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Immunological Characteristics of the Vitellogenin Induced by
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Vitellogenin (Vg) was purified from plasma of estradiol-17p (E,)-treated spotted flounder, Verasper variegatus,
by precipitation with cold distilled water, followed by fractionation using a Sepharose CL-6B column
chromatography. E.-induced protein was identified as Vg by SDS-PAGE and western blot analysis. The molecular
weight of the purified Vg was estimated 175 kD as determined by SDS-PAGE. In order to measure the Vg level,
monoclonal antibodies against Vg were produced by hybridoma technique. Purified Vg was immunized into
Balb/c mice and then the spleen cells from mice were fused with NS-1 myeloma cells. The hybridoma cells
were screened by enzyme-linked immunosorbent assay (ELISA) and subcloned by limiting dilution. The
hybridoma clones which secreted antibodies highly reactive to the purified Vg were designated as 4D6. Its
specificity was demonstrated by westem blot from plasma of untreated, E-treated male fish, and purified Vg.
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ojfty dAEE AR it & AXF FFEZ
& ZA5 Y ol GHEAL ofFd uit 4ol i
Ztol7t RAG o] 55~75%, G o] 20~33%, A
Hol 1~25%, &l 07~22%9 =45 B (Bar-
man et al, 1964; Jared and Wallace, 1968). o] H &
WAL 3% Astd M Be FES AAFa ¢
oo goW Pl R dPdAdF ofFojA gl
waaude Wio oIAEEdA EHEE estra
diol-178 (E) &} Aol 93] 2t A phosphoglycoprotein
9 FEANALA Z vitellogenin (Vg) o Hei2 §4
o] 452 W& H & receptor-mediated endocytosis®l
d&f GAZW F4Ho] AL (Ansari et al, 1971;
Deeley et al, 1975; Chapman et al, 1978; Yusko et al,
1981; Selman and Wallace, 1982; Wallace, 1985; Opresko
and Walsh, 1987; Mommsen and Walsh, 1988). ¢34
AFA e 455 gFd SolHoz EAste ZolA
2 (Plack et al, 1971; Aida et al, 1973b), TRl
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estrogens AW JdYH o2 frEH7E o} (Wal-
lace and Jared, 1968; Plack et al,, 1971; Aida et al., 1973a;
Emmerson and Petersen, 1976; Campbell and Idler, 19
80). AZdE ojHT dIvHATFAY FHU WFE
ZRToEHN ot A& FHE THALE FAT ®
gk ohgt A&7]d e g FEdE o & &
T} (Hara, 1978; Hara et al, 1980; Ohta et al, 1984; So
et al,, 1985; Kwon et al, 1990; Goodwin et al,, 1992; Han
et al, 1995; Choi et al, 1996). 53] A== o] 4
1 n7be] EEFQ] WoiAtug 2e ofFol didld
F713Q Ha& JHE Fotay] A 59 dEe
WAFA Y SAAE A dde AL S F2T Yo
gln st webA ol YFuM AT EHAE
He7] YA dEda A G AT A B2}
M sojo} 3t o] 59 WA SN o] FAH o} &
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A& A vk sl (Kim et al, 1997, in press).
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&g 53 WA E 10 mg Evkgs 7HeR =g
NALE B3 A FA8Y Vg §4E fEddh
E;= 99% ethanol (25 mg E»/1.0m¢ ethanol) ol %o &
AF87] W 09% NaClZ 4H] A8t th 48417 22
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st goig AL dHE —80CH HuE3d
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Vitellogenin 22/

Vgol ¥2l& Hara and Hirai (1978)9] ¥l weh 4
Alstad. 1mée] E, A3 £A I 108 FHY
cold waterst EF3st 4CoA 1417 Hb wjd &
10,000X g ol Al 1587 A48t Vg AE-& FAAA
o). o] & 23] WHEG & AHWEE 2% NaCl, 0.1% NaNy7}
FOE 20mM Tris-HC (pH 80) &3 e=z &338igi.
489 #9¢ Sepharose CL-6B column (625 cm 88 cm) ol
loading®ted 12mé/hr £22 3ndd Y

Vitellogenin®ll CHst Z2|Z2 28| M=
Vgoll ol 832 Newbould (1965)9) B9& 47t

Wygsle e, BHE Vg(250ugmb)E 5%
Freund’s complete adjuvant®t F3AA New Zealand
whited] #3}FALEA T 179 F Vg 5% Freund's
incomplete adjuvant®} #3AAH 159 2F o2 39 1
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Vitellogenin®f| CHSt CIZ2aHA| XZ}

Vgoll 3 GZEFAE Kohler and Milstein (1975)
o o8 wheold, BelE WHriAn] Vg (50pg/md) &
%% PFreund's complete adjuvant® #3tA7A 6578 &
A Bab/col EBZAFASRATIFI F Vgs FFY
Freund's incomplete adjuvant$} $8A1#A 179 %Fe
Z 33 BRFAsla, vpAw FAF 39 F uHAES
#Aslgoh WA EY NS myeloma cellE 5:1¢) ¥ &
2 42 F polyethylene glycol (PEG) £ (45% PEG,
5% DMSO, 50% serum free DMEM)& AH&3le] A X
A4 &Y AEZ HAT WA (1X10*M hypo-
xanthine, 4X10™’M aminoptherine, 1.6X10™>M thymi-
dine in DMEM) o] ®€A17] ¥ 96 well microtiter plate
of 100 ¥ YAt Vgol gt FAE W43 hybri-
doma¥ screening 3}7] 913t clonedl A 334 & 3
o] ELISASH western bloto. & #Qstn H¥EE hybri-
doma¥ limiting dilution® £ subcloningdtsieh. A ¥ &3
4 NS1 myeloma MEv= #3ddn 24883 43
T AFRHY EFugit

Enzyme Linked-Immunosorbent Assay (ELISA)

ELISAE Kenett (1988)] %ol wtet AAl8t%oh. 96
well microtiter platesel #2]¥ Vg& coatingdte] 37C
A 2N B¢ Wkt e RETLE bovine serum
albumin (BSA)& AHE-3t¢lth. TBST #%9 (10mM
Tris-HCl (pH 80), 150 mM NaCl, 0.05% Tween 20) 22
¥ A Fstn, g el uSolA AfdAHE #7] A
3le] 3% BSA/TBS-TE E3HAIZ1 3 37CoiA 1A HE¢t
W & TBS-T= 39 AA%T 99HA] & E
719 33 vgoll g dFEFAE A3t 37T A
5A17F wjekdt & TBS-TE 4 AMA3IHth Peroxidase-
conjugated goat anti-rabbit IgG%} peroxidase-conjugated
goat anti-mouse IgGE A7Ista 37CoA 147} wj et
% TBSTZ 6W A& v 71244 (10 mg 0-pheny-
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lenediamine, 4u¢ of 30% H.0. in 10m¢ of 0.1 M citrate-
phosphate buffer (pH 4.5)& #7}3}e] o)A daw
$¢ 3 ¥ Titertek ELISA readerE AH2-3}o] 492 nmol
M FRZE A}

Sodium Dodecyl Sulfate-Z7|HS (SDS-M7|AS

229 Vg E, A +R 33 E, MA &2
3 %& 2 X Laemmli sample buffer (80 mM Tris-
HC!1 (pH 6.8), 2% SDS, 12% p-mercaptoethanol, 15% gl-
ycerol, 0.012% bromophenol blue) ol &3] A7 100C A
103} boiling® ¥ Laemmli (1970)¢] ¥'d ol wheh SDS-
A719EL AU, Stacking gel& 5%, seperating
gel2 10% & A3t 150VE 6413 B 3 3 0136
% coomassie brilliant blue R-250, 45% methanol, 10%
acetic acidlAl GA3t3, 75% methanol, 7.5% acetic
acidl M @At 2R £ 4 EEEHE L myo-
sin (205 kD), B-galactosidase (116 kD), phospholylase b
(97kD), bovine serum albumin (66 kD), ovalbumin (45
kD) ¢ anhydrase (29 kD) & AH&3l¢

Western blot

Western blot2 Towbin (1979) 59 & ozt
ato] AA1E 9ot SDS-PAGES] o8 2ald dald
Vol Al 6217 53t nitrocellulose (NC) ez AAFAIR
% ponceau S & (0.2% ponceaus, 3% trichloroacetic
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NC "ol gl do] n 5ol AES wUr|9std 3%
BSA/TBS-T £dellA 1217 &<t A2 wWys F
TBS-T 8o 3 AHagct 1:1002 HE E
7194 g Vol tig FEAH Y49 hybridoma?l
259E& NC Tl #7h8te] 3A A& wjgd +
TBST €422 3¥ AH8 At Alkaline phosphatase-
conjugated goat anti-rabbit IgG®} alkaline phosphatase-
conjugated goat anti-mouse IgGE 147t Bk A& A
i gatil TBS-T §%oz 59 AHE &, 504 2 nitro
blue tetrazolium (NBT)$} 50u€ bromo chloro indolyl
phosphate (BCIP)7} X% ¥ alkaline phosphatase buffer
(100 mM NaCl, 5mM MgCl,, 100 mM Tris-HCI (pH 9.5)
°“}‘1 gty 0.0 -"5}%\;}_
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Fig. 1. Induction of Vg by estradiol-178 (E.) in male
serum of the spotted flounder. The proteins
from male serum (lane 1), Er-treated male
serum (lane 2), and mature female serum
(lane 3) were analyzed by SDS-PAGE. The
arrow indicates the primary component of
Vg, lane M, the molecular weight marker pro-
teins.
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Fig. 2. Chromatographic elution pattern of serum
proteins in E-treated male spotted flounder.
Exrtreated male serum was precipitated by
cold water and fractionated by Sepharose
CL-6B column chromatography. The column
was equilibrated with 10 mM Tris-HCI (pH 8.
0) containing 2% sodium chloride and 0.1%
sodium azide. The bound proteins were elu-
ted at a flow rate of 12m¢/h and collected
with 3 ¢ fractions/each.

gt} F2)gt A7 (profile) & Fig 291 YEtWt} ©]E &
7}+9] peakE & SDS-A719% 7 western blot2 2 FA 8
A7 peak HI (fr. no 135 AF) A Vg (£ )28 F34
HE 23 175kDe ¢ HAt o< E, A
ol g8 NEA J4E 74 2 A5 g3 I d
AQiskD)H A7GEd 22 dXE Jetdd (Fig
3). B2 vgd &A& 9Jsto Vgt ARk S THAE
Wrkain o] vl Ao e 84 (Kim et al, 1997,
in press) & ©-3}9 western blotd+ A, AL 175
kD 839 dE AAFRAY (Fig. 4). o] A 175kD &
ol datgumds FEo dd4L e Hog
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a9 veoll g ZEF 234§ ©E7] 938+ peak
III& pooling® Vg £8 AEE d922 st E7d
HAAA FEAL EAY. HEofF FEHo] LT
VgE A =AE A3y st 45T g ¥,
E:Z A& +3R g3 £3 Vgol dls]l western
blotg 3k Fig. 59 Uehd upe} 2o, 342 4
&% U7 84 E, AYE £ gAY 298 vgE o
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28 Vg& Balb/col HAXZT 8 Aq7tE 24
T H9E Balb/colA 42L& wlAAEY
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Fig. 3. Purification of Vg from Er-treated male se-
rum. The proteins from fraction No. 70 (lane
A), fraction No. 115 (lane B), fraction No.
135 (lane C) fractionated by Sepharose CL-6
B column chromatography, and E treated
male serum (lane E) were analyzed by SDS-
PAGE. Lane M, the molecular weight marker
proteins.

uteio] wel HAT wiAA AZFEE cloned AE3}
Ack AEGE 7Y Fol hybridoma7} Hol7] Al&aly
o, 1 0|% BAS F43 HA cloned FAH}HUT
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hybridoma & Vgoll W& 7} £& W&4S Role 4D6
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ATk Fig. 700 Vel vpe} ol 4D HEEHA V) VgE
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Fig. 4. Identification of Vg by immunoblot with anti-
serum raised against spotted flounder vitellin,
Vg was purified as described in the legend
of Fig. 3 and analyzed by SDS-PAGE, and
then blotted with anti-vitellin. Lane M, male
serum; lane E, E2-treated male serum; lane A,
fraction No 70; lane V, purified Vg.
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Fig. 5. SDS-PAGE (panel A) and immunoblot (panel
B) patterns of male serum (lane 1), Er-trea-
ted male serum (lane 2), mature female se-
rum (lane 3) and purified Vg (lane 4). The
proteins were analyzed by SDS-PAGE and
then either Coomassie-stained or blotted
with antiserum raised against purified Vg.
Lane M, the molecular weight marker pro-
teins.
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Fig. 6. Growth patterns of hybridoma cells after cell
fusion. Spleen cells from Balb/c immunized
with purified Vg were fused with NST1 mye-
loma cells and hybridoma cells were scree-
ned as descried in “Materials and Methods”.
Hybridoma cells on 9 days (panel A) and 13
days (panel B) after plating.

£ d7dME o FoAA Vg §HE fEdkE d 7t
4 3zl A5 3 9l (Campbell and Idler 1980; Lim et
al, 1991; Kishida et al, 1992) estradiol-178 (E)) & ©] &
3t 7 Wrkaiu g Ve RESHT RIsYD. o F
oA E, AT & A $A Arde gy E 7}
Z %ol $4 fxHe dudo] Vgo] Bo| &aA
Ao SDS-PAGE A4 Vg& monomerA el o] EAE
#9150} gt} (Emmerson and Petersen, 1976; Hori et
al, 1979; Kishida et al, 1992; Kwon et al, 1993; Kwon
and Mugiya, 1994). 2 ITAE Fig 1914 Uehd uf
ot o] E, Agd 3 AN Vg §Ao] fxH
A2 SDS-PAGE ‘3914 monomerZ Hoj glom 1 ¥
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Table 1. Immunoreactivity of the supernatants of hybridoma to purified Vg by ELISA

Hybridoma oD* Hybridoma oD
1C 9 0.016 3D 9 0.066
1E 3 0.027 3F 5 0.049
1F10 0.023 3F11 0.053
1G 2 0.077 3G 8 0.101
2B 3 0.056 4A 3 0.052
2B 6 0.012 4C 5 0.067
2D 7 0.050 4D 6 0.125
2H 9 0.054 4E 1 0.081
3A5 0.026 preimmune serum 0.000
3B 8 0.069

*The values represent OD.os. Supematants of hybridoma were tested by ELISA for the immunoreactivity against
purified Vg. The values represent the means of 3 seperate ELISA results.

Fig. 7. Immunoblot analysis of 4D6 monoclonal an-

tibodies. After SDS-PAGE, proteins from E,-
treated male serum (lane 1), male serum
(lane 2) and purified Vg (lane 3) were blot-
ted with 4D6 clone culture medium. The ar-
row indicates purified Vg.

AFe 2 175kD oYt =& A
daf frz 8 FA9 Vede 2L
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Zt7+ 170 + 6 kD9 180 kDol AT (Chen, 1983; Fr mont
and Raizi, 1988; Tyler and Sumpter, 1990; Manan s et
al, 1994). ol fFAM Vg& Elet7] Aste] dgsia 4
Hol 7)gso] gow o]F gel filtration®} ion exchange
chromatography ®¥#lo] 93] o|&Ho] $t} (Hara and
Hirai, 1978; Wiley et al, 1979; de Vlaming et al, 1980;
Hamazaki et al, 1987; Kanungo et al., 1990). &3] Vg—°~
887 Aol Mg2EDTAY <& 83 g dg A
Aoz AANZ F A FHFE AAAI = el
el A QAL o] e RE ofo ALHA gou
Al Mg™ D EDTA Hle 93iAl vg &7t Aoj7t ot
(Wiley et al., 1979; Campbell and Idler, 1980; de Vlaming
et al, 1980; Norberg and Haux, 1985; Tyler and Sump-
ter, 1990; Kanungo et al, 1990). &4olo M vg& £2|&
W YL FHTE A9402 FHANZ F Hara and
Hirai (1978) %o w2} Sepharose CL-6B column chro-
matography S ©|&3td Vg& #u§ v 3t} (Kwon et
al, 1990). o] ¥E-& vj$ zhdt, el E%X—‘P]“ﬁ k1
$4L€ Vg9 = O5mg/mb)o o8 AR} 2
AME o] WS ol&3td Fig 29 394 BE H}Q}
o] Vg& w3k HEdt Veoll tig ZZ234
ghEof Vol Ui w3 4& 2=AMG A Vgt g
g ?l?q??}?dq aPA B =RdME Vol d
E7] 93ko] Kohler and Milstein (1975)
2} *Era]% Vgs Balb/co]l "EAZ G& H A
& #3lo NSI myeloma MES} §FA1A hybri-
doma® TEUT ©]F ELISAY & Vgl oigh 73
Bo]E hybridoma® 41'#3}3 subcloning® &
AE BEA £ dFoA BEIZ G227
d% Vgo && ELISAY RIAY ¥ $ o] &3ty
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o] §4& F538o SDS-PAGES western bloto. 2 29l
stglch 288 vge Ex32 175kD oo 4R &
ot AolQlet E,S A 3 L A FHFE
A7 ¥ Sepharose CL-6B column chromatography®l
s Vg FEsdth g veol gs FEAE w
Lo] Eo]AS western blote 2 Q13 Y 1, £3 Vg2
g3 dFEIAE 7] 93t ¥ Vg Balb/col
HAAA HZAHELS NS1 myeloma MEE AELFTs}
o hybridomaE® TEAT AESHE 1870 cloneFd £
A2HGEAH o8] VgFt 7HF Aol B2 clonex
4D6o.2 HH G, olo gl So] A& Evt HEHA
%L 77 g4, Bt AYE FAYHR LT VgE
AL4-8t4 western bloto 2 #EH G}

o )

[
(=

iba]

g

i

Aida, K., H. Hirose and M. Yokote. 1973a. Physiological
studies on the gonadal maturation of fishes. Il Histo-
logical changes in the liver cells of ayu following gona-
dal maturation and estrogen administration. Bull. Jap.
Soc. Scient. Fish., 39, 1107~1115.

Aida, K, P. V. Ngan and T. Hibiya. 1973b. Physiological
studies on the gonadal maturation of fishes. I. Sexual
differences in composition in plasma protein of ayu in
relation to gonadal maturation. Bull. Jap. Soc. Scient.
Fish., 39, 1091~1106.

Ansari, A. Q., P. ). Dolphin, C. B. Lazire, K. A. Munday and
M. Akhtar. 1971. Chemical composition of an oestro-
gen-induced calcium-binding glycolipophosphoprotein
in Xenopus laevis. Biochem. J., 122, 107~113.

Barman, T. E, N. K. Bai and N. Y. Thoai. 1964. Studies on
a hering-egg phosphoprotein. Biochem. J., 90, 555~
558.

Campbell, C. M. and D. R. Idler. 1980. Characterization of
an estradiol-induced protein from rainbow trout serum
as vitelligenin by the composition and radioimmuno-
logical cross-reactivity to ovarian yolk fractions. Biol.
Reprod., 22, 605~617.

Chapman, M. J., S. Goldstein, G. L. Milla and C. L gar 1978.
Distribution and characterization of the serum lipopro-
teins and their apoproteins in the rainbow trout (Sa-

W32} -

i34
e
o
ol

Imo gairdnerii). Biochemistry,, 17, 4455~4464,

Chen, T. T. 1983. Identification and characterization of est-
rogen-responsive gene products in the liver of rainbow
trout. Can, J. Biochem. Cell. Biol,, 61, 802~810.

Choi, C. Y., Y. J. Chang, A. Takemura and K. Takano. 1996.
Immunochemical properties of vitellogenins and egg
yolk proteins in female fusilier, Caesio diagramma. .
Aquacult,, 9, 83~92.

de Vlaming, V. L, H. S. Wiley, G. Delahunty and R. A. Wa-
liace. 1980. Goldfish (Carassius auratus) vitellogenin:
Induction, isolation, properties and relationship to yolk
proteins. Comp. Biochem. Physiol., 678, 613~623.

Deeley, R. G., K. P. Mullinix, W. Wetekam, H. M. Kronen-
berg, M. Myers, ). D. Eldridge and R. F. Goldberger.
1975. Vitellogenin synthesis in the avian liver. Vitellige-
nin is the precusor of the egg yolk phosphoproteins.
). Biol. Chem., 250, 9060~9066.

Emmerson, B. K. and . M. Petersen. 1976. Natural occuran-
ces and experimental induction by estradiol-178 of a
lipophosphoprotein (vitellogenin) in flounder (Platich-
thys flesus L.). Comp. Biochem. Physiol., 54B, 433~
436.

Frémont, L. and A. Riazi. 1988. Biochemical analysis of vite-
llogenin from rainbow trout (Salmo gairdner): fatty
acid composition of phospholipids. Reprod. Nutr. Dé
v., 28, 939~952.

Goodwin, A. E, J. M. Crizzle, ). T. Bradley and B. H. Estri-
dge. 1992. Monoclonal antibody-based immunoassay
of vitellogenin in the blood of male channel catfish,
Ictalurus punctatus. Comp. Biochem. Physiol., 1018,
441~ 446.

Hamazaki, T. S., . luchi and K. Yamagami. 1987. Purifica-
tion and identification of vitellogenin and its immuno-
hischemical detection in growing oocytes of the te-
leost, Orizyus latipes. ). Exp. Zool., 242, 333~341.

Han, C. H, M. H. Yang, J. M. Paek, S. K. Lim and K. H. Kim.
1995. Enzymeimmunoassay for the plasma vitellogenin
and early determination of ovarian maturation in red
seabream, Pagrus major. ). Aguacult,, 8, 1~19.

Hara, A. 1978. Sexual differences in serum proteins of
chum salmon and purification of female-specific serum
protein. Bull. Jap. Soc. Sci. Fish., 44, 689~693.

Hara, A. and H. Hirai. 1978. Comparative studies on immu-
nochemical properties of female-specific serum protein
and egg yolk proteins in rainbow trout (Salmo gaird-
neri). Comp. Biochem. Physiol., 598, 339~343.

Hara, A., K. Yamauchi and H. Hirai. 1980. Studies on fe-
male-specific serum protein (vitelligenin) and egg yolk
protein in Japanese eel (Anguilla japonica). Comp.
Biochem. Physiol., 65B, 315~320.

Hori, S. H., T. Kodama and K. Tanahashi. 1979. Induction
of vitellogenin synthesis in goldfish by massive doses
of androgen. Gen. Comp. Endocrinol., 37, 306~320.



W7V Verasper variegatus

Jared, D. W. and R A. Wallace. 1968. Comparative chro-
matography of the yolk proteins of teleosts. Comp.
Biochem. Physiol., 24, 437~443,

Kanungo, J., T. R. Petrino and R. A. Wallace. 1990. Ooge-
nesis in Fundulus heteroclitus. VI. Establishment and
verification of conditions for vitellogenin incorporation
by oocytes in vitro. ). Exp. Zool., 254, 313~321.

Kennet, R. H. 1988. Enzyme-linked antibody assay with ce-
lls attached to polyvinyl chloride plate. In Monoclonal
Antibodies Hybridoma : A New dimension in Biologi-
cal Analysis (New York and London; plenum press),
1376~1377.

Kim, J. H., Y. Kim, W. J. Kim, H. ]. Baek, J. Y. Park and C.
H. Han. 1996. Purification and immunological charac-
terization of yolk protein in spotted lounder, Verasper
variegatus. Bull. Korean Fish. Soc., (in press).

Kishida, M., T. R. Anderson and ). L. Specker. 1992. Induction
by pestradiol of vitellogenin in striped bass (Morone sa-
xatilis): characterization and gantification in plasma and
mucus. Gen. Comp. Endocrinol., 88, 29~39.

Ko hler, G. and C. Miistein. 1975. Continuous culture of
fused cells secreting antibody of predefined specificity.
Nature, 256, 495~497.

Kwon, H. C, A. Hara, Y. Mugiya and ). Yamada. 1990. Enz-
yme linked-immunosorbent assay (ELISA) of vitellige-
nin in whitespotte charm, Salvelinus leucomaenis. Bull.
Fac. Fish., 41, 162~180.

Kwon, H. C, S. Hayashi and J. Yamada. 1993. Vitellogenin
induction by estradiol-178 in primary hepatocyte cul-
ture in the rainbow trout, Oncorhynchus mykiss.
Comp. Biochem. Physiol., 104B, 381~386.

Kwon, H. C. and Y. Mugiya. 1994. Involvement of growth
hormone and prolactin in the induction of vitellogenin
synthesis in primary hepatocyte culture in the eel,
Anguilla japonica. Gen. Comp. Endocrinol., 93, 51~60.

Laemmli, U. K. 1970. Cleavage of structural-proteins during
the assembly of the head of bacteriophage T4. Na-
ture., 227, 680~685.

Lim, E. H., ). L. Ding and T. J. Lam. 1991. Estradiol-induced
vitellogenin gene expression in a teleost fish, Oreoch-
romis aureus. Gen. Comp. Endocrinol., 82, 206~216.

Mananés, E., S. Zanuy, F. Le Menn, M. Carilo and J. Nun
ez. 1994. Sea bass (Dicentrarchus labrax L.) vitelloge-
nin. Indcution, purification and partial characterization.
Comp. Biochem. Physiol., 107B, 205~216.

Mommsen, T. P. and P. J. Walsh. 1988. Vitellogenesis and
oocyte assembly. In Fish Physiology. vol 11A: In W.S.
Hoar and D.J. Randall, eds. Academic Press, San Diego.
pp. 347~406.

Newbould, B. B. 1965. Production of allergic encephalomy-
elitis in rats by injection of spinalcord adjuvant into
the inguinal lymph nodes. Immunol., 9, 613~614.

Norberg, B and C. Haux. 1985. Induction, isolation and a

FHAA estradiol-178%] 93 F =2 vitellogening] AHEH E4 487

characterization of the lipid content of plasma vitello-
genin from two Salmo species: Rainbow trout (Sa/mo
gairdneri) and sea trout(Salmo trutta). Comp. Bio-
chem. Physiol., 81, 869~876.

Opresko, L. K. and H. S. Wiely. 1987. Receptor-mediated
endocytosis in Xenopus oocytes. Chracterization of the
vitellogenin receptor system. ). Biol. Chem., 262, 41
09~4115.

Ohta, H., Y. Shinriki, M. Horima and A. Hara. 1984. Early
distinction of the sex of hatchery reared masu salmon,
Oncorhynchus masou, using antiserum against egg yolk
protein Scientific Reports of the Hokkaido Fish Hat-
chery. Nakanoshima, Yoyohira-Ku, Sapporo. Japan., 39,
67~74.

Plack, P. A, D. J. Pritchard and N. W. Fraster. 1971. Egg
proteins in cod serum. Natural occurrences and induc-
tion by injections of oestradiol-3-benzoate. Biochem.
)., 121, 847~856.

Selman, K. and R. A. Wallace. 1982. Oocyte growth in the
sheepshead minnow: Uptake of exogenous proteins
by vitellogenic oocytes. Tiss. Cell., 14, 555~571.

So, Y. P, D. R Idler and S. J. Hwang. 1985. Plasma vitelloge-
nin in land locked Atlantic salmon, Saimo salar ovanani-
che: Isolation, homogous radioimmunoassay and immu-
nological cross-reactivity with vitellogenin from other te-
leosts. Comp. Biochem. Physiol,, 81 (B), 63~71.

Towbin, H., T. Staehelin and }. Gordon. 1979. Electropho-
retic transfer of proteins from polyacrylamide gels to
nitrocellulose sheets : Procedure and some applica-
tions. Proc. Natl. Acad. Sci. U. S. A, 76, 4350~4354,

Tyler, C. R and J. P. Sumpter. 1990. The purification and
partial characterization of carp, Cyprinus carpio, vitello-
genin. Fish Physiol. Biochem., 8, 111~120.

Tyler, C. R, J. P. Sumpter and N. R. Bromage. 1988. Selecti-
vity of protein sequestration by vitellogenic oocytes of
the rainbow trout, Salmo gairdneri. ). Exper. Zool., 248,
199~206.

Wallace, R. A. 1985. Vitellogenesis and oocyte growth in
nonmammalian vertebrates. vol 1: In L. W. Browder,
ed. Developmental Biology. Plenum Press, New York.
pp. 127~177.

Wallace, R. A, and D. W. Jared. 1968. Estrogen induces li-
pophosphoprotein in serum of male Xenopus laevis.
Science., 160, 91~92.

Wiley, H. S., L. Opresko and R. A. Wallace. 1979. New me-
thods for the purification of vertebrate vitellogenin.
Anal. Biochem., 97, 145~152,

Yusko, S., T. F. Roth and T. Smith. 1981. Receptor-mediated
vitellogenin binding to chick oocytes. Biochem. }., 200,
43~50.

19963 129 269 HF
19973 59 84 Fd



