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HEHR AR Co ENWE LB MEEHERIT AL, 3T R BAIR AT K
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f, AXHE T BT ERRERBRELSHT LN, FRFEIFRNGRRRENL
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SR AR 1986 4£ 9 A L AEE 8 T BB X UF R IE » SR8 7.6—9.9 cm,
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BDHLHPT 16 000 X g B0 20 438, i de ¥4 B A AL, HR £ i WFD-Y, B
TR FOEBE (AU 58 06203 ) 4 B E bR A FE AR S s LTS |
FHETHY Cu M Zn,

5 2ml PG L 2#, INE] Sephadex G-75 B ERTEBREN., AR ¢ 2x70
<m, JH5EH 0.02 mol/L Tris-HC! Zrfik (pHS.0) &, MEEKTRE, HHERNE
MR BERE » MK 30ml/h, S EBMCSR BB I, BE 4mls FEX 2ml LR, 0.01 mol/L 8%
R (pH 6.0) HREZE oml, MBI HE—ZMRLE T CM-32 B F 3 HkE
($25x12cm) E#ITETREBEN, HMmis/E, 6 LARMB#HE, RIEAH 0.01
mol/L (pH 6.0) 11 0.2 mol/L(pH 8.0) BB MY HL A 24 M B B B 2 B 45 HB
3%,58% imly DHE LRERE A Ca M Zng

FINER 5 BAT, B FFRERE » 7F 0.2mol/L #J Na,HPO,-KH,PO, Zrhigg (pH 7.4) tf
S, BEEHLPL(Tomy Seiko Co. LTD) T 4°C #& T, MR 1000 X g 1 15 000 X g
ZEHB0 10 2 80A0 20 4, Bus EEL BRI R 4y, EF BF T BB E g, B4
FHEGR 3% Smith™ Eﬁﬁfiﬂ‘iﬁﬁqﬂiﬁﬁﬁ@?%%ﬁm%ﬁ ﬁﬁﬁﬁﬂ%ﬁé&?ﬂ'%?«%é
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1. Cu ERAAABHRE |
%1 ERET cu AENELMITR. BB 8BRS Co WHE, AT TH
Co (IR BEMALT Zn WEBATHW ANNE THART Zn AR HRLE 2L
#*& 1 JHFEHEEX Cu AR (ve/e, BE)

Tab. 1 Concentration of Cu in prawn tissues

T A # ,
: e W | H i ' i 4
BRT CutMER)

% A 4H 1.76 5.32 5.24 21.90 8.59

1 1.83 10.72 4.94 — 252.31

3 3.05 17.96 31.16 86.29 295.30

7 2.85 20.93 22.47 - 311.43

11 ) 3.76 35.40 24.27 74.54 335.78

ME 1B, Cu EXINGE . SR R RS R, RE
18 cu HRS BN BAL 3.4, 5.9, 3.9 71 34.4 4%, Eﬁmﬁlﬂmummwmw
LXK A Co P AR AR R 2 — BB NI E, BT EEE -8R,
IR Cu MR RS, IR R RN (RET Cull XF), HCu yaBNANE
MR 2 5 — o IR Cu T 8B R B A SUBB ST R,
MBIV WBEREDR.ELRARS, mssmx?im CufIBEI BB, RET Cu 1 X
55> L Cu HIIKEERK 335.78 wg/g (BE) X SERIFORMIMNERIF Cu S BUTTLE T

1) EFHHFH>PEMEERRNS .
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%2 MFEERD Zn HER(ue/s, BE)

Tab. 2 Concentration of Zn in prawn tissues -

1-=;..-~§‘\<;\\N ] A m _ "
T T " " B = BB
BET ComMER) - : ~ L

% A , 0.15 0.24 0.36 0.37 | 39.76

1 0.17 0.41 0.45 B 53.34

3 0.25 0.39 0.46 0.40 49.15

7 N 0.20 0.60 0.82 I 38.38

11 0.18 0.32 0.65 0.09 15.32

BB, SUFRFBEIERS KL K Cu &R E, RERIMPIE, 4K 7cm EEB’J
RAR P BT B2 5 KT 4% > Hoh Cu &R SRk Cu R 43%,
BlER Co ZERHT R E BN A5 o

Cu M1 Zh BFE—BIETR; Wi%‘&@w%ﬁ)ﬁﬁﬁzﬁ{uzﬁho ﬁﬁﬁm%ﬁ:&%ﬁ:
WITR R H GBI Cu & BMIN, Zn KR, 1B7EAR ST B b, RSB RYFF BBE Thity
Zn ERET Cull %Eﬁ@??ﬁ%&hﬁ’ew%ﬁﬁim%{: AT R 04 3K B A A2
o '
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FFRSREST R4 16 000 X g BLVE Eﬂ%mi{*ﬁ @%ﬁﬁ’ﬁ}ﬁ: OB R RI4R W % 4
5y AR HRE R R R R R S R e B e X R RIS Cu R Zo f95y
A IE 3 FiRo | .
%3 Cu 0 Zn EFMEBIWAHIR

Tab. 3 Distribution of Cu and Zn in hepatopancreas cells

BEET Cu gy (%) ' 8%
(f) Cu Zn Cu Zn \
o] . 3.24 0.31° . 96.76 99.69
o ‘ 5.06 0.43 . 94,95 99.57
3 4.75 0.29 95.25 99.71
7 ’ 5,71 0.92 94,29 99,08
1 16.91 2.21 83.09 97.79

fi% 3 U1, FEBERE Cu 7 Zn 4k ¥B A8 e b o b, B 72 26 T4 . B
R BSR4 » T MR LA R R RI R R T Cu R Zn Y BEIRAD,

K ERFEN L BT Sephadex G-75 AT, FHBREMMBME 1 iR, ME
hEH, MEAEERETH Co £WABERYTES (B 1a), TLRALERTI
Cu WEBHET M FER, ARESTFRSEBEMEBE (metallothionein, MT) il
R BHIT — N, BERBT Co MAMEK, 767N FERH Cu HILLH)
At — S MaE S (LA 16, ¢, d RIFE 4), |

ERERU, ML Cu & RS, K LMl Cu TEAHEAN T
o W LM B GEEREERRO A, ARBRITX PRI Co M4
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Tab. 4 Molecular distribution of Cu in hepatopancreas

BET Cu wiE KA EIE MT f IYTFE T
* (%) (%) (%)
*f R 100 0 .
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Fig. 1 Chromatography of hepatopancreas
supernatant of high speed centrifugation
on Sephadex G-75
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Fig. 2 Chromatogra?hy of hepatopancrca;
supernatant of high speed centrifugation
on CM-32 column
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EENTENDY F R (S Cu BB 66% LI L), ST MR S s a5 %
KREE NS THRES; BED & Co HIE MT g, XTEERBET Cu BB TS
ETHREEMEAR (metallothiori‘é’in—liké‘ protein), _EREWIHAA, Cu =R ER D
BRI, T ER RS IR N T IS Cu BIAREMME S BT
EEENEAEENE> —, BAXENHRRSERmEEE,

Ak —HTIT I BEE b R Y Cu, H§ L OM=32 W T SR T B, 2
BT Cu 3 RLUBKIFBIE LR H, RIAEDSS Cu BORM ZEPE R T 22 B 1 Pl 2
I TT 7575, X 54 Ga 6L 50 T 5 BOLL DI 2 SR B Cu BTG E . (0L
2), MiEE| 11 RJG, XA B~ Cu fyL 5 (B 24 ity ), X2 5 30T, 1 1
s T s Cu MRS Co ENBERHNREEEE R . .

1%TFEEMBEAURSEAMOEEOREELBRENRB RIEH, AMH%%
Y LPEREN DR LI TXMES R, EXFHTRE MT BEH/N
BT HFHES BN ENREEAFABERE, Frazier %A 52 Cu, Zn %
BB BEYMMRIT (Orrea edulis) RINEI, Cu, Zn EBSAA/NS TFEH, Hk
%H Cu 8 MT Bz 7E, X 5XFA AR, HFEN/NS TBE Cu A& MELE
BN TP AL, FA AR AT TS PR, TR BRI N T &
SIS WRAHBIE AT 2 B A Hxt Bl R AT B4

3. EREREiEES Cu NRRANENEZ ANXR

U R A ES IR SR OIS, AR TR, BT RR kiR
LB TFEERAS Co BF, HEXMBOREESHEEN cu WaBLE BN
%\O

BBT Cu AR HIE0 R IR IF Bl g € R EALBRRO IEME B E 2 BT T 50 M6
ﬁﬁ%ﬁi[} D,L log AAssonm = 0-01/5}%7—1"\'0
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Tab. 5 Activity of cytochrome oxidase in hepatopancreas of the prawns

BET Cu mXN pagi 1 3 7 1
WwiE (U/mg BA) 14.65 15.39 26.00 20.39 15.36

i 5 BT RN G RSN E R E BET Cu RF AN,
BAIBEE Cu (OB R TR, 3 K LURTF# T Be, 5 AR B, X IR FF R I EL T K BB
RFEC TG, bk s EEil], X IR b 5 M Cu WARER, Cu SB/ON, X
RS Cu & BHRIIATRI, % & RIS F— 2R E R, 33 B0 Cu 2 BB MBI,
T W, I IR RS, RIVEASERRAKE Co MR IR EF N R 3L, FFH
B S LA PO TE PR TR o Cu SR ROBEMTIFI 8, % Cu RS — AR,
FEHETT BT I » B R R o B bk B RIS T S B B rh L, (L KPR A A K
o, FAREFBIEREIT Co WB B, Xk R, Mt KR LB o g

1) XX %> EHRE Cu MM EFRER. (AR
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ACCUMULATION AND TOXICITY OF COPPER IN
PRAWN PANAEUS ORIENTALIS*

Liu Fayi, Wu Yuliny - Zhao Hongru, Hou Lanying and Sun Feng

(Institute of Oceanology, Academia Sinica, Qingdao)

+ABSTRACT

Mechanisms of accumulation of Cu and activity of cytochrdme oxidase in the prawn he-
patopancreas varying with exposure period to Cu were studled 1n labdratory. ‘The results
showed: :

(I) When exposed to copper dissolved in sea water, the prawns actively accumulated
the metal in the stomach, intestine, gxlls and hepatopancreas, and rhe amounts accumulated in
the hepatopancreas were the largest.

(2) Sephadex G-75 chromatography showed that after 3 days exposure, more than 66%
of Cu in supernatant of high speed centrifugation (16000 X g) were present in very low mo-
lecular weight fractions, and about 20% of Cu present in metallothionein pools, indicating
that the very low molecular weight ligands dre primary factors in the tissue accumulation of
Cu, so is the metallothionein-like protein. In addition, cation exchange chromatography with
CM-32 showed at least a Cu-complex in the very low molecular weight pool was related to the
accumulation of Cu in the tissue. y

(3) Specific activity of cytochrome oxiduse in hepatopancreas varied with increasing of
exposure period. The activity at fourth day’of the exposure was highest, then decreased. After
7 day exposure, the prawn molt was seriously affected and motality occurred. Therefore it
is possible to use cytocﬁrome oxidase as a biochemical indicator of copper toxicity to the prawn.

* Contribution No. 1387 from the Institute ot Oceanology, Academia Sinica.



