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Fig. 1 Schematic diagram of the spore structure
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Fig. 2 Schematic representation of spore surface display system constructed by genetic recombination strategy



698 K& A& Y ¥

48 %

3.1 HEFRER
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hromis mossambicus)F% 58 7= VA FE & J& 1) — K%
T, R RO H o, ™ E g,
O 199 )R B B E FLEE K B (Streptococcus agalac-
tiae) FIg K B BR B (Streptococcus iniae), 4 g FL
FEBREA 2 20 )5, J& T 8% Bk B B} (Streptococcace),
B ER B B (Streptococcus), T Sipsx F /&A1 T K 4
TFLBEER B R T — AR A, BB m& R ™
YaoZs "R B 4K 5% 25 14 CotCHE % ffl % 1Hi J& 7= Sip &
1, F 4 2 GCS-Sip HIRE B fe s D 4k, I
GCS-Sip#H i35 H 77 7E SipHe S e Bk, BT AN iz 18
o G M R R R TNF-a. TGF-f« MHC-IF1 T-betff]
RKIEKPFRER . BERE 5 GCS-Siph o 7L 5%
R B B A XS P97 2% (Relative Percentage Survival,
RPS)IAF41.7%, 7 B 5 4 2F fGCS5-Sip Al 75 F f 4
{140 24 L S T2 VA YR S 928 S 8, A — e RE B EAR
A £ 50 52 ToFLFE K B R

SICER 3 A2 7K 77 77 5 e 7™ B IR 2 A 1 R
—, BB SR KA K 5 IR X 722K )
W, 5 I R RE, BB T 2R, i 207K = FRE
ARk R RS O B (Vibrio spp.) AT, WEA I
JNE(Vibrio parahaemolyticus) #&3\E(Vibrio angui-

Harum) R 4E KON (Vibrio harveyi)%5 ¥ ] 5] 25K
B . A R 1 OmpKo B0 P I (14 3 5 4t
J, Gongalves%m]ﬂﬁﬁ A< 56 8 H CotY7E % 1l R 1H]
1% 7n OmpK A& 1, PAEE 2H 2 1 Cot Y-OmpKiR ¥l
G BE L 8. (Danio rerio)%)1 4., V. parahaemolyticus
V. anguillarumBEGPE 5 J5, 4 64735 R 50 1) 42
11 1 40%F185%; 4k 1fij 1 AR 4 93 KR W 45 5 B (Dicen-
trarchus labrax)%1 4., V. anguillarum/B& 4Lty f5, 45 1
CotY-OmpKZH 41 1 1735 Z& M 60%HE =1 2 87%, K M
] DA oI BE o 1R e Ak, 1 v 2R R g
B IR 5 RS 2

H A B SR AT DA FH KI5 928 B Bl R I T
U7 40 TR A, H A 2 i 3 S o v 4 O Aok
BEATHERD, AT AT . a0 SRR A2 R A )
77 2, W K E P T W T SRR AR T, AR e g
Ve, W K P v 536 B K A= sh W i i, 1 k4%
WhnER. A, PREEM R R RER, ¥ Eee K
K AR A A= Sl 28 B 1 2 95 TR A 26
32 REREH

IR A I A2 e T R E B A
(Ctenopharyngodon idella)77 5E AT M. 5 /™ B[] — Fp
Joa BRI, BB R E T R 1A 70%—80%, J LT
AR 28 BUE KA B R %00 i L

®1 FRARARTRJEKSERENRFHATER

Tab. 1 Research progress of spore surface display systems in aquatic vaccine development
o S (EER] HEEA HWEEA HEFER S A T RIEH A SR
Pathogenic agent B. subtilis Target protein _Anchor protein Linker peptide and fusion mode Expression vector Reference
ToFLBERRTE GC5 Sip CotC (GGGGS); PamyE [96]
Streptococcus agalactiae Cuiifh &
JKE Vibrio 168 OmpK CotY C. Nufifh& pDG364 [19]
BPELE B AL TR 168 VP28 CotB Cuify il & pMutin 4 [114]
White Spot Syndrome Virus CotC
DB431 VP26 CotC Ciih & pDG1662 [115]
BB80 VP28
PY79 VP28 CotB — pDG364 [93]
PY79 VP28 CotB — — [116]
FL A T AT 2 WB600 VP4 CotC — PEB03 [101]
Grass Carp Reovirus WB600 VP4 CotC CHRb e PEBO03 [102]
GC5 VP4 CotC (GGGGS), — [103]
NS38
168 VP7 CotB Chilil & pIS1956 [104]
CotC ) pJS1985
WB600 VP56 CotC Cii & pHT304 [105]
K 1 2B fips ek TR 2 WB600 MCP CotC — PEB03 [111]
Largemouth Bass Virus
PR IR IEI 5 WB600 MCP CotC Cuiiy i & PEB03 [20]
Nervous Necrosis Virus
H R R WB600 CsENO CotC — PEB03 [123]
Clonorchis sinensis WB600 CsCP CotC — PEB03 [121]
WB600 CsPmy CotC — — [18]

T T RIR R ORIE

Note: “— means not mentioned in the article



4 34 A A 2 AR T RS ARG S A AR B BRI A Fh K 699

1 I iz 95 B (Grass Carp Reovirus, GCRV), £ J&
7 F R Reoviridae), 7K A= PERZAIVN 75 @ (Aqua-
reovirus), MY RS GL B 17 H I8 §E G HAR 24 5F
B REM LIS B L g 134N SR A, BFE
TANGERYE A (VP4 VPTHIVPS6%5)Fl6 AR 45 14 &
FI(NS31. NS38HINS80%%) ",

TSR h i E 2 2 1 CotC-VPAFF 1 IR S8
A DLV S BRYL K =Bt 70 BT v vl A e 0 2 T R
FH % R 2H, SR mbRDRE 9 B PR XS B AH . T 90 R B,
SR MR E, CotC-VPAZH [ A 45 7 M IgM Pt
AR ST R I 4 95 A S 4 B R IgMAT TLR 2236
57K 522 T, W CotC-VPAR] i fa A4 P — 5
I HTI9 BF Fe 8E RUN, TE 99 B AN AR B S AL R4 7 H
1B G 2 AR RO AR T B P o R 2E 5235 . Tiang ('™
Wy T E2H 2E I CotC-VP4 AR 1 - o s B,

AN R 25 SRR IS X A L, CotC-VP4
AT 75 5 20 P s S R g Z AR K T, 2 A
P AR S FE N () R A /KCF 525 B ZEGCRVILFE A,
CotC-VP4ZH B 1 1715 % N 57%, RPS 47%, 3= 1%
H2H R0 AT fl R i AR G g% IO, B i A HTGCRY
YL RE ), (BB R LR R RAR T BH 1 xS B2 (17
T FI1K89%) .

ChenZs "] F £ Y5 25 2 73 FF 1 GCS I 1k,
T4 52 B 4 2F 71 CotC- VP41 CotC-NS38, £ 1 IR
P B e, RIS T B A HTGCRVIE ZL [ fE
J1o B 5 KB, CotC-VP4F: EiH i i F1gT
KT LR, 51k SRR ST R B 1 CotC-
NS383@ it i T HE S N A B LA BEE AW
(MHC)[JRIE, e AR 5 %52 GCRV/E Y. Sun
U0 23 ] D) 3 o T35 TR canmy ERU 2 PR R 0 75 i

AcwlJCotB-VP7. 1& MR & 5, & Seih 1y
AL i S L3 R R IgMATT AR K B R S A
K FAIL-18+ TNF-0. MHCIIRICDAL K ik /K
i, £ GCRV G, AamyECotB-VP7HI AcwlJ-
CotB-VP7[] RPS43 7l ik £ 28.09%F1 50.66%. {H
AcwlJCotB-VPTH] 5| B8 B 5y () e % e B 7K P,
TSR B T HARIR, ks 2ahE
i} GaoZ5 "L 45 D VP56 2K [ 1 3L [ 43 B4 Fr Bk,
% 10k 15 3] f% 43 1 VP56-2, 4 1 #4541 2F 1
CotC-VP56-29F I Jlg Sy Bt . 25 R 7R, CotC-
VP56-2175 5 1 ML IE AN Sk 5 o B )RR e M TgM T
PRI, AL A R4E R FIL-18+ TNF-a.. IFN1
FIMHC- 1T )% 5 3Rk, 7RG GCRV &, B I A
U 2H 2R A 7 i L B S 4 /), O B R RIS, K

R4 B JTLGCR VI e
KO ResEEdT R SH KR e AT R

I8 5 3 2= 1E J5 I 18] Y 38 j oK 1 28 655 (Micropterus
salmoides) % K H RIALIE T, S HOK O
FRAE AV 52 B RAFARRT s 2 ok 0 S e
W #2995 #(Largemouth bass virus, LMBV) 52, LMBV
J& UL B Rl (ridoviridae), 197 5 J& (Ranavirus),
HMCPE [ %] T 55 53 J0URE 11 40 26 F 15 4 9% I 3L
ExBEEY, Wang"H K 75 K A CotCE T
J&7RMCP, 4 7 5 24 2 #1CotC-LMBYV, IR fue K
1224 J5 % B, CotC-LMBVAL iy Ifil i H f 7% 14
IgMPBTIAR K2 2 T, BN b S 9% AH 5% 25 Rl CD4-
1. IgM. IL-6FUFN-y3ik /KT 2% Fif; Begilis
KW, CotC-LMBV AL {475 Z 4 15, RPS1%£45.0%,
2 B B 110 2 DR R A I 7 M e s 4 T, AR AL g
RIEH

BAREMWEINTEAE 2R E A
WBCAE, 1E N 5 3 ¥ T4 40 41 (Office Interna-
tional Des épizooties) W #t 4% Yyl 2 —, e 2
MK AR K $28, TR YL 5 4 8 1 DE T2 28 =ik 8 0% —
100%™ . 1% 955 [ 55 & A # 22 3K E 95 2 (Nervous
Necrosis Virus, NNV)', 1 3 35 4% 3% %% (1 MCP /&
RS 10, TR BRI S F B Mai
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SPORE SURFACE DISPLAY SYSTEM AND ITS APPLICATION IN
AQUATIC VACCINE DEVELOPMENT

ZAN Zi-Ye"? KE Fei"’, ZHAO Wei-Shan">, ZOU Hong"’, WANG Gui-Tang"” and WU Shan-Gong "’

(1. Key Laboratory of Aquaculture Disease Control, Ministry of Agriculture and Rural Affairs, and Key Laboratory of Breeding
Biotechnology and Sustainable Aquaculture (CAS), Institute of Hydrobiology, Chinese Academy of Sciences,
Wuhan 430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The occurrence of diseases in aquaculture animals is becoming more and more frequent, resulting in substan-

tial economic losses for the entire industry. Oral vaccines offer an effective prevent disease prevention without causing

a stress response, making them particularly well-suitable for safeguarding aquatic animal health. Bacillus, a common
probiotic in aquaculture, is capable of forming spores with strong stress resistance, which can be used to construct a
spore surface display system as an ideal platform for antigen presentation. Therefore, the use of spore surfaces to

display oral vaccines and stably deliver antigens to the intestine has attracted more and more attention. We reviewed the

spore, Bacillus competence, and the spore surface display system. In addition, this article focuses on the research and

application of spores as oral vaccine vectors in the prevention of bacterial, viral, and parasitic diseases in aquatic

animals. It aims to serve as a valuable reference for the development of efficient and stable oral vaccines for aquacul-

ture animals.

Key words: Spore surface display system; Spore; Oral vaccine; Aquatic animal diseases
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