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WZE: 734438 B 75 & 10 % B (arachidonic acid, ARA)ZK 3t L, 4 35 2t 4 % 95 AH 2 &
FRARIE AR, 25 L& Foil & 4 ob o8 fE W, Rt 724N R 7130941 1
FARAS B F A%, HE&AE T8 (SFA). #0148 fo fig i % (MUFA). % &
i, Fn fig B B (PUFA)Ann-3/n-6 Lk 4 0 S2 3047 B, R AT EF6 R J5, A Il & 41 3 oF £2 2 R
ey EINEO. 24, 365742 hif # 41 28 # Toll% 4& . IMD(immune deficiency)fr ¥ & B
mRNAXR X &, HARITRLFEIOhH AT HRN. ZREHA: OXTELUEE N
fig Fi IR By 47 %47 £ DHA(22:6n-3) 1 EPA(20:5n-3) 4 & 4 5 4 5.85%13.83 mg/gtd %], H 4
4R F TollZ k. IMDAn 5 i BEmRNAR K EH A K FARAG EW A5 EA L5 A
T ey & A; 0.56(B41)770.87 mg ARA/g/ B 4 (CA)XMIF A B EEmRNAR X E R F i T
0.44(A41). 1.02(D41)#70.28 mg ARA/gla %} 41 (E41)(P<0.05); *t #F 4% & DLAE 4 38 4w 4 Jig
Jii I #9173 #H(DHAFEPA & & 4~ 5| J 3.28 %0 1.87 mg /gfa #), H &8 41 4 # TollZ /&, IMD#n
75 W BgmRNAR K B M7 OB FARAS B0 JH 5 M 7r &5 1.44 mg ARA/gP7 B 41 (141) 4 &F
Toll% hkmRNA% 3 B & % % T0.19 mg ARA/gH B 41 (F41)(P<0.05). @A T &1 R 35
WG, & 40T 44 2 P Toll% th. IMDAn 75 ¥ BEmRNAM £ 3k B M & L #H £ H H A
EEH . BA LA AR R B, A i 84 4 B TollZ 4k . IMD#0 % ¥ 68
mRNA K 5 8 0§ 2 FLA0.56 mg ARA/gfi B 41 (B4L), HE1E 2 Al I A &% 524,
42F024 ho R LR B A Ak A Fig B R B9 4RRE B, AR 88 41 40 TollZ 4k . IMDAe 75 H g
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v X MR 7 JE S I R i 1) R R 5 IR B B A
REHLAE 2 VA OGP, B 58 2% WA 4Rk v g 7 1 7K
23RS B W) Y e g 1 A6 AR DU R R (20:4n-6,
ARA)JE 20 i 5 0 T 2220 ) 0T, A 2R A 4 i
() B 1 B AILAAR 9 RE 1 G0 938 2 o7 HP e FE O YT
FEHIBY, e KB 4G (Crassostrea gigas)!"
H Crassostrea corteziensis" 2 iF 5L, 1B ARA
JKAFRT DA A5 B S e BT AL RE

FERAPRE RGeS FLYY I X MR HCAH S 705 B i
W AR R, ALK 7 AR e RE S Y B
WA T FO o AR 5| & 55 2 1
L E B, R P 0 AZ A R I S AR 0
B Toll Z K (Toll receptors) F2&—F 5 JJE i 5
BTN Z AR, TE2PERE R . 4 A mEAE
MR . dES LS AT R
20 A A e R e MR AR Y, IMD
(immune deficiency)if 728 J& X BF () 55 — A4~ 3 A %
PO 1% 38 I o 4 2% G B M A0 v Rtk BH
4 20 TR BE 38 i B5 IR 8 FH PGRP-LCILE IMDAE 5 &
5 T A 7= AR S R RN 1 TR AR
Pk N Z AR R R R e OV -, B AR E
e A 7K Sk 210 TR 200 B BE v R SR E A B—1, AW T
o 40 G A B 2L A, T BT R A BT B IR R AR
A FH G 5% 40 0% 200 T 40 6L B, ol ) G Al 28 TR 1
HEF TR A g, BRI, XERToll3Z AmRNAM
FIIMD mRNA"E S 20 ZUrp Rk g . R A

FE N, TR VR AR BRI R 4
4 125 52 W ML 490 1 S R 47 958 A DG JE TR G ek
A R AR ATK AP J2 75 52 M) Xof M B 928 AH OC JE A
FIR AR WAGE . A BG4 00 DA B RTE A A
YIRmAE R RR IR, &I T 24 R A9 FRe S A H
EL A M R 40 F0 I 05 R (SFA) . B 1R A1 i iR
(MUFA). Z A Fj5 I R (PUFA)fIn-3/n-6 L 4l
1) A 7l AR AJK S 52 55 4 BL, B 7E R 1 AN [
DHAFIEPAZK T fa L it ARAZK - XF FLGH ¥ X IR
FEV BN TE St YL [T )5 Toll3Z 44 . IMDFI T
fifmRNAZ 35 1t S BT e 7 9 52 el o

1 AR5k

1.1 ERay &

ICE I TT (R, R)MIE2 R 55
Al 25 ARG LN X IR R o K 45 b OB R IS
H80H I, RHBHRY RELIREHE, Whhig
Jei 0K B PR, 3 a8 A AT R ELAR R
1 mm &k, fEES TR NS cCilk
15 minf& , ARG TEILF-46 °CHHRTHE .
W I8 TS 10 AT R 48 A BIL I A 42 5 B R
K/M(1~3 mm), HAMRE, 20 "CARHMRT. &
AL AR 7 R 1 i 2R L3

1.2 EAREFERLERERSZ/MNE
AR 4 B 2 K 105 °CHETFIE B, 1A

*1 LRAEARESMEAR

Tab.1 The compositions of the blended oil for experimental diets %

fa M4l based on fish oil

TR A4 based on blended vegetable oil

A B
treatments A B C D E F G H I
fajh fishoil  2.50 2.45 2.38 2.28 1.25 0 0 0 0
SN 0 0 0 0.03 0 0.89 0.88 0.88 0.90
perilla oil
NN 0 0 0 0 0.58 1.26 1.31 1.26 1.32

b
palm oil
wehs T 0 0 0 0 0.27 0.35 0.26 0.26 0.13
TSR
rapeseed oil
DHAJH i 0 0 0.02 0.04 0.40 0 0 0 0
‘DHA oil

N 0 0.05 0.10 0.15 0 0 0.05 0.10 0.15
ARAJH I
“ARA oil
Mt total 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50

e a gl BRI TR IR A RS b, ST R A SO W T BRI AR TR T o DHAMARATARAJAE W SE T EJE ]

7 i B A AL A ]

Notes: a. Fish oil was offered by Shanghai Nonghao Feed Co., Ltd; b. The perilla oil, palm oil and rapeseed oil were bought from Lingang

Nonggongshang Supermarket; c. DHA oil and ARA oil were bought from Xiamen Kingdomway Biological Company
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#2 EMARESREFER (FHIR)
Tab.2 Ingredients and nutritional composition of the

basal diets” (dry matter)

TiH Ca
items content

JEHl ingredients

#81/% fish meal 22
WF5E43/% shrimp shell meal 3.5
KEH/% soybean meal 26
TE4EH1/% peanut meal 11
1f#3/% blood meal 3
/% flour 21.59
if £65/% squid liver 4
WP EERE/% beer yeast cell 3
KEEEM/% soybean lecithin oil 1
SACHHG#/% choline chloride 0.25
% 4/% vitamin premix 0.1
ZW/% mineral premix * 0.5
Yk FKC/% vitamin C 0.06
VEAHIAR/% blended oil® 2.5
R — A 45/% Ca(H,PO,), 1.5

E %4 B nutritional composition ©

% A /% crude protein 40.59
TJ5 /% dry matter 93.66
SR W5 /% total lipid 8.19

IK531% ash 10.59

KLAE/(MJ/kg) gross energy”® 19299.28

e oa 245 ZHHBETNAEROKRHEA R AR R, A
BRI ST [ BRI AR A IR A b, REMARE T 2 RE
1; c REEZSHOCR23TE, HRE FRABCA S

Notes: a. vitamin premix and mineral premix were supplied by
Guangzhou Xintun Aqua-Tech Co., Ltd and other ingredients were
purchased from Shanghai Nonghao Feed Co., Ltd; b. the mixture oil
were illustrated as in Tab. 1; c. gross energy was calculated according to
the reference [23] and the others were detected

BHRL AR 5 ok P IR AR e s s i
K & BRI 5 K 3R S 35 1550 °CHYy
BETE I E

T REBE 7 R A I 5 22 R Wen 25 P I 52 T vk
AT, R =HALIIHER L, DAC o4t 2 (Sigma)
VE R P9 bR I 22 B I IR 446 Xt o, AR 4l G 07 R A 1
i (Sigma) B 40 A7 L% R0 A B4 RSt 8] XA 5 G 7 T
PEAT M, He AR R TGRS R 7 TR 1) 4 %o

C(mg/g)=CgV19M.S,/M19S 9m

K, C K8 DB 76 1 RHRE 5 b iy & i
(mg/g); Cio AR (mg/mL); Vo A AR
A EF (mL) ;s M\ o2 P AR R 4 F &
S0 h BRI T AR s M R N I R T IS )
T SRR TR A s m oy iR 5
H(g)o WM TATINE3R, BOFHIME,

1.3 LI AITFREEE

V18002 MLAS B 55 [ 1A Jit 1 (0.77+0.27) g]ii%
TIIF B0, BEAL 3 Be B2 AE 7] — 7K (5 m %
10 mx 1.2 m) 367> M 4 A (80 cm x 100 cm x
120 cm)., AN VAT, FRA6JE, HEWRESN
IR BT R S% e f o B R4, 7 5l 1E
05:30. 11:30. 17:30F123:00, HF4KH—KK,
oK /N T KB 1/3, 3758 30 18] % 2 70 S A%
FEW A >6 mg/L, Z A <0.4 mg/L, pHA
7.840.5, 7KiE(29+2) °C,

14 HENHSMRRLE

N (Vibrio alginolyticus) i #2% H 116
VTR R R R, 7E TCBSEAR 1 75 5L bk A 1%
FE24 b, R B 3 A PR KR R R
WHF N T 2B S8

FERAOJE S5, DAAS T e 4 Bt AL O R 18] 49 A
SPHR3 R, R4 NFUREEH 4, FH T R R
TollZ /& . IMD. ¥ H BEmRNAYI If K ik . 2R
S A5 51 2H BE ML 40 158 1z 18130 A ST IF - 49 i
AT, BEATI0RE, 408 3 T 36 SRAE
(80 cmx50 cmx50 cm)1, HELE AR, HP3AF
A7 1 Xof e J2 R0 14 464 30 pL1.2x10° CFU /mLIA
WE, HTEZMWEIERYE96 hN I FET-1E O o
I3 — VAT 1 % i B 2 R BRI 30 pL 1.9%x10°
CFU /mLIWW )5, Y524, 36142 hA%F
PP BEALECE AR3 R, SREXTIFREEAIZL, T f
SRAEMEHD FWA TR, FHEBE-80 °Cik
P ARAE, T E S TollZ 4K . IMD., IF
H M mRNAE L&,

L5 TollZ{F. IMD. AHMmMRNARIEZER
M E

2 I8 Trizolif 77| (TaKaRaZ\ ] )it W 5 $2 B %
WR S 2H 2L RNA, 42 B S RNARIOD260F1
OD280I 1B F1.9 ~ 2.0, FH 1.5%F4 350 fs Wi 58 e
LK % Lo M, 80 °CIRAF & H .
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£3 SREARETREE

Tab.3 The contents of fatty acids in the experimental diets mg/g
s 7% fa 2l based on fish oil WAFEYIMZL based on blended vegetable oil

fatty acids A B C D E F G H I
14:00 0.70+0.07 0.71+0.31 0.57+0.02 0.56+0.06 0.70+0.04 0.28+0.02° 0.310.03" 0.29+0.03° 0.55+0.00°
15:00 0.05+0.00 0.07+0.00 0.06+0.01 0.07+0.01 0.08+0.01 0.03+0.00 0.03+0.00 0.03+0.00 0.05+0.12
16:00 7.23+0.37 7.66+0.46 6.50+0.46 7.31+0.53 8.184+0.29 8.74+0.12 9.38+1.44 9.09+1.74 12.45+0.01
16:1n5 0.07+0.00 0.08+0.01 0.06+0.01 0.08+0.01 0.08+0.00 0.00+0.01 0.01+0.01 0.01+0.01 nd
16:1n7 1.45+0.06 1.90+0.45 1.16+0.05 1.25+0.11 1.43+0.14 0.56+0.09" 0.56+0.06 0.50+0.03" 1.10+0.00*
17:00 0.08+0.01 0.15+0.03 0.10+0.01 0.12+0.02 0.13+0.01 0.06+0.00 0.07+0.01 0.06+0.00 0.11+0.13
16:4n3 0.25+0.05 0.17+0.02 0.13+0.01 0.15+0.03 0.17+0.02 0.110.00° 0.11£0.01° 0.10+0.02° 0.18+0.01*
18:00 1.03+0.13 1.22+0.09 1.09+0.10 1.33+0.06 1.39+0.19 1.05+0.08" 1.10+0.06" 1.13+0.10° 1.90+0.17°
18:1n9 6.04+0.56 5.5340.50 4.76+0.20 5.51+0.07 6.08+0.76 10.37£0.57°  10.13+1.02" 8.84+0.39° 13.85+0.00"
18:1n7 0.77+0.07 0.77+0.09 0.66+0.04 0.71+0.07 0.78+0.06 0.44%0.04° 0.48+0.04° 0.45+0.03" 0.71+0.03*
18:2n6 10.5+0.74 9.88+1.95 6.03+0.32 8.00+0.20 7.90+0.65 9.57+0.43 9.60+1.05 9.58+0.19 9.57+0.61
18:3n3 1.18+0.45 0.74+0.12 0.63+0.02 0.79+0.05 0.26+0.38 4.77+0.27° 4.42+0.15° 4.42+0.30° 6.45+0.00"
18:4n3 0.54+0.10 0.49+0.08 0.40+0.03 0.48+0.03 0.49+0.04 0.24+0.03" 0.24+0.01° 0.24+0.02° 0.4+0.01°
20:1n9 0.63+0.08 0.55+0.10 0.48+0.10 0.57+0.03 0.61+0.07 0.14%0.15° 0.25+0.17"  0.26+0.02  0.41+0.06"
20:2n6 0.09+0.01 0.07+0.02 0.06+0.01 0.07+0.00 0.08+0.00 0.04+0.01° 0.04+0.00" 0.04+0.01° 0.62+0.01*
20:4n3 0.16+0.02 0.16+0.10 0.13+0.04 0.16+0.01 0.16+0.01 0.07+0.01° 0.09+0.00° 0.07+0.02° 0.13+0.01*
22:5n3 0.46+0.09 0.35+0.04 0.31+0.02 0.39+0.05 0.39+0.04 0.20+0.05 0.23+0.02 0.19+0.06 0.24+0.09
ARA 0.44+0.07" 0.56+0.03" 0.87+0.07" 1.02+0.04* 0.28+0.03" 0.19+0.01° 0.38+0.03° 0.48+0.10° 1.44+00"
DHA 5.72+0.52 5.9+0.80 5.81+0.11 5.77+0.03 6.07+0.10 3.02+0.29 3.73+0.41 3.12+0.64 3.23+1.21
EPA 3.96+0.28 3.81+0.50 3.75+0.68 3.71+0.22 3.91+0.32 1.83+0.16 1.924+0.16 1.95+0.37 1.79+0.47
SFA 9.39+0.52 10.21+£0.72  8.56+0.42 9.75+0.63 10.48+0.24 10.16+0.2 10.88+1.51 10.6+1.82 12.07+0.52
MUFA 9.30+0.58 8.73+0.93 6.94+0.34 8.29+0.24 8.98+1.00 11.37+0.55"  11.17+1.11°  9.80+0.44° 10.72+0.43*
PUFA 21.89+0.44  20.08+0.62  19.17+0.83  20.36+0.37  20.28+0.41 19.94+1.04  20.68+1.14  20.09+0.84  20.74+1.01
N-3PUFA 11.98+0.38  11.28+1.43  10.50+0.72  11.32+0.17  11.29+0.56 10.14+£0.64  10.65+0.44  9.99+1.26 10.73+1.45
N-6PUFA 9.91+1.74 8.80+1.94 8.67+0.12 9.04+0.17 8.994+0.65 9.80+0.43 10.03£1.08  10.10+0.30  10.01£1.23
N-3/N-6 1.21+0.05 1.28+0.03 1.21+0.01 1.25+0.80 1.26+0.05 1.04+0.04 1.06+0.06 0.99+0.01 1.07+0.04

W BB vy oz us vERBHASARZEREE, Ha. b oo dRIRIESEDMA SR 2 57 B3 (P<0.05), ndRmARAN
Notes: the figures super-marked with x, y, z, u, v means the significant difference among the treatments based on fish oil and the figures super-marked
with a, b, ¢, d means the significant difference among the treatments based on blended vegetable oil (P<0.05), nd means not detected

% 8 PrimeScript“RT reagent Kit With gDNA
Eraser( Perfect Real Time)if 5l £ (TaKaRa/Z\ ] )i
B A5 U S RNAJ G 5 cDNA, —20 °CH
fE8 . R SEE 256 E S PCRAF M 3 PH 3R 3k
Z WL 90U X HF Tol14Z /K & Al (GenBank:
DQ923424.1). IMD3 [ (GenBank: FI592176.1).
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V5 T4 5 3 [N (GenBank: AY170126. 2)H1B-actindE [H
(GenBank: AF300705)i% 1158 5 51 91 (£4). 5l
WE A T A TR A BRA R A i
SYBR®Premix Ex Tag™ ( TliRNaseHPlus) i& 7] &
(TaKaRaZs @)Ut Bl 45, HIBio-rad Real-time
CFX961F179¢ 6 PCR., PCRFEFE K95 °C.
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T4 NANEINNAEBERE . TolZFEE. IMDERE
5p-actin 2R EE 5| ¥F 7
Tab.4 Primer pairs on lysozyme, Toll receptor, IMD and

B-actin genes for L. vannamei

5149 primer J¥% sequence
B-actin-SQF CGCGACCTCACAGACTACCT
B-actin-SQR CTCGTAGGACTTCTCCAGCG

Lysozyme-SQF GTTCCGATCTGATGTCCGATG

Lysozyme-SQR AAGCCACCCAGGCAGAATAG
Toll receptor-SQF TGAGAGATGCCCACTGCCTG
Toll receptor-SQR CGCTTGAAGGTTTGTGAGGGAG
IMD-L134-F ATACATCCTGCCGTTGCCGA

IMD-L3-R CCGAGATGGGTTCCCTTGTT

20 sTiASPE; 95°C. 5s, 60°C. 30s, H39MGE
Ry WS 55.0 °C_E Tt 2295.0 °C 2 445 fifk th £2 46
sz N s S . BN L LI B-actin iy 2 BEIE A
FE R Rk g5 BOoR AR R R e, Lo
STl i =
1.6 HIFEAIE

52 0% 2k R FH S Y 80 HhR M 2% (mean + SD)AY

OA 044 mg ARA/g

®B (.56 mg ARA/g

2.0 8C0.87 mg ARA/g

2D 1.02mg ARA/g

sE 0.28 mg ARA/g
aa

=
W

-
o

LRI R I

mRNA XS FRIE 7
relative expression of mMRNA

o
i

:

K

0 o A .'_-' . o
Toll 244 IMD s}
Toll receptor lysozyme
13841 shrimp fed fish oil diets
(a)

FR I, H I SPSS18.0 23 #4225 1 A [F]
I 221 R0 2H 18] [ — IF 220 5040 15 47 50 1) R 7 22 43 B
(One-Way ANOVA)FIDuncan[GV: £ & 4,
P<0.05M I\ 25 5 3 o

2 4

2.1 (AR R ARAZK XS L 49 E 3 41 65 2H 21 oh
REBAXERFREZME

L&A i o W A 56 DA 203 R i i VR A 1 e
(DHAFIEPA S 1243 51 4 5.85113.83 mg/g i k)6 7]
J&, BRA LI TollZ & . IMDAIY B ifmRNA
TR o S AR B TR AR AZKCOT B 18 i 2 30 58 T ) R
By AR (1), $E10.56 mg ARA/glARHZH (B4H)FI
0.87 mg ARA/g B £H (C4H ) Y X B 6l 26 21 v 75 T
ffmRNAZR A it I 2 5 T H A ZH (P<0.05), TMi$k
150.28 mg ARA/glifF AL (BLH ) i) X B 8 21 20 rp 75
P B mRNAZ 35 i 2 3% 8 T HAb 41 (P<0.05), %t
R 7E B8 £ LUAE W 0k o B 5 R A4 4R BL (DHA I
EPAS /3 9~ 3.28F11.87 mg/ghal kh)6E 5, %t
IR 2H 2L Toll3Z 44 . IMD I 1 i mRNA % 35
B R ARAK ST 1 3 m &2 b, Hop
£ 1.44 mg ARA/ gl AL 2H (120 ) Y % 0 il 2H 21

oF 0.19 mg ARA/g

20 nG0.38 mg ARA/g
: a
% 1.8 T 8H 048 mg ARA/g
”.llijﬁ el ® ol 1.44 mg ARA/g
Hg ~
Hg ERE abf]
=Z 124 b
< & 10 5
z5 " B -
~ oo
£z 08 i
£ \ \
5 06 % 8
8
0.4 “&\ \\3
0.2 b“\\ “\'-\\,
0 b
0 3 5
Toll 5z 4% IMD padea)ie
Toll receptor lysozyme
TR EZR shrimp fed blended vegetable oil diets

(b)

B 1 HBRTEARAKFEAR6E G NAEIIREREL P TolZ A, IMD, AREEEMRNAEN RIASE

AR 7 B R R 4 1A 2% 57 B 2 (P<0.05)

Fig.1 The mRNA expression levels of Toll receptor, IMD and lysozyme in gill of the shrimp

fed diets containing different ARA levels for 6 weeks

Different superscript letters on the same gene indicate significant differences between the groups (P<0.05)

http://www.scxuebao.cn



768 Ko % 4R 40 %

TollZ AmRNARE I E & THE0.19 mg
ARA/glA B (F4)(P<0.05, 1),

2.2 (AR ARAIK T XF LN R X 4N 2 R g
wElEARELAPHEXEEEREFRENZ

VA A0yl A B W R B, AE SR TR O
J5 . A% 4% S8 20 41 Toll3Z A mRNA B 6 ik
BER L AR I e TR S R R AR, HAE24h
IR FIEAE (F5); $H1£50.56 mg ARA/gMRIRI4H (BZH)
X HR7E 24136 hitf TollZZ AAmRNAZE ik 1) i 2
TFHABL . 45 20X HFAE 4] 21 IMD mRNA R 1A &
B R e R S L SE T BRI TR A8 A, Y9HE36 h
WA R s L5 42 h, $5120.56 mg ARA/gfi
L4 (BL) X R 8 20 21 FF IMD mRNA & A it i) 3
o T H A4 (P<0.05) . 45 41X R 6 41 21 rp 55 B
mRNAZ Ik i bifi JB e F 3 S IS T )5 T B
Ak, BITE24 it iR BWEfl . BRYLfE24 h, HEE
0.56 mg ARA/gi7 R} 2H (B4 )XoF M i 45 2 v s i ity
mRNAZ A 3% 5 T°1.02 mg ARA/glARLHH (DA)
F110.28 mg ARA/gl ¥} £ (E41)(P<0.05, #5).

IR A Y R IR B TR, bk e i i ok
A J 45 20 % W 8 25 27 v Toll 32 R mRN A 1k #: il
YL R RO SR, (A I AE24 h,
H B3 T0h(P<0.05, 36); Y24 hxtdFag
LU TollZZ /A mRNA K 34 1 i 17 B} AR AZK Y- 119 3
I b, B 1.44 mg ARA/ gl R (141) Y Xt
IR R ZH 21 Toll3Z ARk mRNAR K 7E0. 24, 36
42 Wit 34 B % %5 F0.19 mg ARA/ gl B 41 (F4H)
(P<0.05), #E120.19 mg ARA/gla] R} 2H Xif o fifl 26 21
HIMD mRNAZR A HEAE IR YL 42 hil TG i 2 28 1k 5
#£0.38 mg ARA/g (G4). 0.48 mg ARA/g (H41)
F11.44 mg ARA/g k26 (141 ) () % R il 4 20 IMD
mRNAZ i i bifi JB% e F 2 52 LS T R 5 T 8 1
P, HIHFBFGEEA N RAAERLE42 h; HE
TR ARAZKF- B, 9GS G 5 4 4H X ERFIMD
mRNAZ K i W (H 0 P 35 38 11 (P<0.05), 1.44 mg
ARA/gli RHA (140) . 2 7 T HoAth 41 (P<0.05) . 48
£0.38 mg ARA/gl k4 (G41). 0.48 mg ARA/gfi
BHH (HZ)A11.44 mg ARA/gIABFL (120 ) ) Xof i

RS LHUEIIMR R LU 9 s AR B 1R 1 R R RO E R 0. 24, 367042 hAT BRLH LR
Toll%Z {£. IMDFNAEEEmRNAMER] Rk E
Tab.S5 Toll receptor, IMD and lysozyme mRNA expression levels in gill of the shrimp fed fish oil diets at
0, 24, 36 and 42 h after V. alginolyticus challenge

7 y 7 y 7 y 4 4
. _ AZ1(0.44 mg B#41(0.56 mg C#41(0.87 mg DZ1(1.02 mg EZ41(0.28 mg
- e ARA/g) ARA/g) ARA/g) ARA/g) ARA/g)
8 A group B group C group D group E group

0 0.58+0.26" 0.78+0.30° 0.98+0.35 0.8620.33° 0.78+0.13°
TollZ AmRNAAH X % :
»koax " 24 0.87+0.14% 2.2140.04* 1.39+0.13* 0.910.11% 1.1940.22%
I8
relative expression level 36 0.43£0.05> 0.74:£0.04" 0.48+0.07% 0.60£0.01" 0.320.02%
of Toll receptor mRNA

42 0.46+0.07" 0.69+0.06" 0.2940.04 0.57+0.03" 0.6120.05"™

0 1.01+0.2° 1.11£0.26 1.33+0.49° 1.26+0.34° 0.87+0.08°
IMDZZAAmRNA R £ o N - -
e 24 0.57+0.04 0.48+0.05 0.36:0.20° 0.50+0.13 0.6120.10
relative expression level 36 0.45£0.06" 0.42+0.06° 0.43£0.05¢ 0.420.05" 0.43+0.02°
of IMD mRNA

42 0.65+0.14" 2.0240.04* 1.87+0.07% 1.38+0.05" 0.45+0.03

0 1.06+0.40™ 1.43+0.72" 1.46+0.72" 1.09+0.10™ 0.29+0.08"
VA T EFMRNA A G 252 , .
B 24 1.96+0.48™ 2.52+0.87" 2.01£0.23" 1.13+0.22" 0.62+0.12%
relative expression level 36 0.95+0.10" 0.97+0.06"" 0.75+0.48" 0.53+0.53" 0.24+0.19"
of lysozyme mRNA

4 1.05+0.74 0.930.23"" 0.87+0.12°" 0.8940.49"" 0.320.05™

W FARAIE S Rray by R [Fl—HIE —HEE AR E R Z 7 5 B (P<0.05): EARAEFERw, x. y 2R R E B ZARAE R BE

(P<0.05), T~

Notes: data in the same column with different lowercase (a, b, ¢) were significantly different among the different time in the same group, data in the same

line with different letters (w, x, y, z) were significantly different among the different groups at the same time (P<0.05), the same below
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F6 NLAEMNTMERLUR SEYMAREFRARMEAEINEZR0. 24, 36f142h
8328 L h TollZ 45 . IMDFIA E ESmRNAME Rk 2
Tab. 6 Toll receptor, IMD and lysozyme mRNA expression levels in gill of the shrimp fed blended vegetable oil diets at

0, 24, 36 and 42 h after V. alginolyticus challenge

e AfEl/h FZH(0.19 mg ARA/g) G#1(0.38 mg ARA/g) HZH(0.48 mg ARA/g) 141(1.44mg ARA/g)
gene time F group G group H group I group
0 0.83+0.20™ 1.18+0.36™ 1.23+0.06™ 1.48+0.40™
ay ax aw aw
Toll -k mRN AR # 1k Bt 24 1.63+0.25 2.04+0.06 2.76+0.28 2.92+0.09
relative expression level of Toll receptor mRNA 53¢ 0.51+0.07" 0.92:0.08" 0.72+0.12 0.9340.17%"
42 0.71£0.03" 1.08+0.04™" 1.17£0.23™ 1.38+0.26™
0 0.60+0.41 0.78+0.39" 0.89+0.23° 0.93+0.54
B . 45+0. c c d
MDA Pk mRN AR 2% 5t 24 0.45+0.17 0.20+0.00 0.27+0.05 0.27+0.03
relative expression level of IMD mRNA 36 0.35+0.10 0.46+0.06™ 0.410.05° 0.5340.08°
42 0.55+0.07" 0.95+0.02" 1.45+0.16™ 2.85+0.35™
0 0.65+0.33" 0.70£0.10° 0.71x0.07° 0.97+0.36
b b b b
B EEMRNARM 0 54 Bt 24 0.52+0.41 0.57+0.27 0.51+0.03 0.85+0.20'
relative expression level of lysozyme mRNA. 54 1.43£0.26" 1.90£0.01* 2.030.12% 2.96:0.57%
42 1.61+0.33" 0.60+0.07™ 0.55+0.14™ 1.27+0.98"

H: ERAFET BRay by o dRR Rl LR — 2 F AN RN 225 57 8 2 (P<0.05)

Notes: data in the same column with different lowercase (a, b, ¢, d) were significantly different among the different time in the same group

V5 TR B mRNA K K 5 U {F 1 B AR L 536 h, Tl
0.19 mg ARA/gll Bl 4H (F41 )% H if mRNA % 15
WA A M B SR 5 42 hs 1 TR B mRINA SR 1K 1 i
{H [7) FF Bl 7 BE AR A ZK S 9 35 hn ihi @ 25 1
(P<0.05, #6),

N SR R e s 5 TR S5 42 P L 49 U X i
HYI P TollZ K . IMDFI B B mRNAM X 3 35
Tl L (BI2) AT AT, S8 LA S B 7 U Y
T b e, AE AR DR Rl i R 0.56 mg
ARA/ gl BE 2 (BAL) Xt F 8 2 21 Toll 32 14 |
IMDHI B B mRNA R IK 5 A2 fL i B Yy e ok,
W H0.87 mg ARA/gll R (C4) . Y4 LIAEY)
i M N W IR A GRDRE R, R B 4 21 R Toll 32 44 |
IMD I T B mRN A 35 2 748 1k 08 Ji2 35 B 1) R}
ARAJK (TG K, 1.44 mg ARA/gfll k4
(14 A S R 728 A e
2.3 (AR P ARAKF 5T FLAE IR IR =
kAl

S S5 R R [R] ARATR R £ ML 4 8 %o
FEN T 2R BN 48 . 727196 hity RBUE
T-RIEG T F T (R,

3 iR

3.1 AR ARAKFE XS FLASE X AN LA RN &E
Ceal:EA

ARAVENBERRSE & A RRZS , J& 4 LA 1)
IR 0 7/ TN G R S | O [N R ) o ol -
EM . A, ARARFZHAGAEWIEENIE
TR AT A W AN T ) B R EL(PGE,) . i8R IR R
(PGI,) . il #BE 2 Ay (TXA,)H 40 i = 4
C4(LTCM ELEZHTAR . 17 51 BR300 1 240 i — 0 55
KR B A WAL R T ae .
ARA R 3 578 8] 45 BILAAS A9 B it i 5 v RN /K28 ok
B SR ATLAR (PN AR T2, A ARARE 5
20 it A W BBy S R W R S iR B, O AT LA e
A S e 7% T T M X SR K ZE S LR Y e
RERE S1PY, HL, ARATEAUIABL N A G 92 S g
R A AR o DB ARATKF 23 52 i ALK
ARATK-, DI X AL AA B 28 L 1 3 g 01 7 A=
S, CA TSR], Rl s ARAT] D
$ 5 K VG (Salmo Salar)™ . 43k 88 (Sparus
aurata)®" i 2 BUR B (Morone saxatilis)® )3T N 34
Ae 1, Wl LIAE & K i (Larimichthys crocea)™
FLAE AL B (Poecilia reticulata)" " FIHS B4+ 15" Y 4
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mg ARA/g; G. 0.38 mg ARA/g; H. 0.48 mg ARA/g; I. 1.44 mg ARA/g

Fig. 2 Candlestick charts on changes of Toll receptor, IMD and lysozyme mRNA expression levels in gill of the shrimp

in 42 h after V. alginolyticus challenge

The black box indicates the initial value greater than the end value. The blank box indicates the initial value smaller than the end value. The lead on the

box indicates the maximum of the variation. The bead under the hex indicates the minimum of the variation
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RT ARPARAKF LPREMTA TS MREFFINERERRE TR

Tab.7 Effects of dietary ARA content on cumulative mortality of L. vannamei after V. alginolyticus challenge

4159

RFAFET#/% cumulative mortality

groups 48h 72h 96 h
b AZ(0.44 mg ARA/g) A group 12+9.58 37+11.55 58+17.56
shrimp fed fish oil diets
B#1(0.56 mg ARA/g) B group 28+16.56 43422.65 57418.15
C#1(0.87 mg ARA/g) C group 36+20.14 52+14.81 67+19.91
DZ1(1.02 mg ARA/g) D group 28415.13 35421.00 53+34.20
E#H(0.28 mg ARA/g) E group 25+12.30 43+29.41 55422.73
A FZH(0.19mgARA/g) F group 30£1675 5142685 59+27.36
shrimp fed blended vegetable oil diets
G#41(0.38 mg ARA/g) G group 29+6.35 44+6.35 4430.00
HZ1(0.48 mg ARA/g) H group 38+16.09 72420.80 76£13.27
1#H(1.44mg ARA/g) I group 49+34.27 524+28.29 57+30.51

JRU32 M, Toll3Z MR FIIMDER [ J2& X U 5 3z
PR AR5 S R E 1 . W AEN
BILAA I 5 S 1 e 8 0 K S IO ) 8 i 5 1 TR 7
Bk T 1 VA A A0 A A0 M RE AL, AR 40 I RE R R
1) K SR B 3 BB 15 5 45 P L TR B A A U TR
il () A B S 4y B, R, X ERToll5Z 44 |
IMDZ [ 1 B B mRNA 1 4 55 7K T AE — o FR
bR T X AR AR R S R REALRE . O BT R
AR ) ek 7 75 2R KT 4 5 ) ML 4 T2 X R 6 % R D%
FEH A RIE . SR QAR PR A TR b AT X L
29 95 % 0 58 2H 20 Toll3Z R mRN A K K 4 i
W BEGRDRE T RE K B T R, X IR i 2 2
H S T B mRNAFI Toll5Z A mRNA Fik 7K F 2 8
Je L THE TR A, R Ve B AR fb th
2352 Wi [ BH X R (Fenneropenaeus chinensis) L%
N8 2H 20 v G 38 FH S 6 DR () e 1520 Bk s
B 44 JC A AT v ML 49N K R 3 g T JER L A
Toll 32 /A FI% 1 BEmRNA ) 2 35 5 M S YL J5 TollZ
& . IMDRIVA T B mRNAZE A fE s, I
Toll5Z /R FIIMD mRNA K ik 5 i A8 L AL A BT, AR
s, Lo B e, fREFARAJK
3 R ) 37 4 6 J8] S ML 49 U5 X S 8 21 250 v 3 T
mRNAMFRIEKN-5 LAY R As e, A
BEARAZK - 5 35 5 1 37 58 6 J&] J5 ML 49 ¥ % i 8 21
LU Toll Z K mRNA ) 3k K- o Toi S LA i
W JEAT I A IR VR, R ARAZKSE 34 3 R
M) JE G 375 35 9 1 5 X R B Toll3Z AR . IMD AN 1
B mRNAZR IR B I . A7 ¢ ARAXT JE R 5% 5% 1 o
FEHLHL, Arts%F PN 238 i ARAR AR 7= 4

——ATFI R R RSB . 1 WangZE U IA ) ARA
ARG VENEE SRR AT, 5 cAMP— P Fl 1
FHRT BE R =k

ASzgd, DLy oM Bg WS, 0.56 mg
ARA/ gl KL 41 F B e K Toll3Z K . IMD A%
FBEmRNAZE I &5 100 LUAE 9 3 Sk B B JR A
3G e R G BE R 3 Gh I 34 L FE 1.44 mg
ARA/gh B . Tl R 50 RS A 0 R )
T kHEE T DHAFIEPA S &4 B B 22 R4k, HAlNg
i BR ¥ HE(MUFA . SFA. n-3PUFA. n-6PUFA %
i Mn3/m6 HAE)YIAH T . 2 B fARF AR AZKSF- X L
YR HF TollSZ A4 . IMDHITYA 14 il 55 P 22 35 18 9
25 340 32 B DR H A E SR R A5 o X a0l R
Hi AL ] Rk R 90 I 2R B AR A RE Y R D R
2, 2401AF ARA. MUFA. SFA. n-3PUFA. n-
6PUFA % & Jen3/mo b AHIT , {HAZ kB HAL
TR B A B E O DHAFIEPA & &, 6] BT A4 ML
2R X6 MR AR SR YL B 5 B9 TR B mRINA R 35 0
(B BLIRF] (24 h)BHZH (36 h) S i, L 4 UCIE 52
T B AR A K ST XoF Xof B G 935 AH O 3 PR 2 3K 1) 9
P38 % B R B DHAFIEPA & B Y20 o 13X R 52
w5 XA N DHA . EPA K ARA =3 2 [6] i)
Te G AR UL A OO 5 i iE 48t DHA
EPAFI ARARE I [A] £ A 2 LA BT AR S8 R Bt s
Bk R 1ML 96 11%) 7 384 g g B4

3.3 ARIARAK ST LG E ST 5 % R 8
K FE MRS

MALRR e i it B, F C 4 B T
WU RS LI S e R B 2P 3R, i il
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il I DX 7 A0 T R e i AR P B Rk ARk, FE—
FE AR BE ] DR e X M 5 AL RE Y R AP
i1 o ARDRE RS i R AR B AR S T LA I X
R A0 8 K2 7 A R ZH 2L TollZ K . IMD mRNAZE ik
AL R, (EAREIToll 32 AmRNAK K
(RS- PR A g v, A T R )90 6 1 i
B 5, 34 F e A DG L PR ) 35 3k o A8 Ab i 5 A
AN [F] AR AZK ST ) 6 L gA 752 X6 IR 22 1) 45 22
St B fmh0.56 mg ARA/glRRHH (BZH ) FI4E &
FEY)IH1.44 mg ARA/ gl Ak (T4) Y % M 7 JB e
TN IS B P Toll 24K . IMD I il
mRNAZR K i AR b B fe K, R BB i 241 1]
RE B X IR 7R % S K T HLAT B B e R
PE o 5 B OB JER G /T 3k R 3R AR UK A
2R 42 hE, AR ARAZKSFE XA ] 4oz
I FL R = T RFR B . 45 4% iR
Toll5Z A mRNA K ik & 7E IR YL 42 h)5 FE A 2 4]
GRS T IMD T T8 B mRN A2 38 7K 78 3R 43
5 P I R E BRI IR K- . X AT B S TollzZ
A . IMDFN % T Bl 75 B ok v Je g b BT e A9 4 AN
A A G Al B Je W I st ] % o5 D o 2 75
HERA R,

ZE FRRR, R ARAJK S 520 L AN 3 X BR
Toll3Z /& . IMD K ¥ B BFmRNA) £ ik & . 1Ak
ARAXT PL YA ¥ XoF M G 28 AH 5 JE PR 3 38 19 9] 42 348
Z Ak DHAFIEPAZK V- [R5 0 . £ £ £1310.56
mg ARA/gl R 41 (BAL) ML #9 1.44 mg ARA/gli]
HHZH (T2H) Y PR X MR AE 5 S K P 1 B B4
e RAGNE
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Effects of dietary arachidonic acid on the immune-related gene expressions and
Vibrio-resistant ability in Litopenaeus vannamei

ZHAO Libin', WANG Xinlei'’, HUANG Xuxiong">*, CHEN Chunyan', LI Hang'

(1. Key Laboratory of Genetic Resources for Freshwater Aquaculture and Fisheries, Ministry of
Agriculture, Shanghai Ocean University, Shanghai 201306, China,
2. Shanghai Engineering Research Center of Aquaculture, Shanghai 201306, China;
3. Shanghai University Knowledge Service Platform, Shanghai Ocean University
Aquatic Animal Breeding Center, Shanghai 201306, China;)

Abstract: In order to assess the effect of dietary arachidonic acid on the immune-related genes expression and
Vibrio-resistance in white shrimp Litopenaeus vannamei, two series of isonitrogenous and isoenergetic
experimental diets based on either fish oil or blended vegetable oil, both with the equivalents of saturated fatty
acids(SFA), mono-unsaturated fatty acids (MUFA), poly-unsaturated fatty acids (PUFA), and n-3/n-6 ratios, were
fed to the white shrimp respectively for six weeks. Then the mRNA expression levels of Toll receptor, IMD and
lysozyme in gills of all shrimp before and after Vibrio alginolyticus challenge(24, 36 and 42 h), and Vibrio-
resistance of all the shrimp were investigated. The results showed that: (D The mRNA expressions of Toll receptor,
IMD and lysozyme in gills of the shrimp fed diets based on fish oil (containing 5.85 mg DHA/g diet and 3.83 EPA
mg/g diet), first increased, then decreased along with the increasing dietary ARA level. Compared to the other
treatments, the shrimp in treatments of 0.56 mg ARA/g diet (B group) and 0.87mg ARA/g diet (C group)displayed
significant higher lysozyme mRNA expression levels(P<0.05). The mRNA expressions of Toll receptor, IMD and
lysozyme in gills of the shrimp fed diets based on vegetable oil (containing 3.28 mg DHA/g diet and 1.87 mg
EPA/g diet), increased along with the dietary ARA level. The Toll receptor mRNA expression level in treatment
1(1.44 mg ARA/g diet) was significantly higher than F group(0.19 mg ARA/g diet)(P<0.05). @ The mRNA
expressions of Toll receptor, IMD and lysozyme in gills of all shrimp changed significantly when the shrimp
experienced Vibrio challenge. For the shrimp fed diets based on fish oil, the peak of mRNA expressions of Toll
receptor, IMD and lysozyme appeared at 24, 42 and 24 h respectively. The maximum expressions of all the three
genes appeared in B treatment(0.56 mgARA/g diet). For the shrimp fed diets based on vegetable oil, the peak of
mRNA expressions of Toll receptor, IMD and lysozyme appeared at 24, 42 and 36 h respectively. For the shrimp
fed diets based on vegetable oil ,the maximum expressions of all the three genes appeared in I treatment (1.44 mg
ARA/g diet). @) There was no significant difference in cumulative mortality among the different ARA treatments
when the shrimp were challenged with V. alginolyticus for 96 h. It is therefore suggested that dietary ARA level
could regulate the expressions of these immune-related genes of the white shrimp, and ARA's regulation on
immune related genes could be affected by dietary DHA and EPA levels.

Key words: Litopenaeus vannamei; arachidonic acid; Vibrio alginolyticus; Toll receptor mRNA; IMD mRNA;
lysozyme mRNA
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