. nsp1 R24C, E37D, E37K, H45Y, D48G, V561, E57G, V60l, D75E, D75G, M85V, E87D,
L92F, H110Y, K120N, R124C, N126S, D144A, S166G
2. nsp2 G220D, R218C, H237R/Y, L180S, N133D, A302V, A306V, G313D, K384N,
Q427H, T4341, G438C, P624L, G584C, V485, T44l, T85I, G339S, G285V,
Q496P, K500N, G313D, D144G, G165S, V381A, 1513V, T265I
3 nsp3 F106F, T1198K, S1197R, P1213L, K38R, V1069I, A1265, L1266, A1892T
4 nsp4 F308Y, M27961, T492I
5. nsp5 K236R, N142L, K90R, A7V, L75F, C22N, H246Y, 143V, P132H
6. nsp6 L37F, L3606F, A105-107, A189V
7 nsp7 L71F,
8 nsp8 T4159K
9. nsp9 -
10. nsp10 A20V
11. nsp11 -
12. nsp12 P323L, A97V, D135Y, G671S
13. nsp13 P504L, Y541C
14. nsp14 142v
15. nsp15 -
16. nsp16 A116S, P7S, P236L, L111F, N285D
17. AB7V, A69-70, T951, G142D, A143-145, A211, L212l, ins214EPE, T547K, D614G,
HB55Y, N679K, P681H, N764K, R346S
Spike (S) D796Y, N856K, Q954H, N969K, L981F, G339D, S371L, S373P, S375F, K417N,
D427N, N440K, Y449S, G446S, S477N, T478K, F490S, E484A, Q493K,
G496S, Q498R, N501Y, S494P, Y505H, A522S, K417T, L452Q, N439K,
E484K, N501Y, L18F, T20N, P26S, D138Y, R190S, H655Y, R357K, L452R,
[0037] T10271, T19R, R158G, P384L, E484Q, N501T, A520S, P681R, DI50N,
E156del, F157del, L425R, R346K, L452Q, F490S, HV69-
18. ORF 3A G196V, Q57H, G251V, S253P, L53F, S26L, Q38P, L95F, R195]
19. E Tl
20. M V10A, A194V, D3G, Q19E, AB3T, 182T
21. ORF 6 133T
22. ORF 7A T28I, V82A, T120l, A115
23. ORF 7B F19L
24. ORF 8 L84S, E92K, ins28269-28273
25. N S197L, R203K, G204R, P13L, S194L, 1292T, R202K, G204R, R40C, A31-33,
P80R, D63G, R203M, D377Y
26. ORF 10 F11S, F11L, L16P, S23P, S24F, R24C, I4L
[0038]
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#* 2
Variants name Mutations in Spike (S) glycoprotein
Other than RBD region RBD region
Alpha (B.1.1.7) HV 69-70 deletion, Y144 | E484K, N501Y, A522S

deletion, A570D, P681H,
T7161, S982A, D1118H

Beta (B.1.351) L18F, D80A, D215G, R246l, | K417N, E484K, N501Y
D614G A701V

Delta (B.1.617.2) G142D, T19R, R158G, | P384L, V401L, A411S, L452R,
D614G, P681R, D950N, | T478K, E484Q, F490S
E156del, F157del

Gamma (P.1) L18F, T20N, P26S, D138Y, | K417T, E484K, N501Y, A520S
R190S, H655Y, T1027I,
D614G,

Lambda (C.37) G75V, T76l, A246-252, | L452Q), F490S

D614G T859N

Omicron (B.1.1.529) AB7V, AB9-70, T95I, G142D, | G339D, R346S, S371L,
A143-145, A211, | N501T, S373P, S375F, K417N,
L2121,ins214EPE, T547K, D427N, N439K, L452R,
D614G, H655Y, N679K, | N440K, G446S, Y449S,

P681H, N764K, D796Y, | S494P, T470N, A475V, S477N,
N856K, Q954H, N969K, | T478K, E484A, Q493K, G4968S,
L981F Q498R, N501Y, Y505H, R357K

O

O

Ed¥e] Adgs e v 9AE Y. 1A, "11 ChE Q9 Wolulo]g 2~ (VOC) % 7]E} WHolujo]g]
(VOI)9] S-wtaizlo] RBD(receptor binding domain)olA & 853714 Sl (n=853)E 1 FcH(E¢Ho] A

dolEol B ol Q1 RH EQMl). ololH, EqiHels 27} AMe 99 AL AT, el
85371e] Edvie] FolA 30700l Bl (n1=30)F AEHTHE 2). ololA, H9) B A5 AE Ppe =
UE Eelve] Auel AgHgon HAEHon FA WA R 1 gal 97e] Bwol(n2-9)% AAATHE

). A7, Bdwe] Aue S gt o] Ay £ 9l
n > nl — n2

©1714 n, nl B n2e g Al deE EdWole ME g oty ala vpA e dA) w4l A
AllA n27he] EARelE MeEgct.

RBDS] S wldo] 9= SNPE ireistel Edwo] dlo]Elme] ~7} 7HHL51 AT, SARS-CoV-201A Hiiel "gojeh
BFE W3}7} Qi) BFE WstE aelsle] 853719 EdRio]l= T4 % dloguo] 27t /M= ivt. dio]eue] 29
ol AMEE AL/7)7 8 2l Algste] E¢lwio] g A}%ﬂait}. Tde mdg ARgste] 8hH Al
S AHg3le] o] W2 COVID-19 @ S8 IAE AAEHAC. 853712 o] FollA F 39 Y<dd 3

Aol BEdAMolZ Ay, npAVIH R V& AFAEL BE 23 AT wWolAolA A9 257 B0l %%

-

S En gk sE7F AEd 35710 Eddolel= o] 25709 BNt BE EFH ] otk Aol $-E= 9-
mer. top-rank 12 Z% T A¥ 2 B xﬂg 39 JyEZE WA E6). B dHoAE 4719 9-mer T E
o EAek= 9/le] Eddelo] FEIT. S2= WAl AAE S8 o] 471 9-mer OﬂjJEﬁE /\} §F\E]'. -
gl= o] 47)¢] 0114&4(97114 Eade] 23k A WAl

g8k, wabd F 12709 a9 oI EZI WA AA o] AREEH
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[0047]
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X 3

SI. No. | Mutation with amino acid position Global rank Worldwide count
1. N501Y 3 936596
2. | L452R 2 1990939
3. T478K 1 2053531
4. E484K 5 125704
5. Ka17T 19 67533
6. S477N 4 126383
7. N439K 20 19531
8. K417N 6 102746
9. | F490S 23 6928
10. | S494P 24 6225
11. | N440K 15 87781
12. | E484Q 21 8852
13. | L452Q 27 3970
14. | A520S 26 5080
15. | N5O1T 35 2681
16. | R357K 38 2307
17. | AB22S 32 3251
18. | R346K 12 7814
19. | V367F 42 1737
20. | N440S 49 1389
21. | P384L 40 1919
22. | YA49S 54 1212
23. | D427N 50 1376
24. | R346S 51 1327
25. | A475V 43 1647
26. | G339D 8 90853
27. { V401L 105 279
28. | A4118 37 2401
29. | T470N 70 657
30. | Y505H 12 90504

SARS-CoV-2 #lo]A|¢] S-grullgd o)A

2% gddel 927 gt A=

[,

g2 1D g 35 B L T Ax

AIEZE ~F2drh. SARS-Cov-2 wlole]2e] -3k 759 S-'wd A dE A&k, BCPRED AW E AHE:
sto] Ael® &4 S-protein el A¥ B AE YEZE o FFrt. o] AW SVM(Support Vector
Machine) ¢ire]FS 3 ste] FASTA(obW et M) E ¥ o2 AEsto] B Al FEAl gt 7] So]4do]
75%%) Omer o¥EEZE At ZFIAG. U d¥EZ Mo g AAEe s M xS HeE R

MErs ey,

MHC £ T A3 55 93] [EDB AWE AR&ste] of & MHC T dlgF-dxtete] dos8S ALtdnt. o] A
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HE Age MIC S [ 24kl tigh 54 opvweil Mg A3 steg Alktelr] fal vhdsh S AMS
b, dzH o=, AWRIE A7) W2 MIC I 4ol Adsh= 24 fetel=9] Hd| oA 5% gto] dut
(ICs) & Asle d A= AT, 1C, 28 H3t%=7F 100nM o]} iy FAE F7F AF7E 98 Aagn
Ao WM4E 058 AAAG. FAEH, Eolwel wigy AAe] AL 0.949 0.89% 7 9low ) o]
AeEtt, thE oI EX wial ARS Egw s T AE IEZ =S 98 SHe AAE A Ad

Z317] 98t Aolth. IEDB v2.24 AWE o]

(NetCTL1.2 36)& ¥4 wlzd ME oA 23k CIL ¥ EXE 4
g3lo] AeE oyEZ MHC S 1 HIUAdS gelagin).
HBAZ DT AE o|fEZo| )& BCPRED & IEDBv2.24 1 A ZAzeA vty 2 39 G o
ol 9-mer AFMEXLE Frta2 BEFAC. yUFdd 7 =2 Y H4exiJen )7 A& 12719 &% o
(394 = A3,

& oz oo
Ko 1>

13

Aol SARS-CoV-2 el Aol S-Ehulz o] oAl S)A|of oMEXE RN F F
ool tha)w Aske] E o] LbAHTH. £, CHE FRE SARS-Cov-2 WolAel S-eud 57
A ojsExel a4 H5E vma,

(B (B of

et SARS-CoV-2 WolA|(&at, e}, wWel, 7l enja )] S-ubiz RBD G YolA HF A==
A dIETE BFE BoFETH(E 1B).

s}
E¢ddo] X tF JIEX Heolz N TH 74

7}
(adjuvant)7} 1 HE& wWiith, iz oz AGFHA=
WAl w7} TLRZ} A3 2H8-3F

=
H 5% £ 1 5, A
el

5
XN 2 e

AC)
)

B2 o X He AT ool
° :
e

b AeE 7hest sk GPGPG FEtol= FAE ARSste]l A d¥EZ'E dgvh. wbd who]-Zho]l KK
B AN WYl EAor WA 4SS FASE U =S U Ao R, of 79 PADRE A (13
A opnedt AbE) S WAl FERE] CEd 2ol Frhste] S5 AR HeddS ST

BN FRELY FAH R A=A AF

tF oo Ex WAl Fx0] FPAFLE VaxiJen IAHE &3l ASHATE. 17 FElol= A E 9
Covariance) WAE 7|Hto g o] A& 53| &Y 4=
vlo]g 2~ 9 Y|l AT fUIAE dde® )
S AHEEte] BT US55 Y% e

do
rot
=
fr
Ho
ON
i
i
il
)
o
)
o
o
2 o=
o)
®
o
>
R

[e]
=
oM AR B4 £@HE weols FAY

MYl

4o AllerTop 2.0 % Auj= 27]49& 45k o AHEEAT ACC WS Jte R 3t
of B4 ) Al o] wat AGe] LS FUAT dolo] MEZ WHd,

fromy

B ¥R 1%, 23 T2 L EIAAY £

ExpasyProtParam =75 ThE O3 EX WAl 29 13} 28 o=8tn F267] Y8 F&EAnt. 1 3, A
W E A, SHADD, ob=AF £, GRAW(FAREAZY tigd), A%, & dst, &4 A+ 2 F7rd
W71 EFete], 1% HEfolm Ald29 EsEA 5SS At 'N-E T ] oEshar whelE
o M7 E N-gk 7o) At #AMAII= EF =T "ProtParam"o] AMEHTE. oS5 3714 EE R{71A
(A, a5 9 i) dgis) Ak, N2 132 dwdo] N-2d &7)e] Aol AA Zdol o
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[0061]

[0062]
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[0065]

[0066]

[0067]

[0068]
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[0071]
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SIHS31 10-2024-0174887

34e AR U F8F 98

rQL‘

o FE A v ZHY. AlbE WA $H ol 23} X (transmembrane
helices, globular region, bend region, random coil, coiled-coil region) #A1& 93] SOPMA(Secondary
Structure Prediction Method) AAF Z=+¢} PSIPRED 4.0 W7} AL-8-Hu),

WAl TRl 3x4(3D) 2d” 2 72 A

32 (3D) ©l A meko] A} f=FoA Ezl 7S oldsld "4 HAHRE AL 4 vk, o7]A = I-TASSER
HAAHE o] &3sle] 7dE WA 3xY FRE o F3) = sequence-to-structure—to—function?

sjeichelel A AEahy o

Mooz
[e}

G0 A oS R TR I Joe 2R e 5F E9E2 #9909, 2 o
£ ez wmd Txo FAS 49 AL IS TPHE nED 29 A0A. EF GalanlEB AHE
Agsle] WAl TRl o3 3D RAS AMF)

HAeol= 7w By Fxe| 723 AF

Aol o5 3 2R v 7xE gl ASE] A 7 e w&?ﬂ 1 4™ <) ProSA 2 PROCHECK7}
AFLE Y. ProSA AWE wmlA 33 L2E &0l rx A 27 4 ndi)
'zt EFC o8 a sk, Wk PROCHECK §) AW EAS A3aste] oy

—E H =
PostScript %% AJA3}al Ramachandran 52 #A35le] IAFEE 7= F43.
Q13 TLR4/MD2 EA et WAl T 2 =7 € Y = 45

vAE el Wigh A W wke s frEshy] e8] Ik TLR4/MD2 HFAl= S5 AlEelA Fo3 Ads
THAT. mep oy E fJEfelm Yink MAlY g2 W] Az dwde] s 82 A W whes
st d 24 o Fadd. WA Frek 1%k TLR4/MDZ HFA(PDB ID: 4G84)9] 4t =7& Fastr] 93]
$-2]+= HawkDock A®Z AF&3lt}. HawkDock A ¥+ HAS RdS 7]wHo & MM/GBSA A+ oldA9] #HFd
AYT 2xote] vidly A5 48 HdE AN o3 Feg A Hde FuAg A A2

= AR E A&7 s A FEelA 71 g3 wheb dE AT

ERF TLR4/MDZ HehAeh Aokl WAl o] whmd-whwid Agk oS Artelr] s wak EFUE 24
s =90 PyloLs AT, o] 53 4 /\17@} Al 2E)E PDB 0] A&7 M dehA e 8n
L s %

=2 A ASF. PRODIGY ¢ AM = A}g3}e] 370 C &Xo] A TLR4/MD2 Eshaole] WA A&
| HE 2 osg] A (KD) & AASE Gibbs A AUX(AG) FHY A Azl s 4=

OF VES felol= Aw Bae A4 RE 24

iNODS AH&= A E= FANMA) S ZA i #A3x l Z4d 2o digh slete|= 7|8k o5 o EX W]
s =55 Aoy 9 HL8=et. 2 5, EDM(Essential Dynamics Simulation) o2 A& iMODS
7 ZRIOPE Agshe] v 4_1} TLRA/MD2 =75 HAlel Hgda AdiEAt ol ed= A4, of =49 =
A B7rE e WY vl £, ©8 B, B-SIX, FEAE B Rkl S5 &olE BAH
= 7tsek se R HETh

7174 g ASHE AHSS Fepol= bk g7 dIEXZ WA FRo HY AEHH ZE29dY

e AekE WAl Frel WY wkg 23S F|AEty] 98 C-ImmSim AME AFERTE. o] AW E B9 Al
2193} < (mesoscopic scale) oAl HAA(BHeglo}, vpole]x, AAFTE F)° WAUA 847 EAE =
EHF A AA N A 9 AE s goldhch, mdk "°X]%" A w7)7] mEg A" g w5 74 g5
A BAE Fsl Watet A miy) Wel vk bt Qe £%(12345), AlE#HCIM EE(30) 2 AlEH
o] TAI(1000) 9} 2 o] AlEHA AW g dF Fr} A5 wiyfESrE AYE AT FA] AltE W
o AlEHelAE 8] Al AFE 45 olF T WAL AMET. add®E Btsta Uwx 7} djspa
FE 7R AR AEHAT. FYS 9mshy] 93 EZF MRS BoFEy] 9 A7 BEAMEATHE
10)

Ax

Al A2 S A28l SARS-CoV-2 Ho|Alo|A F23 Sdwo] A R A9 3 A+ A9 udd
o

©.a]= SARSCoV-2 WolA| 7Aise] Tl dwmAd =z
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267k @l 7= R nlgE FAAelA 2 ] Sad Eddelrt RuEJAT(E 1), Awe] ol 1?1 T =

lolol 4] 67]e] SARS-Cov-2 WolAl, = o}, @, ey, g, vk @ ovl=Ee] s-vhulE(RED % vl RED
9 ) U] FaF EAWOIE I 20] AT Yok ol FAWCIE AIE B3 SARS-CoV-2 sl
BA) doTEo] 2 ol golel BAvelE AEsh] A1) gL AL 2 e A48T F e

7
oA F 3070 (nl1=30)712] B o]

N

FAAEE AT (R 3).

o EdMe] FollA A Fd A PHE AM&sle] S-whiE o] RBD wiollA 9719 &
= A
par

rx
1u)
=
T
10

. 5709] SARS-CoV-2 WolA(&u}, wWEel, A, v},
WHolA|o] &3}, Alpha, Beta, Gamma & Omicron®] Y] 7}A] W&ol EA3sl= N501YLF

£ 4
Variants name Mutations in RBD region of Mutations and their
Spike (S) glycoprotein corresponding epitopes (9-mer)
used for our vaccine designing
Alpha (B.1.1.7) N501Y FQPTYGVGH
Beta (B.1.351) N501Y FQPTYGVGH
Delta (B.1.617.2) V401L, A411S, T478K VRQIAPGLT, VRQISPGQT,
YQVGNKPCN
Gamma (P.1) N501Y FQPTYGVGH
Omicron (B.1.1.529) | G339D, T470N, A475V, S477N, | YRRKPDLPD, FNPQPGVVN,
T478K, N501Y, Y505H YQVGNKPCN, FQPTYGVGH

ChA] s nk, wial rze] dis] A EEk RBD EdWole] AAE KHoFr] fs) 7 A {3 3D REe] A
Ak, 2Ee 3D &gk A7) Zh(E= 203 3D 2 EE(= 2B)eltt. sAlell, 27} A€ gk RBD SRl
¢} SARS-CoV-2 # ]94 A Abelo] AEAAS AWety] Sl Ak deloligs ARgste] v RES HAL
Pok(= 20). 5‘32‘} WAL 2ol dalf dEgk dvele] tE =9 AAE A9Wetr] fal SIEYS EAR

D). 97|14 $-2]li= Mutation Analyzer d®le]EJH]o]~E A}-8-3}3l Heatmapper& AH&-3lo] S|EWS Sl HAMSH
el S 2 S (HAA #F =9, BFE ©74 ¢4 9 A 39 =9)& A&

SARS-CoV-2 WolA|e} S-gidN ouEX H8 3 Fa3 Fdwc] X

olﬂ r_'

W

FPgol £ FEB AX I T AR AVEEZ Aue shed W4l Aol AgAolrh. MIC S~ 1 3 MHC
S I v EZE Flstr] 9] 7?* =0 39 HEE zhe o FEX Y (9ner) 12715 IS5t SARS-
CoV-2 mfel#] (-8t 7)o S-vi A ) o5 ogEx o] ofw| it HX]E A F(F 5). 2= oy
wAke] 91X UlelA] FHE 54 Edwole B F 127 dYEZ FAAS thAl AXtgn. B 4= AEd
FE oUEIZ(B AFE L T AZ) 22 oA 4719 F23F SARS-CoV-2 HolAo] B3 =dwWols ydFrt.
E 62 oFEZ Ao =AW7E Y gl WAl s s AEE S-vhl oA SARS-CoV-2 W ol A9
HlaL A Aa 2 S2d¥olE BolEr. & 62 CYEZ oo Edwe] dit sdWo] - oyEz
FUA A5Z vugd, HE 4, 6, 7, 10, 11, 12¥W9] odEZE= Eddol7} f1aL, urum o 9] E 3T of| =
Aol dlen, Edwolrt Q= AV EZS] A wMAE opnmgtow Qla U4 At S7HE A
weba o]g]3 EdWo] oI EZE U oy EX Flele]= 7wk WA sjakS 9% e e §_E7} g 2 9},
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¥ 5
HE | &% B = T AX|MIC-I oi® | MHC-II 1A 3eld A
of) 3] K2 3L FrA 2} ol g7 2k
VRQIAPGQT HLAB*2702 | DRB1_0101 | 407-415 | 0.8675
HLAB*2705 | DRB1_0102 (Probable ANTIGEN)
DRB1_1104
DRB1_1106
DRB1_1107
DRB1_1307
DRB1_1311
DRB5_0101
DRB5_0105
YQAGSTPCN HLAB*2702 | DRB1_0305 | 473-481 | 0.4992
HLAB*5401 | DRB1_0309 (Probable ANTIGEN)
HLA-B*51
FQPTNGVGF HLAB*2702 | DRB1_0701 | 497-505 | 0.5711
HLAB*2705 | DRB1_0703 (Probable ANTIGEN)
HLAB*3501 | DRB5_ 0101
HLAB*4403 | DRB5 0105
HLAB*5301
HLAB*5401
HLA-B*51
HLA-B62
HLACwW*0702
MHC-Db
MHC Db
revised
MHC-Dd
ILPDPSKPS MHC-Dd DRB1_0301 | 805-813 | 1.2217
DRB1_0305 (Probable ANTIGEN)
DRB1_0306
DRB1_0307
DRB1_0308
DRB1_0309
DRB1_0311
DRB1_0401
DRB1_0421
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[0080]
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DRB1_0426
DRB1_1107
VRQIAPGVT HLA-B*2702 | DRB1_0101|394-402 | 0.8675
HLA-B*2705 | DRB1_0102 (Probable ANTIGEN)
DRB1_1104
DRB1_1106
DRB1_1107
DRB1_1307
DRB1_1311
DRB5_0101
DRB5_0105
LTPRSVRSV HLA-B*51 | DRB1_0402 | 745-753 | 1.1039
HLA-B*5801 | DRB1_0801 (Probable ANTIGEN)
HLA-B61 DRB1_0802
MHC-Dd DRB1_0804
DRB1_0806
DRB1_1102
DRB1_1120
DRB1_1121
DRB1_1301
DRB1_1302
DRB1_1322
DRB1_1327
DRB1_1328
LGNSTGIDF HLA-B*5301 | DRB1_0701|1223- | 0.9917
HLA-B*51 | DRB1_0703 | 1231 (Probable ANTIGEN)
HLA-B*5801
HLA-B62
MHC-Dd
MHC-Ld
YRRKPDLPN HLA-B*2702 | DRB1_0801 | 331-339 | 1.1352
HLA-B*2705 | DRB1_0802 (Probable ANTIGEN)
HLA-B*5401 | DRB1_0817
HLA-B*51
FTPQPGAVS HLA-A20 DRB1_0309 | 469-477 | 1.3768
Cattle DRB5_0101 (Probable ANTIGEN)
HLA-B*3902 | DRB5_0105
HLA-B*5401
HLA-B*51
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HLA-B*5801
MHC-Dd
10]  VKSGSPGDS HLA-A20 DRB1_0301 | 531-539 | 1.0477
Cattle DRB1_0305 (Probable ANTIGEN)
DRB1_0309
DRB1_1107
11]  VRPRNSSDN HLA-B*2702 | DRB1_0402 | 745-753 | 0.9475
HLA-B*2705 | DRB1_0801 (Probable ANTIGEN)
MHC-Db DRB1_0802
DRB1_0804
DRB1_0806
DRB1_0813
DRB1_0817
12 ITAYDPRSC HLA-B*5801 | DRB1_0802 | 525-533 | 0.8468
DRB1_0804 (Probable ANTIGEN)
DRB1_1102
DRB1_1121
DRB1_1322
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X6
AdHE | BdRe]l 5 & | MHC-I MHC-Il A EAMel AP I | Fdwol
B % T AT | dgsdsd | dasas hE
o ) .32 EEEDINEEE
qoEEA | F gdAd
e e
VRQISPGQT | HLAB*2702 | DRB1_0101 |407- | 0.8675 1.1298 A411S
HLAB*2705 | DRB1_0102 | 415 | (Probable | (Probable
DRB1_1104 antigen) antigen)
DRB1_1106
DRB1_1107
DRB1_1307
DRB1_1311
DRB5_0101
DRB5_0105
YQVGNKPCN | HLAB*2702 | DRB1_0305 |473- | 0.4992 0.6648 A475V
HLAB*5401 | DRB1_0309 | 481 (Probable | (Probable | S477N
HLA-B*51 antigen) antigen) T478K
FQPTYGVGH | HLAB*2702 | DRB1_0701 |497- | 0.5711 0.691 N501Y
HLAB*2705 | DRB1_0703 | 505 | (Probable Y505H
HLAB*3501 DRB5_0101 antigen) (Probable
HLAB*4403 | DRB5_0105 antigen)
HLAB*5301
HLAB*5401
HLA-B*51
HLA-B62
HLACw*0702
MHC-Db
MHC Db
revised
MHC-Dd
ILPDPSKPS MHC-Dd DRB1_0301 | 805- | 1.2217
DRB1_0305 | 813 | (Probable
DRB1_0306 antigen)
DRB1_0307
DRB1_0308
DRB1_0309
DRB1_0311
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DRB1_0401
DRB1_0421
DRB1_0426
DRB1_1107
VRQIAPGLT HLA-B*2702 | DRB1_0101 | 394- | 0.8675 1.1175 V401L
HLA-B*2705 | DRB1_0102 |402 | (Probable | (Probable
DRB1_1104 antigen) antigen)
DRB1_1106
DRB1_1107
DRB1_1307
DRB1_1311
DRB5_0101
DRB5_0105
LTPRSVRSV | HLA-B*51 DRB1_0402 | 745- | 1.1039
HLA-B*5801 | DRB1_0801 | 753 | (Probable
HLA-B61 DRB1_0802 antigen)
MHC-Dd DRB1_0804
DRB1_0806
DRB1_1102
DRB1_1120
DRB1_1121
DRB1_1301
DRB1_1302
DRB1_1322
DRB1_1327
DRB1_1328
LGNSTGIDF HLA-B*5301 | DRB1_0701 | 1223-| 0.9917
HLA-B*51 DRB1_0703 | 1231 | (Probable
HLA-B*5801 antigen)
HLA-B62
MHC-Dd
MHC-Ld
YRRKPDLPD | HLA- DRB1_0801 | 331- | 1.1352 1.5874 G339D
B*2702 DRB1_0802 | 339 | (Probable | (Probable
HLA- DRB1_0817 antigen) | antigen)
B*2705
HLA-
B*5401
HLA-B*51
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9. FNPQPGVVN | HLA-A20 DRB1_0309 | 469- | 1.3768 1.3319 T470N
HLA- DRB5_0101 | 477 | (Probable | (Probable | A475V
B*3902 DRB5_0105 antigen) | antigen) | S477N
HLA-
B*5401
HLA-B*51
HLA-
B*5801
MHC-Dd
10. VKSGSPGDS | HLA-A20 DRB1_0301 | 531- | 1.0477
Cattle DRB1_0305 | 539
DRB1_0309 (Probable
DRB1_1107 antigen)
11. VRPRNSSDN | HLA- DRB1_0402 | 745- | 0.9475
B*2702 DRB1_0801 | 753
HLA- DRB1_0802 (Probable
B*2705 DRB1_0804 antigen)
MHC-Db DRB1_0806
DRB1_0813
DRB1_0817
12. ITAYDPRSC | HLA- DRB1_0802 | 525- | 0.8468
B*5801 DRB1_0804 | 533
DRB1_1102 (Probable
DRB1_1121 antigen)
DRB1_1322
AVEZ T WY =
vPe Wl B BYHAs SOl HOHC 24 1 R MC 22 1D RPE HACINEE ) 248 7]
woz ARHAL AHEE @ Aue F OY FHde duELe nd maw Wes geldch e Fax
[ MIC 2e2 1T tgfada w5l g3t A9 Be]l $HE 12 Ao BeYE o WELe] g wye
W7 = 34 9 & 3Boll mAIE glth
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* 7
Sl Features Assessment Remark
No.
1. | Antigenicity 0.5703 (antigenic score) Probable antigen
2. | Allergenicity Confirmed by AllerTOP | Probable non-
v.2.0 server allergen
3. | Solubility 0.569 Soluble
4. | Number of amino acids 205 Suitable
5. | Molecular weight 19974.55 Dalton Average
6. | Theoretical Isoelectric | 9.33 Basic
point (pl)
7. | Total number of atoms 2805 Suitable
8. | Formula CassH1392N2640259S -
9. | Estimated half-life 1 hours (mammalian | -
reticulocytes, in vitro)
30 min (yeast, in vivo)
>10 hours (Escherichia coli,
in vivo)
10. | Instability index 24.39 Stable
11. | Aliphatic index 48.10 Thermostable
12. | Grand average of | 0.632 Hydrophilic
hydropathicity (GRAVY)

A ¥R 249 14, 2% P& L By 24

dab b (16.59%), & 7FEH(7.32%), WIEF-E1(2.93%) B FARS] ZA(73.17%) % S E dwe] wiAle) gz
4 540 2 T2 BN ARE % 5ol dehath. FREL 28 TR(AEAS, UA R 29)E EFSHE
Aefo ; 4 54e 54

1= 7|9k WAe] 3y 9 F2S AAHIHE 6). Mal FHo| 12714 Fo3 Egsty 54
9.33, WAFEF(OMW) 19974.55 Da$ith. Hydropathicity9] % 3+ (GRAVY)
2 AR FdoZAM 9 GRAVY HFE &gAdolojof gtt. HElo|= A}
of olHe AFA EAL FF WAl £xEE A 9 lME A =g € 4 itk oo, HElol=

= 48.100.2 AFE Y. o] AlotH

-1
BN
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1o,
X
o
I
N
=
=
=
[}
-
=
(@}
2]
o
=
2
Ir
p
=
>
1o,
'z
N
N
N,
o8
fol
td
o
=
2
>
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303, AT AL (AL AN AL, Bl >10A17E o2 AR AT, EAll &Qb A 24.39%
AZFE AT o] 2 SARS-CoV-204 e S-did o] kA<l 45 oy e WAl Fx25 Yebdyt.

Aol = AW WY 7Y F2H FF
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Amino acid position Residue Percentage (%) Total
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Favoured region 94 58.6%
157
Additional allowed 44 27.1%
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Generously allowed 16 7.8%
region
Disallowed region 13 6.5%

End-residues 18
Glycine residues 12
Proline residues 9
Total residues 205
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Vaccine construct and TLR4/MD2

Docking score (HADDOCK score -157.9+/-8.6
(a.u.))

Cluster size 9

RMSD from the overall lowest-energy 1.9 +/- 0.7
structure

Van der Waals energy (kcal mol™") -73.6 +/-1.5

Electrostatic energy (kcal mol™) -316.4 +/-32.7

Desolvation energy (kcal mol™) -13.5+4/-2.8

Restraints violation energy (kcal 3.4 +/-2.6

mol~)
Buried surface area (A?) 2864.3 +/- 99.1
Z-Score 2.8

Binding score of the docked Gibbs free energy (AG) -12.7 kcal mol
protein- protein complex (PRODIGY and dissociation constant (Kd) 4.5E-09M
binding score)
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X 10
Vaccine construct (Atom) | TLR4/MD2 (Atom) Distance (A°)
H:11305 0:15341 3.17
H:14316 H:12133 3.54
C:14163 H:20742 412
0:16837 H:21355 4.71
H:15312 C:12415 4.86
0:5241 H:12656 3.19
H:4872 H:22131 4.01
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A MUTATIONS SELECTION THROUGH Al AND TOP RANKED ANTIGENIC SELECTION

Eight hundred fifty three total mutations (n=853)
were selected from different VOCs of RBD region of S-protein
[Table: 2 and Mutation Analyzer database,
https://weilab.math.msu.edu/MutationAnalyzer/]

Al was used for the selection of
mutations
[following Chen and Wei (2022),
and Wang et al. (2022)]

Different significant thirty mutations (n1=30)
were selected from eight hundred fifty three
mutations [Table:3]

Top ranked antigenic score
selection method was applied for
further selection of mutations

Finally, significant nine mutations (n2=9)
were selected from thirty mutations. These mutations (n2=9)
are present in top rank four antigenic epitopes (common CTL, HTL
and B cell) and which are used for present vaccine design
[Table:4]

V401L

T478)
FQP GVGI"F l VRQIAPGLT,
9-mer epitope. YQUGNKPCN 9-mer epitope.
9-mer epitope.

A411S

VRQISPGQT
9-mer epitope

S-protein
Beta (B.1.351)

S-protein
Alpha (B.1.1.7)

.“[‘
S-protein

Delta (B.1.617.2)

S-protein
Gamma (P.1)

/wsl
YQVGNKPCI
S477N AVCHERCON

YaveNkpey EQPT&GVG@)
9.mer epitope ., 9mer epitope
i ;;1_
T4T8K- b
T47ON (a2
YQVGNKPCN, %
9-mer epitope 7

S-proiein
Omicron (B.1.1.529)

S-protein
Omicron (B.1.1.529)

G339D V505i4
YYRRKPDLPD, 7& FQPTYGVGH
9-mer epitope ® i r epitope.

< S v

R

S-protein
Omicron (B.1.1.529)
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Epitope ion and signi itational
positionin S-protein of SARS-CoV-2 variants
using SupportVector Machine

of om
different SARS-CoV-2 variants using Al
and top rank antigenic selection method
(Al method for mutations selection was
followed by Wang et al. 2022).

Selection of common (B celland T cell)
i ingvari ions with top
rankedVaxiJen score

|

of MHC class|and MHC class| allele ‘

idation and \ ‘ Construction and 3D modelling of multi epitopic
of vaccine candidate | | vaccine candidate

The Physico-chemical Normalmode
characteristics analysis
Primary and secondary Molecular docking of vaccine Immune simulation
structure analysis with TLR4/MD2 complex profiling

90° rotated
(aerial view)

S-protein

A

RBD

S-protein
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Variants Mutations
Alpha (B1.1.7) - NoO1Y
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c
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800
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400.5
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Werldwide OR=Worldwide Observed Rank
BFE CR=BFE Change Rank
Antibody DR=Antibody Disruption Rank

D
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SOPMA :

50 100
Alpha helix (Hh) :
30 helix (Gg) :
Pi helix (Ii) :
Beta bridge (Bb) :
Extended strand (Ee) :
Beta turn (TE) :
Bend region (5s) :
Random coil (cc) :

Ambiguous states (2)
Other states

34 is
9 is
o is
o is

15 is
6 is
@ is

150 is
@ is
@ is

150

16.59%
0.00%
0.00%
0.00%
7.32%
2.93%
9.00%

73.17%

2.00%
0.00%

200
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