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Vitellogenin Induction by Rainbow trout (Oncorhynchus mykiss)
Hepatocytes in Primary Culture

In-Kyu Yeo
Department of Aquaculture, Pukyung National University, Pusan 608-737, Korea

Vitellogenin {VTG) induction in response estradiol-17p (E,) were electrophoretically exami-
ned in primary hepatocyte cultures in rainbow trout. The hepatocytes were maintained as mono-
layers on positively charged dishes for up to 7 days. The viability of hepatocytes on Day 7
in cultures decreased about 20.7% and 23.6% with and without E;, respectively. The amount
of DNA per dish also decreased to 13.7% and 14.0% with and without E,, respectively. There
were no differences in viability and DNA content between the control and E,-treated cultures.
Moreover, the rate of VTG to total protein concentrations reached the maxium level at the
addition of 107° M E, to the incubation medium. However, the higher concentration of 10~*

M E, rather depressed the level.
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ol FE EE3 B FE dojAY e 3
A721Q] Vitellogenin (VTG) 2 &Hdl 2jall
AAsle, VIGE ol2EZ7ld) 23) ZhollA
AHe HAeg 4wz ok (Ng and Ider,
1983 ; Wallace, 1985). oll&=EZ7o] 9g
VIG §49 AgL ZFzofE 9% %
2ol 3lolA] Yslodx Y} (Hara and Hirai,
1978 5 Sundararaj and Nath, 1981; Van
Bohemen et al., 1982). 18]}, olgidt A=
in vivo?] dgoz gao VIG ¢4 AsE
AR Aol Basled A7)0 J)EhE vt
W7lell= B3R F8-0] Bl ool ula ZHAE
wodoll 2%t in vitroo) AEL 1HE Dol

ol Mgt wolel & 5 irh
z 9 F TH Xl oJ8 VTG
Z% (Boehm et al., 1988) 3 <k
(Stanchfield and Yager, 1978)¢l] glolA
A9 Awle o, ZHE Zdlulgkl o3
in vitro®] AL A9 BiEo] A %

o] Foll UolA S ZHAIE iR Ef-79) 7HA
Z g S JFoE Pslodx)a glon, of
Foll wE AEe RAde] 52 A2 ), ohF
R 5oF] del7tRA = ol2 A £33 Aefolr), W)
Zololl Yol ZHAIE vk ik U ¥, w
FAe 2 Ao @Eog BAs]o] Aabs}
= Aeg U474 vl (Peyon et al., 1993 ;
Kwon and Mugiya, 1994). 18]31, Kocal et
al. (1988)2 & ¥4 H7} wiokiz} kg A)
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collagen 9 FE o2 FAFo]9] TAE vl
Fe ATAHC 28y, 84 Solle ot &
AFol x50 glemz EAHF=E Fo| vh
EIHE 2AE ol el €48 Hotg
7} glch. Kwon et al. (1993)2 €32 A7}
A e 27l Aol FRAFo] Wi AL
D 4bol ofjivta Warskar Qlch

H Afo A, FAME]Y AT alfgol] v}
THAI 9] Hefstel AEEE 24T FA
o], dlEEgr]E-17p¢] FE WE VIG &4
zAbslo], dRAAY] 712 2AR ARAEE

Aste g BHoz Hgich

it
o

N o

Ae g oy

FXME] (Oncorhynchus mykiss) = S %
et AR So] Azl A ARREE AF
100~150 g ZE& A&l FAMEol=
23 3dH-o) Ho| FAE FAIT ¥, 0.01% 2-
phenoxyethanol 22 w3 A7 Al&s}ich

1. ZHAIEe] #e P wje

ZHIE+E Kwon et al. (1993)2] wgol] 2l
LElslich WA, FAMEE 0.01% 2-phe-
noxyethanol2 w}HA|A, @d# Fe] 7Ha-&
Felsloich ZHEwol Eelodale] gk I
(Hibiki, No.3)& AFislod, 68 A2 JFi,
Ca*'o] ¥4 ¢k #HF-E buffer (120 mM
NaCl, 1.22 mM MgSO,7H,0, 4.7 mM KCl,
1.25 mM KH,PO, 23 mM NaHCO,, pH
7.4)8 < 1087 #HH3At (5~8 mé/min.).
I % collagenase(0.5 mg/mé ; Wako Pure
Chemicals) % 4 33 <457 (0.98 mg/m ;
Sigma)$ EZE¥3 FHE bufferol] °F 2043+
(5~8 m¢/min.), 2 mM EDTAE ¥7}ste] Ca?
9 Mg & AAS TH-L bufferol] °F 1027
Zz2y AFadek IR F 282 100 ml vlo]FH |
Hol #FE buffers 33 A3 F, 50 mie]

& buffer WollA 7192 A E4AH

o}, B4k A E = pipet® TS £ oA
Zoll YA4E2 (500 rpm, 2% & 33 ukEslo]
TAEAAE olefo] AR (MAZAZE, 94 A=,
Alxel - o HAYYy 5)E AAAC

X+ positive-charge (Falcon)E& 33t
EokiE wjekg Aol 3X 107 HE dof wiokslsd
t}. wljekoll= 0.2 pM bovine insulin (Sigma),
streptomycin (100 pg/mé), penicillin (70 ug/
mé), 2 NaHCO; (23 mM)< A7H} William’s
medium (Ca 1.8 mM, Life Technol. Inc.) &
ol 8slict MM E2] uwiokE wigdd 3 mE H
7kslod 15C, 5% CO, 271shollA] fsloict. AHA

oke 2907 Wekar, ok ohY mEksgct,

2. Axe) a3

THAEE 60 mno FokiEl wgFg Aol ZH2t
hE Ca*" 5% (0 mM#} 1.8 mM) 2 w3t 3,
s3etdm) 7 (Nikon, Diaphoto) o2 asigl
a1, I, estradiol-17p (E, 107¢ M)2] H7}o
whE HILE scanning-AAt8w] 7 (SEM, Hita-
chi $-2300) 22 FAsigich. SEM S S1a)
wjekd) £ 2.5% glutaraldehyde-2% parafor-
maldehide® g% 0.05 M cacodylate buf-
fer (pH 7.2) 2 AT ¥, 1% osmium tetro-
xideE Z 3¢ cacodylate buffer (0.05 M, pH
7.2) 2 1A17F B Ak 2 ¥, 2 ol
22 g3t 2-methyl-2propanol® 33,
204 # AFE 3, gz Axzseich HF
Hod, 10 kV, A5l gold-palladium

28e o] Baigich

3, Wik ¥ HE=§

ikl E= 297 wiokS ¢ ¥ E: Y EGTAES
A7 sto] 7947 widslod 0.03% EDTAE T3
3k Q14 buffer (137 mM NaCl, 2.68 mM
KCl, 8.09 mM Na,HPO., 1.47 mM KH,PO,)
5 el RAFAA alFPARRE BelAzch
s AL (0.05% crystal violet7} L3 0.1 M
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2ExM4ole] THAE Zoluiekol 9§ Vitellogeinin §4 f %

citric acid2 2417 59 sl R 3, & = Tho-
mas FARE ol 8ste] A widA]
Xz YEEL E, H7F ¥ 3, 5 ¥ 7% 47
ZAsLe] E, M7 el AE AE ol g
AEZ Jehloch

4. DNA®S] =74

DNA< E; #7F 0% % 799) WA 225
Munro and Fleck (1966)°) 2|8} 4% Sch-
midt-Thannhauserd] Yol 2Jsll FF3%c}
DNA+ 0.3 N NaOH & 7587 Haist %, 2
N perchloric acid& 37Coll4] 60%7F Helsle]
F%39ch. DNAZZ Wilder and Stanley
(1983) o] ol we} BHFEAZ FAs}o] o
=9 Aoz At

DNA (mg/2)=0.0227 Asp—0.0018 A,

Aso® Ay ZHZE 44 260 nmet 232 nm
oA FHEE Uehich

5. B850 W& VIG §49 A4 #H3)

E;= 95% olle-22 &alldt ¥, 2979 AHA
ok Foll 107 M~107"° M2 555 ¥l
AYE Poch PN E, H7b 0, 3,5 2 7
YA 3)gsto] LAFE-2] (3000 rpm, 20 min.) &
Poldek AL Laemmli (1970) 2] ol
@2} SDS-PAGE & #&]3lod, coomassie bril-
liant blue R-250 2 30%-7+ G4stsich VTG
I Kwon et al. (1993)el] 2lal] Fajxl F*
AMEe] VIG (EA 175kDa) 2| 235 uje}
Paidet,

VTG2 1= (175kDa)+= Bio Image (Mil-
lipore) & o]-&3to] F <l Hol th3t VIG Y in-
tegrated optocal density (IOD) & HAIEZ
vehligch o]l BAIES] RH-E wiA X9
T 9 A7)4F A9 7} laneo] T ol 4 A
F Qe 2AE AAs) Yl ARgssdcth e
3, oJife] VTG 559 10D *+& ¥ A
AE Yt} (r=0.99, Fig. 1).

3.0
y =0.167x + 0.134
(r = 0.998, P<0.001)
(n=10)
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Fig. 1. Relationship between the amount of VTG

and IOD after SDS-PAGE (Coomassie brilliant
blus R-250).

6. EAEH

A4 A3= One-way ANOVA-testE A3}
o] Fisher’'s PLSD-testE 3¥3l%ict. A4 §-9
AL P<0.052 i), aegla #HRle Aa
+ arcsined] FX| 2 A% ¥ 54 48 sl

7 3

1 A2 e

FAMEol 9] 7HHAEE collagenased] oj3H 3
vl B 3X10%9 ZHE7E Eel=glcl zale]
AEEL trypan blue FHol| 2l 90% o)A
Ao g velycl, 7HIEE 2U7e] iR g 6
ol A 89 AE7} A2 T HA#AT) widko]
Aol whel A & 5 FAshe, 7Y Foll=
Al Autel] WA HA g FAsdc
(Fig. 2).

aeiu, wkdell EGTAE #H7kstel Ca*'
HARE A3, ZHAEZE 297 vikoz P4
22 o] T o4k AXIA| gkgkar, AlXe| ¥

= <falizict (Fig. 2).

1 A oo
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Day 0 Day 7 Day 7

Fig. 2. Phase contrast micrographs of hepatocytes cultured in Ca-containing (A and B) or Ca-free (C)
medium for 7 days. (X150).

SEMel| &t )iyl Wsl= E, 7l &+ 2. WiPAEY HEE P DNAY &
ol dAIgol XolE vyehHAl gfol, ExE M7t Fig. 45 E, 3 EGTA #7loll o wiF 79
7] g2 A¥Fe] HIE Fig. 30 dehigeh. 39 bl MESS Uehd Ho|dt WzF
o8 HAxe FHe 239} fAEod, (B, FH/H 9 AEEL 3,5 9 790 2 147
347k wikoeZ W BV yAslm, AES %, 19.1% 9 23.6% HLESFA, E, 7ol
A7E Al 798l E E7] F AT FA7F AR 247 15.4%, 18.8% I 20.7% uljok Ag9)
% Axed, 719 v Za=AU Z7tol whel Aascl 28lx, E, d7e) %

Day 0

Fig. 3. Scannig electron micrographs showing the surface of cultured hepatocytes. (X3000).
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Fig. 4. Effects of E; (2X107°M) and EGTA (1.8
mM) on the survival rate of hepatocytes for 7 days.
Vertical bars represent the average (meantSE) pe-
rcentage of six experiments. *P<0.01 for E, alone.

of g AEES Hol= UehtA gkgiel 23
A7k, EGTAS] d7}ol]l <J3t wiofo] Ca? A A
ERAEES 3 95Ul 27 28.6% W 42.8% 7}
Fasda, ik 7URNE 48.5% 2k o4t
9] wiFAIE7} Ayt 3, ojuo] & g
2 FAAYE wlokN o) Ca? A A wha, oF 32%
7} 441 %5 ) (data not shown). ©|#]3F Atz
Hol, THAE wgollc uldNe Ca’*o] £93F
A3¢e 7Moo AR,

wke] Zztol] w2 DNAZS] H3h= Fig. 50l
vellidel 297kel ARA wief o] DNAE
86.5 pg/dish= Vebytsr, 797 wll g Al
e} oF 14.0% AT E. & Ao A=
°F 13.7% 2 Zasgou, E & ¥rlelA e
NzTe 2T RoA3 ZolE HolR| ighh
ol2dt HIE Hol, E, 7l o vk A £
AE A9 Wshs A gl Aoz B

35X 92 VIG §49 A sl
E; 1078 M~10"° M9 =5& Hrlsio] wlgk
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Fig. 5. Hepatocyte DNA content per dish dish on
day 7 in culture with E; (2X 107° M). Vertical
bars represent the average (meantSE) pg/dish of
three experiments.

ZHA o] 913 VTG 4 H3E Fig. 60 Y
el A A2 wglel] E,E 73
0,3, 5 9 7959 wltdS S)raio] B4
shict. 2 A, & iAol o VTGS vl&-2
E: 107" MolAE 3, 5§ 9 78 zZzb
1.21, 2.84 ¥ 3.74% o], 1077 MollAE 2,01,
5.08 A 6.93% %, 107° MolAE 2.20, 7.45 2
9.34% & 7tz Yehliglch aela, £ A4
AR M 22 FEU 1077 MAIME 3, 5 9
7950l Z+7} 1.98, 6.74 H 8.35% 5 vyelo]
107 M2 E, #H7H] B} VIG ¢A4EL 47
vElstch ol#E A ol ER|AEole 7
A E widol] Sloj A9l VIG A= E, 10 M
A 571 M de FEZ AR,

al E o
kg A7l el chokdh 73S zAks] el

ZAIE wfoko] §-83 olgElo] Az ek
2, olfoll YoiAe Foll we 2AES] wjok
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Fig. 6. Dose-effects of E, on VTG synthesis in pri-
mary cultures of hepatocytes. Hepatocytes were cul-
tured in media containing the different concentra-
tions (10%~10"°M) of E, for 7 days. The activity
of VTG synthesis was estimated for the relative op-
tical density of VTG to total proteins after SDS-
PAGE. Vertical bars represent the average (mean
+SE) percentage of four experiments. *P<0.01 for
respective E; of 107 °M.

of] oJg}-F Ho] B-& 7o) AH4elrt, 53], FA)A
Fole ZHMEE wid FHA] Foll Kol o]
Aoz <A vt (Kwon et al., 1993). F-A
MEAS] TAE weke] oA o|FE= TN
Folo] A4 HALL (11~14C) 3, AT E-glol
o]-&-% collagenase?] 4 HA TE (370)9
ZolE £ 4 ok = shte] o) f 2w s RAE
9] 7149} BolAdE & & Urh oFY AL
wioFel MM ZE fibronectin  (Silnutzer
and Barnes, 1985), collagen (Macklis and
Reutter, 1985) 2! vitronectin (Neumeier et
al.,, 1985)0] ol&x=olx it zEt, ofFell
wre}l ek Adelrt ch2 A Jeld, ol2]dt gk
Aol 71EE olFoll W Aol Qe Fag
o3 AR Utk Kocal et al. (1988)-2 FAM%

ol zhAlEulckol] collagens o]-&3lo] A-Zst
geov, 252 gy vl £ 3E Holksin
Qo] wieF A ENA ZE2E 28 5o By 7]
A& zAbsl 7)ol AR wlelE & 5 Urh
o| A ¥ olf, 53] FAMEoe) THAE vl
o= B2 Aol EAMStL Y Zo) Aolrh
2 Ao A A3 AT AY 3UA Hol
FHAA Zholl A9 259 A= E
Al FAAZ F Agsiiek 397k %
AT AT AR o g, 7] g o] oF 30%
F7Vle AdE Vel (data not shown).
agla, B Age) A& positively charged dish
5 o] &3lo] AT AAIIQ 0.2 uM 9] insulin
S MM wigi o wikdlemn & AE
€7 DNA #5829 {271 715stsdich

URbH O, Ca’' & AlZW Au Ad 4=
4eix glew, chlldlol 4 gl Eulo F83
A3hg 7}3el (Hawes et al., 1992 ; Detlmary
et al., 1994 ; Wong et al., 1994). T, VT
o] FAofl ol A= AE9] Ca®' X2} u]a]ﬂo}
7Rk Baxelx itk (Yeo and
Mugiya, 1997). £ A&lol| 4+, v tohie] Ca? 9]
ZA7} wijokA| o] WEES FA el Az}
Ak °]ﬂa* THA Eulfotol] Qlo] Ao} Ca?*
VTG #AWRE ozl Al A& 4 A%
9| AP E Fa3F AEE 7HFn oA
o}

_l_l_

tﬂo]_l__'l,__

[e]
AAE

NN o

VTG &42 =% (Boehm et al., 1988) 5l
%A% (Stanchfield and Yager, 1978) ol Slo]
A Qg Az Basleld drkh ofFoll Qo]
A=, iAol o] ZHAE ufokel] o3 VTG AL
E; 107 MollA 7} 2 35S 7ida |
asjol# 9o} (Peyon et al., 1993), 3+, Mai-
tre et al. (1986)-& F-A7Fole} ZHAE ufctel]
RotA, 10°° M9 E & Fo 3, 3¥xol] o]
AAAxE Jehldct olof] Hkll, Kwon et al.
(1993)2 22 Fo ZHAlEugell oiA 107°
M2 E& 5ol ¥, 54xl 2|l FAEAE
Epdckst Rwsln Qlok & Aol QlojAx,
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T Mgolel 7HAE Zujuigkol 98t Vitellogeinin $4 F &

107° M 8] FodollA iy A& ehich
aglx, F e tidk VTGS ulE2 8%
Az}, sk 78RR ALH o7 Fokshe AgE
B4k ol Fvh= el 11YAMAE A%
=gk olEdr Atz H¥ z27d] wE VTG
gAY Aol Aol7t A= S &+ U
o} o] 2wk IZke] Haloll whE AIE ] A}
9 Z7PF 1 9o AR agAuL F
bl Aol i3t VIGY vl&2 Jehlle W
AZAE ) iy $HA 7} w|wsle] VIG A&
Aoz #eiste g, VIG FAdl vixle
Hzte] ogks Ruh Age] ddd F e
Zolglar o] AZc},

©:

o

¢

2 o

FRMEFo] o] e THAEol kol A Vitel-
logenin (VTG) 9 34 45+ A795H 4
o] oJel sl TAIE= 79 52 phositively
charged dishE o] &3 wjeko g il 3Hibx|g]

o}, wljok 79 9] 7 AEEL E, 9 #-50l uet
27y 20.7% 2 23.6% 7y R&skgen, DNA

Foake 747 13.7% 9 14.0% 7 Zd&sich

E, A7F3 dl27ole YEE&7 DNA T
Zol] Qlo] o3t Ho|7} vehtA] okt
agla, & el o) e VTGS ¥l&2& E, 107°
M| H7kAlel] HuxE el e, 2
E5(1075 M)ollAE 288 Zhashs ZHeks
22 i=

L 0o
o=

E L AR
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