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TR AL B AR N 7K S X FL 4938 3 HR S 2 1 = AL BE NS E B8 mRNA X

Toll =4k mRNA 3% B 215

WO, FE#H, B A, EEAL
(L. FHEE Rk T S 0 5 R P VT 50305, Bl 2013064
2. TR HOARMET 3, 1 201701)

FEE: 2 a7 R P A e R B K& 2B (R K2 5] % 0,50 150 mg Zn/kg) FF 47 & L
4R T, FR7E 14 d Jg , BUBEII 2 X AR B85 4L 8 Toll % f& mRNA #n 75 % B mRNA ) 5% 38 A F
DA BT i B L e A o ot B2 o 4B S AL 4 3%k fL B (SOD) fu 75 W B (LSZ) & 1, A AT E N H
AT RMRER, £ REW, JLYE X IR IR ZL A & 5 3 FOAKCE HE 8 R 0 o & 1 3
AT B EH (P <0.05)  ERYHFERENE ., Hw50 mg Zn/kg 4 (54 E W 73.25 mg
Zn/kg 1E ) AT EE A4 A iy Toll % & mRNA Fn 5 % B mRNA XX EH B F & T KA e
40 F0 3K A 150 mg Zn/kg 41 (P <0.05) . 7 Ar 50 mg Zn/kg 28 %t & LA T ik B o i B o v
WEEEL EE T RBmEA(P <0.05), ¥ w50 mg Zn/kg 41 % 1 AT ik B An o bk B F By
SOD V&M B 25 TR MmeEd, 257150 mg Zn/kg 4l T8 %% %, LA+ SOD &
MR A 150 mg Zn/kg A b B E . SFEINEALAMERLEE, A w50 mg Zn/kg 4 4 4
3 B 6] o BT B ) K T ok R An g 40 AR An 150 mg Zn/kg 4, KRR R A AR B R R
A EE A AE R AR R Am 150 mg Zn/kg 4148 R, L 4N IR 3 T By 9 40 W AL B AR 3R A e 50 mg Zn/
kg(# 48 4 73.25 mg Zn/kg 1K) Ko R 8|

KR LA E XTI F A B4 Toll 1k mRNA; 75 # Bf mRNA; # & L4 (LB, % H &
FESEKE: S 963 MERAR SRS A

FLYN R X U ( Litopenaeus vannamei ) 2t 5t
F BRI N WE 22—, 2 TR ] R MR SR A
o 2007 4F 4[5 55 5 FLAH X IR ) 7 2935 50
T, AR TR R v AL Je e (%
& NG L 0 BE i ) 114 28 A 2 il 240 %) BR 3 5B AL 4
M EZERR, T2 8% ] REAFAE 25
B BE K T TS 24 1 A XU ol o 7 7R IR AR
PUAA ) SR HLRE IF H I $2 &5 HLAR B B e ) 2
B IR DR 0 2R Sy I A A . AR
JUANEE R HR 1) 8 F5 e B 9T, O A ol 2 224
e Y 0T R S R
T O LR TG i 7 B G A S A B A 5
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Toll 5Z 1A (toll receptor) Fil i Toll 572 {4 # A AH
0L, T 7E 2 A4 B v 25 1) A8 A S W b 0 Tz AR A
Toll £ 2% {4 ( toll-like receptors, TLRs) , Toll 5%
PRATUA A4 S P S 1) B 22 4 R 43, Toll 32
RAE SR N h R EEAEH, At R A
1R 55 DA 2H i A1 A% 328 3] 48 B P O el e A 2 4
7 2 — R A G S YANG % 4
T LYY EE R IF Toll 52 44 5E A 1y 5 51, & B8 L
YR XT IR Toll A7 {4 7E I 20 AL Ko B8 rh i 3R 3k 1t
fe, FLUE IR O, T 1, UL PA) B T i i v )
KA . A AR E A 22 AKX PG v XF
U Toll 32 A 5 i A WLARAE 2, T 3¢ F 4 B o 4
I X LA 5 %) R 7 B B mRNA R Toll & {4
mRNA 3K (152 0 1 R WL IE .

ARSCHFFE T AR A 6] B 5 0 K S % LA
TE R A A 25 AR 52 ) ] s A 1 % B Toll
2 AR DR R R e R 1) 3% 38 KK DA R I T Tl
T 8 RN 4R AL W) 157 Ak i ( superoxide dismutase,
SOD) i 14 , IS AN ] 7K AP B A ek b 3 Y % BF F
17 7O A LAt B gyl 5, 5§ 70 2R 0 1) b B
KX R 2 1 52 BT 06 BIL BB 1 52 i, O MR SR E
FRAIE S A A K i A P A P AR AR

1 ARSIk

1.1 RIS {RARHRY B 1 R 48R X SR A 1R 75

B LR B TR A R R
wl, AR A FEEE TARA R, HE
LGSR AR )8 77485 5K, BT Rt 4 8 I5C J7 4n %
1, SEEefakhis 3 ASAbBE, 43 5 7 S ab e ek vh s m
0.50.150 mg Zn/kg fal#} i) 25 2 MR B o ¥4 4d 80
H i 1) & S s im e EURHZ e B 8 RiL IR &
B5), TR 1.5 ~ 2.0 mm [ 50KL, BT 4 Tk
MR R A

I PR IR IR B b 7 2R IR e 2R 1 —
LA X R 5 58 3 . PRk IRAS 5% [ (8. 31 =
0.34) cm] & JJ4F W4 I 450 J&, 5 9 4
[A]— 7K M B P 46 (60 cm x50 ¢cm x 120 cm) A,
FEAATICREF 50 R DAFERl DRI W Pk 5 5 —
J& s o3 AR 3 A iR R, B AR AR 3 A
1o FRAEIAN 22 785, K (32 £1) T,
H 50 3 Al e 4 K, H 3R 20 Ik EH i
5% . FEAIMIRF K IKZ<0. 3 me/L,pH =
(7.8+0.5).,

F1 R AEMARETREFER
Tab.1 The ingredients and proximate composition of
the bisal formular diet for experiment

JEURL 2 B AL EL/ % JEURL 2 B AL EL/ %
ingredient ratio ingredient ratio
%—L;‘\ N
A 10 % E): yeast 5
rapeseed dregs
ff ¥ fishmeal 27 BENg lecithin 1
e .
SACHET
¥y wheat fl 17.8 0.5
T8} wheat flour choline chloride
5k )
RELH 15 HFH§E shrimp bran 5
soybean meal
A L AmEmaTmE
peanut meal mineral mixture '
Atk ,  EadEE |
oxyneurine ’ vitamin mixture
[FR|
RELih . 1.5  JHFEEE cholesterol ) 0.2
soybean oil
fa 3l fish oil 1.5
EFR4H X proximate composition( % in wet weight)
y 42.38 + 7.52 %
HEH . 7K 43 moisture
crude protein 0.45 0.67
7.40 = 9.15 +
HLUIEWF crude fat ) h
FAE N crude fa 0.50 K4y asl 0.19

(D) ZE0YWITRIBLT (g/ke) ,Ca(H,PO,)2 23.5,NaCl 1,
KH, PO, 10, MgSO, - 7H, 0O 4,FeSO, - 7H, O 0. 503, MnSO, -
H,0 0.062,KI0.1,Na,Se0, 0.1,CoCl, 0.022; (2) Z 4 EE R
FHRT AR 24

Notes: (1) Mineral mixture consisted of diet( g/kg),Ca(H,PO,)
2 23.5,NaCl 1, KH, PO, 10, MgSO, - 7H, O,, FeSO, - 7H, O
0.503,MnSO, - H,0 0.062,KI 0. 1,Na, SeO, 0. 1,CoCl, 0.022;
(2) A commercial compound vitamin premix.

1.2 #HmEIRE
FSEg R SR 56 14 d J5, A REPLE 10 J
B, J 53] it B bR L, 2 e IBCHE L PR A0 ke
—20 CHAF, 3 5 -0 % ¥ 74 i F SOD i 4
AR o TR R RO S 58 21 2 9 R 1
J& 5 RE E - 80 C A7, T #4141 Toll
ZAK mRNA FI% i mRNA FIAE
1.3 AR IAFMARRARFESERNE
PR LA B kT 2 e s, G &
FATHACE I R 5 e AR G W (4:1) 10
mL IR i 2 WO Se i W, #5010 ~ 20 mL
A7 IR K AR 225 % 15 min, 22 BRAE S IRCH YA TR o
RHGEZZ 100 mL AP RN, AN
FE 125 I AR VRE 25 6 BRI Wl 43t
JERE I E B i, B R AT I E 3 I
1.4 ZREINE ( Vibrio alginolyticus) N\ T 214 B
FHHSEE 14 d ZJ5 , WEAE 4 PR UL 5
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FEIRIRRTER 10 B2, B3 R 4R R FIRE L5350 55
WA 7.12 x10° CFU/mL (3 9 A K 30 Lo
PLAEST 30 L JCR A FER K ZH (B i b iRl ) A BH
PEXT IR, S A R TE 12 DK, W8 G
24 h NIEBONEEIFGETT T HRE T L
1.5 RAEH(LSZ) @Sk & (SOD) iE
TN E

FEAE DAL & BT ok L, nA 9 A5 R FR
PBS(pH /6. 4) 23 , 53¢ i 42 3 000 t/min 2.0
15 min, B35 4 CH-AFHIF LSZ 541 SOD
TP E o I T R I E 2 R AR
T 4T, SOD TP i SR I Fe ot AR ) L7
WFFE AT SOD R & 7. UIAREER ISR,
et R A B R S B ) R
MR L
1.6 Toll Z{& mRNA FIiFEEF mRNA HIFRIEHE

¥ —80 T VR A7 1 % MR 8 20 21 H] Trizol 4% 3%
&5 (TaKaRa) 13 B 5 $2 BB RNA . Jir 42 B Y
RNA [ OD,y,.,/ ODyyn K 1.9 ~2.0, S HR L
YT R Toll 52443 ( GenBank ; DQ923424.. 1)
FIVA B3R ( GenBank : AY170126. 2) %31 T %%¢
JGE RS Y, [ N3 B-actin 51 WVE N NAR, Br
AL h _EilgEA TAMHARABRA /4R ( 3R
2) . RPN E R PCR J5 ik, 4% B SYBR
Prmie Script'™ RT-PCR Kit 3¢ B 5 %% 2 4 11 4
RNA % #% 5% & ¢cDNA, Fi % F§ SYBR® Green 1
G2 6E VST Real-time PCR Jz ), PCR £ )7
H195 C 20 s, —MEH;95 C 35,60 T 30s, It
36 MR ;95 TRk 2k S0 e Sk o A
RILBEE S WIEN B-actin, 4 271 Hk
AT RENT R 8 43 A B8 o 75 D T mRNA A Toll 57 {4
mRNA FJFEXS R IE &

F2 AHEMNFAEHBENER, Tl ZEERES
B-actin SREF S| F 75

Tab.2 Primer pairs for lysozyme, Toll receptor and
B-actin genes for L. vannamei

5|4 primer JF# 41| sequence
B-actin-SQF CGCGACCTCACAGACTACCT
B-actin-SQR CTCGTAGGACTTCTCCAGCG

Lysozyme-SQF GTTCCGATCTGATGTCCGATG

Lysozyme-SQR AAGCCACCCAGGCAGAATAG
Toll receptor-SQF TGAGAGATGCCCACTGCCTG

Toll receptor-SQR CGCTTGAAGGTTTGTGAGGGAG

1.7 #HiEgit

RIS R 28 + bRl 22 3801, ] SPSS
17.0 73 Hr 14 X B 3 28 47 5 IR 3R 05 22 40 A,
Duncan [R5 #EAT 20 5 HUA, K6 6 A TR ] 719 22 7t
FPE(P<0.05),

2 4

2.1 WERBFERMEXFELNEXSERARA P
ERHZIE
ERATRFFUNINE S 0 B, AR B K

28.73 mg/kg, i A2 A IS I B3, FRDRE
AR BB 2 T R (P <0.05) (K 3) ¢
TR A K- S 255 52 M SR A LA o B ) i A
LA BB S (P <0.05) o XPURHA I35
BE TR K1 R 38 T S 25 1 o A R A AR
i rp A AR R L e TR LA R B R

x3 TERAMPHEIEREARE

AR AR AR PR R

Tab.3 The contents of zinc in different feeds and

muscle and liver of L. vannamei which
treated with the feeds mg Zn/kg

Tkt WUNAES = RS
2H 51 content of content of content of
group zinc in zinc in zinc in

feed muscle hepatopancreas

0 28.73 £2.42%  59.56 £5.53% 98. 14 £6.50*
50 73.25+2.7°  68.14+4.58°  121.9+5.73°
150 174.48 £3.2°¢ 75.50 £4.15°  161.15 £4.22°¢

TE A —3 AR Y Ehrr i Ron 22 3 B3 (P <0.05)
Notes: Means in the same column with a different superscript letters
indicate difference at P <0.05.

2.2 GARSERINKE XS LA ESTERAL A | BT AR AR
Fn B SOD 0% & B & 1 HY 22 i

B 25 AR R o A 1S = LA T IR | 1
P2 S AT O P S T S T R R A TR 50
mg Zn/kg B E &S TARBMEEA (P <0.05) ,H
ZHWM 150 mg Zn/kg HIGREERF (K 4).
SOD -, B fr) e} 4 8 in k149 8 i = . L
P SOD 3 P 7 A& WS N e 4L AN B i 50 mg Zn/kg
HZBTC 25, E B LT 150 mg Zn/
kg 41(P <0.05) . JHF MR i ik 2 SOD 37
7E 50 mg Zn/kg 411 150 mg Zn/kg 4H B FH 5 T
R IMEELL (P <0.05),50 mg Zn/kg 2 il 150
mg Zn/kg HEF AR E(P>0.05)(F4),

http : // www. scxuebao. cn
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x4 FEBERMAKFERRSHFLEX AR LA (FFERBR A0 M % B SOD 1A E BEiE 1

Tab.4 Effects of zinc supplementation of feed on SOD,lysozyme activities in hepatopancreas , hemolymph and

muscle of L. vannamei treated with the feeds U/mg prot
13 Vi A B HG TG 77 lysozyme activity SOD 1% SOD activity
aroup LA I e i LA I e i
muscle hepatopancreas haemolymph muscle hepatopancreas haemolymph
0 2.61 0. 64" 4.11 +£0.80° 4.83 +£1.26° 13.56 £1.55% 14.22 +1.57*% 13.58 +1.36%
50 4.27 £1.34° 5.60 £0.43" 6.65 +0.84° 14.14 +1.36° 16.04 +1.54° 15.42 +£0.79"
150 3.99 +0.95% 4.74 £0.63" 5.30 £0.56" 15.46 £1.37° 16.47 £1.01° 15.68 +£0.29"

T [ —F AN Rl b AR 7B R 22 Sk i 3 (P <0.05) .

Notes: Means in the same column with different superscript letters indicate difference at P <0.05.

2.3 RVBLEEER MK T XF FL 40K X R Toll 5 {fK
mRNA FIiAE & mRNA FiEH9 0

T RHERAS TN 7K S 6 PLAR U Xof R 175 T i mRNA
Al Toll 5Z1& mRNA Fih/KFA B & M. i
BHERAKCE- T, B8 41 20 %5 T mRNA A Toll 372
& mRNA ik /K-t 35 B fE T ka3 (I
1) %5/ 50 mg Zn/kg ¥ mRNA KA KF-
FEARIR I EELL B 42 7 T 171% (P <0.05) , @i
150 mg Zn/kg ARG N4 B 22 7
(P>0.05), %150 mg Zn/kg 40 FI%HN 150 mg
Zn/kg 41 Toll 3Z{& mRNA F/K-53J AU ineE
2 EHRE R T 240% F168% (P <0.05) {HE N 150
mg Zn/kg 41 Toll 57 {& mRNA 7K F LI 50
mg Zn/kg 2R FFELT 172% (P <0.05)

% <ZC 4(_) b p O WHEE
itz g % 3.5 Lysozyme
ﬁ; = 30 = Toll52 1k
= gd 2.5 Toll receptor
mgT 20 c
SZS L5 L,
¥z 510 a
20 : .
0 50 150
BEAR I / (mg/kg ik}

supplementation of zinc

1 {RARAESERINE LR HRER 8 A
A E B8 mRNA F Toll Z{& mRNA #Ex}5Ri%
AR EAR RN 22 5 M W (P <0.05)

Fig.1 Lysozyme mRNA and Toll receptor mRNA
expression levels in gill of the shrimp fed with
different zinc supplementation of feed
Values with a different superscript letter indicate difference at

P <0.05.

2.4 BEMNFAIIEREEEHIEREF
et iE
TE SR IR B, BA X I 2E 7 e

AFREKE 24 h WRY BFBE TR 5. 7% , 1 H:
ft12H 24 h N ZIFFET- R 100% . i1 50 mg
Zn/kg H ZIHFCT AL 13 /N 36. 7% , A
WA 66. 7% , ¥ hn 150 mg Zn/kg 4N
63.7% ([ 2) . W50 mg Zn/kg 41455 i ]
F BGERT (] 349 5 TR U I 41 FNAS i 150 mg
Zn/kg (K 3)

1201

. ——=0
o = 100 —50
CE 100 27750
M 2 80r - KA
5 control
2.2 60f
= E
e 2 40F
% E
o 20

24 5 6 81011121314 1522
FfME] /h  time escaped

E 2 BERESERMAFER AR ER
ATAMBRERRENEGEHIET MLk
Fig.2 Effects of zinc supplementation of feed on
cumulative survival rate L. vannamei after

being infected with V. alginolyticus

—uEHIE ] - RBIER R
17 1 half lethal hour complete lethal hour
16
2 15
S5l
B 2
=ty
£ 12t
11r
10 : -
0 50 150
BEARINE: / (mg/kgta%t)

supplementation of zinc

B3 BRAERFERMAKFEBNLAEGTTEATSSE
R AN E = B9 - B8 B (8 Fn 2 B 52 A 8]
Fig.3 The half and complete lethal time of the
shrimp fed different zinc supplementation of

feed after being infected with V. alginolyticus

http : // www. scxuebao. cn
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3 g

PERSIPI LG MEE R TR, ABYWTPE
PER B FRiF R 40 ~ 60 mg/ke, 7 & Y1 R
Bl & 5 60 ~ 100 mg/kg, 3l W) 1 RLBE 5 R ad
LIRS 23 A RO Y o g 2 H e o
EHPE S EGE AR 2 ) 2 ol H i
AR 7200 ARt M AR R e R B S AT
SIS, W B AR 2 T Ak FLAN T A e
FHEER IR PEAS Ny 40 ~ 60 mg/kg I n] i & i
B BRIRPFAS IR AE 100 mg/kg I RICR BT, i =
AR S KA, s & S ECEEhEE, Mk
L e AL B PR AR . SHIAU 457 % LB 1
Xof B i S5 A AR A o 1 4 o, 7 4]
BHEEKSE-y 35 ~ 48 mg/kg I 3G 1A F AR K 7
o0, RRH R B S A I AR K32 B, &
i 40 0 % 3 AR A SOD I P F& ik, DAVIS
SEPUIRGE, Al HOR PR IR K TS T 15
mg/kg I, FLAN 00 MR 0 F f PR, BRSOk T
200 mg/kg B} A BE ve MR TR} AR IR 1Y AS R 520
R S SN SRS I e R o A A
AR A AT DR P s i e i BT R, L
US>y 100 ~ 200 mg/kg ML, FARHRE
eI LAY B EE A TS g B = 2 3 3L
AR

AWTFER LR B, PR 0 BE K 835 5
Wi 5 58 PLAA T T B JHFJR A R L Y v B Y 8 AR
X RZH 2 PP A Y 2 BRUK P BEHC B 2 ) e B K
(0 1T 7 785 . SHIAU 46 5238 1 56 45 % U
( Penaeus monodon ) JiT [ Jig Fl 4= B B 5 B A B
SEBCRARY ) E K F TH s g . AR A IR
T T LA IILA i B BE A TR K- 5
I 2 BT i B AR b B A
TRPRMEE AP 38 i 535 T . WU 50 L4
VR X IR R B AEAN [R) B ST K A e B g R v
B2 BE /K A B v B2 T e S 2 e, T ULER o
FANEE . AWFIE IS AR R B RDEL b ) B X
I NEE A SR AV 7 NP N 791 R 2D
UL LR PR o B4 1l % Sk BUARLE I
EXHEF ( Penaeus penicillatus ) {4 PN 1) & TR0 4 17
TEA L2 50, BT IR 35 ARt ey, BRLFN I I 2
WL SRAR, AR FE R AR o Tl AeH B A 6T W JUL PR B T Jige
Jo rh R A 1) 22 S g R I 1) 21 BRI RE %% D) AH

Koo IR IR 5 20 I AL A8 B, A BT  J2 AL
PRI AL IR 35 SR T AE A N e AL I A f) T
i E AN R LA 5 ) o O3 e
BB I, B 25 AR B B R L ke,
SEAUAHT WG B 25 ATt i, 40T L i
TE R e %) B 22170 AT 1 R AR B, I M i
TEM A AR # DI RE

BRI PN Z P04 1l 00 28 188 o3 T
T, S 5P 24 B A ARSI 7. f e 2
TR AR A 5 A il ) o LR 4 . SOD 2 #L
REE BT AR, BRTHBRIA N A B, 4 SOD
TEMEREARES BRI B 3 2, B RL IR
— AR, FEUCH L, AR BT g
R APELRE T e 2R BF IR W, i
A pH JRE HEG R SF AR K A A )ik N SOD
TR E B, AT R HF SR Zn®t
% TR AR SOD 5 1, B K (v Zn®*
WP BT 68 SOD 15 M T, Mt de e ik
FEIG TR F Mo AIFoE & BURDRMEE K (i 35 5%
HFZH 2 SOD i . W& Rk P ERK -4 i, BF
WLPA TR AR AR AL 6 B SOD il 376 P th il 22 i
Fhi o BB AN N B 2 B 4 Ak A Xof M I 4 £
FFHERR  SOD 3 1 I 2 B AI , W 7~ (IR FE 7T g
il 7 R AR A il L R 2R R A R M A2 B
T 50 mg Zn/kg 2 1 150 mg Zn/kg #H1q%}
() FLANEERT IR it Y3 A i - SOD i 4 22 = AR
2 LR R — T ] BB A B R BRI T X
WA P R SRR B (O ) A = 2 i [ 42 B AIG T
SOD i, SHIAU %" fF5¢ & BRI} b 4 K F-
h 35 ~48 mg Zn/kg I, FRFHBE R HRA P A
HREF (0" ) K Fde o 3o g slad AR i B K
S35y AR AR B SR B T (0% ) K,
MR T (0 HA RNEAIEA, it £ il SR
B A R B 2% B B 80 iR
AR 2253 48 SOD 76 N i i A Ak B
B RO R AR 2 R0 E B A, ) —
J5 T AT g R 0 i A 8 B S R B TR
1] SOD J:[H 3Rk .

Vs A1 05 18 105 T 200 181 200 BE R | 2 X M 4 38 B 1
R ZRE B AL B o LA I X B i )
KA ARE X IR R e v A TG
(Vibrio harveyi) V& BN B o , Fov 1 BESE R A 2R
BB LN AR R R KO B
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) PLEATE X MR 2H 2R DR TS ) AR ZH 2 s
BRI mRNA Rk, JoIe 2 I B S v e
SRR ) mRNA %38, BTER & N 50
mg Zn/kg L IRDRHR X IR Hh A 21 g R el L

T HE 3 W) 2 TR AR B, BLAR AR B
PGRP-SA #1 GNBP-1 & & ¥ 5 9 5L il A= 9 b s
JEAH 1Y 53 T4 28 ( pathogen-associated molecular
pattern, PAMP) %54 J5 116 Spatzle & 1, #% 7% 1k
1) Spatzle # 15 Toll ZKL5 & ¥4 W AR IIE
=N N ESE N I INTEEAR & I R ERER 335
N, B 2R AT NF-KB AR 2 A% 5% sk IR 1,
PEA LR AZ PR PR KR R g ek Ik,
XU Toll 52 435 PR i) 2R3k K- 78— 2 B BT
DU LA S ) AR5 5 RE A5 BB 23 0 7 A2 AH
I GRS S, 22 A X R A P ) Toll 52 (4 5& (K 2
B2 YANG %) BF gy 2 W) FL4 i
XU Toll 52 A7 I 4 i bz S r i) 2 38 6 vy, HAR
SR, T 1, LA R JH T O o 1 88 3k 7K P A
Ko FLAHEXTER Toll 32 (A2 54l 57 W E RNA
I B g% SO (H IR IR L Z J5 Toll SZ 4K 1) 33k
BETHR TR R JLANIE X AF Toll 52 1k 2 5 4
PRI ML e SN o AR5 P RDEVER K STy
73.25 mg/kg (ERAMRFFININE 50 mg Zn/kg) I,
Toll ZARFA & 35 5 T B AR A 2, 2R W] 4]
LR B BE K- 235 Wi FLAA R R0 i 45 B vz vp
R YN R (30

Toll 52 A3 1Y G S A 2532 3] A% 1) 3]
5, FP BT PR AS AT A I 1) v 2R3 e 5 At L ) 2k
NS, FEAUA A8 E | B 5 feie 2 G A
HAB SR TN . IEH RIS T MUAAAAE
& 2 Toll ZARR RPN, LAGERF G B i
HPA . I EHR I (A20) &2 5 Toll 21k
PRI EEE PR R A20 o BT R BRI
A LA 45 NF-kB 8 B A% 5% o B 1 0 B2
T A, AT G708 45 008 i PR B 0 AR T
o, 5EIN0 mg Zn/kg HAHLL, %50 0 mg Zn/kg
ZH 1 150 mg Zn/kg 20 X R 75 14 il 32 K AN Toll 5%
PR DR R 5 A6 T 8, HE 0 AL T B 5 A4S iR
1 A20 A5,

PV BENEE N T 2 ia i  FLAA i %o i
IR HRZH 24 b ) — B 4EFFAE 5. 7% , RAE I
B M BTSRRI A IR AR R fS 24
h (WL T 100% MBET , (HAE T I E R (50%

SCEIIFI I 100% SCER ) W £ 50 m Zn/
K ZHL DRI FLASE AR 42 5t T X 8 9
B F7  SLHCIAE ) 5 o0 O BTG b 9 B B
mRNA ¢35 il Toll % mRNA %k s ft
GRS

G TR LGB BRI T 4 FLA 3 R
{9 5 8 5L BL A 2% Toll 32 1A mRNA I3 1
mRNA ik FUA B350 A L o R B L
RV 150 mg Zn/ke AUIRL, LN AF G 6ot
B BLAE 2 SRR A 50 me Zn/ke (RHEE it
16 73. 25 mg/kg) i Kt 75 ) 80, Toll 2 I
mRNA FIA A mRNA K8 5 o

S
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[3] LEEM H,SHIAU S Y. Vitamin E requirements of
juvenile grass shrimp, Penaeus monodon , and effects
on non-specific immune responses [ J |. Fish &
Shellfish Immunology,2004:,16:475 —485.

[4] CHIEN Y H,PAN C H,BRIAN H. The resistance to
physical stresses by Penaeus monodon juveniles fed
diets supplemented with  astaxanthin [ J ].
Aquaculture 2003 ,216:177 —191.

[5] WANG Y C,CHANG P S,CHEN H Y. Differential
time-series expression of immune-related genes of
Pacific white shrimp Litopenaeus vannamei in
response to dietary inclusion of B-el,3-glucan[J].
Fish & Shellfish Immunology,2008,24:113 —121.

[6] HUANG X X,ZHOU H Q,ZHANG H. The effect of
Sargassum fusiforme polysaccharide extracts on
vibriosis resistance and immune activity of the
shrimp, Fenneropenaeus chinensis [ J]. Fish &
Shellfish Immunology,2006,20.750 —757.

(7] T/ BEER, AH I, 55 JURM S 02 0500 %) oh
T X S o 200 i 5 L T 2 5 4 LA % T AR AL T 7
AT PR 52 [T ], 7K 7= 24 4l 2005, 29 (1)
66 —74.

(81 J5k M, X0, JRIHHE 22, 45 R R A U 1) 27 G
THERAG IR AL RO 5E [T ). 7K™ 242, 2008 , 32
(3) :455 —464.

(9] BXZLEE RN, g, 2. — HY L N IRE 5= X JLa

http : // www. scxuebao. cn



T EREE R, A GRS K E X ML X R S B TR LR A T mRNA K Toll 52 {A mRNA FikfNH 1087
TERTER AR A A W NS B W R sZ R [T K [24] T/, SCRIH, A [ AL Gt o0 5 B A9 35 PR RIF S
724 ,2006,30(3) 1404 —410. [J]. BT R 5 HBREFST ,2007,24(6) .64 —67.

[10]  BRIIHS, BRVG U , BLZE40. MR E b A1 B — 4 SR M XS [(25]  REEW], SEDROME, 2 HERR , 5. KRBTt gl f 0] i ) vp
PUANE RS IR AR R AR B2 [T ], 7K 7™ 2 4R, M BE s B [T ], K ™ 24 4, 2008, 32 (3):
2007,31(6) ;771 —778. 417 —-425.

[11] VALLEEBL, GALDES A. The [(26] LI, SKRFIR, EBR3C, 55, fEHEEK P X 2 B
metallobiochemistry of zinc enzymes [ J ]. Advances s bR AL RABTAEATIEER [T ]. K
in Enzyme Regulation,1984,56:282 —411. FE2E3R ,2010,34.(9) 1420 —1429.

[12] HSU J M,ANTHONY W L,BUCHANAN P J. Zinc [27] R, EHEE. BEURXT FLAE XS R A K S g5 1 5
deficiency and incorporation of 14 C-labeled M [ J]. K&K = B3R ,2007(1) 1 —4.
methionine into tissue proteins in rats[ J]. Journal of [28] SHIAU S Y,JIANG L C. Dietary zinc requirements
Nutrition, 1969 ,99 .425 —432. of grass shrimp, Penaeus monodon, and effects on

[13] JOSE B N, VIVIAN S, BERENICE B, er al. The immune responses [ J ]. Aquaculture, 2006, 254 ;
essential role of zinc in growth [ J ]. Nutrition 476 —482.

Research,1995,15(3) :335 —358. [29] DAVIS D A,LAWRENCE A L. Evaluation of the

[14] FUJJI T. Presence of zinc in nucleoli and its possible dietary zinc requirement of Penaeus vannamei and
role in mitosis[ J]. Nature,1954,174:1108 —1109. effects of phytic acid on zinc and phosphorus

[15] PRASK J A ,PLOCKE D J. A role for zinc in the bioavailability[ J . Journal of the World Aquaculture
structural integrity of the cytoplasmic ribosomes of Society,1993 ,24..40 —47.

E. gracilis [ J]. Plant Physiology, 1971, 48: [30] XAk, 2y, vhEXHER 9 8 IR wFsE [T ].
150 —155. WFERRY,1995(4) .32 - 37.

[16] BLANCHARD R K, MOORE J B, GREEN C L, [31] WUJP, CHEN H C, HUANG D 1.
et al. Modulation of intestinal gene expression by Histopathological and biochemical evidence of
dietary zinc status . effectiveness of cDNA arrays for hepatopancreatic toxicity caused by cadmium and
expression profiling of a single nutrient deficiency zinc in the white shrimp, Litopenaeus vannamei[ ] ].
[ J]. Journal of Nutrition, 2003, 98 (2 ): Chemosphere ,2008,73:1019 —1026.

13507 —13513. [32]  Bedzil, L. BEAE K B AR A A AR R oA

[17] SATOH S,TABATA K,IZUME K, et al. Watanabe FHEE FZE [T ] FE 8K ,1992(1) ;23 —26.

T. Effect of dietary tricalcium phosphate on [33] MCCALL K A,HUANG C, FIERKE C A. Function
availability of zinc to rainbow trout [ J]. Nippon and mechanism of zinc metalloenzymes [ J ]. Journal
Suisan Gakkaishi, 1987 ,53:1199 —1205. of Nutrition,2000,130 ;1437 —1446.

(18] s, Jal L BE, AR B, SO R ) v [ WY X R (3] ZHEA. o BRSPS e dL [T ). iRl
FERE S G BT B [T ] 7K A A 2241, 2007 1995(4) :1 =3.

31(3) :325 -330. [35] AUILAR, VFME, ik Cu®™ (Zn*" X % [T 0

[19] PETROS L,NADE'GE P, HOFFMANN J A et al. SOD [ LEERGFE M [T ]. bR e K 24 4], 2009,
Activation of Drosophila toll during fungal infection 38(2) :189 —191.
by a blood serine protease [ J]. Science, 2002, 297 . [36] MAIWJ, HU C Q. Molecular cloning,
114 -116. characterization , expression and antibacterial analysis

[20] HOFFMANN J A. The immune response of of a lysozyme homologue from Fenneropenaeus
Drosophila[ J . Nature ,2003 ,426 :33 —38. merguiensis[ J]. Molecular Biology Reports,2009,36

[21] IMLERJ L, HOFFMANN J A. Toll receptors in (6) :1587 —1595
innat eimmunity[ J ]. Trends in Cell Biology, 2001, [37] SOTELO-MUNDO R R,ISLAS-OSUNA M A, DE-
11(7) :304 —=311. LA-RE-VEGA E, etal. cDNA cloning of the

[22] YANGLS,YIN Z X,LIAO J X, etal. A Toll lysozyme of the white shrimp Penaeus vannamei
receptor in shrimp [ J ]. Molecular Immunology, [J]. Fish & Shellfish Immunology, 2003, 15 (4 ) :
2007 ,44.:1999 —2008 325 -331.

(23]  BOEAE, JRIPEEE. TR [RA0AS A B X IR B R e [38] HIKIMA S,HIKIMA J, ROJTINNAKORN J, et al.

TP [T ] B K224, 2006(1) .7 9.

Characterization and function of kuruma shrimp

http : // www. scxuebao. cn



1088

KoopE

S ¢

35 4

[40]

[41]

[43]

lysozyme possessing lytic activity against Vibrio
species[ J]. Gene,2003,316:187 —195.

BURGE E J, MADIGAN D J, BURNETT L E,
et al. Lysozyme gene expression by hemocytes of
Pacific white shrimp, Litopenaeus vannamei, after
injection with Vibrio [ J ]. Fish & Shellfish
Immunology,2007,22 .327 —339.

YE X,GAO F Y,ZHENG Q M, et al. Cloning and
characterization of the tiger shrimp lysozyme [J ].
Molecular Biology Reports,2009,36:1239 —1246.
SIMSER J] A, MULENGA A, MACALUS O.
Immuneresponsive lysozymes from hemocytes of the
American dog tick [ J].
Molecular Biology,2004,34:1235 —1246.
MEKATA T, KONO T, YOSHIDA T, etal.
Identification of cDNA encoding Toll receptor,

Insect Biochemistry and

MjToll gene from kuruma shrimp, Marsupenaeus
Jjaponicus[ J]. Fish & Shellfish Immunology, 2008,
24:122 —133.

WANG H C,TSENG C W,YOU L H. RNAi knock-
down of the Litopenaeus annamei Toll gene( LvToll)
significantly increases mortality and reduces bacterial
clearance after challenge with Vibrio harvey [ J].
Developmental and Comparative Immunology, 2010,
34.:49 - 58.

ARTA J A, CORNELISSEN F H, CIJSOUW T,

et al. Molecular cloning and expression of a Toll

[45]

[46]

[47]

receptor in the giant tiger shrimp, Penaeus monodon
[J]. Fish & Shellfish Immunology, 2007, 23 : 504
-513.

YANG C,ZHANG J, LI F, et al. A Toll receptor
from Chinese shrimp Fenneropenaeus chinensis is
responsive to Vibrio anguillarum infection [ J]. Fish
& Shellfish Immunology ,2008 ,24 :564 — 574.
BLANDER J M, MEDZHITOV R. Regulation of
phagosome maturation by signals from toll-like
receptors[ J . Science 2004 ,304 ;1014 —1018.

PIUK, RS Toll FEZAR(5 538 B 19 SR A4 [T ].
AL S A P B R, 2009, 36 (12)
1516 —1522.

ONOSE A,HASHIMOTO S,HAYASHI S, et al. An
inhibitory effect of A20 on NF-kB activation in
airway epit helium upon influenza virus infection
[J]. European Journal of Pharmacology,2006,541 ;
198 —-204.

HEYNINCK K, BEYAERT R. The
inducible zinc finger protein A20 inhibits IL-1-
induced NF-kB activation at the level of TRAF6[J].
FEBS Letter,1999 ,442 .147 —150.

KLINKENBERG M ,HUFFEL S V,HEYNINCK K,

cytokine-

et al. Functional redundancy of t he zinc fingers of
A20 for inhibition of NF-kB activation and protein-
protein interactions| J ]. FEBS Letter,2001,498 .93 —
97.

http : // www. scxuebao. cn



TH SR S DR SN AT PLAA X MR S BE TR HLRE AN R mRNA [z Toll 32 & mRNA IR0 1089

Effects of zinc supplementation in diet on the immunity, Vibrio-resistant
ability ,lysozyme mRNA and Toll receptor mRNA expressions in
the white shrimp ( Litopenaeus vannamei)

GUO Teng-fei', HUANG Xu-xiong' *, SU Ming®, WANG Wu-gang', HUAI Xiang-jun®,
HU Pan', YAN Jia-gi', LU Dan', HUANG Zheng-zheng'

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources ,
Shanghai Ocean University ,Ministry of Education ,Shanghai 201306, China ;
2. Fisheries Technology Extension Station of Qingpu District ,Shanghai 201701, China)

Abstract: Experiments were conducted to study the effects of dietary zinc supplementation on the immune
gene expression and immunity and disease-resistant ability of white shrimp ( Litopenaeus vannamei). The
shrimp were fed with 3 zinc methionine diets ( supplemented at 0,50, 150 mg Zn/kg diet respectively )
respectively for 14 days. Then the expressions of Toll Receptor mRNA and lysozyme mRNA in gill and
superoxide dismutase ( SOD ) activity and lysozyme ( LSZ ) activity in hepatopancreas, muscle and
haemolymph were assayed respectively. The shrimp treated with different zinc diets were also challenged
with Vibrio alginolyticus. The results showed that the zinc levels in hepatopancreas and muscle of shrimp
significantly increased ( P <0. 05) as the dietary zinc increased. While the hepatopancreas accumulated more
zinc than muscle. Compared to those of the shrimp in 0 mg Zn/kg and 150 mg Zn/kg treatments, the
expressions of Toll receptor mRNA and lysozyme mRNA in gill of the shrimp in 50 mg Zn/kg treatment
were significantly up-regulated. The lysozyme activities in muscle, hepatopancreas and haemolymph of the
shrimp in 50 mg Zn/kg treatment were significantly higher than those in 0 mg Zn/kg treatment( P <0.05).
The SOD activities in hepatopancreas and haemolymph of the shrimp in 50 mg Zn/kg and 150 mg Zn/kg
treatments were also higher than those in 0 mg Zn/kg treatments ( P <0. 05). While the SOD activity in
muscle of the shrimp treated with 150 mg Zn/kg was significantly higher than those treated with 0 mg Zn/kg
and 50 mg Zn/kg respectively. The half lethal time and complete lethal time for the shrimp in 50 mg Zn/kg
treatment were longer than those in 0 mg Zn/kg and 150 mg Zn/kg treatments after being challenged with
V. alginolyticus. It is therefore suggested that compared to those in 0 mg Zn/kg and 150 mg Zn/kg
treatments , the shrimp fed the diets added 50 mg Zn/kg( the content of zinc in diet was 73.25 mg Zn/kg)
had improved immunity and Vibrio-resistant ability.

Key words: Litopenaeus vannamei; zinc methionine; Toll receptor mRNA; lysozyme mRNA;
SOD; lysozyme
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