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i B ZEFRAT B AR 28, PR 19 A 25 7 T IH B T
ZAORE RIHLE 1 7= A= 30 A G W A RE L 5
HEF LA SO ol A 9 0 B R A A0, DL St 2
FIFFIR (B, velexensis) BA A R A=W TE 1
ARG VER | F IR FNR BT A R DL LRI N
FABUA R AT AR I DL SiEr 2 AT B ) 5
APt (Epinephelus fuscoguttatus § X Epinephelus
lanceolatus &) 56 R GaPE R, B o % i 24 [Q A A 41K
BoA WERESERIAT R (B, cereus) WJE /K™= FRFH B WL
FIFEAEREZ —. BN, Zhao SEF 5T & BRI o I8 i ety
FEEAAT B ] 2B & 2 (A postichopus japonicus)
MBI GE I RPURRE 1S L SR, A SE AT B 8
fi AL TR AEZK 7 SR 5H B IR 2 A5 B2 A AT AH G
At EFRAE A 7 A 35 L AH E AT AT T
VE RN BE 14 T e 55 P e A S M 22 S R O EAD A 1 T
i — A
Hh T R 2 7K™ S B AR 2 2 S 28 e ) E ) Wi
TE Y 3 R XU DL D oI A S EL A T R R
{10 2 FUAT BAT TR B, 3 A A 0 2E AT B BSXE-160177
DUSIEHT 2E fUFF 1T 26. 350 IS B 2F fLFF 3 BCXE-017",
o, BSXE-1601 X &l #F i 9% &, &) 05 90 = (V.
vulni ficus) FIVEBEINE (V. alginolyticus) 55 HATH0H
FORIRIVE R TR 26. 3 AT LA R i e A GO ER
B FIRE K SR M B (Aeromonas hydrophila) %5
PEE L 1M BCXE-01 % TR Hh 16 4 4 I A 06 T v U
MR pH . X G EA I 9IK B 7 3 9K 1 Rl 2 oI R (V.
splendidus) XA BRI RILE Y . SR, T A
B 2SR TR L DU 3R T 24 AT T R AR 28 FR AT TR 0 FLAN
X URAE K G E FNBTIA BE J1 5% WA 1) LL B 5342 4 3 fi
FiGE . ST, AR A SE T RARE X 3 Bk
BA T BE 2 f A 78 28 4 A2 TR 0 PLAA X IR A 4L
o S P R A O 3 PR 2 5k LA B I i 3 B T 0 5
HIPTREZE 57 . B AENIX 3 2 AT P 78 LA X HF S PR
FRIE G RN T B 0T 25 PR TR 288 2 AR TR 1Y)
K TEVE PSR HERL AR

1B ik

1.1 Bi%k

W58 BT FH 2R AT 1R 240k B b DV R 2K ™ 57
A AR L 0 3 TR R A O A S B fi B R A 0
3 FIEEAAT R 43 0l R Al B 2T B BSXE-1601 M5 A 2
FFF B BCXE-01 1 DL SEHT 2F AT B 26. 3. mTIHBFSY
FA L 3 FhZE AT B X K 7 5 L R AN B B A R TR
FEEE RN IR A AE— g 22 5700 5 3 FhaE
FIAFREEM T 2216 WK 35556, 28 °C 140 r » min’
Bigg 24 ho B R A BRER K R & . R 19K

B (45 : 20160303005-1) F 1 [ K F= Bl 4 A 5% e B i
KRG T AL
L2 AR &

AL PRZE BT L 43 AR I 3 A [ ZE AT B X
PR ARDREARN AR A, R RDRE AR N TR Dk A PR
O8] O EAEND SRAL AT IR 2 SRk, ks =Y
JFA B R RN A I 1, W TR AR R AT LA
AR BRFR A TR B R A MR R KR AR
B Ve A EE U R ) 50 4 AR I I e 3 R B TR
ENIEATIR ST Ab 382 B A A B AR K TP ) ZE AT
PRI 2 U G 7E B 1 25 G (0 ARk v TR 20 0 4 e 9 VR
Tl A SRR AN IR A W CE T I B AL AT BT

X BRLZELBRAN IS 0 25 FRAT B8 B A A, FAR ol 4 20 R 5 Ak
AR
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Table 1 Composition of the basic feed

i) Ingredients
7K43 Moisture
AR Lysine
HLJK 43 Crude ash
HLPEWT Crude fat
HMLLF4E Crude fiber
KL 1 Crude protein

& Content/ %
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B Total phosphorus 0.9~2.0

1.3 MR EFEEE

{aERRE PLAA X R Gy iR I [ IE R (R R 2
iy 22 = AR K PP ST B HEA T FRAE AT O . SEIHT, S
BEWIIRAE S 450 T 3E N A 9igk 2 J . e XA ad R
Hh IS Y A, O IO AR R R A DR, DIk A R
Jo  SEMLAR AL B, iFIR] 4R SE 24 b ST MK R o B AL Pk
560 AR HLHS 24 50 i 2 (1. 57 0. 07) g 4> e %)
16 NI KGR T (100 L) FEATIER S0, 5206 4 74
H S PR AL A% MR S A AR RE CCO 4D o HoAt 45 21 7 3 il
TRk JEE A A S T 2R F A A BSXE-1601 ., B
FEZFHIAT B BCXE-01 ., D13 2RO 26. 3, Uik i
¥ 1X10° CFU « kg ', 334 4 >4 BD.CD #1 BV
M, FRFHSCE ], A H K — IR, oK & 20% ~
30%, FFHALE 9:00,14:00,19:00,23: 00 5F i 4% W 7]
A, 5 MR (18 S X MR B 1) 1096, B B UL 6 M 11
Az R AR L 2 TR S T

HANFFAIINFFEE 42 d, B H ISR I I SRR FET
&L, FRAEILRE T, KRN (33.0£0.5) ‘C.pH A 7.8~
8. 0 RN 32. 041, 0 5 f#RSAESE 6 mg+ L' LIL,
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L4 HRXE

42 d FPAEI AR/ Z 5 s eIV AL FEXTEF 24 h,
Wil J P LR B i IR AT IE . RS R K A v
BEAILITUR 6 F& XoF MF , SR 42 JH 1 i AT R R R AR . SR B
Y T B0 e MAOGT R 17 0 i 5% v e B, ol BB S R
WS 1.5 mL B0 T, BE R E O EICE T 4 CUk
FEERE U H RIS LK 1 R 7R A3 S L 3000
remin ' #5010 min J5 W ECE S I0E A — A8 8
B EE T —80 CUKA HARAA I AR
e T e 2 K R A B ) I FH B 0 RNAR Ok R 4E
SRAE 5T UG ST BIVHE T JB R A 38 KR B8 0 A v K
PR B AR A RNA R4 . B B0 B 4 Cik
FENFE 12 h, S ORAF T —80 C kA& HIFFI
1.5 ¥EFRiNE
L5 1 sHsFrAKIgtr  XFUFYLERALEE 24 h JFEfTIT
BORBR A , AL IR T 2 203 LG R4 A KR
1700 5 A SRR

FETG R (SR) = FRHH 52 I 245 o i o] R 50 = 354 52
B T 4R B IO IR £ X 100 %6 5

g E KR (SGR)=Un W4 —In W)/t X100%

TARISCR (FER) = (W —W ) /Wy X100 %,
Ao Wy, W o 43500 27 FLAA T R 9470 L R AR it £ 5
t RS T W 3R 5 58 S0 56 3 (B) R R M A
1.5.2 A fskastr AR & (R st A E
YA BN A v e ) W A AR S e ) 9
J R i REUE B AR 43 550 DU LA T I i 37 e T

(Lysozyme, LZM) | 8 58 A6 9 17 46 1§ (Superoxide dis-
mutase, SOD) | i WG 1 (Peroxidase, POD) | &
— A 1k & & W B ( Total nitric oxide synthase,
T-NOS) . /& 14 #5 i i ( Acid phosphatase, ACP) . B It
MR ( Alkaline phosphatase, AKP) £l % 4L /il ( Phe-
noloxidase, PO) & ,

15,3 MR ekAa X W&k il FastPure
Cell/Tissue RNA isolation Kit 40 /20 41 5 RNA &
B & LM 3 24 08 A= W RHBCAT BR S W) v BT
PRI MR AL 2R %) 6 RN B 5 H kR I, RNA
RSEEE . FJS . H SYBR Green Pro Taq HS qPCR
R & BN SER B A= PR A BR S 7 rh B AT
& RNA 8580 cDNA, ZE 52 & & PCR 7%
W E cDNA e 58 41 ¢ 3 A (Imd | Toll . Relish .
TOR. 4E-BP. elF4FEla. elF4E2. proPO. LZM,
SOD .LGBP FlHSP70) (X ikt . qPCR Rk
ZUF BN 20 pll, Hoff SYBR Green Pro Taq HS
Premix 10 pl, Primer F 0.4 pl., Primer R 0.4 pl,
ROX Reference Dye 0. 4 pl,cDNA it 2. 0 pL, DI K&
DEPC AbBRIK 6.8 pl, qPCR JZ W FEFUNT : 95 “C 14
R 30 5595 CHHF 5 s, WEREE 60 CJa T 30 s, 3
40 MIEFR; 95 CAEHE 15 s, HEREE 60 °CJ5 11 4%
1 min, 5 95 CHREF 15 s P8 58U, R A
2 ORI G s B R B AR X FR AR AT AR
qPCR B3 )75 W3k 2.

&2 qPCRPTERMSIMRES
Table 2 Sequences of the primers used in gPCR

B R — 37 BIa 514y (57—37) GV
Gene Forward primers (5’—3") Reverse primers (5’—3") Primers source
Actin GAGCAACACGGAGTTCGTTGT CATCACCAACTGGGACGACATGGA PV Ll
SOD AGCCAATGACGTAAGCG ACCATCACAAGAAACCC PV 2t
LZM TGTTCCGATCTGATGTCC GCTGTTGTAAGCCACCC P Ll
proPO TCCATTCCGTCCGTCTG GGCTTCGCTCTGGTTAGG Pz
LGBP CATGTCCAACTTCGCTTTCAGA ATCACCGCGTGGCATCTT AY723297"
HSP70 AACGATTCTCAGCGTCAGG AGGTGCCACGGAACAGAT AY645906 "
Imd TCACATTGGCCCCGTTATCC ATCTCGCGACTGCACTTCAA FJ592176°
Toll TGGACTTCTGCTCGGACAAC GTACATGTCCTTGGTCGGCA DQY23424"
Relish CCTGTGAAGACATTAGGAGGAGTA CCAGTTGTGGCATTCTTTAGG B At
TOR TGCCAACGGGTGGTAGA GGGTGTTTGTGGACGGA Duan 2%
4E-BP ATGTCTGCTTCGCCCGTCGCTCGCC GGTTCTTGGGTGGGCTCTT Duan 2%
elF4{FEla TCCCTTTCCCTAACCCTCA GTTTTGCTGTCTCGCTTCC Duan %1
elF4E2 TGGAATCAAACCTATGTGGG GTCCTCCTGGAAGCGTA Duan %

e * : 51WTE GenBank HF515,

% ; GenBank accession number of the primer.
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1.5.4 S A&%% KRN I R T TSB 85 3%
e, F 28 CHI160 r» min ' M TFHFE 24 h K550
RZJGTE B N BRI SRS w ., 2%
ARSI 2 O AR B 5T 25 1 T2 96 @l 375 i 3 B8 £
TR B AR B R BN R 1< 10° .5 X 10° .1 X 107 FI
5X10° CFU » mL ', LB 25 5 R, X LCs, CEEL
A Mk FF Lethal concentration 50 %) #f & & 1 X 10°
CFU » mL ' JRZe IR BE AT SE 00 . N 4 N2 43501
TE RIS A BLRY) A8 2 XoF MR 2E A Rl ¥ i 5/ P 25 7 S 56
AR E A NEEFEA TIOR8 =S 25 pl
WeREN 1107 CFU » mL ™" il ifin 5K 1 B % 7E X 03]
B AL S 14 d MBI L SEATERSE T O - B
e A AR B AE T

1. 6 RSt A

SE R YRS SPSS 23. 0 St i T . B
S BAEIE T O 25 551 JOE A AR 5 Bl S AT
BARZE T 208 (ANOVA) L)L & Duncan £ 5 L& 16
5. ZERLDSFEIE HAREDR (mean+ S, E) B9JE Ak &
N WEFEMEKFRE N P<0. 05,

2 4k

2.1 JTERAERER

2SI LT IR B AR R PR RE WLER 3. iR 3 1]
DLUE . BV 4145 WA K48 5 5 =1 » BD 2 % IR R 44 5T
R E A KRR R B S TR (P <<

.
0.05), CD 253 ML Z (A FF AR B 35 25 5 (P >

£33 AN ERBERMETE
Table 3 Growth performance and survival of Penaeus vannamei
20 51 WA T HAR TR FREAERR R peanE
Group Initial weight/g Final weight/g SGR/(% «d™") FER/% SR/ %
BD 1.5740.03 14. 3740. 30" 5. 2740, 05 84, 0742. 60" 84,2944, 12
CD 1.5740.07 13.704+0. 11° 5.16+0. 10° 78. 4340. 96° 77.86+3. 17"
BV 1. 56=0. 03 14. 55-+0. 23" 5. 3140, 06" 84. 4141. 41° 80. 00+1. 65
CO 1. 5740. 04 13.4740. 10° 5.124+0.01° 76. 414-0. 68" 75.0043. 57°

T 4L [ 2 REA R F B0 22 7 3 (P<<0. 05) . BD.CD. BV 43R a0k A IS 5 25 AP BSXE-1601 IS HEZEATFF 1 BCXE-01 A DU SERT 2EA04T
TH 26.3. CO MXFHEZ ., Data with different letters indicate significant differences between groups (P<Z0.05). BD, CD and BV indicated that Bacillus

subtilis BSXE-1601, Bacillus cereus BCXE-01 and Bacillus velezensis 26. 3 were added to the feed, respectively. CO represented the control group.

0.05), FEFEIIE] 45 4b FE L A4 Xt MR A7 305 2K Dl I 3 22
S(P>>0.05),
2. 2 JPER M E IEHF Bt R IEIERR

3 AR TR ZE AT B Xt L4 XoF i 5 A DG 9 928 il T
BRI 1 FrR. 3 ML B XTIF SOD 67 i 2 5
FXFHR4H (P <C0. 05), BV X HF SOD i 8 & & T
HiAth 440 (P<C0.05), BD #1.CD 41 A1 BV # %} iF PO
1 POD i PEY) 25 5 T X6 B AL, Hodh BV 44 IR PO
F M POD M 25T CD 41 (P<<0. 05) .5 BD 4
KU EBFEEF. BV HXEF ACP Al AKP i 1 8 % 5
FHANA2H (P<<0. 05) ., BD 411 CD £ %F 4 ACP % 1
I 2 = TR R AL, BD 41X IF AKP 3 74 I 2 v T 0 R
ZH (P <C0.05), CD ZH F%f B 2H 2 8] 22 S5 A B 3% (P >
0.05), BD A1 BV Z0XT8F LZM #4401 T-NOS i 4
P 5 T X AR CD 2H (P <<0. 05) , CD 41 FI %} e
A ) 22 57 AN 3 (P=>0. 05)
2.3 proPO.LZM .SOD ,LGBP HSP70 &Rt %
*E

DR 25U BSXE- 1601 BERE 2L F

P BCXE-01 F DI 2- AT 7 26. 3 % FLAAXT AR g i
AHOCEE AN ik s 2 A 2 Fo . W 2 AT LA
L BD X ERAF AR proPO FERIFI LZM LR A&
B EET BV M CDH(P<0.05), BV 4XFHFT
JEERR SOD AT LGBP SEPIAX 2k 2w T HoAth
&4H(P<<0.05), BD4F1 BV 20X 4R TR HSP70 %
PIAR X 25 B3 T CD 4 AR R4 (P<<0. 05),
2.4 Imd JToll A Relish EEAXNRIEE

e Joh H S I A B ZF AT B BSXE-1601 s A 27 41
FF# BCXE-01, DU 2R fAT I 26. 3 %F LA XS HF g
Bt Imd . Toll . Relish F& R AHX} F kw52 m an &l 3
INo 3B XTHR IR Y Ind JE DR A AH O R 38
1 5% B ZH A 25 S (P<<0. 05), i 7E BD 41.CD 41
BV HZ [R5 5 A 2% (P>>0.05), BV 4IXFHF
JBERR Toll AR 5 8 3 5 T BD 4 M1 CD 4.3
ANSZ B8 2H WP U IR I R Toll 35 R AF o 38 3 f 3 5 %o g
A BE#ER(P<0.05), BD 41%F MR AFBEIR Relish
FEHAXT R AR R ESHT CD 4% B4 (P<0.05),
5BV 4RI EEHEESS.
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were added to the feed, respectively. CO represented the control group. Data with different letters indicate significant differences between groups(P<C

0.05). The same as below. )
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Fig. 1 Effect of diet supplemented with three different Bacillus on serum-related immunoenzyme activity in P. wvannamei
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Fig. 2 The relative expression level of proPO.LZM .SOD .,
LGBP and HSP70 genes in the hepatopancreas of P. wannamei

2.5 mTOR E S EEHEXEENRIE

TeAsk PN 0 Ay B ZE AT B BSXE-1601 ., 3 A 25 1
FFIE BCXE-01., DI ZEAUAT R 26. 3 X PLAA XTI i i
it mTOR 15518 % A0 5 3 R 1 1k i 52 n &l 4 B
~. BD 41 F BV 4 X5 R B B o TOR & [H A
elF4Ela AT 25 5 W2 & T CD 41 f1 X} e 2
(P<<0.05),BD 4 Fl BV #H 26t i & % H (P>
0.05) BV XT IR AT iR 4 E-BP 5& R A X 3% 55 &

07 SYBD #ZcD E=BV [ZICO
2.5 b
'Tg 2.0 b 7 4
= 7 b
. il %
g
® s 1.54 b
'3
=2
£ 1.0
&
0.51
0.0 T T T
Imd Toll
HH Genes
K3 AR IR T Ind \ Toll Fl
Relish H K AR K5
Fig. 3 The relative expression level of Imd . Toll and

Relish genes in the hepatopancreas of P. wanname:

Fm T HAL 3 41(P<C0.05) ., BD Z4A1 CD 21 X W T fife
MR eIF4E2 & PRUAH X 22 35 8 i 35 & T X 4l (P <<
0. 05) 3 3L 2H 4[] o UL i 35 1 22 57 (P =>0. 05)
2. 6 Xt LR A

BRI LS R IO I 45 AL X IR R BT R & 5
e HES ATRVE H L3 AL B XTIR RIFE TR I
FAR T X B4 (P<<0. 05) , BD 41.CD 21 1 BV 4[]
TR FH2EF(P>0.05),
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Fig. 4 The relative expression levels of mTOR

signaling-related genes in the hepatopancreas of P. wvannamei
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Fig. 5 Effect of diet supplemented with different

Bacillus on disease resistance in P. wvannamei
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% BRI UL 1 ol R DD B AR B AE AR SR B AR
PRI . TR — 2 BRI K 7= 35 5 e e
s S5 AR TR A2 BN M OGTE . AR AR AR T L 2R A
FR R RA 78 nRE 7 5 3 560 37 56 3l W 0 90
AR F3 20 | VR Y i S TR 1P B e 3R A Sh
1 G 3 B A T AL AR ) R AR AT T2
BT ARG R . Ho Al R ZE AT R R K™ R
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A Comparative Study on Effects of Three Bacillus Species on the Growth Performance,

Non-Specific Immunity and Disease Resistance of Penaeus vannamei

Tian Xiangli', Li Mingjing' » Guo Zeyang', Luo Kai', Li Changlin', Ma Zhenhua®
(1. Key Laboratory of Mariculture (Ocean University of China) , Ministry of Education, Qingdao 266003, China; 2. Tropi-
cal Fisheries Research Institute of Sanya, Sanya 572018, China)

Abstract: An experiment was conducted to study the effect of adding three Bacillus species to feed on
the growth performance, non-specific immunity and disease resistance of Penaeus vannamei. Shrimp
was fed with the basal diet supplemented with Bacillus subtilis BSXE-1601 (BD group), B. cereus
BCXE-01 (CD group) and B. velezensis 26. 3 (BV group) at a density of 1 X10° CFU « kg™ ' in the basal
diet. The basal diet without bacterial additives was used as the control group. The experiment lasted for
6 weeks. After the feeding trial, a 14 d Vibrio parahaemolyticus challenge experiment was conducted.
Results showed that the final weight, specific growth rate and feed efficiency of shrimp in BD and BV
were significantly improved as compared to the control (P<C0.05), especially in BV, The activities of
peroxidase (POD), superoxide dismutase (SOD), acid phosphatase (ACP) and phenol oxidase (PO) in
the serum of shrimp of three treatment groups were significantly higher than those of the control group
(P<C0.05). The activities of ACP, AKP and SOD in the serum of BV were significantly higher than
those of BD (P <C0.05). Compared with the control, the relative expression level of proPO,LZM,
SOD ,HSP70 ,Imd , Toll ,Relish , TOR , 4E-BP ,elF4Ela and eI F4E2 in the hepatopancreas of shrimp
of BD was significantly higher than that of the control (P <C0.05). The relative expression level of
proPO . LGBP | Imd . Toll . 4E-BP and eIF4E2 in the hepatopancreas of shrimp of CD group was
significantly higher than that of the control (P<C0.05). The relative expression level of proPO,LZM,
SOD ,LGBP ,HSP70 ,Imd ,Toll ,TOR ,4E-BP and elF4Ela in BV was significantly higher than that of
the control (P <C0.05). The relative expression level of SOD, LGBP, Toll and 4E-BP in BV was
significantly higher than that of CD and BD (P <C0.05). The challenge test of V. parahaemolyticus
revealed that the cumulative mortality of shrimp in three treatment groups was significantly lower than
that in the control (P <C0.05). In conclusion, the effects of adding B. subtilis BSXE-1601 and B.
velezensis 26. 3 in the feed markedly enhanced the growth performance of P. wvannamei. Two Bacillus
species elicited a superior immune response compared to B. cereus BCXE-01. Three Bacillus species
significantly enhanced the resistance against V. parahaemolyticus of P. vanname:i.

Key words: growth; non-specific immunity; disease resistance; Vibrio parahaemolyticus; Bacillus;

Penaeus vannamei
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