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Inhibitory Effects of Cu and Zn on Vitellogenin Production
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Effects of Cu and Zn on estradiol-173-Induced vitellogenin (VITG) production were electro-
phoretically examined in hepatocyte cultures of rainbow trout. Hepatocytes were precultured
for 2 days and then Cu (107°~10"* M) and Zn (10" 3~10"° M) were added to the incubation
medium with estradiol-173 (2>X10°¢ M). The hepatocytes were cultured for 5 more days. The
relative VTG production rate was expressed as the percentage of VTG to total proteins inclu-
ding the VTG. The addition of Cu and Zn to the incubation medium had no appreciable toxin
effect on the viability of hepatocytes in the culture. However, Cu markedly reduced VTG produ-
ction at any concentration used. Zn also specifically reduced VIG production by hepatocytes
in a concentration dependent way and there was a significant reduction at Zn concentrations
of 107* M. The reduction recovered by removing Zn from the media, but Cu did not. Additiona-
lly, enriched Ca concentrations (1.8 to 2.5 or 5.0 mM) in the incubation medium had no
protective effect on the reduction of VTG production by Cu 107* M. These results suggest
that the production of VTG is more susceptible to Cu and Zn than are other hepatocyte-derived
proteins.
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I, Aol @ A7t AAE] F2
2 AN et o] EAle AU o
e uxe Fo] opde, A, 35 T 54
AEl QloAE A7 FAE oiFEz ok
Hle A= Al 249 pHIF SAER A
=, EREE 5 v AFtEol Foly
ol w2t ol & FAAES] el & d¢E

gl XA "l Lee and Gerking (1980)-2 B
49l desert pupfish (Cyprinodon n. nevaden-
sis)E pH7~59 A4 3AHFNA A8l o
ZT (pH8.3)ell wlal dsbibe] A7} sl
tbx B asbgdch

R, A %49 Cu W Zn 59 F40]
&8 7HESele] FF {3 FEole BEE A4
SAIRo.2A Felig-E F4A70eh Hickie et
al. (1993)-&, A4dul9) sl dta gl sl
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g Lele|eso) e FAAE A9H o
gheol, FAME] xojaks AYS sk 2
A, 752 Cu % Zneo| FR7E] xjojdl] 9l
o A EAE 7RG Barsiich

Cu 3l Zno] ool Al wxe d3
pHel Az dll 2 EA4AIAV YIS AAeE
Zez ¥asla 9let (Hutchinson and Spra-
gue, 1989). Cu ¥ Zn2 Ao F55o] &
A Fo] 4Ry mE oAby} Agksle] 1o
Biol ez pubgch GHEil, 19943 /b,
1994). a2j2g, 445 FollAe= Cu U Znol
A, 53] 2he] Ayl dge A 7t
40 & AR AAF ofFe e A A
<710 W3k AFAQ Vitellogenin (VIG) &
AT 83 AEE s 7IBe R gex
glemg (Hara et al, 1993: Kwon et al.,
1993), ol A4 5ol Aol g sle Ao
¢eFl ol &ate] JAHAE el AL F4
gofl oA Fa3F AlEta o Al

3, #, Mugiya and Tanahashi (1998)
= FAMNE 2 ZHA Ful kol 98 VTG T4 A,
Fral g0l F9l shtzE 48l Alel X9
EHLE VIG 42 AAA I Basigich
oy, AA7EA] Al ojele] F4ol&e] VIG
Aol vxE ko] o3t YA BaE gle
AA o)t}

wehA] £ ATl A, FRMEF Q] ik 7HA|
L Z olfsled, fall F&el2! Cu H Znol
VTG @Al vlxl= ddkell thzlA ZAbstgich

A g oy

FRAME] (Oncorhynchus mykiss)© H3l%
ek AR 2] AAgrzdlA AR AT
150~250 g? ZZ AR&Eqch. FAMSl=
AE 394 Ho| FIE FAT HAE FA4

A7 Agssict,

1. 7 xe) B o e}
M E£E Kwon et al. (1993)0)] 230 =3 #

Hayashi and Ooshiro (1986)2] HhHoj we}
Eals ek ZHIZE Collagenase (0.5 mg/mé
Wako Pure Chemicals) ¥ 4 ¥ ¥#ql
(0.98mg/m¢ ; Sigma)< E33 FF-E- bufferol]
o FejAlzich

&)= 7HAE+= positive-charge (Falcon) &
3Per FekaE kR Alell 3X107HE Wol wh
&tk wiekoll= 0.2 uM Bovine insulin
(Sigma), Streptomycin (100 pg/mé), Penicil-
lin (70 ug/m¢) & NaHCO; (23 mM) 2 A7}3
William’s medium (Ca 1.8 mM ; Life Tech-
nol. Inc.)< ol§3iirt. ZHAIE ok wljokl
3 méE Hrkslod 15T, 5% CO, Z7stollA ¥
vk AR wioke 247 el okl
Y argksldch

2. WjoRNI ] AEE Wk

A 297 AP s 3 &, E. 9 &
ol (Cu % Zn)E FAl Hrlste] 597+
w3k ¥, 0.03% EDTAE E3% Q14 Buffer
(137 mM NacCl, 2.68 mM KCl, 8.09 mM Na;,
HPO,, 1.47 mM KH,PO.,) & #7lslo] ZEA|
A W FHAZRE FelAzich & 4L 0.05%
Crystal violet’} £%% 0.1 M Citric acid®
241745 sl e, 9] 2= Thomas &+
ALE o] &sto] Algslich uiokAl Lo A&
& E: ¥ a50l&e g ¥ 5YAd 24
slod, 2T (E47HD) 9 AE AE Gl gt
HAERZ R

3. 32 9 350129 7t

THAEE 297 A wllgg 3 ¥, 95% ogk
2 23 Estradiol-178 (E,, 2X107°M ; Si-
gma), Cu (CuSO, ; Wako Pure Chemicals)
9 Zn (ZnSO,7H;0 ; Wako Pure Chemi-
cals) S H7bslod 4EE W&t Cue 1077
M~10"* M9 &, ZnS 10° M~10* M
9] F= & 727 ol &3k VIG @Al nlxj=
Cu % Zno| 482 297ke] A4 vk ¥, E9F
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Aol Cu == Zng Hriste] 5UA| kol
% bl Aol Wit VIGY vl &g 4HEste] =44
shdeh H73E oo ok wigd 3 md 2 0.3
pe7t =8 2333k

283, Cu 9 Zno VIG Ao uXl= &
g Heh s 2ALe7] $3ted, Cu 9 Znd
2718 F obA] A AT whE VTG T4 #
ol tslAE A3y WA, 297k AHA
ok £ E, ¢ Cu (107° M~10"* M) ¥ Zn
(107> M)E H7isto] 447k wid2 Bslgich 2
¥, Cu 9 Zng AA &, 647 vk A%
slod, & bl e VTG HlE&S 2ARI
o}

e dubEo g o Rl plXlE Cudl HA2
£-2 Caol 937l Ao g LA 7] wlFol
(Sayer et al., 1989), £ 3ol VIG &
Aol] Bx]E Cudl ol ek Cal Jkol] ol
AT AP Wsioich 297He] Al ¥ E,,
Cu (107*M) 2 Ca (1.8 mM, 2.5 mM % 5.0
mM)Z H7lsle] 5UA skl F whul Ao
ek VTGS vlE-& 4h&slod, Caol dgl o
slod zAbsiodch

4. SDS-PAGE 2 VTG ¥4 cke] 24
el wlok®l ZHAlE ] wiklE 3lgste] U4

22 (3000 rpm, 20 min.) & 2W¥ F, 10% <
Trichloacetic acidoll 2Jsl] =hAE HA XA
Sample buffer (0.175 M Tris-HCI, 8 M urea,

1% SDS, 0.5% Mercaptoethanol, pH 7.4) &
LA HHAL Laemmli (1970)9) ¥4
o w}l SDS-PAGEEZ ¥&stod, Coomassie
brilliant blue R-2502.% 30#7F dsiich
VTGS #4-2 Kwon et al. (1993)cl] 2Jal] &
218 FAANEe] VIG (FAFF 175kDa) 9 4
I whgtch

VTGS W= (175kDa)+< Bio Image (Mil-
lipore) & o|&3to] & whiFof] i3t VTG ¢
Integrated optical density (IOD)*]& HAIE
2 et

5. EAEA

AP HIE One-way ANOVA-testE A A8}
o] Fisher’s PLSD-test® ¥3sich EAIH 2
AL P<0.058 i

2 3

1. ek 7HAIXE L] WE L&) vlR= F50]29

4%

Cu 9 Zn9 A7} & 595 uiek 7HAE
Z8&% Table 19 Jebl P Cus HA% 24,
u}]ook ZHA 29 LS B, A7 92.3~95.4

£ Yehligith Zndl H7lEE o FESL
86~134%£ AA3 2= olglont, f2l3k
Zbol= gigleh. olzigh Axkz, & Aol A&
Cu 1l 7Znol RE kT ufok 7R EQ] AR
&5 xR ¢h= Aoz Ak

Table 1. Effects of Cu or Zn on the survival rate
of hepatocytes on Day 5 after metal addi-
tion in cultures with E,(2X10° M)

Cu concentration(M)  Survival rete(%)*

0 100+5.7

10°° 93.2+5.1

§X10°° 95.4+4.3

107# 92.3+4.1

Zn concentration(M)  Survival rete( %)*

0 100+5.7

10°° 94.2+6.4

5X10°° 111.119.3

1074 86.9t6.1

1073 134.4%£8.0

*Percentage of the number of living cells on
Day 5 after metal addition to the numble of
living cells on Day 5 after E, only addition.

2. VIG Al ulz)s 2Lo]22] 93

A7kl S% 3 whd A W VIG $#4%
—": 6-2%3 Uelton, Fig. 12 E, d7kgol
et 2 F%9 Cu 9 Zn H7H-9 VIG §42
HAEZ Yehleh Cu 107 M) H7 Aol
E, #7429 o 5522, 5X107° Mo #7} A
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oAl 56% 2 FosiAl iz FgE Jehigl
t} (P<0.05). £3], Cu 107 M2 H7} Al A=
°F 68% 2 /M & Z4AEE HAd (P<0.01).
ol#dt A, Cut ZHIENA FAEE e
FAA VIG §4E Heldog AAlsle Ao
=k Zno] Hrloll JoJAE, 107 MollA §
X107% M7HA1 8] AF5oll Yo AE E, B
o3k xpol & JehiA ggtont 107 M9 H
7v2 o 19% 9| Z4E Jehdich 283, Zn
107 Mo FEA AT 9F 54% 9] F238 485
el ol(P<0.05), VTG §4L Znd =% 9
EAog Frasle e 2k
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Fig. 1. Effects of Cu or Zn on VTG production in
hepatocyte cultures with E; (2X107° M) in rainbow
trout. The activity of VTG production was estimated
for the relative optical density of VTG to total pro-
teins after SDS-PAGE on day 5 after metal addi-
tion. Vertical bars represent the average (meant
SE) percentage of four experiments. *P<0.05 and
**P<0.01 for control (E; only).

E2(2 - 10°M)

3. F&ol& AA BE VIG A 3%

2 AFdAE, Cu (107*~10"° M) H Zn
(107 M) 9] FHrtoll glold VTG FAel <A
TS # F 5 Uich olol] whel, ol2fdk oA
#IE Jehlls F50129 AAdd @l VIG

FAo| FEFER 9 A8E =A%

Agdle B, ¥ o4 235 el 7 sxe
FEol-E Hrtslo] 497 MFe T, FEol
TS AlAste] 6UZF wHoFdE Fo| ikl F
chl Aol i3l VTG vl &5 AHEslo] VIGY
EAEE A sh

Mz, Cu (107%~10"% M) A wE
VTG &4 38BAEE Fig. 20 Jehiigich 4
Y7k E, FH7HA, & whiAdl] digt VIGY H]
2 % 6% F Jellgln, 1 vE2 64 3714
A& %) E.9F Cu 541 H7HA9 VTG &2
E; A7k ¢F 50% o +x1& veldlo], §-93t
Al GAE At o213t AAA = Cull HE
FA8l, ENMe AlS 697 Hrlslodx, VTG
vl-&9] F7h= veRtA] gk
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Fig. 2. Effects of Cu removal on VTG production
by Cu-primed hepatocytes in cultures with E; in rai-
nbow trout. Hepatocytes were cultured with E, (2X
10°°M) and Cu for 4 days and then Cu only was
removed. Vertical bars represent the average
(meantSE) percentage of five experiments. *P<
0.01 for respective controls.

ololl ®tall, Zn (107 M) & AA A=
VIG §A42 35== Zge el (Fig.
3). E¥F Zn® FA #H7lE, VIG HlE2 E,
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Fig. 3. Effects of Zn removal on VTG production
by Zn-primed hepatocytes in cultures with E; in rai-
nbow trout. Hepatocytes were cultured with E, (2X
107° M) and Zn for 4 days and then Cu only was
removed. Vertical bars represent the average
(meantSE) percentage of four experiments. *P<
0.05 for control.

4. Cu (107* MD & VTG §A4 A v]x]= Ca2l

q3

GubE o2 A F9o Cad AHAdne) 2zl
7k Culdl E45 3lsle 7oz g
geng, E AfdqAE, F&ol2 AANE
VTG 49 38& Ho|zx %2 Cuf adE
Hoh 28] 2Abstz] iste] Caoll 9% =4
3t AgE Wik

Z i o) Wi VIGY ¥4 ¥ Ca 1.8
mM 9] uiokHol] E, & H7Hg ¥, 5Yxlell 6.2%
ojgient, E,¢ €7 Cu 1074 M 3713l ote}

E, d7be] < 37% 2 "4 AAEANE e}

¢

Widet (Fig. 4). ©17]ell Cag H7lsto] vkl g
Cas%E 2.0 2 5.0 mM=E =9 Z3ld o]
Ax, a2 AdAlg s H3kE Bela] 4kt (Fig.
4). o]ggk AFZ Kol in virodlAE Cudl &
AAAEI Caol o3 A¥E vlAA ge
Aoz @eisicl

VTG / Total protein (%)
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Fig. 4. Effects of enriched Ca concentrations in the
incubation media on the Cu-induced inhibition of
VTG production in hepatocyte cultures with E; (2X
107¢ M) in rainbow trout. The relative optical den-
sity of VTG to total proteins was determined after
SDS-PAGE on day 5 in incubation. Vertical bars
represent the average (mean+SE) percentage of
four experiments. *P<0.01 for control (Ca, 1.8
mM ; Cu, 0 mM).

X

Z, A ubddll ojdl wAElE ARAduE
F2e il FEULEE JHREAA sheld B
T2 $YA 7k Hickie et al. (1993)-2, ¥
Mgole] Xofel glo] 59 Cu 9 Zno| X3
ARl A Jlele Aoz Hustm ok o$
o], o213t $HAN A AAlsle o Foll A= & F9
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t} (Runn et al., 1977 : Lee and Gerking,
1980).

Hutchinson and Sprague (1989)+ Ameri-
can flagfish& o]&3lod, Y2 pH 73S E
Cu % Zn® £4o| F43| Z71stcl= AL ¥
ok Cu & Zne Aol F8 ¥, 1 At
Fol 7ol 23 ek (FEl, 19941 /ML, 19
94). I, #3l IEUL F9 skl Ale] &
ANF1 VIG S HAlshs Aol B
o Zch(Mugiya and Tanahashi, 1998). ©]2|3k
HAE Hol, T XA VIG AL &7
%9 frall FED4ol 23 1 FAo] A==
S8 oeddkg W 7hsAol Idn & 4 Qi)

2 Aol A=, i Fo Cu ¥ Znoll A%
AE AESL HSHE JehlA gk, VIG
FAL o]83 Cufl ZE FEolA, ZnolAe
SE JEA T AdAlso] 1Fke] 107 MolA,
froletAl dAlsle £2E Jehligich ol A
FZ Hol, VIG ¥4E Cu 2 Znoll sl ]
A= HAeZ Akl 28x9, 1 oA 13
9] Axolle Aol7t 92w, Curl Znkrh 23
AAETE 7HAE HoZ o AR,

Yoz, S35 Fof Cad AA4uo] 2fs)
7k il E5E3e A8S f3Fe A
2.2 43 3r) Sayer et al. (1989)2 brown
trout2] x|oj AHgof] gloj4], Cu (80 nM)oll wt
E AMEL Cavixe 7R ZAsdds B
sl 2y, & dfellAE, Cuoll 23
VIG AR X Cad WEE 3155
A gkstrl. Wicklund-Glynn et al. (1992)2,
TEol & FAL olrhu| g HelH, AelH
£ 7tALH, Cad olglsh EA4E A1 X ik
Hasgich ol AAS F3# KW, in vi-
trodll A= Caol Cull E4E A2 A4
F1A gevhe AS 4 F e, in vivoollA 9
SA ftavhs obyivle] B4 AA olxHQ
AelgAol <% Folgkx FAAch

H, Zn9] Hrlell whE VIG §A9] <Alx
Ao Zng AARoZA IEE=
= BHYou, Cufl ZfolAe 5=z &
o]Z-& Cust Zno| VTGS 4740 n)
= Z-8-7ke] Holof] 93t o FAHH), Sa-
gripanti et al. (1991)-2, 17+2] DNAdI= &
ok 2%F79 Cu AFEH7E EAsH, Cu9
=7 A% ol Frksbd DNAE A7
ks Bastgiel, a2y, A FE9 Cudl 3o
A&, RNA polymerase 3 ribonucleaseE #
st RNAS 3435 dAANZ o, olefdt &

& B Heliek Haslold v} (Agar-
wal et al., 1989). @&}, Cue VIG @4 wHil
Zoll4 DNA 3% VIG mRNA2Q §H4& oA
7hsAel & Zeg FA=) ol v, Zn9]
AA LI Zn 2l AlAN we} glol 2= 7132
S-S 7HRlE Ao Kol VIG $49 27gh
AR E:9t Er78A7tel A ol Hoisld
VTG $4E dAlsle Aoz A=, 2,
Cu % Zn?9} 2§ 7|2 deliA= o}z &84
ez zb Al 2% VIG mRNAS wsle}
22 Bl AREA] o] ody) Hed ez
o} A1},

o] ol Ale}t o], F-A|FNEoe] ok ZhA| Eoj
YolA el VIG @42 Cu 9 Znoll 23) o]
Moz AAHrh= o] wra ). 18, ¥ &
E£R4E VIG &4 Al ol M= o
h e FAE TR e A=

ropot

o)

oo

X 30 oy

Z

2 o

Estradiol-17B(E.)¢ll 9|3+ Vitellogenin
(VTG) 4ol vlxl= Cu ¥ Zno 3¢S ¥
AMEA wiF ZHHEE o] &slo] 2A st
A E= 297 vk & ¥, E, 2X10°° M) &}
EAl Cu (107°~10"* M) %=+ Zn (1075~
107 M) sijddo)] rtste] 5UZF v gt
VTG A& & bl did VTG vl&=
Yelligich, Cu 2 Zno] M7= wiek 739
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BN %Y (Oncorhynchus mykiss) W% A EANAM Vitellogenin 4ol mIA= Cu ¥ Zno) AA &}

AEgoll= d3E vHA gkt 22y, Cufl
Hbolle AHEH 2ZE FEA, Znd 7kl
FE AdEHo g Zhaste] 107°MollA Fol3Al
A4&sg). oA TaE, Znd AAANE 3
Eo9loul, Cudldle d5=A] ghskel e,
Cu 107*M9] 47} Aol Ca (1.8 mM) FEF
2.5 3! 5.0 mME F7HIAE Cug &S A
siahx] Fsldeh ol2idt HAnE Hof, Cu ¥
Znd THAFTA FAEE o i Ho
VTG §4el tl Zleo] Hofshz Aeg FHK
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