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o', kmAT, A k', FxE, £
L. K PR B B S0 K = BRSEF LU 58 266071
2. S A VB B R T 266003,

3. LR PR K A A B, L 201306)

ME: ATHAE WSSV AWk, NERFTEAMSTH L FHEL-—HRFRAAE
PC024, % Biolog %R A A X M ATB AN E S SR AR EHRAMEE I M FHZEHK S
REFHATENEREMERRA MU ZERAEZRTEE, A —RGRE L 202 RA7T
W, AME A A E R E B, o BB 00 2 ;168 IRNA JF 2] 4T % 9, R H Ak 5 B 58 F AT
W R B2, FIR 35 5] 100% , 52 6 W L4 M7 E M ERER TP E T A BEF
TOATH o K B R B PCO24 T ARORE FE T 8 47 B 5% W 4R 8 FLAN IR X4 4T 20 d J5 , #E4T WSSV L
PV SRR e, S R R R S S AT oM B bV R B R B S A K B VE M R X AT IT B R
HAu S ApE PCO24 HATH R KT o S RZ W IR AmZ T W9 5K 30 201 3 O A0 3 7 38 8, A A (R 47
B33 T% s HRAZ W AR LR AT E AR R R E RN AR ERS,
M B AR A D EG THRA AL R ARG P ERE REFRATE, BEFRATE

PC024 7 15 % WSSV i I Jig 35 4 T bk 5 A F x4 oF 2R 7 4 72
KGR : LABEXNT; RBEFHATE,; £ R RBEME; iR D

HESES: S 943

2F fUFF 8 ( Bacillus spp. ) 2y % % FGBH 1 40
R, 2 0 A T K SR B PR, 0 T K R 5 Sl W
A EUR P, A W D RE A A 2 I 2 PR 1 A
SR F) SIS, 2 ok 5 B 2l ) %) SR W0 B T A R
A1 Bl i 2D ol 2P A LA R R B A S
Mm% R EE NS MR RIR .
JEAT B D LR LA T8 AR A7 TROE 5 i 3R B
UNARE SR g TR S PR R E MR A, B T AR
7R AVRAT T B S 0 A R AP A DG R A AR R
— T R RT 2 1 50 %50 o AR S T
A B — ol BT G303 P A 3 A T A
JEURR 19 A 00 1 TR IR B B BIL 2, AT R
Fe T S PR

g A2 TR O B T AR v T R T R e
FrBH B A, B BIL AR G 5 ) D D T B 9
EIEARIN A SRR S ) W5 2 WS I

%5 B #5:2012-10-11 &8 B #5:2013-01-10

XEktRERD A

WA 7 T B T B R (A A T AE K
J7 IR EE R L A TR A I AR AR TR AR Bk =, A
FHATLBRAS B 4 55 ) 80, A SCAE 56 B0 — Wk 25 L AT
P PCO24 %7 1 BL it b, K 0 B X0 0 4]
26 1 $E AT FLYN I X HF ( Litopenaeus vannamei) )
FRA S, Gl WSSV R L J5 RS T R 1 [
B, IR YRR e 0 R LT TE R A R O f 8 i
PERI E , DA R G2 it W 18 40 T S 50RT 9 n T Y
TEFHE DL, 43 AT 12 BR T R X B G0 8 T AN
YL RE 1 52 R, Ay AR X I SR G AT M A At
T8 R R S BERL 2 AR 4K

UMk

BEHRER S H
B Hk PCO24 F 2010 4E 3 A 28 H 40 Es [ fik e
b [ B X} iF ( Fenneropenaeus chinensis) i 4k 18 ,

1.1

BHBE o i PEAT Al (R BHIEL T (201103034 ) 5 [ 5 8F LA™ Ml 52 AR 1 R L T (nyeytx-46)
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4 Ah M bR PCO24 f S B ILHL WSSV IR 1 B 5 575

i F 2216E g 7K 55 77 3 X H oE 47 40 5 L 0 ok
afif .
1.2 FHHERE

FLZREERVEFUR Z: IR WA
ARG T X 4l 5 bk PCO24 HE4F
A RGO SR A A, IR IR AT A A

H #& 16S rRNA /371 2 #7 i I 4 1 ik A
2 DNA $2 Ui 7] & ( TIANGEN) P 4 B ik
PC024 3£ [ 41 DNA, # DL~ & W A& & A1 PCR 4~
1 4% ( Applied Biosystems 2720 Thermal cycle) i
1 PCR §"#% . PCR MK Z (50 pL) & 2 x Easy
Tag PCR SuperMix (f 7 Easy Taqg DNA R 45 .
dNTPs 41k 1Y /2 i 2% wh ik , TaKaRa ) 25 pL;10
wmol/L 16S rRNA | F i@ FH 5| 4 ; DNA # #ix
2.5 uL. %95 CHAME S min;94 C 45 5,55 C
45 5,72 C 90 5,30 MEH ;72 TZEAff 10 min, 7=
YA 1. 0% I Jig B BE K (& 0. 1
GeneFinder) T 1 x TAE # 100 V H, yk 30 min, fifi
42 B 3 Bk KRR AL (LAS3000, Fujifilm ) 41 #
J& s |l PCR =8 i ( F i R AW BHCA IR
A o ¥ PFEEJE 1Y ¥ 51 #E 1T BLAST (http: //
blast. ncbi. nlm. nih. gov/) [&] 38 1 b %F, A1) B & 14
MEGA 4.0 t#E RGE K B .

B AR R AR % T W Bk PCO24 $2 SCHR
(12 SR 28 5 48 AL Tl S vz i 30 A = BE 2 0, %)
A 9 GP-ROD SB ( # 22 [ FH A4 28 #1118 ) 45
RHAE IR 1R 7 AR M B BUG + M + T
R 7 #' ( BIOLOG UNIVERSAL GROWTH
AGAR + Z %W + siFE W2 4h) , 76 35 ~37 CF
P REEFE 16 ~24 h 5 4% SCHR[ 13 ] a8 78 0
8 Vi 7.66% FiHk L FRANAD 1 mL ¥ E 5 5 mmol/L
{9 7K W B L SR A 4 43 MR R 4% T Bl
(4R HE AHE 35 16 h 1) BUG + M + T 537 4 |
PR AL B F2 1, 4l A — ST R b, i sl Dy B
T JUREL o T v B 220 N BE L AR S FHER BR 1E
P S B = 7 N o N 0 4 = I B v B W S
P51 03 W W — SO R WA, B3 ~ 5 mL 4 Fh
WME SR TE . H— SRS
A NEER R EE T S MR SIRE), &
o £ oA 6. Mo B ( Biolog
Turbidimeter ) i ¢ [ 42k 1 30 2 3 28 % |, 7144 5 AL
150 pL 42 Ff 2 A0 B 9 GP, % & #i ( Biolog,
MicroPlate™ ) [ 5324 ~6 116 ~24 h J5HR IR 1%

g/ mL

A % A 3 4 B & 4 ( BIOLOG
MICROSTATION™) F 2%, 15 i % 5 4%

T #k 5 B BR LR, AT B 4l 5 55 24
Fefh T TSBA [E A5 55 5 (BRI B R K SN K
FrHE 30 g, BUlRHK 15 g, Z8 1Rk 1 L) | 28 TR
2524 h, U2 40 mg HE B FEY T 8 mL R
RS A P, SR 4 1% (Y ( Agilent Technologies
6850 Network GC System ) B JIg B B8 il £2 57 R I8
A, 22 S SRR A R R R A RN R A, T OE O e A
BT ORI, A S AR S i 2/3 |
2 HUAH B SR 3% R SO 408 R % b
B3 AT 2 B NG 2 B o 98 45 5 107 R
2043 P B i E) 1T 05 A8 4 K (ECL) B, B 8 B bR 4
OY A AE SR FH 0 T BRI — fh ik T 53 4% 4 0+
it PR T S YR TR % E & 4t (MIDI
Sherlock 6. 1, % HE4E ) 1% 2 i) s o T ik £5 (i DL
BE TS AR L (similarity index, ST) , 45t #] E [
R E g R

AAREIRARE Z fif F§ API CH if 4%
(72 A FL 3R 2% ) ) ) 4li B Bk PCO24 11 A fb 38 B
HEAT %08, 50 4 e B ) & U0 BT 45 1 AT TR PR
A A AE bR B 3 % (ATB AR W) % e/ 2R 5
2 g LR o
1.3 B4 PC024 X LAEX R & & A i
WSSV B K%

A R & ¥ - 80 C & Fh 1Y B £k PCO24
FHEEF R B Fh T 2216E [ (R 1K 15 3% 4k, 37 C
B SR 16 ~ 18 h 47154k, 4% 1% 1k 1 7 Bk PC024
BT 2216E Wik iggE &b, 78 37 €, 180 r/min
(18 L HR V% FE K (ZHW Y 2102, |38 209 48 35 1%
%24 h 5, {8 5 000 r/min {14 &5 5 550 HL (AR
GL10MD ) 2.0 WO B R, 3 3 78 U A o 00 2
HIGHE A3 1.0 x10" cfu/mL,

BRR & BRI ARDRE R S 56 R R A e S
MR 14 ] 7 ik B, v 52 36 ) kL Hh 1R Rk PCO24 35
#) 10" cfu/g. Kl 4 1 B W R T 4 C Uk A,
BT RUR T B I S 56 ) R b T B R A

*F¥F AR # S5 L A I A K
(8.5+0.6)cm,2011 4£ 6 A 14 HIWH 75 5 %5
KRR BR A R X R R 56 5, 2 XEER H BELE G
ES 75 (WSSV) BHL b7 e 3 a2 SOk i 7) & (el
ARSI F AR ) KW, H Il WSSV Bk, FE K
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576 K=

o 37 %

EEIE T ASOKE N 40 L o8 B4+, Kl
23 ~27 C,£: )5 29 ~31,pH 7.8 ~8.2, HR T4
oK 1T, oK 173548 H A 4 0, $OR
W SRV ZEAE 2R AR

e ! BT d g, PR RE 5],
TR ) 360 J& X HRBEHL 43 BL 2] 6 KR
SRS AT A A 3ANERE BN ER
60 B, SLHAIA H B M & PCO24 JE 1.0 x 10°
cfu/g MY 52 56 ) ek, X BECZH B H B0 WRAS IS 0 4 1R
A R, OB IR R Dy PL A T R IR AR 5T Y
(12 £3) %o (H4f %8 R 45 £ 1% 00 ] 35 8RR ) L 4%
W7 5 S0 [ 1) 2% P B A AL 34

WSSV & % 525 fe BRSCHR [ 14 ] /Y J7 ¥
il % WSSV R4, 75 % W inDRHE 1Y 21 d 47
WORE o SCU LA X IR AL MO 120 )2, 70 o 4 A
FAT AT 30 B Hh 3 ASEAT TS
X R FE TR, 1A AT T SR S I bk 2 AT
JEE R 2L, LT 1 RAS B, K H ) B R IR A 2
JE 5 LA o TS S0 WL WSSV OHL$E I 5 X i 20
B AR 50 wL 0.7% ARk, WG %%
20 Yo 4k 2 5 DR AR N 1) ARE A8 B 5 RE SR 40 1) A
[] | S I 465t R AT 0 s B 2 X IR AL T %0, 14 d
IFE LT A

I s 7 Ao B MR W% S R B i T G )

(1) FEmRE S 403

TR E] B 5 R HUORE — R, T AL P AL 6 2
XPUR(3 ANER x2 ), 1 mL JoTs i 5 & A XS
I L P A BB I 9 L, FF Ik L T 1.5 mL
T ELE T, F 4 Tk G 3 000 r/min 2
> 10 min R I 5 [7) B R 42 g gt , it ¥ A
JBERR T - 20 CLRAAFFI . Y WSSV J5 0,12,
24 .48 .72 96 .192 336 h >R 4 U 8 X AR Y i gk 2
FIUHF g B 4 21, R AR AR AT 7 i ) |

(2) oy B T 1 I

JIT A5 ML IE FH T IR P 5 B2 1 (acid phosphatase,
ACP) . B 48 & 1k ¥ K 1k B ( total superoxide
dismutase , T-SOD ) F17% B i (lysozyme ,LZM) | i
A L ¥ BE ( peroxidase, POD ) FI My % 1t A
( phenoloxydase , PO) i 77 /¥ %€ .

YT J i R ., 44 JHF M i B o A PR K A R
1519 W 5% HR S W, K I S 3T 4
€ 8000 r/min E5.0> 15 min, Mg B A (] 45 76 0 TR 1A
#47 ACP T-SOD LZM & P il 2 , I #E 45 R it

TR 3fe AR BE A5 4 20,

ACP T-SOD LZM J POD i ¥l 52 34 2 I
At AR A BB A AT, PO TR PR Y D S IR
FEERMHE W BT,

JU 4R 3 3 3 B 18 4w ) 4 4K H %58 I 1 B
5 KIUFE—K, LRI 6 R XTER (3 ANHE x
22)., EREEMES T 75% MR R IA G
O 254 T B IR 38 o K 6 8 X IR i) i 3 A K
PR B 3 ) SRR J5 N 1 mL 1) T B AR B R K
(NaCl,0.85% )% 1.5 mL EP &t ,10 fF 48
JE AT RE AR RE R 100, B0 10 77 10 T B A B
% 100 pL F B3 PR HE1T IR A T 2216E ifg /K [ &
B A B R A 3 AP AT, 37 CHER K
FRAAE B 5 . — MG SR 20 ~ 24 h 5 BEAT AL
W D0 34 B DR B T 8 PR 42 R 2R R0 48 T 2216 g 7K
[P A 855 3R 3 vh R AT B R ik B 2 ~ 3 R E
el s 5% G $EAT AR R, 9F R 16S rRNA JF 5]
A3 AT GE T TR ORI U 0 R ) B

S TR (B AR ) = 4H B e B AR X
s T A5 0 > &) SR B A5 B/ R R B
1.4 HEHW

B e vt 4 B ok SPSS 16. 0 GE it 3144, %f
S 96 B4 i 17 5 R J5 2 (One-way ANOVE) 43
Br, 2425 5% 3% (P <0.05) if i Duncan [QiEAEZ
H

2 4

2.1 E#% PC024 HEE

AR & 4 4 PR bk PC024 7 2216E F
M b, 237 CTREF% 24 h Ze 47 B AR Al 0 5 %
(E 1), A EEEEIE LG AN, F a6, h
IS ™S, HARAE 2 mm 72 o BEAT o 2 R
BERT , o 522 TR, 40 M 52 R AR, A (R 2
1, BA — R E

E1 AH PC24 FHERS
The form of bacteria PC024 colony

Fig. 1
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4 # PC024 #) 16S rRNA A5 4 5 % % 4
AKX A B Bk PC024 1) 3t [H 41 DNA H 16S
rRNA 5@ 51 Y4738, 4815 1 443 bp ¥, %™
ey 50, Ot 5 2R AT R 8 10 Bl 2R/ AT @ L

100

B, A5 R R, 5O ZF AT Y R IR Y
100% . F|F MEGA 4.0 24 R4 & LM (K 2)
PN 50 B 5 2 FAT T8 T Y U 2 AT
R E A R R

100|B-firmus AB271750.1

PC024

44 B. magaterium JN834037.1

52
B.pumilus AB699712.1

100

L B.cereus IN626957.1
B. subtili IN252070.1
‘B, subtils notto CG897071.1

’B. coagulan HE663219.1

B.thuringiensis AB617505.1

0.05

B.licheniformis CR382137.2

2 HEBRMIFAESBEY PC024 B R FH MR
Fig.2 Phylogenetic tree of the bacterium PC024 from F. chinensis

Biolog # £ 4 B #h % & % % % & ¥ # PC024

M Biolog ik 5 ) FH £ 51 n] LA Hi 1 ik PC024
TEXEFR 6 1 24 h BEAE AT o-FR ZUWIRG | o-D-7) 2
B B-5 O A | B-HY JE-D-4 49 8 1 \N-& Fit-B-
D-H 85 il Jiie . N- Tk -D- ) %5 4l Jiie . D-Fa] 3% [ A |
D-1Z 4 \D-AME | D-iff 3 0 D-H 8 i D-2RM .\ L-
BT BT L-N e - H &R L-N RV L-22
MR L-45 SR 2" - Wt SA MY 22 25 M (3 -1 2k -D-7 %
B PR R H Y =R (2 2E O R R R
BT PR WL/ AR R, DL X S
U5 T bk PCO24 Y F¢ S ME B U5 . ML 4E 5 Biolog
] ol 2 R 8 i 2 0 A TR T TR R R L # 6 h A AR
JES 0.941,24 h AH LR Ky 0. 5015 7] GEPE 35
100% . &5 3% W % &tk PCO24 Jy % 58 25 ffl
FFTE

Bk PCO24 &4 fig By BR 20 5 o A7 RS
PC024 ) i i R 28 A (3B A 0 # , B0 7 T 1% A
IR TR 2H 73 , 2 W g 7 R 2L 73 i PR & ik 2 3
/DFFEH 15: 0 anteiso,15: 0 iso.17: 0 anteiso.
16:0 iso.16: 1 w7c alcohol \16:1 wllc % 11 Fi,
T A P T IR M E R G M R R R T 2R
AT # & ( Bacillus GC group) , #{L1 2~ 0. 856,

ATB# £ 4 B 3 %5 & % 4 xF B 4 PCO24 49

B2 M W Bk PC024 1; 5% 24 Fil 48 h B £
ATB £ H o %€ R 505 & 19 % i oy Rk
A W ( Bacillus firmus) , A1 8L £ (% ID) ik
99.9% , T} 0.73, F| %% & &5 0] LIAF
WPk PCO24 BE 1% ™ A UE B B /K i V€ fr H B A K
it Lo R RE 7, [ B 52 AR AR A BT L 12 1 RE
R D-Z2 28l D-#% Wl . D-Vig B 0% D-7 4 4
D-J0E  D- W5 R £  N-2 Bk - 5 45 0 e L 4 Ay
[N N 2 3
2.2 RBREH PC024 Xf N 40K 3T 4R B ¢ WSSV
BR3P 1E F

WA 21 7 35 WRAE N 1R R 20 d R A R
WSSV, 14 d N RBFET- R 2 B #F =7 (K
3) o BRYL WSSV 4 d P, 5250 4 5 ) i 2 B RUE
TRESFARF(P>0.05) &S5 d 5 HAAHM
RPIE TR R KA, XA R T R
WERTERA (P <0.05)  fERY 10 d J5 555
MM BRBSE TR FRE. B 14 d BRGS0 K8 24
W R ) R BUIE T 100% |, 3% = T S5
A BRI T R (66.3% 2. 1% ), 525 41 FH XF
T BRZH 1) A X PR 4P 3 Oy 33, 7% o 3 5 JE L S
Bo A LA 1R M A R 2F R AT R PCO24 1 1]
b ny i 2 B FLA I MR 4T WSSV YL (1 BE J) o
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2 100 b b bbbopb
X3 b
Q_% 80 a a @ a a a a
¥ £ 60 a
de 40 b
R b —=- % HR4L control group
ﬁ é 20 ~—SZIG experimental group
3 0

1 23 45 6 7 8 910111213 14
J&GLRTIE)/d  infection time

3 BIRERFAITE PCO24 1y FLAEST 4R
ZESRSE WSSV EHRERRET X
FIHiRZELR KRR UER 2, FEAMFALAE T BE (P <

0.05) , FHRAFIH 2R REE(P>0.05),
Fig.3 Cumulative mortality of L. vannamei
fed with B. firmus PC024 after the challenge of
injection with WSSV
Error bars represent standard deviation ( SD). The letters beside
the data markers represent the significance of difference. The data
with significant difference ( P < 0. 05 ) were indicated with

different letters.

2.3 BIREH PC024 XF N 44 iE Xt 4F 1 1 i #n BF
iR IR % & 8 56 B i 1 B9 22 T

FE R AP 1) R 4L 22 40 L 2h 3 3 KT n i Fo BT AR
S, JE AR F By 69 TE M A 8 W 1R R ZF A AT TR

PCO024 H[H] , 52 55 20 XF #F I 3% #1HF JBE AR 5 ACP
LZM 5 M35 8 2 & T AT IR4L (P <0.05) (% 1),
I ACP 36 PE RN R o LZM 2 32 Tt
PO FERME 20 d B3k 2 0 (E T B AR ACP i
PEFIIM I o LZM 3 &2 5% B JF, e 15 d B
R E B RAH G, SRS TN B a5

FE B VR I [F) 52 56 4 i i T-SOD 37 4 76 %o 9%
HE 15 d PN B R BE AL H 5 X B 41 T-SOD i 1
T FEZER(P>0.05), B 20 d i) &2 & X
BRZH (P <0.05), SC5G 2 X UF fiF JE it T-SOD %
PETE A 2% 1 1) 5 28 v T X BAL (P <0.05),
L f 92 B5F [R] 4 72 8 38 o, 6 20 d B35 3 B
K1

S 20 X 0 i PO FA POD 3% PR 1 B 2
TXTHEA (P <0.05), ILiE PO % M 22 & ¥ b+
o Ea e I ML POD I M 78 B A G v 1 ] 42 £k
AN . G R W AR b S i Ak PC024
A % $2 =5 X MR 1M 3 PO Al POD 3 1

S5 S B DR US N B AR PCO024 5 IR T R
HE % & = X WF I 3 A B AR ACP L, T-SOD #1I
LZM 3% PE , 32 & 6T R I3 PO Al POD 35 1 o

F1 R HE &AL A X AR 7% F1FF R AR ACP.T-SOD LZM & % % fl7E # PO POD i Tk
Tab.1 Effect of different dietary probiotics on the activity of ACP,T-SOD,LZM of shrimp serum and

hepatopancreas and activity of PO ,POD of serum of L. vannamei during the immunization n=3
xof B4 SLE Xﬂﬁéﬂ gsﬁéﬂ e gl Xﬂﬂ?ﬂ Qs%éﬂ
i a) /d QIR QRG] JHF Ji A JH e fi il 1Y JH 19 JH T B
time ACP/ ACP/ ACP/ ACP/ (U/mL) T-SOD/ T-SOD/ T-SOD/
(U/mL) (U/mL) (U/100 mL) (U/100 mL) (U/mL) (U/mg prot)  (U/mg prot)
5 3.75+0.23"  4.90£0.31° 16.92 £0.43% 24.15+0.92° 4.71 £1.25" 6.56 £1.16" 8.12 £1.22" 18.93 24.03"
10 4.09 £1.31*  6.4920.56° 11.12+0.65 40.66 £16.54° 4.68 +1.59° 4.92 £0.52° 4.47 +0.64" 13.9 £3.64°
15 3.12+£0.33*  5.65+0.18" 10.23 £0.53* 72.53+£2.29" 3.90 £0.43* 4.25+0.40° 4.61 £0.92* 37.93 £8.51°
20 4.15+0.29"  8.53+1.67° 10.05£0.38" 48.35+0.16" 3.53+£0.12° 4.83+0.61" 6.18+1.74" 37.07 +7.83"
xf B2 SRR X iR 4 S Xif B4 SR Xif B4 SE A
i8] /d QIR 1MLV JH Jk B JHF Je B 1MLV 1 ¥E 1MLV I
time LZM/ LZM/ LZM/ LZM/ PO/ PO/ POD/ POD/
(pg/mL) (ng/mL) (U/mL) (U/mL) (U/mg) (U/mg) (U/mL) (U/mL)
s 6916.2 + 8 841.7 + 73.15 = 271.62 + 0.09 + 0.26 + 102.84 + 157.18 =
1 415,13 2 298.73° 14.15° 44.36° 0.03® 0.06" 8.05° 24.53"
0 6425.6 + 8120.5 + 145.89 = 306.21 = 0.49 + 0.89 + 103.43 + 159. 14 =
3 766.79* 2 132.49° 23.89° 30.76° 0.10° 0.15° 1.41° 23.82°
s 6 953.21 = 14 626 + 278.98 = 614.89 = 0.39 = 0.98 + 102.12 = 143.2 =
2 132.49° 2 046.10° 56.55° 62.57" 0.03* 0.16° 8.05° 25.14°
2 6312.02 + 10 528 + 342.45 + 754.57 + 0.54 + 0.83 + 104.34 + 166. 65 +
2 046.10* 4 529.44° 44.77° 119.20° 0.24° 0.12° 10.23* 32.26"

WSSV B 3 & 5 5F do 5% #o AT IR AL P %, 9% 48 %

B 04 75 T AL

TE AT WSSV i, £ I 1 5

ZF AT R PCO24 B Bk 1Y 52 56 21 1ML 35 A1 A R At v
ACP.T-SOD \LZM i £ 45 2. % i T X IR 2 (P <
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0.05) (£ 2), W4 WSSV J5, LK 4 i3 ACP
WGPERE A B2 ETny s, e S 336 h 35 F|
S5 KAR, T JHFJ A b ACP 3 2 22 8 T B i 3% i
TR g T-SOD (LZM i 4 W JC B & 4%
ks JF I B i T-SOD {if 14 56 1 T 51 48 h ik 5] i
B )5 T T B, LZM 5 1% 2258 F R 5 2 b 7 g
TR

TE B YL 55 7 S5 S 0 20 % 0F I 3 PO 3E PRI T
12 1192 h 55 %f B2 TG &8 3% 25 S 40, oAb ORE isf
) A 38 0 2 T X R4 (P <0.05) , H 2 H 5

*x2

£ 96 h 3k 2 W J5 32 7 T K 0 ke e i S5 e 4
Xof R I3 POD 7% P A B A Sk e 10 [) 14 1 3
TR (P <0.05), kg SRR, 9 i B
XF %t W I V6 0T R e ACP L T-SOD L)} LZM
TGPk ¥ A — 8 52, {H 45 M IR 5 2F A0 AT
PCO024 T3 114 52 0 2 P %o R g e 06 55 Ji5 ) e o 3%
$5 55 1ML 35 AT JBE B P ACPT-SOD L) K¢ LZM
PEo AR AR S A T Rk PCO24 B 52 56 41 B 15
F2 2 XFER IV PO A1 POD 7 1, gt WSSV J5 X}
Mg PO I P A — & W52 o

R WSSV J5 & Sb 32 42 34 4R 1 75 #1 AT R AR of ACP.T-SOD,LZM & {4 X i i& #* PO.POD jE T

Tab.2 Effect of different dietary probiotics on the activity of ACP,T-SOD,LZM of shrimp serum and

hepatopancreas and activity of PO ,POD of serum of L. vannamei after infection WSSV n=3

Xf HE 4 S X B4 SR Xif HR 4 SR Xf HE 4 SR

5 8] /h 13 1ML JIT It B I Jg i NG 1MLV il T J

time ACP/ ACP/ ACP/ ACP/ T-SOD/ T-SOD/ T-SOD/ T-SOD/
(U/mL) (U/mL) (U/100 mL) (U/100 mL) (U/mL) (U/mL) (U/mg prot) (U/mg prot)
0 4.56 £0.25%  7.06 +0.83" 10.05£0.38° 54.40+1.19° 3.88 £0.49" 6.19£0.56" 1.45+0.67" 4.87 +1.42°
4 4.76 £0.32°  8.21 £0.67° 10.32 £0.44* 42.02 +0.49°  3.64 £0.59* 7.92£0.69° 3.67 +1.14" 6.36 +0.46°
12 3.89+£0.45"  6.42£0.49°  7.39+0.34" 23.82+0.40° 3.86+0.80" 6.98+0.87° 3.56+1.69° 6.20 +0.78"
24 3.46 £0.33"  7.45+0.66° 11.41 £+2.08% 30.97 £0.69°  4.00 £0.98" 5.43 +1.45° 2.86 +1.44" 6.22 +0.47°
48 6.35£0.29° 11.40 £0.96° 12.26 +1.14" 44.93 +5.04® 4.60 £0.76" 6.37 £0.89° 3.74 +1.78" 10. 88 +0.36"
72 4.46 £0.25%  8.51 £1.80° 12.44 £0.44* 59.36 +2.10° 3.75+1.00*° 6.76 £2.09° 4.36 +0.57° 8.73 £0.11°
96 5.68 £0.32%  12.5%2.27° 31.46 £1.51" 59.94 +3.02° 4.55%0.99° 6.04+1.31° 1.80 +0.72° 7.51 £2.62°
192 4.88+0.45° 7.71 £0.45° 6.52+0.46" 95.56 +0.67°  3.57 £0.99* 5.80 £1.35° 5.76 +1.43" 5.87 £0. 64"
336 14.28 +2.34° 83.96 +10. 48" 5.56 +1.30° 5.693 3 +1.87°

xf B2 SLH Xif B4 SLH Xf B4 S X Al S H

] /h 1Y 1LV JHF I B JHF Jo Bk IV QRG] IV I 5

time LZM/ LZM/ LZM/ LZM/ PO/ PO/ POD/ POD/

(png/mL) (png/mL) (U/mL) (U/mL) (U/mg) (U/mg) (U/mL) (U/mL)

0 6 895.23 + 9885.5 + 535.74 + 1304 + 0.47 + 0.75 + 70.67 = 111.95

3766.79* 4187.08° 62.385" 288.57° 0.28* 0.29° 6.67° 22.09°

. 7012.23 + 11 498 + 241.49 = 588.61 + 0.53 + 0.76 + 113.34 = 151.65 +

2 132.49* 4 881.01° 70.90° 203.45° 0.19* 0.16° 2.56° 18.16"

. 7112.36 + 11370 = 567.78 + 959.70 + 0.57 + 0.59 + 111.6 = 152.93 +

2 046.10" 2 666.91° 110.23" 298.26"° 0.24* 0.03* 2.45° 11.46°

" 7 005.36 = 8 876.8 + 465.68 = 902.26 0.51 0.60 + 109.34 + 148.96

2 132.49* 3 468.64° 38.63° 53.88" 0.17° 0.12° 2.98* 12.95°

i 6 985.98 + 10043 + 179.55 = 648.11 + 0.83 + 1.03 + 123.34 = 168.92 +

2 046.10* 3 600.54° 208.65° 237.83"° 0.16° 0.16° 10.67° 37.70°

. 6 726.36 = 9696.7 + 466. 86 + 644.21 0.92 + 1.15 = 108.45 + 139.08

1415.13* 3 135.46"° 187.14° 100.72° 0.14* 0.19° 1.89° 7.80°

06 6 825.47 + 8425.1 + 412.88 + 477.08 + 1.15 + 1.53 123.56 = 198.35 +

3766.79* 4 770.79° 156.27° 127.99° 0.19° 0.06° 8.78" 23.41°

102 7012.41 + 10 683 = 247.22 + 920.22 + 0.83 + 0.86 + 102.34 + 157.95 +

2 132.49* 2 150.13° 35.77° 139.13° 0.30* 0.22° 9.67° 26.67°

236 9503.3 + 247.22 + 0.44 + 191.44 +

2150.13° 37.77° 0.06" 42.53*
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B T AN A0 AR A I e R P R
o TE A SER 1 2% ~ 4. T% , R 2
Alpha proteobacterium , T Xt BR 4 FF K Kk B A R ok
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(i) A 00 B[] s, G A oA A B s A AN TR, 2R R
Y, A IR PCO24 T A Y AT A ST 56 20 Xof M fi 1
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2 3 500000 - XA control group
=) bl
£ 5 2 400000
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P8 48 & 2 B R
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0.05) , FEAH R 4 22 5 A (P >0.05)
Fig.4 Effect of different dietary probiotics on total

bacterium counts( TBC) in intestine tract of

L. vannamei fed with B. firmus PC024
(n=3,x+SD)

Error bars represent standard deviation ( SD ). The letters beside
the data markers represent the significance of difference. The data
with significant difference ( P < 0. 05 ) were indicated with

different letters.
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Isolation and identification of Bacillus sp. and evaluation of
its effect on WSSV disease resistance in Lifopenaeus vannamei

SUN Yan', SONG Xiaoling'* , LIU Fei'?, LI Yuhong'”’, HUANG Jie'
(1. Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Qingdao 266071 ,China;
2. College of Marine Life Science ,Ocean University of China,Qingdao 266003, China;
3. College of Fisheries and Life Sciences,Shanghat Ocean University ,Shanghai 201306, China)

Abstract.: In order to select WSSV disease-resistant strains, a marine Bacillus sp. was isolated and purified
from digestive tract from the healthy of Chinese shrimp ( Fenneropenaeus chinensis) . The morphology and
gram stain indicated that the strain is a gram-positive and rod-shaped bacterium , with a single polar flagellum
and oval spores. The colony is circular and slightly raised. Identification analyses by the Biolog Carbon
Source Utilization, ATB Microbial Identification System,and the fatty acid gas chromatography indicated that
the most similar strain in physiological and biochemical characteristics is Bacillus firmus. Phylogenetic
analysis with 16S rRNA sequence showed that it has 100% homology with the previously reported Bacillus
firmus. The cultured strain PC024 was added to feed by conglutinating to the surface of the pellets and fed to
Litopenaeus vannamei. After feeding for 20 d, the shrimp was challenged with WSSV by intramuscular
injection to observe the cumulative mortality in 14 d post-challenge. The results showed that the experimental
group fed with the strain PC024 had a relative survival rate of 33.7% in comparison with the control group.
The immune-related enzyme activity in the serum and hepatopancreas of shrimp in the experimental group
was significantly increased than the control group. And the total number of bacteria of the intestine of the
experimental group is always significantly higher than that of the control group and Bacillus firmus can be
isolated from the experimental group. This study suggests that the Bacillus firmus PC024 can be used as the
WSSV disease prevention probiotic strains and can further be used in shrimp farming.

Key words: Litopenaeus vannamei; Bacillus firums; identification; immune enzyme activity; resistance
to disease
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