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WE LRI R 9 HERE T (G Mg F'' Hg'" Z0°" [Ca®" Pb™" \Ag” # Mn®" ) RF L (Si-
nonovacule constricta ) T B8 SRR RIS RIS DR, REFEK(5.64£0.25) om 9 P &RBTHES T
BRY 2 %107 mol/L. 2 %10 7% mol/L, 2 x10™* mol/L. 2 x 107 mal/L. 2 x 10 7% mol/L 5 AW 0, LIS FRAH , Hi%E
3 FRIELEEE SN R R > IR > SR TR R R E R, G’ JFe T Mg P R AR
STEMABE HE In*" Ca'* At Mn™ TR AME AW RE Mg PV T ERME NIRRT BE, C .
Fe** Hg' ™ Zn"" .Ca’” . Ag™ Mo MEHMEARWBEE; G Mg 2o’ WHREMEIEATLE P,
Cu’* JF&'* \Hg** .Ag* Mo’ HAERBEHENEE, FRANRESREFHASEAR ERMEAL R EBE S

MY HERE L SRR E LS.

FB AR A, BN N T ERE
5y 28 :0558. 9 JRERIARG A

BRI TFREH TR EREPES T
AL E h RN LB LM T LR
HTREGEAETEB RS, X7 mE" g
FTREKT (Mytilus edulis) R (Lintoring sp. } 1)
HLRERR AN A XERE T REHLE
tigakios 7010k - F- S 3 AT SR
Bt 9 M RE TR e,
P& RE TS H LR R mL M, B EAR
RERBFHAEBPRAEPFEL R E
o

1 #MmE%

1.1 R¥HHE

SEI0 FESWE 2001 4F 10 BT & S e LA™
B, &K 4.25 ~6.85 cm, B EHK (5. 64 «
0.25)em, FHBEHLEMEY . BA KRS LI I8
WAKEFRS d, AFRICRIE, IR b 5, BT
Bk E RS, BUL BRI ER, HERERNA

AN E N 2002 ~08 -15;  #{TAM 2003 -01 -12.
ERTRA : B R W AT H (61999012011 ).

R RAB1980 - ), B, BiL, ARAKP=sh i & EEHFA
F4% . E — mail ; Wfu@ ouc. edu. cn

RS 1005 -8737 - (2003)04 -0297 -4

4 PR RS G R RS IR E O 60 R
1.2 EEpRE

B L ARRR A BEAK b, MATSHEEK
{0 ~4C), MAKEN1 mg HR/(10 ~15) mL &
Fok, kit b AR B EFESE 0 ~
20 min) , ¥ 5] B TE Sigma 1 - 15K B 5 i ¥ U
LHLEL0 ~1 °C,10 000 r/min B0 30 min, A LS
R AR, £0~4 CHRATHREZ, T24h
lakagiip ot
1.3 SREFHFERERRENR

IHERBTHMNEERERN R 1. HEER
ERRB S REITE N2 x10° ml/L,2 x10°°
mol/L.2 x 107" mol/L.2 x 10°* mol/L.2 x 1072
mol/L S MRE,IABEHREIANERE . FNg
R BT E AL
1.4 BEHRME

B 0.25 ml, B§¥CINZE 0. 25 mL F R E &R
BFHRET, £ES 10 min, R #HATREE 18
B STREIHERBEFHIE IRHMENRES
TEEH. FAM. EREATAERESE INES
FECE AR R, JER i AR S B
IR BMERTEESE pH . BEBRE, 2518 pH
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9.2.6.3.5.2; R 55 T .65 C 45 C, LR%EME
FEAEcE . MEES S R4 0EES i
W, VRO R I . M O LA T 8 (U/me
EA), Bx RAME S 100, A A N RS
FUASCRIBR S 5 I MR EU IS ) 9 WAR R 3F
R ANOVA B R 247 H0 Duncan £ H K
HiTBEEER.

N1 EMETFHMEIEE
Table 1| Metal ions and thelr sources

ST Meist jon ¥ Source
Ag? AgNO,
cat Call,
Cu?* Cus0,
Fe't Fe(NO;),
He* HeCl,
Mg* Mgs0,
Mp** MeCl,
Po?* Pb(NO; ),
Zn?* ZnS0,

2 BR

2.1 SRMNFHEAMENDER

SRS EARIMNEHLE N (1.47 2
0.72) U/mg BH, hE2 MEH, Q. Fe",
Mg PO M EEAMIEHERAEE, HEsRE
FRHEE, Ag 7E2 %107 mo/LIKET , REH
B, B M e P B S (R A A Gt FE 2 x
10~ mol/L ¥R, He'* .Zn®* #E 2 x 10 7% mol/L 3K
BT R BEERNRIERR, bk E 53 HA
ERTBE(P>0.05);Mn’ B 2 x 107" mol/L %
ES5MEAERARE, KR ERRA N EEH
MEIER.
2.2 SRMEFHERREONER

SRR AR R N B AR T MR L TS A 9 (126 =
53.5)U/mg B, MELREREI Mg P73
ERMEIYHARE MteRATERRE.
Ag' RN BEMRAR, LERRERDHER
Bk Ca”* 7F 2 x 10~° mol/L B A iR M A4 5
Cu*7E 2 x 107 mol/L.2 x 10™° mol/L il Fe’* %
2 x10™° mol/ LT AR B DR # 1 , FoA iR FE W

1) FAM. R pH MEE RIS AR, BN TR B X
#.

FRE HS REEHEAREELA BT, ERK
BRI M R VIR, HIE
JERBERE TR 20"t B7E 2 x 107 mol/L RIUE#HAE
JB, FoA e R R MBI AERT 2 % 107° mol/L. B 3K
RER HMHIER
2.3 SREFHFERREENER
MREMNSRSIRERBLMMILE N
(0.543 £0.0197) U/mg BH, MBE4TR,Ca™"
Mg’ Zn'* LR EME HEWARE, HALR
BFEWBE. Ag' Fe'' He' EREENKEN
MR, RRERNERARE G’ E2 X107
mol/L.2 x 10~ mol/L B i&I{ER , Mn®" 7£ 2 x
10" mol/L.2 x 10 "% mol/L RNV, HibE
FEMAE%; P B 2 x 107" mol/L RA KR
BES, Kok RN BEEAEER.

22 SANFHUEREEWEHHER
Table 2 Protease activities of Sinonovacula constricta un-
der effects of different metal fons

SMBT SMBTFHRE (mol - L™' ) Concentrution of metal ion

Metal jon  ( 2x10°5 2x107% 2x107* 2 %107} 2 %1072
Ag® 100" 123.82° 126.47° 124,28 113.94> 74.10°
Ca®* 1007  109.33* 88.39% 76.72° 81.32% 102.72%
Cat* 100~  102.51* 100.40* 91.10* 98.12* 87.7"
F&* 100*  105.28" 99.55° 102.98* 103.13" 105.47*
Hg* 100*  100.27* 104.60* 100.96 92.25° 63.33"
Mg 100" 166.57* 111.27* 100.19* 108.24* 106.07*
Mn®*  100* 82.10° 81.58% 78.52% 8§2.41% 109,05
Ph?*  100°  118.64" 117.73* 130.65" 124.83* 117.57°
7ot 100 100.10° 117.06* 106.69° 102,88* 72.26"

# . RPA— A E L ANFTSRARRTBE(P>0.05),
FHERERTERBE(P<0.05).
Notc: The supemscripts with the same letter on the same line mean in-

significant difference(P >0.03), while the different letters mean sig-
nificant differenice{ # <. 05).

3 g

3.1 MW T WS AR

X 77 M) 7 ) B B I Mytilus edulis) (AR
( Liworina sp. ) HALREE TP R 2B, R
R EOMS IEE . AREERELER, IR
TR A0 NS I N R A2 sh ek R /) — 20
SRR IS h S Y S HE R R 3. A
RMEARENNLERTRERNE SE2H
MEABS LSRN EhE > Ba8 >4
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RGN, 3 PR N BE R SR &
PrH AL R BRE ST . G AY =B R B T
BT T ORISR R S, AR 45
REERTE920L.

N3 SRMTEEENNE KR
Table 3 Amylase activities of Sinonovacula constricia un-
der effects of different metal ions

EMMT EMEFWE(mol « L™1) Concentration of metol ion
Metelion 0 2x107% 2x1077 2x1074 2xK07? 2x107?

Agt 100 7115 50.76° o6B.45 42.38° 33,16
Ca* 100" 89.52% 40.717 111.42* B2.79° 99.05%
Ca®* 100" 180.36% 1353.54% 74.35° 192.20° 124.88"%

F* 1000 52.41% 175.40° 114.71" 109.59° B4.65°
H?* 100" 133.87% 96.35° 134.42% 33,37° 16.93¢
Mg 100* 73.39* 72.76* 73.67* 68.57° 73.61°
Mai*  100*  7.80° 10.92°% 44.32% 5B.34° 42.24%
PH?* 100" 102.13* 109.05* 95.70* 97.05" §8.5§*
Zof*t 100" 20.75° 148.81° 84,76 75,19¢ 85, 78"

i /PP FEEL LR FERTRRFR X (P >0.05),
FHARRERER(P<0.05),

Note: The superscripts with the same letter on the same line mean in-
significant difference{ P >0.05), while the different letiers mean sig-
nificant difference({ P <0.05).

24 SARTHEETRRNEHHER
Table 4 Cellolnse activities of Sinonovacula constricta un-
der effects of different metal ions

LMW T 2 RBFIRE/(mol + L") Concentration of metai ion

Metal ion 0 2x107% 2x107% 2x207* 2x107% 2x10?
Ag*  100* 104.65* 99.77* 107.43" 63.98% o4,95°
Ca®*  100* 97.91* 90.38* 101.19" 94,25 97.37*
Cu®*  100° 99,95 91.03¢ 83 44> 97,75 4773
Fe'*  100* 105.31* 101.63* 104.20% 111.02° 72.09*

Hg*  100* 104.65* 100.31* 102.43" 57.22% 43.76°
Mgt 100* 110.02* 102.01* 117.52* 115.86* 103.99"
Mo*  100* 154.35" 119.69* 138.13% 127.92* 188.05°
Pb2*  100* 146.41% 151.40b 129 79 120.00% 03 59+
Zn®* 100° 97.04° 103.05* 106.19* 101.29* 99.42*
R AT L ARRFERTERAEE(P>0.05),
FERFRTEREE(F <0.05),

Note: The superscripts with the same letter on the same line mean in-
significant difference( P » (.05}, while the differsnt letiers mean sig-
nificant difference({ P <0,05).

B A BT S M (Haliotis discus
hannai Ino } I TFALRE, S5 RIAKR 2 % 10 * mol/L Y51
T,Zn*" Ca™* PP HHEAMEEELW, 55
TREL AR T He'* \Ag* \Cu®* X B I RERO I I

fEF . Mg** Fe’* BB EFERF Mo® LB ¥R
W, SALRRE. X TERE, He Ag” #9308
fERM Mg®" MG, SATRMME,; ™ Cu®
Ph** MBI RIS Fe'* (Ca™ Zn’* Mn®* KR4
B, 5ABRERTH, Vega-Villasante %M 2! 3t
I 3 O ( Penaeus californiensis ) I 1t B8 #) 9 9% %
B, 1x107 mol/L 3T, Mg™* .Ca”” W B M
BAHXEW , He' " [ Zn* xHE R METE 514 55 By
HIEE, HAL KA 1 1 x 107 mol/L By Hg®* |
In™ . NEBOEEIASYEEA
5 %107 mol/Liy Mg** . Ca** W MMIEHRAR
#HEA, XA ERMERAR. TR, &8
AR EYH AR ER BRI A 2 —BL 3
[ DL 25 6 A (8] 41 B E AR B), 3 5 o D0 2y
FANEB (RS ERS EmbaRA
=5,
3.2 EMEFHARHERENNBNOET
REEL, &BRBFRUTRN TS EY 8B
RITEHE P FIBEA B P AR R A R A, AT 3
FEEVEM B, B SR R e A MR R A
MR ELTIE. AREREFSBZETEE
HFEE 2 MMERAER. WERLRE THERMEHT
HLORMESR XA ES B FEEM2 FHH
BRReE: M RE EHE RESIBEA, AT
BMpRE, RLBER, HSAE T g3
FrEAEE TN RBRR N AR BEE, XY
fER D T RBE FARRBEAERLEAR,
3% Bryan 251 1138, $E80( Haliotis tubarculata )
B L B AT Ca®* Mg™ JFe' " BB B RBUE
Flo #BEE"IB T A LS FERRF( Reditapes
philippinaram) St ( Oyster sp. YR NE 2R X K.
HRER G 2n EREASRERR, LAD
RBEFRAFESER, SR LN EESREF
F-ERRBEANENE. ARy Q' E
2x107° mol/LFI Zn* ' ZE2 x 10 mo/LIETF(E
AP H P4 A R 3R M ok R AR R 4 10
000 5,10 15 ) X 4 DEMT B G H By R B MR 4E
A, htRERES BETaRE NAHFEERNE
L ihal, A K, FrERH RS, FHE
ERBTELINLBRYENALNAEZFERD. B
R EATRSREF I ANEROERILE .7
BRI FE A R R RS, 3
FHRIENEFHEETRHREBELRTHEE,
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Effects of nine metal ions on digestive enzyme
activities of Sinonovacula constricta

WU Zhong-wang, PAN Lu-qing, DONG Shuang-lin
(The Key Laboratory of Marine Culture of Ministry of Education, Ocean University of China, Qingdac 266003 , China)

Abstract ; The concentrations of nine metal jons(Cu’* \Mg’* .Fe'* |Hg** .Zn** .Ca®* .Pb** \Ag* and Mn®* ) were
designed at 2 x107® mol/L, 2 x10~° mol/L, 2 x 10 ™* mol/L,2 x 10 ~* mol/L and 2 x 10 mol/L, respectively,
and the Sinonovacula constricta samples were employed with shell length at 4.25 —6.85 cm. After 48 h starvation,
the activities of protease, amylase and cellulase in the S. constricta were analyzed by using enzyme analytical meth-
od. The results indicate that the aectivity of amylase in S, constricta is the highest among the three digestive en-
zymes, and the activity of protease is higher than that of cellulase. Within the experimental concentration range,
Cu®* ,Fe’* ,Mg’* and Pb** have no significant effects, whereas Hg’* ,Zn** ,Ca’** ,Ag" and Mn** have significant
effects on protease activity of S. constricta; Mg® and Ph** have no significant effects ,whereas Cu®* ,Fe’* Hg'*,
Zn’* Ca®* ,Ag* and Mn®* have significant effects on amylase activity; Ca’* ,Mg®* and Zn®" have no significant
effects, whereas Pb** ,Cu’* ,Fe** ,Hg'* ,Ag" and Mn* have significant effects on cellulase avtivity. The activities
of protease, amylase and cellulase in S. constricta show different variation patterns under the different concentrations
of metal ions.

Key words: metal ions; Sinonovacula constricta; protesse; amylase; cellulose
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