ISSN 1000-0933
CN 11-2031/Q

ESSEIR

i
g
N
I ) { [
| |
\ |
fri
| L : (|
‘ | f A 150 £ TF U { ¢
/ 14} ‘ g y § l'(‘-."y i) ! L ‘
o gl oy LT H |
J 1 A i ) 1.1 ' /‘
| | " ik 1 AR | :
j \‘\ ) | : T ‘ | | | J
q | ! / { ‘ DT U il | |
! ‘ 't x/ | Al ! } {
| \ ; AN 8 Al e ‘ {
- ' ; YEALANE (RALALEAN 1 |
| ; k 0 U M I \ { /
| / A I (% Vil
I | ‘ Vi i 1

RELAEFE .
R B A A TR S s
RN HH R



L J: / t 7 2 IR

«®'B
&9 (SHENGTAI XUEBAO)
vemerns. B 31 & F1LH 20116 A (FAT)
B X

B A S0 B R ERAT AL AT A IR S AR T ARG P T v vervnennenrensensieneiieieiea, AR 4T (2957)
B IE KA TS R B B IR R B AR PP AR e, g@%é\,ﬁﬁi%,j{%ﬁ,% (2968)
A B B AR R BV R AR BT IR S - vvee e XALE ,KAE , & 7=,% (2978)
R BRI R E AR B 2L A AR T P & o R G HE e

.................................................................................... [ & ’g{g/ﬁﬂa’j’ﬁ( g ﬁug’% (2990)
R E Y IR LB A L o verrreeeeernnnree et 2w E & FAHE £ (2999)
P ol S R AR R S AR ) 5 A A AR TR B e RN, HEF  HFH =, % (3009)
LBk BT 2 M T AR Z A A B oA 0 S5 A BB AR B r B e

............................................................................................. gﬁ/}é’pﬁiﬁ’%ﬁ ﬁ; (3020)
W R TURY AT | B e AR R R S A A o AT IR R A B BRI S ARG R e

....................................................................................... F/iﬁjﬂgff*,;ﬁ j;g’]gﬁ)ré"ﬁ’% (3027>
(EREEIL S ITE SN N W= & N B2 a0 SLLLILLLLLLLELEEREREERE X|HE, KO, Bk, % (3036)
F4 B Cd Wit 3t Lo LAY 0 BAL T 5 ALEE 5 PE o MDA A3 B uh vvveeeeserrmnrrreesnmnnnieeesnniieraae e,

....................................................................................... %ﬁ;‘éfu,ﬁ’ﬁkﬁ,%’:ﬂ}f%,% (3044)
Bl F B RARKAERDLZRD T ARREAGHAG K F e LR, MR, R R, ¥ (3054)
FFF AL LB XK REA AR I LRSI T weeeeeeneeenne o &, ERE,%F (3060)
FHBRTIAT RRAFALAARZ UG NEF B TACAGHrf oo WA K, EHE B, F (3069)
#igH RILE EH BB S EABMASAERBARS A ARESE LK - EHAM,E B, E R, % (3082)
R R 2 F B ALAE M AG I B ARG FL v vvrrrererrreer e Eﬁﬂ(,iﬁﬁﬂ,é//l\ = ,% (3090)
A K S Fed 3 K 2 RS MAM AT NaCl G 64 TR Bl v Bl eevereeeereeneenrennaennns BRI BT A E (3101)
IRBEFGE I N F R AR IRARETG B G LM AG R oeeeereeerr KO3, BAES, BOE R (3110)
B2 R AR 38 AR AT AT DAL AL R R A G R e IEE,KEMR, REW,% (3120)
AT MSIASM 77 ik 6 W ) 5 BATBCR AR SPAEAR I AT covemeeeremmmmnseennnnnnnn, x| Jk R, RES (3133)
R A R o AR I I v eeeeeeenenn e, B, E W HES, % (3143)
B AR #AF 23 AP F MM E B LAY IRAE R TEIE DT coovrrerers FHW,H BRI (3150)
e R A Kk e ST R AR ok 20 L DNA B9 ARAG AR oo oveeeeeeeeneeens F 8, F L4 0 4 (3156)
F A RV kB A IR B R AT rfy v &b HEIEM,H O, Z (3163)
K A G IR A AT R R R A E L A AR ARG TR e BAEW,E A (3170)
ER5%ZiA
RIRF IR B R RIFIERZ R ZATTLIEIE oo BOE A UL R4 (3180)
AR G A J) ZE BL B S0 E B+ vvveeernneeseensseeessse e e ettt e ettt AL 0B (3190)
MEEREARFRA R —EZ  ZAREAAFRSTEET s BEME E B A% (3197)
AT F N BB FBAIRFE IR eeevvrerreeeremsneanneenneennns BRA E A B R, % (3208)
B AL TR T HE P A T J veeeeeereesennnnnnine et ee e e e e HEE BN, Y XK, (3215)
M iFE B R AL G WRKY $35 B FAF IR oo A ﬁ»,éﬂﬁjﬁ (3223)
R EHR
SRR HEER IIE M A EREF LAY T fEfede KTk, i, % (3232)
3 AP BT B A R £ F S AT B AR ERECTA A B 6 FL L FE covveeeeeeee

............................................................................................. ;}3 %,Eﬁ%ﬁ,?ﬁ%% (3239)
BRI D S I D BEE TR T B K BERY E Aieenrererreneeeaenaeeens MO R EE, G R, (3246)

BFIEARZSECN 11-2031/Q * 1981 # m * 16 * 298 * zh * P % ¥70. 00 * 1510 * 33 *2011-06

ECEEEEECEEEEEEEEE

STEEGE . AT AL B KRS —— 8T T T P RS, A A CHOKZ S T SRR, 3 HL b A Y Y At 2 D v 2 XL
S5 B EH AR AR K A KB UAUK R K EE R AR ) 3=, O ORIk V22 A T, =2 H
KRG o 7= s 1 X RN E 2 A K R 7= X

FEREM: AL P EBAR A SV E-mail ; jpshen@ reces. ac. en



A 2 2F i 2011,31(11) :3044—3053
Acta Ecologica Sinica

E&E CdiriEa3xT O S L Es.
HEEFE D MDA € 2820

B Fe! ATRR? GEAUEDD T Bl A #
(1. T PERbAR ) LR AT oL, )AL 536007 ;2. ) PHLLRARAR B SE6 22, )P ILIE 536007 ;
3. TTPUREFMREERE PR T 530000)
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Effects of cadmium stress on the activities of antioxidant enzymes, digestive
enzymes and the membrane lipid peroxidation of the mangrove mud clam

Geloina coaxans ( Gmelin)

LAI Tinghe' ,HE Binyuan'?,FAN Hangqing'”*** ,ZHOU Ruqiong™', YANG Yan’"'
1 Guangxi Mangrove Research Center, Guangxi Academy of Sciences, Beihai 536007, China
2 Guangxi Key Laboratory of Mangrove Protection, Beihai 536007, China

3 College of Forestry, Guangxi University, Nanning 530000, China

Abstract: Due to the increasing discharge of pollutants into mangrove wetlands in China, a trend of heavy metal pollution
has been becoming more and more widely and intensively. The mangrove mud clam Geloina coaxans ( Gmelin, 1791) is a
dominant macrobenthos of mangrove wetlands, and serves as common seafood in the South China coast. Owing to its wide
distribution, large body size and high abundance, the mangrove mud clam would act as a potential indicator of marine heavy
metal pollution.

In this study, the effects of Cd stresses ( level xexposure time) on the activities of superoxide dismutase ( SOD) ,
catalase (CAT), amylase, lipase and proteinases and malondialdehyde ( MDA ) content in the stomach tissues of the
mangrove mud clams were studied under hydrological culture. Eight Cd levels, i.e. 0, 0.125, 0.25, 0.50, 1.00, 2.00,
4.00 and 8.00 mg/L were chosen. The stomach tissues of the mangrove mud clams were sampled on O d (the beginning
day), 1d, 3d and 7d, and Cd-release 6d respectively.

The results showed that the SOD activities in the stomach tissues of the mangrove mud clams were induced rapidly after
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exposure to higher levels of Cd (4.00 mg/L and 8.00 mg/L) , while it needed longer time to induce the enzyme under
lower Cd level. The CAT activities in all treatments were induced once exposure to Cd but inhibited with the prolonging of
the exposure time. Stress-release experiments showed that these inhibition effects on the CAT activities could be reversed
only under the lower levels of Cd exposure. MDA content increased once exposure to the low levels of Cd and then
decreased with the prolonging of exposure time. However, under the high levels of Cd stresses, MDA contents increased
with the exposure time and maintained at higher level even after the stress was released. Cd exposure had an inhibitory
effect on the activities of the amylase. Significant induction of the lipase by Cd occurred at the early time of the exposure,
especially under the lower levels of Cd treatments; however, this induction effect vanished and the lipase activity decreased
with the prolonging of Cd stress, and returned to higher level after the stress was released. The effects of Cd stress on
proteinase activity varied disorderly. These results showed that the effects of Cd exposure on the stomach tissues of the
mangrove mud clam differed through the course of the experiment. Whether it would be promotion or inhibition depended on
the given indexes, exposure time and Cd levels.

Our results indicated that the mangrove mud clam could be suitable for an indicator organism because some significant
effect-dosage relationships occurred. When the clams were exposed to Cd stress for 1d, the SOD activity responded regularly
to the stress level, however, this regular effect didn't repeat as the stress time prolonged. As to the activities of CAT and
amylase and the content of MDA, the regular effects occurred on the later stage of Cd exposure. Therefore, these four
biochemical indexes would be complementary if they were applied to the cadmium monitoring together, but CAT and MDA

would be more practicable than others.

Key Words: mangrove; mud clam Geloina coaxans ( Gmelin) ; cadmium stress; digestive enzyme; antioxidant enzyme;

lipid peroxidation
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Fig. 1 SOD activity in the stomach tissue of clam Geloina coaxans at the beginning day (0d) , the cadmium-treated days (1d, 3d and 7d) ,

and six days after the recovery (R6d) respectively
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Fig. 2 CAT activity in the stomach tissue of clam Geloina coaxans on the beginning day (0d), the cadmium-treated days (1d, 3d and

7d), and six days after the recovery (R6d) respectively
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2.4 Cd W3R 2T AR 00 B 2H 23 Ry ity T35 4 1 5 M A0 5 s ] B 7 G R
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Fig. 3 MDA content in the stomach tissue of clam Geloina coaxans at the beginning day (0d), the cadmium-treated days (1d, 3d and

7d), and six days after the recovery (R6d) respectively
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Fig. 4 Amylase activity in the stomach tissue of clam Geloina coaxans at the beginning day (0d) , the cadmium-treated days (1d, 3d and

7d), and six days after the recovery (R6d) respectively
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Fig. 5 Lipase activity in the stomach tissue of clam Geloina coaxans at the beginning day (0d), the cadmium-treated days (1d, 3d and
7d), and six days after the recovery (R6d) respectively
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Fig. 6 Protease activity in the stomach tissue of clam Geloina coaxans at the beginning day (0d) , the cadmium-treated days (1d, 3d and
7d), and six days after the recovery (R6d) respectively
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RBEIEME, Zikic & RN ( Carassius auratus gibelio ) HFE1E 20 mg/L ) Cd R B HOR S |, IFAEH SOD
N CAT TE M2 B BN, MDA BR 2 AL P i Bt 480k Sy i) 82 7= 40y [ g ST 5 28 1 5 i) e o8 A
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HE, BRI A BN 553 FIRBCEE, A5 . Company 4517 4l #8275 0. 9 wmol/L 1 Cd ¥R L
24h J5 5 DL ( Bathymodiolus azoricus) FBEH MDA 5 & B 35 Fh i, SR 10 2 354031 1T SOD Fl CAT By BES M,

AR W], F AR Cd Ja R ZIA R B 2H 230 A A BTG R F0 MDA (1452 1 2500 6 IR — A 3h 2 1 28 1k
LR 375 T R AN, RS ] B0 5 s MBI B ) R AR B S A T S X AR AR 22 1Y 75 B E S A AT
AR ZE R TEASSCH Bk BE Cd XF SOD T4 Y 8 35375 5 52 il 76 Jpih 3 00 bl o 3, IO B Cd 19185
T2 P ZRERIN ] . CAT 5 SOD AR R0 1, = vk BEXT CAT 1 M 19175 T 52 me) 0w A R 7 AR vk 2 Joy
TR RN AR W S, T ELAE 2 BRI 0 5 AR BE AL CAT 36 M BT, iR LA R4 N B, SOD 5 CAT %
PEASAE AN — SR A B 26 D RE L B AR BB ME , Peters 251 B JE B 4500 kg ek 45 200 (R AFF 5% Hh -t X
ZEFNARDL . Peters 2 AT HESE SOD FI CAT A2 AL AR 58 4 A [R], SOD A1k O~ AL Ak B 1o A S
CAT JIEY) H, 0, IME—KIR, H, 0, N ] N B Rl A (5 3R P450 A ALRERGE ™4, MDA & 2 AR A
TRAPPEIRZRG R, ASSCHFFE R IR EE Cd 3B 900 MDA & & B JH (HEEJS T R R BAK - mik
J&E Cd h3axt MDA & R 2 dEAE FIR i J5 BB THs AL PR R K-, X R TR B2 A T, ZER B
By A AR BRI A A AT A R GEAE AR A8 R R A R 45 0 I A R A S T, SR T 7 e I
i N LT B RGEE B IR
3.2 HAm IR AR Y A ) 0 S50

DU TH ATt 1% P 2 S e DL S0 A AR BRALBE 1Y — I B8 AR, 5 Has e v PR A A OC, A S sk
g R TOME S5 E T L0 I 3 I AL Y 3% 0 KT 3R B < AR > TE R > i D, GX 5 22 T
SEUPVIGE 4R TR IR, 20RO A AV Rk e R LR R A S AR ) T e ) B R A B A
oL, HEit % st

TH ARG AT — R EE b S T A= AR EDR A T A RE 0 (742 1k, 0 4 Jag 2 3 od e 2 A Tl T 52
ma AR AR AR AT R BT S T A A AR Y IR g DT S BN I ek AR I S
L8R R AS [ 0 P ST 5, 4 3 X AS TR T AR Bt ) VR LIS T, Sastry 1 Gupta' ™! #t38 0.4—1. 6
pmol/L [ HgCL i ffi Channa punctatus FEIE NG T BEEE T R 28.30% —45.28% , a4 > i se % 1A,
2x107° mol/L ¥R E T Hg™  Ag*  Cu” X4 S8 ( Haliotis discushannai)) B2 G PEA W HIVE R, W Zo® |
Ph> G R Hg™  Ag” .Cu™  Ph> I S M BEHE 1 s Fe®  Zn™ Mo BE4R S TEM RO TG M, AR i)
9 MEIRET S AU ERREE X451 ( Sinonovacula constricta) B 202 WP 2R 1 B AN TE A5y BTG 1 00520 R .
Cu’* \Fe’* Pb™ X EE FBEG J R A 35 He™  Zn®" (Ag™  Mn™ NI 5200 I8 2 5 Ph™ X6 3 B 06 0 52 W S B 35
Cu™ Fe’* Hg™ \Zn™" Ag" Mn™ XHVER BRGS0 i3 . A7l 5 20 DT R 8, AN TR BE 1) Cu™ Xof rh AR G0 2%
& ( Eriocheir sinensis) [P B (%) 5 2 11 RN JE K93 G PR YA AN TR) R BE A A, EL Cu™ v B2 07, 00 46 1 FH ik B
5 (BRI I S 1 D) A e BE AR Y 4 s VR

ASCWFFERW], Cd X LI B 1L 3 Tl i A0 0% 52 800 AN — 38 R VE R Bl AR 52 M R0y F A B A ]
AAEMIERI 0. 125 mg/L A FRAT R I/ IR RE A5 5 TEMMA R, AR 14 52 2 1 25155 5, B Wi i (8]
S T P U] T R (] s 30 ik 3k S AN TR) R B A - Cd % 28 1 Tl ) 552 M 00 R AR P AN ] B
3.3 RTEYFRCRIRRT

CIRIE— TR AF ) Cd PR . WHIR R W) P 3 D s 2D R AR AE 55 R 20 R IR BR AR A Zirb Cd & iy
2.13x107° , HASEIURWI T Cd &4 0. 70x10°°, ZLRI WL BREE TRV 4 22 800 3.0 5 /R 20
Cd FEFM RIS 4R | [ X Cd A —E M SZRE T . BARERRE TS Gl it oK e LA™ AR SO 45 vl WL B 800, 15
Xt P A B A A s FRAT T RE AR S e 0 T 51 S A T B AR 1 AR AR M AR AT e T
L) DNA 4514570 45 sk seAE bl S 3R bR ic W AR A FIME S . FEARSCHIFSE M 6 AN kAR FR T, SOD |
CAT Fil MDA 3% 3 A~ LA FRAZ IR 2 IR AR T

ARk TR IR R BT A AR R ] T3 7 T e M T Y 2B bR ic W Oy T 2T e T — SRR, A e
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SO SBEFEIN R SR ( Meretrix meretrix ) 61 MDA 5 1 GSH  GST 1if 14, LA B SCHA T AL B 71T MDA % % il
SOD 17 M REHA-Hb S WAL A0 38 AR 0, B B AR DGV | 2 T VR L 15 S 9 TR TE A= W MR I 6 A 5 R
SRR AR IR TP CAT WM A Rt 3 80 25 . X LA 18 I 7E Cd MR EEAR T 0. Smg/L B, KR £
( Boleophthalmus pectinirostris ) FFIIE SOD Jif P X AK AR 5 Y2 A IR G AOF8 748 i CAT 3524 Fil MDA & &~
R /R KIS Y B IEESE O 8 AR E 4R Cd . Cu A9 50—150 we/ L e B X [8] MW ( Corbicula flumine ) 3k
AAUf CAT 36 ¥ 7T RIAE R M5 Cd | Cu V5 34 A 8004 Wdiic . @& 4 557 A K I R00 oK &, 4 5 fi
( Sebastiscus marmoratus ) FFIEHHTE AL BT R 58 (€245 GPx .CAT . SOD 5 P41 MDA (GSH & i) 7 DAAE A W il
TR B A DL 5 Y IS TEAE DR R . SR X ST A5 R W], A= Wy 8 A5 1 A AUPE 5 s Rl 2 Fnd
(EIREE L7 B~y Y S ISRl i

AT R, SOD IS HETE 1d B, CAT 16 MRl MDA 5 i 7E 7d FIREZ 6d B, 1 30T 0 38 (00 -39 o
FASEHKFR . 1d I SOD G PERER AT M4 s /K AR FR 45 v Cd 25 7 Akl , B T S R00; , SR T, 33X — &L
Bt I I E) ) A TR B, CAT TG PR MDA 5 2 (400 -5 2 AH DGO R WL HAT K0 . AR, 3% 3 4
A AR FR X T A W ELAT AN, A0 R WA R AR PP S P TR IR R M R
REAAR A e — Fh b SRR 00 35 1 T2 17 320K T LR e ST il 22 A 1 2 W b 35 W 4 5 R A i, AR T
T ARSI R CAT 16 HEFN MDA 5 53X PS5 45 (19 8 1 AT BE T LG SOD i 35

7T A AR A 75 G Wl 36 1) 26 Wb i 0 IO I S8 T AR 35 20 Bafield 2510 & BT 5% 7% T Cd
28d Ji5 , TH AL (27 4E R ) 1% Ve Rl R S i b DT AR T LIVE 4 I8 Cd a2 bRic Y. A SC
TR R 7d FIWKIE 6d I VERI TG VERE Cd Wk B2 S 4Rk T R He W% 4 5 50 1 2 [A) A7 7 35 A
KKFR, XRYIZIRILE 2 TER B HEIN A FTREVE M E S8 Cd 15 QL I i —Fh A= rhmic )
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