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Changes in Plasma Levels of Vitellogenin in the Black-Tailed Gull,
Larus crassirostris, after Treatment with Estradiol-1783

Yuka MorrTa, Seiko NAKATA, Makiko Funra,
Haruo Oat and Akihiko HArA

Abstract

Lipovitellin (Lv), the major vitellogenin (Vg)-derived yolk protein, was purified from egg yolk of the
black-tailed gull, Larus crassirostris, by hydroxylapatite column chromatography followed by gel filtration. The
apparent mass of native Lv was ~280 kDa, while its corresponding subunit mass estimated by SDS-PAGE was
~100kDa. A specific antiserum against purified gull Lv (a-gLv) was generated in a rabbit. In Western blotting,
a-gLv specifically reacted with a polypeptide (~220 kDa) present in blood plasma of female and estrogen-treated
male gulls, but not normal males, suggesting that this polypeptide represents the primary subunit of gull Vg. A
single radial immunodiffusion (SRID) assay was developed for gull Vg using the a-glv. The assay was
specifically targeted to gull Vg and plasma levels of Vg could be expressed as relative concentrations equivalent to
Lv, when purified gull Lv was used as the assay standard. The time-course of changes in plasma Vg levels was
assessed for up to 60 hours after a single injection of estradiol-178 (E;) was administered to male gulls. The effect
of E2 concentrations on plasma Vg induction appeared dose-dependent. Plasma Vg reached its maximum level
(61.7 mg/ml) at 60 hr after E, administration (50 mg/kg body weight), while lower E, doses (0.05, 0.5 mg/kg body
weight) resulted in earlier peak Vg levels (24 hr after injection). These results indicated that production of gull
Vg was induced directly by estrogen within 24 hours. These developments in biochemical characterization of Lv
and Vg, along with establishment of the SRID assay for Vg and knowledge of the endocrine regulation of Vg
synthesis in the black-tailed gull, set the stage for the survey of endocrine disruption of avian reproduction in the

wild.
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VTR, BEELAED 1 oL LTEEME I L 2490
HNAWHSEE DIELSELD B o, APHEEY~DEE
BERENTWwS, ZONRERMBHEELFYE GUR
RVEY) DERICE 2K L LT, BE=Y < A Oncor-
hynchus mykiss O{t, (Harries et al, 1997), V=
Alligator mississippiensis D= A DZEHEL (Guillette et al.,
1996), &HEERRELEL SN XTI TH T
Phoca vitulina DIEESEIE (Reijnders, 1986) 7 YEF44E
MBI 2 ATEREERY, SETERESEIHRESATY
3, ZhoDBRRIIEE, &S, EHEL L UEARRE
LEBECRATEYD, FABEYRALCERL TS
EMTRI>T05, BECBVLTR, A4/ ahER
Larus schistisagus 33 X ' & 7' 1 # € X Larus argentatus

|

OHEHOZAL (Fry et al,, 1987) & 7 04 € A ORRIRE
& (Moccia et al,, 1986) 7 FHEB BT 2MEVH D, &
RFEETH D EREIAYERO MncfiEL, &%
BEEZURLBEBREVCEVEOERIE I LELS
N2, EBCAHEAFEILA buyx MERCEOESHE
2RL, TA MoV UBRERRROETEYERICHL T
=7 MY Gallus gallus =k XZ Coturnix cotur-
nix japonica %, OB L D 10-50 fFREZHIE L L &
N5 (Fryetal, 1987), 2h oD s, hEAEIR
BEROBEEME LTERTHS Z L3Eflsh b,
—F, AECBVTEEIA Y2y (ZA MY
SRR R OBERNVE V) ORELTES 5 ETER
EEEOEL L TET oY x= v (vitellogenin, Vg) #5
Ha3hTw3, Vg RIIETHEMCB T, TAMSY
A —-178 (estradiol-178, E,) ODIEHE® b & FFgIZ B »

Y JEHBER AR ER TR R IR AR R

(Laboratory of Marine Bioresources Ecology, Graduate School of Fisheries Sciences, Hokkaido University)

2 (LR KSR ER TSR A a i RE R
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THE R, MEFCHRINIPEELTEMETH
5, Mz U TR E I N T Ve ik, —BRICIIRE
HE®DYREFY v (lipovitellin, Lv) ¥k A EF ¥
(phosvitin, Pv) (24 7fE343 % (Deely et al, 1975; Wal-
lace, 1985), £, =7 + VizHBv>T YGP40 (yolk glyco-
protein of 40kDa) LI 2T L\> Vg HISRDINEEN
BrgE s 7 (Yamamura et al,, 1995), —F, AETIE
Lv, PviZiNZ, BEEAECRERTAETH % f'component
IS N TV 5 (Hiramatsu et al., 2002b), A3k, Vg i3ip
HEBHAOMEM i D 2R RBANC BT 545, @F v
BRLEVHEEVICBWTO LA My« VB RTS &
WX DARLFEIND B, HEYIC Ve RS h
2ZkiE, BEHOZA M uyx VIHMERAEET 2L¥Y
H, BEIA oY VBENTWE I L R2RET 5,

INEFTRECBLWT Vg fAv—p—L L, BRE
BROFERTHHL T AHEIZ LA LV, Vg 2IEE
EHELTHAW DI RED Ve 12BId 2 ZRE4
REB2ZEPMETHD, LELEHS, BEKBLT
M+ Ve BOEREIX, =7 bV, 7 X7, TEVREDRE
FIZBWTDOH;E (van den Boogaart et al., 1981 ; Gibbins
and Robinson, 1982 ; Gschwendt et al., 1982) O AT, B4
BEAD BB L2 VeDBHEEB LU Vg LIIAE
HBT 23RBS N TR, KHETIE, »E
XMED—FE I 2 2 Larus crassirostris 2 3{ R L L Vg
BT 2 ERAREE S 2 2Bl LT, Vg DS
Th2INHEEADOFRKS Lv OfER B L U Lv gt T 25
RPUMBOERETo 7z, S5 EMLUTMEEZAWT
Ve DFERHIEHEEHEY L, ERECHESMEHD Ve &
DOEEIR B LIz,

ME e HE

EECHW Y S 23, IEERRECER T 255
BIDOMEERE X Az, 199846 H 14~19 H 22 {E{E)
BXO1994 5 H 25~27H OFE) EEL:231HE
& D BIRIME D S MW EFE L 72, JHiE, 1998 F 6 A
LU 1999 4 5 FICRIERT CHREE L 72 320800 % Fiva 7z,

E, R5HERIL, 1999 I L - HERS 10 ((Fg
{35 521.5+20.5 g) #Fv>, propylene glycol \Z¥5fE L 72 E,
% 005 (n=2),0.5 (n=2),5 (n=3),50 (n=3) mg/kgfkE
(BW) DEETCHAEEIC LD 1 [ERE LT, #5ER O
Ref) 3 & U5 18,24, BRI BEME £ D #05
ml OISR 51T > 7o, 60 R I FBIR L » &3
m#% Lz,

¥ I3 PigEEH] (EDTA-2Na) AWML, &5
7z 1% % 3,000 rpm, 20 S3FETE Lo L C AR 2 1572, M
BLUIRIAHT 2 £ T-30C TIREL 2,

ST MNIBEUP=ZR YT X DRZEINIEA——
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~—7 v N THEAL, FEEHELTHERL,

E720111hi—

REHF a 7R (AT Huso huso x Acipencer
ruthenus) f’-component [I{E (a~XA TV £), FIRAT NV
Vg ¥ (A7) Vg), HEIME TR IzHix ) AN
Vv (Sebastes taczanowskii) WEIME (a-x.3)" X% FS), #i
Y A OVIHHHRIIE (a1 2200 egg) i3, SEICIERY
L7 (BH5, 1986; Hiramatsu et al, 2002a) $ O 2 EHA L
720

¥, FR|7 340 LvBEREE Ly %80
Freund’s complete adjuvant L E&L, 1EERT 4 BIERR
WCHRIET 5 Z L KDL, ZOTIMBEEREDY 3
I aFEMETRINL, Y 2423 Ly [{F (aglv) &L
720 PUMIBXFER T % & T—30C TREL 2,

HSLZOAT TS T 41—

Pharmacia FPLC ¥ A 5 A2 X 2 7 WV iE&ik1Z Superose
6HR 10/30 % 5 A% Fvy, 002 M Tris-HCl &, pH 8.0
(2% NaCl, 0.1% NaN, &7) THEH LT, BEX=EERTT
v, HHEIZ05ml/min T F2—7H72H 0.5ml 52453H
L7z,

NARBFINTNRIA bH T A (25X20cm, Bio-Rad)
PRHWIERE u= b7 7 4 —IiZ X Hydroxylapatite
(Nacalai tesque, Japan) %72, V VEEAH VY 7 AFERER,
pH68 (KP) ZHW/hRA T vV A4 AFkicL D 02M,04
M,06M,08M B LU 12M KP 2 WA 2fTo 712, T
it 40ml/h £ LT 4CTiTo7e,

BBV ER UERUARE
FERAN— U RS EYE Mancini #) 1 & 3 Il
Vg BEOWIEIZ Mancini et al. (1965) D HHEWZHE -T2,
0.9% NaCl (0.1% NaN; &F) BRIC7 Fa—2 % 1% 27z
5 X5mz, hNEERES S6CC L L, aglv % 0.75% h0z
TN v — b RERIL T, 2O NVT VY — MMZERENRIN
R o well 2{ERI%%, fEHER (Lv B 25, 50, 100, 200, 400
wpg/ml) % 5 1IN, BB T 8 BHRIGE ¥, tE,
0.9% NaCliZ Xk 22 0iR U718, v — b BEEEE
¥, 7% BRI YARE L 72 1% Amido black 10B ¥¥5 12 T
BHEL, 7% BHE ClE 21T o 7z, Ve BE G Ly DfER
EfL VEN U, BRAZIGARETEE: (Ouchterlony
%) B L UREETKENE (EPE) IEERCRE->T,
Sodium dodecyl sulfate (SDS) V7 Z VLT I K%
(polyacrylamide gel) ES¥kE) (SDS-PAGE #) Ik, %A
BLA T 75N (5~225%) BL UPHE—R 5 77N (1.5%)
% B 7z Tris SEE#RIC & 5 Laemmli (1970) O Fkic
Pe->72, K, Hara and Hirai (1978) 2%, H¥hc
2-mercaptoethanol B X UFSDS 2 2 NP 1% ik 5 & 5
WIS, 1000C C 2 ML L7z Yoz 0% =5 ) —
WV, 10% BB OBESERICHEMEL 72 01% Coomassie  bril-
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liant blue R-250 ¥ % A, Bifiid 20% = 5 / —)b, 5% HF
B, 25% 7 ) ¥ u—VOBREKRTITo> 72, STREY—V—
(Amersham Pharmacia Biotech, Sweden) |3 Low moleculer
marker ¥ LT, e«-lactalbumin (14.4 kDa), trypsin inhibitor
(20.1 kDa), carbonic anhydrase (30 kDa), ovalbumin (43
kDa), albumin (67 kDa) 3 X tF phosphorylase b (94 kDa)
% FAv», High moleculer maker & L T, lactate dehydrogenase
(36 kDa), catalase (60 kDa), albumin (67 kDa), ferritin (220
kDa, 18.5kDa) B X {F thyroglobulin (330 kDa) % K \»
7z, Western blot |3 Kwon et al. (1990) O HEICHEL Tz, —
Kyifk & U CHSAEMTE I 1: 1,000, a-gLv 13 1: 16,000 O
HNTITo 72

=} %

MBFEMAFICL 27 I 20 Vg DR

7 337 Lv ORSEWCEL T, 7 I R atfiiigs L 0P
i & SRR XM % R 3PS O %R % Ouchterlony
B8 X U Western blot iZ L D {T572, a-x.Y XL egg &
Fiva7z Ouchterlony 351238\ T 7 S 3 T OMEMAE, E, 4L
U7z sE (LT E, AL M4E) & X ORI L
T 1 Koksr g s iz (Fig 1), %7z, Western blot
VT D, MM, E, UEMEHCESFEED/ S F
B X OUHHER T O A 1 Y EAVRE I T (data not
shown), L2 L7%EA56, aRATI) B, aXAT)V Vg
FWaxV AUV FSIE, ¥ AMBEHO VeREHZ
HARE I 385 2 BRI OGRS hisdr o7z,

Fig. 1. Precipitin reaction of plasma and egg extracts from
black-tailed gulls using an antiserum against egg
extracts of white-edged rock fish (a-E) for double
immunodiffusion. F: female plasma, M : male
plasma, E : egg extracts.

Lv O¥55)

v 3 3 2N S O Ly L BERE & Fig 2 1R
To FEELZIX 1998 4F 6 HICHRIN L 12 2RI D IRE 2 Al
7zo #9750 g OIIEEIC 10 58 (v/w) D 0.02M Tris-HCl &
&%, pH 8.0 (2% NaCl, 0.1% NaN; &%) i1z, 3 F¥—
BLUOHTIAREY AV —RAWTIHEEAZRMEL
7z HHHIHEIZ 4°C thT 15000 rpm, 30 53D LA BE £ 1T
vy, biE R IR & Lo SR S0 ml % Sk T 1B
BT Uzt m00EE L TR S N DY) & KR E &
U7z PeEesyiE % FEeo Tris-HCl EEW T/ L, 02M
KP (pH 6.8) i | Biu&E#ite, NA FOFAT7/87 A b4
Z Mt L7z (Fig 3A), i s D¥EHISHE %2 SDS-PAGE
W& DR LIRSS, 04 M BAH S ENC IR ER D X £ >
Ny R BT AEEER Y FBEES N, a1y A3
egg % Fl\>7z Ouchterlony 351 BT 1| RDIEREZEHFE
» 5T, 04 M KP 43 % Superose 6 4 7 AZHSAIL
AR, 2 oDOTEL Y — 7 BEES N (Fig 3B), 2
F—7 D44 TFRIL20kDa L EHa N, ZOHED
SDS-PAGE I2 8133 A4 >3 F ik, Sk cHgE s n
72 100 kDa /3> N E[EffEICEkEI S iz 2 &5 (data
notshown), 7332 Lv:EEL, ZOY—72fFHE Ly
EL7z,

HuBEORET

a-gLv O E £ % Ouchterlony ¥ 38 & TP IEP 3K IZ & D
fT-7- (Fig 4), a-gLv I3MEMAE S X OCIMHHHEHE IS L TD
HENTN RO EE L, MM 348 Sl
Fedno Tz, [EREIC Western blot 1235 T % a-glv IZHEMAE

Egg extracts
~+—— Dialyzed against DW

o

Sup. Ppt.

I

Hydroxylapatite

T I

0.2 0.4 0.6 0.8

Lv

Fig.2. Flow chart for purification of black-tailed gull
lipovitellin. DW : distilled water, Sup.: supernatant,
Ppt.: precipitate, KP: potassium posphate, Lv:
lipovitellin.

1.2MKP (pH6.8)
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Fig. 3. Elution patterns of the egg extracts of black-tailed gulls from the hydroxylapatite column (A) and the Supersose
6 column (B). The fraction eluted at 0.4 M KP during hydroxylapatite chromatography was subjected to gel
filtration on Superose 6. Shaded areas indicate fractions containing lipovitellin.

EERSET, HEmiEs X CIEHEC DAY R SEE
iz (Fig 5),220kDa D3y B I3 MEIEEE o &Iz IR
ThsZt, BIUEBFITFETHLZILED Vg ThHB L
FIEL 7=,

E, %524 %7 2 2 OMENE1L
5mg/kg BW T E, 4L8 L /- BEME A O ISR DR RFIIZL
% SDS-PAGE ¥ & Uf a-gLv % Fi\>/2 Western blot {2 & b

AT L7> (Fig 6), SDS-PAGE Iz 8T, E, LB 1T
ar o)V OFRE) wRohTw Ny FEEH
BRI, ZhsD/3> Fid aglv vz Western blot
EBWURRMCRH S W, B, M F I 280
AL N R (53FE 220kDa, 110kDa) pEESh, %
D3 H220kDa D 3> FIXE, 15 18K, oM X
NI, BRI EEL s hiz, —7F, 110kDa
D23y ¥ bFEIRR E, 85 18 Fiffited S S hiz s, BEF

— 24 —
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MF E

A B
Fig. 5. SDS-PAGE (A) and corresponding Western blots
(B) using the antiserum against lipovitellin of plasma

and egg extracts of black-tailed gulls. M: male
plasma, F : female plasma, E: egg extracts.

E — - FIIRA 3 B IEADS R & L7z, fibd E, JUEEE (0.05 mg, 0.5
e e e e e me B LU SOme/ke BW) TbFHOKENGO NI,
ig. 4. Precipitin reactions of plasma and egg extracts from i} s
black-tailed gulls using the antiserum against black- 005 mg & 0.5 mg/kg BW E, 855 Tld 24 Rl AR X A
tailed gull lipovitellin (a-Lv) for double vy FHEEE E L7z (data not shown),
immunodiffusion (A) and immunoelectrophoresis (B). [MEFhD Ve BORE X, Lv EEREEEAID Ik R % 18

M : male plasma, F : female plasma, E: egg extracts.

¥EFEH X L7 Mancini 3512 & D 7o 72, HESZ L 7z Mancini
HBICBWT, LviBREE 25 4g/ml-400 yg/ml O CHERH

Time after injection (hr) Time after injection (hr)
0 18244860 M F, 0 18 24 48 60

—y _ B = 220 kDa
- -4110 kDa

A B

Fig. 6. SDS-PAGE (A) and corresponding Western blots (B) of plasma from E,-treated black-tailed gulls. The
antiserum against lipovitellin was used for Western blotting. The plasma was repeatedly collected from animals
treated with E, at a dose of 5 mg/kg BW. M: male plasma, F: female plasma.
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Fig. 7. Changes in plasma vitellogenin levels in male
black-tailed gulls after a single injection of E,. The
concentration of vitellogenin was estimated as equiva-
lents of lipovitellin using egg extracts containing
known amount of lipovitellin as the standard. Sym-
bols indicate plasma vitellogenin levels in individual
animals.

BAZ Y —FHh—TBEsh, IhEd L icmE Ve
Z Lv 2% & (mg/ml equivalent to Lv) & L7&EH L
720 % B, AUEEED Ve EOBPEFE R % Fig. 710R T, 50
mg/kg BW 0 E, JLEERECIE 60 BEfE & CHEIMEA 2R L,
=l T 6.7 mg/ml 275172, 5mg/kg BW 0 E, QU
DOIMHE Ve 13 24 KEfI b L < ik BEFfBICE—27 2R L,
MOMERE (0.05mg 5 X U8 0.5 mg/kg BW) Tl 24 B
BILE— 7 AN,

a-gLv NHEITR 1

aglv EFLT=7 MU B L U=k X5 DI
& D Kt % Ouchterlony ¥:12 L h BIZZ L - 58 % Fig. 8
WZRY, MUPHHNE & b agly X KIGL, ™7 3 3 a0k
fr & spur ZIERLT % | KOUWRHEIEZ s huiz,

% =

VIFD VegBLU Ly 2MRET A7, dEDHALE Ve
HBVIINEERICN T 2HIMEE AV, 2055 ax
VANV egg D AHS Ouchterlony 3512 BWT, 7 3 3
IM4%, E, 438 U 7z EI4E N O BRATHNE I L C a2t
BN RICEE R LTz, & 51, Western blot iIZBWT 3
HEMEE, E, AURMEEH OESFEA S & OIHHHED X 4
CEHEFREREXERRL, 72230 Ve B LU LVEER
HAERFEMNCED 7. AR T, a2V A3 egg & R
T I43 LvOMHEZTo Tz, ZOFERIL, = Ak
VI3 3aD Vg bk Lv 0TI —ER5E L 7 HiR
NEEDFET L L 2TRHELTWS,

=5

&
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Fig. 8.
(C), black-tailed gull (G) and quail (Q) using antis-
erum against black-tailed gull lipovitellin (a-Lv).

Precipitin reactions of egg extracts from chicken

VI LvORERIE=7 MY LvizcAw» SRS R
QxS T N A N AT AL DTTo 72 (Bernardi  and
Cook, 1960), v = 2 Lv O4rFald, 7 VI8 T 280 kDa
THY, SDS-PAGEIZBWTIF 100kDa iz A >3 K
2RIz, 2OV 7 2=y bOSFTFRIZI=7 VD Ly I
(Lv heavy chain) ¢ 120kDa ¥ X { —% L7 (Yamamura
et al., 1995), FEH! Lv ioxntd 2403 (a-glv) 13 Ouchter-
lony 335 £ OF IEP K12 384> T, HEIMAE & 3B aE 3 1 maE
BELOIHHR IS L T2 | A0 2Tk L,
Lv B R IR R S e 2 L B L U agly b3
MEEHOMERFRER, Blb Ve B X UUHhHE% RO Ly & 5
BN T 5 2 LR E NIz, aglv & T Western
blot 21T o 7e#iR, 7 I & 2MEMHEF I IIMERF R 7 220
kDa /x> R3EZE sz, =7 b 1) Ve SDS-PAGE
BT B0 TRIZ200~256kDa TH Y, HiEME, 72
=Y MO FEBLIUT S VEHEEOR L 2 3D Ve
(I: 260 kDa, II: 246 kDa, III: 210 kDa) 27EAET 2 2 &
DFRE N TS (Wang and Williams, 1980 ; Wang et al.,
1983), Western blot 128\, 7 2 4 afEMm4Ef o 220 kDa
DN FIE=T ) VeDRFRICELS—HLIZh
5, 7IXADVgTHD EREELT,

Western blot 12 35T E, JLE L7277 3 5 o fEMm % 9t
FZICHER L 72 220kDa /3> N3,  MEMSEIRE s N
Ve R e—H L7z, %7, VgD N 2R RHRE £
VIR Bth s T, —F, BT Ve BB E W TESF
LT WwEnIEHESHD (van den Boorgaart et al,
1981), a-glv & RIEL7ABRSGFRD /N> Rid Vg D4 RE
WMTh HHREMEDE 2 5 iz,

HEip 2HEDE, INEFICB 1T 5 VeilEEDO ¥ — 27 131
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L E, BEBELTHEIIL, £/ — 8% CORM
bEL RAERBEEINT:, AETE, Y7 T <R On-
corhynchus masou (Fujita, 1999), fathead minnow, Pime-
Dphales promelas, (Parks et al,, 1999), 24 Cyprinus carpio
(Tyler et al., 1999), KXPaEEY 4 Salmo salar L. (Celius and
Walther, 1998) iz38\>C, E, DEEKEFHIzIIF Vg &D
BIMMBEREIN TS, BERRE 7V IXTRBWTHIM
HBhcHFEENnE Ve BEREG L E, BRIKFENTHD,

Ve E, QX VEBENCHEEINS Z LRI N, &

7o, IRBED E, UEEETIE, Ve BB O Y — 7 28 24 F5fdie
WEEIN:Zt»s, 1HO E AW LD 24 FFEMA
W E, OfEA»ERN, VeHEBHiaIhs LE2Z iz,
50mg/kg BW @ E, MR BWTIHMBORE L IR R Y,

60 ¥R ¥ TRIEDSHERF S iz,

M Ve BE*JET 280 FER, VY r8LUan
VOLEERT DI WL MBI AEMERSh TR
7> (Mommsen and Walsh, 1988), BHEIzHWTH ZDFik
BEVLLHN Tz (Bergink et al., 1974), V%A AL/
7veA4E RIA #) 2k 2%EE (Redshaw and Follett,
1976) HBEFEES NIz, L LRSS, V) Vi L 2 ERIXEEE
KThHHEBENRERZEONENWI E, $72, RIA KK
55NV OLEWERD D, T SNLBEHONMEHIRE
3 LW REEN D 5, AFFFE TRz Mancini FOHIE
FRSRIE 10 wg/ml it L, RIAELR YLD ERETH S
P, BERICDERBENZEL DL, BETHLI LW
Rl b0, &5, MHPELE ng ~Ft mg/ml L&
BT 3 Ve DEIBED—RA TV —= > 7 IZIZ@EL
Tw3 EEZ6N5, 51, &0 ERELERUSHEE
(EIA ) EBERT 5 2 LT3 oW EHl s B 2 IR I 72
LEBbhd,

—H, aglv ZAWT=V M) BL =R 7 X7 DH
IR & OFER X R % Ouchterlony ¥ % > T B
L7-EEE, Bl Lvidw 22 Lv e XXRIEHEE2ET 2
ZEWRENT, TSR, KFUMEA L OB
O Vg BLU Lv ORRCHATRETH S T L 2REL
T3,

DAk, KBFFETIX, VI 232D Lv & Vg 2FAE L THRE
FHEIER R T5 & & b1, E, ML 7-w & A omsf
Ve BOEERHO I LT, 58, BHEDY I 22 Ve
OHEFFET 2wk, BEIA uy s OFE
2RHE S 2 HBEBEONE bDEEZ B,

| [3:

R ED B hHiz D, AEOHERE %5 - 7-1tiEE
KR EFK R ER B R R, ROHREEE
WELR#E I LES, %72, Yo7V bl
7 ¥ B % B I ALRERER A BESEITerT, ST
WEBDEEE, TSR DERS % & W ARSI
SREERRA R G N R IR SIS A 0 D Ric B <

AL BT E T,

X Bt

Bergink, E-W., Wallace, R.A., van de Berg, J.A., Bos, E.S.,
Gruber, M. and AB, G. (1974). Estrogen-induced syn-
thesis of yolk proteins in roosters. Amer. Zool., 14,
1177-1193.

Bernardi, G. and Cook, W.H. (1960). Separation and
characterization of the two high density lipoproteins of
egg yolk, @- and B-lipovitellin. Biochim. Biophys.
Acta, 44, 96-105.

Celius, T. and Walther, B.T. (1998). Oogenesis in Atlantic
salmon (Salmo salar L.) occurs by zonagenesis preced-
ing vitellogenesis in vivo and in vitro. J. Endocrinol.,
158, 259-266.

Deely, R.G., Mullinix K.P., Wetekam, W., Kronenberg,
HM., Meyers M., Eldridge, J.D. and Goldberger, R.
(1975). Vitellogenin synthesis in the avian liver: vitel-
logenin is the precursor of the egg yolk phosphoproteins.
J. Biol. Chem., 250, 9060-9066.

Fry, DM.,, Toone, CK., Speich, SM., and Peard, RJ.
(1987). Sex ratio skew and breeding patterns of gulls
demographic and toxicological considerations. Studies
Avian Biol., 10, 26-43.

Fujita, T. (1999). Immunochemical and biochemical
studies on precusors of vitelline envelope proteins of masu
salmon (Oncorhynchus masou). Doctoral thesis, pp.
157, Hokkaido Univ.

Gibbins, A.M.V. and Robinson, G.A. (1982). A compari-
son of diethylstilbestrol- and estradiol-178-induced vitel-
logenesis in quail. Poultry Sci., 61, 1188-1193.

Gschwendt, M., Rincke, G. and Schuster, T. (1982). The
estrogen-induced vitellogenin synthesis in chicken liver
after estrogen withdrawal or antiestrogen treatment.
Mol. Cell. Endocrinol., 26, 231-242.

Guillette, L.J. Jr, Pickford, D.B., Crain, D.A., Rooney, A.A.
and Percival, H.F. (1996). Reduction in penis size and
plasma testosterone concentrations in juvenile alligators
living in a contaminated environment. Gen. Comp.
Endocrinol ., 101, 32-34.

Hara, A. and Hirai, H. (1978). Comparative studies on
immunochemical properties of female-specific serum pro-
tein and egg yolk proteins in rainbow trout (Salmo
gairdneri). Comp. Biochem. Physiol., 48B, 389-399.

IR B - PrAHee - SRS - EPALR] (1986). =%
NV RINEERH ORBEFHRE. JLRKERR, 37,
101-110.

Harries, J.E., Sheahan, D.A,, Jobling, S., Matthiesen, P.,
Neall, P., Sumpter, J.P., Tylor, T. and Zaman, N. (1997).
Estrogenic activity in five United Kingdom rivers detected
by measurement of vitellogenesis in caged male trout.
Environ. Toxicol. Chem., 16, 534-542,

Hiramatsu, N., Hiramatsu, K., Hirano, K. and Hara, A.
(2002a). Vitellogenin-derived yolk proteins in a hybrid
sturgeon, bester (Huso huso x Acipencer ruthenus):
identification, characterization and course of proteolysis
during embryogenesis. Comp. Biochem. Physiol., 131A,
429-441.

Hiramatsu, N., Matsubara, T., Weber, G.M,, Sullivan, C.V.
and Hara, A. (2002b). Vitellogenesis in aquatic ani-
mals. Fish. Sci., 68(suppl. I), 694-699.



K &K E & FH

Kwon H. C., Hara A., Mugiya Y. and Yamada J. (1990).
Enzyme linked-immunosorbent assay (ELISA) of vitel-
logenin in whitespotted charr, Salvelinus leucomaenis.
Bull Fac. Fish. Hokkaido Univ., 41, 162-180.

Laemmli, UK. (1970). Cleavage of structual proteins
during the assembly of the head of bacteriophage T4.
Nature, 227, 680-685.

Mancini, G., Carbonara, A.O. and Heremans, J.F. (1965).
Immunochemical quantification of antigens by single
radial immunodiffusion. Immunochem., 2, 235-254.

Moccia, R.D., Fox, G.A., and Britton, A. (1986). A quan-
titative assessment of thyroid histopathology of herring
gulls (Larus argentatus) from the Great Lakes and a
hypothesis on the causal role of environmental
contaminants. J. Wildl Diseas., 22, 60-70.

Mommsen, T.P. and Walsh, P.L. (1988). Vitellogenesis
and oocyte assembly. pp. 347-406, Hoar, W. S. and
Randall, D.J. (eds), Fish Physiology XIA, Academic
Press, New York.

Parks, L.G., Cheek, A.O., Denslow, N.D., Heppel, S.A.,
McLachlan, J.A., LeBlanc, G.A. and Sullivan, C.V.
(1999). Fathead minnow (Pimephales promelas) vitel-
logenin: purification, characterization and quantitative
immunoassay for the detection of estrogenic compounds.
Comp. Biochem. Physiol., 123C, 113-125.

Redshaw, M.R. and Follett, BK. (1976). Physiology of
egg yolk production by the fowl: the measurement of
circulating levels of vitellogenin employing a specific

54(1/2), 2003.

radioimmunoassay. Comp. Biochem. Physiol ., 55A, 399-
405.

Reijnders, P.J.H. (1986). Reproductive failure in common
seals feeding on fish from polluted coastal waters.
Nature, 324, 456-457.

Tyler, C.R., van Aerle, R., Hutchinson, T.H., Maddix, S. and
Trip, H. (1999). An in vivo testing system for endocrine
disruptors in fish early life stages using induction of
vitellogenin. Environ. Toxicol. Chem., 18, 337-347.

Yamamura, J., Adachi T., Aoki N. Nakajima H.,
Nakamura R. and Matsuda T. (1995). Precursor-
product relationship between chicken vitellogenin and the
yolk proteins : the 40 kDa yolk plasma glycoprotein is
derived from the C-terminal cysteine-rich domain of
vitellogenin I.  Biochim. Biophys. Acta., 1244, 384-394.

van den Boogaart, P., Mulder, J., Halsema, 1., Gruber, M.
and AB, G. (1981). Estradiol-induced vitellogenin syn-
thesis in duck liver. Biochim. Biophys. Acta, 654, 1-10.

Wallace, R.A. (1985). Vitellogenesis and oocyte growth in
non-mammalian vertebrates. pp. 127-177, Browder, L.W.
(ed.), Developmental biology 1, Plenum Press, New York.

Wang, S.-Y. and Williams D.L. (1980). Identification,
purification, and characterization of two distinct avian
vitellogenins.  Biochemistry, 19, 1557-1563.

Wang, S.-Y., Smith, E., and Williams, D.L. (1983).
Purification of avian vitellogenin IIl: comparison with
vitellogenins I and II.  Biochemistry, 22, 6209-6213.



	0021.tif
	0022.tif
	0023.jpg
	0024.tif
	0025.jpg
	0026.jpg
	0027.tif
	0028.tif

