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1 s WSSV , 30 min 3 Primer Premier 5.0
, , B-Actin ,
) 1,
1.7 mRNA ,
1.7.1 WSSV 0h,12h, PCR
24h,48h,96h, 192 h 2 SYBRPremix Ex Taq ™Il P2
, , SYBR Premix Ex Taq II 10 pL, PCR Forward Primer
, -80°C , 0.8 puL, PCR Reverse Primer 0.8 pulL, cDNA1.6 puL,
LGBP PGBP-HDL Hsp70 3 H0 6.8 il $95C, 305, 1 :
MRNA PCR :95C 55s;60C 30 s, 40
1.7.2 RNA cDNA TRIZOL ’ ’
Reagent(Invitrogen) RNA , 95°C,05;65C, 155, 95C 05
Nanodrop 2000c(Thermo) ~ RNA 3 27
OD260 ODago , .
RNA -80°C 1.8
PrimeScript"™ RT reagent Kit With gDNAEraser Excel ~ SPSS
(Perfect Real Time) (TaKaRa ) , , + (x £SD),
RNA cDNA: 1.5 mL SPSS(17.0) ,
RNA 5xgDNA Eraser Buffer 2.0 pL, , Duncan ,
gDNA Eraser 1.0 pL, Total RNA 1 pL P<0.05
RNase Free dH,O 10 pL, 42°C, 2 min 5
DNA S5xPrimeScript
Buffer2 4.0 puL, PrimeScript RT Enzyme Mix 1.0 uL, 2.1
RT PrimerMix1.0 pL, RNase Free dH,04.0 uL.
20 uL, PCR 37°C, 15 min, 85°C, 5 s, M
cDNA —20cC M 2 : 10
1.7.3 PCR
GenBank LGBP BGBP-HDL Hsp70 (P>0.05); 20, M
£1 MK EE PCR HEAMSIET
Tab.1 Sequences of primer pairs used in real-time PCR"*
gene primer (53" - /bp
sequence(5'—3") accession number  length
housekeeping genc p-actin-F CCACGAGACCACCTACAAC AF300705 19
p-actin-R AGCGAGGGCAGTGATTTC AF300705 18
heat shook protei Hsp70-F CCTCCAGGACTTCTTCAACG EF495128 20
Hsp70-R GGTCACGTCCAACAGCAAC EF495128 19
-1, 3- LGBP-F  CATGTCCAACTTCGCTTTCAGA AY723297 22
lipopolysaccharide--1, 3-glucan-binding protein LGBP-R ATCACCGCGTGGCATCTT AY723297 18
B-1, 3- . BGBP-HDL-F  CTCCTCTCACTGGCTGGACT AY249858 20
B-1, 3-glucan-binding protein-lipoprotein BGBP-HDL-R  TGGCTTTCAGGTCTCCTTCT AY249858 20
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Tab.2 Total bacterium counts (TBC) and Vibrios bacterium counts (VBC) in digestive tracts of Litopenaeus vannamei
handled with or without probiotics

n=3; x &=SD

M M group
/(CFU-g™") TBC

control group
/(CFU-g™") TBC

treatment time /(CFU-g™") VBC

/(CFU-g™") VBC
10 dayl0 (2.9+0.8)x10° (2.0£0.6)x10* (3.8+2.5)x10° (8.0+£2.8)x10*
20  day20 (1.2£0.6)x10%" (1.0£0.6)x10* (3.1£2.9)x108 (2.3£0.9)x10*
30 day30 (1.3£0.9)x10" (5.5+2.1)x10* (7.9£1.9)x10® (6.2+2.83)x10*
Lk M

(P<0.05).
Note: * denotes significant difference between M group and control group(P<0.05).

(1.2+0.6)x10° CFU/g,
(3.1£2.9)x10° CFU/g(P<0.05);
2 9 M 3,

M
(1.3+0.9)x10” CFU/g, (P>0.05)
(7.9+1.9)x10° CFU/g(P<0.05), 20
; 30,
, (5.6+3.4)x10* CFU/nL,
20 30 (5.5+3.5)x10° CFU/mL(P<0.05),

®3 WEFEATELEMFEKERAIEFERSHMNED K

Tab.3 Total bacterium counts (TBC) and Vibrios bacterium counts (VBC) in water handled with or without probiotics

n=3; x+SD

M M group control group

treatment time

/(CFU-g™") TBC

/(CFU-g™") VBC /(CFU-g™") TBC

/(CFU-g™") VBC

10  dayl0 (2.1£1.3)x10° (6.9£3.4)x10° (1.7£1.6)x10° (1.6+0.8)x10*
20  day20 (2.4£0.8)x10" (1.3£0.9)x10° (1.2£0.6)x10° (7.9+4.7)x10°
30  day30 (3.6£1.8)x10° (5.6£3.4)x10*" (1.6£0.8)x10° (5.5£3.5)x10°

D ¥ M

(P<0.05).

Note: * denotes significant difference between M group and control group(P<0.05).

2.2 (P>0.05)
2.2.2
2.2.1
1 2
5.46~16.78 mg/L, 0.12~5.22 mg/L, 5 ,
) 5 )
, 5 s
, 10 , 15 15 3

(2.84+

. 0.96)mg/L  (1.93+0.55) mg/L (1.53+0.28) mg/L,

(P<0.05)

(3.68+0.06) mg/L
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Fig. 1 The effects of ammonia nitrogen removal from culture ’
water by probiotics ,
Values in the same point without a common superscript are 6
significantly different(P<0.05). Group H: addition of Bacillus 10" CFU/mL ,
cereus with the content of 10° CFU/mL; Group M: addition of
Bacillus cereus with the content of 10° CFU/mL; Group L: addition
of Bacillus cereus with the content of 10* CFU/mL; Control: no ~
addition of probiotics. 10, 38D T/g—%—§wx—}
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Fig. 2 The effects of nitrite removal from culture water by
probiotics
Values in the same point without a common superscript are
significantly different(P<0.05). Group H: addition of Bacillus
cereus with the content of 10° CFU/mL; Group M: addition of
Bacillus cereus with the content of 10° CFU/mL; Group L: addition
of Bacillus cereus with the content of 10* CFU/mL; Control: no
addition of probiotics.

(P>0.05)

Fig.3 Cumulative mortality of Litopenaeus vannamei handled
with or without probiotic after challenging with WSSV
Values in the same point without a common superscript are sig-
nificantly different(P<0.05). Group H: addition of Bacillus cereus
of the content of 10°CFU/mL; Group M: addition of Bacillus cer-
eus of the content of 10° CFU/mL; Group L: addition of Bacillus
cereus of the content of 10* CFU/mL; Control: no addition

of probiotics.
24 WSSV
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Fig. 4  The relative expression level of LGBP in different
time of Litopenaeus vannamei after challenging with WSSV
Values in the same time without a common superscript are sig-
nificantly different(P<0.05); Group H: addition of Bacillus
cereus of the content of 10°CFU/mL; Group M: addition of
Bacillus cereus of the content of 10°CFU/mL; Group L: addi-
tion of Bacillus cereus of the content of 104CFU/mL; Control:
no addition of probiotics.
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Fig. 5 The relative expression level of SGBP-HDL in different
time of Litopenaeus vannamei after the infection of WSSV
Values in the same time without a common superscript are signifi-
cantly different(P<0.05). Group H: addition of Bacillus cereus with
the content of 10°CFU/mL; Group M: addition of Bacillus cereus
with the content of 10°CFU/mL; Group L: addition of Bacillus
cereus with the content of 10*CFU/mL; Control: no addition of

probiotics.
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Fig. 6 The relative expression level of the mRNA of Hsp70 in
different time of Litopenaeus vannamei after challenging with WSSV
Values in the same time without a common superscript are sig-
nificantly different(P<0.05). Group H: addition of Bacillus
cereus of the content of 10°CFU/mL; Group M: addition of
Bacillus cereus of the content of 10°CFU/mL; Group L: addi-
tion of Bacillus cereus of the content of 104CFU/mL; Control:

no addition of probiotics.
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Effects of adding Bacillus cereus PC465 to rearing water on disease
resistance of Litopenaeus vannamei

WANG Chundi"?, SONG Xiaoling”, ZHANG Xiaojing’, ZHANG Shengjing"?, SUN Xinying" ?, LIU Baobin"?,
GAO Wenhui', HUANG Jie’

1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Science, Qingdao 266071, China;
3. College of Marine Life Science, Ocean University of China, Qingdao 266003, China

Abstract: We evaluated the effect of three different doses of Bacillus cereus as a probiotic added to rearing water on the
number of bacteria, water quality, and disease resistant ability of Litopenaeus vannamei compared with those in a con-
trol group. Shrimp were divided into four groups treated with different probiotic doses: group H (10° CFU/mL), group
M (10° CFU/mL), group L (10* CFU/mL), and the control group (0 CFU/mL). The intestinal tracts of the shrimp were
sampled every 10 days to count total bacteria and Vibrio spp.. A water sample was collected at 8: 00 every 5 days. Am-
monia-nitrogen and nitrite levels were measured by spectrophotometry. The shrimp were challenged with white spot
syndrome virus (WSSV) after 4 weeks, and dead shrimp were removed and recorded every day until the end of the ex-
periment. Quantitative real-time polymerase chain reaction (PCR) analysis was performed to evaluate the expression of
three immune-related genes after 0, 12, 24, 48, 96, and 192 h of exposure. The results showed that adding the probiotic
significantly reduced the number of bacteria in the L. vannamei intestinal tract compared with that in the control group.
It also reduced the number of Vibrio spp. in culture water (P<0.05). However, no differences in ammonia-nitrogen or
nitrite levels were detected, which contrasts with most previous studies. Cumulative shrimp mortality rates in group H
(10° CFU/mL) and group M (10° CFU/mL) were 63.9% and 74.6%, respectively, after WSSV challenge, which were
significantly lower than that in the control group with 100% mortality (P<0.05). Lipopolysaccharide, B-1, 3-glucan-
binding protein, and beta-1, 3-glucan-binding protein-lipoprotein mRNA levels were significantly upregulated 48 h after
the WSSV infection, compared with those in the control group (P<0.05). Heat shock protein 70 mRNA expression was
significantly upregulated 96 h after the WSSV infection compared with that in the control group but the difference be-
tween the three experimental groups was not significant. We conclude that B. cereus as a probiotic added to rearing wa-
ter reduced the number of bacteria in the intestinal tract of L. vannamei and Vibrio spp. in culture water (P<0.05) and
did not increase ammonia-nitrogen or nitrite level. Adding B. cereus to the water improved the survival rate of
WSSV-infected L. vannamei. Moreover, B. cereus stimulated the expression of immune-related genes, which could im-
prove disease resistance.

Keywords: Litopenaeus vannamei; Bacillus cereus; WSSV; intestinal flora; water quality; disease resistance
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