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Induction of Vitellogenin Synthesis by Androgens
in Cultured Hepatocytes of the Eel, Anguilla japonica
Kwon, Hyuk-Chu and Hong-Yang Park*

Department of Food Resources, Sun Moon University, Chungnam, 336-840

SUMMARY

To establish whether or not androgens is responsible for the induction of vitellogenin(Vg) syn-
thesis and secretion, primary hepatocytes prepared from immature eels were used. The results
are follows:

1. Eel hepatocytes were prepared using a collagenase perfusion technique. The isolated cells
attached efficiently to fibronectin-coated dishes and subsequently formed monolayers in
serum-free medium. These cultures maintained in medium for 10 days with minimal cell loss.

2. Estradiol-178(E;) alone was insufficient to induce Vg synthesis. The combination of E, with
methyltestosterone (M T) markedly stimulated Vg synthesis. High Vg production occurred in
MT concentration from 107~107°M in the presence of E, (107°M). Testosterone and
androsterone were also effective, but progesterone was not effective in inducing Vg syn-
thesis, Neither MT alone nor testosterone and androsterone alone had any effect on Vg syn-
thesis.

3. E,-primed hepatocytes showed Vg synthesis in both media with and without hormones 1 day
after culture. In the cultures with the vehicle, MT, or progesterone, the rate of synthesis
seemed to decrease with time. But the combination of E, and MT showed an intense in-
crease in Vg synthesis, Hepatocytes isolated from E,-primed eels also required androgens for
continuating of Vg synthesis.

4. These results demonstrate that androgens act together with E, in synthesis and secretion of
eel Vg.
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A= doha o] JEEHEEA ol F4ulol iR
EEWEEAM AT KRS SO} 2F, 45 F7,

2 o|F FollA Vg o, s 1 43
St S| WA ghom, Veiael dbse Ul
v 23 g "o 2ulg Vgol drsgz 95
oA Aol st 2287, Aakatd 2 ExyE
gha Aprt gol dahx shok (Ngob Idler, 1983;
Wallace, 1985; Gavaud, 1986; Mommseny} Wal-
sh, 1988; Vaillant 5, 1988).

Vgl A= 35 in vivo L in vitro AT 0]
ol Alele] g, AEEe] 4FHe B8 53
R w sl R2RE Eg ¥ Vge ¥
AEolR)= Aoz BuEAt (Emmersen® Pet-
ersen, 1976; Hara$} Hirai, 1978; Sundararaj %,
1982). 3 E; o]9le} & T 259 Vgl
o7t B A, el o) s S ol 83 o
HoAM FAFHSEE 9 M 5220 Eobe] &
A8 o8 Vgg AT Ak (Wangh,
1982; Wangh¢} Schneider, 1982). H3F ] 38}4%)
3EZE, 53 AHs2E(GH) Y =22 (PRL)
o] Vgddl 2ztd ¥ e g 2hgslvta o F89
A BaEo gen (Ho 5, 1985; Boehm %, 1988
Paolucci, 1989; Burzawa-Gerard®} Dumas-Vidal,
1991; Carnevali %, 1992: Kwon3 Mugiva,
1994), 435229 HupFoo] gajrr Vgiadel
frEHoltta Bwngct (Hori %, 1979; Le Menn
&, 1980).

< Kwon 5(1993)& Fx]7040] o] Wi s
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date] AREE7] A 2 20T Bl 83
o}, Wato] ZHAIE 9] #Al= Kwondt Mugiva(1994)
9] vl wstt}t, =, 0.01%2] NaHCO: & ¥ 33t
0.1%9 MS 2228 nl33 & BR2 A7se +&
HZ3la] Ca’*-Ringerd (120mM NaCl, 4.7mM
KCl, 1.26mM KH,PO,, 23mM NaHCQ; 10mM
HEPES, pH 7.4)& t#9-& £l 583 #7/3t
o g Fo BEES AASAEG vh3ol collag-
enase (0.5mg/ml; Wako Pure Chemical Ind.,
Japan; Type V)& g8l Ca?t-free Ringer o
B oF 2087 #AFstd e Asirziow, Catta)
Mg?*t-free2] Ringer®) 30mlg FU3le 49 &4
< A sHATh Astd 7he 08 A A F 50mle
Ca®*-free Ringerdoll Yol 458 7198 71 A &
< 3 g o8 MEdgdoz EAT vy
S A2 e EHAE UEE ol &3 Az dgd
< 50mlg YN ZE gAY, A8 T dg
4L 600rpmE 9027+ A4l F-elol ojal AAAA B
RHMN o]2e] 8458 A A o83 das
39 whEEle] Aojxl dlstd M Ee] Ringerdl & 3
7hste] 10mle] HegHoz syt Axe AEES
Trypan Blueg o] &3t agsiglon, JEXse d
o AlAHEE o] 83t AlibslTh

2, MIZ ulfek

Dish@ 3 X 10°708] ZHAIZE 3mlo] w2} &
7) 60mme] Fe}28 petri dish (Falcon) ol A} wjok
At wigNLe 0.2,M bovine insulin (Sigma),
streptomycin(100.g /ml) 3} penicillin{70g /ml)
£ ¥ sk= William's E medium(Sigma)-& ©]-&-3}
Ko, 25ColA fibronectino] coating® dishZ
AR&-8ted CO, incubator (5% CO,, 95% O) oA} Al
& ujdEtAnt. kel 5228 ¥3EtE wdde
24~17tmbet nigkakod e, wked Al dish 9 ME

ol 20] e ZERZES AAs] A8 28 A

—260—



712 ope el o2 3 Mol F st

3528 X7

Estradiol-178, 17a-methyltestosterone, testos-
terone, progesterone, androsterone % hydrocor-
tisone acetate(Sigma) 59| AH 2ol T 2EES
25 95% 438, &~ 45 EE(Sigma) 2 #HA|
Zz2tel (Chemicon Int., Inc.)& 0.7% NaClol| &
slated wjelol Hrhstoct. Adlzols EEES §
st el AR %L FEE WYAF 0.1%E

g2 ¥ F frt

4, Vitellogenin®| i 3! SH Fu|

wao] Vg2 Wiley $(1979)9 wwol uet
MgCl-EDTA Aol s =gl A3 Vgol
3E ¥3S A7) A8l fE ke Smge EE
propyleneglycolell &3fi3te] Wi7go]e] B 7kl FAbst
o] 10dF B#E Adsle] gHg AHsct ¥
AR o8 o smle] Ao 20mM EDTAE
3t & NaOHZ pHE 7.7°] =HA 233 F 0.5M
MgCl; 1.6mlE Baf 2,500xg= 15%-3F Y4 &2 3t
Ao}, doiz AL 1M NaClg Ese 50mM
Tris-HCl(pH 7.5) €% 3ml& %o &3l, 2,500 %
g2 3083 fHEe F Aol 26mie] AR
SR/FE Gt thr] 2,500x g 1587 47251
o} A2 [ieel Tris-HCl $H& 3mig &35}
of 17A1F &<t 28 SN & o] &3te] FAFIYCE
B} 53k Vg & AA3}7] 213 Sepharose 6B col-
umn(0.02M Tris-HCl buffer, pH 8.0 containing
2% NaCl and 0.1% NaN;)-& o] &3}5it}.

AAE Vgol 22 ko] Freund's complete adju-
vantE E£33ste] mifk (emulsion) A7l & E7]o) F
AFEATh d9E 15 HEog 43 FAY o,
HEFAL 157U Foll E7] Fo] AWE Fotd gEH
& AHT F, 22 G s Wo] HS Yol
4collA 2002 A7 B GEA S TEO] ALE
Al 7hA] —20°ceol Bkt

5. SampleX{2], 7|9 E U immunoblotting
TP Z vl ofsf 4 Fule wel AL trichor-
oacetic acid(TCA)EZ ¥FA1A 7|45l o] &3}

At 2 A4S 2heks] Awshy, vk FEF gl
& FAG AR o) Ax HES AAS
= kit e] 5% TCAE 5ml ¥ 3,000rpm 20823
AEeste g as JHAH. o] HAE 38 vhE
gl doi AHEL £%9 NaHCO:2 A &
22 42 sample buffer(0.175M Tris-HCl, 8M
urea, 1% SDS, and 0.5% 2-mercaptoethanol, pH
7.4)E 9ol 7.5%9 SDS-PAGE #7|9%(Laem-
mli, 1970) & AA8] Bt

Vge] #8218 9)ated Garbar and Williams(1953)
2] wryel w2l 0.05M barbital ¥ (pH 8.6)&
o] 8, 1%9] agarose WIH7|95& A Q)

Immunoblot-& 24 23 ¥ Kwon 5(1993) ¢
Mgl wet Padck. WA SDS-PAGEF, cellu-
losedtell A7 ©alAE 4,000012 3|4E WA
Vg A2 4T 16213 ¥-3A12 3, A28 (goat
anti-rabbit IgG horseradish peroxidase conju-
gate, Bio-Rad)Z 2A17F 59 4204 wk-EA|H T},
3¢, & E3AE 713 (HRP color development

reagent, Bio-Rad)<l ¢J&] 7}A] sk 013}
mza =

1. 2 2ol

Fig. 19 collagenaseo] 2ls] £zl€ M| ¥2] ¢
A2 @vAs JERh BeE 2Fe HEs
kel FeiE Jepled MY 1987HA ol e =
F& EUon viYF 3d A=rt HH HRste] ¥
el Ax 3] gAe ¢ A, ME] FAE 9
BaHA #AE 4 Uy AE] MRS ujkdo] w
$holl oJ3) F31%]o] Fig. 13 g @& (monolayer)
£ 45t olu) M¥zte] AAlE BEHEA =
=l MEEL ol#g JHlE Holx 1047+ 433
AHE AN 1 F HEE AAME dishdez 3
B 1A AP o] 3ot

e M Ee AZELS trypan blue Al
oj8 90%013%] Aoz vehtod, nlejg 3 x 10°
e M7} doiAr),

2. In vitro Vg§}Aol| th# E., GH % PRL2| ¥
&
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Fig. 1. Phase-contrast micrograph of primary
culture of eel hepatocytes 4 days after
culturing on fibronectin-coated dishes.
Hepatocytes were cultured in Williams'
medium E containing 5% FBS and 0.2, M
insulin for 2 days and then they were
cultured in serum-free medium. x 202.

N E| E, GH 2 PRLS 72y &&= & 37}
3t wl g AAIEH VgiAel tig s At}
vt 328 A7 5d Al mj NS 738k SDS-
A71GEol &) A5 duE Fig. 200 vERdTh
E; GH % PRLE& 717} @508 Hrlgh vjdo M=
Vg& = AAA gkttt 18t El GH o
PRLE g7 A#7ste] st dishEollAe Veol o
oz b BEujEln), AT el s {4 &
BlE Vg2 in viveo| Al E,FARSE Wdole] g3Ze]
Vg polypeptide®} A719 5ol A 22 ol5EE
R ot

3. In vitro Vgghdol| tf#t methyltestosterone
o] A%

Vedaol gt FAdLeZol=Ql 17a-methylte-
stosterone(MT) ¢} %2 Fig. 34 Uepdr} E,
(107M) ol 1079~107M2] MTE 34 H7}sld 5
Azk wikE A, Veo| Arkee M7 MTe 55
of Hlelste Zvlsldedl 107°~10"M2] MTe| 3
el Mde 2ok BE Vgl 4ol fEHUTH ofuf
E, = MT @5 #7148 v ol A= Vg ghdslol
2| =] e¥sket.
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Fig. 2. Induction of Vg synthesis by E,, GH and
PRL in eel hepatocyte cultures. Hepatoc-
ytes were cultured for 5 days with E,
either alone or in combination with GH
and/or PRL. The media were changed
every 24h. Spent media were analyzed
by 7.5% SDS-PAGE. Lanes 1, vehicle; 2,
Ex(10-°M); 3, E(10-°M)+GH(50ng/ml); 4,
Ex(107°M) + PRL(100ng /ml); 5, Ey(10-*M)
+GH(50ng/ml) +PRL(100ng/ml); 6, E.-
treated eel serum; Vg, vitellogenin.

4. In vitro Vgttol gt 7|E} AH20|=§2]
=k

Fig. 49l progesterone(10~®M), androsterone
(107M), testosterone(107°M) 2 hydrocorti-
sone(107°M) & E,(107°M) 9} 2tz =& 37 &
7hste] Vgidol ek 438 Jepdth, 328 vt
5d#¢] SDS-A719% 2=, E.% androsterone 3
testosteroneg &7 718 vl ol A Vgo| T4 o
A= Aol #ASUC}, 12\ androsteroned tes-
tosteroneel H]3f kg Vgitdsg Uehd 2, pro-
gesterone2 Vgdoll da& w|x#] okokrt. @3
o1Fol oA Fa3 A A (AR gl &l
) 2#)2Zo]=2¢] hydrocortisone ©]2ka}x)q Vg
o] $4& F=Uch sjgdel EF ¥FstA| 31
androsterone, testosterone % hydrocortisones
w0z HrE wigellME Vg 3483 YovtH
.
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Fig. 3. Induction of Vg synthesis by MT in eel
hepatocyte cultures. Hepatocytes were
cultured for 5days with E; and MT(from
10~ to 10°°M). Lanes 1, vehicle; 2, MT
(10-5M); 3, E2(10°M); 4, Ex(10~°M) + MT
(10-°M); 5, E, + MT(10°M); 6, E,+MT
(10-™™): 7, E.+MT{10°M); 8, E,+MT
(10~°M). The media were changed every
24h. Spent media analyzed by 7.5%
SDS-PAGE. Vg, vitellogenin.

5. In vivoollM E. X2|8l ZHHIZE uligdollMe] MT,
GH % PRLe| ¥%

Fig. 5ol wae] msapol E, (Img /kg - body
wt.) & =Abste] 9% o) he A, AEE &
s mjks AgozAl, Vgiaol tE E, MT,
GH 2 PRL#}9] @& £ co-culture?] FF&
ebdch wio 1Uxle] ZAERNE Vg $4L 2=
= A7} g% VARl BE HidelM BEHU=
|, ethanolsto] A 7}¥ control# progesterone 2
MTs) = Wrhrselie Aze Vel i 2
abe) 7] oL, 933 wiRAI Y vl o] Vgl 34

A gaso] zron wjo 3UF FEE W UEH

rlo r

Fig. 4. Induction of Vg synthesis by various
streroids in eel hepatocyte culture. Hep-
atocytes were cultured for 5 days with
E, (10~°M), either alone or in combi-
nation with progesterone(10-°M), testos-
terone(10~°M), androsterone(10-*M) and
hydrocortisone(10~°M), respectively. The
media were changed every 24h. Spent
media were analyzed by 7.5% SDS-PAG-
E. Vg, vitellogenin.

) gpsith, B, = d7hpolM el Veshd & gzt
2} 37 Az 2aso] zkent v 5L AZAE HiA)
ol Vgel dadel #aslitk(Fig. 5, lane 4). 17
1} E,+MT 2 E,+GH+PRLES &7 A7 ol
Pl Vgeol FAL AR Zrtsken, g 5d
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Fig. 5. SDS-PAGE of Vg synthesized by cul-
tured hepatocytes prepared from E,-
primed eels. The media were changed
every 24h. Spent media were analyzed
by 7.5% SDS-PAGE on Days 1, 3 and 5 in
culture, respectively. Lanes 1, vehicle; 2,
progesterone(10-°M); 3, MT(10 *M); 4,
E»(10 *M); 5, Ex(10 M) + MT(10 °M); 6,
Ex(10°M) + GH(50ng/ml) + PRL (100
ng/ml); 7, Ex(10°°M) + GH(50ng/ml) +
PRL (100ng/ml) + MT(10°°M); 8, Es-tr-

eated eel serum. arrows indicate the pos-

ition of vitellogenin.

A7k g fel Vgihgel wrasivh Ed E
+GH+PRLE& &4 ¥71g gt B, +GHA+
PRLAMT9] wiafall A ! @& ool Vgo! g%

ch.

8. In vitrooll Al B EHIE Veo| &l
Alasfekell ] MTell ols) 34 Fujg Vg im-
munoblotel Slstel FRIsteledl, Fig. 69 wol
AAE Wgol Vg Ao ths) weisetow o
A On), w7 Fel BAME Fig, 7
o o] Vg 98 4ol hg-alelizn, o]tz wixto] W
Vg el ¥l A28 vepiol, MTo] ofato]
ol

Vgol g4 Fn]s ol gelu gl

27

E EM

-Vg

Fig. 6. Immunoblot of proteins secreted in eel
hepatocyte cultures. After SDS-PAGE,
proteins were blotted on a nitrocellulose
membrane and immunostained with an-
tiserum against eel Vg. E, proteins se-
creted in hepatocyte culture with E.
(10-M); EM, E»(10~*M) +MT(10"M).
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Fig. 7. Immunoelectrophoresis of Vg secreted
by androgens in cultured hepatocytes in
eel. a-Vg; antiserum to purified eel Vg,
S, Ex-treated eel serum; M, Vg secreted
by androgens in culture of hepatocytes.
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%E}(Emmersenﬂ} Petersen, 1976: Elliott &,
1979; Sundararaj %, 1982: van Bohemen %,
1982; Kwon &, 1990). “12]u} E, o]2lefl Vgitgel
Ve sl LH‘rB]" o] &g ATE e WAL AF
Z, PR B IR ook A Se] wol st
A, Vgo] 4L B, 7t 9 Habed 5285 F
o] 250 o o8 frExo] ke A
Z5(Boehm %, 1988), #4557 (Ho &, 1985), &4+
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oke] ole]-& WiRo) in vitrod X Q] olf Vgide Wl
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Ved4d e frmshe Bt 3 Zgete 2Ag ¥ot
it} o] o]F¢] Vg@dAldle £ BEol S 2t 9l
on, 53] Waole] A9 vhdd gy =&
3ol AoR wol, Bk thabEel yiEe] A7t 2

°1-rr«l AR Pl Exis Aol gl wet
FH o7 Frkshz Aol o ojFellA] Hirso] gt
(Sundararaj %, 1982; Scott®} Sumpter, 1983;
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one 59 AIEEL K9 tlEo] ¥Fo tpFoz
| E ot} o] $ASEEE ArH Al of
A= -“i-"*ﬁ t} vlgo] o]E TELES Vg ¥
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tenediol 94 MT} 22 Vg4 e38S 7HAu tes-
tosterone, dihydrotestosterone % methyldih-
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L oju] Bt EHEQ o (Kwonit Mugiya, 1994), MT
o] #H717F E;+GH+PRLA| G5 v X718 A}
A&ox E,2+GH+PRLET} E,+GH+PRL
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