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EKBABEBRRGEm, TRBENEE TR ELRE FHR KL pPGOI12 1, Hw
ETBAAEY, 2R EQMAN A HEITHERS6d, REFRXEMFRAR, A4
KT REEZART TN ESOdAREEEREERE T, £ KENEFELATHRAATHE
AEMBALEEZR, RUEATHAHETEKED Y, REBRINER, LEF
IgM k3 KT8 2% FF., miE$ AKP. LZM. SOD. CAT. C3 fnC4 ¥ EZH 5. Z Az E
PCRE M AN, #ZFEAIE. BIE. KERMALR PO AR %% EFHE IL-15. IL-8.
TNF-an NF-kB. TLRS5 F MYD88 ty Rk X T H F Fl 2 Eth & F & 7 ; H & TLRS &
MYDS88 % ik & 75 Lc-mcs-flad #17% T Le-mes-ompA 4. 1 & /& Le-mes-ompA 5 Le-mes-flad
PRBERPEIINN 5% 5 54%, DEBTHRA. AR LYW, KLRMWENE 4T
FLAF # Le-mes-ompA 5 Le-mes-flad % 48 65 R ALK = £ AR N, #HTREG E &
TR, NI &K E KA LM R O R & & 5 o B R 3 St o R AR AR .
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PEMOMAESF . ITAER, ENANE T8 A A
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N-E KA A=Y 36 o R, RO MR, X
LZMARAEY B ZES, T2 AETIRK,

JRUE LA K e, Rl g AN [ RS K AR AR P dn
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74 Koo 4 46 &

KREGATEAE, T H X2 2 T A= fg B ) A St A7
HRE S Faitse R, KA M 1 B0
15 HHE I R L I 22 M A E
YERIAESG, s dsR . #MR . WIRMUER
S5 AT REAFTEAC SUUE B R M AR A
(OmpA) FIHiE 11 A(FlaA) ZFE/K S P EE
RGBT IR, R4 TR AR LA i v 1 5 LG BT
PEREE T, HEA R4 0 i, fe
BRI R LA B AR 0 B 58 RN A B s, DA B kAR A
FHRPERG, L, TEAATLH TR W bt
FEP AR RAFAIEE 0 BT FRaE 45
T RRIRE , e P2 1 AR 3 2032 BIAR R PR A
FLIR T A 2 i b A T, RESAE i b
B, HUARRDER N/, SEARRBE T RIS H bk
[Fi) B L R P 308 R 48 TR AR AR 1 3R 8 T T A 4
FLN A H T R R a4 B R R A S, AT A
TG R PR A, HRIM RS L e,
AR SLI6 3k F T B8 FL AT B (Lactobacillus casei)
01T 2 i P ast R i A, 43 i) A T Al 3Rk B G
KT ompd ., flad R BE A T EEFLAT 1, &
I 1A A ek o) it B A AT e, R A K
KA SR HEATPEAN DT Ry B 96 W 7K < A
AT 7R T I g2 1 e i i 390 A 0T S B v FH 2 it

1 bR i

1.1 EFFERL

WEK AR W12, T EEFLAT B ATCC393,
pPG612J50 KL A K T 1 (Escherichia coli) ZF 12 3¢
TR AR pET-32a 4 iy 75 FRAR Ml 2 701 Bl #4- 2 52 56
FEAE, KIBHFFE DHSa Il [ b 5t 24k Wi
ARA R,

1.2 FEiKH

ABEMANTHERET LIGRHL T AR
Fo IR AR A PR F] ;. MRS BAgRE 75 JE R 17 45 R 5
T ARARUHED R ARA R, EE. B
BRI . SALBA IR A 1A T A s G A AL R
AR E; Es Tag Mix, Master Tag Mix., JiRi/)s
PG . His P2 gl AR & 3 TR a4
PRHCA R/ F]; DNA PRS-t . SEE T Mar-
ker. ECL %Gk . H Y Marker., FR 1N
VIRt (Xho I, BamH]1, EcoR V., Smal) ¥}y TaKaRa
oy HElE A HRP BRIC I EHT L 1gG BTk | Prefect
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Real Time 1 Tli RNaseH Plus. 5% 557 &350
F TransGen Biotech A= #) /8 & ; 40 3 K 4] DNA
FEBGR ) & A Sigma 23 1] . RNA 2 HGE ] £ 1
H R AR dba) BRRA R BUis i e ]
W & . 5 VA M I e B8 i FEL UK (SDS-PAGE) R
HOEE WK F & . BCL &G . W R £h 2% vh il
(PBS). FL¥EHMAFIL R FERHEARA A 2
REEREE A M (IgM). BEPEBE IR (AKP)., & 1H i
(LZM). # E bW i fL i (SOD). i & 1k & i
(CAT). #MAE 3 (C3) F%MMA 4 (C4) ELISA i 7 &
P T8 R AR A R A A,
1.3 SCIGEDY

300 J& 55 9 FH gt B 57 1 24 (20.00+0.33) g,
Pl A KEFETHERY, BT 27°CKMEEF 2 .
1.4 BWERE=ERg

B4R T PR A R B 7K S R W12 3270 T 10
mL LB {RR 3L, R 37 5 FR L R 4] DNA,
I DL H AR AT PCR Y7318 (£ 1) S BRI [
PR S UL R TR I, ARAR Al B 5L
SlaAd FompA, FFiEHEY) A ERINT

#1 5955
Tab.1 Primer sequences
ElE Fr3 K /bp

primers sequences length
flaA-F CGACTAGTATGGGCCTTTTTATCAACACT 912
flaA-R CCGATATCTTAGCCTTGCAGCAGCTGAAG
ompA-F CCACTAGTATGATGAAAATGGCTCCTT 1023
ompA-R CGGATATCTTATTGCTGAACTTCTTGTAC
IL-1B-F TCCGATGACACTGAAGAAT 172
IL-1B-R  GATGTACTGAGCCGAAGG

IL-8-F CTTCTCGGCTGTATCTGTG 160
IL-8-R TTCCTCTTGCGACTCTTC
TNF-0-F  ACAATACCACCCCAGGTCCCA 182

TNF-a-R  ACGCAGCATCCTCTCATCCAT
NF-kB-F CAGCCAAAACCAAGAGGGAT 168
NF-kB-R  TCGGCTTCGTAGTAGCCATG

Myd88-F AAAGTTGACTTGTGGACGAT 177

Myd88-R  ATTGACAGCAACTTTCCCAC

TLR5-F  GATTATGATGGTGGTAGGG 192
TLR5-R  CACTGGCTTAGGTTGGTC
f-actin-F - CACTGTGCCCATCTACGAG 198

p-actin-R  CCATCTCCTGCTCGAAGTC
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L5 FREERFEHFNEE

V2l A S R LE A 1Y 1 i PR R N AR
(94 °C 5 min; 94 °C 1 min, 52 °C 1 min, 72 °C
1 min, 30 §¥; 72 °C 10 min) #4F PCR §" 1
I U 5 H] flad F ompA., [V AR % . Primer-
STAR Max 12.5 uL; dd H,O 8.5 uL; 5|4 P1. P2
£ 1uL; 4 DNA 2 uL. ¥ H BRI 5 7o pse 3
& pMDI18-T &z, A vakE ik, Il
L A ARG AT 2 S DHSa, 35575
U A BRI 45 5 B A 2 pMD 18-
T-flad . pMD18-T-ompA 435l H Spe 1 #1 EcoR V X
Fig ) 3 s B i B, [R50 53 Spe T 1 EcoR
V W)k Ak pPG-612 [l H Ay BE, Hifig
VIR WA ZR . JBORE 20 ul, b T 9% BR 1k P 4 i
£ 3 uL, 10xBuffer 5 L, ddH,O 19 uL. ¥t HK A
Bt 53k R Bl T4 4 16 °C & @i i wiE
e, EEAER SRR B 1L, HRYRHELL ™
Y auL, EREEYELZE MC1061 852 540
Marr, 3% 2.5h )5, B0 FFE 150 uL MRS R%
B EEE BT A T PR TR (AR
10 pg/mL), FkHCEE L FH M 5o b T A8 B Kbk
Luria-Bertani #5373 23595, BEHUBTRAIN 7 %522 .
N4 2 TR ) 2 B F R R UR A 44 R mes-ompA
N mes-flad

L6 EETEHIATENEEREE

BT W FLFTF B ATCC393 % T H MRS %
R B R AR 3R 05, B 1 mL FR VR
T 100 mL MRS 55556, 37 °C IR T iR
% ODggo 2190.6, 7K 30min J5, 4°C F 50001/min
B0 10 min 37 LW . ## CaCl, (0.06 mol/L)
b BRI, VRS 3K, BOIEICE R
W, ¥ CaCl, (0.06 mol/L, & A 15 % H
D10 mL W PER 1 IR, FEEOWEERIER ., &5
JH 2 mL 1Y CaCl, (0.06 mol/L, &4 15 % Hil) &
£, LL150 uL 43%% 1.5 mL EP )5 % T80 °C f#47.

A o LA AR T N 2R e TR R BORT mcs-
ompA Fl mes-flad HL% 2 T FLFF 1A ATCC 393 )ik
ZARMM ., BT TR RRZSK
5275 30 min, HX 20 pL FURITR A BZ S MM, I
VKIS 5 min, #% AEIEE R 2 mm BTRA AR ; W
AL H T (%0 2.3kV, 3ms) 5, MEAA 1 mL
K RERE MRS PR 2 M B R L GBS 15 %), 1K
% 10 min J5 37 °C fH{RJR A5 5% 3 h, 5000 r/min
B0 10 min, HX 150 uL K J5 A9 MRS A 37 55 5%

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

HEE, AR T MRS JutEns i b A&
. 10 pg/mL), 8% T 37 °C fH A R E i
BrFE o X BELPH PR I AT R R, e BRTORL
TR 65 100 T A5 45 A A i B I LA T 1Y L
AT PCR %28 o FH T IE 8 i B 2 LA R w48
Lc-mcs-ompA 5 Le-mes-flad .

17 ERTHIANENRESEE

VA Y FE A T FEFLFF I Le-mes-ompA 5 Le-
mes-flad %7 F 5 mL MRS (% 10 g/mL 215 %) BY
WAEFRH R, 30°C RARFRI. B 1 mL $F0F
50 mL MRS iR =5, 30 °C IR A #R & 1 57
Z ODgpp N 0.3 Bf, MIAABEES 120, LULiRTs
AT & 2 Ak pPG 1T EEFLFF I (Le-mes) 1EA
XTRE KA SR R IAE 4 °C T 12 000 r/min &0
5min, YWAEFEMAKTRE, B 10 mL PBS B4 3 kUK
ERRUITE, WRMEMN 1 hE, BOoHFIRER
RYTTE, B 1 mL PBS HE, #2081 : 50 (4 HL Bl
A 4xSDS-PAGE Bufferii5#4%5), il 10min, 4°C
B05 min, HUEIEW, #17 SDS-PAGE faill .

1.8 #FFRE

$415 5 )5 ) Le-mes-ompA . Le-mes-flad . Le-
mes A EMK . TEEFLAF I (ATCC 393) [ PBS
3B AT R RRE M T S A St kT
I 1x10° CFU/g T4 R Mk o 5 S 50 81 AL 43
F S, B 40 B, 4308 Le-mes-ompA GeEd
Le-mes-flad T4 . 25 Biki4H (Le-mes). T & HL
FFH 4 (ATCC 393) Fl PBS 25 (140, HEiRich
R, 137 56 d I REALE 5 2 ik 17 8 i ik
Felfit, REEMBG, 37°C 25 1 h, 4°C &
&, 4000 r/min 5.0 10 min, YC£E IfiL V5 I R £E BT
JE . BE . SR RS SRR, ST EE TR
HR R, JFFE-80°C THEfE. MIEIEHE S (WGR),
SEHI E R (AWGR), K % (SGR) Al R 1k
R (FCR), PLIHAFAREL (VST) FEAR e (HST),

1.9 [NEIEFREN

K FH 0] $% ELISA 46 8 1gMUKSF- ., Ff9% iR
il 3% 1 0 3 ) B B A 0 B A RS I 4 2 1 T
LZM. AKP. SOD . CAT. C3 f1C4 & &,
1.10 #fpsEEFREREREZNE

TRFE5PE 56 d I, BEMLEUH Gaye 4 J ot B4
BECRAE FFAE . WE . Sk R E S HSUREA, ]
L RNA J5 % 5 % cDNA, % )% E & PCR
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76 KopE OE R 46 %

(qPCR) 7 il f 241 it 4 958 R+ 56 X IL-18. IL-8.,
TNF-a. NF-kB. TLR5 J MYDS88 [k wIHM o
111 REFRPSREN

B lE 56 d G 2.d, X EEETT BEE SIS
W 5 2 (Le-mes-ompA 24 . Le-mes-flad 4 | Le-
mes 2 . T EEFLAT 41 A PBS 41) 4 2 ks 1 5
0.2 mL Mg /K KB (1x10° mL/CFU), KICEEH
(negative) 1F M BAEXT BEZH , WLELHIG AR AE AR IF4C
SRR S B FET G O, 025 K 2 21 T 1
FLFFE Le-mes-ompA Fl Le-mes-flad WG PERIUR

1.12 BRSO

K FH SPSS 20.0 AR F X i A= K | BT Ak Kt
PETR PR HEAT BRI R 7 220001, AT AT,
#t—2 47 Duncan [RZ H L, W EI 25
FE, WBEIKTEE N P<0.05, S256KE R
PIE+AREZE (meantSD) KR .

2 4R

21 BMERERRE. SURREZFARFRE

SCI I e bE T flad K ompA (1), FFRLT
P T IR A% R IR AR mes-flad Fll mes-ompA (K 2),

22 ERFEIAFENWERRE

SDS-PAGE Kuil 25 5 W7, TR 5 24 ik
AR B TR, HARAE A0 H A TR LT
i Le-mes-flad 5 Le-mes-ompA 3635 H X R K /N

M 123456 M 7 8 9 101112

bp

2000 B

1000
750
500
250 [
100

(b)
1 BREFETZERN fAaA (a) 71 ompA (b)
M. bR #EPD R 2 0005 1~6. flad PCR 245 7~12. ompA PCR /=4 ;
TIE
Fig. 1 Cloning and detection of target gene
flaA (a) and ompA (b)
M. marker 2 000; 1-6. flad PCR product; 7-12. ompA PCR product; the

same below
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MI1 2 3 4 5 6 M27 8 9 101112
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""ms'(ﬂmﬂml
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(a) (®)
2 [BRZFIEH AN flaA (a) F1 ompA (b)
ML FRAEPIIE 2 0005 M2. FRHEHINE 5 000
Fig.2 Prokaryotic expression vector detection of
flaA (a) and ompA (b)
M1. marker 2 000; M2. marker 5 000

HEAK (K 3),
2.3 HEAKIEEREN

AR R ZS R o, R P I E AT
F& AT I 5 X A Z | & T e bR e & 2 &
(P>0.05), ¥ I EE 2 1 s LA 1 2H 3500 BRAL AR L
i % 5 6 AWGRAI SGR(P<0.05), {H HSI,
VSI 5 X} f 4 0] G 2% 2% 5% (P>0.05), Le-mes 4
EjXT B A5 A8 A5 TG 2 25 7 (P>0.05)(3R 2).

2.4 [MFHEIRQN

5 AR IR 56 d SRS 1 d, BRALREAL
Pk 5 RARE G TR TICR I, I I3 )
IgM FLiR Ko G5 R BoR, TERILFFH4 . Le-
mcs-ompA 411 Le-mes-flad 41 1gM Uik K-35 i
=5 T PBS 41 (P<0.05), [F]H} Le-mes-ompA. Le-
mos-flad 4 1gM HiiRK- i 2 w T T AL AT W4
(P<0.05), H. Le-mes-ompA 41 it & 7K - & F Le-
mes-flaA 2 . Lc-mes-ompA 28 G & 5505 AR X i 4
(Bl 4). LZM. AKP. SOD. CAT. C3 fil C4 15
IgM 1) 2% S #a H A1 0L (Kl 5), Le-mes-ompA. Le-
mes-flad F1 1% ZLAT TR AH 8 T X BE 21 34 I8 5 42 v
(P<0.05), Lc-mes-ompA 411 Le-mes-flad 2l . 2 5
FTEEFLFT R4 (P<0.05), Lc-mes-ompA 41 F1 Le-
mes-flad 41 — 35 Z [0 19 22 % 1~ . % (P>0.05), {H
Le-mes-ompA AN T Le-mes-flad 2H 1Y 595 3%
3, Le-mes 55X MR 0] 0 i 25 55 (P>0.05).

2.5 YHRES & EFEE qPCR &
Ph B-actin NS I, qPCR K I 5 41 T

HE K25 2: 3276 sponsored by China Society of Fisheries
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2 3 4 5

M 1

flad

32 ku

(@)
&3

ku

M. FEAFFHEDI I 8~125, 1. 11. BIPE, 2~5. flad 7=¥), 6~10. ompA 7=

Fig. 3 Protein expression results of recombinant L. casei Lc-mes-flaA(a) and Le-mes-ompA(b)

10 11

M

6 7 8 9 ompA

35ku

(b)

E 40 FEEFLFFE Le-mes-flaA(a) F1 Le-mes-ompA(b) FIE B RIZLE R

M. protein marker 8-125; 1,11. negative; 2-5. fla4 protein product, 6-10. ompA protein product

*®2

FKIERREMER

Tab.2 Test results of growth indexes

TiH

5 groups

project

PBS Lc-mes

Lc-mes-flad Lc-mes-ompA FEEFAAE L. casei

YIth R E/e 1BM 15.0000.030 15.0000.030

ARKFFE/g FBM 48.070+0.020°

50.250+0.001°

PRI ER/% AWGR 215.220+0.040" 235.800+0.140°
FrE A KF/(%/d) SGR 2.050+0.010° 2.160+0.050°
BEfAEEL/% VST 14.210+0.070 14.180£0.060
JIF#A /% HSI 3.250+0.020 3.370+0.020

15.000+0.030
56.170+0.002"

15.000+0.030 15.000+0.030

50.080+0.031° 50.040+0.038"

231.040+0.040" 228.160+0.110° 270.7500.002"

2.130+0.010° 2.120+0.030° 2.330+0.050°

14.230+0.080 14.190+0.210 14.420+0.130

3.350+0.010 3.370+0.050 3.390+0.030

e B AT R ARG 7B R 22 5 22 (P<0.05)

Notes: in the same row, values with different lowercases letters indicate significant differences (P<0.05)

3 5
1)
2
HIEH 10 ¢ ¢
b1 2
o b
AN
NN NERES
] 12 3 4 5
2H 5]
groups

4 MEREIKER IgM &R
1. PBS, 2. Lc-mcs, 3. L. casei ATCC 393, 4. Lc-mcs-flad, 5. Lc-
mes-ompA, NE/NGFRERIRZE R RE (P<0.05), K5 [H

Fig. 4 IgM detection of serum
1. PBS; 2. Le-mces; 3. L.casei ATCC 393; 4. Le-mces-flad; 5. Le-mes-

ompA, values with different lowercases letters indicate significant differ-

ences (P<0.05), the same as Fig.5
FUAF B 5095 5 A &N 2H 2L IL-18. IL-8 . TNF-a.
NF-kB. TLR5 Fl MYDS8 BIHIXf ik, IL-18. IL-
8. TNF-o Fll NF-xB 3 ik # 45 3 . /R , Lc-mes-

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

ompA . Le-mes-flad F1 1% FLAF B8 41 10 35 v F X6 R
2 (P<0.05), Lc-mcs-ompA Fll Le-mes-flad2 5. 3%
T EEFLATE 4 (P<0.05), Lce-mes-ompAZH A%}
T Le-mesflad 4, {HASEZE (P>0.05), TiiZH4!
Wi MYD88. TLRS I35 Le-mes-flad 2 . 3% 5
T H Al 4 41 (P<0.05), Tkt 4 222 [RGB & 2% H
(P>0.05), #54 el 2] G Ze A OGP Rk it AN ]
KB ALV R IR E AL T HAL A L, (HHARR
FHRHALZ IR EE (P>0.05), HIKEmE AT
(& 6).

2.6 RBHRIPBRE

T FERE 56 d JGI5E 2.d, SRAME KA
W 8d, 45 Wmm, PBSH &HILT:, Le-
mos 4RI Tl FLFF 3 41 43 5I7E 9 F 13 d Ji5 43R5t
T, Lc-mes-ompA 5 Le-mes -flad 47 1% 2 453 5k
59% 55 54%(1& 7).
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Fig. 5 Serum related immune index detection

3 i

WK M AR T IROK L R TR
FEE K, X PR BAT R & N RE T, 2 E T
K FRFH P — R WA EOR R, G 2 ROK AR AR
W, SUEZRKVE . ARG, XK IR 5
R s B R B dk . DRoe R B, HOR gy
AR RANTE i RAEAR TR AN A, 0 5 B A (C.
auratus gibelio), i (Silurus asotus), FLZF I w %
4k £ (Oreochromis mossambicus). 1£® (Lateolab-
rax japonicus) FIPEAAFINEET (4. baerii) &Y f5 RN
SR VR e Bk 25 A ) o2 S o 0 78 o S BT 4K
B g 5 ME AR A AL B, AL TT L0 45 il s
(Silurus) . 15 J& (Gadus) F1UF JE 48} (Gobiidae) A
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FKRGL G, miRREE R B, Wb, CEH
LS B R R B M S A 2
FPEE TR UIM G, EEAIEIMNGER . AMEA
Fil . SR ARG S OCER 5 . AR
W K AR TR A SRR, WIS LA A XM L ki
14 DR TR ISR B R S N IR A A

Bl SE D TR M R AT, AHOCHRGE 3R
W], OmpA Fl FlaA BHA RAFM G litt, HAEZ
S R AT A5 R AL 1 (A 8 R0 A0 R B e, X
SRR . 5515 5 A AL BT SR,
Fang GO W5 B, W8 7K ot T 1 IS 2 11 ] BHL
Wi B 6T EPC 20 i i B B, R BHIZ R PR MK R
BB L R R  or 2 — o SR IIRAECY AR ST R RE
WIS BT R AR S i, R B AR T
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Fig. 6 Detection of cytokine genes expression in various tissues

Values with different lowercases letters indicate significant differences between different groups (P<0.05)
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Fig. 7 Immune protection rate after challenge

W i 2H T P LAT RO R AR K T RIPE T, T
FUFT A 2H 500 RRZH A L o 25 4 a1 ey A= KM .
Zokaeifar %5 P BIF 5T K WY, 2 bR R B ZF AT A
(Bacillus subtilis) %} JL 244 1= Xt F (Litopenaeus van-
namei ) [¥GERAREE A K BE BER S, 54
S5 R T W FLFT R A A5 R A — B, RIFEZE A
GUTHESE R, A EZEARAT R . MY IR (L.
plantarum) T 3% I ¥R B (Enterococcus faecalis) %
2:3: 18032 1 BCHOIRG T LA i B 1
Iy (Hippocampus erectus) 41 1 B A K PERE . X2
HAEPT BT R I, 5 a0 A R R4 H 3
P R 28.6%, AT 5 BT WG A R 0 19.3% A
DL EWFR S R AL EE R —2, (HEEAT
B FLAT IS5 A e i A, HENI AT RE S e D fig
THFEDUA R BER A G,

MG PAFAEZ R A C P 7, HR AR
LB HUR AR R RE S B EASG, A
GETE A S G P8 45 o R T A 3 PO O S e AR
b, Horb IgM AR EE N REEREN, 2511
W AER R e, SRR, EA TR
P AR IgM M, UL RRIOE 1 R
WRPE, 5 Tian % J& Zhang 65 WFSE 45 HAH—
B [FRE C3. CATEANTE A RBLR I E 2] 2
BLRNEBRVERT . 5 B AN AT MR RE AL U T T
I SOD. CAT FiI AKP 45 i i 2 fif 40 o £ 1
ARG 45 R B8, Le-mes-ompA. Le-mes-flad #4
i C3. C4. LZM. SOD. CAT I AKP ik [fE
T FOL TR, 45 558w h
JIf0 A 555 B2 1 BB S A S BB rh C3 Rk B
AH—E(, Zhang S5 ¥ ompA 1 ) B 40+ B FLAT IH
F R G tifl, 2558 R AKP, LZM 1 SOD #ik
RIS . N NFL S WY R LG R FLAT T RE
P22 35 5 B Ak 0 (0. niloticus GIFT) IfiLi% 1 SOD .

https://www.china-fishery.cn

AKP WGtk aRBERE ST R, ZERAT R T B
P75 FLGN T X R R T i ik, X IR S AR
WF 5% & W &2 A 25 4 T 5 R 08 3 B (Salmo
salar) F)THALEGERIAERE S MR fabn 5 T, 5
AHIF 5 1 LT TR R 8 B8 v A G g [N - 3R GA
H R

B/ e 2 s i N B W o SRR
S NN 2% 20 AU A DG S g R R AT T RO B
PCR Al . TNF-o 78555 I AR AL B E 38 3 42
PR IO TR, ASBFFE T Le-mes-flad 415 Le-
mes-ompA AR T X R4 B f s T A AL 8l
B TNF-a 3¢k 18, 5 Tian 2% F1 Zhang %% ff
TR —8 -1 REERENFZ—, 6
M7 AT A AN T, 2Rk B BRI R A
IiRe, AWFFEH Le-mes-ompA 5 Le-mes-flad Y1
BSR4 BB IL-14, I 58w T HAL =
A, SKARESED LT H K PME ompd 1
DR A LA A ) A A B LSRR 7 1) B s
S A3 AT 45 AL . [RlFE 5 Kong 551 A 4E [T
SRR flaB 3 DR H 21 T 1 LA 1R 0 A e S R
IR 7P G T 3 B rh SR B R R R AS DU 25 SR AR
ST 4R LB R, Le-mes-ompA BE W55 S TNF-a.
IL-8. IL-18 1 NF-xB ¥ w7k P33k, HJEE AT
AE/Z OmpA TEMANTR I F EZE A, EVURNA
TS MU AZ A, BB A T A DG G il B 1
TNF-a., IL-8. IL-18 I NF-xkB. Ti{E4$4041% TLRS
M MYD 88 By 76k H, Le-mes-flad 41 3% & T H:
fgh, FE T TLRS ZHEEHE AR R M2,
17 #0068 13006 TLRS 22 4R 2 J5 8 a7F AH 56 e gie
N, #ET 433 MYD 88, I #E 5 Le-mes-ompA Fl
Le-mes-flaA FAXF -3 53000 59% Fil 54%, 4.3
X RRAL AN S ORI AL, 505 (PR PR g R AHAT,
[F) Ayl 2R B 2 b 21 T W FLAT B 39— PR E
H o 5 Tian 2P Zhang % fil Kong %5 ") ff
FEGE AN —2, WS TR B AR A 18 o e i
JE R IITETG %, 4% TLRS /& FlaA & 104 5
ZAR, HAG 5% T8 B AR DU o v B AR
M, BRESE SRS S S AR IE N 1
mERs, SEWUE A B ELIFT & TLR MK
BB e Bk ™, IR I H ] BB 2 Le-mes-flad %5 Le-
mes-ompA GPE S 55 1 IR R 22—

4 ZEp

ARG L R T AR H 2 T A& FLAT IR Le-

R E K224 F 7/ sponsored by China Society of Fisheries


https://www.china-fishery.cn

14

RAMNE, 2. BER MR ompd | flad FE DR F 2T B FLAT PO LA 1 2 S e O S B 81

mcs-ompA F Le-mes-flad, ¥R FRREIL,
TEAERKIRPRTIC W AL EOL T , HASC e dibn
¥yt AL, RV HE AR GBS 1E S HUA " E
B KPR RE )T, SR RTAE AR AE TS,
B R —E R R VE ] o ABFRE SR K= 57
B 3505 B TR B HE T AT IR R O 1), Ak =LA
TR R AR5 B E M

(3 7 WA A SUT 52 B s A2 B Al 22 o )

S EHK (References):

[1]

[6]

Abbott S L, Cheung W K W, Janda J M. The genus
Aeromonas: biochemical characteristics, atypical reac-
tions, and phenotypic identification schemes[J]. Journal
of clinical microbiology, 2003, 41(6): 2348-2357.
2%, k&2, BRITHR, &5, 141 3k 8 B0 1 /K <5
T 70 125 46 5 5 75 70 Bk R RO I 2 Tt 24 2 v ], o
BAEERIAE, 2017, 47(1): 100-108.

Tian J X, Zhang D X, Kang Y H, et al. Isolation and
identification, virulence factor detection andsusceptibil-
ity test of pathogen Aeromonas hydrophila isolated from
Megalobrama amblycephala[J]. Chinese Veterinary Sci-
ence, 2017, 47(1): 100-108 (in Chinese).

FRETCHR, TR B, Bisfl, 5. 4 PR B R TR
R 0], BN 3t B S AR, 2018, 34(5): 452-
459,465.

Kang Y H, Zhang D X, Yang B T, et al. Latest research
progress on Aeromonas veronii[J]. Chinese Journal of
Zoonoses, 2018, 34(5): 452-459,465 (in Chinese).
Fz, AT, AR, S B miR-46238 i 5T )
x32.2+ slc9a3. 1 Flebk 1% /K 50T 1 SR G 175 1
G B NE D). K77 241, 2020, 44(9): 1467-1476.

Wang A Q, Tao L Z, Zhou F L, et al. miR-462 modu-
lates cellular immune response by targeting cx32.2,
slc9a3.1 and tbk1 in CIK cells infected with Aderomonas
hydrophila[J]. Journal of Fisheries of China, 2020,
44(9): 1467-1476 (in Chinese).

Guo W, He Q, Wang Z Y, et al. Influence of antimicro-
bial consumption on gram-negative bacteria in inpa-
tients receiving antimicrobial resistance therapy from
20082013 at a tertiary hospital in Shanghai, China[J].
American Journal of Infection Control, 2015, 43(4): 358-
364.

Sinclair H A, Heney C, Sidjabat H E, et al. Genotypic

and phenotypic identification of Aeromonas species and

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

[10]

[11]

[12]

[13]

CphA-mediated carbapenem resistance in Queensland,
Australia[J].
Disease, . 2016, 85(1): 98-101.

L, AR, FBEAR, 4. 2010—20164F 5 K — &P
JoiE SN B B T 25 PR A 0] o R G ST R,
2017, 17(6): 653-657.

He T, Yang S S, Deng L J, et al. Antimicrobial resist-

Diagnostic Microbiology and Infectious

ance profile of the Aeromonas strains isolated from extra-
intestinal specimens in a hospital in Chongqing[J].
Chinese Journal of Infection and Chemotherapy, 2017,
17(6): 653-657 (in Chinese).

BRo5 D5, R, X 1 KR A B P YR A L T
W5 8 5 258 A (7). U B 2%, 2012, 9(2): 137-
139.

Chen S F, Wang F P, Zhao J. Analysis of separation and
drug susceptibility strains of Aeromonas hydrophila
endogenous infection[J]. Anti-Infection Pharmacy, 2012,
9(2): 137-139 (in Chinese).

WU, MR, £ B E R R IR KR
BEUCIILRE 1491 (], 58 =2 1 K554, 2008, 30(3): 206.
You Z L, Chen S, Wang Y M. A case of chronic severe
hepatitis complicated with sepsis of Aeromonas hydro-
phila[J]. Acta Academiae Medicinaec Militaris Tertiae,
2008, 30(3): 206 (in Chinese).

REL, A 4L, TRV, WE /KR I T 1 T e o R R
FETZ 1 [J]. [ JRR A BZ B 2% &5, 2006, 22(8): 703-
704.

Zhu H, Niu H X, He C D. A death case of facial cellu-
litis caused by Aeromonas hydrophila[J]. China Journal
of Leprosy and Skin Diseases, 2006, 22(8): 703-704 (in
Chinese).

Santos L, Ramos F. Antimicrobial resistance in aquacul-
ture: current knowledge and alternatives to tackle the
problem[J]. International Journal of Antimicrobial
Agents, 2018, 52(2): 135-143.

Collignon P, Beggs J J, Walsh T R, er al. Anthropolo-
gical and socioeconomic factors contributing to global
antimicrobial resistance: a univariate and multivariable
analysis[J]. The Lancet Planetary Health, 2018, 2(9):
€398-e405.

FEIEHK, ZE k7, whII, 5. K7 b b g 7K o P B T 24
PEREFEHE RE[T]. B4 TR, 2019, 35(5): 759-765.
Ren Y L, Li Y, Han G, et al. Research advances in drug
resistance of Aeromonas hydrophila in fishery[J].

Chinese Journal of Biotechnology, 2019, 35(5): 759-765

https://www.china-fishery.cn


http://dx.doi.org/10.1128/JCM.41.6.2348-2357.2003
http://dx.doi.org/10.1128/JCM.41.6.2348-2357.2003
http://dx.doi.org/10.11964/jfc.20200212162
http://dx.doi.org/10.11964/jfc.20200212162
http://dx.doi.org/10.1016/j.ajic.2014.12.010
http://dx.doi.org/10.3969/j.issn.1672-7878.2012.02-016
http://dx.doi.org/10.3969/j.issn.1672-7878.2012.02-016
http://dx.doi.org/10.3321/j.issn:1000-5404.2008.03.031
http://dx.doi.org/10.3321/j.issn:1000-5404.2008.03.031
http://dx.doi.org/10.3969/j.issn.1009-1157.2006.08.054
http://dx.doi.org/10.3969/j.issn.1009-1157.2006.08.054
http://dx.doi.org/10.3969/j.issn.1009-1157.2006.08.054
http://dx.doi.org/10.1016/j.ijantimicag.2018.03.010
http://dx.doi.org/10.1016/j.ijantimicag.2018.03.010
http://dx.doi.org/10.1016/S2542-5196(18)30186-4
http://dx.doi.org/10.1128/JCM.41.6.2348-2357.2003
http://dx.doi.org/10.1128/JCM.41.6.2348-2357.2003
http://dx.doi.org/10.11964/jfc.20200212162
http://dx.doi.org/10.11964/jfc.20200212162
http://dx.doi.org/10.1016/j.ajic.2014.12.010
http://dx.doi.org/10.3969/j.issn.1672-7878.2012.02-016
http://dx.doi.org/10.3969/j.issn.1672-7878.2012.02-016
http://dx.doi.org/10.3321/j.issn:1000-5404.2008.03.031
http://dx.doi.org/10.3321/j.issn:1000-5404.2008.03.031
http://dx.doi.org/10.3969/j.issn.1009-1157.2006.08.054
http://dx.doi.org/10.3969/j.issn.1009-1157.2006.08.054
http://dx.doi.org/10.3969/j.issn.1009-1157.2006.08.054
http://dx.doi.org/10.1016/j.ijantimicag.2018.03.010
http://dx.doi.org/10.1016/j.ijantimicag.2018.03.010
http://dx.doi.org/10.1016/S2542-5196(18)30186-4
http://dx.doi.org/10.1128/JCM.41.6.2348-2357.2003
http://dx.doi.org/10.1128/JCM.41.6.2348-2357.2003
http://dx.doi.org/10.11964/jfc.20200212162
http://dx.doi.org/10.11964/jfc.20200212162
http://dx.doi.org/10.1016/j.ajic.2014.12.010
http://dx.doi.org/10.3969/j.issn.1672-7878.2012.02-016
http://dx.doi.org/10.3969/j.issn.1672-7878.2012.02-016
http://dx.doi.org/10.3321/j.issn:1000-5404.2008.03.031
http://dx.doi.org/10.3321/j.issn:1000-5404.2008.03.031
http://dx.doi.org/10.3969/j.issn.1009-1157.2006.08.054
http://dx.doi.org/10.3969/j.issn.1009-1157.2006.08.054
http://dx.doi.org/10.3969/j.issn.1009-1157.2006.08.054
http://dx.doi.org/10.1016/j.ijantimicag.2018.03.010
http://dx.doi.org/10.1016/j.ijantimicag.2018.03.010
http://dx.doi.org/10.1016/S2542-5196(18)30186-4
http://dx.doi.org/10.1128/JCM.41.6.2348-2357.2003
http://dx.doi.org/10.1128/JCM.41.6.2348-2357.2003
http://dx.doi.org/10.11964/jfc.20200212162
http://dx.doi.org/10.11964/jfc.20200212162
http://dx.doi.org/10.1016/j.ajic.2014.12.010
http://dx.doi.org/10.3969/j.issn.1672-7878.2012.02-016
http://dx.doi.org/10.3969/j.issn.1672-7878.2012.02-016
http://dx.doi.org/10.3321/j.issn:1000-5404.2008.03.031
http://dx.doi.org/10.3321/j.issn:1000-5404.2008.03.031
http://dx.doi.org/10.3969/j.issn.1009-1157.2006.08.054
http://dx.doi.org/10.3969/j.issn.1009-1157.2006.08.054
http://dx.doi.org/10.3969/j.issn.1009-1157.2006.08.054
http://dx.doi.org/10.1016/j.ijantimicag.2018.03.010
http://dx.doi.org/10.1016/j.ijantimicag.2018.03.010
http://dx.doi.org/10.1016/S2542-5196(18)30186-4
https://www.china-fishery.cn

82

Koo R

46 &

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(in Chinese).

W, I RLRE, W, S WK R B B ) T K
o o 2 o B AR WF 7T e 3], AL R, 2012(6):
324-327.

Jiang Q H, Ye Y W, Hu W, et al. Research progresses of
virulence factors and control technologies in Aeromonas
hydrophila[J]. Modern Agricultural Sciences and Tech-
nology, 2012(6): 324-327 (in Chinese).

TR, TROCE, T SR KR B SO T S R
FIRF A SRR AUk R [J]. R 7R 40, 2017(10): 59-61.
Ge M X, Zhang W X, Ding D. Research progress on the
correlation between pathogenicity and virulence factors
of Aeromonas hydrophila in fish[J]. Scientific Fish
Farming, 2017(10): 59-61 (in Chinese).

BL, Y. VK RN R ) T S R 0]
K= 2%, 2013, 26(5): 61-64.

Li S W, Lu T Y. Research advances of virulence factors
in bacterium Aeromonas hydrophila[J]. Chinese Journal
of Fisheries, 2013, 26(5): 61-64 (in Chinese).

Chopra A K, Houston C W, Peterson J W, et al. Cloning,
expression, and sequence analysis of a cytolytic entero-
toxin gene from Aeromonas hydrophila[J]. Canadian
Journal of Microbiology, 1993, 39(5): 513-523.

QinY X, Lin G F, Chen W B, et al. Flagellar motility is
necessary for Aeromonas hydrophila adhesion[J]. Micro-
bial Pathogenesis, 2016, 98: 160-166.

BT FR, 2L, 5 B KT T RGBT R A SN
HATASER v 5 25 T (0], E R 40 2 5 R A
22,2014, 33(1): 29-35.

Li X, Hu X C, Lan Y, et al. Cloning and structure pre-
diction of adhesion gene and outer membrane protein a
gene from Aeromonas hydrophila[J]. Genomics and
Applied Biology, 2014, 33(1): 29-35 (in Chinese).

Kong Y D, Kang Y H, Tian J X, et al. Oral immuniza-
tion with recombinant Lactobacillus casei expressing
flaB confers protection against Aeromonas veronii chal-
lenge in common carp, Cyprinus carpio[J]. Fish & Shell-
fish Immunology, 2019, 87: 627-637.

Fang H M, Ling K C, Ge R, et al. Enhancement of pro-
tective immunity in blue gourami, Trichogaster
trichopterus (Pallas), against Aeromonas hydrophila and
Vibrio anguillarum by A. hydrophila major adhesin[J].
Journal of Fish Diseases, 2000, 23(2): 137-145.

X, EEE, ERR, 45 FLBREFY DNA Z %
R FLEE R [3]. H SR 2R K, 2016, 52(7): 67-69.

https://www.china-fishery.cn

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

Liu J, Yang G L, Wang C F, et al. Research progress of
lactic acid bacteria as DNA vaccine carriers[J]. Chinese
Journal of Veterinary Medicine, 2016, 52(7): 67-69 (in
Chinese).

JE, KA. KR B S ORI S R (D). 2R
MR ERLE, 2012, 35(2): 126-133,141.

Zhou Y, Zhou Q B. A review of the method in prevent
and control the harm of Aeromonas hydrophila[J]. Biolo-
gical Disaster Science, 2012, 35(2): 126-133,141 (in
Chinese).

YuJ H, Han J J, Kim H J, et al. First report of Aeromo-
nas veronii infection in farmed Israeli carp Cyprinus car-
pio in Korea[J]. Journal of Fish Pathology, 2010, 23(2):
165-176.

Goldschmidt - Clermont E, Wahli T, Frey J, et al. Iden-
tification of bacteria from the normal flora of perch,
Perca fluviatilis L., and evaluation of their inhibitory
potential towards Aeromonas species[J]. Journal of Fish
Diseases, 2008, 31(5): 353-359.

Guzman-Murillo M A, Ascencio F. Anti-adhesive activ-
ity of sulphated exopolysaccharides of microalgae on
attachment of red sore disease-associated bacteria and
Helicobacter pylori to tissue culture cells[J]. Letters in
Applied Microbiology, 2010, 30(6): 473-478.

Kamilya D, Baruah A. Epizootic ulcerative syndrome
(EUS) in fish: history and current status of understand-
ing[J]. Reviews in Fish Biology and Fisheries, 2014,
24(1): 369-380.

Jang M J, Kim J E, Chung Y H, ef al. Dendritic cells
stimulated with outer membrane protein A (OmpA) of
Salmonella typhimurium generate effective anti-tumor
immunity[J]. Vaccine, 2011, 29(13): 2400-2410.

Qin Y X, Lin G f, Chen W B, et al. Flagellar motility
contributes to the invasion and survival of Aeromonas
hydrophila in Anguilla japonica macrophages[J]. Fish &
Shellfish Immunology, 2014, 39(2): 273-279.

Fang H M, Ge R W, Sin Y M. Cloning, characterisation
and expression of Aeromonas
adhesin[J]. Fish & Shellfish Immunology, 2004, 16(5):
645-658.

SR, TR, IR, A5 A0 S B0 I KR T A
A TolCH A% 2 3E R AT IR 23 (3], VAT i AR LA 272,
2021, 50(3): 157-164.

hydrophila major

Rong N, Jian S J, Sun W, et al. Prokaryotic expression
and antigenicity analysis of outer membrane protein

R E K224 F 7/ sponsored by China Society of Fisheries


http://dx.doi.org/10.3969/j.issn.1007-5739.2012.06.203
http://dx.doi.org/10.3969/j.issn.1007-5739.2012.06.203
http://dx.doi.org/10.3969/j.issn.1007-5739.2012.06.203
http://dx.doi.org/10.3969/j.issn.1007-5739.2012.06.203
http://dx.doi.org/10.3969/j.issn.1005-3832.2013.05.014
http://dx.doi.org/10.3969/j.issn.1005-3832.2013.05.014
http://dx.doi.org/10.3969/j.issn.1005-3832.2013.05.014
http://dx.doi.org/10.1139/m93-073
http://dx.doi.org/10.1139/m93-073
http://dx.doi.org/10.1016/j.micpath.2016.07.006
http://dx.doi.org/10.1016/j.micpath.2016.07.006
http://dx.doi.org/10.1046/j.1365-2761.2000.00229.x
http://dx.doi.org/10.1111/j.1365-2761.2008.00912.x
http://dx.doi.org/10.1111/j.1365-2761.2008.00912.x
http://dx.doi.org/10.1007/s11160-013-9335-5
http://dx.doi.org/10.1016/j.vaccine.2011.01.036
http://dx.doi.org/10.3969/j.issn.1007-5739.2012.06.203
http://dx.doi.org/10.3969/j.issn.1007-5739.2012.06.203
http://dx.doi.org/10.3969/j.issn.1007-5739.2012.06.203
http://dx.doi.org/10.3969/j.issn.1007-5739.2012.06.203
http://dx.doi.org/10.3969/j.issn.1005-3832.2013.05.014
http://dx.doi.org/10.3969/j.issn.1005-3832.2013.05.014
http://dx.doi.org/10.3969/j.issn.1005-3832.2013.05.014
http://dx.doi.org/10.1139/m93-073
http://dx.doi.org/10.1139/m93-073
http://dx.doi.org/10.1016/j.micpath.2016.07.006
http://dx.doi.org/10.1016/j.micpath.2016.07.006
http://dx.doi.org/10.1046/j.1365-2761.2000.00229.x
http://dx.doi.org/10.1111/j.1365-2761.2008.00912.x
http://dx.doi.org/10.1111/j.1365-2761.2008.00912.x
http://dx.doi.org/10.1007/s11160-013-9335-5
http://dx.doi.org/10.1016/j.vaccine.2011.01.036
http://dx.doi.org/10.3969/j.issn.1007-5739.2012.06.203
http://dx.doi.org/10.3969/j.issn.1007-5739.2012.06.203
http://dx.doi.org/10.3969/j.issn.1007-5739.2012.06.203
http://dx.doi.org/10.3969/j.issn.1007-5739.2012.06.203
http://dx.doi.org/10.3969/j.issn.1005-3832.2013.05.014
http://dx.doi.org/10.3969/j.issn.1005-3832.2013.05.014
http://dx.doi.org/10.3969/j.issn.1005-3832.2013.05.014
http://dx.doi.org/10.1139/m93-073
http://dx.doi.org/10.1139/m93-073
http://dx.doi.org/10.1016/j.micpath.2016.07.006
http://dx.doi.org/10.1016/j.micpath.2016.07.006
http://dx.doi.org/10.1046/j.1365-2761.2000.00229.x
http://dx.doi.org/10.1111/j.1365-2761.2008.00912.x
http://dx.doi.org/10.1111/j.1365-2761.2008.00912.x
http://dx.doi.org/10.1007/s11160-013-9335-5
http://dx.doi.org/10.1016/j.vaccine.2011.01.036
http://dx.doi.org/10.3969/j.issn.1007-5739.2012.06.203
http://dx.doi.org/10.3969/j.issn.1007-5739.2012.06.203
http://dx.doi.org/10.3969/j.issn.1007-5739.2012.06.203
http://dx.doi.org/10.3969/j.issn.1007-5739.2012.06.203
http://dx.doi.org/10.3969/j.issn.1005-3832.2013.05.014
http://dx.doi.org/10.3969/j.issn.1005-3832.2013.05.014
http://dx.doi.org/10.3969/j.issn.1005-3832.2013.05.014
http://dx.doi.org/10.1139/m93-073
http://dx.doi.org/10.1139/m93-073
http://dx.doi.org/10.1016/j.micpath.2016.07.006
http://dx.doi.org/10.1016/j.micpath.2016.07.006
http://dx.doi.org/10.1046/j.1365-2761.2000.00229.x
http://dx.doi.org/10.1111/j.1365-2761.2008.00912.x
http://dx.doi.org/10.1111/j.1365-2761.2008.00912.x
http://dx.doi.org/10.1007/s11160-013-9335-5
http://dx.doi.org/10.1016/j.vaccine.2011.01.036
https://www.china-fishery.cn

134 MM, 25 WK ompd . flaA J: IR E 4 T W LA 180 8 A2 4 R S e OR 43 #r 83
TolC of fish pathogenic Aeromonas hydrophila[l]. efficacy evaluation of attenuated vaccine candidate
Journal of Henan Agricultural Sciences, 2021, 50(3): 157- strains of Aeromanas  schubertii from hybrid
164 (in Chinese). snakehead[J]. Freshwater Fisheries, 2019, 49(5): 74-79

[32] Zhang D X, Kang Y H, Chen L, et al. Oral immuniza- (in Chinese).
tion with recombinant Lactobacillus casei expressing [40]  XI/NFS, EAREA, SR IN, 55, EERFLAT X E P IR
OmpAl confers protection against Aeromonas veronii K, AR g T M N I T T O S ).
challenge in common carp, Cyprinus carpio[J]. Fish & IR AR REE, 2013, 40(1): 123-126.

Shellfish Immunology, 2018, 72: 552-563. Liu X L, Cao J M, Kuang Z S, et al. Effect of dietary

[33]  Rabaan A A, Gryllos I, Tomds J M, et al. Motility and Lactobacillus on growth performance, non-specific
the polar flagellum are required for Aeromonas caviae immune enzymes activities and intestinal microflora of
adherence to HEp-2 cells[J]. Infection and Immunity, Oreochromis niloticus GIFT[J]. Guangdong Agricul-
2001, 69(7): 4257-4267. tural Sciences, 2013, 40(1): 123-126 (in Chinese).

[34] Huleatt J] W, Nakaar V, Desai P, et al. Potent immuno- [41]  TRIENE. 2675 WX FLAE0 R 4 ) . Ve
genicity and efficacy of a universal influenza vaccine ik, 2020(5): 71-72
candidate comprising a recombinant fusion protein link- Zhang X H. The effect of probiotics on the immunity of
ing infl M2e to the TLRS li flagellin[J]. - .

g miuenza Wce fo fhe 5 ligand flagellin[J]. Vac Litopenaeus vannamei[J]. Ocean and Fishery, 2020(5):
ine, 2008, 26(2): 201-214.
eme, »26(2) 71-72 (in Chinese).

35 Zokaeifar H, Balcazar J L, Saad C R, et al. Effects of e as . e e e o

(35 [42] UL, WRAE, 452, . 54 26 Ak T LK 7 4
Bacillus subtilis on the growth performance, digestive . ,

srowi P ¢ (Salmo salar)2E Ko LR RIAERE 53 1 S SR bR IO
enzymes, immune gene expression and disease resist- . .
). ol RLEEHERE, 2017, 38(5): 100-106.
ance of white shrimp, Litopenaeus vannamei[J]. Fish & . . o
Liu S L, Chen J, LiJ, et al. Effects of complex-probiotic-
Shellfish Immunology, 2012, 33(4): 683-689.
. . . " . preparation on the growth, digestive enzymes and the
[36] L&, SRR, XgE, & ANEREC B G ik A TR K e i ., ¢ atlantic <al (st
I . s nonspecific immune indices of atlantic salmon (Salmo
LA EK R R, i, 2020,
salar)[J]. Progress in Fishery Sciences, 2017, 38(5): 100-
42(3): 365-374.
. . . 106 (in Chinese).
Cai Y S, Zhang D, Liu X, et al. Effects of three probiot- s X
o . _ [43]  GRAE, BEOTH, HfEE, &%, 4E IR FOmpA T 2
ics in different proportions on survival, growth and B
. , A | S5 2R LR T 0 St R G 3R 7 0 R e 2 SR M
immune response of Hippocampus erectus juveniles[J].
AN F| 24 3] . -
Marine Fisheries, 2020, 42(3): 365-374 (in Chinese). BT HERHEREE, 2017, 47(2): 227-234.

(37] SRR IE, e, R IE. N 4 25 A R B IR 7L Zhang D X, Kang Y H, Tian J X, et al. Construction and
TR RIS, 21K BB, 2019Q2): 5. immunogenicity analysis of recombinant Lactobacillus
LiuJ H, Xu L, Liang Z. The effect of feeding compound plantarum expressing OmpA I gene of Aeromonas ver-
probiotic fermentation broth on the production perform- oniilJ]. Chinese Veterinary Science, 2017, 47(2): 227-
ance of lactating sows[J]. Modern Livestock and Poultry 234 (in Chinese).

Breeding Industry, 2019(2): 5 (in Chinese). [44] Kong Y D, Li M, Tian J X, et al. Effects of recombinant

[38] TianJ X, Kang Y H, Chu G S, et al. Oral administration Lactobacillus casei on growth performance, immune
of Lactobacillus casei expressing flagellin a protein con- response and disease resistance in crucian carp,
fers effective protection against Aeromonas veronii in Carassius auratus[J]. Fish & Shellfish Immunology,
common carp, Cyprinus carpio[J]. International Journal 2020, 99: 73-85.
of Molecular Sciences, 2019, 21(1): 33. [45]1  VEVEERE, ARMSTR, WEARAS. MR TollRE 24k K HAR 5 1%

(391 WS, XUALHE, Mol I, & A 52 AT RS AR IR T 5 S AR T]. KA AR, 2015, 39(1): 173-184.

B B 6 08 R 07 308 B G A SR A (0], K,
2019, 49(5): 74-79.
HuL, LiuL H, Yang Y Y, ef al. Screening and immune

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

Fan Z J, Zou P F, Yao C L. Toll-like receptors (TLR)
and its signaling pathway in teleost[J]. Acta Hydrobiolo-
gica Sinica, 2015, 39(1): 173-184 (in Chinese).

https://www.china-fishery.cn


http://dx.doi.org/10.1128/IAI.69.7.4257-4267.2001
http://dx.doi.org/10.1016/j.vaccine.2007.10.062
http://dx.doi.org/10.1016/j.vaccine.2007.10.062
http://dx.doi.org/10.3969/j.issn.1004-2490.2020.03.012
http://dx.doi.org/10.3969/j.issn.1004-2490.2020.03.012
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3390/ijms21010033
http://dx.doi.org/10.3390/ijms21010033
http://dx.doi.org/10.3969/j.issn.1000-6907.2019.05.011
http://dx.doi.org/10.3969/j.issn.1000-6907.2019.05.011
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.11758/yykxjz.20160605001
http://dx.doi.org/10.11758/yykxjz.20160605001
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.1128/IAI.69.7.4257-4267.2001
http://dx.doi.org/10.1016/j.vaccine.2007.10.062
http://dx.doi.org/10.1016/j.vaccine.2007.10.062
http://dx.doi.org/10.3969/j.issn.1004-2490.2020.03.012
http://dx.doi.org/10.3969/j.issn.1004-2490.2020.03.012
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3390/ijms21010033
http://dx.doi.org/10.3390/ijms21010033
http://dx.doi.org/10.3969/j.issn.1000-6907.2019.05.011
http://dx.doi.org/10.1128/IAI.69.7.4257-4267.2001
http://dx.doi.org/10.1016/j.vaccine.2007.10.062
http://dx.doi.org/10.1016/j.vaccine.2007.10.062
http://dx.doi.org/10.3969/j.issn.1004-2490.2020.03.012
http://dx.doi.org/10.3969/j.issn.1004-2490.2020.03.012
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3390/ijms21010033
http://dx.doi.org/10.3390/ijms21010033
http://dx.doi.org/10.3969/j.issn.1000-6907.2019.05.011
http://dx.doi.org/10.3969/j.issn.1000-6907.2019.05.011
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.11758/yykxjz.20160605001
http://dx.doi.org/10.11758/yykxjz.20160605001
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.3969/j.issn.1000-6907.2019.05.011
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.11758/yykxjz.20160605001
http://dx.doi.org/10.11758/yykxjz.20160605001
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.1128/IAI.69.7.4257-4267.2001
http://dx.doi.org/10.1016/j.vaccine.2007.10.062
http://dx.doi.org/10.1016/j.vaccine.2007.10.062
http://dx.doi.org/10.3969/j.issn.1004-2490.2020.03.012
http://dx.doi.org/10.3969/j.issn.1004-2490.2020.03.012
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3390/ijms21010033
http://dx.doi.org/10.3390/ijms21010033
http://dx.doi.org/10.3969/j.issn.1000-6907.2019.05.011
http://dx.doi.org/10.3969/j.issn.1000-6907.2019.05.011
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.11758/yykxjz.20160605001
http://dx.doi.org/10.11758/yykxjz.20160605001
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.1128/IAI.69.7.4257-4267.2001
http://dx.doi.org/10.1016/j.vaccine.2007.10.062
http://dx.doi.org/10.1016/j.vaccine.2007.10.062
http://dx.doi.org/10.3969/j.issn.1004-2490.2020.03.012
http://dx.doi.org/10.3969/j.issn.1004-2490.2020.03.012
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3390/ijms21010033
http://dx.doi.org/10.3390/ijms21010033
http://dx.doi.org/10.3969/j.issn.1000-6907.2019.05.011
http://dx.doi.org/10.1128/IAI.69.7.4257-4267.2001
http://dx.doi.org/10.1016/j.vaccine.2007.10.062
http://dx.doi.org/10.1016/j.vaccine.2007.10.062
http://dx.doi.org/10.3969/j.issn.1004-2490.2020.03.012
http://dx.doi.org/10.3969/j.issn.1004-2490.2020.03.012
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3969/j.issn.1005-5959.2019.02.002
http://dx.doi.org/10.3390/ijms21010033
http://dx.doi.org/10.3390/ijms21010033
http://dx.doi.org/10.3969/j.issn.1000-6907.2019.05.011
http://dx.doi.org/10.3969/j.issn.1000-6907.2019.05.011
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.11758/yykxjz.20160605001
http://dx.doi.org/10.11758/yykxjz.20160605001
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.3969/j.issn.1000-6907.2019.05.011
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1004-874X.2013.01.040
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.3969/j.issn.1672-4046(s).2020.05.031
http://dx.doi.org/10.11758/yykxjz.20160605001
http://dx.doi.org/10.11758/yykxjz.20160605001
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
http://dx.doi.org/10.7541/2015.22
https://www.china-fishery.cn

84 KopE OE R 46 45

Effects of recombinant Lactobacillus casei from Aeromonas hydrophila
ompA and flaA genes on the growth and immunity in
common carp (Cyprinus carpio)

ZHAO Linhui ***,  TIAN Jiaxin >**,  KONG Yidi ***, PENG Sibo "***,
SHAN Xiaofeng ¥,  WANG Guigin >**

(1. College of Life Sciences, Jilin Agricultural University, Changchun 130118, China,
2. Joint Laboratory of Modern Agricultural Technology International Cooperation, Ministry of Education,
Jilin Agricultural University, Changchun 130118, China;
3. Ministry of Education Laboratory of Animal Production and Quality Security,
Ministry of Education, Jilin Agricultural University, Changchun 130118, China;
4. Jilin Provincial Key Laboratory of Animal Nutrition and Feed Science, Jilin Agricultural University, Changchun 130118, China)

Abstract: To construct recombinant Lactobacillus casei with ompA and flad of Aeromonas hydrophila and to
detect the growth and immunogenicity of their expression products to common carp, Cyprinus carpio, the target
genes were cloned into Lactobacillus Shuttle expression plasmid pPG612, and electric-transfered into L. casei.
Fish were fed with dietary mixed with different recombinant L. casei for 56 days, and we weighed and collected
serum and tissues, and analyzed the growth and related immune index changes; feeding at 56 days after the
immunization, the growth index results showed that the recombinant L. casei had no significant difference com-
pared with the control group, which showed that it had no effect on growth, immune indexes. Results showed that
level of IgM in serum was significantly increased, alkaline phosphatase (AKP), lysozyme (LZM), superoxide dis-
mutase (SOD), catalase (CAT), Complement 3 (C3) and Complement 4 (C4) were also significantly increased,
qRT-PCR detection found that the expression levels of Interleukin 1p (IL-1p), Interleukin 8 (IL-8), Tumor Nec-
rosis Factor a (TNF-a), Nuclear factor-kappa B (NF-kB), Toll-like receptor 5 (TLR) and myeloid differentiation
factor 88 (MYD88) in liver, spleen, kidney and intestinal tissues after immunization increased significantly to
varying degrees; the expression of TLRS in the Lc-mces-flad group was higher than that in Le-mcs-ompA groups;
after challenge, the immune protection rates of Lc-mcs-ompA4 and Le-mes-flad were 59% and 54%, respectively,
and the survival rate was significantly higher than control group. The constructed recombinant L. casei Le-mcs-
ompA and Le-mes-flad immuned carp could stimulate the body to activate immune response, thereby increasing its
survival rate. It is an oral solution for preventing fish Aderomonas hydrophila infection. The research and develop-
ment of immune preparations laid the foundation and provided scientific theoretical basis.

Key words: Cyprinus carpio; Aeromonas hydrophila; flad; ompA; recombinant Lactobacillus casei; growth and
immunity
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