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Effects of Bacillus PC465 added in feed on the growth rate and
expression of STAT gene of Litopenaeus vannamei
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ABSTRACT Concentrate liquid of Bacillus firmus PC465 was mixed thoroughly with the
feed materials to produce granules at different doses of 10°, 10* and 10'"°CFU/g dry matter; or
freeze-dried and added to feed at a dose of 10"CFU/g dry matter. Three feeding regimes were
set up at feeding frequencies of “1 -+ 1”interval, “4 + 3”interval and continuous feeding. The
effects of feeding B. firmus PC465 on growth and expression of STAT gene in Litopenaeus
vannamei were studied at different adding doses and feeding frequencies. By adding PC465 at

doses of 10°, 10, and 10""CFU/g, significant improvements were observed in the growth rates
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and STAT gene expression levels in the lymphoid tissue of L. vannamei (P<0.05). The effect
was the most significant in the continuous feeding treatment. The finding in this research may
provide reference to the healthy aquaculture of shrimp.
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T FE RS 5 A L7 A v P R I 5 ol Sk R A M g R A YN S A L 22— o (FLTE X R R A A R
B aeh R v o ) R — R ) 24 5 Ml R S A R R R I R

% 42 A (Probiotics) £ X TR 55 58 Hh VR T Aok 51 T MOk B2 i e i . XTI 25 AR 1A 14 0 358 L 1 FH AT
BT AT 5 o R T 7K 35 B A S B2 AR 98 I B 0 22— o 2 2 R by K A e B ) AR Ak e XA A
FH 2 B A5 o X T AT A A A 5 R AR o X MR 0 S N B R Ok R X SO 41 A BT T L ok SR A K AR R
AN GEAE A e X IR A R R R KT AR X MR B 0 AL AR A (Moriarty - 19985 Skjermo ez al. 1999),

JAK/STAT (Janus /{5 514 5 Fe S 3006 ) 38 [ A6 H 7 sh W b 2 B e vh R 45 T Z/E H (Liu et
al. 2007;Dostert ez al. 2005;Lin et al. 2004) .76 JAK/STAT il #%f STAT #% JAK BRI — AL )5
FERS B AN MIAZ P, SR 5 T Ah A 56 3 PR ST 3R 15 1 Gn A0 i 2R K oAb RN G g S N % (Levy et al. 2003), BFFEIX A
FEHA BY TR0 2R AT B PCAG65 Xt FLAA T Xt W40 95 B 28 1 52 Wi LA

AR PR 2 0 17 I 930 52— Bk 43 B 1 B b I R B T Y ZE AT B PCA65 1T DU RCHE = FL A I X R BT
WSSV BYL e 71 (X B4 2012) . ARG HE— 25 50 1 T 1% B AR S i 551 o2 760 45 DRSS 238 X6 ML 40 1 e R 2 K DA
Bk v STAT 56K 2235 1 52 o LA A 32 T A 6 X R 55 8 A 7= v %) g P B2 R ) 22 A 4l

1 #MH5RFE

L1 FRAAHERESHE

ZEAUFT I PCA65 T 2007 4E43 85 A B XFEF Penaeus chinensis W ALIE » &4 BAE AL oy FHE W22 58 B %6
JE N R SR ZF AT I Bacilus firmus, T —80°C LA . IHIHI&IEL)G  H] 5L LB ( g R 26 EY I TIRA
BN ®) 78 37°C . % 3 350r/min, 3@ K JE 0.8MPa 35 35 &1 T, I b 8 R k4T K B, R EEW &
5 000r/min 25min 4°C B0 FR4> W VPR A7 T 4°C A 43 1 U8 R T B 25 ¥ VR T % &% (Heto Drywinner, Ger-
many) % 24h T ARE T —70°CH .

1.2 E5EFE

it FE FLANEXTIR (R 3~4em) 8 000 B, F 2010 4 8 H 6 HIW A ILARE BT H X UFFR5# % . 4 PCR K
MW SR 2008) 8 WSSV [k 328 28 5751 52 50 M o5 Ll AR V6 PH T 2008 K P2 A B A 4% 20010 B/ Fl i
B AL 4T 32 AN B I 52 56 /KA v ORI AR 2m” XK B 1m) ) % . 37 8 W 1] 3% 22 52 <L (DO =7, Omg/
mD , K 25~27°C ,Eh B 30. 6 247, pH 7.6, H Mk 3 WL BFE 2 07 00,13 ¢ 00,19 ¢ 00, H A B i 1k
(15 M A4 7 H B 1 40 %6, A T B A 7 20 005 B R B i R XFERAR E Y 1006, A H 09 2 004K 11K,
H#e 7K %0y 50 %6 . A 3258 J7 vk F 87 3% A S0 90 01 1 3 v A 3, | 7R 3010 7d.

SEEYH 2010 4F 8 H 13 HIFAR,2010 4F 9 H 18 H A5 T, 52 50 2 If 1 45 B0 s 7k B0 g A 552 560 2 R0 Xof R 2 ) XoF
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1.3 FRAEFARFMEIRNARHESSA

TEXT IR RERl AR (5 43, 16 B . 21. 64 YO HE W L 14. 92 % B K AL A # A 12, 12 % Ik 43) JERE b L 32 10°
10° 10" CFU/ g falBH Y o FF A R 38 25 J AT B PC465 % B 0 8 O BRI . 76 S IR A0 1F T F 75 YK 1 5 1 1Y
BPRA o R IR A A R ZE LI T A2 A 2mm (9 5 RHE 2% . 78 25 P8 Bt T I B0 0 31 980k e ) . g X
WA 3 ARG DA R 1A BREH 2 i 3 N E SR B EE A 200 FROF R o S0 56 20 SR B4+ 37 Ay 450 W ] oy (D
Hak Ad BMET I RRE, 3d B MEIERIRRE, 7d 1 AR 2 SL R A5 A0 43 B 10° . 10°F1 10" CFU/ g iy 2F 41
FETR A RE 6 AR — B4R ML Rl RDRE, R S5 A, A 7d B 10 G R A R [ B A IBOGT R M 2R R
FHF STAT kil .

L4 FAFERRFZIEHAMENESSA

FE XU S5 DR EOR R 452 107 CFU g AR} O B0 A SFSFT 35 T8 6 % I8 4 1F F F 75 % 1 #83d 1y
TR o 75 A0 0 5 R P8 BN T 4 S 2 0GR K 4 L 7 5 PO 5T IR ) BT OB, A
HRSR Ry 3 A SE S B | A R AL AR 3 T A T 200 R R, 3 4SS R AL 4 R I 1
(L B0 525 Gt 1 $ SRl D R 1 %8 S0 45 70 (IR 4 -+ 37 G2 4d 420 50 B Bt . 3 45 0 36 i 1
.7 T AR L B2 9 R RO I S B (— PO SR TR 3 ROy S A 25 R I 1 B A 3 B
SRRy — BRI . H 1. 3 ORE I AT B AT

1.5 RBEFMHE PC465 ERBMIIRPHEFERER

TE N T AR S % 58 T T B AR R B 3k AT PC465 B E it 5. FENLELE I 1ml s{FHY 0. 1g 8(#H 1g
BFEES 1R R T &5 T 7F PBS ZEvp ik (pH =7.4) F 47 10 {Z 86 BE 5 B, W Bk #2 vh 3R W i
(1 500 r/min, Imin) FIRFTIR AT, £EAB6 B 098G B 200l 51070 T 2216 E [ AR 8% 37 3 A b BF A B6 JE
H3IANEEVRIFEET 37°C 47 18h BIE; I7 5 7 B X AS [R] 1 9% T2 25 50 18wk 43 50 2647 3 80, B 9% B0 T 30~
300 MAFAIHEChRE . BEFPRESGTTECE R 3 W BCEIIE . M A R B 75 T 2 09 45 Fh i B R AT 16S 1D-
NA JU ¥ DL 2 02 5 b B Bk
1.6 JFLAEIIREMREB AL STAT EERIEKFERNE
1.6.1 xFdFkskeasr RNA 932

TC S5 AE T 15 BUAY FL AR 3 Ko iR 2 (L 2l 257 Bl A E2 A 0. 8ml RN Alater(Invitrogen) 1Y 1. 5ml 8.0

L FE ACH R IR H LA —80°C i ff . Fr AT #E &€ h )5 » # TRIZOL Reagent (Invitrogen) i B 43 i#f 17 &4
RNA E/‘Jﬁhj:/%’ﬁﬁ NanOdrOp 2000 (DIU/—»HE RNA %EE 9{%@?_80(@?‘?%0 n&ﬁ‘f}g A26()/A28()j(ﬂ: 1.8 E]/‘J RNA #DEI%

T LLUTF L5,
1.6.2 RT-PCR F1 STATEREHMERFASY

¥ W PrimeScript RT Master Mix Table 1 The primers used for Real-time PCR of STAT gene
(TaKaRa) i #AE UL 51l %5 & RNA |1 cD- 514 191
NA. f#i ] Oligo dT Primer I Randomer Primers Sequences
6mers fE R 2[4 . B-actin-Forward 5'-GAGCAACACGGAGTTCGTTGT-3'
1.6.3 STAT A A % ik 4 Real-time PCR  Bactin-Reverse 5-CATCACCAACTGGGACGACATGGA-3'

é]\ 7})? STAT-new-390Forward 5'-AGCCCCTGTCTGAGCGAAA-3'

VEiF STAT BB HE@BI 55 NS STAT-newd61Reverse 5 -GGTGTTCTCTTGTGACCTTCATCA-3'
Bractin ¥ T4 (Liu ez al.  2007) (F 1), 3%
A T AR BEARAGRAF G . RHXES YA LR cDNA ¥4 SYBR Premix Ex Tag(TaKaRa) i} B
BIEAEDOLE 7t PCR AL (Rotor-Gene™3000) 1l 5& H b5 4k B 145 DU, B4 FE & ik 3 AP AT
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Table 2 Survival of Bacillus PC465 in feed after processing

2.1 BRIEFAHAFH PCL65 FEREBIMT
SERUFF BN TGRSR N TR 8

72 R 7 7 [GEEESiA] Count before Count after R
Survival
Wit PBS 22 s AT 10 580 B B Type of feed  Bacillus processing  Bacillus processing %)
B A 1 72 9E 47 16S rDNA W J5 o (CFU/g feed) (CFU/g feed)
THEMFTE PC4A65 MO8, 255 EM, 108 2.17X10° 1.54>10° 70. 97
TE AR 2 o B AR T B ik 125°C 108 1. 98X 10¢ 1.01X 108 51.01
Fy T 15 (PR [ 5 T 14 0 v 1 4 107 12310 119107 96.75
Bl PC465 MILETR 28] 43% L B A 107 2.91X107 1.25X 107 43.01
L 2 ARSI 3] 96. 7500,
70

2.2 RBIFAFE PC46S F &3t FLAE IR & 60 . L

LES: A

o
=3

30
20

FE4 SO R ER N 10° L 10°F1 10" CFU B 2F 1 4T
TR R T 437 BB B IR FLAN I X BF 35d 5 ) 4%
IR MERT S AR E L ORI B AR R (B D, gt A B C 0
— N » 5 4
S LR L3 e 4L 0 68 I A KSR 0 T S IR 4L 3 iR Treatment
15 25 2R RN bp HE R 22, R & A AR [F] Bk Y 2 22 IR) 2% S B
A FE 4] 5 0 AR 4 ¥ i (P<20.05)310"% "
I (_/?EE L5 0 AL P22 55 i (P \))‘ Lt (P<<0.05) , A AHFEFHMAZMERE XS,
WET 10° M 10°4 (P<<0.05), FWHUE 10°, APCA65 I i Jy 10° CFU/g fil A0 52 B0 41 5 B PCA65 4
10°F1 10" CFU/g B N ZE AT B PCA65 (1 i Bk 5% JLL WS 9 10° CFU /g 45 k0 52 80 415 Cc PCAGS 8 I v 2
DN AT R 05 4 HUE KK, BAR 10V CFU/g 10" BIRSRRALOL AT PO165 195 i i
E/‘J ﬁ@*}z%ﬁﬁﬁﬂé‘ﬁﬁ%%ﬁ} X 'fE;H:/EE _[;,( % E]/‘J I, j: 55(%{ E-rror b.ars.r.epreser-lt standard deviation (SD). Differel-jt letters in-
R U JCFU L 10° 10°CFU . *\ ﬁj] - dicate significant differences between treatments, while the same
{Xj‘:’ 5.96X10 / ’ ir:ﬂ /g i ’l— A5 I letter means no significant difference between treatments
E@ﬁiﬁ%tkiﬁﬁ%ﬁj\%iﬂ 5.19X10 "CFU #1 5.17 X A: Treatment with PC465 feeding dose of 10° CFU/g; B:
10 g/CFU,Mé_Zé‘EIC P =, 108 CFU/g WInE WK Treatment with PC465 feeding dose of 10CFU/g; C: Treat-

N N VT e . ~ = . 1 - . X <
% H:i le%@@ = ﬂ:;H:'ﬁEéE i ment with PC465 feeding dose of 10! CFU/g; D. Control
without PC465 feeding. Same in Fig. 2

2.3 RIBFMATE PCI6S FRMNA B LA RI IR L SRR R RO L4 AR 2 K B
STAT EE XKLk EHEN Fig. 1 Effect of feeding dose on the total

growth rate of L. wvannamei
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FH 10° . 10°F0 10" CFU 2R HF 1 /g 1Y 1) B4 4

37 R R L XS UF B 7d B 10 REXTIR B9 26 bk E 20 LA s b STAT BER 9 R kK7 (B 2) . 45
BB IETF IR S A ZE AT B PC465 1Tkl 7d J5 , 5 X BRALA L 45 5250 21 19 2638 KO- 35 B 8 BT, Horp
104 STAT HPE kKT 5HAh 3 H2% 5 W3 (P<<0.05),10° 20 5% B4 2% 5 W 3 (P<C0. 05), 10° 4 5 %f
TR 22 7R 3% (P=>0. 05) ; Fifi 5 $5 ML 18] A4 ZE < L 45 2 STAT A9 36 38 5 1l 9%, $5WE 14d J5 . 10544 1 10"
15 10" 4R HE 4L 2 ) 38 {4 45 B 35 25 5 (P<T0. 05) ; M 21d J5, 10" 41 5 Hifth 3 41k (35 5 22 7 (P <
0.05) s $ Mt 28d J7 , 3 AL FRA 5 X5 B4 R B 1 B 35 25 S5 (P<<0. 05) 5 4% MR 35d 5, 10" 41 5 HiAth 3 20 25 S b 3%
(P<C0.05),10%41 5 %}l 4l 25 5% & 3 (P<<0. 05)
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2.4 ZIRITFHATE PC465 512 45 = 3¢ N, 40 38 X 4R
ERKEWZM

AT PC465 & 524 107 CFU/g i1 kL, R
FHTALBR 117 JR] B 4 437 3% 2 5 MR Ay A =X 45 M L
ZNBEXTIR . 220 35d fRIRH MR SL R I AR A% 2L X AR
PEMEHT T AR L OR AR R AR (B 3) .3 DR
X R A R AR T X BR2H L 3 A S 2 5 X BR2H 22
S (P<<0. 05), Jf H B Le M2 5 ) fg 4 + 37
2R W (P<<0.05), AT LA, 2 1) ) vp 25 4
FRE A N 10" CFU /g I, i) f 1+ 17 ([l 4
37 T S P MR B RE B R B AR R I HL
i SR 2 i A RCR SR

2.5 RIBETFEFFE PC465 330855 =& 3t FL 49 58 X 4F
STAT £ [F R i% 7k F B 8 Mg

& 10"CFU ZF AT /g 19 1) R 2 8] B <1+
17 T) g 4 37 1 6 5 5 M 1) 5 43 MR L 490 1 X6 A
7d B 10 B XFUFE 289k A LA E Herp STAT
FEH PRI (B 4, FER R T 2R AT 1§ PC465
TR 7d 5 5 HR 2 A L, 25 S5 A ) 3R GA KO
W BT 4 A 2 25 R 1 3 (P<<0.05) . T
TEZF R R PR b, S MR A e STAT RN
FIR MO 3 LR M R 1+ 1740 [l e 4+
37 LH B AR 5 B A B W B (] A ZE G L 45 4 STAT &
KW E T R 14d S5 .3 AL AL X IR AL R
Pl 3 25 5 (P<C0. 05) , [A] B& 1+ 17 41 3% 22 38 W
H5mERR“4+37d 225 B3 (P<T0.05); # M 21d
J& o4 AN Z R EE B3 25 7 (P<<0. 05) . T7E 2 18
FEAE R AL b S R AL F STAT S Kk
R e B2 U TR PR 1+ 172 L TR B 4+ 37 2 B
I 40 28d J5 , e AL STAT Fik & 2T
B .3 N A M B E R (P<
0.05), LR R4 5 R B 1+ 174l A f] b 4+ 3741
ZHBFE(P<0.05); M 35d J5, iEL M4
STAT Fih8A T FFE.3 NS4l fixd B4 2 7
3 (P<C0. 05) , % S F W20 5 (] B 1+ 17 45 Fn [
FR“4-+374H 2% R W E(P<0.05), 45HREW, E#K
WS 10" CFU ZF A5 /g YRR . 3 S 21 3
RENS W 40 FLANIE XTI STAT M 9 2 1k K-,
I HL % S 4 R A A A R Fe A R RR 1+ 17 RIOR IR
JE) B 4+ 37 SR A 22

wA uB «C -0

of STAT gene
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Fig. 2 Effect of Bacillus dose added in the feed on the

STAT gene expression in the lymphoid tissue of L. vannamei
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IRELFRIR R 22, R & A MEF B W4 2% 5 B F
(P<C0. 05) 7 A AH W] 7 B i 241 2 18] OC . 3 22 5%
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Error bars represent standard deviation (SD). Different let-
ters indicate significant differences between treatments, while
the same letter means no significant difference between treat-
ments

A: Treatment with PC465 feeding frequency of interval“1 -+
1”; B: Treatment with PC465 feeding frequency of interval“4
+3”; C; Treatment with continuous PC465 feeding; O:
Control without PC465 feeding Same in Fig. 4
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Fig.3 Effect of feeding frequency on the total
growth rate of L. vannamei
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Fig. 4 Effect of feeding frequency on the STAT gene

expression level of L. wvannamei
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TEAOHFT TR o 25 A T A )32z b FH T X R SR AR R e L BR T BB A A UK R A s AR A IR T R
% Tt 22 AR RN T4 B2 p P2 A 19 5 1R (Cutting ez al. 2011, ABFIEHEAT RO AREHIN T 85 Bt FE AR &5 T
125°C (15587 i i AR Tk b ZE AT B PCAGS 1 A7 15 4T 5 1 4300, R B PC465 ZFEAIRBAS 28 22 41 fn Tad #& rp
(R R Ul A5 A o 2R AT DA AR X MRV A0 TE IS A IE AR AF L BB A WA T A L B TR A RS L A RE A OGT R AL A
AR (Yu et al.  2009;Wang et al.  2007), BFFEESE SFAESE, im0k B8 0 ZE 14T & PC465 A LAt 2% i 3k
Xof 0 A A K U I ZE AT B OE T AR T AR ROR . A AT R L PR 25 AR B R AR UE PLYA T T B g A 2 1 T
B Z B E (Van et al.  2009)  JXAERG AN T 7 38 3R AR, 48 5 178 IR W CRICR BT 4 Ml A ML 494 U X R AR
K.

9% K B, FLANIE XTI STAT J& Ty %19 STAT ik, I HBA 58 L0 58 1 098 =X 3h 4 8L ) 56 A
PEAATHLEN (Liu ez al. 2007) . FE/NEMZITH, TR TIEN-y BRIE JAK/STAT {55 & 12 2K 18 /0 2 19 &2
il (Zhang ez al.  2010), WF5E KW, STAT /2 W 72 3l ¥y 101 B o 15 J& e 19 8 22 3L P (Dostert er al. 2005
Burdeinick-Kerr ez al.  2009) , 4 4545 H , WSSV R 5 STAT SH FikE S T M ME 2T STAT 1
C-K i 1 22 T 4% W 2 Ak T % 3% fk 19 STAT 15 4k J5 A Al T WSSV (/& Yt (Chen et al.  2008), TEAMFF
o ZEHLAT B PCAGS 48 AN [ 45 WA SRR 6] A WS i 76 7.14.21.28d 4 A (] 4 35 BB AN () 42 B Tl 9t o L Ah T2
XFUR STAT J R (19 3238 7K . RGN ZEF0FF 18 PCA6S B % =5 FLAN S X IF ) S s 77 .

TE T BF SR 5 v G 25 48 iR 50 1) 4 3 el 7 S R A SR IR R G 1 5 A 92 1) RACR (1 B itll (Chang ez al.
2000) G117 SROBE A5 G 75 348 i R g A I e AT LA 5 | G g2 BEL 41D AR A 928 9 S5 80N 5 T 3 e A i S R A I SR b
B 7 5 0] DA R BH 1 Sy 9% 57 (Sajeevan et al.  2009;Sung et al. 2006;Bai et al. 2010;Moriarty et al.
1996) DRk VS I 2 AT DR 75 o 23 7 AR R AR 2B RORIT I  G 388 T 1) BEL 4 R0 % 5 1] 07 WE 7 AR BIF 5 TC 18 1]
Bhef ZEARE R TR A B S 107 CFU /g bkt i d 30d 1 7 SR M, i J2 35 5] 10" CFU/ g fal Rk ey v B (1 ] i 42 i
RS b ANV B 2 28 18 28 S PR A 7= sk LA S 81D 3 IUAS T AR A A 412 A R AR S 1At 300 A K T T 1 BEL 40 8 9 55
[ R o T T 2 A TR AR SR e N 70 A T A5 MR AR A8 M %) A1 3R 0 7 S A ATF 9 R AR D WF 5T 25 2E B IR A
i 7 U EA 2
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