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—fhE S HmERE X LAEX R ELA Ml E
e gy lia -l

Btk KRR EEm OWEN’ # 4
(I EWFEARY L 201306 2. EKPRERFSB R RIS 7 R SR AR S EE
SER MR BN 5 EO A B SR R HRE K TR B T 9%
H KIS R R T0% ) 266071)

WE  AKFT R | MM 3 AT (Bacillus licheniformis) BL-9 . 1 #kf# ¥ % 4T ¥ (Bacillus
subtilis) BS-12, 1 # 4 W& X # ¥ i ¥ (Pseudoalteromonas flavipulchra) CDM8, DL 1:1: 1 % H
YRR E AR L A 3R T AR vk B A 107 CFU/mI, 34T A #1 30 d By FL 44 3 x4 4T (Litopenaeus
vannamei) Fx FH LW . LR AN T HFBGT 4. mAEFLAERAS d). 8 E I HE (Vibrio
parahaemolyticus) ¥ % #(10 d). R L, FAEAKKPRME S 55 4 W o T F 3 o AR A4t iR
Ji 18 7 B 7% 40 T R B(P<0.05), TKE L 4 R A, SCde 41 i R AR 0E E N (73.3346.83)%, B F
78 T P M xR 4(25.33+15.43) %, X 48 47097 25 B #& B 70 (Heat shock proteins 70, Hsp70). B-1,3-
H RS A G- & A (Beta-1,3-glucan-binding protein-lipoprotein, SGBP-HDL) . fi§ % ##-B-1,3-%# %
¥ %4 & B (Lipopolysaccharide-B-1, 3-glucan binding protein, LGBP) .47 B fk Crustin 7£ % 4 W 4L 2 [
BABALEBREN LR, AREFENRERENLOARNRARN, ERAERAEG T EAGBE
B BFREA, AR AR e S RAT AR A B S A A W B A g A T 4R e FLAY IR X AT A A A
MM EHESERSY, TR NRE TR LA I TR AW E . R X HEE X
KA R AT (CAT) E A X .

KA JUAEEF; B4 mAH; BIALNE,; 2EEHE; TA AR

FESES S945 XEARIRES A XEHRS  2095-9869(2020)03-0133-09

& 1 BF BE AR 3K BE 95 (Acute  hepatopancreatic R EN—RHEME R, Bar, SHRENK
necrosis disease, AHPND)JEIT 5 473k ™ 5 1 3 4 BR X AHPND K W 1 4 @l % i 9 & (Vibrio
WRFEFE Y K R 2 — , % R #E17 pirVP A parahaemolyticus) . YKV [CIRE (V. campbelli). BR3CIK
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2 R ERAES

KB (V. owensii) 35 (BLPFAE, 2018) o AT BT FH Bl 1ML
I WA SER 2 TE 2013 4E AT VHE AHPND 9 ML4Y
TEXTHR (Litopenaeus vannamei) 153 B H 1 #RECH T
# Il 9K B (AHPND-causing Vibrio parahaemolyticus,
Vpauenn)s 5K 20130629002801, %% i L IGT54)
PRI BB VR B (LDso) A 2.58x10° CFU/mI(F- W %%,
2016; PR5E5E4E, 2018),

g A TR A8 TE — 5 TR EE YR PN BB i e LA (g
FREATEVERA il 0], AR A &R R Al 2550 5 2 AR
A, TEBESE . B, FRAESFOUSC S8 3] 1B &
J#&(Balcazar et al, 2006). 254 FTE /K= FRFE A FE Y
VEFIOLEA LA JLAS 7T — &3 40w B B ARs5
B A TH AL S AL AL RE ) s e 4k
i, EATERE SR AR ECE R BT
PEDR - SR i A R 0 B0 =i K
PR i 2 S5 5 W) o R R R K PR 5 D 3 5
SR BILAAR 592 D) BE Ok $2 155 P BE 1 55 (Thompson er al,
1999; Balcéazar et al, 2006). = X5 (2017 H E K2
HIFF B (Bacillus magaterium) 1T FLAA I X HF A ) 42
PIFRFE S0, SRS, WS E R ZE AT B 2 B X
UM IRE S s T A 2 21 SKERFRAE(2015)
WEFE RN, LE L b g B — 2 A T O 5 4 AR Y
A b 2 A v T AR R R R R ), HE G 45
AR RBCR A

AT R LE K IR A8 R TR T2 o XD
Z5(2015)FEFR /K AR H TR T3 > vk B PR A R 2 AT T
(B. subtilis)n] LAei 36K T, 42 % R LA Y 5o 0
71, PrEALEe 0y, BEI R 2 AR b 0 FL AR B
(Streptococcus agalactiae)Jig WIRE J1 o HKIXKIKE(2016)
WHFERBL, AW 2R XS HRFRAE R S P SN bR 02, BE
WEE RS, SRR A, YRR TERT BT AR
KB, A FLANE X MR IR K PR B8 i 107 CFU/ml
B Fn A ZE AT (B, licheniformis)BL-9 . #f &
PR BS-12 RS 0 RIVE i B A T MR
S8 ZH RN T 0] HRZH 347 25 B2 1 X MR 1) BT 8 4
18 32 % 7 il 1 (Pseudoalteromonas  flavipulchra)CDMS
HA R B IR AGHURE S (Wang et al, 2018), 1E%AL
Bk 00N, fe W8 m LA XS IF Z T2 R Fn i aR
PL5 (7B AR HSE R (PMEE A, 2019), B, ABF
FEIEFE BB 3 BRTEZH UL A i AR TR S I B FRFE K AR
L P HR FRFE K AR S FLAA TR 8 G L PR
VARG RE ) . AL A (CAT)TEPE . B At
RIZRIR K2R, U 525 4 A TR TE FLAR B XTIR
FRFE RN S

1 #R5F%®
1.1 X5 EE

111 5236 A L4 32 st S 56 FH L4 1 X6 M i)
L AR S M B LK = FR5E A J (R K 6.2~10.6 cm)o
S AT S FROIE(2017)7K A= sh 9w 12 Wi F- Wt & Wang
£(2018) 1 IYPCRIy %, #E4T AHPNDYR (1) & X PCR
R, 25580 B o BemARDR k7 ik R IR AR R PR A
AR P2 ) FLAATEE T R L FURL R R, X RFRAE AR 2% N
100 LAYPCYERHE, FRFEABUKMAI60 LAY i JE TR K o
1.1.2 E®ABARER  LRHEK. &
B CDMS . HIAKZEFUFF IR BL-9. A& ZEF AT
B S-12. BIESIMINE 20130629002801, A 5256

HIRARER A 22168 Kigedk, 28 CIERR %1
F&, HEMW P ODsgy am=1 W (UL, ZHE K2 N
2x10°~3x10° CFU/ml), £ 11 % B, {f A Ashad o s B A
D7 1 VR B I AR AR T IR

CDMS . BL-9 . BS-12F1 &% i 5K & FE A A s
e 43 91 o 2.24%107 . 2.93x107 ., 2.77x107 F12.13x
10° CFU/ml,

1.2 LBHARKESA

SEHG A 3 ANEIHA . BRI L SR TR AR BRI | R
I PR R G 1

BIRI . XPERANAY AL, 3R 7 do AR REAL PRk
12 2 PLAN X BR A 5 SRS, BT 3R 4 7 RAG I F7 5
TR B X R T T B SR N A, SRR X R T R AR AL
SV FHU L 23k % CAT BRG MR B e ta )5
Phik 630 F&R/NEIAT 6 T KA B IR IR 2R S5

i A DAL BRI - X UR 4y A SO 2H AN REH B
7 AT, Hd, 3 AMHTSEIRTE, 4 AHTR
FECH BRAL A 2 21, T05G 150 i Ao B B 1 B 2 R B 2
XTRAEH ), SCIGLH SR KR TP A N A 25 A TR, 451 LA
11 s 1 FeBlgsin, xRN . SC90 N
15d, HT CDMS HEHuae 15w, Bl 2s A4 W g
Boggsmmmr=X, W3dl 1t ANEmEm., 81K
I IngEAE R CDMS B, 5 2 KU BL-9 1 BS-12
W, 35S AR . FERS A AL BRI, 25 7 A
55 14 FAG I FEFE A AR B 3o R i v] B S s B, %
B X} B R 2 20 FH T 3k PR 3 3k R g s P ASE N

B N SRR . XPHRA o 3 4H, SEERdH . FH
PEXT BRI PEXT IR AL, B4l 7 4 F A7, Hp, 34
MG eT R, 4 SHTFRE. 5B RAHEY,
HRAEL B XU 30 BB, TR R A 25 . SEaadl



553 Wi s i A 25 2 TR LA U6 o R R 7 16 I P 4 B 3 1 B i 135
TR B XoF 2 A P )35 IS B V2 VS TR, Sk X IR T 1.62 RIEZBIKRARARBNAER PCR SR ZHR

2.13x10" CFU/ml ¥ 51 B 3 P2 15 min, 4R
Je R TET 1) 7 B 7K A v ) 7 I T AR A K
oI B VR B A 3 2.13%10° CFU/ml 2245, FAPEXT BR
HE TG 22168 5557302 05 o IV I 5 B 2507 3 15
2:10d, WEMEATR M AR . FEHRFR 6. 18,
42, 66, 90 h SR AT IR ) I AR 2 22 1A T S 96 AT S 3
PREGI R, JFGEIT R RN IR ) REBET- %,

1.3 SLIEEE

FIIEELE ST, AR HIEQ28+1) T AR
B RO0F AR PN AT SRR IR R R, A R
2. 48 h Kk 1R, HokEAKRE 2/3,

14 HEREALE

1.4.1  KARFe st dF 7 18 R 7T 38 x4 ) H 2 KA
KX UF B 1 AN BB F 2216E 3506 - H i A 4
177 2o XTHR R 8 TR A, SR X IR S8 A 1 i A
JCWE PBS Z RIS, S5 R4S AT

1.4.2  XTIFAF BRI AR &b R R R AL 22 TE£ N BURE
i [R] AR A X R BB, AEARIOGT AR 2 B, A 3 A4
AT, 26 REXTHR AR A0 XTI I A 8 v U
WG, W E-80°C B AR IR UKAE IR AT -

1.5 RNA 2Bl E cDNA &5

¥ TRIZOL Reagent (Invitrogen)iid 45 #4175
RNA H4i1#2, F Nanodrop 2000c (Thermo)ill 5 RNA
WRE, 1%BU N e rl PRI RNA IR 5, AR AT
T-80°C %5 H . cDNA A UK H TaKaRa A 4 ™= 1 L
EestinR & it ty, XS B & .

1.6 EERHEEE PCR

1.6.1 B %EEE PCR A3l 4 i ] Fast
Essential DNA Green Master 7262 #i& 7] & (Roche,
B o)A TSCRT S ' PCR K, 77k 50 & ikl
W15 o PO AH DI R AR S [ 2 PR ST 9 L3R 1,

fU4% SYBR Premix Ex Taug™ (2x) 12.5 ul, cDNA &t
1 ul, EFHSI#4 0.5 ul (10 pmol/L), DEPC AbH
7K 10.5 ul, PCR RZJWi4c: 94°C, Smin; 94°C 30,
58°C 30s, 72°C 30s, 35 MEFH. FAHLAIFES
W3 AL . R EEEOR A 2 A kAT AR E
I3 M7 (Livak et al, 2001).

1.7 ®EEEEMERN

X 2% 20 FLAR I X HR AT AR 40 23817 CAT B I
FE, M S A I G (Fe ot A ) TR
DL R R
1.8 HIESHWS4E

K SPSS 16.0 A4 %] 52 55 B4l AT B A R 22
53T (One-way ANOVA), L Duncan’s £ AT
AN TR A B R A8 b 3 43, P<0.05 SH 25 R %

2 HERE5HW

2.1 IEAE AL IR HA IR SE K 4 R X BN A B AT B SR T

HE

FRPE KR T B R AN AR DL IR 1A, 7RI zs 4=
B0 d), 454K AR AT 55 72 4 s B 4L T 10° CFU/ml
B 2(P>0.05) . 354 TH AL BRI BEER 7 KRR 14 K52
U1 KA T B R A A AR AL T 107 CFU/mI 304,
23S X BB (P<0.05) . X R IE AT 55 27 40 B0
UL 1B, TEEINEE AR d) ML SR8 40 LA
e 10 CFU B2k, dSINgs s ws g4t ik
NGRS 7 R(3.22x10° CFU), % 14 K
(3.54x10* CFU) W& m TXIACH 7 KN 3.04x
10" CFU, % 14 X4 3.03x10* CFU) (P<0.05).

22 EIRMMERSESEXITRRETE

BRI 5 11 5 B T4 27 e BRI 6 2H 0 B 1 o R 2 B
SFURAT AR H Y, ] TCBS “FHUAs 5%, KilkaE

£1 ERREAEEE PCREIAMSIMEFET

Tab.1 Primer sequences used in quantitive real-time PCR

A NRGEILY AGEILY F7 51 Sk
Gene Forward primer (5'~3") Reverse primer (3'~5") Accession number Reference

p-actin CATCAAGGAGAAACTGTGCT GATGGAGTTGTAGGTGGTCT AF300705 SEMEFE(2012)
Hsp70 CCTCCAGGACTTCTTCAACG GGTCACGTCCAACAGCAAC EF495128 T FH%F(2016)
PGBP-HDL CGAGAACGGACAAGAAGTGGAGG ATCGACGAACACGCAGGGAATG  AY249858 F A5 (2016)
Crustin ACGAGGCAACCATGAAGG AACCACCACCAACACCTAC AY 488497 kB4 (2016)
LGBP CATGTCCAACTTCGCTTTCAGA ATCACCGCGTGCCATCTT AY723297 T HFH%F(2016)
Lysozyme ~ GGACTACGGCATCTTCGAGA ATCGGACATCAGATCGGAAC AY170126.2 SEMEFE(2012)
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A o W SCIS4H Experimental group B -g M 5E554H Experimental group
= E 1401 X}FE4 Control group 5 ~407 Xﬂf’éﬁ Control group

BRSO ) 351
5 E 120 95331 a

S =20 B3 30}
®E 2 100 mgé'
£35S 80 RES 2T
ey #2880l
8 2 S §
HEE 60 ESE sl
552 mgE o
ﬁ;.; 40 g_galo
®EEL 20 2 C05¢

F ig — -E
£ o R
H
ﬁﬁiﬁii@lﬁlﬁ] Problotlcs immersion tlme/d ﬁ"ﬁﬁf%&hﬂﬁ ] PrOblOthS immersion time/d
P FRBEKAAR(A) B K T8 (B) A 3% 37 2 P A
Fig.1 Total number of culturable bacteria in aquaculture water (A) and L. vannamei intestines(B)

AT TSR [ — I (] AN TR 2 2 (A A7 38 22 e, <o R IA] —EH 2 RIS ] I 0] s A7 A 35 22 5 T 1)
Different letters in the same time mean significantly different at 0.05 level (P<0.05),
“*” means significantly different at 0.05 level in the same group (P<0.05). The same as below

SEOEEYE, 5 0RE T EDA R R TS AR . S
55 ZH R B T BEZH B YT RR IS 7RSS 18 /INa I 46 Hh 4K
T WEEJE 258 h B, SCO6 A FBH X R 2 iR iy 22

FRAETE 55350 R 73.33%H1 86.67%, 111 PR Xif R 4 %o}
R BFEIE RN 25.33%, SEEG 4] v FH X R4 &
TG RAE T T 48.00% (35 2).

2.3 XUMAFRRIRE AR EERBENREE

2.3.1 Hsp70 AR eyAast £k & s A2 AL BRI
FLGN TR URIF BRI Hsp70 hAH R 3 1k 100 o 45 51 WL
B 2A. 55 7 KA 14 RGN Kb & & T
X HRAH (P<0.05), HCEEl], MLANEXTARIH R Hsp70
)RR X 28 R 5 R DL D 2B S 4 A B X R
4 Hsp70 FRHRB ETHE TR, ¥7E 18 h
I8 B i KAH(P<0.05)

2.3.2 BGBP-HDL #* R eyAast & ik ¥ % B AL
PRI NLANEXT AR SGBP-HDL HIAHX 354
e 25 R UL E 3A, 55 7 KA 14 RECHGHSEH Rk

TR T R (P<0.05), JCFEM, FLANE G R
JIFBRAR BGBP-HDL (1) HH X} 2% 1k 20 7 45 2R WL 3B,
SEEG X UR ) pGBP-HDL Wik 5T En i T
e M BH X B BT =R R, BT E R R
(A B s S 2H R T I 2 66 DR ) 3k 2 4 I TE 6
H1 66 h 5 Fl| 5 75 (P<0.05).

2.3.3  Crustin A B oA Rk &
B, FLANTERTARAT AR Crustin FRE X 26 35 5 2 45
UL A SER LR Rk mAESE 7 KAEE 14 K3y
R T X IRAL(P<0.05) . MCEE M, FLANIEXT R AT g
R Crustin PIAIXT 228 B E 45 R WA 4B, S256 41 Al
FEE X B2 SE R ) ik Y B e TH s Ja R R a3, 5K
U RL N FGARAE 42 h ARG KM, BHMEXT B4 v
FEITE 18 h RPN iA R KA

2.3.4 LGBP AR £k % T A AL FA
FLAR T UF AT AR LGBP AR 28 ik H ) o2 45 5 0
SA, SCEGHFGREAESS 7 KRB EE TREA, w
TESE 14 KI5 5 AKX BAL0 (P<0.05) . KR

it = P Ak B

F2 FLNEMIFERREIRMINEERREFEER

Tab.2 Accumulative survival rate of L. vannamei post V. parahaemolyticus challenge (%; n=3; X +SD)
2051 JB YL J5 5 ] Time post infection (h)
Group 6 18 42 66 90 114 138 186 210 234 258
Sl 98.67+ 97.33+ 97.33+ 97.33+ 9333+ 90.67+ 82.67+ 7733+ 7333+ 7333+
Exoorimental 100.00£0° . . . . . . . . .
Xperimenta 1.89* 1.89° 1.89° 1.89° 1.89° 1.89° 5.00° 3.78* 6.83* 6.80°
group
PHEE RS AR AL 97.33+  90.67+ 8533+ 80.00+ 66.67+ 60.00+ 46.67+ 38.67+ 28.00+ 25.33+
o 10,0000 9733 67: 33: .00: 67: -00: 67 67 -00< 33
Positive 3.78 4.99 6.80 8.64 6.80 8.64 10.51 10.53 14.24 15.43
control group
BT RS B4 100.00 98.67+ 97.33+ 97.33+ 96.00+ 92.00+ 88.00+ 88.00+ 88.00+ 86.67=
, 100.0040° . . . . . . . . . .
Negative ’ +0° 1.89°  1.89°  1.89* 327" 327" 327" 327" 327" 189

control group

e RGP AR S A [R5 B 20 S 3 1 25 5 (P<0.05)

Note: Different letters in the same column mean significantly different (P<0.05)
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A W SL364H Experimental group B L s el Experimferlltal group
%84 Control grou 8 P4 8 4H Positive control group
50¢ e group B BT B2 Negative control group
=] a S
mmﬂ N * Eﬂﬂ ~ *
) Y a
40T a T 60
s ¥
R’ g 30} b ' = a
£ 2 ] Edol 7 ° ?
& 8 a a b £ 340 b I b
K & 20F izl & I
& 5 I I ol b. [ b
Q2 S22 Ib : c Mlc ¢ 2%
$E0 5E I
>3
&~ -2
0 . . ,
0 7 14
254 B AL FEATE] Probiotics immersion time/d YL S5 At A] Time post challenge/h
B2 FLYEEXTHR TR IR h Hsp70 FE R AH X 2255 5
Fig.2 Relative expression of Hsp70 in the hepatopancreas of L. vannamei
A: fEEALTIRTE; B: BRI E
A: Probiotics immersion period; B: Vpaypnp infection period
B W 525040 Experimental group
A FH % HE4H Positive control group
- . i
L = SZHY4H Experimental group < 100, M SHHEX B Negative control group
% % 50 XFHEZH Control group mg g a
T a T
K& 40 * RE 80
28 2R
-E b~ -E “5
2 530 £ 8 60
= .8 = .8
ﬁ* 820 i‘ﬁ g 40
o,
S b ] 5
< 210 a a z a a 220
g - - &
Q. 2 0 I I ) Q § 0
0 7 14 0 6 18 42 66 90
254 AL 38T ] Probiotics immersion time/d %YL 5 5[] Time post challenge/h
B3 FLANIEXTURIF BRI T BGBP-HDL £ H (1% 3 35 f
Fig.3 Relative expression of fGBP-HDL in the hepatopancreas of L. vannamei
A WA EL; B: WEERTEL
A: Probiotics immersion period; B: Vpappnp infection period
W SCE04H Experimental group
A B 52541 Experimental group B FH: X} HEZH Positive control group
< 207 | X4 Control group & 47 M HEXTBR4] Negative control group
2E B3
ﬁ( o 1.5 Lo
EY s
2 % 1.0 = 22
H & H g
# g a s
Sgos; 2 a H b §21
D & 0 1 1 ] M 0
0 7 14 0 6 18 42 66 90

254 BEAL T E] Probiotics immersion time/d &Y J5 ] Time post challenge/h
Bl 4 FLANEXT IR AR T Crustin ZEH A X 33k &

Fig.4 Relative expression of Crustin in the hepatopancreas of L. vannamei

A: AW E; B: WEENE
A: Probiotics immersion period; B: Vpappnp infection period
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B, FLYY R AR LGBP A % 32 35 1 22 45
VLI 5B, S 2H I BH A X HE 2H KL DR Y ek R A B o
FE 5 PR3, HE 42 h LG, 236 2H YR LGBP

YNt UR AT R AR CAT 15 M A 8 25 S UL I 6A, LI
20 CAT 7 M 3 5 T X IR 41 /4 (P<0.05), 2 i Tt
A, TEEH, FLANEXTERAFEAR CAT &M A e 25
SRULIE 6B, SEHGLH S 18 /NI Uiy S 2R i T v e 3
I BAPEXT BRLH S e T e SR . FETH R 1 TR a3

w
N
193

b M SLI4H Experimental group
a’f FH:XT BRZH Positive control group
*+ W BAMEXTHB 2 Negative control group

—_ — )
o w =)

LGBP Z:H A% Fk &

Relative expression level of LGBP

[=)

0 6 18 42 66 90
/YL S5t [B] Time post challenge/h

Bl s FLAABEXTENIFBRER H LGBP AR X Rk

Fig.5 Relative expression of LGBP in the hepatopancreas of L. vannamei
A: filEREACEBEG; B WEERB

A: Probiotics immersion period; B: Vpappnp infection period

B__ W S2B654H Experimental group
FHHMEXTHEZH Positive control group
W BAHT B4 Negative control group *

N
[ L =]

CAT ¥k CAT activity

(=]

0 6 18 42 66 90
JRYeJ5 A (] Time post challenge/h

Kl 6 JLANEEXTERATIRAR CAT 51k
Fig.6 CAT activity of L. vannamei hepatopancreas

A tSAERALEER B B WFEME

A: Probiotics immersion period; B: Vpaypnp infection period

()22 35 1t = T R PR XT R 4H.(P<0.05)
235 FRAMABCAT)ERE  wAERAB, L
AQ-
& 81 m 324 Experimental group
g %] it B4 Control group
s 6
B
&
2
)
S 2
N s
20
ﬁﬁi%&bfiﬁj‘ Jf] Problotlcs immersion tlme/d
A W L5540 Experimental group
“é" 81 XfH4H Control group
=
5
s 4r
<
@]
#H oot
i
<
o 0
fﬁéli AL FERTE] Probiotics immersion time/d
3 itig

Wu S5 (2008)WF 58 B, £ A TR 1T LAAE X U g 1
WA = B IRBE v 35 4 A BRI A= 5 A, BHLLE SO e
WITEZ AL A S A e e 25 AR a5
8 b B A M & A O, 5 O B e A A B I SR T
A, E I B0 TE 7 W 18 P R B R e A
JE i AR W 2 AR AL 2 — (B SCHE S, 2011), AR5
o, SEORZHKARFT R SR A0 R S 2 T R, B
S 2 X6 W g 3 R 4 5 A4 AR I R TR R
Ut B N 25 A2 TR AS AR 35 B8 K (AR T 355 5% 4 TR e ER0™

Z53- A I NI ER- A P RN 7B E R BB s N B b G
I, FARAFE(2008)BFFE A, TPEL IS A B 2F
F TR BE S 255 15 0 LA ek I fiz 18 20 BB, H S AR
ZH AR P ARDRE S N g AR TR TR S 58 T RN R ) 34
FEARG 1 XTI i A I B o X308 458201 7)1 JLAA
VS X IR 5% B K AR 43 MR 5 A A 2F MO FT B (Bacillus
cereus) KL, F 16S tDNA F3] V3+V4 X 5B E
DU P T 3 G 1000 %o W i T PR B2 D R T ) 45 ) S B Ak

SR FWT, TRDRE AN 0 R 2 AT PR A M LN X IR
J&i AR XA T A A A R, B v PLAR T X R
AU | SEIRPTRRE T o A ST B0 B B S g 2H X
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R AH XF T B e X BB XA BT RS T
48.00% , 1568 52 & 25 4 A RE RS 12 1= X R B i s 1t 9 v
JRYLRE T, X AT BB 25 A TR oGt 0 g 3 T 85 5 A0 TR
BB . AR BRI 2, 5 30 U
At AR AR e i 2>, Ko W i T T 7 40 R 2T
AN LAE A S B 70 18 T 7K S R Y AR AL 25 2R TR TR TR
FLANEE XTI A N E IR A Fr il — R

LGBP 1E 2 — R R 51 32 R il 6% 15U 4 22 (G R
P T 0 L A0 B ) B 22 RN B-1,3-R SR e, R
G ProPO R4 KR, & 2 72 s XL &I i
PR SR ) — A B N (BB IS, 2013); 5
LGBP IhifiE251tl, BGBP-HDL 7£ % ProPO 2 %: . it
S5 R AE Ty Mk AR (E RS, 2016), AHF
7, A HEAC BB B LGBP, BGBP-HDL 1855 7 K
PIR I RRE LA, PMESFEQOIFR LI, L
YRIEXTER BGBP A Fr i A TR 1) e Ak ] G R Ao i v 3R
ik B, JFAE 72 h BHEABIERKIE, SAIRSERE
L, WHEHEE, S LGBP £k A BEE TH
PEXT IR, PHMEXTIRA1 ) LGBP WIFEILEE 556 66 /)
BT B X R4, HIEE 42 h J5, SC994 LGBP
TR IR 2w T IPEXT 4L ; Wi SEgR 4L BGBP-HDL
TEXREIG AT 42 h @& TR RAL . rscsi s
e, KRB IME A A WA FEREE e T LGBP,
BGBP-HDL 3Rk , Ui E & 15 A= AR FLAN X B KT
B 1M 5 R 1R e i i AR R R T R VE o

HSP 1 Ry —Fhoxt 85 N S U ) B 1, FESR AR
BN R R SRR, 25 2040 MR HL
o, XORIEIE R R A 254, AR DL BRI B AT
FEE (A%, 2009), RIFFTLERBE, 2K
AN BAPEXT B Hsp70 Fih3 556 BTG TR
e (HSCI A B ek i 2 = T RHMEXT IR, B R
BE KRS N 5 4 BRI, A b P X R A S 6 X e 7 35
RV REFI SR, BRUMIFSY, T A% (2016)FEFRAIK
PRI ISR ZE AT S, WSSV e LAY XTI,
SEIRAIMHER Hsp70 FE55 96 /N3 it i 35 15 T3 B
A o KAV I o e R I I B A0 R 75 | A X R 14 7
PN, MW AR R, RIS MR E g, &
A 1 A TR RE 4R 1R PLAA T X R0 7 38505 1 1) e

P15 BK (Antimicrobial peptides, AMPs)J&— Ffi i
W BB RE R Aoy 1, H o E E AL
ALFs. Crustins. Peneidins = KZEDI K —HmiEH A .
VST . C BIAMNFBELE 55 (Antony ef al, 2011), AL
Brh 25 A AL BRRY B, LIS Crustin 7255 7 KHIEH
14 KEYFGE B ETX R, SO AR TN 25 4
AefE it Crustin ik, WEERTEL, SCH0ZH A BHAE XTI

W Crustin FRBHRISETHEG TREEE, HE
XFIRAAESR 18 /NI IR B R, SER AL AR S 42 /I ik
B K, BARSEQ2017) F R IR i R B, 0
Ja W SZI LR EE Crustin S35 ETHE T BRI,
FFTECRE SRS 12 /NI IR B K, BRAAHE 5 BH PR X IR
AR CFESE, RV IR X X R4 i
B %, Crustin 55 ) Py Y U 3Rk BEAEHEPL A7
MIRBE AN o BFFERIT, S5 i A T 2 0 R4 R
R AR B RE ST, AT RE S 8RB G oo Ak TR I 2%
XFHF Crustin FER IR IEH K

A5 H HFE(OH™, ROS) R b2 4 T 5 3 ik 19 T
P, BILF SN ALY s | = 5L
Wile . BT RRAA ML & AR S, R MR 3 (Liun
et al, 2010), YRV MLINE = A LAY E XS RA A I,
SRR RIRRIERGE, 774 ROS AXSHLHI R Y
AR, BIRBE ROS J&H 7 s W ik P id e (1)
EEPEALR, A R RS S B, (e
A LAY AL S8 i (Duan et al, 2015), ASHFSE 35
A TEAL BB B, At R TR RE S W PR = XTIF CAT
WEPE. FEHRAEQOIS)BFFE LRI, KIKTINE & 454
T A 2 35 42 & &L 401 (Ctenopharyngodon  idellus) IfiL 1§
CAT itk ABFFRBEEN B, FHVEXT B2 CAT i1
AR R AR BESE2017)
8 I I A B R , 36 h NSRS FLAA X I CAT
ISR, RSB0 2H FLAAEE T IR AF B CAT I 12
STt EREARR G, 5 AW BH M IR 21 45 3L A
BL, Ll TR o IR X6 ML 4 o) M 1 3k ot IR 9K i 8 2%
GEiE AL TR s MIARWEIE T, SCERA] CAT 3 PR 5
SV sPANIU) SR L B S seAN iU} SRR vE ERO)
HRAY X R A BE LRI IR 5838 o T SR R, 4R AT
KRR IR BT G YL R T, P RE S 45 A P BE B 2 =y X
WRA CAT WEMEA K.

4 Zig

LA X MR SR G AR TR S I ) 52 5 25 A2 TR g
SR VR I R G R 0 I B i A T R, B K AR
XTUR 8 AT SR SR A D . AR s A AR PR, B A
T A DA RE A A [R) R B2 174 B2 v X R e o A G 35 IR 7y 3=
NEAL CAT Jh; RV MR A SRR, X R0
AR R IA B4 HRR TG O . SCgm 4 SRR,
26 5 A DA AR R ML T X I 47 ) A A R S e BE
() Ji PR AT RE 5 52 6 2 A TR 0 7K AR Rk o iz 6 o R]
FEFR AR A . B e DL R R 405 A DG 5 PR 3R 3k F
CAT WA C,
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Effect of A Compound Probiotics on the Ability of Litopenaeus vannamei to
Resist Vibrio parahaemolyticus Infection

YANG Yunkai'?, SONG Xiaoling”", WANG Hailiang’, XIE Guosi’, HUANG Jie?

(1. Shanghai Ocean University, Shanghai  201306; 2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery
Sciences; Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine Science
and Technology (Qingdao),; Key Laboratory of Maricultural Organism Disease Control, Ministry of Agriculture and Rural Affairs;

Qingdao Key Laboratory of Mariculture Epidemiology and Biosecurity, Qingdao 266071)

Abstract In this culture experiments of Litopenaeus vannamei, we explore the effect of compound
probiotics on the ability of L. vannamei to resist Vibrio parahaemolyticus infection at different experimental
stages. One strain of Bacillus licheniformis (BL-9), one B. subtilis (BS-12), and one Pseudoalteromonas
Sflavipulchra (CDMS) were selected to make up a compound of probiotics at the same concentration
(10" CFU/ml). The effect of compound probiotics on the V. parahaemolyticus infection of L. vannamei
was observed by adding the compound probiotics to the culture water of the L. vannamei. The experiment
took place over 30 d, including a temporary period (7 d), a probiotics immersion period (15 d), and a
V. parahaemolyticus infection period (10 d). The experiment results showed that the addition of
compound probiotics in the culture water could significantly increase the total number of bacteria culture
in the water and the intestinal tract of L. vannamei (P<0.05). The cumulative survival rate of shrimp in the
experimental group was (73.33+£6.83)% at the end of the infection periodwhich was significantly higher
than that of the positive control group (25.33+15.43)%. The disease-resistant-related gene: heat shock
protein 70 (Hsp70), B-1,3-glucan binding protein-lipoprotein (BGBP-HDL), lipopolysaccharide-B-1,
3-glucan binding protein(LGBP), crustin, and immune related enzymes catalase (CAT), was up-regulated
by different degrees in the probiotics immersion phase. And all the genes up-regulated extensively during
the V. parahaemolyticus infection stage, but expressed at different levels. The results suggested that the
compound probiotics with BL-9, BS-12, and CDMS in water could improve the ability of shrimp to resist
V. parahaemolyticus infection. The increase of disease resistance of L. vannamei may be related to the
colonization of probiotics in the intestinal tract, and the expression level of disease resistance related
genes and catalase activity in L. vannamei. It is hoped that the results of this study can provide a reference
for the application of compound probiotics in the cultivation of L. vannamei.

Key words Litopenaeus vannamei; Compound probiotics; Vibrio parahaemolyticus; Immune genes;
Catalase
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