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FEIPRME SFAFRI LEXN I FE
mw%% j]Ziblfh;illiE Eﬁﬁv ﬂ*

MER Y ek FEE? ORRB Y O'®OfE?
(1. BiEFERY: L 2013065 2. P EDUKF=RREOF I8 B i K=o i 35 B ERE S5 H RN
R S = O B2 S Y i BRI S R R AR K SIS F A R R =
H LK RATRY SEYLZRELLRE T 266071)

= B & B L 240 I% AT 8T (Litopenaeus vannamei) 4~ % | 4k 3 2F AT B (Bacillus subtilis) . K 5
AT (B. licheniformis)Fa %8 /N 2F 4T B (B. pumilus), ¥ FAR FRATE U B —F 3 5 E A0 T AW EE
bt kwm, it E WAL FERRMI, 3 BAEHTAMEAMERFWSSV)A TS,
St foxt BA W ERATF, MEXIFEL LN WSSV $# 5, 247 345 i 1 41 4043 it
BRI R A AR E A8 F(Caspase) A AL R & A HFH (Tt k£ &, £ RE~, RELH
%Kﬁ,A%mﬁ%%ﬁ%yBﬁ%ﬁﬁmﬁ%yCﬁ%ﬁ%ﬁﬁ@ﬁD%%ﬁ%%ﬁ%wh
REFBHE+ENFTHAAEE A0 EE )OI 2RI F 25 8 (73.3£7.00% . (63.3£5.5)% .
(75.0+7.9)%71(50.0£5.3)%, B % 1% T &t B 21 (PBS 21)(100%); A& ARG W B, & L5 4 Wy i & 4%
MHBEEREAETHROGZES, EXBRAEN A LAEY, HREHTER4, URAREXRRXER
2R, WSSV B 5, &4 I 38 Caspase #xt Rk BRI rt BB ZEK 28 FIAF THANAS,
FL A 18 h A A4 738 Caspase R ik B3R 5| & K8 ; 3 4 WHE BN WSSV R 440 860 Tix B 3%
ik, wAWERGANFE, HA& LR AN Tx A RKXEAE WSSV R E 51 18 h B £ A
FlmAME, REEHTHELA, AU D ANHER I RE, FRIEE, REFHFE. HRFR
R AENFHAFEHTRG AT WSSV Btk ), EAFBAERREFE SRR I
FAMERBETREFTHATHIRE T REEEAR Q’Jiﬂzﬁ LR 5 T Caspase £ Trx F£F & £ KT
Ko

KA AEXES; FRATHE; WSSV; RAZBRE AR, AL R &EAHKE; & PCR
FESHES S945.1 XEMRIEEE A XEHRS  2095-9869(2019)03-0113-09

FL&H 3 X5} 9 (Litopenaeus vannamei) J2 1 [ 5 X IRFRAE A, 2016 AF4x [ Y LN T X IR IR 7K

* [ KRR AT BE S AR 55 2% % T (20 16 HY-ZD040 1) FI AR AR Ml 72 b e AR M 5 & 3198 42 (CARS-47) ] ¢ Bl
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2 R %40 &

FEIHE TR 167.2 7 t, (HXPURSEFRIE T HY 91%
(P EHE S IHELE, 2017). % B 240 37270 2 L
YRIEXTER R A A, B AR TR A AL R
K, KRR FRAE AR e F R H 55, SRR A R
ZE4 fiE(White spot disease, WSD) ., 2t T [ IR IR FEJ%
(Acute hepatopancreatic necrosis disease, AHPND) . ffi
HEWF A% (Covert mortality nodavirus disease, CMNVD)
W I B M B2 95 (Enterocytozoon hepatopenaei disease,
EHP) % 5295 & 4= 5 i 17 (Flegel, 1997; Zhang et al,
2016; FEIKA S AR AR 2, 2016)0

g 2B TR Ay % 58 X W 5 AR W B S i S T B,
E S TERE DU A0 BCHUMS 85 8 5 T R T By
PRAPRCR, B AR FRAE A0 A 2 1 2 AR RO A
Y T 1 2 0T % (Ninawe er al, 2009; Wen et al, 2015;
FAG S, 2017) 0 ZEAUAT B AN AT LA i 18 S A 4
AV | AR ST IR ARDR T AL IR USCRE T | i %
WRGR e RT3 /K-, 38 o] LA ] 35 58 A A4 1 g 5 TR
A P 1 AR VBB | XTI ) (PSS, 2012,
Lakshmi et al, 2013; Zokaeifar et al, 2014), {8 HHj#F
585 W 22 B — 2R AT IR, Z RS 2R EFT IR
& #6418 (Ravi et al, 2007; Sanchez-Ortiz
etal, 2016),

ATH 5T LA BE ZEA0KT 7 (Bacillus subtilis) M AC 2
AT (B. licheniformis)F 8 /N2 /KT (B. pumilus)
ik a5 AL T, SR FHAR ML — RN A G (TP =X A 22 47
B se LA XN IR , 3 J8 G #6147 325 B AR B
(White spot syndrome virus, WSSV) N TJEYL LK, 4
TSI 2 A% B2 i REHBE T, IR A 2R AT IR
XF ML T X6 MR 470055 B BE ) B 52 5 I 38 0 9O i
PCR 2 AR 43 BT 45 52 565 2 R XT HE 2 ) R 2 2005 7 45 D
BBtk AR R 1 K 4 2 B 2R i (Cysteinyl
aspartate specific proteinase, Caspase)3i K F1#i &L &
& 1 (Thioredoxin, Trx)3& P 75 5252 [ Bl WSSV Jgijy
B B AR R 3R 1 O, TR 4 A T 4 e X R0
e S HL

1 RS HE
1.1 X 5EH

1.1.1  x3F S LRI XTERI F 1L AR 48 i B TT
TR FRAE S [ A KSR FE S 201 TR A (25+1)C,
XU HE SR HEATRAE, Bk WSSV, CMNV
A T W R SRR I BRI M L g SIS T A S 86 2 5
PAAAE TSR | R A A, (d S B 00 = SR AR
BT % 1 1R A MR AR, B Ak PR VR 6 5 A

KA

1.1.2 EA RIS /NIRRT R R R
A ZE AT TR 32 0 2 Tt R PLAA I X R il , 2lifk
J5 45 16S rDNA J¥5 43 7 I Biolog B Y 1] FH 45 A 2 A
FEAFAE AT 58 R AR 2508, JF T-80°CIRAF. WG
T JE 4k PR R e s 7%, B DUCER AR, /N 2R F AT
I H A F](1~2)x10" CFU/mI, #A4 2E AT 5 Ak
A LE AR T T T B A 3 (1~2)x 10" CFU/ml,

1.2 AR E

S 4 i TR 1 U BR R AR Ry R AR .
RETR R — 2 HL BRI S G PBS IRA S, W
TESERARL | IRA YA, BT T4 CukFa P IR—- 17
B JR AT g5 AR TR A AR [ A 2216 B R FE T, K
DU ERL IR FR A 200 BRSO 75 08 B T T TR R R L LAt sk
WG 45 PBS K25 AN R

1.3 SLISAH

P8 AR E 5 1 FLAR T R R AL B AR 38 5
TG SRR 1200 B FCAE e B iAf b, 2 5 41, B
6 NE, BAEE 40 BXFIF, 5 2020 B3 A [ 46
B A 1SR AR BTG R (1~2)x 107 CFU/g, B 41
B HBA ST B 1 TR (1~2)x 107 CFU/g, C 4 & /A
FOFF BT B (1~2)x 10" CFU/g, D 20 3 hl 5 25 0T 1
Hby A ZF A FT B RN ZE R AT TR ) A IR BT A
(1~2)x10” CFU/g, PBS 41 A WA 55 35 A B 1 FE Al )
BT B, SCHIIE], 2% SC I 2H AT REZH B H AR
3 YA R AR, H B b LA E T EMA T 1Y 10% (1K
i X RS G DU ANGE SRR ), IR R R AR R AT SR
ig=g

1.4 WSSV BEEIIg

B2 B ARAE A WSSV AT 22 [% AT I i
Bk M 2R, hn A& & 4°CHA Y PBS, 20000 r/min
VKIBEIH s S 4°C . 3000 g B0 10 min, bW
4°C LB 3 YK(4000 g, 6000 g, 8000 g 4% 10 min);
LW 400 BRI i8R K4S, H 0.45 pm JE
B UEBRANER , A HEPRAFT—80°C o il A5 1 B L4
W R 0.16 g/ml, VEGHEYLRTUEAT S S , 0 i
TGN 50 pl/R .

TEGE 21 d J5, A SEURZH AT B2 Hh B ALk
B 240 EEXFHRSEA TR SLS, B 6 AN ER, B E
540 BXTIR, Hr, 3AEZHTEITRBILT R,
3AEE TR BRYLAT 1 d 5 kSR, R H,
FAF XIS 2 1845 1 4 WSSV HLEZ# 50 ul, UL PBS
TR PR X IR . e, SO0 ARG AR AR %



%31

PR A TDRL TSN S 28 AT TR0 PLAA 0T R0 25 8L BB B 0 A PR 32 35 B4 5 i 115

WEAH B FRRE . AR K AR HE AE T BB XT U, 10 S 5E
T8, 14 d 545 R YL S5

1.5 HmIXESLIE

G 1] A RE S R B S5 A0 B . S8 T UA A URE AR
HO0h, ERESLIIEIEAMNAE 1. 3. 7 115 d FEAL
RAEXT AL (PBS)FISLIR4L(A . B, C. D 4)XJUF, ¢
BB XTIR 7 T 7T 1.5 ml G RNase 2504 1,
T—80°C B AR IR VKA H IR ATF o

TR 0] O RE TR S AL BE . SR SIS TR UA T,
BUFEVEN 0 h, &L IFIRE, 2HI7E 6. 18, 96
F1192 h BEVLREXT A FISLIRAL(A. B, C. D 4l)
STHR o 4350 T A R X AR A I T 1.5 ml
JG RNase B0, F-80CRBARIER VKA -1

1.6 RNA i2H

FIHLE RNA $2HGAT £ (TaKaRa)#2 B RNA, J7
B2 Z M HVHA5 . A NanoDrop 2000¢ (Thermo)iill
JE RNA ODag nin/ODago um 18, #FATE HME , 573 0%
FT-80°C M o AT Ui sk, 2Bk A RNA gk i
HY2E A 4] DNA,

1.7 c¢DNA &/

ffiF Prime Script RT reagent Kit With gDNA
Eraser i{jf| & (TaKaRa)i#t 17 ¢cDNA & K, 7£ 20 pl LW
RRERBPMA 1 pl (S1 pg/pu)BIE RNA, 4 ul 5x
PrimeScript Buffer 2, 1 pl Prime Script Mix, 10 pl 3
K20 DNA & W, 4 pl JC RNase /K, 37CHFHE
15 min, 85CHN# 5s, A cDNA B,

1.8 fREEEWN

1.8.1 #4324 9o i A R 0 5 | ) DL R I e 4

(2010), WSSV-FP(CTCTTGTGGTTCATCAGGGGC);
WSSV-RP(CTGGATTTTCTCTCAGGGTCTTTAGT).,
1.82 #esald  HlEEH WSSV HEY A
By BORLAE AR e o 5 IR AL 30 DA 421 (OI1E)
CK A=Y R 2 W T )Xt WSSV #E47 PCR 73,
133 256 bp MY 34 =4y SR 3 = Py 45 ) pMD18-T
AR, ALK DHSo, MEE Y Tk, 7 LB
FiFRFE(E 100 pg/ml Z N HER) LA, $ERUTORL
DNA, ] NanoDrop 2000c (Thermo)ill| 52 i ¥ DNA H
WL, BXPIRAER T 649 g/mol, FEARYE
BT S R A 602107, T H AR v S A4 D%
g 8x10" copies/ul, % MR 100 155 Beth i, bR
ko
1.83 WSSV @32 % S FOEER PCR R
A% : Real-time PCR #% TransStart Top Green qPCR
Super Mix i 7 & (Trans Gen Biotech) Ui Bl H 17, &
DiRZ A 25 ul: DNA AR 1 pl (10~20 ng/ul), &
9 200~400 ng; 1F. SIa5|#4% 0.5 ul (10 pmol/L),
MM 5 pmol; 2xTransStart™ Green qPCR Super Mix
12.5 pl; 1xPassive Reference Dye 0.5 ul; J& RNase 7K
9 ul, BB 3 1 F4T, JG RNase KAE A BHPEXTER
PR . 94CHIAEME 5 min, 1 AMEH; 94 CTHIAE
P£30s, 61°CiBk 30s, 72°CHEffI 30 s, 40 IMEHF,
I HAELA 72° CHAEDEE, 72 CEMf 10 min,

1.9 HFESHEXERREZENESKLN

1.9.1 314 B8 GenBank 1 MLANIE XS HF KLY
5|, FIF Primer Premier 5.0 #47 H 3L A Caspase F1
Trx W5, SIFFILE 1, ISERS5EHD
FERIFEY S A SE R, & 3G )5 e i th 2 ek RE
S

%1 Real-time PCR 3|415%I
Tab.1 Primer used for real-time PCR

H ()2 A Target gene J¥%15 GenBank No.

1EM 5% Forward primer

JZ 1 5|4 Reverse primer

EF-a GU136229.1 ATGTCAGCACGGCAAAA AAAGATGGTTCCCAGCAAGC
Caspase-3 EU421939.1 CGGGTAGGAAGCCCACATATCAA ACGGCGAAGTCAAAGCCAGAA
Trx EU499301.1 TTAACGAGGCTGGAAACA AACGACATCGCTCATAGA

1.9.2 M EXEF PCR R ik R A2 F Ui
SYBR Premix Ex Tag™ 11 i3] £ (TaKaRa)fit ] 25 pl
K Z . 2xSYBR Premix Ex Tag™ T 12.5 ul, 1F.
B 514544 10 pmol/L 2 ul, DNA #5547 1 ul(< 100 ng),
JC RNase 7K 9.5 ul; F Rotor Gene3000 (Corbett, Kk
R )HEAT SE 56 f PCR, W AR : 95°C AR

10 min, 1 PMEER; 95CHIAEYE 55, 60°CiR K (H &
FEHHE)20 s, T2°CHEMH 205, 45 PEIR,

1.9.3 g g&n g SERPOLE R PCR XN 5E
W5, #E Rotor Gene 3000 "HAR5EM 1 DNMER LT
1 A5 B R4 . R Rotor-Gene Analysis Software 6.0
HEAT AT, 2 PGB A G35 PR (4 A G 33 1R ) 2740
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AT (Livak et al, 2001),
1.10 Sit44

AWFSE A B % SPSS16.0 G itk k4T
BAK & 7 2250 HT (One-way ANOVA), 2 H B i 2% 25 7
if(P<0.05, P<0.01), F LSD L& & L.

2 HBRE5HH

2.1 HAEFEMLANEIIREE WSSV FERETE
A

FLENTEXT IR Y WSSV 5 14 d WA BEIET-R
GEITEERILER 2, AR 2 AT, AR ZE AT R A
ZEAUFT B+ D 2RI R 2 A 2 2B LD 4 3 ek g
SEERZE AT, KR BRI T AL, HA(50.0£5.3)%;
HR AR ZF AT R 4B 4), X BEBET-FR N
(63.3+5.5)% ; T8 M Ak L ZF AT B AN /N ZF AR AT T )
BEZE (A AR C ) XFIF Y BEIET: R4 518
(73.3£7.0)%F1(75.0£7.9)%; %F HRZH (PBS ZH) X} HF i) 2
FRBET- 30 100%, 2w T4 LI 4 i BB T,

2.2 WSSV WEFE&LIGAHNMEITRERHL K
FENHNTHER

FIFHZa X} 2 i PCR HoAR, W T ML i ) iR 2%
Yo WSSV 5 FEAN [) B e it ] 3 110 08 20 20005 2 4 DL 8K
(Bl 1) TERENRYBY B, &SI dl i #545 DR R
e TG TR, (AT AL RS DU — 2 B
T, HREEINEYE TERA, 25 0F
(P<0.05)8i# it #(P<0.01), FREHESL 6 h J5, XFHR6E
ML REE DUBGA ] 2.73%10°~1.59%10° copies/ul, *f
MAme, 5A. BHZEREE, 5C. DAERN
3 18 h A AU IR EE 2 2005 5 48 DU ARGk a1

SR RE, SA. BHEREF, 5C. DAHER
W2 2 96 h A4 ARG EEFE DB R B R,
XA RE, SBHERTE, 5A.. CMD4%

SR 192 h XTRRALGHEHE DUEOmE TR, Scgnd
TR, D A&k, 4 1.69x10° copies/ul, Xt
HREH 5 90 0 20 ) 2 S b 35 o I SRR S, DR i
Ings A, FE— & R L RBAESE0G 5E 2 R T, FEAIR
W TEE DU, &2 A g AR TR A A 2 B A I ASCR T A

®2 OBRFRZERGEFAONIEIERER WSSV FHIRALTEH

Tab.2 Cumulative mortality of L. vannamei fed with different probiotic preparations after injection with WSSV

2151 JB YL J5 1 [B] Time post injection (d)

Group 3 4 5 6 7 8 9 10 11 12 13
A 12.5£1.9 29.246.9 37.5+£5.0 50.8+3.8 59.2+6.9 65.8£10.1 68.3+7.0 70.8+7.0 71.7+6.7 72.5£6.7 73.3£7.0
B 8.3£2.3 15.845.1 20.842.5 29.2+£1.9 31.7£3.9 50.0+£3.3 53.3+4.3 58.3+£5.7 59.246.0 61.7£7.5 63.3%£5.5
C 9.2+0.7 20.0£3.0 30.0£5.0 47.5£5.7 53.3£7.1 68.3£5.1 72.5£3.3 72.5£3.3 74.2+£0.2 75.0£7.9 75.0+£7.9
D 10.0£2.4 16.742.3 22.24+3.8 26.7+0.2 30.0+2.6 40.0+2.3 43.3+4.7 46.7+9.4 48.9+7.1 50.0£5.3 50.0+£5.3

PBS 5.8+1.7 22.542.5 37.5£4.7 57.5+£5.1 67.5£10.0 80.8+6.7 88.3£7.6 95.8+5.0 100%0 1000 100+0

T A ARCZFAFF AL B MACHEMT AL, C: B/NFRATHAL; D: E& 2R m Al v 2R aar i . B/NEF

A B ZE AT ) ; PBS: XTHRAH

Note: A: B. subtilis group, B: B. licheniformis group, C: B. pumilus group, D: Mixed Bacillus group, PBS: Control group

2.3 Caspase EEERZEHEF WSSV B LHA B Y
RO E 7.

2.3.1  Se R A1 FULAIE ST IF il P Caspase & B & ik
i 3 9 E T PCR BRI E T X UF7 8 Caspase
FERTE S R A X R ah i, G5 R B, il
SHH Caspase BRI AN Fk B2 1 K LIHE,
i i A X 3% 38 Sk i 2 fe 28 B[] 1) B 3% T i A 3]
EH K, BT 5 Caspase LR FIX ik 22 57
AN (15 2).
2.3.2 WSSV s & J5 JULh E TSI i F Caspase 3 B
*ik PG PCR AR E T X 4F iz iE
Caspase FEFFE WSSV B 5 I FHXT b &, 450 10
7N, WSSV YL 5 4 XTI A IE Caspase AN ik =

B JER e B[] Y SE K 2 5 R R R Ay a3, HAE 18 h
FHXTEF A IE Caspase 3215 58 B ix KAH . 7F 6 h B,
A FHFT B A X BRI 38 Caspase F ik wil ik 35 5
FXF IR, MK ZE AT B XS R IE Caspase Fik
B TR 18 h B, A SR A0 I i
Caspase F& iR I W 2 & F X RE4L, 196 h i, H
HEZEFHFTFE AN R IE Caspase 23518 35 5
TXF A (] 3)

2.4 Trx EEESEEET WSSV B L5 5 #8 %4
Rix

2.4.1 AR LY ESTIF A P Tre AR Rk
Wi %G E e PCR F AR E TXTUFIGIE Trx 3t
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Fig.1 The virus copies in gill of L. vannamei
during WSSV infection

A WiF ARG B: MR RA: C: R/
FEWAL; D: B G A AL W R 20 . /N2
FRE M ZEAAF I ); PBS 4: XHIRAL, *RRERDE
(P<0.05), **F/;RZEFWWEP<0.01), TH
A: B. subtilis group, B: B. licheniformis group, C: B. pumilus
group, D: Mixed Bacillus group, PBS: Control group.

* denote significant difference (P<0.05), **denote highly
significant difference (P<0.01). The same as below

2
820,
5 1.8} mPBS mA oB oC&D
B 161
R =14}
K2
o 12}
S =10l
s~ o
S 708} )
S £06| 2
&g -
S804l ]
2o2| 3
s 0
~

ﬁﬂﬁﬂj‘lﬂj Feeding t1me/d
B 2 g5 A SRR IR S (R X B g 1
G IL D Caspase WA 2k &

Fig.2 Relative expression of immune gene Caspase in the
gut of L. vannamei fed with different probiotic preparations

Caspase fHXFRIXE
Relative expression level of Caspase

S = = bbb Wb A
SCUho Lo Lo ko
— T

18 96 192
JEYuRt ] Infected time/h

K3 WSSV I i 25 410k i iz il Hh G e 3k
Caspase HIAHXS ik &

Fig.3 Relative expression of immune gene Caspase in
the gut of L. vannamei fed with different probiotic
preparations during WSSV infection

PUTE S e S Te] A AR G ek i, 25 5R R, &5 Sd
Trx AN FIR 7B A S e I ) 1 1 B e, H

A6 1 KRB, 5L X UFAIE P Trx 35 RAE X
FOR N ST R, Hod, A ZEAFT R4
Tk BRmE. %3 K, MIFGIE S T LA E 5
HIKEA T, AL B AlEBE&STX R4, C. D 4k
WERTXEY; FTRUAT I, CHEEST
STRAZH, D 4w TR 2% 15 K, BHf
C 4 & E TX R4 4).

SIO'
B 9t ’;“ mPBS mA oBoC &D
° 8t
H}gi 7}
KE6r it o
-‘P?g 5t **
B &gt *%
(=Y ]
8 X 3t * *
Sl bl
o 2. \
s 1 ]
g0
= 7 15
&"@lﬁllﬂ Feeding time/d

B 4 g5 A R 2 AR} 4 A () X I A 1A
PE R Trx BOFHNT Rk &

Fig.4 Relative expression of immune genes 7rx in the gut
of L. vannamei fed with different probiotic preparations

2.4.2 WSSVIi&)”‘fL%/ﬁLXTiT%g“Fé'JTrx B £
R EEPOLER PCR HARME TXHIFAE Trx
FNTE WSSV Mmmeﬁ%Li,%%ir,
WSSV Y5, & LK XU IE Trx AR F AR AE

6 h WA A4k, 18 hih, BEFRIER KM, HW R
FTXTREA]; 96 h WF, A ZE AR B A Y X AF i 1A

Trx TR EW B FEH TXEA, He 3 MR E
XTI ) 192 h B, 3 ASSEEGAH I XTER A IE Trx
Pk AL B m T X AL (A 5).

g,
S7r mpBS *x
o6t mA F
s | oB
%55 oc .
w241 BD *ok
4
gL
k52
5 N
< 0
& 0 6 18 96 192

JBYulta] Infected time/h
K5 WSSV M /E 4 X iRIAE o T S AGAENS 305

Fig.5 Relative expression of immune gene 7rx in the gut
of L. vannamei fed with different probiotic
preparations during WSSV infection

3 it

Fili B 2R AT BT M AR AU B AR/ 28 FRAT B
WAFAET R SARY IR, A S miE i WL
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AT BN TITE 1989 4F 3L [H i 25 44 FHLUR) (FDA)
128 E AR 2 22 (AAFCOYA A Y 44 B 0] B 1%
T W ELE F A R L N MUEY” JaRZ N, s T
2008 4 12 A ERALES 1126 5204 (BRI
an AP E S ) FELE Y 16 AT DL B R Sl ) ) ek
RPN G RD o ZF AT TR FSUE AT . LR
Sl gt AR R A L, BATE FRAIRZF -8 SRR n Ry
ARG SR, DU RE T 0R . AR . E IR IR
M, HATHUR . M. TS RIS
P, BRI AL R BEAE ™ o SR AR A DR
AEPATLL 100%1E WARS BRI, Wik, PiEk
Ry XAE A sh W 37 58 A 7 v A ARG 1 g i
:(Ninawe et al, 2009; Lakshmi ef al, 2013),

XU R 38 A7 AR R TR, ANRT 15 37 40
SBGHE FTE 10°~10° CFU/g 22 18], 3K J& (Vibrio sp.).
FLEREE & (Lactococcus sp.) . 2Ff0HFF 1 J& (Bacillus sp.) .
A BREE R (Staphylococcus sp.). i FLICH & (Shewanella
sp.). TNHFHIJE (Arthrobacter sp.). KA HIE
(Photobacterium sp.) . fl/INFF- 1 J& (Microbacterium sp.)
A5 Sy X B i 3 Y S (AT BE 3R ) U SRR (oK R A
2015), KGR HIF M TR — g5 AR T Y R PR
RESSAH LM AE ], 4B B A RBOR (X2 55, 2017),
Salinas 2 (2005) 18 FIA® &5 25 FRAT B8 A0 7L IR I LA S 5
FEA— I INIE A e 4 Sk 80 (Sparus aurata), 254
N, AW —TA A RRCR, AR A 7R
Vo T s A ) IR BT Ak A= A AR TRD BRI 52 TR L B —
WA R S . Ravi %(2007)7EBE 15 X UF (Penaeus
monodon) 4 VRFEFE ], ] 55 58 7K AR H o8 0 28 LT 1T
AT DL 280 1 30 ] K A H i s ik R (Vibrio
parahaemolyticus). WHECINE (V. harveyi) 5 EUR H
AA, IE AT DL 5 M P AIRAE T2 . Sanchez-Ortiz 55
(2016)4R3& , F5 N Tt (dnadara tuberculosa) 53 &5 1Y
Hb A ZF AR T AR B 2F AT PR TR S B ARDRL R L
DNIEXTUR , S5RFEMRT WSSV FIfL YLt iz s i
HAUIRBE EE(IHHN V)RG5 AT 5, W58 T Xf iR
) R A DG BE PR R 3K o ASBIFST 356 FH 1) 2 FOAT TR 34 43 B8
H X IR i IE , DL A A 08 =S i 2 X iR
Freb, N 21 dJ5E, @S WSSV UL SRk 1 uE
PURRBCR o S5 HRAESE, PR s n i — 502 5 2 AT
PR AT B w5 FLANERTER B9 WSSV Bk fie )y, LR
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Effects of Single or Mixed Bacillus on WSSV Infection and Immune-Related

Gene Expression in Litopenaeus vannamel

SUN Bochao'?, YANG Yunkai'?, LI Yuhong?, SONG Xiaoling”", HUANG Jie?
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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 Bacillus subtilis, B. licheniformis, and B. pumilus, were isolated from healthy Lifopenaeus
vannamei, and were added to the base feed surface in single and mixed treatments. Probiotic feed was fed
to the shrimp daily, and the shrimp were infected by white spot syndrome virus (WSSV) three weeks later.
During the virus infection, the cumulative mortality and the number of WSSV copies in the gill tissue
were statistically analyzed for each group. The relative expression of cysteinyl aspartate specific
proteinase gene (Caspase) and Thioredoxin gene (7rx) in the intestinal tissue of the shrimp was measured
by real-time PCR during feeding of probiotic feed and virus infection. The results showed that the
cumulative mortality of B. subtilis (Group A), B. licheniformis (Group B), B. pumilus (Group C) and B.
subtilis+B. licheniformis+B. pumilus (Group D), were (73.3+£7.0)%, (63.3+£5.5)%, (75.0£7.9)% and
(50.0+5.3)% respectively, significantly lower than that of the control group (Group PBS), where the
cumulative mortality of shrimp was 100%. The number of WSSV copies in each experimental group
firstly increased, and then declined in the whole infection stage, but the number of WSSV copies of
Bacillus groups was significantly higher than that of the control group every time (P<0.05 or P<0.01).
The number of WSSV copies in the gill tissue of the mixed Bacillus group was extremely significantly
lower than that of the control group, in the 8 d after virus infection. The relative expression of the Caspase
gene was not significant in the 21 d of feeding with probiotic feed. After WSSV infection, the relative
expression of Caspase in the intestinal tissue of each group firstly increased and then decreased, with time,
reaching the maximum at the 18th h. The relative expression of Caspase in the intestinal tissue of the
mixed Bacillus group was the highest, with the expression level at the 96th h still significantly higher than
that of the control group. Feeding with Bacillus spp. and infection of WSSV, both could stimulate
expression of the Trx gene, and the stimulation of feeding with Bacillus spp. was relatively gentle. After
WSSV infection, relative expression of the 7rx gene in the intestinal tissue of each Bacillus group grew
quickly to its maximum at the 18th h, which was extremely significantly higher than that of the control
group, and the activation on Trx gene expression from the mixed Bacillus group was the strongest. It can
be surmised that the enhancement of the anti WSSV infection ability of shrimp may be related to the
reduction of the speed of virus amplification in the target tissue, and the increase of the expression level of
the anti-infection genes, such as Caspase and Trx, that were brought by feeding Bacillus spp.
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