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®1 REAMETREFER( %, FHR)
Tab.1 Ingredients and nutritional composition of the

experimental diets (% , dry matter)

TR} 43 ( Ingredients ) Co Cl c2 C3 C4
FE-£4 495 ( Brown fish meal)® 10.00 10.00 10.00 10.00 10.00
A # ( Meat meal ) * 4.00 4.00 4.00 4.00 4.00
5H1 (Soybean meal ) * 34.00 34.00 34.00 34.00 34.00
A6 H1( Peanut meal)®  8.00 8.00 8.00 8.00 8.00
T ¥ (Wheat flour) ® 23.70 23.70 23.70 23.70 23.70
1A ( Blood powder) ® 3.00 3.00 3.00 3.00 3.00
R — &5

2.00 2.00 2.00 2.00 2.00

[ Ca( ]']21304)2]a
NSRS
(Soybean lecithin)* 2.00 2.00 2.00 2.00 2.00
£.3H ( Fish oil ) * 2.00 2.00 2.00 2.00 2.00
NP % 1 ( Brewers yeast)®  3.00 3.00 3.00 3.00 3.00
il ( Soybean oil ) * 2.20 2.10 2.00 1.90 1.80
%% ( Mineral premix)® 1.50 1.50 1.50 1.50 1.50
24k ( Vitamin premix ) © 1.00 1.00 1.00 1.00 1.00
A C ERBEIR IR

( L-Ascorbate-2- 0.30 0.30 0.30 0.30 0.30

Monophosphate ) ¢

FALNETR

0.30 0.30 0.30 0.30 0.30
( Choline chloride ) *

R B ( Yeast extract)© 3.00 3.00 3.00 3.00 3.00
JIE [ e Cholesterol)f 0.00 0.10 0.20 0.30 0.40
JT Total 100.00 100.00 100.00 100.00 100.00

B 77K Nutrient levels
HIBEN Crude fat’ 7.40 7.41 17.63 7.96 7.78
TRy Ash' 9.81 9.89 9.66 9.73 9.78
FL#E 1 Crude protein’ 41.84 41.37 40.99 41.06 40.91
JIEL 5 e/ (mg/g)
Cholesterol content’
e W E BHERAFARA IRA R b, 28 BURE (kg) (55 0.8
g, $510.5 g, #1190 g, £ 12 g, H13.0 g,k 1.0 g, #¥ 10 g, %
3.8 g, fili0.02 g; c. ZHETIRHK(kg) 44K A 8 000 000 IU,
AerEZE D 2000000 TU, 442 K 10 g, 4iEE E50 g, 44k % Bl
5¢, fAEFEB215 g, fiEF B6 8 g, 4iAEF B120.02 g, 4R 40
g, DIZFREG 25 ¢, MHAR2.5 g, A& 0.08 ¢, JLEE 100 g; d. 4k
AR d-BARERRIE , 2ERE 35% 5 e W B LBBEREBMARAF; 1.
1 B e B AR A FRA R RS, 200 =95% , NZ5ka L s o

S E

Notes: a. provided by Nonghao Feed Mill, Shanghai, China; b.

0.78 1.57 2.45 3.43 4.18

Mineral premix containing, kg: Co0.8 g, Ca10.5 g, K90 g, Mg 12
g, Cu3.0g,Fel.0g,Zn10g, Mn3.8 g, Se 0.02 g; c. Vitamin
premix containing, kg: Vitamin A 8 000 000 IU, Vitamin D 2 000
000 IU, Vitamin K 10 g, Vitamin E 50 g, Vitamin B1 5 g, Vitamin
B2 15 g, Vitamin B6 8 g, Vitamin B12 0.02 g, nicotinic acid 40 g,
Calcium D-pantothenate 25 g, Folic acid 2. 5 g, Biotin 0. 08 g,
Inositol 100 g; d. L-Ascorbate-2-Monophosphate purity reached
35% ; e. provided by Angel Yeast co. , LTD, China; f. provided by
Shanghai Gaoxin chemical glass, wo kai, = 95% , Drug quality

control; g. measured values
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W, SEERILIr S AH L B 3 PAT, BPAT S0 R
BRo J3 | $ e 5 ZH A [ L [ e 5 o 19 S 9 ) e
PR [A] 435128 5:30,11:00,17:00,22:30, H %
MR SRR R R 5% ~ 8% , AR IR £ I I Ao
YRR, FRFEIAMN] B3 R4 1 YOK, oK AR
K ) 1745 % 22 58 5, DR Fr K 1R 7 i A0 >
6 mg /L, Z A <0.2 mg/L, WA A <0.01 mg/
L,pH 8.0 ~8.5,7KiE. (31 £2) C,E£MELEFO0, 8
JAFRFAIRIR 25 A5, A5 20 R T AT S e i
SARTRAR A e U 8 15
1.3 BSOS E B id g

FIVAILYNE (V. parahaemolyticus ) F ¥k B
VRO A IR, s AR SR e IR R S
AR | 85 WSO SR 240 L, P A4 0 K s B e
1.25 x10° CFU/mL A BB, IR 56

T Ab PRZH BE RIS R (B3 Y X B 45 2, 70 3
AT, BT 1S RE R T L AMAE (50 em x
30 em x 80 em) Hv, BT AR B TR — K Y it
(2.8m x 4.5m x 1.5 cm) ., FHEXIFZLE
PO T ST T 1 ) 5 I S/ T R R 25 L, SR
[ HF2E RS, 7K 30 ~ 32 C, B 40 43 i FE I e
0.6.12 .24 36,42 F1 48 h BtFEHLE 3 FEUF6RZH
21 E TR TV RNA CRAAR (JE st RARA
AR 1S mL gL R S0 = S T E
G2 AH DG BE PR AR ik i o
1.4 2HEREDEIRE

FEAR I T T VI 1 26 18 ( BH8104-D-D81 -
RIOC, HL N AE 1E T AR A BR A 7)) B /N
Fio BRACFRALFEHLE 9 Ak F Wi K7 [ 1 KA A
AT O B TR UL A PR P A [R)BAS 1 3 A7)
RORE TR, 2 78 <o I 20 °C O R B 3E i S
A AE, JFLL 1 C/h BRI . DL B AR
B AL A 3l o SE TR o, AR I S5 X IR AR
TR BEFBE T ] . Geit 4 XTI R AE T
K,
L5 Rin@EMBEIKKE

BRI FEALIC 9 FEAb T e [A] 1A B A A
ERIRTEER, 73 3 P47, AR 2 LR iEA
HEZE 24 h {9 25 °C [AKK, IR 3 XS ERFI
G I3 HE T B8 AT AR K Y B B R T T e
S BRI A W O R RO RE
s b e e et it . 1X5AE 25 C

A 259 g FR AT o RAOSE IR i AN B ) 5 ) IR A8
T2 TCSRXTER T B A0 T Bf 1) 95 480 R B[], J PR
HAPIRA R . AR R, AR TR A
T

R E(mg/g) = (DO, -DO,) x V/W
X DO, NUIIRHE R, mg/L; DO, g 3 IR
ToI P75 i 480, mg/Ls VO HETE K 4R
L LW o = REFR SR, g0
1.6 HmllE
16,1 Falkb AL &

T 7K 73R F 105 CHERS THRfE E L (GB
6435286 ) P 5 6l i 105 I s P S8 00 - PR s 5 K 0
FH 550 °C Shfgdr Ky beis (GB 6538286 ) Il ; Ml ik
H BTG E R4 (KjeltecTM 2300, Ji it ) 01
(GB 6432286) ,

1.6.2  JH s i 5

IH [ B O T 5 B8 B A Y Sy
HEHEAT . R Waters €2695 %1 A €5 A% 166 &
Waters 2998 't Ht, — A 45 B4 91 A ) 8% , (0,35 8 Oy
Agilent TC-C18 (2) #£ (5.0 um x 4. 6 mm x 250
mm) o MR
1.6.3  Hyge A G Ik PR N 2305 8 1)l o

SR ZLE RNA H] RNA $2 000 & (Jb stk
M) $2 B, Fl NanoDrop2000 i fil i 73 6 6 B
THI R OD.jg, F1 OD g0 HUAEL, 1% SR BEEE I H
TR e o, - 80CRA745 . fifi F| TaKaRa
/A ] PrimeScript ™RT reagent Kit with gDNAFEraser
( Perfect Real Time) &7 &% & RNA 5530
c¢DNA, -20°C 1774 .

ST 2 e [ E S AR W RORE B bl
18 LA X R T Tl L T | ol 52 (A B P (IMD Kk
[HIF B-actin BRI, i1 b i A= T A=) T AR AR A BR
AFREH(E2) .

4 1% SYBR Premix Ex Taq'" ( TliRNaseHPlus)
1) & (TaKaRa 24 7)) % B, fif il RT-PCR {X
( Bio-rad /A #]) # 47 qRT-PCR, RT-PCR &% H
95 °C .30 s A% 4;95 C .10 5,60 °C .30 s, 3L 39
AMIEER s VG 65 °C B THZE 95 °C I RE v e th 2k
Rl S B ek o RSS2 L LA B-actin fy 2 B
PR SR 2 ik &5 R R A X 3k f e X, LA
2SR RTTHSE
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R2 RN EEER . Toll ZEERE,
IMD ER 5 B-actin WSEEH 5975
Tab.2 Primer pairs for lysozyme, Toll receptor,

IMD and B-actin genes for L. vannamei

GenBank %555

514 Gkl ‘
. . ar GenBank
Primer Primer sequence (5'-3") .
accession number
P TRl - CGACCTCGATCAGTACATGG AY170126
lysozyme-F
BREER  op) ACCCTCETEACAAGCCT
lysozyme-R
o s T
Toll 524 1-F TGGTGCTTTCGTCAAACTTC DQ923424
Toll receptor 1-F
Tk -
Toll ZIEI-R ©\ \ CCTGGCCATACACAATGA
Toll receptor 1-R
IMD-F ATCGAGGAACGAGACAAGGT FJ592176
IMD-R CGTACACTCGGTCGACATTC
B-actin-F CGCGACCTCACAGACTACCT AF300705
B-actin-R CTCGTAGGACTTCTCCAGCG
1.7 RS

I 25 R R 1 + FR iR (Mean =
SE) iy 5 s, fi ] SPSS 17. 0 73 #r k4 itk 47
FA R T 25081 ( One-Way ANOVA) il Duncan [
B2 E I, P <0.05 MR8 250,

2 4k

2.1 FAMEMHAMERLRBZNNEERE
HXEERIXHZME

FEIRAIRILHT (0 h) |, & X IREE L LU Toll
ZAR mRNA £iR R B EESF(P>0.05), Fif
YR, £ AU IR AR AL 2 rh Toll 3714 mRNA 3£
R AMA BT E S MR, BYAE 24 h s B0
fH,C2 2 Toll 5Z{A& mRNA ik & U (H B 3% & T
HAZH AR IE FEIE(H (P <0.05) o Fifi 5 4% 2H % IF
Toll 5% 1K mRNA 3 ik i 3% 4 [ {1%, 42 h B} C2
2] Toll 5% & mRNA ik F KR B E & T CO FI
Cl4H(P<0.05),{H5 C3 fl C4 Ll &L H
(23). 48 h B %410 Toll 5% 1A mRNA FKik &

http: //www. shhydxxb. com

T 25 (P >0.05)  MEYLHT G XTUF Toll 3%
P& mRNA ik 5 B AR IR R0, C2 A 7R IR
AR P B e K1Y Toll % & mRNA ik
AR (1) .

FEIRPE B YL 1T (0 h) , CO 41 % U L 2] 21
IMD mRNA Kk 8T HAh L (P <0.05),
Bt YL R , B AR EZH 2 P IMD mRNA 3
KT G AL, L 6 h CO.C1 fi1 C2 4
IMD mRNA Rk B o 2 i, B C1 3R
R RE R THAMA(P <0.05) , J&YL 12 h B
Cl KA AR W = T HAMA (P <0.05),
YL 24 h B} C2 .C3 Fil C4 41 IMD mRNA % ik i
KB, H C1C2 ZHIg(H i 2 5 THABA (P <
0.05) ., J&YL 42 h i} CO Fi1 C1 21 IMD mRNA 3
IRERFIEAE, I C1 4 % s T HAA (P <
0.05), 48 h B} C2 1 C3 41 IMD mRNA Fik K
SR T CO.C1 Ml C4 41(P<0.05,%3). M
JEYL TG AR IMD mRNA 335 5 A28 {0 A7 4% 5] AT
A, CL A C2 AATEIN R R R rh R B R K
IMD mRNA ik Rl (E2) o

FEIRGIR LT (0 ), 25 20 XF W 65 20 2 i
mRNA FEELBEEF(P>0.05), Fif
R AR, 45 AU HREEZH 20 b 5 B mRNA 33k
R SETHE R AR L, B 6 h C1 1 C2 41
Pl mRNA Rk AT LR & FR (P <0.05),
YL 24 h B ZH VS TR mRNA SRk i 34 56 31| g
i, H C3 4 EAmKRIEHE, B35 T Co Al Cl 4
IR B (E (P <0.05); B /5 & 41 1% W i
mRNA 3Rk & BB D AR, 48 h B FR C1 4155,
HAR A A A mRNA 3R35 1HK & 2] 46 7K F-
(3R 3) o MUBHLH J5 Xf IR %5 1 B mRNA 5 &
AEACFARE T, C2 A 48 D R B SR e 5 2 2R
KM FRR R (K 3) .



5 14 1= BH & , S5 < Ak AR T e %o L e ) R e 8 A 5 B R 22 58 e AP RLAIR VA A BB B T 52 m 739
#3 AMERESEXNMEMNRSERLARNNEEREHEXERREZEHZM(Means + SE, n=3)
Tab.3 Effects of dietary cholesterol content on expression of immuno-related genes in

white shrimp L. vannamei experienced acute V. parahaemolyticus infection for 48 h % , dry matter

415 i [ 0 c1 2 a3 c4
Treatments Time/h (0.78 mg/g diet) (1.57 mg/g diet) (2.45 mg/g diet) (3.43 mg/g diet) (4.18 mg/g diet)
0 1.14 £0.43" 1.01 £0.06" 1.04 £0.23" 1.41 £0.82" 1.40 £0.79™
6 2.65 £1.33" 1.00 £0.03" 1.53 0. 16" 1.09 £0.31™ 1.07 £0.25™
Toll ZZf mRNA 12 1.02£0.14"™ 1,01 £0.12"™  0.520.01"™  0.55=0.06™  0.73 =0.06™"
Rdmiﬁﬁfiiilbml 24 6.17 £1.01* 8.35+1.17°  16.84 +1.60" 8.59 £1.31% 7.54 £2.03™
of Toll receptor mRNA 36 5.16 £1.15™ 1.00 +0. 05 1.07 £0.28% 5.21+1.60bo  5.03 £0.23bn
42 1.01 £0.10®™  0.50 £0. 04" 2.10 £0.37 1.48 £0.37%" 1,29 £0.67""
48 1.00 +£0.04™ 0.50 £0.02™ 1.12 £0.37" 1.08 £0.26™  0.66 +0.42"
0 0.56 0. 12 1.00 £0. 06" 1.14 +0.38"™ 1.29 +0. 18 1.17 £0. 16"
6 2.75£0.59"  15.53 £0.47" 5.20 £0.37™ 1.28 £0.65*™  1.67 =1.11*"
IMD mRNA 12 3.62+1.84"  14.861.05"  1.24x0.17"  0.21£0.16™  1.42+0.59"
Regiﬁiiﬁﬁiﬁ;ﬂﬂ 24 3.8520.36™  16.8120.40  20.59 +4.89  11.932.18"  11.00 £2.31™
level of IMD mRNA 36 1.24 £0.55¥™ 1,01 £0.09"™  0.33£0.20*"  0.62+0.25""  1.80 +1.31%"
42 10.61 £1.23™  25.27 £5.61°  13.21 £4.16"  5.83 £2.98*" 4.49 £2.17*
48 1.03 £0.77™™  5.85+0.90"™  6.46 £2.09™ 1.41 £0.58* 1.53 £0.97*"
0 0.72 £0.20™ 0.68 +0.01™ 1.06 £0.27" 1.36 £0.77" 1.49 +0.89™
6 1.15 £0.45"™  2.53£0.25"  4.80 +1.30™ 1.33£0.72*"  1.29 +0.59"™
PRI mRNA 12 1.98£0.53™  2.81%0.32"  12.93+1.65"  1.32£0.71"  1.39 £0.58"™
Regiig%iﬁiilun 24 7.50 £0.01%  12.82+1.91"  33.12+11.24% 21.60 £8.73"°  17.84 +3.72""
level of Lysozyme mRNA 36 0.37 £0.11"™  2.46 +0.19™ 3.44 £1.04" 2.59 +1.08*™ 1.38+0.81™
42 4.16 £0.67"  3.19 £0.28* 3.75 £1.13% 3.86 £0.20""  5.91 £0.36"
48 0.83 +0. 14" 1,16 £0.04"™ 0.90 +0. 14" 1.24 £0.56"™  0.23 0. 13™

T EARARRE T a, b, o FORE MR EAFRIHEZES B3 (P <0.5) 5 AFLEFRTEEm, n, o, p R [Fl—4 7 — 5 AR 0 ] E

253 (P <0.5)

Notes: Data with different letters (a, b, c¢) were significantly different among the different groups at the same time point (P <0.5) ; data with

different letters (m, n, o, p) were significantly different among the different time point of the same gene in the same group (P <0.5)

_ 20 30
% g s < 25
8 o Kak
K8 l4r Reg 20p
#5512} w28
ZEES 10 B 15}
=8+~ S0
':ém: 8t :é:,"?, 10F
£ne 6} 2%3
WSy 4f =5~ 5 J I
SEg 2 — of
ol 5 ot -
S , , , , © o c3 c4
co cl c2 c3 c4

ROFRITRIREZ FVRY TR T, 25 A PR AR 5

BT 514 LT TR Fon Rl
The black box indicates that the return to pre-infection level, the
white box indicates unrecovered pre-infection level. The upper

and lower vertices of the lead represent extreme values

1 NERELERIAMIMNEE 48 h N
BRA LA Toll ZEEEENRIZET/HE

Fig.1 Candlestick charts on changes in relative
expression level of Toll receptor gene in gill of
white shrimp L. vannamei experienced acute

V. parahaemolyticus challenge for 48 h

BOFERITRRE BVE Y HKF, 2
YKo 512 BT R FRRE

The black box indicates that the return to pre-infection level, the

25 R AR 7R AR AZ B gk

white box indicates unrecovered pre-infection level. The upper

and lower vertices of the lead represent extreme values
B2 MyyEXIFEEEAMIMERS 48 h {
#RA L h IMD EF B FIZETHE
Fig.2 Candlestick charts of changes in relative
expression level of IMD gene in gill of
white shrimp L. vannamei experienced acute

V. parahaemolyticus challenge for 48 h
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40
-
B5% %0
WS e
Eggzo
<$£,
EE% 10
S i
%é% 0
-10

Cco C1 C2 C3 C4

BOFRITRIRE B GHKF, 25 AT RS 78 RIS B %
U1 G S - ol N 7N/
The black box indicates that the return to pre-infection level, the
white box indicates unrecovered pre-infection level. The upper
and lower vertices of the lead represent extreme values

3 AHENHRERREAMINES 48 h i

RALAPAEBEEENREIETHE
Fig. 3 Candlestick charts of changes in relative
expression level of lysozyme gene in gill of
white shrimp L. vannamei experienced acute

V. parahaemolyticus challenge for 48 h

2.2 RGYEITER LR A R EAE BE R
H1¢ 4 WA, FRDRek JEL T s 5 6 Xof FLAN I3 ) M
SRR R AAUIA T AR AR A B R Y
TR FEMEEE (P >0.05)
x4 ANPEEESENNARMNFMEERE
BB RE S1B9 %5 0E ( Means = SE, n =3)
Tab.4 Effects of dietary cholesterol content on

the hypoxia tolerance of white shrimp L. vannamei
% , dry matter

FEE BOOUH AL
ZH 5 Oxygen Lethal dissolved
Treatments consumption/ oxygen concentration/
(mg/g) (mg/L)
C0(0.78 mg/g diet) 0.87 £0.02 0.23 +£0.04
C1(1.57 mg/g diet) 1.06 £0.11 0.16 +0.01
C2(2.45 mg/g diet) 0.92 +0.09 0.18 +0.02
C3(3.43 mg/g diet) 0.84 +£0.05 0.19 +£0.02
C4(4.18 mg/g diet) 0.91 £0.04 0.19 +£0.02
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Fig.4 The cumulative mortality curves of white
shrimp L. vannamei, fed different cholesterol

content diets, under acute process cooling stress
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Effects of dietary cholesterol content on immune related genes and
resistances to low temperature and low dissolved oxygen stress in white
shrimp Litopenaeus vannamei

YAN Minglei', WANG Xinlei', HUANG Xuxiong'?, LI Songlin', WANG Yi', JIANG Detian',
LI Laigiang'

(1. Center for Research on Environmental Ecology and Fish Nutrition, Ministry of Agriculture and Rural Attairs, Shanghai
201306, China; 2. Shanghai Engineering Research Center of Aquaculture, Shanghai ~ 201306, China; 3. National
Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China)

Abstract; An 8 weeks feeding trial was carried out to investigate the effects of dietary cholesterol content on
the immune related genes and resistances to low temperature and low dissolved oxygen stress in white shrimp
Litopenaeus vannamei cultured in freshwater. Five isonitrogenous and isoenergetic experimental diets ( CO,
Cl, C2, C3, C4) were prepared to feed shrimps with initial average mass of (0. 14 £0.03) g and the
measured cholesterol content of experimental diets was 0. 78, 1.57, 2.45, 3.43 and 4. 18 mg/g diet,
respectively. The immune related genes ( Toll receptor, IMD, and lysozyme) expressions before and after
Vibrio parahaemolyticus infection, cumulative mortalities of the shrimp experienced acute low temperature and
low dissolved oxygen stresses were detected. The results indicated that dietary cholesterol significantly affected
the changes in expression levels of Toll receptor, IMD and lysozyme mRNAs of the shrimp experienced Vibrio
challenge. During the 48 h after infection, the shrimp in C2 treatment displayed the largest variations in Toll
receptor and lysozyme mRNAs expressions while the shrimp in C1 treatment displayed the largest variation in
IMD mRNA expression, followed by shrimp in C2. All the treatments had the peaks of expressions of Toll
receptor and lysozyme mRNAs at 24 h post infection. The shrimp in C2, C3 and C4 treatments displayed the
peaks of IMD mRNA expression at 24 h post infection, while 42 h post infection for CO and Cl treatments.
Under the acute process cooling stress, the shrimp in CO and C4 treatments displayed 100% mortality at 15 C
while the shrimp in C1, C2 and C3 treatments displayed 100% mortality at 14 “C. There was no significant
difference in oxygen consumption and lethal dissolved oxygen concentration between the groups under acute
low dissolved oxygen stress. It is therefore suggested that dietary cholesterol of 2.45 mg/g could improve the
immune sensitivity of L. vannamei cultured in freshwater, and the shrimp fed diet containing 1. 57 - 3.43
mg/ g cholesterol displays better resistance to low temperature stress.

Key words: Litopenaeus vannamei; cholesterol; immune related gene expression; vibrio; low temperature;

low dissolved oxygen
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