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EP , EP 1 mL 1.6.2 c¢DNA PrimeScript® RT re-
PBS , , 10 agent Kit with gDNA Eraser (
) cDNA
2216E  TCBS c¢cDNA , DNA ,
1.6 10 puL(5%xgDNA Eraser Buffer 2 pL,
1.6.1 RNA gDNA Eraser 1 pL,  RNA 1pg, RNase Free dH,0
6h 12h 18h 24h 36h 48h 72h 7d 6 uL), 42°C 2 min ,
3 ) 20 pL (5xPrimeScript” Buffer 24 pL, PrimeSycript”™
RNase-Free 1.5 mL EP , RT Enzyme Mix1 1 puL, RT Primer Mix 1 pL,
_80°C RNAiso plus 10 pL, RNase Free dH,O 4 uL), 37C
(TaKaRa ) RNA, 15 min, 85°C 5s cDNA
NanoDrop 2000c (Thermo) RNA 1.6.3 PCR
ODsysy  ODsgg OD160/OD2gg Toll receptor, [S-actin
: -80°C : Toll 1, (2021,
mRNA ( )

R 1 FLENEXER Toll 2k, BEBERSHNSER p-actin 314 F7)

Tab. 1 Primer pairs for lysozyme, Toll receptor, and f-actin genes for Litopenaeus vannamei

(539 (359
target gene serial number forward primer (5'-3") reverse primer (5'-3")
p-actin AF300705 GAGCAACACGGAGTTCGTTGT CATCACCAACTGGGACGACATGGA
lysozyme AY170126.2 TGTTCCGATCTGATGTCC GCTGTTGTAAGCCACCC
Toll receptor DQ923424.1 TGAGAGATGCCCACTGCCTG CGCTTGAAGGTTTGTGAGGGAG

FastStart Essential DNA Green Master

(Roche ) , Bio-rad Real-time
CFX96 PCR PCR 1 95C
10 min ;95°C105s, 60C 15s,72C 20 s
45 ; 65C 95°C

[S-actin
7 MG [22]
1.7
+ (x £SD) ,
SPSS 16.0
(One-way ANOVE) , Duncan
, P<0.05
2
2.1

20d

2 ,
2d
(P<0.05), 2
(P<0.05), 9
100%,
(77.78%3.14)% ,
, (22.22+3.14)%
2.2
7 14
21 28 ( 7 ) 35 (
14 ) 3

(P<0.05), 7
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Tab.2 Cumulative mortality of L. vannamei fed with B. licheniformis preparations and then challenged by injection with V. harveyi

%

1d 2d 3d 4d 5d 6d 7d
Bacillus 4.45+3.14 35.55+3.14° 48.89+6.28" 57.78+3.14° 68.89+6.28° 73.33+9.43° 75.56+6.28"
control 8.89+3.14° 42.22+3.14° 71.11+6.28° 83.34+3.14° 91.11+3.14° 95.55+5.44° 95.55+5.44°
8d 9d 10d 11d 12d 13d 14d
Bacillus ~ 75.566.28" 77.78+3.14° 77.78+3.14° 77.78+3.14° 77.78+3.14° 77.78+3.14° 77.78+3.14°
control 95.55+5.44° 100+0.0° 100+0.0° 100+0.0° 100£0.0° 100£0.0° 100£0.0°
(P<0.05).

Note: Values with different letters on the same day indicates significant difference (P<0.05).

R3 FLNEXMERFFELE B A EFARE D

Tab.3 Total culturable bacteria counts in intestinal tract of L. vannamei during the period of farming

n=3; x £SE; 1gCFU/g

7d 14d 21d 28d 35d

Bacillus 6.84+0.08" 8.35£0.07° 7.2240.07° 6.42+0.06" 6.17+0.05°

control 7.49+0.05° 8.10+0.05° 7.14+0.05° 6.70+0.05" 6.39+0.06"
(P<0.05).

Note: Values with different letters on the same day indicate significant difference (P<0.05).

28 35 28 35 TCBS
(P<0.05), 14 21 4 ,
(P<0.05) (P<0.05),
7 14 21

R4 FLYEXTERFRFEHA [ B518 A AT 3 IR O E S A

Tab. 4 Total culturable Vibrio bacteria countsin intestinal tract of L. vannamei during the period of farming

n=3; x £SE; 1gCFU/g

7d 14d 21d 28d 35d

Bacillus 5.91+0.14° 6.64+0.05° 5.15+0.06° 5.34+0.09° 5.10+0.06°

control 7.01£0.11° 7.19£0.03° 5.39£0.05° 5.60£0.09° 5.30£0.07°
(P<0.05).

Note: Values with different letters on the same day indicate significant difference (P<0.05).

2.3 36 h , 7 d
Toll mRNA ;
2.3.1 12h 18h 24h 36h 48h 72h
mRNA RT-PCR mRNA 0 h(P<0.05),
36 h , 7 d
mRNA 1 Oh 6h 7d mRNA
(P<0.05);
12h 18h 24h 36h 48h 72h 6h 12h 18h 24h 36h 48h 72h

mRNA 0 h(P<0.05), mRNA
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Fig. 1 Relative expression of lysozyme mRNA in the gill of of L. vannamei during Vibrio harveyi infection

L. vannamei during Vibrio harveyi infection
Values with different letters on the same time indicate
significant difference (P<0.05).
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Effects of adding probiotics on promoting intestinal bacteria, Toll re-
ceptors, and lysozyme immune gene expression and resistance to Vi-
brio harveyi in Litopenaeus vannamei

ZHANG Shengjing" %, ZHAO Xiaojin', SONG Xiaoling', WANG Chundi', LIU Wenliang', HUANG Jie'

1. Key Laboratory for Sustainable Development of Marine Fisheries, Ministry of Agriculture; Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China

Abstract: The white shrimp, Litopenaeus vannamei (Decapoda, Penacidae), isomnivorous, grows quickly, and has
a low food nutrition demand, which has made it an economically important crustacean species in China. However,
the single breed type and high-density culture can result in bacterial and viral disease outbreaks. Vibrio is the
dominant bacteria in shrimp and causes disease when shrimp are immunocompromised. In this study, L. vannamei
(initial body length, 7.90 cm#1.15 cm; initial body weight, 7.20 g+1.38 g) were purchased from Qingdao Baorong
Aquaculture Co., Ltd. A 3-week feeding experiment and a 2-week Vibrio harveyi infection experiment were per-
formed to evaluate the effects of adding the probiotic Bacillus licheniformis to feed on promoting intestinal bacte-
ria, non-specific immune gene expression, and resistance to V. harveyi. The experimental shrimp were divided into
control and experimental groups. Control group shrimp were fed commercial feed throughout the experiment, and
the experimental group shrimp were fed the same feed supplemented with 1.0x10* CFU/mL B. licheniformis. The
numbers of Vibrio and total intestinal bacteria in L. vannamei were checked every 7 days using 2216E and TCBS
media. After 3 weeks of feeding, all shrimp were injected with 1.0x10” CEU/mL V. harveyi (50 pL; dose deter-
mined in preliminary experiment).Then, 6 h, 12 h, 18 h, 24 h, 36 h, 48 h, and 72 h, as well as 7 d later, three
shrimp from each group were captured randomly to extract RNA from the gill. The RNA was reversed transcribed
into cDNA and tested for lysozyme and Toll receptor expression levels. The cumulative mortality rate of the con-
trol group was 100%, and the cumulative mortality rate of the experimental group was 22.78% after 14 days. The
relative protection ratio was 22.22%. The experimental feed significantly reduced the number of Vibrio in the
shrimp intestine compared with that in the control group (P<0.05). Relative lysozyme mRNA expression levels in
the experimental group 12 h, 18 h, 24 h, 36 h, 48 h, and 72 h after the V. harveyi challenge were significantly
higher than thosein the control group(P<0.05). Relative Toll receptor mRNA expression levels in the experimental
group 6 h, 12 h, 18 h, 24 h, 36 h, 48 h, and 72 h, as well as 7 d after the V. Harveyi challenge were significantly
higher than those in the control group (P<0.05). These results indicate that adding B. licheniformis to shrimp feed
effectively improved the ability of L.vannamei to resist a V. harveyi infection, possibly by reducing the number of
Vibrio in the intestine and improving immune-related gene expression.
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