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S&EE T LgEXT iR 3 855 1 o & 59 5 B

Eag' & @' % %' 2ERF g B ZHAV
(1. gl el ] e R R h st E P EDKPEREEF R BRI K IR WS 266071;

2. DIREETERSEK SEMmER B 201306)

AR IR AR PR R R 8 JL 4N IE X 8T (Litopenaeus vannamei) 2 M B B3R 3L 4 A
fE(Acute Hepatopancreatic Necrosis Syndrome, AHPNS)? & £ B %, %E T 1 At 450 4 DA
REREZARLEH: 2.5, 50, 7.5, 10.0mg/L L340, i 20 d G B ALE 4T 8% il (Vibrio
parahaemolyticus) AT, LANEXT AL E 6-24h, Rt B 44, SLhABHARTFHE,
24h &, 5.0, 7.5 10 mg/L L5 4 xHiF 2R F B E T 2.5 mg/L 41, HAEF — B a4 525
AT ERATREE AL RE N ETAE, 48h EALRAMTFAFERT, HZITAT R 05
K0, 8%, 12%. 20%7H1 36%, PO EMEE A LA T HRMAYE, XEA, 2.5 5.0mg/L L4
PO & 2 R WA B E(P>0.05), 7541 10 mg/L L5341 12 h 4h3 8 2 1K T % B 41(P<0.05). SOD
FHERAEAGE THREAS, 755 10 mg/L LH4 SOD FEHAERLER 24 h M EEE T
B4 (P<0.05), T 2.5 mg/L L5541 5 Xt B4 %= B M B F(P>0.05), *t B4 Fn 2.5 mg/L 52 55 41 X¢ 41
LSZ & M AE A BUEE I A] 5 22 B M7 B 2(P>0.05), 7.5 f1 10 mg/L 5236 41 % #F LSZ 7% 44 3 h. 6h.
24 h, 48 h A B B F KT X FE 4 (P<0.05), R&% 6 h 5 4 5250 40 % 4T AT B A% & LvLT mRNA &£k &
Fréb b, 2ah G4 TR, EN2hREZRAKF, ERERELN, ANk BK LY EIFE
e B, BT AT B LvLT mRNA X9 B R by 5 A R R, 3 Anxe &) v ofn 9
Wy 5 R, T LN 4 BT AHPNS 8y % &, FRAARET B A RKENEH £ 1.96 mg/L LT,

JUAESET; AU REIF G AME; RAR; Bl FEmilE
S917 XEAFRIRAD A XE4RS  1000-7075(2014)06-0076-07

F 2009 4ELIK,  FLANEXTIF Sk TR IR SR 45
&1 (Acute Hepatopancreas Necrosis Syndrome, AHPNS)
s P HASET 25 A iE (Early Mortality Syndrome, EMS)
E 7 Y M X 3% & I ik i SR B X IR R AR T
(Flegel, 2012), Lightner %5(2012)%} AHPNS %R (&
. KB, AERKZEE . BlOEH . Boe5) T 1Tk
B 044 3R T DN S 320 32 B DI TR R R A8 Sy 3 i 3L
FIE. H Bk, AHPNS 92 K il B I o 2
JRYLT EXTIR R RGN, FECANEITBRIIASE,

1117 2 A0 TR 4 O R e (B £, 2012)7, 2013 AREX A
A 4 2UH T8 R 5 TR 2 80 7 (FAO, 2013) . Bl
VS ML R A — PP A BOR B, Y IR X R HLIAR 3% T
BRIV N AT BEAR AMUR KRS, SR
PR H TR K o F A IR N R IR B 3 v e =T e
Z—, ETRUE R IR ) HE SR AL P 2R
FEUARANIE GRS, 5 B
RAWD ) AAER o & A Wha a] LU 2R PR
71, SFHURE R KA GE R, 2003Y; XIBEAE, 2007).
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SR 38T H e R R A S B A S SRR
(FMIRZESE, 1999), FICIHURERYL IR f5 Rt sET- %
S KR A Ak B 52 TF A G (Chang et al, 2002), H2F#
iz I o A0 T A B 3 S ISR B e , % B v
WS A E T ROR K 22 (B FE 445, 2008), 440
P 24 R0 RO BRI R, IR S SO IR I L 2
BHOBR L OE L AR S A B IR AL R AR S, T
DLIbR B 8 B A JBR i 5 ok 7™ B (Anderson et al, 1988;
Egusa et al, 1988),

VEZ WG T S 8 1Y 728 A X6 P4 T0E X6F B 1 J i
B P8 AT 5% R 1 B LA T2 XoF 0 XoF ¥ i 3 B 5 JR e 1)
SO, SHBFSE FLANEEXT R AHPNS 2 & 3RS HL I 43
PEAH I BERE, A Ay 38 Ao IR 5 B PR B B 1R T 1 2R R
FAEEIS TS

1

1.1

SEHS F FLAN X ER I 1 F 5 ROk R R
AR, K (1.76£0.07) g, KK (5.45+0.18) g,
ENE SR 2 d JFIFIRE AW S8 YRR SR F PVC
HR(FEFL 200 Ly, B4l 430 B0 40 o R RH B A
) 4%, 5 P 3 RN, ST KN
L UvE . AU P R K, EAEE 0.03 mg/L,
KR 26°C, R 28.50, pH 7.79, RIS A LA,
TRIEA R SAAE 5.5 mg/L L L
1.2

1.2.1 RAME R 5% 5 K A v ) 2 AR
JEE RV RN PLAN I X B 110 22 4R P8 (PNEEL 46 5, 2002
KRS, 2012), RAPHEFLRRT, wET 14
X REZHAT 4 AN TR B A A S g4 2.5 5.0,

7.5 F110.0 mg/L 41, B4 6 1 FA47 . SLER A LA NH,CI
VTIPS, A% AL B S R E 40 M (0.03+
0.006). (4.21+0.209) . (6.68::0.350)F1(9.16:+0.375) mg/L.,
B 2 g/L 19 NHL,CLEWOE T . SEge i,
PRUFAKR P AR AR, BOR5 3 h 5, f6% 24 h

oK 1R, Bk A 90% , F-Al S50 S 6 T TH(PhotoLab
S12, FE[E] et W I A rh 2 SRR B T Sl 4% 52
B SIS SR R AR TR, AWM S T 20 do
1.2.2  SlE ik E 3R AE R LF Al 1 5 B
S35 H B AHPNS (1) PLYAEE X SR IR AR o 45 R 1 5
WHEFITE 2216E WiiAREFR%E, 28°C . 150 r/min 5%
N EEFE 8-10 h, PBS 2% 1h i e J3 A F vl Y a4 7 TR S
B o MR TS IR AE L, B RV I SRR AR B 2
1.04x107 CFU/ml, & REUFESFIE R 15 pl. BAE
RIpa B 6 NEE , [ HE LR 40 BIELE
SFF RIS LSRG o T S %o R 4 RN 45 S 56 21 X R BE AL 2
ke AER, H 3 ANEE (4 25 BAR) 51T 0. 3.
6.9, 12, 24, 48, 72, 96 1 120 h it BIAET-%K,
T3 3N EE (4% 40 B X HR) 4331 T A BRURE B[] o5 B ATL B
XTHR 3 R, fREE BUFERR , ORAF FIRAE & H

1.3

TR I B T A A TR B SBCAIT B I 1)
JHRRR , Fi i () < AR (ml)=1 : 9 A LA A PBS (4°C),
2500 r/min #.0> 10 min, B EEHRH TAERR M S pe il
TEPERGIAE o 53 OB J A IR IR 0.05-0.1 g F 1.5 ml
B0 H, AN 1ml Trizol (4°C)FT RNA A4 HL,

14

1.4.1  BEiE M E a3 B 1.3 Bl s O T
Al o S B 3 T P 1 S R SR B fE i (SOD)
T TR T (LSZ) 17 4 1) 0 A 2 R P ot sl 791 8 i
1, A LREPO) Y I R 45 R etk 1) B 3 SCA6 (2001)
T

1.4.2 JFMEAE T LVLT mRNA & &5 # Trizol ¥
PRI RNA, 5% 5% 5 U35 — 5% ¢ DNAL LW RT-PCR
AR, UL c DNA Jfitl, FLANEXTER 18S rRNA A4
FIENKI Lv LT mRNA 355, SI¥FF L% 1.

1.5

RT-PCR A% R 2722 i b AT Ab 38, 5256
EIR VIS EbR 22 2R, R SPSS 17.0 #E47H.

x1 SRS KFT

Tab.1 The sequence of the primers used in this study

E 519 izl
Forward primer Sequence (5'-3")
LvLT GGGAAAGTAGAAGGGCGAGTTA
18s-F CCTCGGTTCTATTTTGTCGGTTT

B 15149 gl
Reverse primer Sequence (5'-3")
LvLT CAACAAAGGTCACGAACAAGAG
18s-R GCAGATGCTTTCGCAGTAGGT

1) ARt SRR SREE A U ) S AR R S I AR B, R BT A e 683, 2003: 47-58
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KR 7 2243 Hr(P<0.05).
2

2.1

LA R AR AN [) 2 e B e S5, Ak 2 JEk e )
WIS, &4 XNHF 120 h WAET- 2K 1 i,
AN IR LE G, X UF AR BE 5 2 E U T
BN R, HULTE SRR R EE 1 R R
N TR RN MR 5, R IR B AT B A T X,
A5 S 2 Bt 25 7 S R A T TR I R ) B JE S, o SR )
T REW TV . LIS 3 h N4 S H I % A7 B
FETRR, ZBOIRHVR TS, IRE ., )5 6-24h
A5 S 2 X R S BB T i 0 o WAE X MR A €8 5 e T
fer, oe, WHRRERAG, 24h)5, 5.0, 7.5
10 mg/L SE55 4 X R BAFET- %345 T 2.5 mg/L S5
4, I HAE [F]— HBORE I ] 4% 52 95 20 X AR R ARFE T2 K il
R E )T =50 T o 48 h J5 25 SE g 2 X R SRt
FETRIEAN AR, 45 2R 2 X IE R FAE T 44551
0. 8%, 12%. 20%F1 36%, 72 h Ji XF R % S5 ,
TR .

501

—<-0.03

—-250 4500 -v7.50 -0-10.00

40t

30F

20

101

ZHAET- R
Acumulative mortality rate/%

3 6 9 12 24 48 72 96 120
fisf 6] Time/h
BT R 9IRS 4 B A FE T
The accumulative mortality rate of Penaeus vannamei
after being challenged by V. parahaemolyticus

Fig.1

2.2

W 2 FroR, FLANTEE ST IR ER G I R B AT, 22
RWRE R, PO G, LSZ I, SOD ik
o XTERERGLRIS RS, PO 15 1 2 BLACRE AR
THE S, xR . 2.5 i1 5.0 mg/L SE54H PO i
P25 S PER B2 (P>0.05), 7.5 Fl 10 mg/L SZI2H 5

12 h S5 5 KT BR4H (P<0.05). SOD 7% M 5 B
T Ja MRS, 5 AE 12-48 h J5 43 il ik 3]
Al JEEWEME, 7.5 F1 10 mg/L S254H SOD %
PETEIRYL S 3. 6. 48, 72, 96. 120 h &5 TR
ZH(P<0.05), 1fj 2.5 mg/L A5 X} A2 22 S v AS B 3
(P>0.05) XTHF LSZ i P 75 [ — HURE i [R] 5 Bl 2 A
W RE B Th i A Se 2l LSZ TR MR IR B Ea s, wf
WEZH 11 2.5 S5 2H XA LSZ 1 PR 7E 45 BURE IS [R] o5 2% &
PR 2 (P>0.05), 7.5 Fil 10 mg/L SZEZXFIF LSZ
TG PETE 3.6.24 .48 h A [i] A5 4 251K T X IR 4H.(P<0.05)

2.3
LvLT

LB M IRE S, RT-PCR I 5E By FLAN I K R
JHF IR AR H 9 LVLT mRNA AHXF RB = A& 3 s, J&
Y6 hm, 55K XTER R H LT mRNA ik
B ETF, W4, 2.5, 5.0 A1 7.5 mg/L SCERZH B
T 10.0 mg/L SZ 4 (P<0.05), &Y 12 h 5, &S558
ZH TR A T LVLT mRNA 335 5 B35 5 5 K fE ,
Hd, 100 mg/L L5862 W3 5 T HAh 4% L 5 41
(P<0.05). /&% 24 h J5 , 45 SCH 20 X WF A AR H LvLT
mRNA FIEEIFHTHE, £ 72 h IKE ZJFAKF, X}
HAZH LvLT mRNA RiA87E 6. 12, 24h, & T 2.5, 5.0
F17.5 mg/L LA, (H2E 50 B (P>0.05), 7£48h
F1 72 bl 3 S T AL A 5L 5 21 (P<0.05)

3

3.1

BRI I A B S — b 92 40 A T R4S b U AR K
WP AR EOR P . YIRS KA R R PR A5
1 . 2405 el SRR, 233 R R I A &
e (B 45, 2008; XIE WS, 2001; TS,
2007"), FEETEIAMIREE G, XU P A 25 17
BEATHE, S EOGAR R FAET . SE ], kg
Al I B 5 X BEZH AT FE T X IR, X AT B R AR
TSR 15 ul, 70 A/ G B2 X o iy 4k
WEEE A R AEMHA N T, SR [ S g g,
PUE TR THUAR IR 45 58 . YN 120 h 1Y,
A BT UR Y BT PR T R AR 8] — BRI ] Y, B
AR BE B TH i T TR o 31X ] BB R A A E U 38 FRAIG
TR AR ER BT 7, T B L R 1) S K

D) T#R5 . BRI X2 [CTR SR AL X IR AT AR R A B S 2. B R R i 22 1385, 2007, 34-48
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Fig.2 Effects of ammonia nitrogen on the immune parameters in hepatopancreas of P. vanmamei
after being challenged by V. parahaemolyticus
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Fig.3 Effects of ammonia nitrogen on the relative expression of LvLT mRNA gene in hepatopancreas of
P. vanmamei after being challenged by V. parahaemolyticus

P, X G HAD A R T @R B E R R ER X IFIT A I B E R WA N, iR S

LB (TR E A, 1999), MESTFEEEFIEARE] SN,

PRI ER THLAR NI R S5 R . AT iE

MRS , X BRASET R 0, X ATRESE RN IR R, XTHFRLRIVA IR 6-24 h N HBLSET Wi,
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48 h JE XFURFET 40, I HLIE SR WL i & 12
A5 Ay BT 3K ] R R XT MR I B A AL P IR Y 4
B BRI MR 24 h J5, 5.0, 7.5 il 10 mg/L 5%
YA XFUT REFE TR & T 2.5 mg/L S804, HAE R
— IR A [10] 45 2 6 2 6 IR B ARBE T R B R R
(T v i, 26 B SRR R T ML TR X B i
ST 1Y 5 et o 5 2% G RN LA T Xk I 1) 22 42 Wk B
(FMEERSE, 2002) WM T BT AHPNS B5 &, FRFEK
P b S AR B RS ITE 1.96 mg/L LAF

3.2

W8 S 1) I R A Tl D TR 2R 4 1 1R 31 R B A A
FH, 78I 28 B 4 S P g I g b ke 5 2 T AR
Ho S ARETEER B A LB IR RS0, By ALl g
bS5 T LATRGE A0S . N TR B I IR B i, 45
SEGA PO T Bl A S AR EE 1 TR T RREAR, R
Pt ] 42 U 30 30 1 X I PO I 1 SR B I B
Xof HE 2 RIS I e B S 0 A b A e R 4 R R B i
AE S , Btk 52 HLAE [6) — BORE s [) T Bl 5 28 R0k
B4 T 5 T ARG, X PT R 2 RO 4 i vk B R R IR T
By AL RS RGCTRRT, 2007Y; X EHAE, 2001,
ZEIK A, 2012), REMAILAAR G R R, AT R ARG X R
YRS, R . 2.5 F1 5.0 mg/L S2K4H PO TEMEEH
PEAR B (P>0.05), 7.5 F110 mg/L SLE04HER 12 h 7MY
LT IR (P<0.05), EIHZ AR T 5.0 mg/L it H
T AU Y I B IR R PO TG R B . ASHFSE i
W, BEERRWEE 5.0 mg/L 4b, FTRERHE LY
TSI GRPE 7, AT HS g e o 815 1 51K B ) o e

AU A6 4 57 Ak il (SOD) A& AL 1A N B 22 1 it AL Ak
it , BEAA ZE bR A H R SRR HLAR Y S AL b S AL
ke B . SRR T AT, 25 LRl & A
M, XPUFAFEER S SOD e, X AT RESE N
ERE R EMNA R, XM E A IR L R
B IMINE T, 4525620 SOD 1Mk I SeTHm 5 e
Ry fa#, XIRZH A 2.5 mg/L SCH4L T 24 h 53 5%
v (B T e R R S 6 2k 1) e ey (L s J) 2 5 L[] — Bt
FERTE] 25 SOD 16 MERE 7 20 A Mk BE i FH s i ks 03X
A B2 R R R0 v vk B S e kI X R SOD 1
P, PREL T XHERE BR A B S AR R (R B A,
2001),7.5 F1 10 mg/L 2540 SOD i MEAe YL J5 46 3 .
6.48 .72 fi1 96 h i & &5 T X% BE 4 (P<0.05), Ifif 2.5 mg/L
b FR5 X B2 22 AN B 3 (P>0.05), U AR B

RAAL BEZRITEF SOD ik, {H k& 204
PEARLHLIAR N IE 5 A BETIRE , FEETR JIRRAC. AR R
W, B BUTCR R B 2.5 mg/L AT AE AL
EALDT TR, I g X X R A o I ) S

VTR Bl — B A L R IR AH TR 4H EE
e W 8 IS A o S M 92 B AR AR R B A T A
(SH55%, 2011; Lee ef al, 2004), AP R, FLghE
XTHRFE R AMNE 20 d J5, JFRBR g B S PE R
AL WS MR, 2R I 2 A 23 B IRt
I MR i 7 T T 10 3 o TR RV AR I, 455K
0 2L R S M S B T R BRI A L X AT R
P] Sy BRI i S ML AR 7= A G B N, AR i BILAAR v
PUAE AR R E S, BOOUAR LSZ &M F+
X5 HAth 2 35 45 56 T X IR R IR B e P13, LSZ [
1) 2R 38 W 2 LJH 45 98 & — 3 (Hikima e al,
2003). MFEREGL G, AT RE S B I S B
MLANM RS 250, B3R T e & L], % LSZ
TGRS o X BTN 2.5 SCISZH XTI LSZ 17 14 7 45 HL
FERT ] 5 22 R 3 (P>0.05), 7.5 A1 10 mg/L 5256
TR LSZ TG A 3. 6. 24, 48 h B T R4
(P<0.05), H7E[R]—BCRERT R &-52 50 41 LSZ {1 MR bl &
SRR S T v T RAAIG, 8 BRIV B AN & B 3 PRI
LSZ &M, HEkE & A B EFIL LSz 6. YL
R EM, BRAREEE ST 2.5 mg/LIE T, X
W PR BTG PR 2 2 B, SRR K T R

33
LvLT

C-RIBESE F 2 — 25 B 450 R Tl e 2 A M py 5t
KEGIEN, BA4AEEMEERMMmmae S, W
e ARRE S e R e rh e s EHAE R o FLANEEXT
WMARNAETESE 21 C-AIEEHE R, 45 LvLT. LVL,
LvCTL1 %(Ma et al, 2007; Sun et al, 2007; Zhao et al,
2009). YL RN NIRRT, #5550 2% U A e i rh
LvLT mRNA Fikm 55X BARAELES, XEHA
LvLT B IER 60T RBAKCPIRMG, #5524 X iR
BRI, (BB RS R R . A
T B0, TR R A I RR e, 45 S 06 2H g AR oh
LvLT mRNA £k EFF, J5 B HKZ 1w H,
FW LVLT mRNA 25 T MUK R 2 B o e 2
Ye o FLYNIERTHIF T ST WSSV 2 h Ji LvLT mRNA %3k
I TR 4 h ik FlimEMaet al, 2007), A
8 12 h JEIRBIE KA, X AT RE R P R 2 AU aa f

D) T#R5. PR X2 [ AR AL X AR AT AR R A BRSO 22 18 5, 2007, 34-48
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il TR P S R ML, AR BE SR R R A 5
S JFUE IR ER , TR WSSV iIrst, A5 H, 10 mg/L
SCEG A LvLT mRNA Fik i 12 h g 35 5 T HAL S5
2, AT RESE o A S B P R EE L, R
Y 24 h 5, 45 LI X R AR H LVLT mRNA ik
IR R4, LvLT mRNA #5355 FFEAY N Al e
BL AR 7 8% G w95 o B o A, BB AR B LVLT
mRNA [ i s B B YL A . A58 PO, SOD
S LSZ i PETE 12-48 h B I AE , 2B LvLT mRNA
A RE S 5 LA X B AL PN A o S5 G 928 it 0% 2 19
WATVER, X S AHE ST R RV SN 48 h JF,
2SI A X R AR FEAE T B 45 R — By . KA EFSE
SEREH, BYLREIAE MINE S, LvLT mRNA 76 )L44
WEXT R KR e b i 35 S AR o XFIR4] LvLT
mRNA F3587E 6.12.24h & T 2.5.5.0 Fl 7.5 mg/L
S, (B 2% SN B35 (P>0.05), fE 48 h 11 72 h
L T HAB A S 2H (P<0.05), 222 A a5 i
T TR AR B LvLT mRNA X5 R EE . )
G, ABFR KB, XUFERGL R MmN 5, LvLT
mRNA 35 i 5 BRI %28k, 3 3R B AT
i LvLT mRNA 7] LIAE A~ AHPNS BIZS %885

4

AT IR i BRI Z—, B4
HHFE R, AR 2 EE I X SZ BREE R, vTfE
7 EE 5 M T R P R R R T 4 O R AR BT RE
S HO IR A IR BT R T, ) Rk
Mo AR A, SEENEZRGET 2.5 mg/L)yKH
Fip 30 PLAA 5 B, S OGS M R Y W) 1L K 1 i AE TR
B, L M R v B A o S g il O P
. IR m e LvLT 2R R AR, B EEREEA
Jop 38 L ot R A R S Pk e 1 R R, B
VS B 119 5l o H AT HiRAE AR, PLARIE XTI Sk
FFIRARIRFELE A AE B 52 K, o] BE 2 TR N B e ol
SRR R X IR R G, SRR
T MR IR FE , T %2 A 40 T 40k 6 P g, T o vk B
o360 T LA A X R T AR o AR S8 SR A 5 LA T kT
WP AHPNS 5t & B IR BT ALHI$E HEA S HERE, il i
VEIHE TR BT 57 10 12008 1Y % K SR A BRI AR o T LATE
MU FRA A T, TR AHPNS B4, /K
R BB AR B R A HIE 1.96 mg/L LR .
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The Immune Response of Litopenaeus vannamei and Its Susceptibility to
Vibrio parahaemolyticus Under Stress Caused by Ammonia
Nitrogen at Different Concentrations

GE Hongxing'?, LI Jian'”, CHEN Ping', LIANG Zhongxiu'?, REN Hai'?, LI Dongli'?

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

Abstract Acute Hepatopancreatic Necrosis Syndrome (AHPNS), also know as Early Mortality
Syndrome (EMS), was officially reported in China in 2010 and has caused large-scale die-offs of
cultivated shrimp in several Asian countries. A research team of the University of Arizona has identified
that the pathogen is Vibrio parahaemolyticus which is a strain of a bacterium commonly found in brackish
coastal waters around the globe. Because V. parahaemolyticus is a conditioned pathogen, it is very
important to study the effects of ammonia nitrogen on the toxicity of this pathogen to Litopenaecus
vannamei. To evaluate the effects of total ammonia nitrogen during the outbreak of AHPNS in L.
vannamei, we examined the susceptibility to the pathogen, the non-specific immunity and the expression
of LvLT mRNA in the hepatopancreas of the shrimp. Shrimp underwent the ammonia stress for 20 days
with different ammonia nitrogen concentrations: 2.5 mg/L, 5.0 mg/L, 7.5 mg/L, 10.0 mg/L and the control
concentration. After the exposure to V. parahaemolyticus, the death rate of shrimp perked in 624 h. The
accumulative mortality rates of the treated groups were 0, 8%, 12%, 20% and 36% respectively at 120 h.
The activities of phenoloxidase (PO) reached the lowest at 12 h in the control, 2.5 and 5.0 mg/L groups,
and at 24 h in the 7.5 and 10.0 mg/L groups. The activity of superoxide dismutase (SOD) increased at first
and then gradually declined, and lysozyme (LSZ) exhibited the same trend. The expression of LvLT
mRNA in the hepatopancreas increased at 6 h in all groups and was significantly higher in the control, 2.5,
5.0 and 7.5 mg/L group than that in the 10.0 mg/L group. The LvLT mRNA expression reached the
maximum at 12 h and then declined gradually at 24 h. The results indicated that high ammonia nitrogen
could cause depression in the immunity of L. vannamei, and subsequently increase their susceptibility to V.
parahaemolyticu and the resultant mortality rate. Therefore it is crucial to regulate the concentration of
total ammonia nitrogen in aquatic environment to prevent the breakout of Acute Hepatopancreas Necrosis
Syndrome.

Key words Acute Hepatopancreas Necrosis Syndrome; Litopenaeus vannamei; Total ammonia

nitrogen; Vibrio parahaemolyticus
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