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Abstract: In order to investigate the effect of Cd* and Cu® stress on digestive enzyme activity of Tegillarca granosa .
enzyme analytical method was conducted to analyze the changes of the digestive enzyme activity of Tegillarca granosa

2
*, and

exposed to different concentrations of Cd** or/and Cu®" for 30 days. The concentrations of heavy metal ion Cd*", Cu
their combination ( Cd** +Cu® ) were set as one, two, five, and ten times of the corresponding maximum limit values
according to the Water Quality Standard for Fisheries ( GB 11607). The results showed that compared with the blank control
groups, when Tegillarca granosa were exposed to low concentrations of Cd**, Cu® and (Cd*™ +Cu™ ), their digestive
enzyme activity increased at the early experimental period (or be induced), and then decreased at the later period (or be

inhibited ) ; when the Tegillarca granosa samples were exposed to high concentrations, the amylase activity decreased from

the start and kept low level all along. For the same heavy metal ion, the toxicity of the high concentration groups was higher
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than that of the low concentration groups in the amylase activity analysis. In the comparison of the two heavy metal ions and
their combination, the toxicity of the Cu®" group was highest, followed by the (Cd**+Cu®) group, and the Cd** group was
lowest. The lipase activity of Tegillarca granosa increased at the early experimental period, and then decreased moderately
or weakly at the later period. For the same heavy metal ion, the toxicity of the high concentration groups was higher than
that of the low concentration groups in the lipase activity analysis. In the comparison of the two heavy metal ions and their
combination, the toxicity of the ( Cd**+Cu®) group was highest, followed by the Cu®* group, and the Cd*" group was
lowest. The pepsin activity of Tegillarca granosa increased at the early experimental period. In the middle period, the
activity had the variance of being increased, decreased, increased again, and then decreased. At the later period, the
activity increased weakly, decreased moderately, and decreased weakly for different ion groups. For the same heavy metal ,
the toxicity of the high concentration groups was higher than that of the low concentration groups in the pepsin activity
analysis. In the comparison of the two heavy metals and their combination, the toxicity of the (Cd* +Cu®) group was
highest, followed by the Cu®™ group, and the Cd* group was lowest. The results show that there were obvious stress of Cd**

and Cu™ in the environment for the digestive enzyme activity of Tegillarca granosa.
Key Words: Tegillarca granosa; Heavy metal stress; Cd**; Cu®™; digestive enzyme activity
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1.4 SRt

CA* I Cu® B U BE 23 e (il K FARAEY) (GB 11607) i m FREEAY 1.2.5 .10 {54 &, B4R A A1k
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Table 1 The design of heavy metal stress experiment

51 Group Cd**/(mg/L) Cu**/(mg/L) Cd* +Cu**/(mg/L)
25 4 AR Control 0 0 0
1 0.005 0.01 0.005+0.01
2 0.01 0.02 0.01+0.02
3 0.025 0.05 0.025+0.05
4 0.05 0.1 0.05+0.1
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BT UK D] BT E AL 2 A Y 0.86% A2 FRER K T TR 2 Yk, BR 22 03, FH BB 46 15 AR ER
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VoA, S50 5 3% 78 g 3 VR Y AR RS U5 SV A B TR R 8220 7—12 d, VR BE R Cd™ +Cu™ 2B M
SEHG— TR A I 2 A, LR RN W . B A B TR] A SE A ) AT PERZ RS R (K 3)
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0.16 -
. 0.14
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B % 0.12
%D 0.12 + T " E
HS v 3 0.10
E|S 010 b 5 2
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2 5 0.08
2% oot —a— AL 8
! —e—0.005mg/L Cd* 2 0.06
= 006 | —A—0.0lmg/L Cd** Ele
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0.02 1 1 1 1 1 1
0.02 1 1 1 1 1 1
BURERT ] Sampling time/d JUREIT E] Sampling time/d
E 1 Cd*BME TR EHEEENTL 2 Cu™ Pl TR R M EEE LML
Fig.1 Time course changes of amylase activity of Tegillarca Fig.2 Time course changes of amylase activity of Tegillarca
granosa exposed to cadmium granosa exposed to copper
PSS I 5 30 K Ve i i PEAE /N, R 32 L — e XfHEAL
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B— Cd* LR BN Cu™ AL Z 1]
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2 M B2 R A TE R B Y TG 7 (P<0.05) (£ 2)
2.2 Cd* . Cu™ K H 4G a0 R U nit R 1 e
4k,
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L 0 5 10 15 20 25 30
{F A U T T R S R, BR G+ Cu® 2 B R VR EE HUREI 1] Sampling time/d

TR R e T = 5 B R AR AR I, 7F Cd™ I Fig.3  Time course changes of amylase activity of Tegillarca
R VSR G 7 B AR SE B A S K IK U AE (18] granosa exposed to cadmium and copper
4) o Cu™ 19 I3 X5t 06 B R P Tl 7% 2 10 2 e BE SR 21 o 512
B85 2 Rtk Mg, FEalEWE A 0.01 mg/L B Cu® 4, FESLIRAIEE 2 K, Jemit AR i mes L T3] 28 3 iR 2
B 345 (K 5) . Cd* +Cu® 2HA R e E (0.05+0.1) mg/L A1, Gt 8 o) Ve it i I it 3% ek 1 S i, i S0
WREN, BAESCI T IG5 19 2—5 d NIABIIEAE , 5550 5 W e dl 50 S E (B 6) o

FLER S AR 30 RNR WG M , K A2 o — B T W3 B, 7 AH R MR BT, Cu™ AL YR BT M it 0% 4 P
KT CA> LR, Cd™ +Cu™ 41-G i U8 i Ag 15 Bl 7% 4 6 B S A 1 R 6 o7k 3 ) B — Cd™ 4L i i sk Cu™ 4
Jekif,

Two-way ANOVA Z3#1 B . 78 Cd™ [ Cu” Fll CA™ +Cu™ Wipac s R v | R B TS [60) %o e it i Uy T 0% A 2 o) 345
AR 2E 5 ) 5 R B A 28 B A FH A 08 3 s ) o TR I I ) 3 ( P<0.01) (R 3)
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Table 2 The Two-way ANOVA result of amylase activity of Tegillarca granosa exposed to heavy metal

B Concentration B8] Time e [ B8] ConcentrationXTime
205 Group
dr F P df F P df F P
cd* 4 14.447 0.005** 5 3.79 <0.001 *** 20 0.892 0.597
Cu®* 4 20369  <0.001 *** 5 19.344 <0.001 *** 20 2.069 0.016
Cd** +Cu? 4 32.977  <0.001 *** 5 28.752 <0.001 *** 20 4.273 <0.001 ***
df: A, MR, « P<0.05, * = P<0.01, = * % P<0.001
0.055 - 0.055 -
—=— XF A —=— P4
0.050 —e—0.005mg/L Cd2* 0.050 —e— 0.01mg/L Cu*
~ 0.045 —A—(.01mg/L Cd2* 0.045 —4— 0.02mg/L Cuz*
o —¥—0.025m 2+ o —¥— 0.05mg/L Cu**
L .025mg/L Cd 040 -
0040  00Sme - %ﬂi 0.040 —— 0.lmg/L Cu?*
#E 0035 oy & 0035
E2 0030 =2 0030
gz £S5
2E 0025 EE o002
Im © Jm ©
=S 0.020 =S 0020
17} o
£ 0015 £ 0015
. 3
0.010 —3 0.010
0.005 - 0.005
0 1 1 1 1 1 1 0 1 1 1 1 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30

BURERT ] Sampling time/d

E 4 Cd*BMETREAEEEENT R
Fig.4 Time course changes of lipase activity of Tegillarca granosa

exposed to cadmium

2.3 Cd* Cu® BILAA Whan el & s v 22 4k

SEEEE IR 5 a5 (XTI E, Cd™ L Cu™ A i
XS YRR S R RS PR e A A%, 7E CT AT,
SRR, Vel E AR R A2 205 T, LR M R
RT3 - B AR - P T e - PR IR A AR Ak, 7R SE R A 55 2 KR
5515 KB 2 A6 MR R A I 1T T2 6 R 39, 0.025
0. 05 mg/ L 25555 e B2 Jh 300 XoF 08 e 2 1 3 2 52 i
IRFEACHINTIVERT (8 7) o 7E Cu® AR, YU
0.01.,0.02 mg/L B, Jehlt 5 8 1 B 4 7E 52 90 i AT 25d
TR AR AL ILIR , FEARSZ 5400 5 4 N
0.05 mg/L F10.1 mg/L B, 3 HIFESL AT 4 d.9 d XS
eI i 2 1l TS PR 5 A T SR 5 S Ak S A i A
(E18), Cd*+Cu™ 4l A X UR R B H 1 B G 1 A 52 o B
FE A AER A E 4 A (0.005+0.01) mg/L F1(0.01+

BB} 1] Sampling time/d

B 5 Cu®iig TiRMARMHEEE LR ETN
Fig.5 Time course changes of lipase activity of Tegillarca granosa

exposed to copper

0.055 r

0.050 —e—0.005mg/L Cd*" + 0.01mg/L Cu?*
0045 L A 0.0Img/L Cd?*" +0.02mg/L Cu?*
o —¥—0.025mg/L Cd** + 0.05mg/L Cu?*
gy 0040 - ——0.05mg/L Cd* +0.Img/L Cu®*
B 0035
=
;g S 0030
BE 0025 -
o 0.020
£ 0015
—
0.010
0.005 ’
4
0 4
0 5 10 15 20 25 30

BURERT ] Sampling time/d

Bl 6 Cd*+Cu* H&E TiRMHASHHESEMENTK
Fig.6 Time course changes of lipase activity of Tegillarca granosa

exposed to cadmium and copper

0.02) mg/L 0 R, YR 2 F S VE2E S A0 52 2038 S 50 SR A SR 2 KA 10 KR4 H B 1 N (P<
0.05) , FHCAFHE—IFAE—TH R —FRARAY AR ML, SRS ATESLIR A5 13 RIFAR 28I, e sk B AL &
(0.025+0.05) mg/L i T, B 6 76 5250 25 5 KA i B — A B 3 VA S I {E (P<0.05) , I @k E 4L &
(0.05+0.1) mg/L X e 5 25 B A0 15 P — EL 2 HIEH (B 9) .

FLA SRR 30 KUl B & FI MG E(E , K A2 i — B 7 A i, ZE MR AR E R, Cu™ 418] AL Cd™
., Cd™ +Cu® LA B AR T AH XS R e B 1 3 — Cd™ gl sk Cu™ ZHfH.
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®3 ESEMETREREMEEEHNERFTENTER
Table 3 The Two-way ANOVA result of lipase activity of Tegillarca granosa exposed to heavy metal

% Concentration fif ] Time e JE I E] ConcentrationX Time
205 Group
df F P df F P df a P
Cd** 4 377.149 <0.001 *** 5 473.663 <0.001 *** 20 36.122 <0.001 ***
Cu?* 4 23.068 <0.001 *** 5 24.967 <0.001 *** 20 2.586 0.002 "
Cd* +Cu?* 4 34.938 <0.001 *** 5 11.264 <0.001 *** 20 4.888 <0.001 ***

df: B B MR« P<0.05, = = P<0.01, * # * P<0.001

18 - 18 -
—a— YR —a—XF R4
1.6 | —e— 0.005mg/L Cd*" 1.6 ——0.01mg/L Cu?*
~ 14 —a— 0.0lmg/L Cd*" _ —A—0.02mg/L Cu?*
ml4r —v— 0.025mg/L Cd* o 4t —v—0.05mg/L Cu?*
P —&— 0.05mg/L Cd>* o, —&— 0.1mg/L Cu**
# g #E
22 10 22
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Table 4 The Two-way ANOVA result of pepsin activity of Tegillarca granosa exposed to heavy metal

P Concentration i} ] Time e & xBHE] ConcentrationXTime
20 Group
df F P df F P df F P
Cd** 4 32.458 <0.001 *** 5 61.465 <0.001 *** 20 6.802 <0.001 ***
Cu?* 4 7.471 <0.001 *** 5 13.599 <0.001 *** 20 1.637 0.073
Cd* +Cu** 4 11.424 <0.001 "~ 5 28.359 <0.001 """ 20 3.602 <0.001 """

df: HEE,; « BEMHMER. « P<0.05, * = P<0.01, * % * P<0.001
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Cu™ X 45 458 14 8 3 BRI 1 P02 M N J00 8 5 X 48 05 2 P R M s it R 3 Al R g SR 2 SE 30 1Y
SRR E R R B T S YT AL I 2R SR RE RS 1E F AR AZ (W A Y
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