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Preparation and Application of Oral Recombinant Lactobacillus
casei Vaccine Against GCRYV Infection
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H 5 7% 2 (Grass Carp Reovirus, GCRV) 5| #2 i) 3 H I S8 T
I FEFEANY 35 25 KB BF IR, 1 O 32 I NS — Rl S 7 9595 1) T B
1R B LA B AT 0% B R AP e VR i, DUIRI S s 77 SR B T
Ko T2y, R ms, £—MIEsE BRI arksis. £A05R S, L
GCRV [MAMKFEE E VPS ME NGB, 3T LB 18 73 WhRiA #idk pVES523,
Pzt 7 A TEEFLAFT I LC-pVES523-VP5 o B it B0 25 VAR T A T V0 ) 45 Bl
HTER, BT R SR TIRA R H] & R k. 78 0 RT B L
FF A R AR S W1lE], LC- pVES523-VP5 At & FiRE S IR (JFN
I, Igh) IERIE . B IR S8 RECR I, & IgM KA B BT T
GCRV S, AR LC- pVES523-VP5 A A AFIE RN 74 %, WHEEST
XTHEZH 35 %, @O E ERMHRE N E S E, 4R ER LC-pVES523-VP5 4
RSP EEPE DT REEH, FIEOREEE 15 K, KARGEES M
BRI 2] LC- pVE5523-VP5 WAKIAFAE. XL RRY], ARWFFITR T —Fh
ReE A T GCRV 44 1) O kT E& FLAT B % 1 LC-pVES523-VPS, B 5 Tl
o MRA, RO RIS s o[RBT IR A DRI AL it T — 2 1
ZEME.
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Abstract

ABSTRACT

Grass carp hemorrhagic disease caused by Grass Carp Reovirus (GCRV) has
caused serious economic losses to the aquaculture industry. Vaccine have been widely
recognized as an effective mean for preventing the disease. Oral immunization with
Lactobacillus casei is safe and highly effective. The oral immunization method reflects
its advantages of easy administration and injection-free, so it is a very potential
immunization approach. In this study, the recombinant LC-pVE5523-VP5 was
constructed by using the outer capsid protein VP5 of GCRV as the immunogen and
pVES5523 as secretory expression vector. The bacterial liquid was prepared into freeze-
dried bacterial powder through vacuum freeze-drying technology, and then the freeze-
dried bacterial powder was mixed with feed and pressed to pellet. During oral
immunization with the recombinant L. casei powder feed, the expression of the
immune-related genes (IFN I, IgM et al.) of grass carp were up-regulated significantly.
With the increase of oral immunization days, grass carp serum IgM level was also
increased. In the face of GCRYV infection, the survival rate of grass carp fed with LC-
pVES5523-VP5 vaccine was 74 %, which was significantly higher than the control group
(35%). The amount of virus replication was also quantitatively detected by fluorescence.
The results showed that the virus content in fish tissue was significantly less than that
of the non-immunized group. Fifteen days after stopping the oral vaccine, the presence
of LC-pVES523-VPS bacteria was still detected in the intestines of the fish. These
results showed that the oral LC-pVES5523-VP5 can effectively prevent GCRV infection.

Key words: Grass carp; Lactobacillus casei; Oral vaccine; IFN I, IgM
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1.1 Efa s

TENVI, FEAA(Ctenopharyngodon idella) e —FF 8 B KK = BHYR, Lk JLH4F
(K= IR B b KM, FER B V2 2R 5 R T R R A A B A
RENm, SRR TR, AE%R 55 KR g R kP 5 LT
1 R PA B I  BEARRE E IURE DA R B B2 B SR ) AR IRAT
I} 2% 5 1 BRI ORGSR T, BEAZR T R &K= 3R, UMK = 7R3 1
G5 AV RS o

g ENU KRR A2 —, WM, KR aERR. ik
[R5 Bt HA IS o ER R £ P i AT B (Grrass carp reovirus, GCRV)5 |2 H I
P T B R Tt ZRFESY, o B R TR SERETTRRA, RIE N
g FERICAH SR EFHAEAFBRER M. B, GCRV FE45H
NEBRLUA KR A, J& dsRNA Ji#. 450 28 AR, BHEWEKRS,
HEAHS AN VPI~VPT, Hr VP5 fl VP7 R EEA M 5. GCRV ZHA
H1 S1-S11 ¥k, #1145 097, 873. HZ0S 5%l /r Bk,

PUAE W SR IRTT BRI R B RE, SR, X TCEE N T PUAE R IR
77 AT 2 ) RGBT 92 T P v A5 RO A 85 22 A PR e, S T B A
Fe K= FRFE Y R — R BB AR S, R 5 SEZ B8 IE I AT A1) R S ) 0 P 8 W 2 i
PR BRI TR BAT, O AE I IS R . DR A T TR
FHHUAS BT I G2 AR AR I8, B it si f 28 1) 3% T 2O A DAL G0 T v S
TN E, AR KN 1 WS LR TR], 5 2 st A it j
WUBAR 5 AN S N, 75 53 i fa FE T 10, i fa ) D IR T IR 5 T-45 24 . R
R S o5, PRI AR O PR 34 32 1 o iy S 200

1.2 e REEHRIR

XS AR IS, AR 8 288 ) SR B AL DL SR O £ R 92 P (R I 0 AR A5 b
N — UK M 2 28 0] DUB R 1942 4, Duff R 2% fif: 7= < 5 B
(Aeromonas salmonicida)it47 K i Jg G il S R e hel, fEb 2 J5, AT
ki S T 4 Sy £ FH 2 T Ao



R B 0 S0y KIS DR EE R . AR . DARER T
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RGP RAETRABIR R EMRTIR N, B BRARE AT K, LR
HReAdR e N, HA R BRI HIIRE ). FAE 1973 4, HEDKFREE B R
TR KA B B R R AT IE R 80%[%3, 1998 4F, P& KiEwE, TR T
BN M R AR R, ARAL T G B M 46 1200 KG9 1 th Tl i e
IR LHZABEAT RAT DN PA S AR R Sy R A3 il 1, B S 12908 1o 1% 77 xQ3eHIE
B AT R F] 80% LA s

AR 7RIS NG 7T, ENTE BN G2 R — IR . 5
G A B, AR RT3 e — R B RE A g o VSRRV o e if S AT
WSS TR IS T — B R . AERPTIEH GCRV A SR RS A
T EL, MO R A N BN RIFE B B B . A4k, RIS A KT
MR 1 e Rt BRI e P L, BN I R P8, T SR B R
FRCEE B AT TE I8 5 0 (1 T e 120,

IR 1 78 DNA AT RNA FEHH RS, B EH A R B0 2 4D
ANEIFREIER A RE ST, R TERGREY, RZEBUR ) pVAX1-S6 BRI 7
P B el I AE B AR R R KT o P S B LS IR A R 1) =
Flt DNA %2 1 G B 5 38 Re e iy o i E R A M v itk o PR mT DL, R 1 L
A2 W R AT S A T 2 6]

B 9 T BT TR e A T B A A IE Bk, i i
A B PR FURIEE R E T . B BT TSR N KT R E R 460,
AW I trpE K IAHAR Parh2, 75 K AT 1 A A B T K4 4 A 1) 8 15
PR EA T — PR B AR, 70 S PR R I G T T RO R B
FIFE R KGR RIB RS, M FEIPIRIA T & H pelB 207155 A His b2
HAEE(rFrpA), %E AR E S8 B2 AR rEpUE, e /318 1 DU
PUAH B (1R G o

VAR, B PR FORAE A W RN, T8I A5 AT R ik DA AT AL
AbFE, 753 0 P VAR ORI ST AR R R S AP KRR

WIS EE (CNKD #EAT ez 5, Fiidkiy [ X (8] 24 2000 4 1 H % 2024
TR, i oUEHRE (B 120 DRZR KM (8 AR OR (8.
M2 ) OR (FMl: A JEH); MRUHE: 2]

JHIT7E Web of Science (WoS) AT R G, T HF A [X[E Y 2000 4F 1
H & 2023 4E 12 A ¥dE. 84 CiteSpace 6.2.R6 X EHEIAT T TMAL S Hr, IF
RSB E (B 1.2B). KRS A: Topic: PL “Fish vaccine” NG ],
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TESHRIRIEIEAN OIS =K AN ARRIESNETI R A A AT £ S 0y 3K,
HizHZ BACRIE R, (HH SR IR IR, ANTT 3 o R0 £ 443 b LS 13 A
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FUIRIEARN Tl TE S 25 B 25, FoRe RUR A, B R G [
M, NS RIS 5 IR NBT, REER AR 2R I8 B2k, KR Gk
WG T MK ERE, TR G2 3 A T 75 I IR T SRR I 4 s
A4 B MG e B RS B AR — AP — N LA ST IR 170 FR T B A
(I, TR S PR 2 52 B S P EER /K R T IR, L BIR R AR
FH B X 3SR T v 72 AR R0 SR T RSt I — s, AATTHE T IR T P F 9 40Uk
R T TR ABVE A TR Eh . B REG R R . B B S AR
F CLELAE TR0, S T — e R

FLFRAT TR & — P =2 [ICPHE B, (BN —RE M AW, W ZiEeHFaR
TN T RA LR S AR o LI AT PR — A L A5 T TR o i JIH R S5 R, A2 I R B
HHRELE R B b DL — S LA B 4B S I AL i A A7 7490 el k] O, SLERAF
ARG AVEN DR EAR . K B 005 R FL IR AT B8 20 il e IA R EA TR 2
ZAE AR LA A O R R B, AT SBT3 AR IR AR
(PCV3)Cap A EMEMMANH . FELIE T REERRIHEN VPT A
NSP4 & [F ) H 24H AT

1.4 REEX

B R — R RK R BEIR, O R 2 R M IS UK BTk . ik
X — A5, TR H— PP REE G RTIBIT B B B RO T O . M TR Guid 4
Jia, RS 25 Al o, e Ao i, B OS2 FIFEABA, VPS {E4 GCRV
AR, 595 )A shBR IR H S B AHIC . A0 ARl KT B R 1t
GCRV 4MK5EEE A VPS F1 VP7 [P AT DL A5 25 R R e B3, (R, VPS 2
— R RIFPUR . AHFTOE VPS 14 K3k R R 8 2 UM B 0 b Rk 3
e, DL FLAT OV PUR B8, MRYE S = A A HERT AT AT, R R
— SRR R 2R, NS S AT R IR AT R T LA

AR S & mAHRI T2, @57 7% LC-pVES523-VP5 & i TR FEE K
TR TR S R AR A I8 75  RIT T 9% 1 1) S AR DL S AE W T
TERA IR ST DL VPAS T AR B R B T BRI AR o A, ASHIE 58 N TR 2L fa )
2 IR RO AL T M RAT IO &, Rk T DART B 4 A TR U
AR K= TR R R IR, B&RIALEE 7.
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Table 2.1 The primary materials used in the experiment

gy ) 251 Fig
it 1R S g DA % B s 5y
SZIG )
SV il % 2 R bt
EIEER i85 40 (CIK) FHT %95 GCRV ¥ £
KA # DHSa, BL21 JFAZ RIS N AL
JRAZ B bk
TFHEEFLIT R ATCC F-F pVES523 Z 41 i ki L 44k,
pET32a WAk, EALdL. Bk
ARSI AR (TR
pVES523 B B
2.2 RIS &

R 2.2 SEI AR 0 s

Table 2.2 The primary equipment used in the experiment

B B EFR(AR)
PCR 1% 5% ¥ Bio-Rad
9 E B PCR X 3[H Bio-Rad
Gene Pulser Xcell (F12F LX) 2% Bio-Rad
HARURT IR B|SnyUiEA N/
FLIKAX Jems—
WEEEAY L BEYEIR
BhRAX 3 Thermo
7 7 BB AR [ Sonics & Materials
B BB A % [ Bio-Rad
W2 RICHIE R G b iE

KRR

T HAR UK
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PE Ve e HEFR(AT)
&R HEN T H AR UUR
AR ES O 1# %) Eppendorf
=Y % Eppendorf
i TAES TN
THIR B 7R A8 Lig—1a
SERE I ZRICK R bR BT S
KIUSEESe /K 13 Ultra

2.3 SKIRAF SFEM
% 2.3 S R TR FER

Table 2.3 The primary reagents and consumables used in the experiment

PR AR Al TIE
AT . M199 1973k
R RKE
JREARE. HHERRGN. 455, BHE
TB Green® Premix Ex Taqg™ (Tli RNaseH Plus)
H A Takara
FRUs1 1 A D)
Ih IR 78 e 7
L4
I IRAN T84 511
Ni-NTA His*Bind Resin Novagen
FHTAE Biotopped
i Jig LA ElEIR
1.1 x T3 Super PCR Mix Jb TRl
pET32a. pVES5523 Jiki FREAY)
MRS P75 773k
A
MRS A1 775
+ TR ERERAN(SDS). —H I FM(DMS0). i
RS #(APS). TEMED. WL, B-$iza AT
B, EDTA%
NP AiIK=8 5 ik AN
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PR R PRI

— R R AL LS

— MRS 5 =

F TR BT B0 2 5
2.4 REHFERE

R 2.4 S B EAE A el &
Table 2.4 The primary kits used in the experiment

WA A ES
Total RNA extraction Kit
RARAEREL
Bradford & ()5 € S k7 &
PrimeScript RT reagent Kit with Gdna Eraser H A TaKaRa
HiScript Q RT SuperMix for gPCR (+gDNA wiper) Vazyme
ClonExpress Il One Step Cloning Kit Vazyme
DiaSpin DNA Gel Extraction Kit AT
Endo-Free Plasmid Mini Kit 11 D6950 2% [E Omega Bio-Tek
BAREREE M (gMD FRER 2 0 ATl & T3 5

2.5 5|49%%
2 VLR Y T 980 L AT I DR R TR B (T=/ 'S 5 B e Y I
) LL B ARAR L DR 3 B T 058 e 2 B 8 51 (RTD).
% 2.5 MSR3I M2

Table 2.5 The correlation primer sequence table.

ID Primers Primer sequence(5'to3")

1 873VP5-F TAGCCAAGGATGATCACC
2 873VP5-R GACCTGCTCAAACCCC

3 IgM-F ATGAAAGGAACCAAAGTC
4 IgM-R TAACGATCTAGTCCTTGC

5 pVE-Sal-F TATTGCTAAACAAGATGCGGTC
6 pVE-Sal-R TTTTAGGATGCTTTGTTTCAGG
7 pVE5523-F CCCCGTTGTCAGGTGTTT

8 pVE5523-R TTCACCGACAAACAACAG




5w SRR Bt

ID Primers Primer sequence(5'to3")

9 T-pVE-VP5-F gctaaacaagatgcggtcgacTAGCCAAGGATGATCACC

10 T-pVE-VP5-R caatctagaactagcgatatcGACCTGCTCAAACCCC

11 T-32a-IgM-F gacagcccagatctgggtaccCATGAAAGGAACCAAAGTCACCG
12 T-32a-1IgM-R acggagctcgaattcggatccCTAGTCCTTGCAGGATGCAGGG
13 S-actin-F CACTGTGCCCATCTACGA

14 p-actin-R CCATCTCCTGCTCGAAGTC

15 RT-1gM-F AGTCAATCTTCGCCCTGTC

16 RT-IgM-R CTCCCAAACGCTGGATACT

17 RT-1FN-F CATTGCCAACAGACGATA

18 RT-IFN-R ATTAGCTTGCTTGATCAGATT

19 RT-IL1B-F AAGCAGCGGATCTCCTCGTC

20 RT-IL1S-R CTACTTGGCACCTGGCACA

21 RT-IL8-F GTTGCTGTGGCATGTCTGA

22 RT-IL8-R TCTCCTGCTTGGTTTCCTT

23 RT-TNFo-F CCGCTGCTGTCTGCTTCAC

24 RT-TNFa-R GCATAACTGCGTGGCTCAT

25 RT-873VP5-F ATCGCTTCGCTGTTTATGC

26 RT-873VP5-R AAGGATGCTTGGACGCTAC
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BZE XBHE

3.1 SERENY. FRAFERFREBLEST

3.1.1 SEISEhis

KIS PTHIR f (30~60g) W ETLPEE R E gt E iR A IR A =], 1E
300 L LR 78R 2 I ERREE, B HBORWRL 2 2k, S LR s B e
BHEERY) . A DL TR BAE L, SRR L IR 24 °C. il % LA T H]
Tt 2 b, W E KD REAEDBARTIRAF, T8 ERFEHD LR LT N
BRI

312 FRHAFAEEFSTRATARZSHHE

TEEAANT T ATCC W (Lactobacillus casei) W HILANENY) (BeNa Culture
Collection, China), FF4i 5~ BNCC134415.

V) S PR Tt LA R B VRO AT R AR ST, URARCT MRS [ A AR AT 11 7
ik . PRHCEA— V% 5 A B TC P MRS TRAAE: FE 3L 5218 5 %Bb Tim1k, K45 L.
caseio FHENIEI) L. casei WRHATY KEGFR, WIEREN 37 °CiF B G 0
BIFE L, 2, 3, 6, 9, 21, 24, 48 /A, A2 G EETHI ODsoonm A& WL
B, FHeflErihs:.

¥ L. casei B MRS JRAKE: F2IEFRE 1006 15, RIS HUME MRS [E4AF
B PREC R — V%, B5FR A ODeoonm N 0.6 ~ 0.8, FH Tl % T E& FLAT B B2 A4S,
PRAE PSR TV AT O R ) 4%, TERBRIEUKFE A7 (=80 °C).

AR IR:

(1) ¥ LR T EEFAT L2 2 50 mL B0, UK 30 40

(2) 4°C, 4000 rpm =.0» 15 348

(3) FXE L, M 10 mL WA IR A BHTEE.

(4) HEELIEQ2). 3).

(5) 4°C, 4000 rpm 50> 15 F3%H .

(6) FZ LIEE, IO 4 mL HA MR A 1T EE.

(7) BEREWITRA)G, %2 1.5mL BO08, 100 ul/4E Al H ), #

R HGIRIKAE &R (-80 °C).
e 2P A: 5 mMKH2POs, 0.15mM MgClh » H,O, pH7.4, 4% 100 mL 2%
9
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MR A BSINFERE 10.26 .

313 HRSHEIEST

AN (CIK) AR TR TSGR . (FHB B R
HRREFRAE A%, A 2 mL BB PBS #4170 325 PBS, JOA 2 mL JikEGH
3 ~5 %G, MAEEFREE (10 %a4-MmiE LI 1 % BEEFE WD) Ik
1, FHZEBRATEMMBTE . L 15mL BOE, 54N 1000rcf T, Bl
35330 . K BIEF LG, M 4mL 559838 WIT E R, 92 7 oRE gl
BT ARG TR

GCRV-IA! itk GCRV 873 fESLE0 = IRAF . CiK Ri e WAL f5 , 1 R G
KRR R 257 2, SRJEINTCI PBS 21875 YE 2 k. THBEERUE A

AL BEENREIEE, N GCRV A 2 /NG, B FR AL, InAE
o PR TR, X T R BRSO UE, S TRIEE-80 C.

3.2 Eif12H47 RNA HOIREN

YR R S o B B 2H S, E TSR, AR AR KIR I, ZHEY
W58 J5 R AT RETB Ve MK, /5 BYREINA & DEPC 7K 1.5 mL E.O0EH & H .

SRR RNA $RBGRA &0 W] 54T RNA 2. 78 260, 280 nm AWt
FEME RNA BIKE . ELAPPRITA I SO s, AR U 15K T3 RNA
FE RN cDNA,

3.3 HXFTEH FavtaZd

AW R IEFAAEILEH 2 Pk, 4 DIJNS?LEKH:. AR IA B A
pVES5523 BURIAI A% R 1A 8k pET32a. 70 il a & HIBEDINL A, HEAT XU D)
AL

VP5 CHESE T AR TR0 ERF. £ NCBI L RIEHE M IgM
#5374 (GenBank: HM452135.1) HI4gmhtd /541, 78 HT v 3 30 N 46 %5 15+
i Oligo 7 X BTG4, PARREUA RNA W R15 2|1 cDNA #ikE 10 54
PCR BERHEATH 1

YRR B 00 Bodt AT 4ligh, ¥ B AR 2 AT VIS, TN 1.5 mL B0
Z: I DNA SR BIORG G AT B R, A NSO 4 T ik i B R A

10
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EHEE T A, BRI ESME DHSa, 3T G2 . FEHOGHE N
kL o SEIGFTI M AR R AR LR 3
% 3.1 PCR ¥ ¥4k R AFE

Table 3.1 PCR amplification system and procedure

2 PCR A% (50 pL) RN (L

ddH20 36.5 ul 95 °C 3 min

514 FIR 1uL 95°C30s
dNTPs (2.5 mmol/L) 4L 55°C30s 35 cycles
LA Tag DNA
0.5 uL 72°C (EFHWE)
Polymerase
cDNA template 2uL 72 °C 10 min
10x_A Taq Buffer 5uL

* 3.2 [AIVRE A I BiAA A

Table 3.2 Homologous recombination reaction system

Hayr R RifAk #
‘ . 0.02 x i ER ARG T 4
et R
0.04 x i N\ B i E: 0 44
N B NI,
5*CE Il buffer 4 uL
Exnase Il 2 ulL
ddH,0 To 20 uL

3.3.1 #i pVES523-VP5 ALEEAT R i Rk E &

i s S M B AT SR A s U . (PCR) 73, 183 VPS &K ER T
B, HEEE T BRI . RIE pVESS23 FUkL SR BB VAL . EcoR VA Sal
FrH[FRE A S Y, dd [FYRE AR VPS B b RIS . A8 X g
PSR H M N DI EE T pVESS23 kit 4T XUEE V), AR Ja Xk L3 w9 A = 4 4
DNA Ji [ S AT P B0 4 A [l A= A4 R 50 ) i A 7 e S
FIFEHERE VPS 75 &S pVESS23 it . fFALIRIESS, $2H pVES523-
VPS5 BEAFRL, 36075 ERR R TG R -

11
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3.3.2 #93& pET-32a-1gM BE#ZFIEH &

¥ PCR ¥ 394533 I[gM P ERER T ik )G . RI5 pET-32a R F1i%
FEIEG VAL 5. Kpn AN BamH TRV RRE 514, J8 i AU B 454 1gM 75
Bty b [RIURR s R OGE I Bl D7 AR B 1 12 P9 DTS pET-32a UKL AT XU ] »
X ER P A48 B DNA RSO SEgEAT P el . — 5 4 IRk R AT il i
SN, I ERER IgM RS ERESE pET-32a ki b, S8 KIE)E, #RE pET-
32a-IgM 4 i K

3.4 L pVES523-VP5 LI M B AR A&

3.4.1 LC-pVE5523-VP5 [l

3 500 ng S BUFURL pVESS23 A1 H BTk pVES523-VPS 7 A2
AR AS IR T B FLAT T B2 B TR A, VK 10 min J5, FATAT 1 mm 6
W AR, S SO R I PSR AT A R 5G, {87  Bio-Rad HELZEFLANAR
WEHE 0.8~2.0kV #HATEREE . 8 e M 2K | 3 min, FEN
A 1 mL % 03 M EERER MRS WK FR5E, I3 Tl w2l B 20
M 1.5 mL B0 d. 37 CCERER R 4 ~ 6 h 5B HBIRAE&A 10 pg/mL EM
) MRS [E AR5 7534 36 ~ 48 h BEATHLIE % -

FFEEEKEGE RN TR —HERPE, #2275 EM ) MRS A
BRI dk . 2 JEHHT T PCR B00F B BB . (. 7 BT LB PCR,
K B s PCR JG 2671 Al 222 Bk 4T PCR). A RUWITF

B PCR A RN : WA 1.5 ul, ERWHEI& 1 ul, 1.1 x T3 Super
PCR Mix 22.5 ul.

JRL PCR AR RN : BORIARAR 1 pl, BRI 1ul, 1.1x T3 Super PCR
Mix 23 ul.

PCR ik EE 3.3 H—3.

342 FTEMUARZEEERGE

¥ 30 %A IEFL (105 °CRIE 45 min) FIERIEE 1: 1 1BESHEAN 50 mL &
O HEAE-20 CCTRA R, FAIMAERS 10 min F FEUEIBIRBE R K, RIGHN-
80 °CHHTHBRIR A% . ¥4 5¢ 5 18 F 0 B I8 T 40K B0 8 TR IR F 4%
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LAl BACLTATOIAA G TIRIL, SELT 3~ 5 K, aTHAREE AR
R e

T BB B8 00 85 PR VT TR TR0 02 4 6 P L 500 3 M S
B GRS bR, TN T IR R 10%). IRAWAS
BIOGE R B (100 g FEHIIAL 60 mL Bk WA, JHTFE
S5 U BRHBURLH LK 3 397 11 P 2 mom 7547 FOIRL, JRON 5 7648 37 °CIRUT-

35 BRANBEBULHIZEES IgM SRERR

¥ pET-32a-IgM E 4 FURi L E BL21 RIEBAZAF, BATHUIMEE, BEE
F—PB7% PCR IIEfG, %8 1 %iMd KiEF%, A 1 %mBAR R IPTG (24
mg/mL) HHATIREE S, MM 24°C, 165 mpm. %SG I HE AR IEE AR 77
AT, BARDIERR:
(1) WRZ 24 °CHEHIFEFIE, 4100 ref Z.0> 5 mins
(2) f#i 14 & Binding X B R RFT E &, ST A, PR EN: Amp:
30 %, TAE3si58K7s.

(3) WFMHE S IR 2 1.5 mL B0, 12000 rpm 250 30 min.

4) ¥ LiEWEEE, ABRBETRAR, RS T E i, 25
Prideds J5 15 28 B, 8 AET-80 °C.

M A A B 1) B T R BB v 22 e, SR S B — SR o IR 5E
EERSPURES 1: 1801 : 2RE, ANWEERTE THULRBT 2 S35
B unsREr, EIRE 3~4 UG RS, RAFBRACEER ShEED 1:
180 1: 2R A, FUGEEATES, B0 4 5, 5 =4 25— X
o B L ik BT BRI . 26 4 £H)5 1 X Fit i, SRRk, 17
JAE-80 °CEH, Bk H Tl 2 £ fiLiE  IgM 7K.

3.6 Efa R &E R IEFLLE

SRR 4 LT, HR41100 2, M0 MEITRAL M, TREILFT I 4L
LC, FEFRLHE B LC-pVESS523 LKA B UKL B R 4H LC-pVES523-VPS. %44
TRHZ I 2 %R AT HOR, BERFBRIRMIK, HAR GBI S SRR 15
K, 516 RiEAT HER AL HE H 4350 5t @ vkl
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W35 K A IR s 5 0 5 =, S A GCRV 873 (4.68 X 1075 TCIDso/mL)s.
W G R RICRAFIE T O, 8 H IEH SR sk

36.1 INAEE PCREMALAHXERREE

Oy BIAEASIEG IR IS 3 Ry 7 Ry 11 K. 15 K. 19 K. 23 K. 27 KA
31 RXF SR iIE . PR MR BRI 23T HURE, R H RNA $2HL
WAAE, BRI BT RNA I$EEL. 7E 260, 280 nm AbFROGFEMIE RNA )
W o A R A R R cDNA (1 ng), ¥ i3 cDNA R 5 % )5
BEAT 9 & PCR (Q-PCR) il

TAFEARLEE =R, UL B-actin 1ENNS, KH 22235115 mRNA [FIAH
XfRIE R . POLE R PCR ¥4 R ANEE T ARYE STk AT iR PeIEAT

362 EfagZANREHEET

AR IE G A S HA R EREE N, M5 19 K. 23 K. 27 K# 31
FHURE ) S8 cDNA BAR3E4T 5% E & PCR, il GCRV fEH AR P& &, &
I Hds Ab PR 7R b

3.7 Western blot & & & [ 55 1gM & B30 LK BREX % A IR Bt
SEMRKRE (ELISA)

TEOAR AR RIZE 3. 7. 114 15 RAF S AR T REE, AT
4 °CLAF HARBREE ]G AT ES O (3500 rpm/min) ) BRI, HBUHE 4 M5
B 10 1%, JO 25 uL 5xSDS Loading Buffer, 100 °CALEE 10 min. 454 H il Hfa
IgM Z wibEqdt, AT Western blot SEIGAT N & IgM PLik/KF. FF 8IS
i PRAT 2 AR (R IR VK FE-80 °C, T I ik g .

T4k, 1E Western blot EIRTHE T, X BRI MiEAE St — A . Xt 0
MR S B IR 56 3 7 11, 15 REMAIMIERFAEH ELISA 5H &3k 1T [gM
WFEE -
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3.8 FE BN LA K i iE EHE A

FE IR B FUAT 3 S B IR B 56 3 R DAL IEFEMR B 5 128 15 R4 &40
E A AN R g BOEAT BN, IO PBS FIEL S B B, 0P AE AT
WHES . K ARG IRAT T A EM HIMER MRS [EASFAR, #EATPUIERE. 54k
{5 % 5E 514 pVE-Sal-F/R LA K pVE5523-F/R % fifi e H 0 5 7% 17547 A1 B PCR,
PN 1%58 TE B e UK 5 HEAT 25

3.9 #IES 4R

BT B A HE 23 HT ¥ 7E GraphPad Prism 9 Hi3ET, %4 L mean+SD (n = 3)
Fore KT EEVERFRR: %4 P<0.12 B, H ns faik; 24 P<<0.03 I, H*briE;
2 P<0.0021 I, FI*FRiE; 24 P<<0.0002 B, F***hriE: 24 P<<0.0001 I,
R * s bR o
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BHUE SRS55H

4.1 FRAHFENREEKEYS

MR IR T7 V5 R B0 I [RI B 2 DL Je 37 °C B RS S6AT T IRE IR 1%
O, L] T FEEAME AR L (& 4.1, ESERREE IR IR 2% w1
M, & 48 NERFE M, XE 12K E S| R TR
) B A 2% A o
2.000 1
1.500 -
1.600 -
1400
1.200 -
1.000
0.800 1
0.600 1

0.400 A

1h 2h 3h 6h Oh 21h 24h 48h

K 4.1 TREFATRARKHIZ (FE 37 CCIRAMIE MR 48 h)

Figure 4.1 Growth curve of L. casei (cultivated in an anaerobic environment at 37 °C for 48
hours)

4.2 ¥J3& LC-pVE5523-VP5 U R EBFIEWIIE

M3 2] pVESS523-VPS AR (B 4.2.1) 0 K JF0RL L T B FLAT B Jk
ZRBEVKH, BEARTEITEY, 53] LC-pVES523-VPS, HAdilk
ik E AR HbREE (B 4.22A~B). WiIEL R TR, LC-pVES523 44

(fiH pVE-Sal-F/R fl pVE5523-F/R BHFI 5| 56 UE: 1~ 6 FL), KEHN
170 bp F1 612 bp, HJIEHE. LC-pVES523-VP5 41 (fifi ] pVES5523-F/R Uitk
7~94L), VP5 &K N 2187 bp, UFIEH. (&4.2.2C)

XA ) T AR 27 & B T I AL B B RGEEAT 12000 rpme B0 3
min J&, FEIER, M 100 uL 1 X SDS Loading Buffer, 100 °C4L3 10 min
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JGHEAT 8 % SDS-PAGE, %% TyHime i et DA i (5 JRAKE, 45 LR LC-
pVES523-VP5 4 A B B H 14417, EHLIERE A W5 I 81 kDa 27 (
423), X5 VP5sMEAR/N -, WHEEHL S LC-pVESS23-VP5 A
A IEH %Kik VP5 EERIAEST .

-3
% s
e, +
. . I.O
ey
BEE
Grass carp S22
tissue vig & &
p—
) ] ;
« - pVESS23 ? + i
Extract RNA ‘\ $328bp

AR’

rondudsuen
s,

uonsasiq

80 endonuclease

7 1
Obtaining . pCR amplification
DNA
AN
RN ” PVESS23
%,?////( 8328bp

L Linearization, N

l ” : V
3 Empty vector \ 3 Adding restrictive

.

PO UONRUIGUIOIT
SNOTO[OWOH]
-«

PVESS23-VPS

10073bp

pVES523-VP5 Vector

4.2.1 BURFEE AR B

Figure 4.2.1 Plasmid construction process
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A B

1 23 45 6 78 9 M

Marker:2000bp

Kl 4.2.2 HEAL GBI IRIE LA & PCR B61E

Figure 4.2.2 Resistance screening after electroconversion and PCR validation

A NHFAL pVESS23 Z#E WE R BB B AL pVESS23-VPS H )5 Wik~ = K
C " 1 ~ 6 N pVES523 5584 (fdi ] pVE-Sal-F/R fil pVE5523-F/R PR 5 #)5641E), 7~9 A
pVES5523-VP5 41 (3REUFRLfG PCR, 18 ] pVE5523-F/R 5|4#5641F)
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120kDa
100kDa

70kDa — 81kDa

YokDa 1: L. Casei

40kDa 2: LC-pVES5523

. 3: LC-pVES5523-VP5

30kDa

S — 4: LC-pVES5523-VP5 ( Ultrasonication)

K 4.2.3 H 24T B FLAT B A R IR RIE
Figure 4.2.3 Verification chart of L. casei protein expression in each group

AL BETERANEL (L. Casei) 2: FEHTIRIAMEHL (LC-pVES5523). 3
4: FEH VPS TN HEL (LC-pVE5523-VP5).

4.3 MEER SRR E R

KT RN FF RIS R T 60, HHLS 30 %BIEAS 1:1 1RG5,
Pl Bk Tk T (B 4.3.10) DA IR O SEda I (B 4.3.2).

% R R R 2 a] REARAE SRR B A O, TEARTE AR IR A T R
FE S SR N R 32 R M. FEIRFE 53008 55 °C. 75 °C. 85 °C. 95 °CHll
100 °CZ& A T X4 T R EAT SR 2 2 min, FRRF 25410 BTN 10 pg/mL
EM [#) MRS 55 77 5 AT B G R00 . i Huh FE I8 45 SR W VR T B R 1
100 °CZ N, ZeidFesmimhnt, FEARN GBI AT T WARIKIA
REWSUE1L, HAE 48h AR EIEA—HWEE (K 4.3.3), XUl T 7EH Ik
e A TS T LA BT 2 T R RS S R AA
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. Pre freezing
ﬁ

Mixture
* B
L. casei liquid ~ Skim Milk
Freeze overnight at -80°C

S
PN
~: : L. casei feed
®

% Pulverize |-
A+ -

Mix with feed Freeze-dried powder Vacuum freeze drying

B 4.3.1 T B FLAF B8 D] S iR s i

Figure 4.3.1 Schematic diagram of the preparation process of L. casei vaccine feed

P 4.3.2 et s s K

Figure 4.3.2 Schematic diagram of finished vaccine feed
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55°C 75°C 85°C 95°C 100°C

] 4.3.3 1% LA 2 i A PO vl X 6 B P AL 6

Figure 4.3.3 High temperature resistance test and reactivation verification of L. casei vaccine
powder

4.4 Bt 1gM BRS RERRAFIF

VR 5 A5 B BTSN B TR AR, R R BB TR
Binding. Washing. Elution 7ftid 1 mL BJ#:HL 2 ~ 3 JEAHRIGAAR, S4ME
PEG2000 43 Fk4E % 1 mL &5 [H B, L 100 uL, A 25 pL 5X SDS Loading
Buffer. 100 °C N XJFf AL 10 min /5, #4T 8 % SDS-PAGE. kit %
D iE gt DU, B E MR, SRR 1gM S H Caphaifhikss (A
44.1).

fEZE ORI R )E, LG 03 Mg, iz 1:1000 1)
Fis P15 B AT Western blot RIS IGAE, ZILMIATRER (B 4.42A) DILE
IS ) 1gM (B 4.42B).

@ 0 ) Q

E 3 g w I} 5 = = w ]
EEE Ep 5% F F ¢ § £ g iy 52 E F ¢ ¢
# 29 2§ Ef B . g g 7 29 2§ Ez & E g B8
8gf g7 EE R F & % A R S L
2 5 2 5

70kDa

Bl 4.4.1 FF4{L R 1gM EH
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Figure 4.4.1 Diagram of induced and purified grass carp IgM protein

90KDa | we—
75kDa| T - —— — 70kDa
60kDa| m— &

Kl 4.42 A fEFZEALI IgM & 3T IR

Figure 4.4.2 A Validation using purified IgM protein

75kDa
GOwaL DT = > o |70kD

Kl 4.4.2 B A8 FH 838 5 A 1 I 2 T 50

Figure 4.4.2 B Verification using serum of common grass carp

4.5 OBk LC-pVES523-VP5 GER S X BB HXERNRIA

2 KiE 15 RGP MRGBZE L LBFs (B 4.5, 7 i ek s
925 T e 75 OIS B S A OGS R W B, AESRES R A%t 3 dy 7 dy 11 ds
15d Bt i . . B SR T RE, A Q-PCR il | IFN, IgM,
IL1B+ IL8. TNFa SE59 %M ORI R Rk, FR 9T & A IR 9 9% J5 HAS [ 4127
W%THﬁIM%¢M% A I 0 B0 J5 (19 ~ 31 d) B th & ZH 2 F5 3
AT TR

Oral immunizations Challenge

= ) =

Days 3 7 11 15 16 19 23 27
.
Y
. )

31
)

o
V4

Blood collection Sampling

K 4.5 F1 AR B 1 A 10 e He B Jim TBURg A AR AR SR SR I 1]
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Figure 4.5 Oral immunity test cycle and post-immunization challenge and sample collection

time

F2H(n=100)7 51 TH7 15 KAWL @ mE EGR A 1 A8 [F EAF (10 %) LC LC-pVES523,
LC-pVES523-VP5 TRl 7R3 15 R 54 i B a et o

45.1 OBk LC-pVES5523-VP5 efE LiFE & IgM mRNA RIRIX

N7 B DR LC-pVES523-VP5 J& B [ S M2, K Q-PCR
R 540 3 4 2H 23 TgM BEERI () mRNA A1 0. 45 B 5oR, #EmiET LC-
pVE5523-VP5 2] IgM mRNA KIA &AL 15d NEFEE B, HBRE T HAh
FHME 4511 A), EFEHB2IEE EARES, f£5% 15d B LC-
pVES5523-VP5 4] IgM mRNA ik &z T HA - 4(- 4.5.1.1 B). 7EMAE
H1 7 d fl 15 d i LC-pVES523-VP5 #1f) IgM mRNA ik T HAth %2 (&
4.5.1.1C)e FRGERFEM, LC-pVES523-VP5 Xt Bifh HAT R I K)o 2 ) /e
FH 10 G 28 T S B T B2 S N, A S S i i

N HE 2R R TR IR e T R I IgM AR A, 4 et 3 d
7ds 11dA 15 d WEAFTIMBCRE. B 10 uL #5317 8 % SDS PAGE,
Fd F HAf 1gM £ 50 [ S BTt 4T Western blot K63, 45 R EoR, 763 d 4%
HIEHEZESR, ME 7d. 11d. 15d B, FHEREZERME, H LC-pVE5523-
VPS5 1) IgM KPR T HA &4 (& 4.5.1.2)

£t X Western blot 45 R BRI 2R, ARSLiGdt— P AR ERKE A
M (IgM) B o rilksfl e, $ Uil P#eME, X LA St AT TR
£ OD4sonm AEMAAEOGAE, R ER, £k LC-pVES523-VP5 %2 Ja &
A IEF IgM & EEE LA, JFHEAE 11d F115d B s 1gM R ET &
FHABK (K 4.5.1.3),
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- M LC = [ C-pVES523 LC-pVES523-VP5

b=
s}

NN oW W s
S wo oo

="

e a4 a4 N m
e w e w

IgM mRNA relative
expression in intestines

IgM mRNA relative
expression in liver
o

onN s O ®

e
=

3d 7d o e 15d 3d 7d 11d 15d
Days after oral immunization Days after oral immunization

IgM mRNA relative
expression in spleen

3d 7d 11d 15d
Days after oral immunization

Kl 4.5.1.1 ORIZ 57 IgM mRNA fEEAEGIE (A HIE (B). JAE (C) BIAHXTER
JEy 5
Figure 4.5.1.1 The relative expression of [gM mRNA in grass carp intestine (A), liver (B) and
spleen (C) after oral immunization

ST OIRGIEREE 3d 7ds 11ds 15d RERFEHNEAHEL, HLL f-actin (EH
SHHEFE, fif Q-PCR, MM EE 3 K.

H
95 5’4
QQ;')‘) Q:_;-Q'
A
M Lc vV W
3d 70kDa

70| - | 701D
11d | . ‘ql 70kDa

15d 70kDa

IB: IgM

4] 4.5.1.2 Western blot A&l 55 I 1 1gM 7K 7324k
Figure 4.5.1.2 Western blot detected changes in IgM levels in grass carp serum
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M
#xxx 00 LC
£ LC-pVES5523
Bl LC-pVES523-VP5

IgM concentration in grass carp
serum (ug/ml)

3d 7d 11d 15d
Days after oral immunization

K 4513 AR EREA M (IgM) BB BTk & (ELISA) e #% 2H & fa i i
1M K

Figure 4.5.1.3 Fish immunoglobulin M (IgM) enzyme-linked immunoassay kit (ELISA) was
used to determine the I[gM concentration in grass carp serum in each group

452 [OMR LC-pVES523-VP5 &k EiAEf IFN mRNA BIRIA

Q-PCR Gl & fa 5543 2H 21 IFN JE A1) mRNA Rk FHal. 458 ER,
1EfpEH LC-pVES523-VP5 411 IFN mRNA FiAFEE 15d W 2B LR
SRR, BT 7d SHIEAREE, 7 11d A1 15d B LC-pVE5523-VP5 4%
EEESTHMEHE 452A). EMEF LC-pVES523-VP5 21 2 U [E
B, E 11 d W HREET &S T HALS A 4.5.2B). LIRS REH, DR LC-
pVES5523-VP5 JaA] LAUK S fli, R R i) IFN (3R

- M e W LC-pVES523 LC-pVES523-VPS

B

>

=N W s oo

258388
ALl 111
it
IFN mRNA relative

expression in spleen
o - () w » o

IFN mRNA relative
expression in intestines

o (Y] B

3d 7d 11d 15d 3d 7d 11d 15d
Days after oral immunization Days after oral immunization

K] 4.5.2 OR%% G IFN mRNA fE8f i (A, BAE (B) FIAHN Rk &

Figure 4.5.2 The relative expression of /N mRNA in grass carp intestine (A) and spleen (B)
after oral immunization

ST ORGIZMIER 3dy 7ds 11d 15d REAFRA N AEAHLL, FLL p-actin 1EN
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SHEFLR], fif Q-PCR, HA—FMEE 3 K.

453 IHEEEE IFN 1 IgM mRNA FEAHELAPRHEMNREE

Rt R 4 0d D LC-pVES523-VPS Jo % Ja M E 1, fE4 I
B2 5 HIAH S G e B B S o S Q-PCR AN & 40 4L 43 b IFIN, g %
(1) mRNA FRiL1E M

IFN mRNA HXIRIEELE R BN, &+ LC-pVES523-VP5 A K] IFN
mRNA KL EALFTGHN 2L BRFEETRENGESR, IFHEREEEmE T
Hoh & 4H(B 4.5.3A). fEMIET LC-pVE5523-VP5 41 235G T FREAI#
P, fE 27 d R REREHAE 31 d i PG T HAMmSHE 453
B). 7E'EMEH LC-pVES523-VP5 R IAFE NI A A BATAREL, WIFHAE 27d
A1 31 d iz s T HAR A ZH (B 4.5.3 ©).

IgM mRNA FX RIS EL RGN, B F )5, IpiE$ LC-pVE5523-VP5
IR IE R IR BB L A4, 75 27 d F1 31 d B & TP (1 4.5.3 D).

IR EH, 258 LAk LC-pVES523-VP5 J5 s fa, BMEfs 1k o AR
BTADRE, FREAT ICERACER, MKAR T DARFERIEUR B ) B B, R I B
IFN F Igh BRI ()30, B4 N2 £ HRAE 93 25 1) Be

- M LC Bm [C-pVESS23 LC-pVES523-VP5

>
W

-
=3
3

-3

IFN mRNA relative
expression in spleen
[ EN

IFN mRNA relative
expression in intestines
o N -~ o -3

o

19d 23d 27d 31d 19d 23d 27d 31d
Days after oral immunization Days after oral immunization

@
w)

£

w

IFN mRNA relative

expression in kidney
IgM mRNA relative
expression in intestines
L]

-}

19d 23d 27d 31d 19d 23d 27d 31d
Days after oral immunization Days after oral immunization

Kl 4.53 Wi )5 IFN mRNA fEEAE (A, B (B). 'BIF (C) LK IgM mRNA
EHfalIE (D) AR RIAE

Figure 4.5.3 After challenge, relative expression of /FN mRNA in grass carp intestine (A),
spleen (B), kidney (C). And the /gM mRNA relative expression in grass carp intestine (D)

AT REERSE 3dy 7d 11ds 15d 5 S EF 19d. 23ds 27d. 31d A, SRE
ANFEIHAAE AL, FHLL f-actin fENFTEIL, % Q-PCR, H.—HRESE 3 K.
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454 OBk LC-pVE5523-VP5 R EXNE A FEFHLACHIRE

RN TIRFAN LC-pVES523-VPS5 B FLAT B & 75 2 % i T it s 3
F, A IR G2 B )0 B 1) T8 AT T AR . R R BIA H I
DL (B 4.54.D. 25682 8HRE, SHLE D R%ZEHE )
15 d) ILIB. IL8. TNFo RK¥#m b THEAKIRIEE, MEKF LS (15d 2
&) s AN FIRE P B o

TEfgiE ILIB. ILS. TNFo =3 ) mRNA /K PH LR T2 3 d IAILE
KIS, BT 15d B B BT, (HEREEIFA G ILIB M ILS &
hE, M INFa ELEFHEZ G 19 d 3 31 d 2305 ETHE TR E 24K
KPS (K 4542A ).

FEFFNEH ILIB. ILS. TNFo =3 ] mRNA K7 R G5 S )t Ak T
AR . ILIB A1 TNFoo HI7KF7E D AR HAE A 15 d 40T LR EA
AKX TE], EBCEE G UG BRI BTG FRRAESS, T IL8 W2 LE L 1 2R
15 d LB —A/ D, SidF DR R EZ G 19d A R, HZ2X
23 d AER R T —MRGm BKF, BEEZESEE (B 4542B).

FERRAEA ILIR. ILS. TNFa =3 ) mRNA /KFLERT 15 d 17 AR G 3 1H]
BN S LT FRETEL, TNFo WITEH B, =#HERELZ EHE
R E R IE BT RERES (K 45420,

WSS ILIA. ILS. TNFa =3 ) mRNA /KFLERT 15 d IR S 1]
B FARAKPIRE B LR EFE R, T HEZE =& mRNA REEH
ANFIFREER L. I AR SE 23 d I RIA B IA B i, GG FRER G
TP (Kl 4542D).

FIREERLW, AR LC-pVES5523-VP5 TR FUAT B e A AN 256 DA HE A [y
N T EJE ML R R ESEE . MR FoRE, #9¢ mRNA [IRE
ERRAKEZ G EIHEE EAFE TEMILEE, WHOMR LC-
pVES5523-VP5 1] LU 55 R Gt BHRHTIEH -
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P 4.5.4.1 Fita O R v it I fi i At vl P

Figure 4.5.4.1 Intestinal anatomy of grass carp after immunization with oral vaccine feed
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Figure 4.5.4.2 Relative mRNA expression of /L1f, IL8, and TNFa in the intestine (A), liver
(B), spleen (C) and kidney (D) after oral LC-pVES5523-VP5 immunization and challenge

ST ARSI R %5 3d. 7dy 11ds 15d. 19d. 23d. 27d. 31 d N REAE
MR ERAL, FH UL f-actin fERFTIRIER, i Q-PCR, H—fHiREL 3 K.

455 OBk LC-pVES523-VP5 st B REERES K ANFRESHE

HH T F Ik LC-pVES523-VP5 e8I A G N g, PRt AR S5 St
SHTAE ] GCRV B2 Ji5 , 93 B 7E HE A0 85 41 2P () R AR A LS HE £ [ A7 1
BRI HARBETT
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Xof 4 B A AT B BN LR, FREAT EM ButEimiE (Kl 4.6.1A). &3d EM
PO 07 0 S 0 B — TR VR AT PR 9%, PCR % LK A& (B 4.6.1B),
B 2 92 T B L DI AN
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Figure 4.6.1 A After feeding for 3 d, the intestinal colonies of each group were screened for
erythromycin resistance
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Figure 4.6.1 B Results of identification of intestinal colony colonization
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Figure 4.6.2 A The colonization ability of LC-pVES5523-VP5 vaccines by colony count
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Figure 4.6.2 B Results of identification of intestinal colony colonization
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6.3 RE
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(3) Wt LC-pVES523-VP5 J5fH [ A s e ]
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