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Effects of A23187 on estradiol-175-induced vitellogenin (VTG) induction were electrophore-
tically examined in primary hepatocyte cultures in rainbow trout. Hepatocytes were precultured
for 2 days and then estradiol-175(E,, 2X10° M) and calcium ionophore (A23187, 107~10°
M) were added to the incubation medium. The hepatocytes were cultured for 7 more days.
In addition, effects of A23187 on E,-primed VTG production were investigated for 7 days.
The addition of A23187 (10"~10°M) to the incubation medium specifically reduced VTG
production by hepatocytes in a concentration-dependent way. The addition of A23187 significa-
ntly reduced the rate of E,-primed VTG production to 18% of the control (E; only) on Day
7. However, E;-primed VIG production was reduced to 47% of the control by withdrawal
of E; from the incubation medium. Therefore, these results suggest that intracellular sequeste-
red calcium could regulate VI'G synthesis at the translational and/or post-translational stage.
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A 8 o} 9leH(Fremont and Riazi, 1988). VTG 2%

Ca8l thEEL phosvitinoll A=l glon

Vitellogenin (VTG)-& WHAAEE9 3H24  (Montorzi et al,, 1995), phosvitine 10% ©|

2, dEERAL ATl ol ZHAoll A FA=l] Ag Te Aoz ¥elA ck(Matsubara

Aoz FulEch(Wallace, 1985). ¥uv]®  and Sawano, 1995).

VTG<% lipovitellin, phosvitin % A-compo- Ca2 ratd] 7HAEE £33 chokdh el o)
netsZ =0} o)l 2HH F g AT YolA kb Ao T3 JEE e Ao

ki HEg sFAcHHiramats and Hara, €22 9 (Brostrom et al., 1983 ; Brostrom

1996). et al., 1986 : Chin et al., 1988). 74| X0l A<

VIG< calcium(Ca) 3 234 JAebid2, ofwni 342 EGTAR Cad AA¥22ZH 5

FAMF L] VIGoE Caol o 0.7% 3=l vl ol ZolA= Hol Husolx vk Brost-
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rom et al., 1983). X%t Chin et al.(1987)%
GH; 34| MEE o] &3te] AlZ9| Caol o}v]
24 SIS Beddhda Haskdck 2 Yeo
and Mugiya (1997)= F-xM%Eoie] wloF 2hA
Zo JojA Y VIG 42 AEe] Caoll 9&
s, ZHA Eol A T E o2 v A W) Cadl
QS A WY AL Yok

Brostrom et al. (1989)-2 E8-2| Z&A
of] lolA A2318701 93t AEW A7 Cadl F
ol A FAlel Ca &4 WY dHAE o
Agetzn FAsG el 22l rat ZHAE ] v
A GAE AEW A4 Cad) o2 At
Raslo|z glck(Altin and Bygrave, 1985).
Fawell et al. (1989)-2 A2318791 93t g4
FA 9 ARl AlEU9] & Ql4be]] 97t Zolela
Haslgich s o) 4k} gl & l4ibske ok
¢t protein kinaseoll &3k Yol (Cohen,
1985). ol&|dt HAEL AT H A4 Ca 2 Al
Z9] Cad] SUoll o3l A3kt VIGE )
ArglEl Flelmg, Aol SlojA Al AR
Cadll 9J&% 7IsAdo]l Ak & Yeo and Mu-
giya (1998) & 2% &% Caol VIG ¥4+
zAs= AE Rasgch sy, Axd A
Caol VIGY o Ao dga wlx)=rle
s A= ob7] BasojR)z) gkx Qich

B Aol Ae AZU A Caol VIG 340
u) Xl kS Wl 2AE 2e)7) $lsl A23187
Exol @€ VIG ¥49 w3t 9 VIG #§4
FE 2 A231879] Jgfoll dstel AHS sz}
Ak

CER T

1. A3

FAME)(Oncorhynchus mykiss) & %
oleh AR &9 ARl A AR AlF
150~250 gl ZAE ARSI FAAMSlE
A 3 dAd Hol FoAE FAsl, AL #F

A2 F A,

2. Alxe] Bl 3 oWk

YA E= Kwon et al. (1993)0ll ojall A=
Hayashi and Ooshiro (1986)2] ¥WHl| <ja|
Felsldct. 7P £ collagenase(0.5 mg/mé ;
Wako Pure Chemicals) 3 4 ¥ ¢%%)
(0.98 mg/m¢ ; Sigma)o] £ T2 buffer
off ojaf) H-e] At

Ha)® 7bA| L+ positive-charge (Falcon) &
e Zepae] wjokg Al 3X 100 Wol ek
stsich. elekoll= 0.2 “M bovine insulin (Si-
gma), streptomycin (100 “g/mf), penicillin
(70 #g/mé), W NaHCO; (23 mM)E H7g
William’s medium(Ca 1.8 mM, Life Tech-
nol. Inc.) & o|- 81}, ZHA| T o} w02 uij okl
3 meE Hrksled 15C, 5% CO, 7z llA &
sloick AR ok 297F WS, sk

W meksigict,

3. 32E 9 A231879 A7)t
TAEE 297 AR wldg 8 3, 95% oljgk
22 233 estradiol-178(E,, 2X10° M ; Si-

gma) 3 A23187% H7lsle] AHE Wl
A23187F% 107~10° M9 E5F olfsgich
Uurh o2 A231872 AlE2] Ca o AE W A
Cag U3ld M=EHE Ca =5 F7HI7I=
Aoz delx glow, & ool AET FE=
vhekst Aol 9ol AlEW AR Cad Tt
A7) Aoz #E1=rH(Brostrom et al.,
1989). VIG §Aoll nlxl= A231879 g
Ao & 7947k A¥ez A dE2Te
e 8ol dleEE e doE kil
o},

4. E;° &% VIG §44 A231870) vixe 9%

AdzAe o3l e A 7HRAZ AAsto]
A¥S P3igdch 1) A23187(10° MD-& E. ¢+
Al AE 717t F Ao E Hlsle] 3Y, 5
2 gl 7 U=)2 wlkd S 3lsted VTG A&
ZAseh 2) E & SUZE HUEsE £ A23187

—242—
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(10° M3} E, & 583 6Ysliol] H7bstod 74
9l VIG §AES 24 3) E&E 597
A7rsle] VIGE 447 ¥, E & AAs 7
A9 wjtl g ]pste] zAFSIRT)

5. SDS-PAGE ¥ VTG $A%e ¥4

W ZHAIES] egNS 3lgsle] AAEE
(3000 rpm, 20 min.)E 2% ¥, 10% trichlo-
roacetic acidol] 2J8} £hA-8 XA XA sample
buffer(0.175 M Tris-HCl, 8 M Urea, 1%
SDS, 0.5% Mercaptoethanol, pH 7.4)& &
WA R ) e A Laemmli (1970)2 ol
2} SDS-PAGEZE H#&l3led, Coomassie bril-
liant blue R-2502& 3087 J4sdrk VIG

9] #He Kwon et al. (1993)o]] ojafl Hal€
FAME] VIG (EAF 175 kDa) 9] ZIE
whgkch

VTG #iE (175 kDa)+ Bio Image (Mil-
lipore) & ol&3sle] F bl g VTGS
Integrated optocal density (IOD)X& HAE
2 Yehiigich ol2idt HAIES] TR wjkA L
9] & o H7GFA9 7} lane®] ThHE Fofl A
A7 & e 225 AAS) A AHSEA

6. BAEA

AR A= One-way ANOVA-testE A3
o] Scheffe’s F-testg 3sldch A1 F24
P<0.012 sl adn HAE A=

—_

o
L

Fig. 1. Phase contrast micrographs of hepatocytes cultured in media containing E; and various concentrations
of A23187 for 7 days. A | E(2 X10° M) alone, B: E, + 107 M A23187, C . E; + 10°* M A23187, D | E;

+ 105 M A23187. (X300).
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arcsine®] TX2 A3 T EAEAS Psigch
<} =}

FAMES ZHAEZE wEHA A 7L
wFoR Gl Ee e AEFS FAsgct
A231879] 107 9 10° M9 H7lFdlAE B,
A7vsted widet M E9R= 2ol & JEhHA ¢
%o, 10° Mo HrbgolAE AEFE At
A Febar, Fed 2% g AT PHE §
A8 Fig. 1).

1. A231879] x4 &3

FAMNEAL TMEE EHo) HrsA gL
ko]l E, & H7kstel 7U7F vl ¥ SDS-
PAGEE ¥3l9ith E,o H7l2 Q2% Qs
175 kDa?®} 91xloll FA=ck(Fig. 2). o] ¥k
Z-& Kwon et al. (1993)d] 9all VIGel= #

MW
kDa

205 j

29

A23187(M) O 0 107 106 10-5
Ex(M) ¢ |— 2% 10 —

Fig. 2. Effects of A23187 on the E:-induced produc-
tion of VI'G(arrowhead) in hepatocyte cultures with
E:. Spent media were analyzed on day 7 in culture
by gradient SDS-PAGE. MW : molecular weight.
CBB stain.

o] Agslojzlon, ¥ QAFNAE 152 Al
Wk, E,§ dr7keiA & Follde Azg W
=7 YAEA kot

A231879] F= 107 % 10° M2} #H7} Aol
VIGHWIES 747t oz FHs R ekgkony,
10° M2 #H71 Addle VIG WES} Aol 845
2} ekokek(Fig. 2).

E: #4712 & Aol tigt VTG 482 9.1
% 2 Jelgkos, Figure 32 E, A7kt g%
A231879] 7+ A7l F=Eol wE VIG g4+ H
AEZ Jeligel, A23187 107 M2l 7 A&
EA7H9 oF 87% &, 10° M9 A7t A& 81
%5 Jetllo] Zhashs 73S Jeigied, &
2% xpolE vehiA] @bk e, A23187
10° M8} A7kl E, 79 ¢ 37% &) X2
frodk ZA4E e (P<0.01). olull, ZhAl
FollHe] F il A A AdTol SloA
foJ8 Aol Uehliz] gisirl olEidt Anz
Hol, VTG A A23187 559 Z7lo) &
slo] Zraehe Zog ofAF)

2. B0l 9% VIG #4341 A23187¢] wAl= A%

Exol 9% wjg 2RI XA VTG 4ol 1)
A& A231879] A71%4E9 ZATE Figure 40l
Vel GIEl A231879] F %+ Figure 39 Z3}
o4 VIG §4E o84 #2417 10° M2
FEE o83k E & Ul 747 e
B4, VIGHES giAde] 8 Jelhkond,
59ARE E° AAR, 1 a4 daich
azla, WY E.8t ¥4 A23187S MR H¢
olE, VIGHES 442 5U=1E E & A
Ak Aol vl |5 Gz E. & Hoba 597
uF & A23187% HUlel 247 vl B
o, A Aol QloiA o] ZslAl Yek
wyou, VIGE HEe ieg #ed 4= gigich
ol2% VIG ¥4 ¥ EFE A23187 37} Aol
VeldE gl thsi A o] wighslA] gkond,
Wk 0] 84 o v o) A of
&g viAs Ao FAEY,
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Fig. 3. Effects of A23187 on the E:-induction of
VTG. Hepatocytes were cultured in the media con-
tainig E; and A23187 for 7 days. The relative opti-
cal density of VTG to total protein was determined
after SDS-PAGE on day 7 after A23187 addition
and was expressed as the percentage of the experi-
mental to control (E; only) values. Vertical bars re-
present the average (mean+SE) percentage of 8~
13 experiments. *P<0.01 for E, alone.

VIG §4A19 E: 9 A23187 A7l 9%
sake] HAH HE-E Figure 50 JehHch &
Aol i VIGE HIE2 5¢ 2 7¥0l
717t 9.4%, 12.1% & JeERAE e, 59
FE] E; & AAToZH, VTG HE-2 55Ul
Hls A= < 61% 2, 747 E,9 A7H 2ol
Hiside o 53% 2 foutA Zaslgek(p<
0.01). &%, SUSS-E] A23187-F Hrlal 29
Zb okt Ao, iR oF 18% 2 VIG
Tho] A =lol f-oletA HAsATHP<0.01). E,
3l A23187% Al&sto] Mol e <A, 59 1l
79l 2zt HEFY 17%, 28% 2 Fo5HA|
%2 VIG @458 Jehigdck(P<0.01). <1y
T e EE 7R g2 7 Ay e
FX%ch o3 A Hol, A23187¢] 23

A Xl A& Casl 7L VIG T4 Aol 5]
A]l A 2&-E JHRcke Aeg FuhHc) 1
glx, ofeidt oA Fgo| wlgAellA E, & ANA
1S wiyc) F431 932 JehllE Zle i Hof
AEH A Cad VIG SA 2 2F Aol 3
e g FFHh

1A 2}

FAANEA oA VTG §A4 L Eul= A
X£9] Caol 9% 932 71x(Yeo and Mu-
giva, 1997), =3, AMEH AA Cak VIG &
A& 2Asle ez F3HHYeo and Mu-
giya, 1998). ¥ubdog AFW AA Ca o}
u] At 3ol #odslsi(Chin et al., 1988), &t
W A9 Ca &4 WY S A=
Aoz ZFAs|oAE UM Brostrom et al.,
1989). ¥ A+ VIG 4 Alol A23187¢
o) &stod AT A% Ca I VIG ¢4 A

MW

N

205 o

116—

974 e

66

Fig. 4. Effects of A23187 (10° M) addition or re-
moval of E; on E;-primed VTG (arrowhead) produ-
ction in hepatocyte cultures. Spent media were ana-
lyzed on day 7 in culture by gradient SDS-PAGE.
M : molecular weight (MW) marker. CBB stain,
Lanes : 1, vehicle; 2, E:.(2X10° M)(for 7
days) ; 3, No E; (days 5 and 6 only) ; 4, E; +
A23187 (for 7 days) : 5. E; + A23187 (days 5 and
6 only).
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—Q— E2
—&— E, + A23187

| —®— E; + A23187 (Days 5 and 6 only)
—&— No E, (Days 5 and 6 only)
—— Vehicle

10+

VTG / Total proteins(%)

Days

Fig. 5. Effects of A23187(10° M) on E,-primed
VTG production. Vertical bars represent the average
(meantSE) percentage of four experiments,
*P<0.01 for E; alone.

£ Ho QA z2Aske RE BHo g ek

E AFollAe, A231872) Hrlell ojal M=%
o] 27} Fal3cl A231870) ok AlE
R Eol| ulXl= 7126l M EEEeiAal, o)
213k AL o] A= wlldN ] Cas AANS W9}
frAe A el 9ich(Yeo and Mugiya,
1997). Ca-2 A|E7ke] HAAzL2 A glow
2, TEES A23187 Fofof 9j3)] AE2] Caoll
dee v AR el uid HAE HEHdH
7} kiRl Ao FAH, olgidt Y&
2]-0]0]]11 Aﬂy]_‘:_ r:].uu;u -@LMZ%E_O,] QAE Fo)
71 9 B A7y Ao F e iy
VTG vl&& 4E3te] Jeldigicl, £ <o
AE A23187 B% EHLE VIG §Aol o
A=t oleidt gh Al el 4] #3= Rat
9] ZAZAME FARE Aoyt RasojA it
(Brostrom et al., 1986 ; Chin et al., 1988).
au, olefdt whlA FAe] Aol ulxle Al
Zl A Cag] 7122 o} 2] gHalstAl =0l A

2] ¢krl, Fawell et al.(1989)2 A231870¢ &
g X A4 Cagl Fol AXW hiige) &
A FEAA id TS ARl Holet
I Barsigich <A Aol ribosomal pro-
tein S6 (Traugh and Pendergast, 1986), ini-
tiation factors eIF-2 (Pain, 1986) ¥ cap-bi-
nding protein eIF-4E (Duncan et al., 1987)
o} 7re Azke] A7} FHEEGlE AR &
#2 gt} Kimball and Jefferson (1992)%
initiation factors eIF-2 ¢] %subunit®] 143}
7} peptide-chain®| 473 AAlsl= Aelghx
Baslch ojeidk Axtg, ditHo g chi g
Aol A= Ca oEA A °V"§}°ﬂ
o3t Ao g AR Qi VTG & Bfolle
A7 Cag HF TR UE “'f“k’]'b]?«h ‘%l
A3tE FAtolmg AE e HA Cadll SolHe
2 o9& 3w g Aoegy A=),

Exoll sl 4% VIGE A23187 37t ¥ 2
U7t vkl whel F&sA Zasle], EE 3
7hekA] ok a3 e FRE bl E,9)
AARE d2FY oF 53%7F Ao}, A
23187 g7loll ah& <F 82% 9 kol viAA
Faigirh. olEidt Ad= Eot AAH B
VTGS mRNA &4 DHAI(E, ¢ s&Agke] 4
g AR ¥ Z& JAVTG Rulell 77k
W e WY F AN E 2488 WEeldn
oA w3 A23187C AEW AR Cag
F43) WEslo] Azl Ca AA7HY Ca's
27Z+XA(Albert and Tashjian, 1986), 83
A9l Ca AEA W HAE AR B
=loix gleH(Brostrom et al., 1989), oj=idt A
#g Hol, AEW HA Cal TollAd A==

£ A v VTG §A460 Hedsla glow,
2 24 9Ae $Ae 1Y <A e WY ¥
chAIQl Aoz FAHch

&8 %

Vitellogenin(VTG) #Aoll wlxj= A23187
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-2 M%) (Oncorhynchus mykiss) WM<k 7HAEoA Vitellogenin®4d el wlx)+= Calcium ionophore®] F%

9] JEE FAMEAY vk ZHHEE o] F3}o]
AEE Yol AT 297 WS ¥, Est-
radiol-178 (E,, 2X10°M) % A23187 (107~
10°M) & d7kskel 797 wilkstgde). 1283, E,
o] 2J2 VTG 34 A12] A231870] m] X o &hol]
s FASITE A23187 (107~10°M) &
H7bol ol ZHAIZol A9 VTG AL 559
Z7tol wied 4tk Eoll <ls] §4% VIG
= A23187 (10° M) M7kl 9s) tlZ=T(E,
qte] Hrp el oF 18%2 foekAl Zissich
aefuh, Eyell o3l @4 VTG & wi ol 4 <]
E: AIAZ= 279 < 47% st Z4=R) o
gteh olE|sh Az ol AEW A Cal
e ghAl e WY ¥ dAlE AP ZH,
VIG §4& =24z Zeg 35
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