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KAVEAFESEEEAGn I Ge  HLA-A*02: 01 R CTL RO M TF 5L E

gARE B, ECAR L, E R RE KRR S E S TR, TR BT VLIRS B TR 4 g v
FUSRAIE; N5

(HZE] H  KYIPEEREE (Dabie bandavirus, DBV ) BL FIr 80 & P /NS D 255 1E (severe
fever with thrombocytopnia syndrome, SFTS) ¥ 4€ 3% /& , H Hi ¥ JC FF 0% ® , i DBV ¥ 25 1 /i &
(glycoprotein precursor, GP) f& H % [ e 32 ¥ o5, {H 40 0 5 14 T 90k B2 402 (eytotoxic T lymphocyte , CTL)
TN A . AWGELLDBY GP NG XS 4, il i A W5 82 T HLH0 45 & sl Wy iR 40 52 50 5 1 7
VI VE I s 7 ELAT B G e JE M 4 CTL 207 , 7 DBV R S M 40 it e 2 WL IR 5% B 22 o 3 B i b e it o
AR . JiiE LA DBV HB29 ¥ 11 n(glycoprotein n, Gn) FIHHEE [ ¢ (glycoprotein ¢, Ge) Z IR 7 1)
J#EM, F F TEDB . NetMHCpan 4. 1, STMHCpan 3 Fl A= 9 5 B, 2 T 5, #i< BE R 8~11 & IR 1Y
HLA-A*02:01 BR | PE T 408 247 . £8 ToxinPred2 . AlgPred 2. 0 WA, 2 P 5 kbt | I3 1 20 #k F 4
DBV 2B R F A LR M AR sk o e BCEE 2 F & A b T ELrp 254 25 A HEAA 1 2% Wt R ROk, ¥
6~8 JE I MEYE HLA-A*02: 01 #5 5L/ BUEAL 7 240 (n=2) : Gn 20 A1 Ge 21, 435 L) Gn (100 pg/ H) 8% Ge
(100 pg/ F)BEA I IO T55 0,14 28 RFFAT 3R usE . RIRGIE ST 7 dAbFE/IN B, TR0 i) 25 PR 200 i
B (A5 ALK (AU L 25 pg/mL) (RSN 41 A (5x10°A4~/4L ) , 2R F ELISPOT 46 TFN-y 434
IR, LLAE 10° A4 20 i mh B6E 259 i 40 (spot-forming cell, SFC) 1B >100 Sy BH P30 Wb o .l 1 ke f
CDA™T 20 Jf 5336 TEN -y XiF 45 5L AR 52 0], 308 20 Ak B FH P 43 156 725 R A5 CDA™T 20 L FE 48 1Y A9 20 B (CDA'T cells-
depleted splenocytes, CD4SP) , LAAH ] 2 FR R A T ELISPOT #: , L4 10°4~ CD4~SP H1 SFC {E>100
FIVERIWARIE . &5 28 3P T HAS SCHU , Fii ik ) 12 2538 K (Gn1~Gn6 .Gel~Geb) . 75 RANIRE
G2 TSN 34 0/ R AR Ay i o T R S A, 3 HAE 2 M i B bk R R AR S
O3 FRHEAR LS R B R, 12 B0 S HLA-A*02: 01 2 TR IE iifa € X2 2 44 . ELISPOT 4%
7R :Gn5.Gn6 . Gel .Ge2 ,Ge3 ,Ged . Ge5 . Geb HE 25175 e 32 /)N BRI 20 it 4 0 TFN-v (SFC B $47>100),
P3<0. 000 1) ;7E CD47SP 1, Gn5 .Gn6 . Ge3 . Ged A HETS T 5 [FN-y I 24 (SFCAEY>100, P $4<0. 000 1),
SR ARWFSE LI M DBV H % 4 S RERE T EIA S CDST 40 Ml 72 A2 TFN-vy W 25 1) CTL 2 (Gn5 .
Gn6.Ge3.Ged) , JF HAEEN DBV J3 B bk th s BEORSE , o DBV 2238075 1 I A At 1 Sl 4l
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syndrome (SFTS), which has a high fatality rate and for which no specific vaccine is currently available. The

DBV glycoprotein precursor (GP) is an important immunological target, however, its cytotoxic T lymphocyte

(CTL)

epitopes remain unclear.

This study aims to screen and identify CTL epitopes with strong

immunogenicity from DBV GP using bioinformatics tools for prediction, combined with in wvitro animal

experiments for validation, providing a theoretical basis for research on DBV-specific cellular immune

mechanisms and epitope-based vaccine design. Methods Using the amino acid sequences of glycoprotein n
(Gn) and glycoprotein ¢ (Gec) of the DBV HB29 strain as templates, 3 bioinformatics tools, namely TEDB,
NetMHCpan 4. 1, and STMHCpan, were employed to predict HLA-A*02:01-restricted T-cell epitopes with a
length of 8 to 11 amino acids. Toxicity and allergenicity were evaluated using ToxinPred2 and AlgPred 2. 0,

and conservation was analyzed through sequence alignment of 20 domestic DBV isolates. The peptides ranked

in the top 2% for binding affinity by at least 2 of the 3 tools were selected as epitope peptides. Female HLA-

A*02:01 transgenic mice (6 to 8 weeks old) were randomly divided into a Gn group and a Gc group (n=2). The

transgenic mice were immunized on days 0, 14, and 28 for a total of 3 immunizations with Gn (100 wg/mouse)

or Ge (100 pg/mouse) combined with Freund’s adjuvant. In 7 d after the last immunization, the mice were

sacrificed, and the spleens were harvested to prepare single-cell suspensions. Splenocytes (5%X10° cells/well)

were stimulated in vitro with each epitope peptide at a final concentration of 25 pg/mL, and IFN-+vy secretion

was detected using ELISPOT assay. A spot-forming cell (SFC) value >100 per 10° splenocytes was set as the

positive criterion. To eliminate the potential interference of IFN-vy secreted by CD4*T cells, CD4*T cell-

depleted splenocytes (CD4~SP) were obtained via magnetic bead-based positive selection, and ELISPOT assay

was performed again under the same conditions, with an SFC value >100 per 10* CD4"SP set as the positive
criterion. Results A total of 12 epitope peptides (Gnl to Gn6 and Gel to Ge6) were screened out through

cross-prediction using the 3 tools. All epitope peptides showed promising potential in immunogenicity, passed

toxicity and allergenicity evaluation, and exhibited good conservation among isolates from multiple regions.

Molecular docking showed that all 12 epitope peptides could significantly induce IFN-+y secretion by
splenocytes from immunized mice (all SFC values >100, all P<0. 000 1). Tn CD4"SP, Gn5, Gn6, Gc3 and Ge4
still induced strong IFN-vy responses (all SFC values >100, all P<0. 000 1). Conclusion Four CTL epitopes
(Gn5, Gn6, Ge3 and Ge4) that can specifically induce TFN-+y responses in CD8*T cells were successfully

identified from DBV. These epitopes are highly conserved among domestic DBV isolates, providing

experimental evidence for the development of multi-epitope vaccines against DBV.
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K AL /N BRI D £ G AE (severe fever with
thrombocytopnia syndrome , SFTS ) J&—Ffji JE R 55 5 11
H ARIETRVEAL Y9 , K3 BEASR B2 (Dabie bandavirus,
DBV) 513 , DBV Ji 4% 7 5 2 Rk it/ sk 2 2345 ik
%5 B (severe fever with thrombocytopenia syndrome
virus, SFTSV) o SFTS HAE 8 # 2 th B2 a0 H DI fiE b
P AR BE 8 3% SBT3 35 8] 129~50% . DBV
B A R T AR, al e B K E (R )
HREY O RS, NBEE Il 5 /8 A5 R Y], DBV
IFAE AR NBLGR, $ i B85 A0 VA LR it 52
W BRI S AT R U  FRIE SFTS SR B2
ATAEWTRE R WAL LT AR W TR
50 % K LA L35 241 80% , Ko e Wk 5~7 A 22 K0
B RIA 2 R SR & s Ak

TLIRE B SFTS B FE TR G LTS, R BEE i
St ENTPA N =T W R 8 = wb ) o LI R X
LT I PR T, 4R R BRI AR . AT HRE
P, AT LA DA A 5 e 2 Sl S B AR A J e
SFTS & /= B AT fe B L {5 H ﬁuﬂ%%xi%mf
T3, WIS Al T TS , fie 32 8 P 4 it s sk
So g T Ry TR AT A fE B L kT AT DBV
(R J5L 2 A BRI A 32 BORALTR LA R 25 o T 45
T3 T IR o

DBV 557 85 & o & £ AR e R, 25 AT bR Y
LR PP 90 BLA v B ()5, 55 DML 25 114 i PRI 20 2
SRR . DBV BYFE 2 231 BLiY 3 4 IR E 1 6k
RNA F BEZL A, 23 3l % 15 RNA R ) RNA 5 4 i
(RNA dependent RNA polymerase , RARP) ¥ £ FH Aij A
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(glycoprotein precursor, GP) . E45#) 2 11 (nonstructural
protein, NSs V5 EEH (nucleoprotein ,NP) o) . GPTESE
0 PN 28 2R KA I S 2 Ry 2 o e
Wi A, BUHE 2R H n (glycoprotein n, Gn) F1HE K H ¢
(glycoprotein ¢, Ge) o DBV Gn 5 Ge £ 94 25 B9 Ji& e vh
AR B, REIE 255 A () ) 40 0 2 T A2 A T
I pH AYPREE L, 5] B R , s ALK A R E
PRI FEEHUR " . Gn T 54N R TR WUER SR 1 Ff
Il A(Nonmuscle Myosin Heavy Chain Il A,NMMKC-1I A)
S5 BV TN E AN 5 Ge TEARWRIE R i — R
RS Sy = A, 8 1 7 85 1 W 8 Tl A i 5
TS B 5 5 AL RNA BOREIE S oAb A T
RIMPUE, Gn 5 Ge 7EAd T He e ki AL vh o B A7
LINRE. Gn5 Ge i 5 AR R0 i S 20
1] 8 B 53 -3 4 AR AR B £ 3 Z 4K (dendritic cell-
specific ICAM-3-grabbing non-integrin receptor, DC-
SIGN) 454, /15 pH-HOME VT B2 HE A, AT 7E — 2 72
JEE 145 W gk ab s R A SO BRI T i —
AR BT X Gn 5 Ge By 58 REME 76 PR PY B Hh
RS B JURe S T A0 B B, e H 25 CD8 T 4 il
72 TFN-y 25 308 M A 710, 378 AR (SR AR
R B R L A (] N7 200 S TP O B T AR Y A
ERN(E. L, DBV GPE AT S5 E £
] 9 AR AR FH LA B 5 0 R A i T B
R5T DBV 5k T AN R A B EE L S 2852 DBV GP |
HH SR AL AT T AL A L | 83697 Ik, LA
Kz DBV B 36 (7 58 17 3 AT TR U

AHEFELL DBV HB29 #R Y Gn 5 Ge HHFTER 5
MR 4 45 A7 38 DR B 3R 4% 80 3R FE (hip:/iwww.
allelefrequencies. net) G814 , A5 H A HTIE A
FEIH HLA-A*02: 01 2 H Al & M50 A B2 19 MHC T
KA 2[RI HLA-A*02: 01 HIXE )¢ 0N
T 5 53 HIL T 50 e g TR, A B 9 5 o B8 90
(http: /fwww. iedb. org) S B H AR T R S0 5
E AR, 0 45 SR B Y AR S A
IEDB . NetMHCpan 4. 1 F STMHCpan %5 5 % {5 B2 T
FLHI HLA-A*02: 01 BRI PE T AR A7, IF-& AR fr
R HEAT G B0 UE 5 £ F HLA-A*02: 01 % 5E /)N FUASE A
BHUAZE HLA-A*02: 01 R PE S e 30 5, DL e HL g
AT T S AN S e SO, AT DBV GP Y T
AR AL RO TR A IS S SR AR

1 ME5TE

1.1 =&&XA
DBV Gn Y5 Ge VL7548 $59 T B 2 il 0o ) K
PBS 2% P W | £1 41 Bl 24 1% 9 e H Jb 5T Solarbio 23 A ;

RPMI-1640 i 725 B 56 [5 Gibeo 24 7 ; 9 58 444 7
(complete Freund’ s adjuvant, CFA) | # & AS 58 @44 5|
(incomplete Freund’ s adjuvant, IFA) | #H ¥ Ifl % &
(phytohemagglutinin, PHA) 4 H 3¢ [ Sigma 2y ] ;
ELISPOT 5 & 1 & [ CTL 23wl 5 Ak B 40 i 53 25
/0N B CDA™T 0 i f B ik B 73 e 300 & [ ot
LN . U HLA-A*02: 01 BR il ¥4 T 41 il % 7
Hy AP B AR TR IR RS, 24U =95%,
12 2% o & U i T JCE PBS L BC A 1 mg/mL
TEFFIR, —80 “CLRAAFEA o
1.2 B3

4 H 6~8 JE % 1 HLA-A*02: 01 %% 3 A (C57BL/
6NCya ¥ 5¢ ) Wl /N, (405 5 18~22 ¢, I I P [ 95
TR A BRA T . /N B 3R T V95048 9 191 By 458
il /L SPF R sy se il s . Sh¥) Sy RETLIRE IR
o T 75 9 R0 S 58 Bl W R R AR B 2 B o o L
(2025028) , BT A1 #4174 418 <52 56 s W 4 41 5 48 3
FRYE o By K Ab LTI X /1N B S it 3 244 R e Ak 2 LA B

R -
1.3 Fik
1.3.1 DBV GP# I MHC- T F=47 i) i M NCBI

GenBank (https: //www. ncbi. nlm. nih. gov/genbank/) 1
FREXDBV HB29 ¥k 1) GP [ 41 (555457 : NC_018138. 1),
VRSB BT A A . ¥ H b5 GP 51k
FENRE S IR 5331 AR BT A7 K B2 8~11 i Z K, I F]
FHTIAS AL T3 2 K5 HLA-A*02:01 /3 F45 5 (3%
1. #5434 % IEDB™  STMHCpan'® |
NetMHCpan 4. 17", H:#1 IEDB 5 NetMHCpan 4. 1 J&
7~ HLA-A*02:01 4315 GP Z ki 45 & 2 F1 J1 i rank
{i , STMHCpan J& 7k HLA-A*02:01 43 75 GP Z ik 1)
L5 M ERG IR 53 o BEHCEE 2 M A L iy
45 R HE 21T 2% W AE R RALRK, IR B Y 5 HLA-A*
02:01 /- F RIS 4s AR Z R EA T 2%
(14 G2 T, 8 T B LA o S SRR A e LA v s
J A, AR 4 TEDB Bkt 5 b — 2 R O 3k
AR S B, LATT43>0 27 i S e Jsibk
G R T 43 BT A [R] DBV B Wk =22 6] 48 L 1R 1) 22 5+
FEXF HLARSF X SREA T 4047, 3 35 NCBT B P2 (hieps : //
www. ncbi. nlm. nih. gov) ZRHCT 3k [{ H E R [A] 3 X (4
FEULTR AL RS LB ) 20 ZHAN [W] 9 73 B3 bk GP
Fe g, i — A B AR E R DBV GP J7 41l 50 di 45 .
i 37 WebLogo ik 55 #% (http://weblogo. threeplusone.
com ) HEAT 22 )59 LX), B 20 b R e (37 JOK A X 1
RIEFR A 5 RS
1.3.2  Z K5 HLA-A*02: 01 431 X 42 455 28 i 750500
LR Tk T A ) 2% R AT L e SR
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HARSF R A By R A IR R TR DU ILR A IR S
HLA-A*02: 01 73 - #) Xf #% . M\ RCSB PDB % 4}z /%
(https ://www. resb. org) 3 HUIZ 55 A3 B X (1 4544 (PDB
ID: SMRE)E 524k , 3R 057 IR () = 2k 25 by 38 5 7 2% IR
55 #% PEP-FOLD 3. 5 (https://bioserv. rpbs. univ-paris-
diderot. fr/services/PEP-FOLD/) #E A7 T IN"' , %F %} 4
ARALIK, M2 55 s A2 M2 DA RER 52, AP 1B 42 Jm)
RE i A A RSB 2 3R A IR B A e 1Y = 4454, ]
TIRER o> T X538 . R HPEPDOCK 14k IR 55
#% (http : //huanglab. phys. hust. edu. en/hpepdock/) #E47
I3 TR E 2 KA B 5 HLA-A*02: 01 43
FHEARIAE S, B Y6 R CABS-dock X HLA-A*02:
01 53+ 5 RALHAT 70 F X% RIS RERI 45 B4
B = F1) FH PDBePISA XX 12 52 45 1y ) B T Ak kA ik
— 0. AW T 28 S e E S5 TR
AP 2 )5 AR A 22 (root mean square deviation,
RMSD) 275 [a] — 2R 2 N T A3 1 5 PR TG 22 (1] i) - X 445
22 , I W22 b G (i B AR AR (B4, RMSD<5 A FR
PG B R 1, B B/ NI I 12 G 45 6 I AR
JE 5 ST A (interface area, IA) H T [ MR 4565 f5
WG A 75590 T R AR, TA>1 000 AL E 3 m A 4
SEAHE AR s SHRDE SR #7004 B H 5822 4K (solvation
free energy change , A'G) F TPl FLHTE MU #4245
M, A'GTE-10~=5 Z [0 Ry v A5 25 4 B0 B/ N 32 B
45 M0 ) SR 5 SV RT ER AT Bt S e B T b AR AR
HAEHBIZEA 5508 . H Pymol X CABS-dock X} )
SR IEAT AT ALAL

1.3.3 JREEMERBECER B 2R R RIE
B P R BC— RIS RSO Y HE B, DA T 52 i 5
AT RIRCR PR , Xof R R 7 P A B v 19 F 5T
A EmE, AWFF LT ToxinPred2 (https : //webs.
iiitd. edu. in/raghava/toxinpred2/index. html) 11 AlgPred
2. 0 (https : //webs. iiitd. edu. in/raghava/algPred2/) %) ¥
2R M I T 2% AR A IR Y B AN ECOME . BELE
VE4r>0. 7, WAL A AT R R 02 B 43>
0. 4, WIBEHL g S oL e

1.3.4 DBV Gn Fl Ge BEA I ER A0 3 IR s
AN BENEBERLAY R Gn 20 (n=2) F1 Ge 21 (n=2)
T SPF B Bl )35 3 d SR IR G , AT IR e gis
MRAFEOR, 7 TH 0,14 28 RIFFT3 IR Ry, &
WAHPE (0K ) K Gn(100 pg/ )T Ge (100 pg/H)
SEERR CFA HIVE S S S s LAk, B 208 A
ACIRZS AR E FLA B H/NBRUS A T 2 g, 4B
2R (55 14 )R 3 Uk (55 28 ) e - Gn(100 pg/ )
5 Ge (100 pg/ H) 5ERFIFA #2 Bk )y ksl ik s , U

[ R I AR AR R S o A 2E B A B0 i Xof /)N Bl S it 1
R I A e AT A 0, S 6 U 1) g R/ )N BRURS IR
A IR B SR
1.3.5 ELISPOT ¥4k 2 Jik i 41 J B0 928 1 25 375 7 g
B RWAREEE 7 d(RIEE 35 K) , BRI G AL S0/,
WACHE ML, AF B 2ok IO 5 - 50 , 2T 4 2447 10 min Ji5
B4 940 B F RS T RPMI 1640 55 57 35 | i) #5 1 20 40 i 2
W o R FH ELISPOT S 56 P74k 0 114 22 A o 35 9 440 fi
S FIE 75 A P 240 i A 28 7 25 /K-, S 564 96 FL PVDF
JE ELISPOT #i , £ 8% Bt /N B IFN-~y 5 5 B 43l 4K B 4k
(5 wg/mL, PBSHi ) , 4 “CRESEE K . BEFLINA NG 40
Ji9 (5x10°4~/4L) , S2B 5 LR 320 - Gn R 2 (& ki
25 weg/mL) Ge R (23 B 25 we/mL) | PHAEXT iR ZH
(AL E 10 wg/mL A PHA ) | BFE X BEZH (I A %5
{RFIPBS) . 137 “C.5%CO, 455736 h. 4k I 45
RS 4 R G U P B T A R L B K
1E R I B AR ol ELISPOT 32 M X Xk i = T
B WA B s A T THER, B A B A R 1 —~ 43U TFN -y
PINGE T AN . BE— 20 X 4% R IR EA T 4 7, B4 28 /)N
SRUMEL A ., 422 B CDA™T 200 b A 3 P 1 335 1K 7] 8 i
FERAE, 2Bk CDAT YU, $-45 CD4™T 20 it #E 35 11 J5 4
i (CD4'T cells-depleted splenocytes, CD4~SP) . 4]
i 15 3 B 12 4% % A7 B 4 51 0 % CD4 - SP, Sk
ELISPOT J7 4 6 U TFN-~y 73 WA 7K -, o5 JE 2 A2 JIK7E
CD4-SP H /5 e 5 5 B 35 1) IFN-y 25, W) 2% g ok
CTL A .
1.4 %it5 54

K I GraphPad Prism 10. 0 % {4 #4731 20 #7 o
SCRGE A 2 U, A ) H AR PR R 2 T 22 40 AT (one-
way ANOVA), P<0.05 & nRZEFBAGH 72X,

2 H#HR

2.1 % T A LFMKFF 124 HLA-A*02:01 & 5%
Fa B T tmfb kA

ffi FH MHC 1 283847 70 5.5 IEDB . NetMHCpan
4.1 F1 STMHCpan 17 A W15 B ¥ (£ 1) . 7
NetMHCpan 4. 1 #1 IEDB H , 58 45 &0 15 1 B (R 3 R <
0. 5%, 1£ STMHCpan H' , 5 2% & 37 15 09 15 0 >50% ,
VeFRAEH A 24N K DA 1 U S5 o T 45 SR ) 22 K, 3R
8T 64 Gn B EALIKFN 64 Ge ALK, Horb Gn2.,
Gn3.Gnd Gn6 7E 3 T Hrp #FHUAS T8 R 52 1)
g5 5L, A IEDB T G R AR 2, 45 5 >0 Sy P
PEFIWARE , Gn6 . Ge2 .Ge3 . GeS Y F i J5 P T 4543
Yk S (AR 9T S MHC 45 G55 FO L i
W kS ARTST
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%1 DBV Gn#lGe5HLA-A*02:01 5 F4&&EMATMLE R
Table 1 Predicted binding affinity of DBV epitope peptides Gn and Ge¢ with HLA-A*02:01 molecule

Serial mumber Peptide Start position Percentile rank/% Presentation/% Rank_EL/% Immunogenicity score

(NetMHCpan 4. 1) (STMHCpan) (IEDB) (IEDB)
Gnl SEFPDICKI 198 3.10 35.21 22.62 0.13
Gn2 KLMDRGRQV 508 0.09 92.67 0.12 0.10
Gn3 CQIDRLIHV 49 0.14 93.45 0.19 0.33
Gn4 RLITLTSEL 362 0.15 88.62 0.21 0.12
Gn5 MYSPVILTI 546 1. 60 57.41 3.40 0.23
Gn6 ILLGYAGLMLL 460 0.29 82.47 0.43 -0. 06
Gel SVLEGVHSY 957 0.14 80. 96 2.68 0.12
Ge2 HPMSGIPTQVF 747 8.50 77.98 11.36 -0. 10
Gce3 ELKSKKLAL 782 5.05 36.41 6.75 -0. 64
Ge4 MPSGEVRTF 737 7.80 84.75 19.37 0.32
Gce5 VFKGVSVTY 755 2.70 48. 67 12.50 -0. 08
Geb NYSAIPTTI 853 11.07 26.75 13. 64 0.31

2.2 124 &AM/ E N 204 DBV & BAk Tt FHEART
PRSEPE ST T B 45 B s |, 12 R IR TE A 5% 3K
B AL 20 41 DBA GP P b o8 & — 8, R R RAE,
TN = EARSE
2.3 TR 125 RAEAKRIEES HLA-A*02:01
HaT LEA

XTI R W OR (R 2), 12 %KMK S
HLA-A*02:01 > T REE R & X HEEZ A9, T3
RMSD ¥J<5 A,1A A1 110. 8~1 285. 8 A2, A'G Jy-15. 1~
8. 4 keal/mol; FEAEILMAH BAEH 718 , Gnd JE LAY ERF
2 (13%F),Gn6 JE A S it i 2 (11 XF) , Ge2 IRE AL,
9 XA O X ERAT . B 1 AIE 2435 /R T Gnl~Gn6,
Gel~Ge65 HLA-A*02:01 43 TR %
2.4 LEAFMEL SO IR R HE R R ALK

i F ToxinPred2 1 AIGPred 2. 0 45 181 43 5| E 17 5%

BOPEANFEPE T . 4550 WK, A A 2200 IR SR
234 <0. 4,42 Gnl 1 Gn2 B FEHETES>>0. 7, W33,
2.5 ELISPOT #7 i % % 8 % B/ IFN-vy iF F & 12 6y
T m fo & A%

PPAL /N EROELAH BLAE 12 4> 25 IORIICT 4336 TFN-y
() 7K S, 25 4 3 fif 7, Gn5 . Gn6., Gel . Ge2 . Ge3
Ged , GeS Fl Ge6 BEE 175 S DBV B /)N BRI 410 il 7= A
5B ZE 1 TFN-y 3 25 (P<0. 000 1) , P2 B 5 i 40
(spot-forming cell, SFC){H 23 & 211.173.128. 178,
277.273.193,140. PHA E R EFR 5 e PHAE X B0
I B AH 943 W TEN -y (9°F-2 SFC{H & 632, PBS 15 5%
FEAE Ay BF A X HE 38/ B DGE 440 B 4 06 TN -y 11932
SFCH A 8. HH,Ge3 5 Ged i FHINI & e Nk FL
LI B4R IR, GnS.Gn6.Gel .Ge2 . Ge3 . Ged . GeS Fll
Ge6 PRI i75 /N BT 4 M 5306 TFN-y , 2R B H A T 240
E AN

R2 THMRAASHLA-A*02:01 3 FiiEE WA ES TS

Table 2 Interface analysis parameters of T cell epitope-HLA-A*02:01 molecular docking complexes

Serial number Average RMSD/A Interface area/A> A'G/(keal/mol ) Hydrogen bonds Salt bridges
Gnl 1.08 1136.0 -8.6 3 2
Gn2 1. 84 1235.1 -15.1 7 5
Gn3 1.89 1196.9 -12.1 10 5
Gn4 3.29 1285.8 -8.4 10 13
Gn5 2.92 1272.8 -13.9 9 6
Gn6 3.49 1209.9 -9.6 11 3
Gel 3.57 1124.0 -10.8 7 4
Ge2 0. 85 1170.0 -12.4 9 9
Ge3 4.01 1235.0 -14.5 5 2
Ged 1.90 1162.9 -10.7 7 3
Ges 3.10 1188.3 -9.2 8 4
Geb6 0.58 1110.8 -10.7 7 2
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Gray represents the HLA-A*02:01 molecule; Yellow represents the CTL epitope ; Red represents the amino acid residues in the binding region

1 THARAI(Gnl~Gn6,A~F) 5 HLA-A*02:01 5 F3HEE WA AK
Figure 1 Visualization of T cell epitope (Gnl to Gn6, Panels A to F)-HLA-A*02:01 molecular docking complexes

F

Gray represents the HLA-A*02:01 molecule; Yellow represents the CTL epitope; Red represents the amino acid residues in the binding region

2 THFRAM(Gnl~Gn6,A~F) 5 HLA-A%02:01 53 FXEE WAL
Figure 2 Visualization of T cell epitope (Gcl to Ge6, Panels A to F)-HLA-A*02:01 molecular docking complexes
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#&3 DBV GP ERMUMHFESHEMETMER
Table 3 Predicted toxicity and allergenicity of DBV

GP epitopes

Serial number

Allergenicity score

Toxicity score

Gel
Ge2
Ge3
Ge4
Gce5
Gcb
Gnl
Gn2
Gn3
Gn4
Gn5
Gn6

0.35
0.35
0.36
0.26
0.34
0.34
0.26
0.34
0.31
0.23
0.25
0.35

0.58
0.43
0. 68
0.58
0.57
0.5

0.71
0.82
0. 66
0. 44
0.6

0.58
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Gc3

TR EBRAR T SR, HIEL TR S, 6 T DBV
o S A A E R CTL 2207 Y BIF 58 15 A 4 A
M. PRA I 24 T NP T4 A7, 14 %) Gn
55 Ge #EAT 14 CTL A0 28 Gl i 12 5L 50 B iE R i 4 /0
Gn il Ge i TR BRI R , S 551 240
R AR ELAE P, S o e v O G g T
ARGACHL, I8 MHC 1 284> 7 52 2 CDS T4l fifg,
T 375 5 0 S P 400 B B 255 . IR, B AR
s 1 o O NV R A 7 N AR L U T
T 20 B R N L A 4E CD8*T 41 Jfd 7= A= TFN-y 25 %50 o
AR PR T R, RS SE Gn il Ge b CTL 3
A7, % T HLAR DBV 4 G ML K & L R i B
HFEEE,
3.2 TR 4 A B AR % CTL &AL i b o9 A 2L Rk
B e A B 1 i A ek 0 &5 B S 5
i 8 CTL 2 57 19 7 ¥ T B R s 5 8 1 0T 9 1) B 0K
W% . fE COVID-19 K BF 5% ¥ , TARKE 47 i i
Immune Epitope Database 55 - 5 Fililll 3= {7 Bk , I 45 &

Gn5

P<0.000 1

Gn1 Gn2 Gn3 Gn4 Gn5 Gn6 Gec1 Gec2 Ge3 Ge4 Ges Ge6 PBS PHA

P<0.000 1

P<0.000 1

P<0.000 1

P<0.000 1

P<0.000 1
P<0.000 1

P<0.000 1

B

A: TFN-y responses of splenocytes from DBV-infected mice stimulated with different peptides. The 8 peptides (Gn5, Gn6, Gel, Ge2, Ge3,

Ged, Ge5 and Ge6) induce significant IFN-vy responses in splenocytes from DBV-infected mice; B: Statistic analysis of IFN-y ELISPOT assay

results of splenocytes from HLA-A*02:01 transgenic mice

/NFR PR 4R A 43 b IFN-y B ELISPOT #&: | 45 R B it 45 4

3

Figure 3 ELISPOT assay results and statistical analysis of IFN-+y secreted by splenocytes
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Gn1 Gn2 Gn3
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Get Gc2 Gc3
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Gn5 Gn6 PBS PHA

Gcb Gc6 PBS PHA

800 =
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< 600
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<
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Gn1 Gn2 Gn3 Gn4 Gn5 Gn6 Gc1 Ge2 Ge3 Ged Ge5 Geé PBS PHA  C

A: IFN-vy secretion by lymphocytes stimulated with different Gn epitope peptides after depletion of CD4*T cells from mouse splenocytes; B: IFN-

v secretion by lymphocytes stimulated with different Ge epitope peptides. Among them, Gn5, Gn6, Gc3, and Ge4 maintain relatively high

levels of IFN-y production; C: Statistical analysis of ELISPOT assay results from CD4" T cell-depleted splenocytes of mice immunized with DBV

Gn and Ge epitope peptides

4 IINER CD47SP 43 ik IFN-y B ELISPOT #: U 45 R R &4+ 2 #7
Figure 4 ELISPOT assay results and statistical analysis of IFN-vy secreted by CD4'T cells-depleted splenocytes
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IM#5E 3 85 IR E CTL R A7, JF7E HLA-A*02: 01 5% 5L A
/NERE 3 ELISPOT A5 IFN-y 52N, S 51 %5 E Hh £
A R R R AL S 2 R A BRI TSR
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5SROI

%L T DBV HB29 tk GP J¥ 41, A f 5% F| A IEDB
NetMHCpan 4. 1 1 STMHCpan T. BTl HLA-A*02:01
R CTL R A7, RSP RSB 3 1 R4 S o
P 5 BB T J5 0 5 H 12 28Rk . it HLA-A*
02: 01 FEHEP /N S K ELISPOT B E , e 2841k 4 5%
RETE 5 V1755 CD8'T 41 Jfd )™ A IFN-y i 2 1) CTL &AL
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Figure 5 Schematic diagram of the optimized workflow for CTL epitope screening and identification
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