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Effects of Acute Ammonia Stresses on Antioxidant Enzyme Activities and GPx Gene Expression in Exopalae—
mon carinicauda
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(1.College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 200306, China; 2.Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China; 3.College of Fisheries, Henan Normal University, Xinxiang 453007, China )
Abstract: Ammonia is a common toxic substance in the aquaculture environment. However, there is little information about the effects of
ammonia on antioxidant system and lipid peroxidation in ridgetail white prawn Exopalaemon carinicauda. In this study, the prawns were ex—
posed to different concentrations of ammonia(4.79£0.12)mg-L™", (9.05£0.18 )mg- L, (17.64£0.25 )mg- L, and (34.87+0.46 )mg- L' for
up to 72 h. Activities of superoxide dismutase(SOD ), catalase (CAT), and glutathione peroxidase( GPx ), malondialdehyde (MDA ) content,
and GPx gene expression were assessed in haemocytes and hepatopancreas at 1, 3, 6, 12, 24, 48 and 72 h after ammonia stresses. In all am—
monia stresses except low concentration, activities of SOD and CAT in haemocytes and hepatopancreas increased between 6h to 24 h after
ammonia stresses, but reduced at 48 h and 72 h, as compared with the control. The GPx activity and GPx gene expression in haemocytes
were significantly higher in the treatments than in the control (P<0.05), but the expression level of GPx gene in hepatopancreas decreased
under ammonia stresses. Contents of MDA in haemocytes and hepatopancreas gradually increased with increasing ammonia stresses, with

higher MDA in hepatopancreas than in haemocytes. The results also showed that SOD and CAT in E. carinicauda were induced at 3~24 h,

175 H #7:2013-09-24

BETE : [ RHORPI L ] (2012AA10A409) 5 [ 2R L 2 AR R 10 (CARS-47) 5 22 2 P54 1 ll CROlE ) BHIF 351 (201103034 ) 5 7 [ K 7
BT B ARHIL 55 2% (2013A0701 )

EERN AT W (1982—), B 05 A, FENHIRBE R 5008 =% . E-mail : hairen1982@163.com

*EEEE. 2 i E-mail:lijian@ysfri.ac.cn



648

RAIMERF 217 ERRET g

but inhibited at 48~72 h after ammonia stresses and that lipid peroxidative product MDA increased under ammonia stresses. The hep—

atopancreas might be a sensitive tissue to ammonia stress.

Keywords : Exopalaemon carinicauda; ammonia stress; superoxide dismutase(SOD ); catalase( CAT); glutathione peroxidase(GPx );

malonaldehyde( MDA )
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Table 1 Primers used in this study

H:H Gene WEM51#(5'-3" )Forword primer(5'-3") JZ I 514(5'-3" )Reverse primer(5'-3")
GPx AAGTATGTTCGCCCAGGAAATA TGAGCTTCTGACCCATTAACAG
B-actin AAGGCTAACAGGGAGAAGATGA ACCAGAGGCATACAGGGACAG

* 2 2EERMBEXEE B4 Mk B FAFRERR SOD & SRS

Table 2 Activity of SOD in hemolymph and hepatopancreas of E. carinicauda after acute ammonia stresses

. e /mg - L a8 BsHE] (Stress time )/h
WE Organ ¢ centration 1 3 6 12 24 48 72
ke 0.28£0.07  14.70£0.42a/A 15.12+0.16a/A  15.14£0.13a/A  13.99£0.25a/A 14.29+0.23a/A 12.84+0.36a/A 13.97+0.10a/A
Hemolymph 479£0.12  16.20+2.05a/AB 19.0322.64b/B  27.27+1.65b/C 15.9220.64b/AB 5.76+0.07b/D  12.64x1.57a/A 11.30+1.61b/A
9.05£0.18  15.27+0.54a/A 20.46£0.41b/B  24.59+1.70b/C 11.08+0.38a/D 15.16+0.39¢/D 11.11+0.43a/D 11.6120.30b/D
17.642025  21.64x0.21b/A 26.0620.86¢/B  23.93+1.19b/C  16.0220.26¢/D 14.89+0.72¢/DE  14.0420.55a/E  10.7220.26¢/F
34.87+0.46  26.1020.49b/A 31.40£0.09d/B 33.40+0.38c/C 24.58+1.30d/D 28.55:+0.37d/E 13.1320.42a/F  8.54+0.16d/G
JH I 0.28+0.07  13.29+0.47a/A 13.4420.73a/A 17.67+0.65a/B 14.32+1.12a/A 15.27+1.19a/A 17.14x0.14a/A  21.78+0.29a/C
Hepatopancreas ~ 4.79+0.12  13.05+2.81a/AB 11.28+0.26a/AB 29.65+0.69b/C 14.55+0.49a/BD 9.39+1.86b/A 17.5123.97a/DE 18.50+0.88b/E
9.05£0.18  18.65+2.17b/A 16.28+3.49b/A 35.45+1.83¢/B 32.46:0.46b/BC 23.93+0.24¢/D  29.5320.27b/C  20.96+0.73¢/E
17.64+025  13.32+1.29a/A 18.5021.73b/B  27.93x2.53d/C 33.38£0.41b/D 27.97+0.43d/C 26.91%4.24b/C 20.42%0.11c/B
34874046  11.17+0.61a/A  5.69+3.25¢/B  68.05£0.98¢/C 54.24+0.13¢/D 37.3120.84e/E  34.4120.75¢/F 16.4120.34d/G

E : RSN AR R ING FoRE 2R AN R R0 20 [R] — ] 15 25 57 .35 (P<0.05) 5 [AIAT FP AR R R B 0 8% [ — 28 UM 2H S [ et i) i 22 5 (g 3%

(P<0.05), Tl

Note: Values with different small letters in the same column indicate significant differences between different ammonia stresses(P<0.05 ) ; Values with dif—

ferent capital letters in the same line indicate significant differences between different times(P<0.05 ). The same below.
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AACHRA BT X RAL(P<0.05) . BB B E ) e i) (g e, i bk B Ak B A R R BT S
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SOD i 1 @& Thim 76 1~24 h #4083 5 X 4 (P< (P<0.05), HyREELIG: 1 h &b, it ] 35 5 Xl g
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0.05), FFBENRMLHE AR APk EEAARZIE AR EEAN W o FE 5% B B2 k2=
T e AP T A At 3 i R R B /AL 5 (P<0.05) o IR B R AL IEAR: GPx 15 J1 BTt
o TR R AL 3~48 h B 8 T IR 4 (P<0.05), o JE BRI R AR (k34 Bk 1 h 1 3 h A, JLA s
B2 72 h SOD i Jj 52 3 @ E il (P<0.05) . [B] S 5 X R B 122 57 (P<0.05) o XofF Hvk
2.2.2 AR IR ML EL AT CAT 3% 1 2 SR P R S AN =R B A AT L B 48
e 3 pion, [AAMEEIEE R ORIk E AR h kB AL, FL A 3 5 B LA e 2
ML CAT SEMAFAE A T, IR E ST H(P<0.05),
MRE, HARALTRATE 72 h B R 2R T 2.2.4 %R PR bk AR MDA 2 1 50
ZH(P<0.05) ., Fifi 5 Joira60 i) ) fr ZEE 4 i 94 A e J3E MR 5 PR, A WHE R T A5 R R AR
Rk B 2 A AL BT R AR T e D TR H MDA 5o BH I = T IR EL o s A e Rt e
ARAE, T R B R S R B A BT S R R 7E 3~72 h S IR B 22 5 (P<0.05), HoAih
A B RE B IAE 12h floh, B E s AL MRS AR B P i E] Y e
FXTIA (P<0.05), Z JG Bl PR M BRI &K, ik 2 A A m i i 2R 41 MDA & 8 7E 72

HRAWHAR A AIE R, RIETH Rl h S IR 255 B35 (P<0.05), BR 1 h iRk FZ A A 41
POAEMNE 6 h BRIk R e K(E, ST 22 R W (P< b, HoAb R BE LTI 55 X BT AE 45 i ) i 9 A

0.05). ARZERAKLHS, THRIRIRE R RAMF  FPE2EF(P<0.05), HARBU R & 2L i3 Al
WIEE R CAT I N KA BAE 24 h A6 h,  MBRHAIAYAE K, MDA & Bl 38 hn i A8 b s

5% R L B B M2 5 (P<0.05) . sk EER 2.3 SEAMEXTERE QY CPx EERIEM MM
R A R CAT 15 11 1~48 h 208 25 T4 iR H1E 6 R, A5 2 RAL PEAE bk B2 GPx JE[N

ZH(P<0.05), % 72 h CAT 1% S1#k B 3 (P<0.05 )., AT 38 1t i T AT IBRAR EL R B ) B 2k, BRI
2.2.3 AR PR LR EL AT IR GPx 36 77 A5 I WA RSN, ok 2 A Atk GPx JE A

w3k 4 fos , AR E AL E B ARk E xRk e 2B e T 55 R T = A ka3,
FUF IR GPx 15 7 52 e Rk b 30 HL 4B He i 148 AE 1~12 h B2 TXIEZH(P<0.05) . AS[A) ik B 2 AL
K ZEMNE 72 h AR 5 T IR (P<0.05), Bl PR GPx RN R A BRI EFHE T

3 [ RPENEE QUM B EFERAR CAT F NKF 0

Table 3 Activity of CAT in hemolymph and hepatopancreas of E. carinicauda after acute ammonia stresses

5824 Organ e P fmg - 1 a8 BsHE] (Stress time )/h
& Concentration 1 3 6 12 24 48 72
Ik e 0.28+0.07 1.76+0.34a/A  2.33+0.57a/A  2.50+0.32a/A  2.48x0.56a/A  2.68+0.67ab/A  1.90+0.30ab/A  2.10+0.50a/A

Hemolymph 4.79+0.12 1.70£0.07a/A  2.94+0.15ab/B  1.90+0.04b/A  5.50+0.05b/C 1.79+0.19¢/A  1.83+£0.49ab/A  1.13+0.10b/D
9.05+0.18 2.20+£0.02ab/A  3.34£0.37bc/B 2.74+0.10a/C  2.34+0.25a/A  3.05+0.31b/BC  1.72+0.25ab/D  1.58+0.04¢/D
17.64+0.25  2.02+0.03ab/A  3.59+0.17¢/B  2.72+0.13a/C  4.90+0.25¢/D  2.03+0.34ac/A  2.26+0.16b/A  1.90+0.12ac/A
34.87+0.46 2.45+0.52b/A  2.50+0.20a/A  4.87+0.04¢c/B  4.03+0.13d/B  2.77+0.07b/A  1.51+0.25a/D  0.86+0.03b/E

i il 0.28+0.07 14.54+2.32a/A  13.54+1.53a/A 17.14x1.69a/A  14.64+£2.01a/A  16.06+1.50a/A 16.60+1.68a/A 16.80+0.18a/A
Hepatopancreas ~ 4.79+£0.12  17.88+1.17a/AB 15.42+1.97ab/A 18.96+1.54a/BC 19.11+2.03ab/BC 22.82+1.56b¢/D 22.02+1.51a/CD 11.59+0.29b/E
9.05+0.18  17.77+1.40a/AB 22.73£1.56¢/CD 27.03+1.26b/E 19.69+2.04ab/BC 20.20+2.56ab/D 14.89+0.64a/A  9.20+0.33¢/F

17.64+0.25  23.96+1.76b/A 27.76+2.78d/AB 23.96+1.10ab/A  23.29+2.34b/A  26.35+1.62c/AB 33.65+2.55b/C 12.02+0.99b/D

3487046  29.46x1.94b/A  31.45x1.17d/A 32.91+1.09¢/A 36.01+2.25¢/AB  41.23+2.87d/B 34.70+2.77b/AB  8.39+0.64c/C
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0.05), i HoAth S &R BE 4L 1~48 h AR LA {1
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3 g

DRSPS PV Y 2 RN S R 40 R R0 G 7
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FULANEEXTHFY 4.4 mg- L7, RS UL e M
Wi 32 22 R G2 1y T AR 288 . 2 AU F L R 3
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fitf 2GR T EEMBUEM IR, IR LA S 2 A AL
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PRI A RERERY R IE , A 520038 a3 4 #r bk
FEARTEAR N 7S AL, S et e ML R BE T o

3.1 SEMEX &R SOD . CAT GPx B AR AEHK
I EL =4 MDA &=/

B R AU RS EALE S ) A7 e 2 2122 Sk, i
JEAR SOD CAT GPx % J7 A1 MDA 5 & B & = - HfiL ik
B I AT RE S R R R DB 2 A ¢, il T is
SRR A AR 1 A AR A, AR T
PESEGER 22 | 10 IR R S E B A o, T R R
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Table 4 Activity of GPx in hemolymph and hepatopancreas of E. carinicauda after acute ammonia stresses

Y BF /e 11 3B 5 [B] (Stress time )/h
#H Organ ﬁizﬁialtlion 1 3 6 PR 12 ) 24 48 72
BRG] 0.28+0.07 33.05+£0.59a/A  29.52+3.36a/A 27.83+1.98a/B  30.62+0.70a/A 31.23+0.12a/A 32.96+1.04a/A 29.84+2.12a/A
Hemolymph 4.79+0.12 32.85+0.18a/A 31.71x0.09ab/A 33.20+0.12b/A  30.97+1.01a/A  33.46+1.20a/A  37.60+0.05b/B  38.16+0.07b/B
9.05+0.18 30.91+0.48a/A 36.82+0.04b/B  40.37£0.32¢/C  32.13+0.76a/D  33.96+0.60b/E  39.84+0.27¢/C  54.29+0.27¢/F
17.64£0.25  37.76x1.69b/A 37.78+1.11c/A 38.93:0.24d/A  38.73+0.03c/A  43.13+0.67¢/B  61.01x1.43d/C 43.68+0.11d/B
34.87+0.46  57.59+2.30c/AB 56.37+0.34d/A 56.80+0.90e/AB 59.75+0.33d/C 70.57+0.21d/D  39.34+0.84c/E 58.53+0.24¢/BC
il 0.28+0.07 32.66+0.05a/A  33.23+0.33a/A  32.69+0.37a/A  31.53+0.16a/A 31.92+1.14a/A 33.72+0.58ab/A 35.44+2.66a/A
Hepatopancreas ~ 4.79+0.12 38.25+0.80b/A  32.36x1.50a/B  41.57+0.60b/C 44.79+1.02b/D 38.74+1.82b/A  41.17+2.94a/C  51.83+0.64b/E
9.05+0.18  40.54+2.63b/AB 44.39+0.09b/B  51.65+0.76¢/C 39.01+1.08c/AB 36.74+1.17bc/A  29.50+4.59b/D  44.67+0.51c/B
17.64+0.25  52.68+0.42¢/AB 49.00+1.07¢/BC 56.41+1.52d/B  40.06+1.41¢/D  36.18+0.49¢/D 42.84+1.22b/BD 50.39+0.68d/AB
34.87+0.46  53.12+0.18¢c/A 52.95+1.32d/A 47.33+2.80e/B 90.26+0.97d/C 56.19+1.56d/D 63.44+1.57¢/E 51.33+0.81cd/A
%5 Sl Em EE E AR M E TR MDA & 8 500
Table 5 Contents of MDA in hemolymph and hepatopancreas of E. carinicauda after acute ammonia stresses
St E [y T - i3 A ] (Stress time )/h
ARE Organ Ygfi/;lliaz(m 1 3 6 e J(Sl;es e 24 48 72
I e 0.28+0.07 0.31+0.03a/A  0.30+0.01a/A  0.39+0.082/A  0.37+0.01a/A  0.32+0.05a/A  0.36+0.02a/A  0.24+0.06a/A
Hemolymph 4.79+0.12 0.28+0.01a/A  0.36+0.06ab/AB 0.34+0.07a/AB  0.45+0.10a/B  0.59+0.04a/C  0.36+0.04a/AB  0.28+0.05ab/A
9.05+0.18 0.33£0.07ab/A  0.45+0.07bc/AB  0.42+0.07a/AB  0.50+0.11a/B  0.37+0.11a/AB  0.34+0.05a/AB  0.37+0.11bcAB
17.64+0.25  0.41£0.07bc/A  0.40+0.02bc/A  0.47+0.12a/AB 0.61+0.19a/B  0.53+0.06a/AB  0.36+0.05a/A  0.49+0.10c/AB
34.87+0.46 0.49+0.06c/A  0.50+0.09¢/A  0.97+0.10b/BC  0.99+0.12b/C  0.87+0.08b/BCD 0.72+0.07b/D  0.83+0.02d/CD
JHF R R 0.28+0.07  35.39+0.72ab/A 26.96+0.15aBC  35.59+1.94a/A 22.09+1.10a/D 23.99+1.56a/BD 27.54+4.03a/BC 15.22+0.25a/E
Hepatopancreas ~ 4.79+0.12 32.57+0.28a/A 34.01+4.86b/A  49.48+0.28b/B 46.24+0.89b/BC 38.44+0.48b/D 54.84+2.23b/E  42.69+1.05b/C
9.05+0.18 41.13+6.52b/A  34.38+0.48b/B  44.28+1.35¢/A  61.43+2.46¢/C  70.47+0.80¢c/D 51.044+0.79b/E  64.35+1.92¢/C
17.64+0.25  51.94£1.68c/A 60.61+0.88¢/B  74.01+0.41¢/B  64.48+2.25¢/D  75.10£0.31¢/C  68.21+0.04¢/E  65.85+0.56¢/D
34.87+0.46  69.30+0.59d/A  76.68+6.67d/B  91.11+0.51d/C 84.70+2.62d/DE 88.90+4.84d/CE 105.14+0.74d/F 81.39+1.62d/BD
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Table 6 Relative GPx expression levels in haemocytes and hepatopancreas of E. carinicauda after acute ammonia stresses

Y i fma e 1! I Fsf E] ( Stress time )/h

IR B 0.28+0.07 1.00+£0.06a/A  0.98+0.23a/A  1.09+0.13a/A  0.79+0.28a/A  0.86+0.24a/A  1.26+0.05a/A  1.00+0.09a/A
Hemolymph 4.79+0.12 1.31£0.15a/AB  1.31+0.07a/AB  0.98+0.11a/A  2.49+0.33b/C  3.17+0.07b/D  2.18+0.23b/C  1.61+0.68ab/B
9.05+0.18 4.7620.44b/A  2.54+0.51b/BCD 2.85+1.30b/CD 1.97+0.53bc/BC 2.85+0.85b/CD  1.42+0.18a/B  3.63+0.33c¢/AC
17.64+0.25 5.33+1.23b/A  3.24+0.99bc/C  1.97+0.64ab/D  4.04+0.57d/AC  1.61£0.77a/D  0.90£0.04c/C  2.72+0.27d/DE

34.87+0.46 3.03+0.66¢/A  3.85+0.28¢/B  1.83+0.13ab/CD 1.42+0.17¢/C  1.35%0.14a/C  0.79+0.02¢/E  2.07+0.05b/D

iRz 0.28+0.07 1.00+£0.01a/A  1.01+0.04a/A  1.08:£0.01a/A  0.89+0.25a/A  0.87+£0.01a/A  0.88+0.11a/A  0.88+0.05a/A

Hepatopancreas 4.79+0.12 1.01£0.03a/A  1.22+0.03ab/B  1.02+0.04a/A  0.52+0.09b/C  1.00+0.01ab/A  0.74+0.01b/D  1.05+0.06b/A

9.05+0.18 0.96+0.01a/A  1.34+0.04b/B  1.22+0.01a/C  1.01£0.07ac/A  0.76£0.12a/D  0.72+0.03b/D  0.66+0.02¢/D

17.64+0.25 1.07£0.16a/A  0.96+0.01a/A  0.98+0.30a/A  0.96+0.02ac/A  1.49+0.03¢/B  0.62+0.02¢/C  0.48+0.01d/C

34.87+0.46 0.97+£0.02a/A  1.64+0.05¢/B  1.52+0.03b/C  1.12+0.05¢/D  1.04+£0.02b/E  0.61x0.01¢/F  0.87+0.03a/G
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