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Tab. 1 Basic composition of the experimental diets

BEOH BER(%) -t AR(%)
WEaY 25 #: B 10

7 E B 40 BeTNHD 1.8
E k@ 10 BABER® 0.2
H ¥ m 10 CMC® 3

® BAEHSLER: KH,P0,109%, NaH,PO, - 2H,0109, CaCO,709%, MgCl,5%, CoCl, - 6H,00.8%,
Al1,(SO,), - 18H,01.2%, KI10.29%, MnSO, - 45,00.4%, ZnSO, - TH,02.4%,

@ BEBERMAR: SELER ALB,D,E,K MZEBE RB ECEBURE R &),

® CMC: RBEFER,FEKAH.

Ko MABAF R RS, BRI ABALR, WT, 3 TSR & o

.TEA ‘

TR SRR SRR SR FE 105°C T BEE, iR E, REEER K, FREBRRAIRR
BRI EE, L WFD-Y, BIFET RIS 66T (AL 08 ) W K h Ao,
BEEEESE.

A WG RELBEENE

BaR PR L » 7E 0.2mol/L Na,HPO,~KH,PO, Mk (pH = 7.4) HHAHBO KR
¥, FIE #E B ML(Tomy Seiko CoLTD)T 4°c 4 F,%:H 1 000 X g BSi» 10min, &
WEH 15000 X g B0 20min, BURHENNESD EFRE THBRE MR T, BIEHE
o RIBILICMISIHEMEH gl &R A L EYE, N ARERENELEAR
HEY, RHEY,

5. BB HNEFZMENR

B R B i » 22 0.02mol /L Tris-HCI 48 Mk (pH = 8.0) 432, 4% J§ F§ TGL-16B
EHRAERE OV T 16 000 X g B0 20min, B K AL 0.02mol /L Tris-HCI £2 thig
SEHIHY Sephadex G-75 & (¢2 X 70cm) #fTEEEENT. BW—r EEKH CM-32
PHES F32 k(P25 X 12em) HATEMT, ZAETASEFH 0.01mol /L BB M (pH = 6.0)
S, R R IR R 5SS, FITEE & Mk e, SR F 0.01mol/L PO}~ (pH=6.0)F1 0.2mol/
L PO} (pH = 8.0) B fh 2% il FE BRI R M BREE PR e it o L3R B HTROBRE 24 30m]/
h, &8 4ml S IPBE, AR FRESEEETE#ENE &8 b,
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Tab. 2 Results of the gfowth experiments

B % = 1 2 3 4 5 6
Helh e E (mg/kg) 19 28 53 67 74 82
% PRANEE 100 100 100 100 100 100
® % HEFEHFEE (em) 6.89 6.88 6.90 6.80 6.90 6.89
B MUAREHRE (g) 3.82 3.76 4.03 3.76 3.93 3.90
POgIyzR S 83 75 86 87 91 75
& % STERE R (cm) 7.57 7.60 7.72 7.60 7.56 7.63
% B SHFFHEE (8) 478 | 471 5.14 ] 4.88 | 4.74] 4.96
B FiER(%) 83 75 86 87 91 75
fa TR R(%) 9.9 10.5 12.0 11.7 9.4 10.8
REEHMER(%) 25.0 25,2 27.6 29.8 20.6 27.2
% irR D 90 90 90 90 50 100
"y B XIFEBEE (em) 8.71| 8.78| 8.82| 8.86| 8.76| 8.86
Bl HIFEHHEE (2) 8.70 | 8.68 | 8.62| 8.80{ 8.49]| 8.57
- pag ==k 76 75 78 72 42 69
& =4 MIFEH KK (em) 8.89 9.01 9.17 9.12 8.85 9.02
3k % HEFEKE (8) 9.37 9.39 9.76 9.97 8.69 9.47
% EIEE(%) 85 84 87 80 84 69
& KR EHER(%) 3.0 2.7 3.9 3.0 1.0 1.8
HREE LK R(%) 7.9 8.2 13.2 13.3 2.4 10.8
® FXKFHERE, 1—4 SE,TRAIT—MNKEENIFY 40 B, B—41% 50 B; 5 2, A —BEEAERX
TR, R EIE R B R Ho

FNHT R R 20 LR 2T I AR AR 5 3 U w26 SE R TF B4 I B XHT o

M 2 BHL SRR, SANFE R BFER, BB RHAREAEL, FESH
BERAEHZHEEEEER, R XS REIIRES RN

BLE KR, ER— LR, & R SR EE RO, SRR R KRk B R
SR, 115 PR, 2SR 5> 512 53mg/kg(3 S 1E)F1 67me/kg(45 I, i
R ERRBEEE, HRES TR TXEER, M RERR/ N L ED, S HKE
MERBADE, ELREGREREENH B2 Net L, MEXN 1 SEGE
R 3 SEARK TS BATERRRES « %, A LR WA KIERER
EERMERFAREZR, WY 3 SHBRRWIMEKXEEST | SHEGT; 55%
FEBRME i G R AR EE N MEEERENR), AU EXEERERTHE
R AR SR, AR RMLRZE SR Bk TR R AR+, 80
AIE M, 35 A 4 SEMRIRAIT - RBCR B &40 0T, T AL E R U e 25 4

KT X UER TR R &, 35 T LB (1978) 5 B AN SRt 738 — Be B 58 (B K S e
R HTFEAAERTEMPETR, ROVEE S LSBT, LEX TR R HnEEwm
S0, RATHR L EIHRE,
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B HRIITH 3o MERIEH, E—WERH, YEMRFENERERT 53mg/ke B, FF
Bl P R & R AR AN, 4 5 HAVEF I BERE th4RAO TR ECEL 3 BERGITRE 1 501 L DU
R R — S, EFERTOESEENAS, XTREEPEEHEGNE
A EARETHEMPMER. HZRERBERCULR, EHETRCRITT R #HK
FEAHEHRTE —RERIE, XMERF R TR RET RN & E
KRB, B 8RR AH A K BT A B R AR SN, RERNAER, BEE—
PR MNP FHNSEERRLRTEHRELZIAFHTHEL.

#3 TBRXWFEATCufZo HEE (mg/ke, TE)

Tab. 3 Cu and Zn contents in the prawn (Penaeus orienzalis) tissues (mg/kg, dry W)

HARES 1 2 3 4 5 6
Cu 707.36 636.16 659.15 1426.20 1637.94 1637.19
% B RE
- Zn 87.76 72.03 73.19 73.54 94.10 81.46
w
o Cu 30.82 26.38 23.41 26.38 25.64 23.41
' Mmoo
Zn 75.10 50.78 39.28 30.69 32.40 30.76
Cu 441.88 105.66 270.06 527.36 578.19 514,78
= FFBRIE
= Zn 89.01 89.86 95.92 83.77 88.71 69.35
w
= Cu 21.97 23.19 43.94 20.75 18.38 21.97
U3 B A
Zn 47.84 47.22 37.28 39.82 82.06 37.69

EEFREE E DR NN REAR LR, EEARLRE, HERHREE 19—82
mz/ke FE BN N, TR BEERENAF BEALEPHNSERIHT ¥
M8k 5 BRI S TR NS E@ERIIIDBRR ZHERE K.

3. MRE & KRS A R0

EERFELRERN, e THAN FFEESEAREMBENEE, £ R/RT
F4o MFE 4 "I, BEEER RS BN, FBEMEER A MEHNEEER BT
In, B4R EEIAE] 53mg/kg B, BEFEH KRR A, RIBXBEMER. XM (LM S IF
R FHEM R, BEE AR, B RER, K2R XRH, YEPRHES R
B , i n 4n i R EALBS R BIMIE 1F o X T e 2 40 M PP I B 2R Sy A B
TEEMNHBRA B RERETEM, SXAEBOME T MREN TN AR, HfAdE
XA X TE Y, XTI RZ B E . XMEEENENSTRETRORRES
M, SRR RRAMERARN, BEEREZ T T . ,

*EHESI TR, W ASIENIFE. 2R BB EREA AT ARE
ERAMEFEER; FARXRHBEEHEAEORES B/ NFDHEEANEEEMR
B, ARSIRGSERF, *HAFATERRE T e G R S B R L A RO &R
REGZFREMAER. BN, EXRTH K FEXT IR AR RS RTHI I
TR, RATR 3, MK PR R IR A REHREERTCFPBIRN, HF BT
& R AR R, BEERAEE T AT AEN KR hFE
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Tab. 4 Activities of cytochrome oxidase in the prawn (Penaeus orientalis) hepatopancreas

Sy B = BLhiE ME I
EHRS KERRS (U/mg)® (U/mg)
8 9.348
1 9.240
12 9.097
5 9.562
2 9.545
i1 9.527
6 19.012
3 19.313
10 19.614
2 13.764
4 13.972
9 14,180
4 —
5 5.614
7 5.614
1 3.278
6 3.292
3 3.306
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Fig. 1 Sephadex G-75(a) and CM-32(b) chromatography of the prawn
(Penaeus orienzalis) hepatopancreas cytosol
6—o—o0 Zn, +—e—- Cu a. IAADTYM, UAREBREL, AN FHFH; b. 1%
ABRHBEFRENRHOSEYR, 1 AREKEYSREYR, - TEBE pH BE,
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4. AEFBEEERDAEHTL
EETRERT, SERMTRTREEORSH EELBREH LER, S 3 HE
Sephadex G-75 Al CM-32 #4577 BT, SR A 1o RIFIA N R FFBENE ch g 28 R 4
FREMFEES, URESTRRERENGE [l 0 by dsi, mE s k. B
BEMT IS R, FEBENE LV RS e N T R B RO R, S A A A B
HIINTI RN, SHEXRS FORETWRENRERD, XL BHE L EPE LR
Bo MBI TR BAERS M A RE N, S8BT 2 Son R i R DI RALE LISk
Hh B o B b 81 P B AP £ 4 2 R ST 305 £ 6 = 1A IR AR, 5k o e e v T A
S SR EBER, £ A0F SR S, B R ERERE &Y, &
B 11 4 BT 5 B EL BIRE S Bl o bR SE R — 5 iE T RATUATIR A B2, B
SER IR PR R B BRI B S EE MR R BB T RS & WA SR,

#5 FHEELERPENSFIH(%)

Tab. 5 Cu molecular distribution in the prawn (Penaeus orientalis)
hepatopancreas cytosol (%)

FREGSE Sephadex G-75 M58 CM-32 B R
(mg/kg) 23 11 & 11 2 i 11

2 99 38 22 40 97 3

RS

3 256 31 17 52 83 | 17

4 502 13 21 66 70 ‘ 30

5 578 8 18 74 54 45

6 661 - — — 69 31

=5

I AR BT I, AT RIS AT LR SR
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BT, DATEAEE £l TR BT B A2 S04 2 A R g0 1E0RE Fh FR N B B 4 » 1Rk v 4
&R 53mg/kg AN Ho
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EFFECTS OF DIETARY COPPER ON THE PRAWN PEN AEUS
ORIENT ALIS*

Liu Fayi  Liang Dehai Sun Feng Li Hefang and Lan Xin

(Instizute of Oceanology, Academia Sinica, Qingdao)

ABSTRACT

Six experimental diets containing 0,19,28, 53,67,74 and 82 mg/kg of copper were fed to
prawn Penaeus orienmtalis, in 12 glass fibre tanks (containig 600L water) for 21 days. The basic
composition of the diets was peanuts cake, fish meal, corn meal, sweat potato meal and wheat
bran. Growth and survival rates for each diets were compared. Activity of cytochrome oxi-
dase, as well concentration and molecular distribution of copper in hepatopancreas of the test
prawn were determined. The experiment was carried out on two body length groups: 6.85 cm
and 8.80 cm.

The results of the experiments indicated that, of the diets tested, two diets containing 53
and 78 mg/kg copper, respectively, produced optimum growth. Activity of the cytochrome ox-
idase in hepatopancreas of the test prawn fed on the diet containing 53 mg/kg copper was
highest. Copper content in the tissue increased very significantly when the prawn was fed on
the diets containing more than 53 mg/kg copper. Based on these facts, it is proposed that
53mg/kg copper in the diet is suitable for the prawn. In addition, the study on molecular
distribution of copper in hepatopancreas cytosol shows that copper in very low molecular weight
fraction of the cytosol rose significantly with the increase of copper concentration in the diets,
and that accumulation of dietary copper in the hepatopancreas was related with its binding to
the very low molecular weight substances. One of the substances had been isolated from the
hepatopancreas and the characters of the complex are now under investigation in our labo-

ratary,

* Contribution No. 1748 from the Institute of Oceanology, Academia Sinica.



