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Vitellogenin (Vg) is the precursor of vitellin (Vn), the major yolk protein of teleost fishes. In this study, Vg and
Vn proteins of the Korean bullhead Pseudobagrus fulvidraco were isolated using gel-filtration chromatography
(Sephadex-G 200 column) and anion-exchange chromatography (Mono Q HR 5/5 column), respectively. Purified
Vn with an estimated molecular mass of 360 kDa by gel filtration chromatography was obtained from ovarian egg,
and it was composited to one major subunit with an estimated molecular mass of 107 kDa by SDS-PAGE. In the
result of western blotting, one major band was detected using antiserum against Vn (anti-Vn). These results sug-
gested that Vn was composed of three subunits having the same molecular weight in Pseudobagrus fulvidraco.
Vg was induced by estradiol-17p (E) and purified from E; treated male serum. The molecular weight of whole
Vg was estimated to be 450 kDa by gel filtration chromatography, and it is composed of three subunits with esti-
mated molecular masses of 110 kDa, 125 kDa and 147 kDa as determined by SDS-PAGE. In the Ouchterlony’s
immunodiffusion test using anti-Vn and antiserum against female and male serum, purified Vg was detected in
matured female and E; treated male serum but not in untreated male. These results can be used in detecting estro-

genic contamination of the aquatic environment.
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Wbkl A A (vitellogenin, Vg)i= GAE R EAst=
phospholipoglycoprotein 224 UREA 02 QFA Bolz 07 3
FEET FEFTEAN 2E, . FAFF2 QlojA
G = o AEZ A (estrogen)S] FA o)l ZrollM &
AEo] AR ], $FH] Whlle] FETh A (Vitellin,
Vn)E 2 7, Toll ZZ M4 %9 endocytosis receptor A
o gl YRAMXE tog EojrbA & Jl9) subunitsE Hrlef]
ZA) 3k (Wallace, 1985; Byrne et al., 1989).

ZAEol e FEE AT B ATE IR HAEN ¢
A e A E Eelste] 1 AelEt B Y
Sl Ao ZRE AlFME A B2 F2 ofRelMd 18

—

o} A el EAshe e} Yl )7} el w
S, 7 EA T BARRE BEloRd ZRANE 4
$AtH(Specrker and Sullivan 1994; Matsubara et al., 2003). 73
FolFe] dEA e FA0] 250-600 kDad] TEAIE &
A3k, 2 o] FHE lipovitellin} QAEHA phosvitin® 2
AEel itk BuEe]d §lth(Wallace 1985; Sperker and
Sullivan 1994). =714 Versper moseri o143 F Ee]9]
W A7 E S, o] F e dEhhapaAls 2
Z} lipovitellin heavy chain¥} lipovitellin light chain, phosvitin , B’
compament® & ERAJE dE FHEH o]52 SDS-
PAGE 3lolX] 2712 subunits®. WERACHL B 75t Matsubara
et al., 2003). X3t 7 Felo] PEhhlEFa)e] T2 AL 1
3%k whe} g dojub, Whlell EAlsHs WakdhiA o] w)
% thErka 9= A Stk (Matsubara et al., 2003).
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o] B4, B ¥R 9L, ¢ FIAME thre] vg FAA} &
Al Aoz delA gt} FFFE Ve-A, Ve-B, Vg-CY
3 1ECR FEHE 3 ERY Vg FAAE EAEH, o5
AAE 289 PTG Aey 540 g FEEHIG
(Hiramatsu et al., 2002; Wang et al., 2005; Kang et al., 2007).
Vg-A ol 3R 84K lipovitellin I (LVI), phosvitin (PV),
lipovitellin II (LVINE /g =0} 131, Vg-B T1F°ll= LVI, PV,
LV TAE 22 = I VI Yel 4540l %2 GL/ICG
motif (B’ comparnents E 3=yt AFE AP &80 ve-
coll £8h= FaAk= PVel GL/ICG motit’t 23€ LVI, LVII
o7 PAEolA Qlo] Vg-A, Vg-Bell &3k G HA)
¢} Bl A AEAdo] WojArHHiramatsu et al., 2002; Wang et
al., 2005; Kang et al., 2007). @A7kA] th=2] i H 14
SAAE=, BADE Acanthogobius flavimanus, 1 Cyprinus
carpio, mummichog Fundulus heteroclitus, S At2l Oryzias
latipes, =% 7YAu] Verasper moseri, U1 Melanogrammus
aeglefinus, fathead minnow Pimephales promelas*\A 27§9]
A7} B3 EQ31, FE(Pagrus major), 571371(Gambusia
affinis)IA 3702} §-2212] A Lo) B 5 ITHOhkubo et
al., 2004; Kang et al., 2007; LaFieur et al., 2005; Reith et al.,
2001; Miracle et al., 2006; Sawaguchi et al., 2005, 2006). 5
st A4 Danio reiocdiMe 702 dEEATAY £
A7} EA3 L 21 oA Qlth(Wang et al., 2005).

WRRATA SRS o, FRO B AT, 43
offi= WAVg olAERAle] EASHA kot R ATA) Tl
AL dnprloz A< FlefAet AR et oA
A olArEZA =FHW v)Ads A R ohye} FACA
T s ATAE g sl Bl SAEkAl @ (Mommsen
and Walsh, 1988; Sole et al., 2003). L8] 22 d3chilzq 5|
=, 470149 BaRaaTAe £4) 492 2o |
0] o) 2o] 23 FABAS) LAeIFE HHIE vl 2
v} (biomarker) 24 = ©]-8-% 31 3 TH(Sumpter and Jobling,
1995; Folmar et al., 1996; Jung et al., 2005).

Ahd® G el A2se SR Pseudobagrus
fulvidracoes SBRE] A4 Ad%o] AAE] 6-880] 5 L
947191 RO 7 AAIFIIZE B HloiA YorHLim And
Han, 1997) 1 1) AJEfaHa] 7L, ARets ATl Bt 1
T o} o] REle, & ATl el Helshe 3
Peradsh 7 AFEAA YIFRATAS 2T, 5HS
Bagslel RS A% Bl 22 29D 288 AL
Sjat 7zATARZ ol §5nA Bt

ME R Y

CHEECHE R (vnya} SRR (ve)ol 2E
S A (Vitellin, Vi) Hara and Hirai (1978)2]) *8H&

WEslo], 443 Al woll etk & o] A
0.75% saline 02 A& F EHE & 2.5 g% 20mM Tris-
HCL (pH 8.0, 0.15N NaCl, 0.1% NaN3, 0.01% EDTA) ¢
o 5 mLS 2o glass homogenizer® FA3IAZ F, 2A4E
2](130,000 g, 4°C, 2 hryg ©]83o] AFAL EHISH. H
AES A7) W o) FAFAT F 2APEHE o838t
o] Apzole thA] ¥-2J315iTY. o] el 3uie] E3HE 100%
(NH.),S0.Z 2ol $83] T3 & 10,000 g oA 3087t €
AEgelel glAS AAAATH FAES 20mM Tris-HCLY
ZHog L3 T & dgchugEd o ARGSIGIT. HET
WEELN 220 mM Tris-HCL $FH 2 vle] HHIAIX] sephadex
G-200 gel-chromatography column ($25x800 mm) & ©]-&-}
25 min/tubed] EEZ E&s10] Y S Be3eitt. 5 mL/
tubeZ €% fraction < SF% 280 nmolA T 433
a1, Zt peak B8 A7|9F o R ERIEI

e A A (Vitellogenin, Veys 315 3 20 ng/g & 5%
] Estradiol-17B (E»)Z Silastic (Dow Corning)oll 2o] ‘<&
F70] sl Tt AR AN AT S Wiley
(1979) BHAE S-831] v Zo] £ 3t E A
62 Sof] AAEE AFHe €3 2 mLoll 20 mM EDTAS} 0.4 mL
9] MgCLZE 3713 3 48-2)(5,000 g, 15 min)E o] &3] &
wAs AAANZG FHELS IM NaClell £33, 20 mM
Tris-HCL $910 2 F493F & Momo Q HR 5/5 column (GE
Healthcare Bio-Sciencesy2 ©|-43F FPLC system ©2 #23I5{Tt.

etoh g} watohig A 2) & BAFERS Sephadex G -
200 columnell €3} gel filtrationell 2J3] MW-GF-1,000 Kit
(Sigma)E ©]-83le Ao, BF EA#2 thyroglobulin
(669 kD), apoferritin (443 kD), B-amylase (200 kD), alcohol
dehydrogenase (150 kD), bovine albumin (66 kD), carbonic

anhydrase (29 kD)= AH&-3131Th.

H7I19s

Native-polyacrylamide gel electrophoresis (Native-PAGE )=
Davis (1964)°] 8¥& ¥Fs 7.5% & geb} 5% 55
£ gets AFEEM] 150 Volte] A3 AR H719% sl
T}, oA o AAMol(0,136% coomassie brilliant blue R-250,
45% methanol, 10% glacial acetic acid)Z G4 &, &M (10%
methanol, 10% glacial acetic acid)® 2 B43}e} #1313 ct.
Sodium dodecy] sulfate-PAGE (SDS-PAGE)= Laemmli (1970)
o] wle} 7.5% H-El8 gel® 5% §FE gets ARE3IA 2
A1ZFE3E 100 V) YA Ao 7 AV|YEein, Sl &
WAL Native-PAGES} TUS oz F4 9 s,
Western blottingS $13l] Zhol] HoAZich. EA1% S5 918l &
ZhA 2 albumin egg (45 kDa), albumin bovine (66.2kDa),
phosphorylase b (97.4kDa), B-galactosidase (116.25kDa), 1¥] 1
myosin (205 kDayg ARE3H5AT



FAPe) ez

Sl M=

FAE A s 4A9) o, ¢ sl Y 2EE o
AN E o] g3l AL A7 Fold G 7kt
5% Freund’s complete adjuvant®} ZgH3lo] E7|(New
Zealand white rabbits)ol] TAFE T, A FAF § 7Y 7H40
2 5% Freund's incomplete adjuvant® Z§3+ 3-8 43] £
ARstel AAAZTE WY E7)E= 48] FATA 7Y £, 3
Zuls Aokslo] Axdz AL AFH8l] 56°ColA 3x7F 1]
ST F, 4ColA SR WAEle] AAR-E171E(10,000 g,
30min) 083 LEA-E 22l8ISic). Falks Wilchek ez af. (1984)
2] ¥H-& &3] protein A sepharose 4B column (Sigma)E ©]
£310] E7] 1gGZ e8I 1, AN A7) -70°Col BTt
A=A S MY MIIHS
HIBRE- Ouchterlony (19492 #3101, 100 mM phosphate
H 7.0) $5-oll 3X% 1% agarose gel& AHE3I1T, A
ik BES A7 4°C oA s WA & HkeS

2 .

HAA719EE Grabar and Williams (1953)2] W ol ula}
00 mM Tris $=H(pH 8.6)= A3 1% agarose 292
2 958 gete AFGTE 958 EE 9L 200 mM (pH
8.6y A& o, AV)GEL geld E 1em W 8§ VEA 1
AlIZE 308 B A3

[

Western blotting

SDS-PAGEZ %2l ©¥aL TBS (50mM Tris, 192 mM
glycine, 20% methanol, pH 8.3) ¢8-S AM-3l%] 100 mA2]
A8t AFE 627 F2U nitrocellulose & (Bio-Rad, Richmond,
CA)CZ FolAJFt}, ehildo] Ao|H nitrocellulose BH2] Y=
ponceaus S-24(0.2% ponceaus S, 3% trichloroacetic acid, 3%
sulfosalicyclic acid)® 2 GMslod o] o7 1815 1, thild
o] Zolg YmA] nitrocellulose®}2> TBS $HE-gH o2 3%
2% bovine serum albumin (BSA) © 2 2A)7F E<F blockingdld
H|Eo] 29l Agle 4| AlZT) Blocking® nitrocellulose™}2- TBS
o7 33 A F, 12k FAZA TBS gl 20008 2)4j€
s @] (anti-Vn IgGYs 37181 A2oM 247 &
F W) 1% &) Wk F nitrocellulose B TBS £-¢10.
2 568 A=, A2FAZ goat anti-rabbit IgG horseradish
peroxidase conjugate (Bio-Radyg AR5} 2A17F 52t 4204
H-8-A]7) & DAB (3, 3-diaminobenzaidine) 84.C % A&t

2 o

SRR D) R R[] EE2fet S
1) LA (Vitellin, Vi)
s G diolA 28 AN 0] 83510 gel-

APt o) e 287

filteration chromatography© & 2] T2 Fig. 13} Zo]
718 E-2(PI, PIDE fraction No. 29 %37} fraction No. 38
oA Yebgch. EelE ZF £ Jids Jshduigg
B} A native- polyacrylamide gel electrophoresis (native-
PAGE)E #R13151 11, Fig. 29} 2o] TR 3 (Pl 23t
= fraction (Fig. 2 d,e)ellA 9] & @84 (Fig. 2 ay7} 2
2 AA9] band’} UYEFFCEH 2 B Al S & 5
U CHFig 1, 2).

g o] dd B85 st 4R B 8%
off th3k FA(Fig. 3; aF)yE ol&sto] A< Allel ielA
A EE AT A ek A WS W9 s S
o) g3lo] BRIEItK(Fig. 3). 2 23} PI FH&
g3l chgt A (aF, am)ell thste] obl 7S FAd8kA

% Hidell, PIl 282 A=A Ao dist gafloflAqt &
e A7AE FABI T /3355 FREA o dig Al (am)
oM S FASHA sttt o] ARERY Pl £ )
24 Pl
20 { "\
1.6 . *
£ o
é 12 II' 5|
p: Py
0.8 Pi J |
0.4 4 ;\J i
0.0 -M""—,_".L'_““""} k“’“ﬁ;mm-
0 10 20 30 40 50 60

Fraction No. (6 mL/tube)

Fig. 1. Gel filtration profile of ovarian egg extract on the Sephadex
G-200 column(¢p25x800 mm). Each peak was indicated by PI and

PIL.
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Fig. 2. Native-PAGE (7.5%) of ovarian egg extracts (a), fraction No. 29
(b), fraction No. 33 (c), fraction No. 35 (d), fraction No. 38 (¢). Gel was
stained with Coomassie brilliant blue R250.
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Fig. 3. Immunoelectrophoresis of elution peak fractions as PI and
PIL. Antisera were raised against matured female serum (aF) and
matured male serum (aM).

Fig. 4. Ouchterlony’s immunodiffusion test of matured female serum
(F), matured male serum (M) and eluted peakl] fraction (PII). Anti-
serum was raised against matured female serum absorbed with
matured male serum (aFM).

o] aphazlo] EF goke AL % 5 YUk B Sol

29l Henks-& S5l &
Aol thgt A&, Fig 4; aFMYE 0]% HoFAL

Hoz WAl A3, Fig, 49} o] 34353t RAE A Pl

o Bolxoz %-8—?;” & < ) o124 ¥ Pl
o7 EAes EidiAgls &
2AtH(Fig. 3, 4).

o] Yaichila B3 (pIS B33 & FE3to] A7Ie Y
o7 ARgste] AAS A, Fig. 59 o] & dhid §.3)
& oglom, ]2 7.5% nativ-PAGESIA] T whilAle &
Q13 T (Fig. 5) AAE GdmAdS A7 95S 01 3}
of Wanke-g A7) A, Fig. 37 2ol AA% oA A
(aF)ellet vkE-S ok <= QIAth(Fig. 6). ©1Z2A A, gld
bk S ghel o 7 ARgSlo] GEhi el Bo ARl A

£ A&3ISithFig. 5, 6).

A Dbl g o] Balgk subunit®] 4+ SDS-PAGEC
A BRI B, Fig. 77} 2o] Sl dude ¥ 116
kDa#} 97.4 kDa Afelel] 1702 band® Rt HEichi e
3t A S o) g3t YAHEZE (western blotting) A2, SDS-
PAGECIM S} 722 $)x]2] whizo] nkg-gozx, Fap) J&
gl o] ZRPE|=E FAHN US4 5 UYL

ABYoT TN PG I

0.8 -

0.6 1

0.4 1

A 280 nm

0.2 1

0.0 -
0 10 20 30 40 50 60
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Fig. 5. Elution profile of peak II fraction further applied on the
Sephadex G-200 column (¢25%800 mm) and Native-PAGE (7.5%)
of the peak fraction.

Fig. 6. Immunoelectrophoresis of purified yolk protein (YP). Anti-
sera were raised against matured female serum (aF) and matured
male serum (aM).

¥« 205p00

# 116000

< 97400

| - 88000

+ -« 45p00

a b

Fig. 7. SDS-PAGE (7%) analysis of purified yolk protein (a). The
right lane (b) shows molecular mass markers (Da).

(Fig. 8), Z2)FE| =] BA1=kE- 107 kDal 2 ANFESITHFig, 9).
2|4, Sephadex G-2005 ©]-83}93 gel-filtration©. . Hia
Ao F BARES 274% A, Fig. 170 et A3} Zo] &
29 & I o) B2 360 kDa® 24 F vkFig. 7-9).
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Fig. 8. SDS-PAGE (A) and corresponding western blotting (B) of
purified yolk protein. Antiserum was raised against agninst yolk
proteins.
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Fig. 9. Determination of molecular weight of purified yolk protein
by SDS-PAGE (7%)

2) HEIHEERI A (Vitellogennin, Vg)
Wt 2] A< 43 ol Estradiol-17p (E2)E A3t

98 FED, T AT A T 4 Bal02 A
28 YL o381} WIRFLR FASTHFe. 10). %

FA= A8 o A band (Fig. 10, SPEE 7 Em
g 2d F5E dso] Algle] Aol miet EPell dA3]
7Vt Qo] gRl= It} E; AE]el] &ja %Eﬂ o] ezl
o] A J—ZHOF Wb A oL U 5A4S TR
i A HEH A (aFMYE ©]&3t] A<= of 7 d37
E. A€ + Q%Ur/l - Hgh oz FRlsigint.
71 A3kFig. 1), FFAll tiste] mjxe] FREH M)A
£ o3 v HolX ARl dREH(Felxs 719
J74xe] g Elo] o] G ATA 9} WEEIlEe
4 = Qe Hgel, B AEE FREFME)IME 4AE
3} 7o) gle] o] FAAERL, o] A= E, A

o rLEZn

AEAETAS] £
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Fig. 10. Native-PAGE(7.5%) of E;-treated male serum. Numbers were
sampling day after estradiol-174 administration.

Fig. 11. Ouchterlony’s immunodiffusion test of matured female
serum(F), matured male serum(M), and E,-treated male serum
(ME;). Antiserum was raised against matured female serum
absorbed with matured male serum (aFM).

8 el o] FEENSS & F USTHFig.
10, 11). =¥ A A= 4718 HH2EMono Q
HR5/5 columng ©]-&3le] #8191, 1 @3 fraction No.
158} fraction No. 1601 sigsh= 2702 b #-31(PL, Pl
2 5 $2H50 el aaae) Aoy 5448 gkls)
71 Y3ty Z+ (el PINF 3 38 (anti-male serume;
aM), ¢ FEH (anti female serume; aF)S ©] 85 WA
719F 07 Hh3-g RIS Fig. 130 ViRt Aks) 7o),
A FE)H A FREIAME 22 SR FEH(aF), 7
A FAA @My A3 W] FEEish Jakdo] FAEG
o}, Bk ol niAe] AP MYE 4R FEH (P
e glo] AL FATRE oF = Qlolt}, o= AT A
Aol FEoE EAIBR: YTl HE WES e F
7‘3%‘/} g vz B33l nkgofx]= pi whlA FEe|
G FEH @A 7 FEH @Myl st oy
AR o= dbdo] pII thll A F-Eo tisiM =
A (aM)zhz BhE3HA] SkAIRE, R FE A (aF)el i)
WH-"J 7o) g} ME RREES & it o] A

ﬂl
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l-l'l r l[‘
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Fig. 12. Elution profile of Ej-treated male serum proteins on the
Mono Q HRS5/5 column.

Fig. 13. Immunoelectrophoresis of matured female serum(F), matured
male serum(M), and elution peak fraction (PI: peak I, PIl: peak 1I).
Antisera were used anti-matured female serum (aF) and anti-matured
male serum (aM).

Fig. 14. Ouchterlony’s immunodiffusion test of matured female serum
(F), matured male serum (M), and purified vitellogenin (PII). aFM indi-
cated antiserum against matured female serum absorbed with
matured male serum.

W2 R Pl EE Wof d3BdTFA7F EATS & 5 9
A, ol T (aFMYE o] &3t A EAE A3 (Fig. 14)
AE A5 H A Fig. 140 UeRd Aatel 2o) E53)(aFM)

g, I

B« 205000

¥ 118000

-« 97,400

-« 66p00

-+ -« 45p00

a b

Fig. 15. SDS-PAGE (7%) of purified vitellogenin (a). The right lane
(b) shows molecular mass markers (Da).

¢

= IR A FE P A BE s AYEHA whe-g HS
A gk, SREH MR WA At o]2H] FFell B, A
2 g g Ay} pi gl 2Hog A
5L &) & 4 QUSk(Fig. 12-14). SDS-PAGE ZAHZE
g AT )Y ZEREHER Ao
& 5 QI A(Fig. 15), 2} Ze|HE| =] EA52
110 kDa, 125 kDa, 147 kDa © 2 F3 = tK(Fig. 16). H3ct
WATH e F oy BREES Sephadex G-2005 ©]-8-31
gel-filtration© 2 ¥-213F A¥N(Fig. 17), 450 kDa®. 2 Z3HS)
tHFig. 15-17).

%

[*]

Hom

]

°
5]

0 o
lnl
to

[

]
-

i

2 dA7elME A A (Vitellin, Vo)t ke
WA (Vitellogenin, Veys F2, A AR P}
iAo g 5 ol gel-filterationS ©]-831] ¥, A
A 231, SDS-PAEGS} 9148 EF ¥ (western blotting) 2 7}
2EE g e #x15F0]107 kDadl 1719 E2PEER
749 As & 7 AT Tejv Izl F oy F
AFEE 360 kDa 2 ZAE QI ol TANY Wiy &
22 A e =Tt R Y E e AeE 3
o Zch AN T AE s A Estradiol-17p (E)E
Alste] F- 31513 anion exchange chromatography=. <22
=3t FARS] RN (F EARF 450 kDa)S SDS-
PAEGeA 3709] Ze|HEl=E FAHY Qe AS & = 3l
ek AA7EA] Bag AEolRe] AT Al grE 1
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Fig. 16. Determination of morecular weight of purified vitellogenin
by SDS-PAGE (7%).

Myosin

Thyroglobulin

4 Yitellogenin (450 kD)
Apoferritin

== Yolk protein (360 kD)

B-Amylase

Alcohol dehydrogenase

70 1 Albumin, bovine

Molecular weight (X 1000)

30 4 Carbonic anhydrase

¥ M ¥ M N H

1.0 1.5 2.0
Ve / Vo

Fig. 17. Determination of morecular weight of yolk protein and
vitellogenin by Sephadex G-200 columm (¢25%800 mm) gel chro-
matography.

7R(monomers) &= 27l (dimers)2) subunits® T3 5] A2k
(Matsubara et al., 1999; Specker and Sullivan, 1994), Y4 &
Nl M= 3-47]9] subunits® TFAEO Yty H Yo}
(Utarabhand and Bunlipatanon, 1996). X7 SA] 3 ¢J+to))
A 3709] subunits® T/3E O ASS & 4 UATHFig. 16).
2 AEolRolde AT A BAE
1, §F FollA vl WA A 2] fdAt A8 7
o] & th(Hiramatsu et al., 2002; Wang et al., 2005; Kang
et al,, 2007). 4oig) 8%, Eoll &all s 704 2709 &

JAMYATA 7L 28-S SDS-PAGEIM a1, o5
& 47 e AE dussle 20F g th(Kang et
al., 2007). X3} 3}o|En|X](white perch, Morone americana),
& (red seabream, Pagrus major), 5.7]317)(mosquitofish,
Gambusia affinis) Ve 3712] B H A F07171 818
FTh(Hiramatsu et al., 2002; Sawaguchi et al., 2005; Sawaguchi
et al, 2006). °15 FAA= Vg-A, Vg-B, Vg-C ISR T
W, Z7ke] AR lipovitellin 1 (LVI), phosvitin (PV),
lipovitellin 1T (LVII) Z2ZAE ] W Yol &8k}, 2t 18
o FRARe AR B4 wEt g AR E otk
%31 8137 (Hiramatsu et al., 2002; Sawaguchi et al., 2006), 2}
HEeA A= 3 FEEHE Al ZEA4Ee] PV
9} LVIIE] Y5-=(B’-component, C-terminal component)i= free
amino acids = W=, T vjelli= thi-20] lipovitellin (LVI,
LVIDRe| Weehilzl s Exshcts B Eoj -t} (Matsubara
et al, 2003). £ AolM e BIF FA] S47H4)= A3
A QSIAINE, SDS-PAGECIA] #R1eh Awt, T2l HA] E, A
3 FANA 3719 subuniv} FEH AHERE v
FPBATA FAAR] EAE WA 5 Qlok HEo] ol
of EABHE gL 107kDa2] 1709] Fo childuto]
SDS-PAEGeIX ERIE S I1(Fig. 7), Wahehilzle] ojst g5
ol-g% AA™ EEH AfelxT ]9 vhidoe] vkeE ],
T F R o] BARke 360 kDal 2 Y e
FH, 22 18y A4S e 9 ZgE st E4)
e Ao FAEHM. olF Aiks AUl Ad 3719
subunitse Z42+9] ThE RS Yk sishe YA T2
(Vg-A, Vg-B, Vg-C TIigell £38l) FA =, o]5 dshdy
WAy g2t ZRAE ], vlsgt Balge] Lvl J95to]
el Ao} Y] 2 HEENARE AEd 4 Qs ot
TS TP vk B A7 ARERE FAplels Holx
27 opde] ST ATAE EAlshs Z0E A7E o)

T A S AAEZ A estrogen)oll sl R = A
ORRH, BEolFe] Sl dohildy o] Aoy
7o) olaEzAle] ol 09 oRg Z sl vlo|er}
7 (biomarken . AHgHOIA T GIF. A W £ A
o FrollA] Hlo] LuFARA PN TAE o] &3] o AER
A @Gl T sG], 150 J2o) A W}
wuATA) e, YAelel PR ARG Sumpter
and Jobling, 1995; Folmar et al., 1996; Tyler et al., 1996). &
Aoz B0l Qo FAeA il 2AS frEiT,
BE A of, A g4 9 deinhiAd g gAlE o]
gt} M9 7|9 E 0 WG o R w)HE] 3R Holle &
AeHA] bar, AR e Welstd BEXLS TR|e U4E
ojZQl AT AE FAG ¢ QYU o) FANY
S} gl sty 5 gk o), &2
[TE 7R 519, & T ISt tist FA9} e
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o QFRUBTANE ol g} FARAY 29IRE FH3
= vjol orbAZA e MG Flehsle} 2k,

ZHAtel 2

£ AFelM= FAN, Pseudobagrus fulvidraco® W
A (Vitellin, V) A T3 (Vitellogenin, Vs -1}
R, 71 535 S s dEdiEd S 4w da de
ZHE gel filtration chromatography (Sephadex - G200)2- ©]
g3t EelEgirt. EAe] HRENAL SDS-PAGESIA &
Al 107 kDadl 1782 subunit® TAE 0] QAS, & &
T Raleke 360 kDal R SAFEGATE G A TA =
dsg 7o) B AYSte] f- 538153, anion exchange
chromatography (Momo Q HR 5/5 column)y& o}&38}o] H-g]
ook feld G A e F EAEE 450 kDao 2 A
A1, o) SDS-PAGE 3lellA 110 kDa, 125 kDa%} 147 kDa
Z 3709] subunitE. TAJE A ISlc).
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