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Pk A . IREA S &, SPAiE N
(T-AOC) Fildi i & B 25 F g 77, LA B I 4t e v sk
AL A (CAT) i E A8 S (Prx) R 2 e 2
PR 1) R 4 2 R B H 7K At it (caspase) mRNA Rk 1
AETE L, MR PR A AT S Ak R A 5 T
PR N v BH S S f Jolp 3 AL, Ay £ B 7
FPLI0E bk B B AL S AR D .

1 #MBEFE

1.1 SRIEHH

N s RN L DO LN ARE NI R e ) ¢
PR R RAT IR E], R BTEERE, SF IR (7.8+
0.6) cm, K (5.0£1.2) g, I T PVC Hi(EM
200 Ly, S 4 IR B AR X IR SR E Y 6%,

B & TR IRRHG DL R BB, JE ST,

YIFE 1 JEIE IS . e S I AR EE (30.0+
1.1)°C, pH 8.23+0.08, %% 7.0 mg/L LA I, #hFF 18,
1.2 SEWigit

PEREAR B RIAK 2 55 1 b (= B XTEF 600 2, Bl
HUKGEXTIR 43R 5 AN SRE2H, 730 %t BRZH(0 mg/L) |
Rk EZ AW A4Q2 mg/L)., hHkER A A
(4 mg/L), vk BE 2 A8 4 (6 mg/L)Fl s vk B
AAMBAH® mg/L) AR AEKRE RN K ESH
SCHR[15]. B 6 AN FAT, AL 20 RBXTEFR,
WK AARF R 150 L, 10 g/L () NH,Cl T 5 4
SCYG A R AR . S A g B 4
MK 1R, BRRIOK 1/3, A M8 H45K )5 %2k
#NFE NHLCL, R R 2 /K MR S /R IR R RS,
JofpaE B )R 24 e . EWMAJS B 0h, 6 h, 24 h,
48 h. 72 h. 96 h 737l R~ S50 A BEALPKH 8
FEXTUREURE, JEFIBSECE PVC Rl ke, HT
IR AR G R FE I 2, BURE Y ROK AR R AR 2 A e
JE AN A S e
1.3 FHEKESERENNE

B K A e R A P 2 Pk v
FEABCRH I e, 0 5E T ik S IR OCHR[17]. TRk
FE R 2 OR8] TR A T

%NH;=100/[1+10"g P}

1gK=—0.467+0.00113xS+2887.9/T
T=(273+t)K

NH;=%NH;- TAN
A, K ACFEA R 5", SICRERRE, T R4n
TRLEE, TAN 1R 123 Bl e i s b /R o
14 it

A 1 mL A58 EL 0.5 mL ¥ (4°C) e
FI200 L BT 0.5 mL 1 I COE, YRS
B0(4°C, 800 g, 15 min), B L35 H T4 & LB
PR I o 9k B 20 R DT UE R A AR,
A 0.5 mL i TRIzol(Invitrogen), {#i FHES M s [ &
WATIRA), 7EEIRHE 10 min T /ELEH RNA
PR,
1.5 SRBEERBNE

SR e s R A ) T AR IR S T A 143K R
PEAT A SR 0t PR 28 A e, H i gk PR 3 A
I E R = 2 e
1.6 MEMAIERBINE

il A T A A ) T AR 9 iR &, e
XTHR I3 B T-AOC FIT R 20 B 25 7 H th 306 ) o
1.7 HMELE mRNA #0 caspase mRNA By&RiX
IKE 5 Hr
1.7.1 H@REE K L ik R AR s T E R
FE, MR TRIzol 11156 BH 5 $12 B bk & 40 fig 3
RNA, #ERISHE RNA, ] RQl RNase-Free
DNase(Promega) 23 B 5% F 1 DNA, FA% IR 1Y
(Thermo Scientific, %*5 NanoDrop ND-1000){ll &£
260 nm F1 280 nm AL AYMSAE, AT RNA 17 5t
MEifE, I 1% MR 1T RNA 28 M
HLUK, R RNA 15880 SRR M A RNA,
A RQ1 RNase-Free DNase(Promega)Zs [f&FE i
FREA ) DNA, #R )5 18 H & % 56 M-MLV(Prom-
ega)lf RNA S 5k i cDNA,
1.7.2  Sl¥igit AR E b E B X R O AL U
(CAT)(EU102287) . it % Ak 9 14 J5 i (Prx)(DQ20-
5423)F0 caspase(GU597089)cDNA 341, LA Primer
Premier 5.0 %11 Real-time PCR § 45 5 1E5 9,
B XTHE 18S TRNA § 3451 )2 BSCiik[21], 5l
WIFFITEILER 1. 519A B cDNA J¥ 51 2
FE A T AR TR PR Rl 58 .
1.7.3 Real-time PCR # 18 R Real-time PCR
(SYBR Green)2 “*“ X} &8 )71k, %M SYBR”
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%= 1 Real-time PCR #1453 5145149

Tab.1 Primersused for real-time PCR amplification

cDNA IE M 5]4(5'-3") forward primer(5'—3') S 51 4(5'-3") reverse primer(5'=3") =4 K/INbp size of production

CAT ACTCCCATTGCTGTTCGT ATCCCAATTTCCTTCTTCTG 114

Prx CACCTTTGTCTGCCCCACT GCAACCACTTCGCATCCA 219

caspase CGGAGGAAGTTGCGAAGAA TTGGAATGAGCGAAGATGAGAG 127

18S rRNA AGTAGCCGCCCTGGTTGTAGAC TTCTCCATGTCGTCCCAGT 218
Premix Ex Taq™ Il (TaKaRa)i® 7l & 15 B 45 747 4 A mg/L #2mg/L. +4mg/L
fE, BIERIT: R ARBUE 20 uL, SYBR® T lsp romel = Smel
Premix Ex Tag™ Il (2x) 10.0 uL, Rox reference ggnp
Dye II (50%) 0.4 },.LL, Forward primer (10 pmol/L) g § 9
0.8 pL, Reverse primer (19 umol/L) 0.8 pL,‘ cDNA E 8 ]
1.0 uL, dd H,O 7 L. Ki#EAH7E PCR & IR AR g5
S99 A 96 L PCR Hi(Axygenyh, BERBILRHA
ABI 7500 3£ 5/65E B PCR {X 34T PCR 74, % @ ® 7 %
Dﬁ%f?ﬂﬂ 95 CHi A 30 s 5 ﬂﬁ%%ﬁ:ﬂﬂ 95C 5 s, Hiria A [E]/h exposure time
60°C 34 s, L 40 DMEER; MEfEINZ LI N 95°C B33 comgL w2mgL +4mgL
155,60°C 1 min,97°C 155, I 5EMUR, Ji ABI o 0 momel S Smel
7500 system Bk PF 574 BE
18 it 2

JIT A5 B34l 34 LUV 35 {8 45 1 22 (X £SD) R, 55”1.0
JHl SPSS 16.0 SEFHAr Wik AT N R 2400 R 7
(one-way ANOVA), Duncan’s Kxillkitir £ & b ol . . . .
B P<0.0S K S U bstihegousine
2 HRESH B 1 454K MR SRR NHG(A)FI NH; 5 ik B
(B) I ZE AL 135 L

21 FHKEH NH;HEE NH3 KERELFR Fig. 1 Actual NH;" (A) and NH; concentration (B) in each

XFRRZH(0 mg/L)/K AR 9 SEFR NH, Al NH; i
JEETE R A 25 3ok B b A AL T AAROK T, 4
0.126~0.303 mg/L £1 0.016~0.032 mg/L; i 4% il
ZH 7KAA FR 2R B NH, R NH; 362 52 305 T e B
A b, Hd 72h 2 mg/L. 4 mg/L, 6 mg/L
8 mg/L A/KMESZBR NHy 52 & 53 51k
(8.068+1.114) mg/L . (10.649+2.290) mg/L . (12.399+
2.190) mg/L FlI(13.843+ 2.227) mg/L, NH; JF )
JM(1.558+0.175) mg/L . (2.038+0.412) mg/L ., (2.247+
1.013) mg/L F1(2.332+ 0.125) mg/L (K 1),

2.2 SR BB 3t e E BA X R bk B S | AR
A

Mtk 2R S s 2A s, FEE

N N BT S N R N = es - B2 b wwad =10 =)

treatment throughout the experiment

FEAR T R i A A 7 . ALl R rp, &
SRR A6 A XT M  h E G 4 R ) R A
(P<0.05), 2 mg/L il 4 mg/L 21 rf [ BH X A i g4
SRS HAE 96 h FI 72 h iR, 43S Hovt g
HEY 4.67 f5F0 7.38 £5(P<0.05). 6 mg/L 1 8 mg/L
2 r ] BH XA I 6k 2R I AE 96 h B A B
i E, A R L AL 5.42 fE A 5.85 A
(P<0.05). HI LT DL, 4% S0 0060 4 i bk B2 207
e AR 0 S IR B A R L, XU W E R I R A
R0 T, U ik BE A oA BT [ F 2 0 T 32
TE 1M 3bk I E B (E] 2A)

I 9 E2 PR 3 4 7 i B 5 LR 1 AR
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2B Fi/R o Bl s ) A SE 4, 4522 R0t 401 ik
B4 PR 2R VR 3 22 L S T i s AT P T o 1 A8 Aot
P A Wran gl bk R R A A R IE 6 h ik
{8, 239 B 131 4%, 1.21 /%, 2.22 f5F0
1.98 %, H.2 mg/L. 6 mg/L F1 8 mg/L 41 [ AH Xt
BRI A B R 2R R e 2 v T IR 4 (P<0.05)

JpiE 24 h, A5 WaE 4T ikt R R A Y B I
FXFHEZH(P<0.05), H 2 mg/L fl 6 mg/L ZHXFHF 1
WREL R Z R S ke (B . LT I, A4
30 v ] B S R PN PR 28 R B B PR B e R 1L

A 1400
n=3; x+SD 00 mg/L
~Z 1200 02mg/L
0.8
=g 2]
S § 1000 4 mg/L
gE 6mgL e
g % 800 m8mgL
€
g g 600 :
g
88 400
=
200
0 - ) B 3 ) -
24 48 72 96
fiIriE A []/h exposure time
B
2500 00 mg/L
_ m,
=3 x+
~ n=3; xSD 02 mglL
= ZI2000 F 4 mg/L

E &
g 6 mg/L
2B I
S 210 =8 mglL
#% 5
B 21000 |
217
<
27 500t §
\
3 : : 2 8
0 K N 8 N 5 . N .
6 24 48 72
fir38 At B /m exposure time

B2 S a7 2 28 220 (A) R
JRE A (B) & 1 1 2
[i) —A~ I [ G5 7 B R [R] 3678 BAT B35 25 57:(P<0.05).
Fig. 2 Effects of ammonia-N exposure on haemolymph
ammonia nitrogen (A) and urea (B) content of
Fenneropenaeus Chinensis

Treatment bars with different letters in the same time are
significantly different (P<0.05).

2.3 S @B 3 o [E A ER i B s s iR
SEA !

ZERWE 3A Fron, £ Wraa 2 b B X EE I
WEL T-AOC EIETH = JE B ek 3, 2%

Jhif 6 h, 4 mg/L 1 8 mg/L 2 H [ BH XJ MR iff bk
T-AOC I J1ik Bl e = E, 43 A%t B4 i 1.85 F5
6 £, BB EE T B4 P<0.05), AR
24 h, 252 ZME 20X IR R EL T-AOC 1% J1 44 i
F TR 41(P<0.05), H. 6 mg/L 4A%FIF T-AOC
TG s B, JEXTRRALY 2.14 15 & & WhE 72~96
h, 2 mg/L HAXTEF T-AOC % J7 b & & T %f MR 20
(P<0.05), HAh45 2 AW ia g4 EF T-AOC ¥ 3%
T X} B2 (P<0.05).

Wi %5 2 30 e R) A SE K, 4% e 4 H R
Xof i 98 L BT R SRR S T B i e . = A
W 72~96 h, 45 M3 ZH X i gk T SR B T
T3 W TR R4 (P<0.05) . 4% W3 41 Y A
P AT 0 1A B X R 3.09 £

1.77 £i% . 1.98 f5F1 5.23 £5(1& 3B).
_ A
g 0.45 50 mgL
T & 040 B2 mg/L
E 5035 04 mg/L
% g 030 B 6 mg/L b
R < 025 8 mg/L
Jm FI' .
S 2 020
EEos
g
g 010
223
£ 005
2, : : : ;
24 48 72 96
=2 B JipiE st [E]/h exposure time
=
55 25.00
g #=3; %D 0 0mg/L
2§ 20.00 B2 mg/L
R g 04 mg/L
=R 56 mg/L
5 15.00}
t‘,ﬂ" g m 8 mg/L
= £ 10.00}
g
25
HJE 5.00 a .cac aabbc
&
E E 0 . . : :
0 6 24 48 72
B Y B/ exposure time

B3 S EUME X e [ B i bk 2 e 42k ) B 4 5 i
Fig. 3 Effects of ammonia-N exposure on haemolymph anti-
oxidant capacity of Fenneropenaeus chinensis

DL EgERE, KA T T-AOC 1% 2%
B Bt 3 T IR (P<0.05), {H 1 vk B 2 R
K S ] Pty 3 D030 1w BH SHER LR B T-AOC 3%



184 Hh [ K R 5 24 %
s AR 0 e A L 4 4 A a0, ¢ oomeL
TSI B BT AL L 30 THERD 52 mgL
24 EEMEHEEEHIOKEBBAEL T3 s ; Semot
Bl caspase MRNA ik 7k i 0 ?;.5%‘ £ 00 m 8 mg/L
R AL O A CAT 25 £ 1so :
mRNA FI5KTFR AT B BT B Wl €5 ° 100 JE Ry
WA, RANGE 6~48 h, AMuaAimtE O 0so [ mﬂa m’a
L4l CAT mRNA ik /KP4 2 & T ) R 41 000 s oy o
(P<0.05), HLFE 48 h ik E R, 4050 0%f B 55 BB exposure time
FRALAY 2.67 %, 2.04 £, 2.45 fif 3.44 fir; 2JF 8 n=3; ¥£SD 00mg/L
CAT mRNA /K PIEIE, 127296 h ikiATE  F25 " . Dame
K 4A). 28 150 |, comm
U A0 L AR L LR Prx 25 F = mg/l
MRNA kF RIS (e 255
4B). FUAMA 6 b, 6 mg/L A 8 mg/L AIXHUF ML & g 0.50
Al Prx mRNA 3k /K1 3 5 T4 HRZH(P<0.05), : : ,
FLIKBILR (L, 4M3IH AT 1.48 150 2.06 15 o0 a4 a8 %6
FABE 24 b, AMSAAMIFIKEANE Prx C 400 PRI exposre tme
mRNA A/ B 5 FRRAL(P<0.05), 4 mg/L ¢ 3s50] "5 ¥SP 00mgL
20 Prx mRNA FiL/KVakmE, AR 1.20 ég 300 Eizzi
f. EENNA 72-96 b, AEBAERnKEaE S E 20 =6 mgL
Prx mRNA 255757k P44 i 3% %] R 41 (P<0.05)., z % £200 bb = 8 mg/L
AR E I A caspase 2 § 51 | N
mRNA #KF R BUET BRI IERT B0t B8 100 : N
R E AN 6 h, 6 mg/L 8 mg/L ZELINEE 0 050 g Wg HT% {
ML caspase mRNA /KT 3 5 T4 B 000 SR T R
B Y B/ exposure time

1 (P<0.05), A MHid 24~48 h, B4 caspase
mRNA FRikKF I E L, HAE 24 h R EMRT
X HRAL(P<0.05), 2 AMHE 72~96 h, 454l
FE] BH GHER IR B 2 Bt caspase mRNA 2Rk /K-
2R T B (P<0.05), HikBImm{E, 405k
XTRRZHAY 2.49 £%5 1,77 £5.2.95 £i5 71 3.34 £5([&] 4C).
g BTk, S AU X e B X i gk B 40
Mot B AL BT caspase mRNA FikA LA FER S (1)
AR BRI CAT. Prx fil caspase mRNA £ ik/K
- TR IRAL(P<0.05),  HL2 U0 21 X6 4 1fi
WREL 40 S CAT F1 Prx mRNA k7K FEAE 24~48 h
i Q)ZE A5 Prx mRNA 557K
Bl A, T A S A 30 A% I bk £ 4 i
caspase mRNA Fik /K- 5 35 & X B2 (P<0.05).

Pl 4 R0 0T e ] BT A o bk 0 200 e S Ak i R
caspase mRNA &K 7K 52
Fig. 4 Effects of ammonia-N exposure on mRNA expression

levels of haemocytes antioxidant gene and caspase in Fennero-
penaeus chinensis
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HITE AR UEH, KRR A E S5 KK
(LR RS I pH #0AH B H 2R o M RoE 252
5T T AR NH4Cl 3 BE X v [ B iR < 87 1 5
AR v [ BRI 8 A BRI A s, 5T R R o
15°72 h NH,Cl B9EBEW E H 17.8 mg/L,
FE| B X R B A R 72 h NH4Cl BOE BBk E N
16.0 mg/L, fi] £ 325  pdgs 1 rp [ B R HR 52 R 4
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PRXIAN R E NHLCL T 321, DAk H ] B X iR
4k 72 h NHLCl 9508t % 0 15.6 mg/L.
ARSI E I, A AR E S S A
We B SEA ARG, (F Bl 2 o 36 B TR A AE G, 45 e
ZH I S AR B T . A SR rh T EA
W 8 mg/L 4, SEMl /KR = {64 13.84 mg/L,
T s T 8 mg/L. BRI AT REA LA PN 7 (1)
ARSI d A% IR AL A R R, M A S E e
40%LA I, 3t i B BRI AE 78 AR K MR RS 3R LA
TP 45 5 v oK AR STl R TR T SRR ik
THAYH B o ()X IR B9 HEM P 2 = S A A LA,
EFRA WK REr= A T REMEA A . Mg
HR AL 0.180~0.272 mg/L Z a3, F5E1%
F 0.6 mg/L [priERY,

SRS SR Y S SE R A f A L IR A
FAIENE S EER A% T FRAIG I v (14 B T e Mo 2 S A
R =02, S S M B A2 ) 9 0 R 2
Wi . BRI EE, [FA Az AN R
W . ERE AR A A G, Mk A
T FEE KRR WEA, S3E 2R
ROl P EGHE A MR, TS A PEAL AR BRI R Y
HEIEbR . AL SR LB, Hp B X O o
I L 2 R R B K AR S RO B ) T s i T e, L
i 31 Ao 1] 522 B S T S R AR T T i B AR b i
o HSTal I Mk 22 & & & — M 0.033~
0.950 mmol/LP7" A#F5¢ & A Ml 72~96 h,
B A (2~8 mg/L) [ A X 0 il a4k 0 42
SEPYETIERNHREDY, 2R RS Chen
AECUERE A — 2, RO KA S S0 J3 384 i skt o
LI P 2 i 35 0 . Chen 252 B2IBF5E 0 24
ISR E N 0 mg/L 3N ZE 5 mg/L, BEST %R
A HEMH BE 2 39, AER KR E M 5 mg/L
HAINE 20 mg/L WHMH] AR 0 2 A HEM, BdE
R FFH IR, MAKIREZEE R 28 me/L #n
] 1218 mg/L B H- AR IR A Z A At
FE U P E B XTER 6 h, AR AR
0.303 mg/L(¥ HR41)H N & 8.625 mg/L(fH & &M
JBZH), X R bk e 2 A S A 0.12 mmol/L 3
2 0.85 mmol/L, ¥&n T K2y 6 £%. Ui [EHH
X UE 5 TR A M a5, AKAEH R NH; /]

DL i [ i 2 A bk e, S S ik
CEASTENZEA &S HimkC AT Rl e
(1R B i, X BR ST A P AR R AR, BRI T &
M, SR EIYIHR AR FEAUT 3
AR (Vi §HOE P NH; Mg 3™ 5l A
KPR; )it NHy 5 Na' (0B F S E M (3)5
PRk B PR A R B AP, Kinne™
5T, NHs (19 3 3 BORHE R IE N 2 & £
B AR, R A E R R i s T KR
R T . 8 mg/L /KR AT NH, ik
13.843 mg/L(%J 0.99 mmol/L), 1J55%/]NTF Lt i X #F
IR EL 2 A BB (1.25 mmol/L), [ BF S i i bk
EL NH; AR AT et 3 i 5r) o X Hei 2= Kk,
M REAR TR P B9 NH; W B

522 10 PR 28 02ROk U T 12 45 BRI 2R
FIPRBR A 4t 1 I 2 AT 3 B8 T A AP IR Y
R figt o I SRR I 110 O B Il — G R ity 1% P 7
ol FE S AR AL P A A I i e B
SCHRZE IR, KRS AR 5 e ] BH O A o 94k
ELURZ A —E, M AR 0.220 mg/L
FHiE 2] 9.446 mg/L B, v B X i bk B A A
WM. T RRE A RN R, YU e
3 2 Shis s el g sh P B i B 2 R AR
A, FIEHUARG shfgsEpLH, K 8 R o T
U AL R AE T A 55 Y PR 2R 2, DA T 3 R I 94k £ R
FRUKER TN BRI 9.446 me/L Tt
5150 13.449 mg/L(BJ 24~48 h)if, MKEIREZER &
HREAC, BUEE, R E AT R O T S R G
W, ZIE R GG 4 h NH; Al HCOME MK,
TE— RV ECVE T, 28 S &R MK
o LA RIRZIWRIE HiES5RN NH M CO, 7K
B BRI, AW R 24~48 h XTI ALK EL
AT 6 h A FIFEAL, AL NH, 525V B RFAR,
FEUM M E IR B R F EEM. i 72~96 h,
6 mg/L F1 8 mg/L 41 itk EL /R 2R A & = AN9R W& &
TR, U B B A K A BT A R B Y T, k)
BRIt 9K LR R A S B W . RIS R W F
BE 5 % R BH AT B A 4 % KR (Marsupenaeus japo-
nicus)*®,

Zhang U5 W BE A K R R RUR FE I T
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=, P IRIAER(Macrobrachium rosenbergii) Ifil 2 fifd
ROS Tt aE . AN & B2 & 2k BN
0.303 mg/L JI & 8.625 mg/L i}, I ibk = T-AOC il
PR A BB 6 ) W T, M s A a5
XU AA P PR AR S | T, Ik AR RE T S
TR sR, LIS R A, (IR A
A% 10.649~13.843 mg/L B}, T-AOC fig J13Z 3|41
i, S AL DL A 5 7 2 RS R AILAHOR T
TR A AR R R — 201, CAT A Prx
HA 7t HoO, B fE T T A& AP E A E ] o CAT 5
HZFATE R EMNE 48 h AT REE, X5 Wang
S5 Zhang ZEU VG ST 45 AR — S RO G AT
PAGE XS EFH 2L CAT B R IKF-THE . AR
JiiE 6 h, 6 mg/L 1 8 mg/L 41 %A ik I 40 it Prx
BRI R IR K- fe e, U B v vk B 2 AU 8 R
T AR Prx BEREA, X 5 BRIk e
T-AOC FIHTH 4 B 25 1% 71 45 A — 3L . Caspase
(cysteinylaspartate specific proteinases)f&—JS HAg
KAV WA R B M, fA7E T4
w20 T e ) A L A
573 caspase mRNA Fik K- 50F0 2 & FliE
P4 R R A A MDY AR g & R A n
6 h, 6 mg/L 1 8 mg/L 4 caspase mRNA kK-
R TR RALE, I [ X R T-AOC ¥ T4,
BEETX A, UL caspase 5P EALBE I FAE
MM, KA MM E 24~48 h, caspase FE[F R kK-
I EFRAK, X PIREJE caspase T PRI TN A — A 52 15
PP A BT R AR T R S
DIV BR AT 255 A F M, i FE7e B HESh
YR TG HE S P TE R R E MR A Y 1 3
AP PR R B E Y "R 72~
96 h, £ Wrid 4 caspase & [H KK i 3w X
MR, 55 b F5 A U0 S B F Y by 1K R o
HA X IR caspase J R 2655 LR AH—3%, FRIHE
FE A] RS S v B O AR b L AR T, B
DIAE 25 4 00 7K P05 20 R0 v B 1 A2, 3T 40 i
T2 B KT caspase, PATEBRALE S & A FERY
A0, AT 45 BE R DL R AU T, XX
MBI E g — 2R

gi BTk, @ AMHE TR T E X AR AR A -

YA RGN AT, 5 S Ik b A AL RE
P F = (T-AOC . UM E BB 1% J1. CAT #1 Prx
mRNA Fih7KF-), 1 i ik L 2 A AR E A& =
ROBE N, MTE AN TE T A DG A caspase #R ik,
H3X A 15 Tk —2 B 4182 BB IT IR SE .
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Effects of ambient ammonia-N exposure on hemolymph nitrogen
metabolism and antioxidant capacity of Fenneropenaeus chinensis

WANG Yun', LI Jian®, HE Yuying®, DUAN Yafei', ZHANG Zhe', LI Jitao®

1. Key Laboratory of Aquatic Product Processing, Ministry of Agriculture; South China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Guangzhou 510300, China;

2. Key Laboratory for Sustainable Development of Marine Fisheries, Ministry of Agriculture; Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China

Abstract: Chinese shrimp, Fenneropenaeus chinensis, is widely cultured in China for its high economic value.
However, farming yields of F. chinensis have decreased in the past few decades. The decreases in yield has been
attributed to disease, as environmental deterioration due to poor management has resulted in an increased
incidence of stress-induced disease. Environmental stressors, such as ammonia, have a significant effect on the
antioxidant system of shrimp. However, little information is available about the effects of changes in ambient
ammonia-N on hemolymph nitrogen content and antioxidant capability of Chinese shrimp. Therefore, 600 shrimps
[initial body weight, (5.0+1.2) g] were divided randomly into five groups and exposed to water containing
different concentrations of ambient ammonia-N (0 mg/L, 2 mg/L, 4 mg/L, 6 mg/L, and 8 mg/L). Each group had
six replicates of 20 shrimp each. Total antioxidant capacity (T-AOC), antisuperoxide anions, relative expression of
catalase (CAT), peroxiredoxin (Prx), and caspase mRNA in hemocytes and hemolymph ammonia, and urea content
were analyzed in hemolymph after exposing shrimp to different concentrations of ambient ammonia-N for 6 h,
24 h, 48 h, 72 h, and 96 h. Shrimp cultured in filtered seawater were used as the control. The results showed that
ammonia accumulated gradually in the hemolymph as exposure time increased. Hemolymph ammonia content of
shrimp in the 8 mg/L group was the highest compared with that in the other groups and was 5.85 times higher than
that in the control group. Hemolymph urea contents of shrimp in the ammonia-N exposed groups were higher than
that in the control group after 6 h of ammonia-N exposure. The hemolymph urea of shrimp in the 6 mg/L group
was the highest after 6 h and was 2.22-times higher than that in the control group. Hemolymph T-AOC and Prx
mRNA expression in hemocytes of shrimp exposed to ambient ammonia-N increased initially and then decreased
as exposure time increased. However, anti-superoxide anions in hemolymph and relative CAT and caspase mRNA
expression levels in hemocytes increased, decreased, and then increased again as exposure time increased. The
antioxidant capacity of shrimp was significantly higher after exposure to ammonia-N than that in the control.
These findings demonstrate that the oxidation-antioxidant balance system in shrimp may be damaged after
exposure to ammonia-N, resulting in upregulation of caspase mRNA expression.
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