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Abstract: To address the insufficient protective efficacy of existing vaccines against porcine epidemic
diarrhea virus (PEDV), we designed and constructed a novel vaccine based on a multi-epitope antigen
(ME) by combining immunoinformatics with mRNA technology. Using VaxiJen and ANTIGENpro
antigenicity prediction tools, we selected the S protein (Q91AV1) and N protein (Q07499) from PEDV
structural proteins as candidate antigens. We then predicted 25 dominant B-cell epitopes and 3 dominant
T-cell epitopes using IEDB, ABCpred, and NetMHCpan software, respectively. We linked these epitopes
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with flexible peptides, and added a Foldon trimerization motif and a secretion signal peptide to construct
the ME sequence. The ME mRNA vaccine was prepared using an mRNA-LNP delivery system, and its
immunogenicity was evaluated through mouse immunization experiments. Results showed that after the
primary immunization, the OD,s., value of PEDV-specific immunoglobulin G (IgG) antibody in the ME/
SI mRNA co-immunization group was 1. 250 £ 0. 068, significantly higher than that in the SI mRNA
single-immunization group (0. 816=40. 074) and the traditional inactivated vaccine group (0. 805=40. 065).
After the booster immunization, the antibody titer in the co-immunization group further increased to an
ODys05m value of 1.681 4= 0. 100, still significantly higher than that in the single-immunization group
(1. 238+0.074) and the traditional inactivated vaccine group (1. 164=+0. 114). The multi-epitope design of
ME and SI mRNA co-immunization can significantly enhance PEDV immune efficacy by synergistically
stimulating B/ T cell responses. This study provides an efficient candidate strategy for PEDV prevention
and control and offers technical reference for the design and development of other coronavirus vaccines for
animals.
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viralzone. expasy. org/) & & ¥ Wi 17 V£ I8 15 JK 5
(CVTTD I 5e % 8 A AP 51, H- A7 9 FASTA
RS, BAR D 2 2% SCR015]. X Bk kG R F)
T F 4 H i i3 Vaxijen Chttps: /ddg-pharmfac.
net/vaxijen) fl  ANTIGENpro Chttps: // scratch.
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1 POC6V6 Replicase polyprotein la 0. 46 0. 27
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3 Q84706 Envelope small membrane protein 0. 56 0.11

4 QI1AV1 Spike glycoprotein 0.43 0.53
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89~100 IGISQEPFDPSG 12 1. 0643
127~140 NKTLGPTVNDVTTG 14 1.1492
185~200 DWSRVATRCYNRRSCA 16 0. 8362
298~304 HTMDGVC 7 1. 2654
319~328 NINDTSVILA 10 1.1576
475~481 FDLDDGF 7 1. 4431
QI1AV1 519~528 GGLSSANLVA 10 0. 9018
562~577 SKSQDSNCPFTLQSVN 16 1. 2581
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836845 LSARLESVEV 10 1.2277
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306~315 DAEFVEKGVD 10 1.5719
R4 REGRK T ARRGCTNE
E{E| FILRIX B CTL #Aii AR K PURPER >
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QI1AV1 i
1142~1150 QAAPQGLLF 9 0. 4270
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204 IR TR 27 4l CH AR B 2026 4 H5 55 &
10 20 30 40 50 60 80 90 100 110 120 130 140
| | | |

MDAMKRGLCCVLLLCGAVFVSPSQETHARFRRLKIGISQEPFDPSGKKNKTLGPTVNDVTTGKKDWSRVATRCYNRRSCAKKHTMDGVCKKNINDTSVILAKKFDLDDGFKKGGLSSANLVAKKSKSQDSNCPFTLQSVN
hhhhhhhhhheeeettceeeccchhhh ceee ' cceeecctt cchhhhhhhhheceec cheeeecccccthheeeechhhhetteccttechhhhhhh: ccceeeeehhh
KKLEGITDVSFMKKIGYVPSQYGQVKIAPKKTPVSVDCAKKLSARLESVEVKKITAAAALPFSYAVQARKKMASVSFQDRGRKRVPLKKVPTNKGNKDQQIGYKKQIRWRMRRGEKKGDLRYRTRKKEGAKTEPTNLGVR
hhhtc chtttheccctteeeeecccce eeehhhhcttecccce hhhhhhhhhec cchhheeceecececececcee €e€eCCCCCCCCCCCCCeeccCetCCCCCtCCCCCCeCCCCCCCCCCCCCCree
KASKKPASRANSRSRSRGI\KK\-RGNNQSRG\ISQ\RKKQGRGASQVRGG\\NNVKKSLG T GENPDRHKQQQKPKK\IKS RATSKERDLKDI PKKRELADSYEI TYNY! KMTKKDAEFVEKGVDAAY S IDDI YSRLAAYQAAPQ
hhhhhhhhhhhhhht t I hhhhhhhhhh 1 eeee ( hheeet

GLLFAAYLADSYE ITYLEGGGGSGGGGS GSGY IPEAPRDGQAWRKDGEWVLLS TFLGRS

tee chttchhhhhhtcce cchtecchhhheetccechhhtecheeeeec

(a) PEDVZ R AmRNAZE H —H 2 E

(b) PEDV £ F AL mRNAKE 14 = 4k 45 My

1.5
R
Bk
3 1.0
Z
=
=
o
£ 05
&
L\é

1Z580>2 - 1<|Z83H=<2 |z H<1
00 100 200 300 400 300 600
|AFURA/ BRI
(d) Zor

180

T ——— £
-180 0 180
/()
(c) PLICHE
- A
f}&;{ﬂ) ’;5'9
o

(¢) PEDVZ FRAIMRNAR i 5 TLR3 4T X HeA 4

B 2 PEDV &R mRNA & 8 L& #7N R AR

2.7 INRIEEGRREMEENR

S PTAE B T P AR VR B 98 I 2 S R T 1
BO6E/INERU TR ATL PR G s 43 ) F 1 UK e A e
FEIGHR 14 d REE/NRUMLE . LLILYE 10 F5 5 B R i
1ot IR G 3 W BRFIR 0 4G T PEDV-1gG 5 5 P bt 4
K- ZE RN 3 s, MIEL 3 ATLAE B Ik e sis
Ji » 25 FIXT BREL BT AR AP AR ODys e fER 0. 1414
0. 020, PEDV-S1 mRNA $ 1 Bt G728 28 s b 2K
TERE A 383 3 77 A R S PR PR ODos e 1B 50 1
0. 816 0. 074 F1 0. 805 0. 065, {H = 5 F{K
F PEDV-ME/SI mRNA Bt & % 8% 4 (1. 250 =
0. 068) » 2= ] F B B 1K 4528 1 BV ] 8 & B 58 1) 1

TR AIE IS 5 ISR g% S5 » 25 A HTAOKE Y 550 st
PRI AR 0] 22 R 5] o — 30, 25 O IR
AP EA% s ODysg o 1K 0. 152 0. 0593 S1 mRNA %
T BB RE ZH R K3 E T A BT AOK S B T A
9 1.238 +0.074, 1. 164 £ 0. 114, B4} @ ZE % T
PEDV-ME/ST mRNA Ht & % 3% 4l ODyo,n fH
(1. 681=0. 100) , oA ) T 2 37 114 i HAAR L 2 il L
LIRS T RIEA ., kg R W, PEDV-
ME Z £ 1 5 S1 mRNA B2 (IS S e S g B
A PNFEIHEEAE ) S B B B AT e T Bl ST RE
B SRR T VAR B N 23X R S SR 2R
BRI A ) S LR AL T B S0k



KN P25 AT YRR TS I T 09 2 R A mRNA B2 B9 S i 205

20 :
L5 b b b
E3 Ed i
Q" 1.0 c c
o) 5
0.5
d d
L= ]
PBS S1 SI+E Ki& PBS S1 SI+E Kif
B Jinsi s
3 /NRILFE PEDV-1gG 4 R H Rk FHERK B
1 PBS N RR L%t AN 25 (X RE 45 S1 % m PEDV-S1

mRNA 1 Bl 524 ; S1+-E 6~ PEDV-ME/S1 mRNA
WA A s KGR R i K TR 4l acboeod N4 dlAR
PLNFE R R 4L 24 57 8 3 (P<<0. 001D,

3 &

=A

ARCEE AR PEME B S mRNA A, LU
PEDV S Z#H 1 (QITAVD) fil N Z 11 (Q07499) A%
RS S B u s AR REE Y A =28 2 IV ) O
T mRNA-LNP 3% R &5 0 485 ik S
SIS I A e R, FEEAE RN

a) 1T VaxiJen Ml ANTIGENpro T.EL.ifi3EH
BURMEPE SR T 0.5 I SEHAS N EA. M
IEDB. ABCpred #1 NetMHCpan T.H 5 il 3 5 Bk
25 % B AL RAL B 3 45 T 4B £ AL, 51 A Foldon
SRR 543 IME T IR, W R T T R R R R
S EE

b) ME =55 A1 i hr [ 1] B , HoAsE AL o
BRI B SRR AL T R XN L A5 A AR R
fEsME 5 TLR3 #47 1 40 F X%, HoxH8 0 80
—314. 34, 1ESE ME B A 545 5 68 71, vl A 20T
FERGIENLE  FPE T S PEROR PS5 hy 2 S H

o) ME/SI mRNA A& #2076/ R IR s
J& » PEDV $E5: 1 TG $T& ODy . fHIE 1. 250+
0. 068, &% T SI mRNA #2H (0. 816£0. 074)
U T P B 41 (0. 805220. 065) 5 I e J5 e A 21
B IK it — B TF R 1. 681420. 100, 3225 457 5 55
JEEE (P <<0. 001) , 533IF T 22 A P[] & 11 14 38 24
EH.

AR IS5 R R, TR F Bt
PEDV £ mRNA i B4UflS T ik
Al S mRNA-LNP (580 i , ml b 2 3 0 4
PEPUR I, o PEDV 45 S 44 17 37 70 i 2 2 1 3R

W&, RATTIE— 25 PFAL 2 W X AN 7] PEDV A8 53 4%
58 AR 7 B AN S 328 107 285 7KK, LT Ak HE S B
InAsE e

S 3K :

[1] Zhang H, Zou C C, Ouyang P, et al. Global dynamics of
porcine enteric coronavirus PEDV epidemiology, evolution, and
transmission[ ] ]. Molecular Biology and Evolution, 2023, 40
(3): msad052.

(2] 5% BR A 3C, AR e, 45 StmA T Y s e s r s stk e [0 ). b Il
FHCEEE, 2024,51(11):5004-5013,

[3]Kong F, Jia H, Xiao Q, et al. Prevention and control of swine
enteric coronaviruses in China: A review of vaccine development
and application[ ] |. Vaccines, 2024, 12(1);11.

[4]LiZ, Ma Z, Li Y, et al. Porcine epidemic diarrhea virus;
Molecular mechanisms of attenuation and vaccines[ J]. Microbial
Pathogenesis, 2020, 149:104553.

[5] Kirchdoerfer R N, Bhandari M, Martini O, et al. Structure and
immune recognition of the porcine epidemic diarrhea virus spike
protein[ ] ]. Structure, 2021, 29(4);385-392.

[6]Lin F, Zhang H, Li L, et al. PEDV: Insights and advances into
types, function, structure, and receptor recognition [ J .
Viruses, 2022, 14(8):1744.

[7]Zhao Y, Fan B, Song X, et al. PEDV-spike-protein-expressing
mRNA vaccine protects piglets against PEDV challenge [ ] ].
mBio, 2024, 15(2) . e0295823.

[8]Song X, Li Y, Wang C, et al. Efficacy evaluation of a bivalent
subunit vaccine against epidemic PEDV heterologous strains
with low cross-protection[J ]. Journal of Virology, 2024, 98
(10): e0130924.

[9] Yang D, Su M, Li C, et al. Isolation and characterization of a
variant subgroup GII-a porcine epidemic diarrhea virus strain in
Chinal J]. Microbial Pathogenesis, 2020, 140:103922.

[10]Wei Y, Qiu T, Ai Y, et al. Advances of computational
methods enhance the development of multi-epitope vaccines

[J]. Briefings in Bioinformatics, 2024, 26(1): bbaf055.

[11]De Groot AS, Moise L, Terry F, et al. Better epitope
discovery, precision immune engineering. and accelerated
vaccine design using immunoinformatics tools[ J . Frontiers in
Immunology. 2020, 11:442.

[121Qin Y, Tu K, Teng Q, et al. Identification of novel T-Cell
epitopes on infectious bronchitis virus N protein and
development of a multi-epitope vaccine [ J ]. Journal of
Virology, 2021, 95(17) . e0066721.

[13]Lamb Y N. BNT162b2 mRNA COVID-19 vaccine: First
approval[J]. Drugs. 2021, 81(4):495-501.

[14] Gote V, Bolla P K, Kommineni N, et al. A comprehensive
review of mRNA vaccines [ ] ]. International Journal of
Molecular Sciences, 2023, 24(3):2700.

[15]Jain R, Jain A, Verma S K. Prediction of epitope based



20 LT T2 AR

2026 5 55 &

peptides for vaccine development from complete proteome of
novel corona virus (SARS-COV-2) using immunoinformatics
[ J 1. International Journal of Peptide Research and
Therapeutics, 2021,27(3):1729-1740.

[16] Wilkins M R, Gasteiger E, Bairoch A, et al. Protein
identification and analysis tools in the ExPASy server[] ].
Methods in Molecular Biology,1999,112:531-552.

[17] Dimitrov I, Bangov I, Flower D R, et al. AllerTOP v. 2: A
server for in silico prediction of allergens [J]. Journal of
Molecular Modeling, 2014, 20(6):2278.

[18] Ye M, Li S, Luo P, et al. Genetic variation of E6, E7, and L1
genes of human papillomavirus 51 from Central China[] ].
Journal of Medical Virology, 2022, 94(6):2811-2823.

[19] Aiman S, Alhamhoom Y, Ali F, et al. Multi-epitope chimeric
vaccine design against emerging monkeypox virus via reverse
vaccinology techniques-a bioinformatics and immunoinformatics
approach[ J]. Frontiers in Immunology, 2022, 13:985450.

[20] Z=ttha, X0 T, DR 37, 46, T S i {5 8 2 7 1 B T T X
MRS AR ERRER SIM K EEHNZRMERLT] b
E B PR, 2022,49(3) : 1057-1066.

[21] Doytchinova 1 A, Flower D R. VaxiJen: A server for

prediction of protective antigens, tumour antigens and subunit

Eil T2

vaccines[ ] ]. BMC Bioinformatics, 2007,8:4.

[227 Yan Z, Kim K, Kim H, et al. Next-generation IEDB tools: A
platform for epitope prediction and analysis[ ] ]. Nucleic Acids
Research, 2024, 52(W1).W526-W532.

[23] Luo T, Xin C, Liu H, et al. Potential SLA Hp-4. 0 haplotype-
restricted CTL epitopes identified from the membrane protein
of PRRSV induce cell immune responses [ ] ]. Frontiers in
Microbiology, 2024, 15:1404558.

[24] Rasmussen M, Fenoy E, Harndahl M, et al. Pan-Specific
prediction of Peptide-MHC class I complex stability, a correlate
of T cell immunogenicity[[J]. The Journal of Immunology.,
2016, 197(4):1517- 1524.

[25] Zhang Y, Zhai S, Huang H, et al. Efficient signal sequence of
mRNA vaccines enhances the antigen expression to expand the
immune protection against viral infection [ J ]. Journal of
Nanobiotechnology, 2024, 22(1):295.

[26] Papanikolopoulou K, Teixeira S, Belrhali H, et al. Adenovirus
fibre shaft sequences fold into the native triple beta-spiral fold
when N-terminally fused to the bacteriophage T4 fibritin foldon
trimerisation motif[J]. Journal of Molecular Biology, 2004,

342(1):219-227.

S BRI BN L T TR 2SI 73780 LS8 REERTT R AL S0 5E . MM AR 202 1 44, Rl 22 1 44 R0
L& WEWFSEAE 10 R4 I b, 202, W3 TRA 521 AR A 5 26T RHE AE DL 4R ZE A, Wi as AR
Y 50y 7AYo e BB SR L R 2008 4F 6 A SR PEALRAMBH I = A Wl i 27007, 2023 4F 10 H—2024
AR 10 AAEDE IR R 2Bl SRS 2 B U5 IR 2 . MTBARFEIEI R [ AR Bk 2B 4 T VLA FL AR AR I H 4 T Al
BAEIH 5 315 AR SCTIRSC 30 A AL WL H] 13 11, FHBANEESE T RNA 259 i A W5 B2 Bt e i1 5 R 42
A6 T HITE RNA GOREARSUIRAS T RBAEIERE  TT R T 25008 8 RNA QR85 #AK, IF e iz T s e i sh )
PO RE LKA T B 36 U8 A O T KP4 T [ PR 81

(REHEKSH)



