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Expression of Vitellogenin Gene by Androgens in
Rainbow Trout, Oncorlynchus nuykiss
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The effects of estrogen and androgens on Vg gene expression were examined in primary hepatocyte

culture and livers of the immature male trout. Specific primers of Vg cDNA were designed with already

reported Vg gene nucleotide sequences. PCR product was sequenced and verified with Vg ¢cDNA of

rainbow trout. Total RNA was extracted from the cultured hepatocytes and livers of steroid-treated

rainbow trout and then it was analyzed by reverse transcriptase- polymerase chain reaction (RT-PCR)

analysis. The Vg mRNA and Vg protein synthesis were increased in rainbow trout in vivo and in vitro
with E: and methyltestosterone (MT). There were dose and time-related effects of E; and MT on

vitellogenesis. Androgens such as progesterone, androsterone and testosterone also stimulated Vg

mRNA expression in vitro. The results show that androgens as well as E; can induce expression of Vg

mRNA in trout in vivo and in vitro.
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PN EE ol glolA] RS FEAEE ¢
gkl o] AGEA 9l Vitellogenin (Vg)& & -F 23 e

S FAso 2 Fol 4P Vg estrogen (Ex)2)
A goll S8 2ol A E 224 glycolipophosph-
oproteino]ti{Wallace, 1985; Mommsen and Walsh, 1988).
9]214 8| Bl o8 Qbzioliet 431 el 3 vl 4% A
HelME Vgol 48 FExo] e ALzHE oo
Ve A zbdt &)l odgke X 2R 2A4%E-5 of

©

ot

oot

o] =¥

rlo

=

fetedl AF3 FRE AFH fvHTata and Smith,
1979; Tenniswood et al., 1983; Vaillant et al., 1988;
Marilley et al., 1998). 3t 2| A ztslA] A2]FA3s
31 Ql& dioxins, PCB gl bisphenol A S3} Z+& 314 %
2ol i3t biomaker2 4] Vgell tigt A7+ =i-§ &
stch(Sumputer and Jobling, 1995; Ren et al., 1996).
Evl Vet & 2sks 73 32 Rol AR, 2494
F2Ed PHATEE] Vgitioll Bot $Eo2 28
sl Zlo] AFelellA] 8k %] o (Wangh, 1982; Wangh
and Schneider, 1982), AA s 223} Xzete] £ wals

1997 QoA F ALY FEAA AFulo] Slsio] ATHAL.
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Az 2rgo) Vgihyel ARAH oz FosE Zol =
F(Boehm et al.,, 1988), s} (Ho et al, 1985), A&
(Paolucci, 1991; Carnevali et al, 1992), ©]-F(Burzawa-
Gerard and Dumas-Vidal, 1991; Kwon and Mugiya,
1994; Carnevali et al., 1995) Eol|4] Ki1%o] gir}. Egt
E; olgjell Ml gl 34 A zEEol= FEEFO] Vg
S 8%l Zlo] Fo](Hori et al, 1979)%} goby
(Le Menn et al., 1980) S-oll4l #2= gl o], #7](Sun-
dararaj and Nath, 1981)ollA] &= Vg4 & F- 5314 X4l
oh. zela 22 @3t uH(1996)2 iAol 8 in vitrod ¥ ell
A] testosterone 3} androsterone $-& E,¢} $HA] A 7)3}od
Vgt & fx8t9 o), progesterone Vgt g A=
sS4 E3eh. ol AT T Ve e 2 )
BUIEAS W B ATOIE FFER ok WA
2 gk Fto] &gt

B oA Folo] ZHAIEmekE o] &3to] Vg mRNA
ateof] dgkg wixj= WEBERE, 53 gAREEE

ol sl AEsHSAet
AZ %

Z Aol A in vivo $E2EX

A% 80-150g2] A7 Fol & A2 FAAllA Fdst
o] & 15THA AS3tg et E; 9 methyltestosterone
(MT)-& propylene glycolel] -&al|sto] ujA <& MAl F4
spglom, 7+ ARl 30ukely el 3 2E(Gmg/kg
-body weight)-2 F-ojsto] 2447} njr} 5ulel4 sampling
sho] Walg At o, diitoll Slsto] IS T
Sck. QA Sletol WA HARF AFFuTEA 20
Coll Batsldeh. 7he AHFE YA Aol HedF F
A AZEAG 70Ce] HASE AL

c¢DNA®] 34 9 RT-PCR

EMBL data bankell $5%o] gl& o] Vg gene2| 4
7l ARE o) gslo] oF 600 bpe] cDNAE ZEA|A
4 Q5= P3 (5 -atccacgaacttgctgttcag getgtt-3")3} P4
(5’ -gtgcgagetttggecacgacagttctgg-3') primerg A A3
o} 2RE Soleln] G 4 £0i9h By FoI% 5U7
ol Ax 247 itk 22A& A&, ol 7t=H

0.2go 2 HE] total RNA extraction kit 3] mRNA extrac-

tion kit (Pharmacia, US.A.)& o] &3}o] mRNARHS
% - AAAe}. 3% - A AR mRNA 2g3} 100nge] &
49 primer PAE E3teto] 70ToAIA] 1087+ 7hd - W
%, o] Hk-Solol] AMV-RT (Avian Myeloblastosis Virus-
Reverse Transcriptase)& A7}stod 41°CollA 147k k-
A]A, first strand cDNAE TAJsl9icl (Life Sciences,
US.A).

sepg Folohn ghe 4olsl BoziY AT
cDNAE F£3 o & P3/P4 primers 747 1M 231s}o]
95°Coll 4] 302, 52°CollA] 30, 72°CollA 30% HHe-g 30
8 AR %, 72CelA 1878 A A
RT-PCR ZEAE 54 1Z 1% agarose gelol] A7) gd-53}o]
DNAS] FZoj 25 #elslg]rh PCRo o8l F%% PCR
ZE AZG T-vector (Promegaiit)ol] AFdstol o
JM1092 & AAZ &, plasmid DNAE &390t} (Sam-
brook et al., 1989). o] plasmid DNA Sanger?] did-
eoxy sequencing & 583 Automated Sequencer®
G7uld-& A3, AR A7IMIAE olv] Bid
TR/ Fole Vgeol Hlistod, PCRel| 2lal 555 DNA
o] Fol9] Vg cDNAY-E E]1ssich B A= Fo
7o Z HE] 343 (DNAE F3 o g, P32} P4 primerE
RT-PCRE A A&}t

ZHAEu G 8 T 2F A2

Zo] 7HAlE 2] AlzE Kwon et al. (1993)2} ¥el] wh
g}t &, 0.01%2] NaHCO:E Egsl= 0.01%2] MS 222
2 ukd & BNE sl e Awe] Ca
Ringered (120mM NaCl, 47mM KCl, 1.25mM KHzPO;,
23mM NaHCO;, 10mM HEPES, pH7.4)& 7HEw-& 53
o} 537k HEshol Wel S9) BEEE AANG TS
o} collagenase (0.5mg/ml; Wako Pure Chemical Ind.,
Japan; Type V)& Z3tsl= Ca"'-free Ringerdjo @ oF
2087+ Histe] g L3 or, Ca” 3 Mg -free?|
Ringer?] 30ml-& Fslo] a9 #AE AR &
39 7+e ZI)2 AAL 3 50mie] Ca™'-free Ringerfoi]
& 72 7hiA AL & sl e AlE
2 THEgY YA E A=E o] &4 AE d%
Oml-g YATNZ A2 AZich oJzsl AE A=
600rpm-g 907k PAIE-lell o3 FAAA HAA
ol2)e] BAES AAsIAt ol AX-E 3
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Blo] oozl slelslm A|Eo) Ringere}2 H7}sto] 10
mie] Werelo 2 sgich AL AEEE Trypan Blue
& o fsto] psigion], AT YT AL )8
sto] AlFekgct

dish® 3x10°709) 7HAEZS 3mle] sjckedst 3H7] 60
mm Petri dish (Falcon)ol]A] ujekslgict. uljeked-2 0.2 1M
bovine insulin (Sigma), streptomycin(100ug/ml)3} peni-
cillin (70ug/ml)-g E3Fst= L-15 ulokel(Hazleton Bio-
logics Inc)&- o] &3l9lom, 25Cl|A] CO; incubator(5%
CO,, 95% Oo)F o]-g3lel AEE widsidct A7) &
225 I3 wikHe 244 7“4‘4 gkt ek wiok
of s13kA) dish 9 AZEe] o] Qv F2EES AA
o17] el T2E Ul A] b wikado 2 3u] Mo
# makelgich

Estradiol-17 8, 17 ¢ -methyltestosterone, testosterone,
progesterone %l androsterone (Sigma) 52 AE|Zol=
F2EEE B 05% ol Sallstel wiealel Holet
et zelZolE TEES Saels] Aol AgH AT
TEE SRS 01%E dA EEF ok

W FEF wigAdS AAs, 3mie] PBSE Hrtsh
of Al 3572 7hdA Fol AEE A5 om. PBS
£ 33] AEE & mRNAE FZ31dch

4 3

In vivo Vg@Adoll i3t E; 2 MT2| g3

o] Ex o] SDS-ASGE LA

-L

Ex& Foigt Az
£ Fig. 10| UrEHlC}. AFNZ Vg EAlFell osf §H4
FrEFIdch Ve &S ExFol 24417717 A& oko
Liebk o) 48 7kRE] Sotslr] AlEbsto] 12041 7F%00
© B 9] Vgol 3= 9t Fig. 20l B9 22
2] 17 o -MTE Foislo] bt Ay}, EFAE RA9) uf
7R 2 17 ¢ -MTol] QA E Vgitdde] SEEAE],

FALeE ol 48217k RE] WEel Vgol A dE4AS
BAE 5 dot 120477k A] o] FRVIHE 2A Fobet
A oEskeh

3l B Aol A Fo]9] Vg mRNAS] AA = wislE
ol 7] ste] 243 primerE o]-§slod oF 600 bpe]
PCR ZFF4HE-S #9139l 31, o] PCR $FAHE9] 379
g2 AAG A3, oln] RuE Folo] Vg §H219] exon
oy 25 Ax)slgich wlaba] P3/P4 primerol] o)) =

2 o

O
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Fig. 1. SDS-PAGE(10%) of sera from Er-treated rainbow
trout. Fish were given a single intraperitoneal injection
of E; dissolved in propylene glycol at a dose of 5mg/kg
body weight. The arrow indicates vitellogenin.
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Fig. 2. SDS-PAGE(10%) of sera from MT-treated
rainbow trout. Fish were given a single intraperitoneal
injection of MT dissolved in propylene glycol at a dose
of 5mg/kg body weight. §, male serum; %, mature
female serum. The arrow indicates vitellogenin.

£35)% PCR 4HE0] Vg (DNAQIE o258 4 glod, of
#3 PCR ZEAE9] o wWs}E o] &sed Vg mRNA
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4, Folo] B @ 170-MTE oIzt ¥, $o]¢] 2o
A Vg mRNAS] A A2k W3}E RT-PCRY 0.2 2AH 2
B Fig. 37} 40l Uehich. 7H2H0l49] Vg mRNAS]
A W ERel 3 1242088 Uehds] st
A2kt B o] Z7heil o, 1204 ko] Foll cha: 7
S Zor WHEHFg. 3). E 17a-MT Fof ¥,
7 23 ol|Al 8| Vg mRNA W3h huld Aol 3
o] 2441243 BE] M Azko] Z7telr] AlAstod 1204177}
) A&AL T, ol ErF Foldk 2] Vg mRNAS] A4
% wiste} §As}lckFig. 4)

In vitro Vg mRNAY &l o] i3t E;, ) MT9] 3k
wok ZHAlEol] E; (10°~10°M)$} 17 ¢-MT (10°~10
M)E 77} H7bstod o5 T EZEE9) Vg mRNA Lalol

Uik Jae =Askgch BZE M7} 48417 Foll A
£ F7%, o) 5 vl QAZZYE Y DNAS
e

Uerick. in vivo A gell A8k 7o) B @ 17 ¢ -MTE 47}

M M
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Fig. 3. Time course of Vg mRNA expression in livers of
Ex-treated rainbow trout detected by RT-PCR. PCR prod-
ucts were electrophoresed with 1% agarose gel. Fish
were treated with 5mg/kg E.. M; lamda DNA marker
which was digested with restriction enzyme Hind IIL.
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Fig. 4. Time course of Vg mRNA expression in livers of
MT-treated rainbow trout detected by RT-PCR. PCR
products were electrophoresed with 1% agarose gel.
Fish were treated with 5mg/kg MT. M; lamda DNA
marker which was digested with restriction enzyme
Hind 111

M A B C DE F M

2.0kb
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Fig. 5. The change of Vg mRNA levels in cultured
hepatocytes following the treatment of E; or MT for
48hrs. Lanes A-C, Ex-treated cultures: A(10°M), B(10"M),
C(10°M); Lanes D-F, MT-treated cultures: D(10°M),
E(107M), F(lOéM). M; lamda DNA marker which was
digested with restriction enzyme Hind IIL.

& Aol Vg mRNA @ale] 2715 galsiglont,
Vg mRNA9] AAHL E, 9 170-MT 2% ¥58 o
st = Artet Kol E VERHAE okgteh.

In vitro Vg mRNA W&o fjgt 7]} A€ Zol=
Y=g 9

Vg mRNAQ| #-&lgko] sk progesterone(lO‘(’M), and-
rosterone(lO'ﬁM) 9l testosterone (106M)9/] oA3ke = A st
et SEE Asb BAZ Tl W AERRE D
cDNAE 3 o & RT-PCR¥]| o3t A3l Z3E Fig.
60l e}t H7tEl AH|EolE T ERE S|4 Vg
mRNAS} ko] wistyl dwEglem, Vg mRNAS|
A Aeke progesteroned} androsterone E.r} testosterone

olA thi A vhebie.

2.0kb
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Fig. 6. Expression of Vg mRNA by androgens in
cultured hepatocytes of rainbow trout. Hepatocytes were
cultured for 48hrs with hormones. Lane A, progesterone
(10*M); B, androsterone (10£M); C, testosterone (106M).
M; lamda DNA marker which was digested with
restriction enzyme Hind IIL
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THTER G F

FE9 Vg B ol &jah M Elo} A= Zlol in vivod ¥
€ Edlo] 9= gr}(Emmersen and Petersen, 1976;
Elliott et al., 1979; Sundararaj et al., 1982; van Bohemen
et al., 1982; Kwon et al,, 1990). Z12]1} E; o] 2]ol] Vg¥H4]

ol Agkg vjXE WEHE) Y A7t in vitro ¥
5, FHHA =5 IFAIE ok S3to] Wl deted,
AT, e‘ Ayag g Zzey 3oy T2EE
o] HojgE Aol A% Rysle] 23 glrkWangh
and Knowland, 1975; Ho et al., 1985; Maitre et al., 1986;
Boehm et al., 1988; Burzawa-Gerard and Dumas-Vidal,
1991; Carnevali et al.,, 1992; Kwon and Mugiya, 1994).
# <L Kwon 5(1993)0] #0190 ZHAIE wokg o] -&3tod
Bl 98] Vg dHAlstglet. o] Aol ARl Vgit
Aol Yo AE T BERo] Bl ARkEES THA
tha shglon} Fofel A o] BEEL Veit4ol Jus
A gpechs Aol WeAch 4k ol Ag WAIE o &
sto] Kwonzt Mugiya(1994)= Aol Vedhdad oA

E 5o 2y Vg& dAsA Fsla, GH =+ PRL &
o} HalrA 2 RS E99 ZEAEo)] o) uiAtol
o) Vg e fESHE A4S dobdch o™ olF
o VgBAlolt thaRdt iEH] 28 S Uy Y AR
Uebste}.

o] 7o) A FFoll A4 &e] Aol wel proges-
SR B BRo| B9t o] &
Zol| thgko g Eu|zlo] Xr}(Sundararaj et al, 1982;
Scott and Sumpter, 1983; Ueda, et al., 1984). ol o] &

SAFERE Mg e BrRmE BHol gy

mZi m
mlo

terone 9 testosterone %2

$o] o5 32EES Vol 4 9 akRAste) B
ol BlalE A9 ATl glA) gk

AolA) A% vhsh ol ABAA Vg Aol A=
SIS B T A B8 248
Ao Vg mRNAS] A4 Hste) dig A5 B o
o mebd] B ITelAE 4ol E ol ol Bul g4~
Gl 2019 Va4 W Vg mRNAS] wae] ujx) = ojeg
& =A% v, AzEHZol=F0] VeiAlel HH Ho
sl 2o in vivoS} in vitro AL E3ll HHEAl i3
o} Hori S(1979)& Zolell theke] $4 3 28el 4
methyltestosterone (MT) -2 o]diulel] Fofslo] Vg&- &
A FESEY, 5D Vg iAe BE Solsto] &
At a3 A 7]ed53 pattern Bl A HE-Soll L
oA EFYshelar Euyvl =3 ethynyltestosterone$}

AM4E019] vitellogenin FAA 4

methylandrostenediol %A] MT¢} 22 Vg@ds3d = 7t
A} testosterone, dihydrotestosterone % methyldihy-
drotestosterone 52 0|5 3 2% Wl o g3}l Ao

2 vhebideh Le Menn S(1980)% 3Fs} Hlof 2|2 gh

LA % 22l 17 8-hydroxy-5 @ -androstan-3-one(DHT)<
gobyol Tk Folsle] Vgl Sk 25wl

a3t 42 22Q) DHIE Agle] Vg B4R A,

SHEEEo] Rl JHT2ES EE HgkEo} Vgel
Aol DAL A BAgch o el
DHT 25 E, 48418 Zsaid $58 4 glon,
Vg g4 skoll 91014 DHTE: Exoll ulsll A1 2 let. Hori
5(1979)7} Le Menn(1980) 5-9] d-ollA 53¢ A&
Aol ALE SAHZTEREL T 4k AYPH =T
NAHE Vge FEall A Rolar, W e At oF
2| A Q) ol oJsle] Vgol A= AvtE Helrh. 12
1} 2 ATl sk gro] ZAE wlbAIE ol &3 in vitro
AgollAl Vg &-E H7Hgk MTe] gxolle 2 Eehsie
1}, 10°M¢] %% MTe|AE Vgl $ESl0] tharel
MTE #eg 3} in vivodd(Hori, et al, 1979; Le
Menn et al, 1980)2H ol & pebsich. 2 A% %
(1996) Aol ZAZMGAZ ol ko] ViAol
o $AEEEY dake 2L, B4 = Ael

g4zBlzo|EE HEoTE Vo WAL FEN] A
A ok, Ex0] Ayt vtz " edlk Ao g eyt ut
ohA B WAl Vgel F¥% R4S fEelAE o
A%k BAgA W Vgitd #ARE sk o
224 Jug 2 245 B AgelA MTo|
$]ol] progesterone, testosterone¥} androsterone X BEF Vg
P =2 e =d] F8) A F7A|¢] testosteroneo] andros-
teroned} progesterone Hr} 74ak 24§ Hof ol& B2
Agso] AL $4 2ulzol 2o A4 HAol VgdA
B3 WAL 988 A FE goldh EH MTE
testosterone .t} U 2 VgdtAlS Hoj A AH|ZolE
7} Hede) zelRole Kol A 73 Vgiils& vt
Wt 3k progesterone?| 9 %50 (Hori 5, 1979)
g goby (Le Menn %, 1980) & ®izto] (R} 1}, 199)
SolAE Vgihalse vheh wiAl eigkidl, SolelAE
AEE & AdH|Zo] ol vlsl] nFstA]7t Vg mRNAS)
wrlo] BelElgicy.

SAZBEE0] Vgg sl Zlof ol Hori &
(1979)2 e}-g3} ol AT RAZ SHEZESol
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H=etA ST o] & TE2EEL B FEAlel A A

@3 et AT, B, -8 ﬂ]*‘é ZH|BolE T EZE
ol all | EelHolct EME SALZEELS wHA &
HlZol= ARALES] A3E 58t F, NADPH
-cytochrome ¢ reductase 3} 7248 &
Folel o3l FAslx]e] 23, ‘;]'*
AZ 2R Lo BEY AZE =gty A 18
1} ghellA] ofm] 1g3F wie} ZFo] Le Menn 5-(1980)-2 o]
TAll el vgekst AT 2 EE ARl s Vgol g
AElo] Ae A& Basle] FHLERo|=rt B2 A3t
ol Vg4 & fEstthe 7heA & FAsh weba
o] VedAoll d&& viXe 3 ET2ZE et o
= AFARe} ol Zoll wht chekslA Vel ] wli ol B
o} FAF ol FEAQ A7t FluEtol ¥ Aol
A 2 A7 E A d T aR e, ¥
shrAlA] L2 EZE0] Vg mRNAREo|| Hofst=A]ol o
g A7}t Al o, Vgl gt il A =4
of oidt gk HARE AT Aoz 7u=ch

z
mln
fot
B
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Yo
ok
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2 o

A4 8 SAHLEI | = TEEEo] Vg $AA o)
Fe uXEAS wAS FAMGY WAAE B
o] 8sto] =Alslglet. ou] B3 Fofe] Vg gene
371elE8 Fg Vg cDNA gHH(600 bp)g ZZ4]
4 Q& primerE-2 ZAelgit} o] 5 primerE o|§
sto] SEHF PCR AH-22] 7[ld& AAsle] Folgf Vg
DNASIE 1o}l T, RT-PCRYE o] Fato] wiozhAl
E a2 E 3 MT AHejd $ole] teghe Vg
mRNAsl AAE HeE 24 T2 HelE 74
Z gl £0]9] 7holl4 EZ3L total RNAE o] 8&3s}o] RT-
PCRY o2 B43t A3} in vivo, in vitro AY ZFo)A
E e MTH2l® MZ 9 $ol9) e el Vg
mRNAS}t Vg chijdgrio] FEE N, o152 7 2
FE A T2E 55 9 ATl &t glge] B
&} g progesterone, androsterone Z8]al testos-
terone 52 SALZEEE Vg mRNAY AAES §X3t
2 Yo Aol AAE YY) o]eke AylgHE] E, ¥
ol g}l ¢ALBZo]EEE Vg mRNAS] BHl& 53}
3L 9180 £0]9] in vivo B in vitro APl oA &
AR
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