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Studies on Vitellogenin in Red Sea Bream and Bester

Kazunori Fujii

Abstract Vitellogenin (Vg), a female-specific protein found in serum of fish with developing
oocytes, is a precursor to egg yolk proteins that provide nutrients during early stage development.
The objective of this study was to improve artificial propagation of red sea bream, Pagrus major,
and the bester, a hybrid sturgeon cross between female Huso Auso and male Acipenser ruthenus.
(1) Two specific proteins were identified in sera from vitellogenic red sea bream females.
These proteins showed female specificity, estrogen (E,) inductivity, and antigenic similarity to
major egg yolk proteins. Consequently, both of the proteins were confirmed as Vg. (2) The red
sea bream Vgs were purified by hydroxylapatite chromatography followed by gel filtration
chromatography. (3) A single radial immunodiffusion method (SRID) was. developed for the
quantification of red sea bream Vgs using antiserum against red sea bream egg yolk proteins.
The sensitivity range of the SRID was 20.7 ul/ml to 42.4 mg/ml of Vgs with 1 day incubation on
a 1% antiserum plate. (4) In vivo effects of E, on Vg synthesis were investigated in red sea
bream. Vg synthesis by hepatocytes was found to be dependent upon dose and time of E,
administration. (5) Vitellogenin in serum of female red sea bream was first detected when
oocytes reached the latter part of the primary yolk stage (from mid-December to late January).
From that point on, serum Vg levels increased during oocyte growth, reaching a maximum level
(2.75 mg/ml) in the spawning season (April). (6) Two red sea bream Vg cDNA fragments, 855
and 3,539 base-pairs, were cloned and sequenced. Both cDNAs encoded unique protein, each
. which appeared to be carboxyl-terminal fragments of Vgs. (7) Serum Vg of female bester was
_first detected by SRID when the most mature oocytes of the female reached 0.9 mm in diameter.
Serum Vg levels increased during oocyte growth, sharply decreased when oocytes reached 2.9 mm
in diameter, and increased again when oocytes became over-ripe. The increase of Vg is thought
to be caused by re-absorption of egg yolk proteins. (8) The concentration of serum Vg, the
oocyte germinal vesicle position, body weight, and in vitro oocyte maturation response to proges-
terone can be used as maturational indicators for female bester propagation. (9) Artificial
spawning of bester was successfully induced for the first time in Japan by selecting female using
Vg as a maturational predictor of ovarian development. -
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T AP (anti-M) &, BAFTO X3 LTER L7z,
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A7u7vbeAE), BEARIIBITLEHGD S ¥ I8
JEBRRA7uT v A EDL I TuTA T vk
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TSKgel i& 1 m/, Superose 1% 2 m/ HZFMW L 720 %2,
ZEAHHOETF OV x VAR, RETHRRSLBHR
BEERECLVME L. S TEOEEICIE, FEY Y
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1ml T2 EEHELE GBHEGS) . UL, R&EEH
5, BHESOS A7 ERBIME TR 2=V ER
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DEAE tVvu—2AA5rruv bro74—i2iE, L
HRABRETAMOKEE,L, pHTS @ TB # Wiz,
0.IMTB TS5 MM Lz B, L~ & 4 fiE 1 ml %,
F TB T¥4f{k L 7= DEAE Sephacel # 5 & (1X6.4
cm) WZRML7z. F TB THiEE, TB ORE%L 1.0M
FCHEHMBWIIC LY, HEERCEG LAY Y37 HEBERL
7o BHIZ VX7 EOY =213 280 nm TR L, &
E—0 & X VERBIU N T 74 —TELIIHE LT
%, BEOSOY V7 HBEBIVOYFuY 2 VBRI
E L7
ERRAFIILTINEA vIA~ T T 71— DEAE
tru—2zua<w S5y 40— M, TTREBET
A N E{To7z, BWHIE LTIE, pH6.0 225 pHI.0 ¥ T
0.5%IAITHHEEL 72 1.2M ) VB Y 7 ARk MEH (KP),
AW E LTk, W KP @ 6 M (0.2M KP) %4
L7z e FEEFYLTRIL b (FAT4) 02g (B
WHEM 05m) % 1.5ml BEDOT 4 AR—WTIVEL
HIZHY, % pH @ 0.2M KP TF#{t L7, [/ KP T
10f5 AL - ikt~ # 4 M (FHRME) 0.8 ml %
FRLBICIRML, B—%1) =¥ 2 —F—TI05H1 ~
FaN—pL7B, S00Xg TSHMELL, b Gk
HEBS) BBV, BRETIRERS V0B,
l mi O KP T3 EEHFTLHEICLYBRELE CGR#E
G L FOFINTINFAL NHEE LY V82
ik, H#pH D 1.2MKP 1 m/ T2 B L7z GEHE
e HmPULE, REAWS, BIMEGOS X7 EED
s uva s v RENE L. b, EEEE, &

FIE E BHRESOBMN Y VA7 EES VDT
V= VEDIE LTERD.
ENOFIATNRIA[ b ATAZOTNT T T 40—
i, LERBRET A FOERPSL, pHIO O KP ZHW»
770 0.2MKP TS5 EFHIR L7 B, W< & 4 I7E 1 ml
%, A KP CTPRE{L Lz FREI 7884 A T4
(1X6.4 cm) WM L7z. F KP CTUHEE, KP ORE
% 1.2M F CEMMIC LS, HRICHE L2y Y08
ZBRH L. BHF 7 BED Y — 20 280 nm THH
L, B¥—2 27X VERI U V7T 74 —T3 50
L%, %EsOy 7 ERBLIETFOV 22V
BEWE L,
RETEIKEN . MY ANV E S — VB (8.86 g/l B
DA (B FEFVRAFN) TIIAY Y, 448 g/l N
VEZ =, 0.11 g/l LAV A, 013 g/l 7L
F YL, pHS.6) TI2%ICHMELLZT7T Fa—X
(FMC, SeaKem™ LE) ¥ 12 m/ Z &k - &ML,
KEBLETHT AW (84X94 mm) ZEH &2
GelBond™ Film (FMC) _RiZiEw7, KB ClRiEL, 7
AL E RS, REBKKEHT 7L~ (Amersham
Pharmacia) (23> T 2.5 mm OFEBRE2ER L7 R
¥ S5 u BIU01%72E 72— VT V— (BPB) &
W1 pl 2N, EHIT 5Viem TREIL, MEY v 8
ZBZH4A L7z BPB 2% 3 cm kB S W ECTRRT
L7ze kBIRTH, ERF Y7 L— Mo THEZEK
L, Pk 100 Wl ZdimL7ze SIEAE W C24R M RS,
AR B L OYiRiEE R KT, EERLI0ML LT
lkg DELZER, 53MKSEBELZZ. 200 ml D
3 %EIKRFCISHTHIRER, Fit& FRRICIER TR
FRE LR, BEKTTISSOEIES, BkE 2 mg
DEL7ze D 50°C OREEEIFHR TREIIKG % bR
L, @i (1% ~<¥y—71Y9 7Y b7 V—R-250
(CBB), 45%BiME, 45%* % 72—, 10%#EK) WHT
5 ARG Uiz, Betth, it (45%HEEER, 45% 2 %
J =, 10%EEK) CBLTREL, v 77590
FASEH & % 5 F TR 2 B L.
SDS-PAGE LUz x4>7avF«4 9157
VHEBRF P A R) 727 VT I FYAVELRKE
(SDS-PAGE) 1, Laemmli (1970) Z#0L, 5~20%7
G2y MW (T =, XVz) ®AVWTIT-7
KEBOrVRICEEND ¥ VA2 HIE, RYEZY
FUINVEY R (IYRT, /TP T3 F
FAFRTEE Lz (7 b—, AE-6675). 5%, FEx
3%AFAINTEEL PBS 20 ml BT 1 BEIRE L
(7avFxrr), —xPike LT anti-E & 5% Wi anti-
M20 ul ZFEMLT, BIC1BERE L. Z0%, K
#0.1% Tween 20 &4, TV F b D r % ET L
v PBS (PBS-T) 50 ml C15%- %% L7z (5 548
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# L PBS-T I23H#y) o W OREIL, PBS-T T3,000
BICHRLWET NG 32 ¥ — VBRI X
IgG (Bio-Rad) 10 ml T 1 BRIRE L7ze LFLE
BRI % PBS-T CT¥#fE, —RWEPERTENVF
%001% o-V 7=V Vv, 0003% 4-ruu-1-+7
N =, 0.01%:88ALAFE % &L 50 mM BEERRME K
(pH5.5) THth &7z,

i 7

42 IS BEEDRITE : 10~100 mg/ml ® BSA &%
BrEL, il (1977) 0¥k G 100 ul, #FE 4 m],
SeE10mm, FUSER3054) &b, AkEst (H
37, U-2000) T 545 nm (BAWINKEE) B IO 595
mm PWHEEFMELERE, 47027 vl
(BB 5 pl, 3200 pl, FUBKERI304M) k=42
a7 L= ) —F—T 595 nm OEREZHE LIHERE
# Fig. 2-1 1R § e & /80 B L WIRHEE D BIGR & #%
ERAH (B ) LER, MhhdsnilzR
L (®2>099), "4 2707 vkAECLEY VS0 ERE
BN TH D EHRENT,

0.5

0.41

o
w
L

Optical density
o
o

0.11

0.0 . . . . .
0 20 40 60 80 100 120
BSA (mg/ml)

Fig. 2-1. Relation between the BSA concentration and biuret
color intensity. ‘
The color intensity was measured by standard assay
at 545 nm (circles; y="7.6667¢— 3+4.0206e— 3x,
#=0.998), by standard assay at 595 nm (triangles;
y=5.5333e—3+3.0885¢— 3x, »=0.999), and by
micro assay at 595 nm (squares; y=—1.2867e—2+
2.6103¢—3x, 1°=0.999).

A 70T vEABIBITAE 2Ly PRSI, Fig.
22 ITRT X300 TR L, SR ED 2 EMIX
WREREE LTV, 20720, BEORNEIZIBE
(1977) 2HL, RIGHREZ305ME Lz,

Kz, A 70T v BCBIRY YRTHREL
WIREOBGE, REERR (5~160 u) (TH~7z. #
B3 Fig. 2-3 1RT & D12, BBAEE 5w T, 3.13

0.3

’g O—0—0 —0

f=

1 0.24

[=)]

N2

>

&

a "y

S oo *

=]

% 0.11

2

g_ o i A

o—o—t m 0

0.0 T T T T T

0 20 40 60 80 100 120 140

Time (min)

Fig. 2-2. Effects of incubation time on biuret color intensity
in micro assay.
BSA concentration is presented by open circles
(100 mg/ml), closed circles (50 mg/ml), triangles
(25 mg/ml), and squares (12.5 mg/m/).

Optical density (595nm)

102 1071 100 10! 102 108
BSA (mg/ml)

Fig. 2-3. Relation between the BSA concentration and biuret
color intensity by micro assay.
Sample volume of BSA solution is represented by
open circles (160 ul; y=1.4129e—2+7.5585e—2x,
=0.999), closed circles (80 ul; y=1.2367e—2+
3.7246e— 2x, r*=0.998), open triangles (40 pl;
y=1.3207e— 2+ 1.7906e — 2x, r*=0.997), closed
triangles (20 ul; y=8.9592e—3+9.0828e—3x, r'=
0.999), open squares (10 ul; y= 1.1415e— 2+
4.5218e—3x, *=0.998), and closed squares (5 pl;
y=1.0328¢—2+2.1985¢ - 3x, r’=0.998).

~100 mg/mi, 10 wl Ti&, 1.56~50 mg/ml, 20 ul T
i, 0.78~25mg/ml, 40 ul T, 0.39~12.5 mg/ml, 80
ul T, 020~6.25 mg/ml, 160 ul TiE 0.098~3.13
mg/m] OHPHTHD THEOEY (>0.99) REIFRA
Bohiz, Bb, SEEELHEATE, ABOFEIC
Bh oY, HEE LT 15.6~500 ug O TS /8
JBEOERFTRTHAEZEIFHALIE L o7
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B, RETHELF{OMESY v 237 BRI,
B 45.9 mg/mi, B 58.3 mg/ml, E, ¥4 87.8
mg/ml THho7ze THHOfEIE, A (1977) OFEK
U CRDME, F4 438,587,873 mg/ml L R —
L7z
MAEDOKE | Fig. 2-4 2 anti-E B X anti-M 2 w7z
RIEBRIKEEZ R L7z anti-E (W L, B#M~ 54
MmiEs & ¢ E, < & A MFERER A O B 2/
CBELLIEEHRLE, ZFTFEMEIZ 1 RO IR ERDS
B S, SIS 13IZFE CALEIC 3 ROB W ILER
& 2RO E R L 2o —F, HEIME anti-E
LR Elned, WIRES TG ThsI L ER LI
72, anti-M ZREGE< 54 MIE, BEME~< 5 1 MEHL
FOVE, M~ & A I & 2 10BA OB 2R L2
A3, SRR & 3PV O BB R IE IR 1 ROTkR
WL 2~ 3 KOFFGOILEMRO A DBIEE S Nz,

~ +

Fig. 2-4. Immunoelectrophoresis of male, female, and E,-
treated fish serum, and egg extracts.
anti-M, antibody against male serum; anti-E,
antibody against egg extracts absorbed with male
serum; M, male serum; F, female serum; E,,
E;-treated fish serum: Egg, egg extracts. Arrows
show antigens in sera reacted with anti-E.

FNEBTAY NT T 74— @ BB & A I, R
M~ & A M3 XUV E, LB~ ¥ A fiE% TSKgel % H
WS VIR L, BERREBIEC L ) KESOY
FulzzvEEWELERE Fig 2-5 1087, €7
Y = VIR 5 A MEB XU E, A~ 5 A
HFOMSHFF21ICE -2 FREL, 4 T8I 486 kDa

H*
Y YY Y Y
0.151 M 1 2 3 4 5
0.10-
0.05 1
. O-q; T T T _03
3
g 0.15 F A
0
o
g 0101
s
S 0.05- - + [0 =2
(%]
o >
B £
| 0 T T g 0 =
5
g
2
>
g

o 10 20 30 40 50
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Fig. 2-5. Gel filtration chromatography of male (M), female
(F), and E,-treated fish serum (E,) and immunoelec-
trophoresis of dark shaded fractions of female (A)
and E-treated fish serum (B).
Upper arrows show elution positions of thyroglobu-
lin (1; 670 kDa), bovine gamma globulin (2; 158
kDa), chicken ovalbumin (3; 44 kDa), equine
myoglobin (4; 17 kDa), and vitamin B-12 (5; 1.35
kD). Abbreviations are the same as in Fig. 2-4.

THHEEESNT, L L, ZOHESZREBRIKE
WL 74, anti-M & B3 5 5 /87 B ORI
LY, FVIEREOATRRENATSTHS S
LavRshiz (Fig. 2-5A, B). %P, ML, Mho
HE5 b anti-BE &G Lz d o 72,
WBEEE Wk u< NI T4 - L B RERSL R
D 5 72T o 72RBRE T A b ORER% Fig. 2-6 1277,
DEAE )b — AW U7z~ 7 1 EF o &7
oYr=rix, pH7.5~8.5 ® 1.0MTB 12 & D 1FITw4
B g zA%, pHY.0 BLE® TB TR 2EIC
WA L7 (Fig. 2-6A). 7z, E#E%RDL TB © pH 255 <
LAHEEWI LT BIBLET TV = =V ORMERIL,
pH7.5 » TB #fHEFICBIT A1 TETH o7z, U LD
WEEDPS, DEAE VU —RAATAI U 57 4 —
IZBIF5 TB Of# pH i, 7.5ThH 5 L&z bhiz,
—F, EFaFI N7y AL FEAVRBET X b
DFEFRIE, KP O pH BEVWIEEEYF O Yz = Y OEIL
B X OBBENEL AMEMERL (Fig. 2-6B) .
pH6.0 ® KP % V7= A OENERIE 1 %, BHFEE
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Fig. 2-6. Effects of pH level on recovery and purity of
vitellogenin by DEAE-cellulose chromatography
(A) and hydroxylapatite chromatography (B).
*1 amount of vitellogenin in eluting fraction relative
to amount of vitellogenin in original female serum.
*2 purity of vitellogenin in eluting fraction relative
to that in original female serum.

12ECHozoizxt L, pHI.0 @ KP & W 7235E1C
X, BEERD40%, BHERETIHICEFCRE 4 Mk
DREIS, CFaFIATRIL MATAIUT NS
57 4 —12iF, pH9.0 ® KP 2 w5 Z LI L7z,

DEAE ) O—XAZL70% 537 4— [ E, BLH

< ¥ A% 0.1M TB (pH7.5) TH#{L 1L 72 DEAE

VA=A ST HHEML, BEROBELGEEIC X
DEBIIC FA RS, AFARRE LMY V528
B L7z, WML 2IEFO s V7 B0, £
BT 2R ATLIIREL, BUEOERESD 0.4M
W EHBFCIEOREER S (Fig. 2-7A)
Figur Ex-7TA IZ/RT 27U M T LD 2ODE -7 %]
mE L, WHES% DEL & DE2 & LT7— VL7
DEl & DE2 %, TSKgel # v 77 Vvig@ds o~ b7
574 =IlkoTELHIHHEL, FHESHTOETTY =
ZVEERWNE L. £O#R, DEl OF VIEEES D5
3, & ¥FuYzovikilishir o/ (Fig 2-
7B)o —77, DE2 O7 VIEBMm L, WoEF21% Y-
e LTE T PR EhAS, 2oBRA0nE
i, 280 nm PWREEOE -2 & —FH L&edo7: (Fig.
2-7C)o

9
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Fig. 2-7. Vitellogenin purification from E,-treated fish serum
by gel filtration chromatography (B and C) follow-
ing DEAE-cellulose chromatography (A).

EROFINTIREaA MHSLIAR NI ST 40— E,
W< ¥ 1 g% 0.2M KP (pHI.0) TFEILLze F
OXYNTINEA AT ATHEML 2SS, MFEROR
EOF NI BiE ST MTREET, BRRERICLD
FE®Y - BH L7 (Fig 2-8A). BHEOMRE % BB

109 A F1.0 72;

HA1 . 5

-------- =

05 5

Bels (=]

t

[

=

0 3

06] , | '
|B 0.8

0.6
0.4

0.2

— Absorbance (280nm)

0.2

o
# Vitellogenin (mg/mi)

0.1

T T T T 0
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Fig. 2-8. Vitellogenin purification from E-treated fish serum
by gel filtration chromatography (B and C) follow-
ing hydroxylapatite chromatography (A).
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CEFA L, WMENY s VF—2RET 5 280 nm D
FEEY — 7 BEN, HAl BX U HA2 & LTHR L7,
HA1 & HA2 % TSKgel # V77 Vi@ u< 75
T4 = XoTESICHELIMKE, F40EHFF21
(Fig. 2-8B) &5\ i35 m&E 522 (Fig. 2-8C) ICE7 1
Vo vOE¥—rd i Ehiz, Zhspesyado=
YOBRMALER, 280 nm OWAENOY —2 L B~
L7ze

LD ES,LS, 0.2MKP TEHL Lz FuFd v
WFRFZA AT, EFadz= PO
BEALYEE LGV EFRBENR 0D, R~
A MED 5 VIZE, W< ¥4 FEZHVT, 02M 5
1.2M ~OBRRBBEMEIT o7z, FOME, HIMERS
BEAEHITLAEFEBYL, 1L.2M KP TOBHHICBIY
5 ¥ — 2 E5 (H5HFEF25) TEx, &y 237 BRER
0.14 mg/ml {2 Ehdroie —F, B, i~ 5 A MiF
TiE, 12MKP L LB KERBHE - R LN

4 4
~ A O Ez-treated fish =
- o ~
E3 ® Male S
> £
£ £
=
5 5
<] 2
@ 3
| S
&8
03 Y YYY ¥

B 1 2 34 5 04
e E
(= ~
& 0.2 o
& E
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Fig. 2-9. Purification of red sea bream vitellogenin by hy-

droxylapatite chromatography (A) and gel filtration
chromatography (B).
The fraction (No. 25) of E,-treated fish serum
eluted from hydroxylapatite using 1.2M KP was
applied on Superose 6 pg column connected with
Superose 12 pg column. Upper arrows show
elution positions of standard proteins (see Fig. 2-5).
The dark shaded fraction (No. 41) in B was tested
for purity by immunoelectrophoresis (C). Abbre-
viations are the same as in Fig. 2-4.

(Fig. 2-9A), ¥—7HE4% (E45%F%525 3.17 mg/ml)
% Superose IZ X A7 NVEB I OR MG T 4 =L
722 A, 280 nm DEHER, KA FRY 2— AL
WS ¥ — 27 L 5T EBH 480 kDa DAL W HR
DRERE—IEBRL, BEOBLEY -3, EF
UV OBFEMYE—2 LR L7% (Fig. 2-9B),
Figure 2-9B DRVWEHRTE L2 HSHF 541 % REER
WENCHE L 760, HEME S v 37 M E o EhUE IR
RPN TRDEZ EFHL MR o4 (Fig. 2-9C) .
AESE, BRIHEBIC L 2RMHE, BREF o 22y
ELTHER L.

SDS-PAGE LU TR427 0y T« 7 @ B
< FAMmE M), B~ 54 1miE (F), B, A<
AMiE (B) BIUHEETOY =Y (Vg @ SDS-
PAGE (A) BX U anti-E (B), anti-M (C) w2
Y RE YTy T4 T OER%E Fig. 2-10 IZR T,
BHRYsoY =i, SDS-PAGE 2k oT, #ES
F& 183 kDa OfiEICE /25,57 F, 107 kDa, 87
kDa OB IC RNy R &, 2ot o< A
F =N FEFH L7 (Fig. 2-10A), 183 kDa O3~
i, and-E 3 L Ch gtk ER L, Rt~ s
AMEB L E, L~ ¥ £ IFIZBNTDH, anti-E (2
FFLELLMETH DI EHESI (Fig. 2-
10B)o BBV Fuyz= ik, #RUACHHFE
70 kDa # 5 183 kDa ® B2 10K/ # O anti-E & K6
TENY FRREK Lz, —F, B#ME~ 51 Mgz
anti-E 2 W 2 A ¥ 7 uy 74 ¥ TEBEE RN
Y FEBEET, PEORIEBRESIZIZEETHL L
ERL7, ¥/, BREYFTO Yoz viL, anti-M #H
W2 X A 7Oy T4 VT TRER RN Y FEBE
Y, WA A MEE ORBIREEZEA TV RN
EPER I N,

% %= .
RETIE, ~FAMBEFORSY V37 EROEEER
B, BRI MEE WML LI o~ v
574 -2k BEFUT 2oy OREHBEICOWTRE L
720

v AT L= )= F =22y YR BEDER
EEZ2OWTE, $TREHIVEESy FETREINRT
BY, HEREOZBEOBILEREATED LN T
Bo LA LaAS, MFEOXLD LEREY V7 BN
ERE L T2HE, WEHMBENICMND 572010 3EE R
FRELEE L, HESITMZ, FHHRCK HEEBMb
b5, —F, #H (1977) &, I7u-FNF—NER
mRFEL LT, =V AMES V3 BE% 5 BEOW
EFETHEL, Caly MEPREOBHAERETH S
ELTwB, &, Caly bEEFAF—VMFI VLT
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Fig. 2-10. SDS-PAGE (A) and immunoblotting of male serum, female serum, E,-treated fish serum, and purified vitellogenin

(Vg) with antibodies from anti-E (B) and anti-M (C).

= . Arrows at the left side of each figure show the positions of myosin (212 kDa), a;-macroglobulin (170 kDa),

._ B-galactosidase (116 kDa), transferrin (76 kDa), and glutamic dehydrogenase (53 kDa).

.. same as in Fig. 2-4.

<4 zu7L— b ETHELAA, BSA ZHH#ES U3
JHELTHRELZERTIE, AHERORIMICLY
0.098~100 mg/ml OFHEHTEEI R TH S Z L2
Ehkol,. O L, MEPSZOHEARICE
FAIEBLEAEDOREE, FRPBETHILLRCHET
XL EEBRLTWS, £, ¥ A OMiE#kS >~ /3
ZEERARETHE L2ERE, E (1977) OFEkZ
BUTHELEREBLHL, AERLBEROIEAL,
ez, THRORESy FTRERNETE R
WIFESEOSEBEABOY VN7 BRBEZHET S LTE
FTH 5

CruYe s ORI LT, Kbk (Hara et
al. 1993), ®WEAEE®E 5 8% (Ando and Mori
1995), &HEOPEE B WA O~ 57 4 —
(Silversand et al. 1993, Mananos et al. 1994a,
Matsubara et al. 1994, Ando 1995), HAWEIhoHD
HAE DRI X BABRBIIHME SN T WD KILBEEIS
SV, ¥FrFFroeruYasvERICBWT, R
Bhovryo Y= VRED 5 mg/ml UTFOBEIZE,
TBWEBRE L E WS EEHEN TS (Hara et al.
1993), <& 4 O, Sy RREONLY HASL,
7S EEIATH B0, EIIICE TS INETEEH
OIRMERIEREOATWL I SRS, MFLYT O
Vo vEWTIRAREIEREL RO LERSR
Bo ERE, SRFWZEHM~ 5 MEROE Ty

Abbreviations are the

S VBER 5 mg/ml SHE2 T (REZER), THEIC
fFolrEBRTiRCT e Yoo OB EBHE L 2o
7o, TITRREEZAEMKL.

BEARBE AR, ABY T eI o= OBR
EELTREBEHWFLWFETHY, KEZLDV T T
¥'7 (Ando and Mori 1995) %7+ ¥ (Komatsu ef al.
1996) DMFEFSETF U 2o VASBRENTWS, ¥
FOYo= i, BEBRTY YN ESRERITRT
WZEBHESNTEY (Silversand ef al. 1993), D5
BRI AN T AL F TR Y 2= VT EEICA
ETAEFOBASFRIBENTYS (Ando and Mori
1995, Komatsu et al. 1996) . % BE/A) AL L -#Ed: T
1, BEBROY VS EREZTAIEBE S
USRI ETEF OV o S VO RETEETH Y, 51,
REILE BT AOEF OV x 2 VIBRERET L 0LE
BH5H9. '

AZ T, DEAE A u—2AB LU FaF 7S
A VEROHEGA O 5T 42 E B8 Y
FUY = v ORERERATZ, DEAE Vo — Rk, §
ef 4 RBAETHY, FBALVFE pH IZBWTHR
BHPEI o2y VN2 B2 WET S (FH 1990),
HERICEE LS Y82 Bk, BRERREOLAD S
Wid—flirr i GELF FU T AE) ORMNCLoT
WAAVEBEREIAZ LI DHEEISBHT 555,
BIRL2Z-pH P EHT XL BMLEELS 25, ThET
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12, striped bass Morone saxatilis (Kishida et al. 1992,
Tao et al. 1993) % sea bass Dicentrarchus labrax
(Mananos et al. 1994a) D¥F 1Y == %% DEAE &
WREHCI A Vo ux M 7T 7 4 I KD BR
ENTW5, RETHE, FFvF/ME70 V2=V 0N
Bi2BWwT, DEAE k2 Vva—2AhS5sruvx b 75
74 =I5 TB O pH 252 L7z (Fig. 2-
6A)s L L, ¥TFu¥z=roEINER X OEEED
LHITHEDBEP 72 pHTS @ TB % vy, Rz u< b
FI74-CTHE LT Y = VESICE, €5
KAV EE7 U< bS5 74 —CREEZED TS, #
Mey X EHRIELTW (Fig. 2-7C) 0 REEICED
RTADQET UV 2= VBRI 520120, h720
B, Blis&H4 BBEOME, BHROBEIIS)
FOELRLMEFPLETH S,

LFOaFINTNRIL a5 T 42855

Y7 B OREIE, MARERE LT pH6.8 @ KP 2*
—EICHWS TS (JIEF 1990), LA L, [ KP
RHWTR YA EFu Y= v OBEE R TIHER
Tk, EINEIBO TR, 5%, £2°T, KP
D pHAZDWTHRE L7258, pH6~9 O#HE T
L7zBBForyudyz o v & THEEICRET S 2
L, KPOpH #EFAZ L2V ETFRY 22y OH
IS L RS T 52 (Fig. 2-6B) #9540
olze EFUFRIUTNRIAL Mrux v 757414,
BAT Y BIUHBAA Mo a VT T 7 4 —DWH
OB EFH>Z EFMshTwD (I 1990), %7z,
Craloo ViV hEEeE) vy s B TH
D, EFEFIIVTF L+ (Capy(POys(OH)) ~D
B, BRENBEAD BB EEZONDS, L
L, e FaFI V7R84 brux b I 74 -0
L, REZZEICEES»ITERTOWRY, ftoT, B
W pH OBHBEERAVWAZILIZEY, BELLET R
Vo vORAPREIREL L VI SEOKEETERT S
720121, TOBBICHETAFMEREPLETH 5,
RELETF I 2oy OHFTRIE, FViER (native
form) Tit 486 kDa T» 1, SDS-PAGE Tl 183
kDa, 107 kDa, 87 kDa ® 3 RO F /25637 FEEKL
72o anti-E # Ve o 2 A7 T ay T4 Y TIZBWT
i, #EDSFE 70kDa »5 183 kDa O RIZ 10K #
DNy FPMER SNz Erud == V5T, B0
NTF PR EINE T T2y SRS &
W43 (Bergink and Wallece 1974), B3 (Deeley
et al. 1975) B X A ¥ (Hara 1987, Matsubara
and Sawano 1995) TH#HESINTVE, S LICAHE
BWTH, 2hEFTICY Y X T7FF (Accession
No. M88749; Sharrock et al. 1992), Y1 g v ¥ A
(Accession No. U00455; Bidwell and Carlson 1995),

<39 372 VTG I (Accession No. U07055; LaFleur
et al. 1995a), <3 F a 2" VIG II (Accession No.
U70826; LaFleur et al. 1995b) B L F= IV < A
(Accession No. X92804; Mouchel et al. 1996) DY 7
OV Y EETOEERF (YuFa vy FRAL 5 K
WO—EKIB) BT —FX—RX (HADNA F—F/N
7) KEHShTEY, fELORTF FEEOS TR
3% 4 200kDa, 186kDa, 188 kDa, 186 kDa, 183 kDa
THbo HoTeF 1L OE4E, SDS-PAGE THER ST
TeEbRERNRTFF (183kDa) #%, ¥FuVz=¥
DERBY Ty NTHHLEEEINZ, FOMEI
DWTH, E4ETHERD,

Bt (1987) i, ¥4 ICidmEERHcSARLD 2
FBEOCTU Y VY VRS BOBEET A L BRT
Wb, SEORBEBEZIXKBICBNTS, B~y 40
e B, LB ¥ 4 i anti-E & 2 RO E K
L, R 2EE0y VR BOFESRE SN (Fig.
2-4)o T TIEMHEODMREICIES Rh o205 - W
Fr Bz, WEERMOMmMERREE, B, <k 3ELS
B OpNEY Uz EEoRBHEREWIET OV =
voEMEBELTEBY (Bl 1984), ¥5uy==roD
BREVWHIHRBDELZDDEEZ L, 58, <540
VruYro v R E—5 RS EICETREL, £40
HHE R RAT 2 UNEEH S I,

E3F THMETOVIZCOREFENTEE

MiETER L2-Fuk (anti-E) i3, HMMERS L xe
RS, BBMENE, E, QA MES &L OHHHT
ZOREMERT ¥ N7 EOBFESHR I NIz,

DMFRD L 87 HiZ, RPRHFRPTHY, WES
B EEBHEEERL, L2d B ICLoTH

EENBILENS, BTV THDLEELAEN

2L TWwie, 22T, ZoOdikzHWZEyO Y
SV ORBENEELEDOWEN & RAAT,
INFTEHE I TWEETFu Yo = v OlEE
LT, ¥V U7V IREREY VBT
W—DmMES Y782 BETHDIrDEIIZ, TVATAR
BEV VEIPLYFUI 2 v REROLEENLS
i (Tinsley 1985), BRKEHZOT ¥ P A MY —iT&
% 7 (Van Bohemen et al. 1981), &K% H
WIEBEN AR GEZNERE L EFRESNTW S,
REEWEEEL LTE, RERES (Le Bail
and Breton 1981), V44 v A/ 7 v¥€4 (Soetal
1985, Copeland et al. 1986), BEtREILERE (KHEA
1984), “EILEE (Bl 1987b), BERRIENEE
(Okumura et al. 1995) SHFHEINTVDE, ThHD
FEAND EF, SFzAbeFEHL, BREDOT VS
AR T vl REERENEETIIE mg/ml 125 E



TAEBEOY T O Y r 2 Y 22 IERNORE I
AHETHB L, NHREEHRELEELT S, —7F, B4
RENEEE, REER 2EL0V 35575, SBREOY
FRY Y EFRTHAZE L EEEET S I 5T
BEThHhY, LrbiFk BSEARBELEL LEVERLE,
ZL OFEEET %o

ZITE, ATV v OERBKEELT,
BT OoORBEOB VST RELTREL2RET AL LD
2, IEBRARICBIT A YA MERICEENLE
FHY 2= ORHERITOWTRE L,

M & HE

HINGE © BIECIER L7z, M~ & A Mg T L 72 4
FHi~ 5 A FIRInTE (DUTHmE) &7,
st SR IR EE | RO SRR PR EOEE 342 Mancini ef al.
(1965) ftvy, DTOFRIETIT o720 (D24%EDT
Hu—2Z (FMC, SeaKem™ LE) % PBS ZiEmL, jn
B, B QCOTHAU—ABHRE, vr—F—1NAL
T 55°C $THHF LA, 55°C IR L 2P % &
R 0.5~32%& 2B X ) ML, 55°C @ PBS T7F
Ha—ZADORBEZ1.2%ICHE 3) 2 0BHEE, KF
HLOBEZEIcm DY vy —V 1 KH72h 12 ml BEL,
BEitd % FCERICKE @WEMAT A e—X7FVL—}
(2, B2 mm ORBREE, FORICE, A#<s
A MED 2 BHFRYZ Sl 6 y>—VicE%:
LTV Fr—7CERL, S2RICTS yFax—1
(6) BEBROE Y TR SN EROEEEZ A A/
Yay— (E%) ECREICEHN (7) kR 0w &
vyrudronryBEOHBERGLSNT A RE) %
7ot 28, EBEEHOEREIL, UTOXTEHLZ,

IR O = QLR 0EE) X 3.14— (BEHERxD
4%)2x3.14

Pt T BHBEAE, TX9ecm OFNVEKRY F7 4 VA
(FMC) %Y v—LoftbhicAv, EBRREEE (1)
Wk (v bwr No. 1) 6t 1kg DELZDITTH
54 RBA (2)100 mI ® 3 %EEKRP T 1 REIRE
(3) WARIC & BIAK (4) ZHKF T3040 MIRE (5) K
Ik BBK (6)EMERE (40°C) T304 MR (T HE
# (0.5% CBB, 10%FE:EE, 45%<T.% /7 —)) HTS55
RIS (8)Bitait (10%EEE, 45% .8/ —N) ZBL
TI|REL, Nv 2799  FBEHE RS T CHRERE
M (9) HREEERME, ThRROBEREZHIE L.
WYHAADIX bOF S E, % 100 mg/m! & 7%
BE T Lyry) a— (FIeM3E) [CE@mL,
Hew ¥ 424 CPYARE 1.3kg) ICFE 1kg %720 E,
2L LT 10 mg ZIERENICES L7z, XA 6 BiZid
RE 1kg %729 0.1 ml DTHEL V7Y a— VDA%

HE U720 By #5855, REEMBXU0HRE% 1, 3,
5, 7, 100BRIC&3BZHY EPCRILL, M5z 58
L72#%, MEFOYTFuY = v EEReHaEiiiE
FOHEL/e T2, WAL, T L ) a—n
5% 5BH 10K 3RZHY LT, E, 54
EFRBRICIE RO F oY e = VEEEE L,

FIEMRBRICSTAETOY 1 = DEBMNEIL | &
EHIVBAL, BEMETHETEOMETE (5X5
X5m) THELTWYS A 3EAPDS, BT 45
B CFHRE 1.8kg £EHIL, BIHNERE LMK
MK Q0 AL, B LM~ 5 1 219804
115 28H % 519904E 3 H20H 14 TIRFEEF L, 4
A2 BOBEETRML, MEFOCTFOII = VEEXK
SHREILEEIC X o TE Lzs TR, AR,
bhoalb—va B DINRBO—EE ML, &

C B RELLMBMROMEL TRRER (=2, V-

16D) ETHLKRL, FHML 7z

& ES

WU AR I B A HMERE b L OCRCEE DR
i 05~3R2%DHMEEELT A7V — 2/
W, B, BAIE 424 mg/ml DETFOY =V EE
) O2EHERRINEZHRB L LT, RO % B
BICIE LS R % Fig. 3-1 1ZRT, HILFERE0S%
DR, HERISBETE LB PO T Y L Vi
Eo LR, REEmME 1 HE T 0.166 mg/ml (256
REFH, 3 HETIE 1.33 mg/ml G2EAF, 5 HEL
BTt 10.6 mg/ml (4 BERR) Tholzo 2 ARG
(21.2 mg/ml) & MEFEROTET 5 iLMHEHIL14HH %
BLTBBESN 2ol T/, EBRIBECTEY
FUY Lo yORPEEZ, 1408%&L T 104 ug/ml
4,096fFHH) Thotzo 1 U LOFMELZELT A
O—27L— b EFERLAZEAICE, 1 HEDROE S
0V OB EREEDL LT, MERK (42.4 mg/
ml) CBWTHRBEREBHETHIENTE . L
L, 7V— M oRMERERERTHICoNT, AT
HAEHC BT AR OMERAIIHITNE kol ¥ T T
Vo ORBRABERX, HLE1~4%D7L— b
T 20.7 ug/mi (2,04815% ), 8 % Tid 41.4 ug/mi
(102457 B, 16% Tt 82.8 ug/ml (S12EFHH),
32%Ti3166 pug/ml Q5685FHF) L7420, MMEFHREED
EROME, HieRESKL ko7 (Fig. 3-2) %77,
TEREE R AICIER L, PUIEREAMRWIZE, $7-,
KPFOCFO Y VBENEVWEEHESE B R
5 (MUEPKRRIEASERT %) FTICREEEL. 14
HE F CIPERBERE# 3IZsE L8y udo =y
BRI, FIIE32% & 16%D T L — b Tid 42.4 mg/ml,
8 % Tt 21.2 mg/ml, 4 % Tl 10.6 mg/ml, 2% Tld
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Effects of concentration of antiserum and incubation time on area of the precipitate.

Numbers of percentage in the graphs show the concentrations of the antiserum included in the plates. Vitellogenin
concentration is represented by ©, 42.4 mg/ml; O, 21.2 mg/ml; &, 10.6 mg/ml; v, 5.3 mg/ml; [, 2.65 mg/ml; O,
1.33 mg/mi; ¥, 663 ug/ml @, 331 ug/ml; A, 166 pg/ml; W, 83 ug/mi; W, 41 pg/mi; @, 20.7 ug/mi: %, 10.4 ug/ml.
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Fig. 3-2. Effect of antiserum concentration included in the
plate on the sensitivity range of the single radial
immunodiffusion.

Open circles represent the highest concentrations of
vitellogenin which finish the diffusion in 14 days.

Closed circles represent the lowest concentrations

of vitellogenin which can be detected.

5.3 mg/ml, 1% TiZ 2.65 mg/ml, 0.5%Ti% 0.66 mg/
ml THo7z (Fig. 3-2),

4HEIZ BT 2kRROREK L ZAAOET OV 22
R L OBGRERFEMT LER, SL—MCEEns
P OREIMRNIZE, MBEOMBE DL ol £
ZC, PURBARBIS A 5eRE U723k & RO &1
S THLIZHW L7z 25, FURPERRIG»ER L7
IR T 1 RERER, TR EORETIE, wi
EURHRTRT Z L ICK VW ZRT Z LA 5
2% o7 (Fig. 3-3, Table 3-1). ZO#ERIE, PMFD
i WERBOBEMATRTHL I EEZRRLTE
D, EE, PFUFERE 1%, RE 1 HORESRET
b, UToXcREhAMHBEOmVEREFEAE LN

72 (Fig. 3-4)

y=1.8476+105.52x (20.7-166 ug/ml; *=0.999).
y=42.837+34.064log x (0.166-42.4 mg/ml; r*=
0.983).

B SRR BRI B 1 B SO | A, B,
MEAMEL L B 70V 22 v 0 2 BHEWRIE
FEE LT, RBRBOEREERBTOEF I Y 2 = Vil
OB (HERIGHR 2R, WEEFE, 7
HFu—A7L— b ORMEREE 1 %L L, FISKEIZ
1HME Lzo 28R, HILE e TOMPUEE T
R % 4 MRS, B, AT O B8 UG i,
BREFuYzovOHBRBHREFAE o7
(Fig. 3-5)0 M Eo#ERIE, AEICX VAP POCT T
Vo VBESRENICHETESILERL TV,

B, RWESLHE Gk 1%, K51 BE) 2Bw
T, EVNAKEEZEE T T ey = ORBRE
TH5b 166 yg/ml (Fig. 3-4) OBREFO V=%
Av, 7 vt NEBVRELE 7 v b A MEESHREZ KD
ToHER, £41.71% 0=9) £4.85% (m=35) Th-o7,
IX bOFUBTEFIOETAOYV I ZVEE B &
L#o, vyt mEhorse e v EORLE
Fig. 3-6 123§, B, Z*EHEANICIE, MEETEY 2=
MM EhY, B #5% 1 HEIZE 1.69 mg/m] & 7
D, 0% 3 BB 16.5 mg/ml, 5 BB 45.8 mg/
m/, 7 HHIZI 68.1 mg/ml, 10H BIZiX 84.1 mg/m! &
Y, RERCHEINL. 28, B, HE5HIISHELS
WA (AEBETR E UCiRiRERZEH, V%) ITHFO,
OHBIRIERAETFAR 1B TH 7240, FOHORERE
B 1 RBICEBETH S, MOWEMIE, 3RBOFHEL
Lotz BAOMFBHIZE, CFudzoridaedR
HInhdoiz
SREFRBIEICH TS ETAY =2 o DEHE(L 1 1989
E11H28B 2519904 3 H20HIZBIT 5, My 1 5
BOFHMEL T Y 2= v BB L OEHIBRIRORK
BEML % Fig. 3-7 ¥, EBRRABKE (11H28H) @
EHPEIL 188 um TH Y, MFFOE TV 2= id
ETORFTE BB ENEd o7z, 12A12812IX, 5
%330 um DIVEINEE TS 1 BOMEH» 5 16.3 ug/ml
OEFuY MO TRIBEE NIz, MELET0d >
Z UK E NG h o ) 4 BOIREIEE, 160~
200 umTh o7z, @EHK (3RBUL) oM~ 5105,
Erayoo v an/z0ilk 1 H23EPRATHY
(F# 87.7 ug/ml), 2Ok TOFHIIFET 323 um T
Holzo 2HA2HIE, ETOMF A MEFILE T
UV YA ENS LT (F 326 pug/ml),
EBRROO 3 A20812i&, FH 1.34 mg/ml 12 F TH
ml7zc 3 A20H ©OFHHIZEIL 460 um T 572
AREBMBRICE, HEAOPMNEIECHEINE
Mo A, ARFEBEITHNICHEATETHE L Wiz
BO< T A OFIZIE, 19904 4 B 6 BICHEN§ 5 Mk
PHERR SNz HEBDRER SNz M~ ¥ £ 10 (FHHE
E 18kg) O7—NVEFEFOETFOY 2= VIRER,
275 mg/ml TH Y, FEINIHOTFHIPEIE 975 pm T
Hoizo

Z =

Hat s Lg%, Mancini er al. (1965) 12& o T
RN, vy —2Ed b WIE— TR RE L
(Single radial immunodiffusion method, SRID) & & X
EhTVw5, ChETICD, AMOMELYF Y2y
R BUR BN L D BB L 2BiEd A% R
1984, Amiri et al. 1996), MHUEESE IR L7
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Relation between area of precipitate and concentration of vitellogenin with 14 days incubation.
Numbers of percentage in the graphs show the concentrations of the antiserum included in the plates. Dotted lines
and solid curves represent regression curves from the data of complete precipitates and from those of developing pre-

cipitates respectively.

Arrows show turning points which the diffusion is completed or not.
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Table 3-1. Relation between area of precipitate and concentration of
vitellogenin with 14 days incubation

Antiserum Vitellogenin
conc. (%) conc. (mg/mi)*

Regression cureve

Coefficient of
determination (1*)

32 0.166—42.4 y=4.1931+3.5105 x 0.999
16 0.083—42.4 y=5.0637+7.1938 x 0.999
8 0.041-21.2 y=4.7886+15.396 x 0.999
8 21.2—424 y=—471.11+606.69 log x 1.000
4 0.021—-10.6 y=6.2656+28.680 x 0.999
4 10.6—42.4 y=—474.81+758.50 log x 0.999
2 0.021-5.3 y=9.0337+59.326 x 0.998
2 53—424 y=—273.16+784.75 log x 0.989
1 0.021—-2.65 y=11.353+134.45 x 0.994
1 2.65—424 y=61.539+701.55 log x ~0.992
0.5 - 0.010—0.663  y=10.688+286.93 x 0.995
0.5 0.663—10.6 y=278.80+780.94 log x 0.999

* calculated from serial dilutions of E,-treated fish serum (42.4 mg/ml)

120

100 A

80 1

60 A

Precipitate (mm?2)

40 4 o

20 1

010-2 10-1 100 101 102
Vitellogenin (mg/ ml)

Fig. 3-4. Relation between area of precipitate and concentra-

tion of vitellogenin with 1 day incubation on a 1%
antiserum gel plate.
Solid curve and dotted line represent regression
curves from the data of complete precipitates (y=
1.8476+ 105.52x; r?=0.999) and from those of
developing precipitates (y=42.837+34.064 logx;
?=0.988), respectively. Arrow shows the turning
point (166 pg/ml) of the diffusion completed or not
completed.

WEZRY 7257 REROME, THAe—-A 7 —
R OMMEREMEVIZEE T B Y =V ORHEE
FEFHIEFELH,ERY, Mancini et al. (1965) @
PELBEL—H LT, ShiE, MEES—ED%E,
RE RIS L-EARED LR, FIVADHR
MiE Gifk) OBWEMMENIEEHR - TUERGHRORE
HAEL 0 5, TEAANL70THLLEEZDBND,
AP L A NRFEORH T RIRER, FUROHEE, &
BOREB I UHIIEOIMMEIC XV EAESNL EER
SENBA, —#IC 10~50 ug/ml OHEBEHTH 5 (FAT -

Dilution of serum
P P S A P U

200
s
£
(5]
2
8 100
=3
Q
e
o
0 T
-2 -1 0 1
10 10 10 10

Vitellogenin (mg/ ml)

Fig. 3-5. Relations between areas of precipitates and concen-
trations of purified vitellogenin, E,-treated fish
serum, and male serum with 1 day incubation on a
1% antiserum plate.

[, E,-treated fish serum; O, purified vitellogenin: -

M, male serum.

Ml 1986), SHEDTF AT ude = Y OWERICHE
F AT BRI, PUnERE0S%D T L — MEHED
104 ug/ml TH Y, WEHBCEELZRLAY (Fig. 3-
2), RYIFLvyrya—N WRE3~4%) Hb»
Byeraxri vy iy (RIBE 0IM) %
FVITEMT A2 Ei2d ), SHITHMBBRENSE AT
MBI TYS (A 1985) 0

FUMIEEE0.5% D 7 L — b &4 A L723H&101E, &
BURHBREZRLALKE, GREOEY Tz
(10.6 mg/ml B b)) Z&LEE TR, ERRIBETE
%07z (Fig. 3-1)o Mancini et al. (1965) &, HLILF
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Fig. 3-6. Changes in serum vitellogenin levels of male red sea
bream after a single injection of 10 mg E»/kg body
weight.

Vertical bars represent standard errors of mean (n=3).
* a datum from one fish.

BEOENT L— MCEVIREORE 2RI L 725
m%%wm%#$%ﬁ=&ékﬁﬁbfwéo;n
R DN 7 IV CIRIUE - SUARE A O REE S
WAL, BLUREOEMAES IR - TRIFEROSE
ROPET 5 EBRRATH B L E L b (Fig. 3-8).
RETRETOFRE ERT 57201011, FVHOH
L ORESUERIG £ 524 S ¢ 2 BEFH 5 L ELNT
BY (Mancini et al. 1965, F4 1985), EEDIE
BEKE, BOREBEELSEORMEZLEL T 5
(Fig. 3-2)0 L2 LGHOERE RS, FURFMAERIE
DR Too T, PURH & LM OER & ORI %
ﬁﬁ@kﬁf%i LT, WO ERT 2 LS A

¥
1.5
E
E 1.0 g
E Y E
~ £
c ~—
5 2
D L
§ 0.5 °
-0
Fig. 3-7. Changes in serum vitellogenin levels and oocyte di-

ameters of female red sea bream during gonadal
maturation. )
Determinations of 5 females were individually
made from 28 Nov. to 20 Mar. The datum of
vitellogenin level from the pooled sera of 10
females that confirmed ovulation (0.98 mm in
diameter) on 6 Apr. was added as a reference
(asterisk). Vertical bars represent standard errors
of mean.

2% o 7= (Fig. 3-3, Table 3-1), 2D &1, B3
BOREN—ZETH Y, RO mRITHBEEHNIIHER
FTHIEERLTVS, UEOERBLUESELS, &
FUERESROBREHENTH 0, roltBiEslshl T
BE&M (PILERES) Thiud, PEPEKIEOERE
RO E RS EENFWMRETS O, DLl E kel o
KIBICEHR RS Z EDBH L 0% o 72,

B #5 kMo Ty o = VEERR, BRTh
BAR72E AL DAETHEREINTVE, BENS

Fig. 3-8  Single radial immunodiffusion of serial dilutions of E,-treated fish serum with 2 days incubation on a 2 %

-antiserum plate (A) and 32 % antiserum plate (B).

Vitellogenin concentrations of the dilutions were 42.4 mg/mi (1), 21.2 mg/ml 2), 10 6 mg/ml (3), 5.30
mg/ml (4), 2.65 mg/ml (5), 1.33 mg/ml! (6), 663 ug/mi (7), 331 ug/mi (8), 166 ug/ml (9), 82.8 ug/mi
(10), 41.4 pg/ml (11), 20.7 ug/ml (12), and 10.4 ug/ml (13).
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HESRAIICETAMEREIH T VML, vV M ICHL TR
ME—, Bl (1987) PERMLRBBR/REREL TS
ICBE LV, S0, E, #4E 1 kg %720 10 mg &5
LziEe 541, HE5BHICEETaY o= v OBREN
HRIh, 3 BEUREARAM S L DX
WL ERD, 10HHIZIX 84.1 mg/ml \ZdEL7:
(Fig. 3-6)o Z DM, IMiERS ¥ /$7 &L 62.9 mg/ml 7
5 1373 mg/ml IZFTERLTwa, Blb, 10BHIZK
MEs V37 EDBLE 23870z V5D,
Erodeo PN oMES Y87 Ei 61.2 mg/ml
5 532 mg/ml KRP L2222 b. B, 5#H S5 H
HURE, 1HBO< A BPRBRERPLHBELTELTE
L. SEOEEE (10 mg By/kg - KE) 1%, <%
% Gadus morhua (Silversand et al. 1993), =V
A Oncorhynchus mykiss (Norberg and Haux 1985,
Silversand et al. 1993), turbot Scophthalmus maximus
(Silversand et al. 1993), wolfish Anarhichas lupus
(Silversand et al. 1993), 797 +J 7+ Salmo
trutta (Norberg and Haux 1985), <4 7 ¥ Sardinops
melanostictus (Matsubara ef al. 1994) b HHI N
TWaBEY, HRANEELALEWIRBIIRD 64\,
EIo~< 54 ol B, ik, ¥— 28T 1.2 ng/ml
THY, FARPOMAEIZERTERNZ EPRESRT
W5 (Matsuyama ef al. 1988), - T, ¥ ixZh
5O/ ITHART By 10T 2 FFEMEV T MR
WENTz, F72, B, 5B T HEOMBEL T2y 22y
B (68.1 mg/ml) ¥, AE 1kg 720 2mg &5 L
2 EORKE (7 HEIK 424 mg/ml) LHBELTH
WETH Y, B, BRERFNICEEEVELT S LR
Bahiz, _
AECHEEERELZ S BOM~ YA OEET Iy =
=%, PREEINEEAY 300 um 23E L7 EEE TRID S s
»7: (Fig. 3-7)o Matsuyama ef al. (1988) &, =¥ 4
PR RHAIG 2 MR ICBIZE L, 2 OREERRE OIS
QBRI LT 5, RO DOFHICHERIX, JIEE 300
um OFFHINE, S—-RIPEFHORL D 5V I3EZ
RIVEEI OB LT 2 L EZ BN D, WEBED
EITICHEY, MFEETFO Yoo VRIEIMMT 52 L,
ChITRHEINTWE Y7 A (Ueda et al
1984, Hara 1987) 5 a 7 ¥ 2 (Fujii et al. 1991,
Amiri et al. 1996) LRAKTH Y, MFELTz=Y
BIZLARAEHENTRETHLZIEETRBLTNS,
FrREEPRF a v F AT, BEMEAOMELY O
Vo VEGIIER L B L TEL CET Y57
TF A OBA TP AR S N EERDMFERICD,
BWRBEOETO Yo YREIRTWE (Fig. 3-7)o
T iE, e OREERBONSMIEL, EIH O
<5 A DOIPRBEIPICRET 7.0 LEZ bND, EEH

WCEREFBVY YA 2 5 UEES B EINA O E LK
B, I VEEPEATES T, SHBSHICHMC
WREd 5 LBV H 5o

E4E YH4METFTOY IV EEFO7A—Z
>

VrudcZ VBETFORBIL, H1ETIRSL
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BELLTYH, BEFEELZEDTVS (Cadbury 1998)
LaAL2ds, AEOYTFOY o = VEETFICET A5
2eHii 7% {, DNA F— ¥ ~X—2 (HA DNA 7¥—%
Nrz) RiZiE, SEROT7 I BEFNEZHENTE LS
J 5 DNA & 5\ & cDNA OIEREFIZ, YV 2T F
¥ <3IFay (VIGI & VIGID, YuFav¥Fip
FUPZVRAD 4 AEPERENTHWBICHE R, &
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BETHE L. &b, BHERIIEHAKEE T —80°C T
BRI L 720

mRNA O : BF (1991) 26Ew, HEBR7 7=V -
T/ —Nh-70uFVAETE, UL 4 OB
G A 22 548 RNA 23l U7-, il L7-#& RNA &
5, MR (1991) 12fEvy, oligo d(T)-Latex (Elxk)
% T mRNA 288 L7, ’
BH7 I /BESIORE | BB - IER (1984) ZHhEw,
Achromobacter protease I (FIDGHIZE, VI vy F
FFF—E) THE~IFI TV E2HEEL.
BEBCBOKNTF FIHIE, 1798V FRX 72
7—7%5 & (Waters, C4, 3004, 3.9%X300 mm) % v
RO IS 74 —IC K ) SEEER L2 (Fig. 4-
Do BRTFFOT I JEBERFNIX, 7I/BRY—r x>
#— (Applied Biosystems, model 477A) % iV CikE
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L7z

WEHE PCR (C& 2EETHTHOEE | BRI THRELL
a7 2/ BES %Lz VglU (5’ TCTTGGCTGA-
AGCTCCCAAA 3’) BXU' Vg2D (5’ATCAGCTGG-
GACGAAGAGGTAGCCAAC 3°) O 2D A1) I
DNA % DNA & #% (Applied Biosystems, model
381A) TEB L7, 85 L% %5 mRNA &, E, W3
SHEOR YA FBI oMLz SREHOT I 4
v —& LT oligodD) ¢ &, &®Y X F— L#EEKIS
(Polymerase chain reaction, PCR) 794 <v—& LT
VglU % X O Vg2D % fiv:, TaKaRa RNA PCR Kit
(EHlE) CTR*y MR ST ba—rig
o THIRE PCR #1T-72, %8B, PCR OREFAHIC
¥ DNA Thermal Cycler™ (Perkin-Elmer) % FH\»72
PCR #igBiF D — 7 T > X . L7 PCR #IEK o
K% DNA Blunting Kit (F#H#E) THiEILL -8,
Hinc 11 TFBHIL L 72> & — pBluescript II SK (—)
(Stratagene) Z#EA L, AMW XL1-Blue (Stratagene)
VEA L7z, TWHEERE L 72 KBR %, NZY/Amp/X-gal/
IPTG EXEEM (50 ug/mi 7 ¥ Y ¥, 20 pg/mi
5-7UE-4-7 0T34 ¥ FYN-B-D-HF 7 FE¥F )
VF (X-gal), 0.1 mM 4V 7a¥n g-D(—)-5F% 7
57 NET Y F APTG), 0.5%¥E(LF ) oA, 02%
Wik~ 7 5o b, 05%BREFEIFZ, 1% NZ7T 3
v, 1.5%%FXR) LTEFEEE L7z, @IS RIOEK S
N7zAfLag=—%, LB/Amp ¥3# (50 yg/ml 7 > ¥
YUY, 1% YTy, 05%MKREBRIF A, 1 %A
fbF MY T A) 2ml THRELLE, BERPLTIAIF
% FlexiPrep Kit (Pharmacia) THE L7z, EH 75 A
I N, Bss HII THHALL, 70— A5 VERIKE
WX DA ORS 2R L. HESINLRRORF
AW H oEEES % DNA ¥ — 27 = v % — (Applied
Biosystems, model 373A) T®RELZ. By —7 x>
2SI, 794 %—& LT VglU, Ve2D, —21M21
primer (Applied Biosystems) 3 & UF M13 Rev. primer
(Applied Biosystems) % Fiv», Dye Terminator Cycle
Sequencing Kit (Applied Biosystems) 2T LiE L O
TUHROM T2 HIHAERT] 2 g Lo g L7-3RERL
i, MAEYWOC T O Y == VBETORERS & O
Pk % SEEELS) AT Y 7 b7 = 7 — (Hitachi Software
Eng. Co., Ltd.; DNASIS v 3.5) % BT L7z
TR O — JOER - EFE PCR IC & D BB EYICIEIE S
7z DNA il (PMVG-1) %, DIGDNA XY ¥
¥ v b (Boehringer Mannheim) #% Fv»C digoxigenin-
11-2’-deoxy-uridine-5’-triphosphate (DIG) #Z# % jiti L
720

J=FINtTNELHE— g2 LB 5% 0~10H
Boli~<& 4 FBEHRKOK RNA £10 ug %, TE

(1991) ZHEVARN AT VT FEREHTTT Ha—
ABRIKECTHE L2, RVTF4T7Fx—T 0y
A 7L ¥ (Boehringer Mannheim) (Z#5%5 L7z, €7
7Y =Y mRNA OMBIZIE, DIG DNA 74 77
v av% v M (Boehringer Mannheim) % vy, FEF v
FoTa b a— VB ETITo /2, 7E—TI0E, kR
DIG i PMVG-1 & v/,

<X 1Bl cDNA 1 77 U—DOFEK - E, LERZ 3 H
Ho~ & 1 FFlgs S5 L7z mRNA #8582 L, oligo
(dT) s % 79 4 <—¥& LT TimeSaver cDNA Synthe-
sis Kit (Pharmacia) 12T cDNA # & L7zo R L7
cDNA % 7 7 1 — A BRIKE AT, 4000~70004%
F# 5t (base pair, bp) BT A7 VEYHL,
DNACELL (#—{b&3Ef) T DNA i L7z, Hhil
L7ZDNAW, 7= /—N-zuaua7+a (1:1) &
BRIy ) - VBICLDBREE, 75—
pBluescript IT SK(+) Z#fiAL, K@ XL1-Blue i
A L7z NZY/Amp/X-gal/TPTG FERE b b CREIRES
#f%, Tu=—% Repli Plate (FMC) THRI 574 7
Fr—=—VFA4a Ay 7L ICEEL, DIG Ei#&
PMVG-1 TAZ V== Lize RYTFA4T 72—
%, Bss HII T LL2%, 7o —ABRKEICLD
A - ORI ZHERLT

EFAY I B EFOEEHEN | LRTHLWRE
DXRYF 4720 —rHh 5, Exo/Mung Deletion Kit
(Stratagene) #HWTF U —avru—r &KL,
Korua—rof -+ OEEEY % FBOFETHR
5E - BT L7z,

& ®= .
YHAAIETAY I Z VA PCR 771 7 —DERK | R
Erayo=rnl) vV y FR7F 57— BHELKA
e, STEEOEST I/ BEFIPRETE 2, 21D
DT I BEH S DNA EEEMNZH#HEL, 77V
J 2 A H T (Accession No. M18061; Nardelli et
al. 1987), =7 FY (Accession No. M18060; Nardelli
et al. 1987), ¥V A7 FF (Accession No. M838749;
Sharrock et al. 1992) B & F= < X (Accession No.
M27651; Le Guellec ef al. 1988) D¥F R Y == Vit
T & DEBEDS 3 oOFF] 2 BN 720 BIRL A
DNA EEEFZ D L2, LESIA—LTHRTIA
v —& 3 A e L7z (Fig. 4-1, Table 4-1),
#EHEEPCR ICLPET7AY = BT R OEE
E, M3 HEO<F A JFlg L 0 FE L7 mRNA %58
EL, FREIEEDOTIA v —2ToOMAAEDLYE (6
HY) THEEE PCR #{7o70& 25, VglU (TCTT-
GGCTGAAGCTCCCAAA) & Vg2D (ATCAGCTG-
GGACGAAGAGGTAGCCAAC) Dl AHEHLETH



E
c
E - 80
o o=
2 r60 5
« —
£ =
2 R
< 8
oo <
l .
0 ]
Retention time (min)
Fig. 4-1. HPLC elution profile of the digested vitellogenin.
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The purified vitellogenin (1 mg protein) digested
with Acromobacter protease I was chromatographed
on a reverse-phase column in a solvent system of
0.1% trifluoroacetic acid in acetonitrile. The flow
rate was 1.0 ml/min. The N-terminal amino acid
sequences of the purified peptides (arrows) were
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determined (see Table 4-1).

850 bp OWTH (PMVG-1) »EIEE /e 22T, Ih
5DT5A4v—%FTE, L#H% O~10HH D~ ¥ A
FPBH 3k mRNA # v, PMVG-1 O¥iE%Z A&7z, €
D¥ER, B, WHEF (0 HH) o~ & A ik mRNA
51 PMVG-1 Z#iEw 3, A% 1 OB
mRNA Z#8 L L2BAIc0ARIESHER SN (Fig.
42), DT RS, PMVG-1 3% EdTA by
VHBBRIOBEETFO—HTHH I EVPELNE kT2

Fig. 4-2. Amplification of particular segment of the vitel-
logenin cDNA (PMVG-1) by PCR.
Template mRNAs were extracted from livers of 0
(lane 1), 1 ( lane 2), 3 (lane 3), 5 (lane 4), 7 (lane
5), and 10 days (lane 6) after E, administration.

W, RICEDOWIEES] % B L7

PCR IR F OIEEET | PMVG-1 OEHES &, &
HEF»OHEESNL T I/ BEF % Fig. 43 ZRT,
PMVG-1 DEXiX 855bp THY, =V<R, =711

Table 4-1. Synthetic primers used in PCR

Amino acid sequence 1*' Ser  Trp Leu Lys Lea Pro Lys

cDNA sequense 1% 5 TCN TGG YTN AAR YTN CCN AAR 3%

Chiken (4713-4733)* 5 TCT TIG CIG AAG CCC CCT CIG 3

Xenopus (4578—4598)* 5 TAT TIG CIG AAG CTC CCA AAT 3

vgiU 5 TCT TGG CTIG AAG CIC CCA AA 3%

VgiD 3> AGA ACC GAC TIC GAG GGT 1T . 5

Amino acid sequence 2! Val Gly Tyr Leu Phe Val Pro Ala Asp
cDNA sequence 2*2 5 GTY GGON TAY YTN TIY GIN CCN GCN GAY 3
Chicken (5429-5455)** 5 GIT GGC TIC CAC TGC CTC CCA GCT GAT ¥
Vg2U 5 GTT GGC TAC CIC TTC GIC CCA,6K GCT GAT 3
Vg2D 3> CAA CCG ATG GAG AAG CAG GGT CGA CTA 5
‘Amino acid sequence 3*! lew Pro Val Asn Met Pro Phe

¢DNA sequence 3*2 5 YIN CCN GTN AAY ATG CCN TTy 3

Trout (436-456)™ 5 CTC CCC TGT TCT CTG CCA TIT 3

Ug3U 5 CTC CCC GTIT AAT ATG CCA TIT 3

Vg3D 3 GAG GGG CAA TTA TAC GGT AAA 5

*1 amino acid sequence of the peptide derived from the purified red sea bream vitellogenin (see Fig. 4-1).

*2 pucleotide sequence derived from the amino acid sequence.

*3 position of the sequence in vitellogenin cDNA (chiken; Accession No. M18060, Xenopus; Accession

No. M18061, trout; Accession No. M27651).
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5" TCT TGG CTG AAG CTC CCA AAG AGG ACC ATG TAC AAA (TC GAC GTT GGT CTC CCT 54

Ser Trp Leu Lys Leu Pro Lys Arg Thr Met Tyr Lys Leu Asp Val Gly Leu Pro 18

GTT AAT ATG CCA TTC GGA GAC ACC GCT GCT GAG CTG GAA GCG TAC CAG GAC AAC 108

V;l Asn Met Pro Phe Gly Asp Thr Ala Ala Glu Leu Glu Ala Tyr Gln Asp Asn 36
TGG GCT GAC AAG ATC TCC TTC ATG CTC ACC AAG GCT CAC GCA GCT GAG TGT GCC 162
Tep Ala Asp Lys Tle Ser Phe Mot Lew Thr Lys Ala His Ala Ala Glu Cys Al 54
ATG GTC AAA GAC ACA CTC GTC ACA TTC AAC AAC AGG AAG TTC AGG AGC GAC ATG 216
Wet Val Lys Asp Thr Leu Val Thr he Asn Asn Arg Lys Phe Arg Ser Asp Net 72
CCC CAT TCT TGC TAC CAG GTT TTG GCT CAG GAC TGC ACA CCA GAA CTT AAA TTC 270
Pro His Ser Cys Tyr 6ln Val Leu Ala Gln Asp Cys Thr Pro Glu Leu Lys Phe 90
ATA GTT CTG CTG AAG AGG GAC CAG ACA CAG GAA CAG AAC CAG ATC AAT GTC AAG 324

Ile Val Leu Leu Lys Arg Asp Gln Thr Gln Glu Gln Asn Gln Ile Asn Vol Lys 108

ATC GCA GAC ATT GAT GTC GAC ATG TAC CCC AAG GAC AGT GTT GTA ATG GTG AAG 378
Ile Ala Asp Ile Asp Val Asp Met Tyr Pro Lys Asp Ser Val Val Met Val Lys 126
GTT AAT GGA GTT GAA ATC CCC ATC AGC AAC CTG CCA TAT CAC CAT CCT GCA GGC 432

Val Asn Gly Val Glu Tle Pro Ile Ser Asn Leu Pro Tyr His His Pro Ala Gly 144

AAG ATT CAG ATC AGA CAG AGA GGT GAG GGC ATC GCT CTC CAC GCT CCC ACC CAT 486

Lys Ile Gln Ile Arg Gln Arg Gly Glu Gly Ile Ala Leu His Ala Pro Thr His 162
GGT CTC CAG GAA GTC TAC TTT GAT CTG AAC GCA CTG AAG GTT AAA GTT GTG GAC 540

Gly Leu Gln Glu Val Tyr Phe Asp Leu Asn Ala Leu Lys Val Lys Val Val Asp 180

TGG ATG AGA GGA CAG ACC TGT GGA CTC TGT GGC AAG GCT GAC GGT GAA GTC AGA 594

Trp Met Arg Gly Gln Thr Cys Gly Leu Cys Gly Lys Ala Asp Gly Glu Val Arg 198
CAG GAG TAC AGC ACA CCC AAC GAA CGC CTG AGC AAG AAC GCA GTC AGC TAC GCT 648
Gln Glu Tyr Ser Thr Pro Asn Glu Arg Leu Ser Lys Asn Ala Val Ser Tyr Ala 216
_ CAT TCC TGG GTT CTG CCT GGA AAG ACC TGC CGT GAT GCA TCT GAG TGT TAC ATG 702
His Ser Trp Val Lau Pro Gly Lys Thr Cys Arg Asp Ala Ser Glu Cys Tyr Met 234
AAG CCT GAA TCT GTG AAG TTG GAG AAG CAG GTG ATC CTC CTC GGC GAG GAG TCC 756
Lys Pro 6lu Ser Val Lys Lew Gl Lys Gln Val Il Lew Lew Gly Glo Glo Ser 252
AMA TGC TAC TCT GTT GAG CCC GTG CTG CGC TGC CTG CCC GGC TGC ATG CCA CTG 810
Lys Cys Tyr Ser Val Glu Pro Val Leu Arg Cys Lea Pro Gly Cys Met pro Leu 270
AGG ACC ACC ACC GTC AAA GTT GGC TAC CTC TTC GTC CCA GCT GAT 37 855

Arg Thr Thr Thr Val Lys Val Gly Tyr Leu Phe Val Pro Ala Asp 285

Fig. 4-3. Nucleotide sequence of the red sea bream vitel-
logenin cDNA (PMVG-1) amplified by PCR and
the derived amino acid sequence, of the protein.

(VIGID, 77UAYAHFLV (VIG A2), BLUY
VAYFEOVFUI 2 VEETO P KEEELE,
£ %T1.7%, 51.5%, 52.3%B L U47.8% (F1957.3%)
EVIIBWEUEER L (Fig. 4-4A). 72, #EES
a7 BEF O, £4583%, 40.6%,
34.8% 3B £ U°31.3% (¥3#41.3%) T&H o7z (Fig. 4-
4B)o PMVG-1 DADh b 4B F Yo = v lET
DR FEMRE L L 2G4A, EEEF oEUMIEFEY
51.8%, 73X/ BRESNOEMEIZFEEIS5.8%THD,
PMVG-1 & QP L IZIZFR UETH o 720 P EOK
EHh 5, PMVG-1 B<¥ 1 DEFO Y 2= VBIEFD
—ETHH Z &R R E NI,

IXRMESUREICLZIETOV I Z VEBEFORE
E, #5% 0~100 E ®< ¥ 4 kD% RNA % 38
&L, 7u—7%& LT DIG E# PMVG-1 T HW /) —

A PMVG-1 (855 bp)

72% 58%

569 Chicken

(4598-5455)

Trout
(388-1242)

7 \
48% 52%

55% 49% 59%

57%

Lamprey Xenopus
(4608-5447) (4463-5323)

B PMVG-1 (285 aa)

58% 41%

Chicken
(1529-1814)

Trout
(130-414)

36%  fio% 33% 43%

Lamprey Xenopus
(1509-1788) (1484-1770)

Fig. 4-4, Similarities of nucleotide sequences (A) and
putative amino acid sequences (B) between PMVG-
1 (red sea bream) and published sequences for
Xenopus (VTG A2, Accession No. M18061),
chicken (VTG II, Accession No. M18060), lamprey
(Accession No. M88749), trout (rainbow trout,
Accession No. M27651) vitellogenin cDNAs.
Numbers in parentheses express ranges of the
sequences showed the highest similarities with
PMVG-1.

PFUNLTIFAL - a2k, mArar itk
2ETuy e VEETORBAEME L, #RIX Fig.
45 ZRT & 91T, B, BEHi 0= ¥ 1 IR RNA
FICITER PMVG-1 EEEHREERT 5 RNA ONY
FiZR%2:53, B, %5 BOMEL2 L1348 6 THE
(kb), 4 kb, 1kb Ofi{EIC 3 ARD RNA /N FARH
ENze ZOIEXROBRTHE, H6kb DN FDY T
VAR D Ao 72

POy BEFOIA—Z2T L TFAI RIS
T —Hbi, 3 KR AEEE 3,539bp @
ru—v (PMVG-2) »*%bN7z. PMVG-2 DOIEHE
FlEwE L (Fig.4-6), ¥3IFas, =VUTR, YuFa
THR, XVRAYFE, TIVIVAFINVBLI=T
MovFu Yo VBETFEOEMEERRIER,
£%69.6, 54.4, 49.0, 455, 44.7, 45.6% (F51.5%)
OFEWERR L7 (Fig. 4-7) o PMVG-2 & B
ERLZEBIE, s 6fBor¥yud =V &ETFD
fndd 5 Kb S 1.8 kbp Bitk (1678~1938 bp)
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Fig. 4-5. Agarose gel electrophoresis (A) and northern analysis (B) of vitellogenin mRNA.
Total RNA samples (10 mg/lane) were extracted from the liver at O (lane 1), 1 (lane 2), 3 (lane 3),
5 (lane 4), 7 (lane 5), and 10 days (lane 6) after E, administration. Digoxigenin-laveled PMVG-1
was used as a hybridization probe in the northern analysis. Arrow heads show the positions of the
288, 188, and 5S rRNA subunits.

5' A ACT AGT GGA TCC CCC GGG CTG CAG GTT GTG AAG CAA GAG GAG AAT CTG CAG GTG 55 GCC ACC ACA ACA CCA GCT CTG CCA GAA AAC TTC CTT CTG ACT CAC CTT CTG AAG 811
Thr Ser Gly Ser Pro Gly Leu Gln Val Val Lys Gln Glu Glu Asn Lew Gln Val 18 Ala Thr The Thr Pro Ala Leu Pro Glu Asn Phe Len Leu Thr His Leu Len Lys 270
GCA AGC TTC ACC TAC TCA CAC ATG AAG TCC CTG ACC AGG AGC ACT GCT GCT ATC 109 ACA GAC ATT CAG TTT GAG ACC GAG ATC AGA CCA AGT GTT GCT GTG AAC ACA TTT 865

Tor Ala Ala Tle 36 The Asp Tle Gln Phe Glu Thr Glu Tle Arg Pro Ser Val Ala Val Asn Thr Phe 288
CAT GCC TCA GTT GCT GCA GCT TGC AAC GTC GCT GTC AAA ATC TTG AGC CCA AAG 163 GCT GTG ATG GGT GTT AAC ACT GCC ATG CTC CAG GCT GCG CTG ATT TCA AGA GCT 919
Wiz Ala Ser Val Ala Ala Ala Cys Asn Val Ala Val Lys Tle Leu Ser bro Lys 54 Ala Val. Met Gly Val Asn Thr Ala Met Lea Gln Ala Ala Leu Tle Ser Arg Ala 306
CTG AAC AGA CTG AGC ATG CGT TTC AGC AAA GCC ATC CAT GTG GAC AGC TAT TAC 217 AAA (TG AAC TCG ATT GTG CCA GCC AAG ATC GCT GCA AGA CTT GAC ATC AAT GAG 973
Lew Asn Arg Leu Ser Met Arg Phe Ser Lys Ala Tle His Val Asp Ser Tyr Tyr 72 Lys Leu Asn Ser Tle Val Pro Ala Lys Tle Ala Ala Arg Leu Asp Tle Asn Glu 324
AGT CCC TTG ATG ATT GGT GCT GCT GCC AGC GCT TTC TAC ATC AAT GAT GCT GCC 271 GGC CAC TTT AAG ATC GAA GCT CTG CCT GTT TCT GTG CCT GAA AAC ATT GCA GCT 1027
Ser Pro Leu Met Tle Gly Ala Ala Ala Ser Ala Phe Tyr Tle Asn Asp Ala Ala 90 6ly His Phe Lys Tle Glu Ala Leu Pro Val Ser Val Pro Glu Awn Tle Ala Ala 342
ACC ATT CTG CCC AGA. TCT TTT GTG TCC AAG ACC AGC GCC TAC CTT GCT GGA GCT 325 GTG CAT GTT GAG ACT TTT GCT GTG GCT AGA AAC ATT GAG GAT CTT GCT GCT GCA 1081
Thr Tle Leu Pro Arg Ser Phe Val Ser Lys The Ser Ala Tyr Leu Ala Gly Ala 108 Val His Val Glu Thr Phe Ala Val Ala Arg Asn Tle Glu Asp Leu Ala Ala Ala 360
GCT GCT GAT GTT CTG GAG GTT GGA GTC AGA ACT GAG GGA CTC CAG GAG GCT CTT 379 AGA ATC ACT CCC ATC ATC CCT GCC AAA GTC TTG AAG CCT TTC TCA AGG GAG ATT 1135
Ala Ala Asp Val Leu GLu Val Gly Val Arg Thr Glu Gly Le Gln GLu Ala Leu 126 Arg Tle Thr Pro Tle Ile Pro Ala Lys Val Leu Lys Pro Phe Ser Arg Glu Tle 378
CTG AAA AAC CCT GCA CTG ATC AAC AAT GCC GAC AGG ATG ACC AAG ATG AAG CGT 433 CTC ACT TCT AAG CTT ‘GCA TCT GCT GCT GCT AGT TTT TCA CAG TCC TCA GAG ATC 1189
Lew Lys Asn Pro Ala Leu Tle Asn Asn Ala Asp Arg Met Thr Lys Met Lys Arg 144 Leu Thr Ser Lys Leu Ala Ser Ala Ala Al Ser Phe Ser Gln Ser Ser Glu Tle 306
GTC ATT AAG GCT CTC TCT GAG TTG AGG TCT TTA CCC GCC AGA ACA CCT CTG GCC 487 ATT GAC CAA GAT GTG GCT GAT GCC GAG CAC ATT GTG AAA ACC AAA GCC GCT CAG 1243
Val Tle Ly Ala Leu Ser Glu Leu Arg Ser Leu Pro Ala Arg Thr Pro Leu Ala 162 Tle Asp Gln Asp Val Ala Asp Ala Glu His Tle Val Lys Thr Lys Ala Ala Gln 414
TCT GTC TAC-ATC AMA TTC TTC GGA CAG GAA ATT GCC TTT GCC AAC ATT GAC AMA 541 TAT GAG AAG AAG TAC TGT GCT AAA GTT GCT GCC GTT GGA CTG AAG GGC TGT TTC 1297
Ser Val Tyr Tle Lys Phe phe Gly Gln Glu Tle Ala Phe Ala Asn Tle Asp Lys 180 Tyr Glu Lys Lys Tyr Cys Ala Lys Val Ala Ala Val Gly Leu Lys Gly Cys Phe 432
AAC ATA ATT GAC CAG GCC ATT GCG CTC GCT ACT 6CC CCC TCT TTG CAT ACA TTT 585 AAG GTT GCC ACT GAC AAT GCC GCT TTC ATC AGG GAC ATT CCC CTG TAC AAA CTG 1351
psn Tie Tle Asp Gin Ala Tle Ala Leu Ala Thr Ala Pro Ser Leu His Thr Phe 198 Lys Val Ala Thr Asp Asn Ala Ala Phe Tle Arg Asp Tle Pro Lew Tyr Lys Leu 450
GGT AAG AAT GCC ATC AAG GCT CTG CTG ACT GGT GCA TCC TTC CAT GTT GCT AAG 649 6CT GGA AAG CAC TCT GTT ATT CTT TCT TTC AAA CCA ATT GAA GGG GAA GTC ATT 1485
Gly Lys Asn Ala Tle Lys Ala Leu Lea Thr Gly Ala Ser Phe His Val Ala Lys 216 Ala Gly Lys His Ser Val le Leu Ser Phe Lys Pro Ile Glu Gly Glu vl Tle 458
CCT CTG CTG GCC ACT GAG GTG AGG CGT ATC ATG CCT ACT GCT GCT GGT CTT CCA 703 GAG AGA (TG GAG ATG GAG GTT CAA GTT GGA CCA'AAG GCT GCA GAG AAG CTT ATT 1459
Pro Leu Leu Ala Thr Glu Val Arg Arg Ile Met Pro Thr Ala Ala Gly Leu Pro 234 Glu Arg Leu Glu Het Glu Val Gln Val Gly Pro Lys Ala Ala Glu Lys Leu Tle 486
ATG GAG CTC AGT CTG TAC ACT GCT GCT GTG GCT GCT GCA GCT GTC CAA GTC AAG 757 AAA CAG ATC AAT CTG AGC GAA GAA GAA ATC GTT GAG GGC AGA CCA GTC TTG ATG 1513

Met Glu Leu Ser Leu Tyr Thr Ala Ala Val Ala Ala Ala Ala Val Gln Val Lys 252 Lys Gln Ile Asn Leu Ser Glu Glu Glu Ile Val Glu Gly Arg Pro Val Leu Met 504




ATT

Ala

CTG AAG AAG
Leu Lys Lys
AGC TCA AGC
Ser ser ser
TCT C6T GTC
Ser Arg Val
AGG AGC AGC
Arg Ser Ser
AGG AGC AGC
Arg Ser Ser
AGC AGG AGC
Ser Arg Ser
AGC TCC GCA
Ser Ser Ala

TCC AGT GCT

AAG AAG ATG
Lys Lys Met
AAG GAC GAA
Lys Asp Glu
AGG ACC ATT
Arg Thr Ile
TIG GAT CTT
Leu Asp Leu
GAT GGC TTA
Asp Gly Leu
TGT AGC TTC
Cys Ser Phe
GAG ATG CCG
Glu Met Pro
AAA TTC ATG
Lys Phe Met
AAA ATT GCT
Lys Tle Ala
AAG GTC AAT

Lys Val

ATC CTG GCT CCT 6GT

Ile

AGC

Ser

ACC

6T

Asp

TG

GAC

GGA

Asn Gly Met

Leu

T

AGC

GTC

Leu
6
Leu
CAC
His
ATG
Met
GTT
Val
GAC
Asp
AGC
Ser
TTC
Phe
TAC
Tyr
GAT
Asp
AGA
Arg
TCT
Ser
CT6
Leu
ATT
Ie

ATG

Ala

C6C

ATT

Pro Gly
TCA AGC
Ser Ser
GCC ATT
Ma Tle
AGC AGC
Ser Ser
AGC AGC
Ser Ser
TCC TCC
ser Ser
GCA TCA
Ala Ser
AAG AGA
Lys Arg
ACT TCT
Thr Ser
GCC CTC
Ala Leu
ATC ATC
Ile Ile
GTG TAC
val Tyr
GCC GAC
Ala Asp
GTC ACT
Val Thr
ACA GCT
The Ala
TGG AAT
Trp Asn
ATT CCT
Ile Pro

AAT CAG

Trp Lys

Val His
GCA (TG
Ala Leu
TAC CAA
Tyr Gln

AAG AAG

Ile Pro

(TG AGG AAT CGC
Leu Arg Asn Arg
GTG AGC TCA AAG
val Ser Ser Lys
GAT GTA GCT GCT
Asp Val Alg Al
AGC AGC AGC AGT
Ser Ser Ser Ser

AGC AGT AGC AGC

ACT ACA CAG AAC

GTC CGT GCT GTC
Val Arg Ala Val
TTG GAC AAA CCT
Leu Asp Lys Pro
AAC AAC TGG AAG
Asn Asn Trp Lys
GCT AAA ATC GGC
Ala Lys Ile Gly
GAG ACT GGT CTT
Gtu Thr Gly Leu
GAC €TC CCT TCT
Asp Leu Pro Ser

GCT AAC ATG CTG
CTA TCA ATG ACA
TCA CCA ACA CGT
CTT GAT GGA ATC
Leu Asp Gly Ile
TAC TTG TTT GCA
ACC ACA TTC AAC
Thr Thr Phe Asn

GTT (TG GCA CAG

GAT CAC ATT GAA

Ile Asn Asn Leu

ACC TCA TCC TCC TCT 1567

Thr Ser Ser

AGC TCA AGC
Ser Ser Ser
CAC AAG TTC
His Lys Phe
CTT TCC AAG
Leu Ser Lys
AAA TTC CTT
Lys Phe Leu
AGA GCC GAC
Arg Ala Asp
TCC
Ser
CTC
Leu
TGG
Trp
GTT GGT CCA
Val Gly Pro
GCC ATT AAA
Ala Ile Lys
CCT GGC TTG
Pro Gly Leu
GTG ATT GCC
Val Ile Ala
ACT TTC TAT
Thr Phe Tyr
AAA GGT CTC
Lys Gly Leu
AAG GCT GCC
Lys Ala Ala

GGC AGG AAA

CAG AAC CAC
AAC ACT GAC

CCT TAC CAG

Pro Tyr Gln

Ser 522

TCC 1621

Ser 540

AAC 1675

AGC

TCC

TCC

GGC

AAG
Lys
ACC
Thr
GCA

Ala

Asn - 558
AGC 1729
Ser 576
AGG 1783
Arg 594
AGG 1837
Arg 612
TCT 1891
Ser 630
AAG 1945
Lys - 648
AGA 1999

Arg 666

AAT 2053

Asn 684

AAG 2107

CCT 2323

Pro 774
TAC 2377
Tyr 792
AAA 2431
Lys 810
TCT 2485
Ser 828
(TG 2539
Leu 846
CCC 2593
Pro 864
GCC 2647
Ala 882
AAG 2701
Lys 900
GAG 2755
Glu 918
AAT 2809
Asn 936
ATC 2863
Ile 954
CCT 2917

Pro 972

ACA GCC AAA ATC CAG ATC AGA CCA AAG GGT GAG GGC ATC TCT GTG TAC GCT (CC 2971

Thr Ala Lys Ile Gln Ile Arg Pro Lys Gly Glu Gly Ile Ser Val Tyr Ala Pro 990

AGC CTT GGT CTT CAT GAA GTC TAC TTT GAC AGG AAC TCA TGG ACG GTT AAA GTG 3025

Ser Leu Gly Leu His Glu Val Tyr Phe Asp Arg Asn Ser Trp Thr Val Lys Vol 1608
GTG GAC TGG ATG AAG GGA CAA ACC TGT GGA CTC TGT GGA AAG GCT GAT GGG GAA 3079

Val Asp Trp Met Lys Gly Gln Thr Cys Gly Leu Cys Gly Lys Ala Asp Gly Glu 1026

GTC AGA CAG GAG TAC CGC ACA CCC AAC GGA CGT GTG ACC AAG AGC GCA GTC AGT 3133

Val Arg Gln Glu Tyr Arg Thr Pro Asn Gly Arg Val Thr Lys Ser Ala Val Ser 1044

TAT GCT CAT TCC TGG GTT TG CCT GCC GAG AGC TGT AGG GAC ACC ACT GAG TGC 3187

Tyr Ala His Ser Trp Val Leu Pro Ala Glu Ser Cys Arg Asp Thr Thr Glu Cys 1662
CGT ATG AAG CTT GAA TCT GTG CAG CTG GAG AAG CAG GTG AAC ATC CAT GGC CAG 3241
Arg Met Lys Leu Glu Ser Val Gln Leu Glu Lys Gln Val Asn Ile His Gly Gln 1080
GAA TCC AAA TGC TTC TCT GTT GAG CCC GTG CTG CGC TGC CTG CCC GGC TGC TTC 3295
G'I.q Ser Lys Cys Phe Ser Val Glu Pro Val Leu Arg Cys Leu Pro Gly Cys Phe 1098
CCT GTG AAG ACC ACC ACT GTC ACT ATC GGT TAC CAC TGC ATG CCT GCT GAG TCT 3349

Pro Val Lys Thr Thr Thr Val Thr Ile Gly Tyr His Cys Met Pro Ala Glu Ser 1116

GCC TG AAT CGC CCC GAG AGT CTG AGC AGC ATC ACC AAC AAC AGC GTG GAC CTG 3403

Ala Leu Asn Arg Pro Glu Ser Leu Ser Ser Ile Thr Asn Asn Ser Val Asp Leu 1134

AGG GAA ACA GCA GAG GCC CAC CTA GCC TGC AGC TGT ACT GCT CAG TGT GCT TAA 3457

Arg Glu Thr Ala Glu Ala His Leu Ala Cys Ser Cys Thr Ala Gln Cys Ala *** 1151
TAA TAT TGT CCT ATG TCA GTC ACT TAC ATG TTT ATC TTG AAA TAA ATT TTT ATC 3511

AGC TCT TGA CTG CAT CTC AAA AAA ARA A 37 3539

Fig. 4-6. Nucleotide sequence of the vitellogenin ¢cDNA
(PMVG-2) and the derived amino acid sequence of
the protein.

THEBREL, 3 KEEREETIEBTH o2,
PMVG-2 OBEERFI»LT IV BEF 2HEL L
MR, ETuVzo VEEORY) VEREOEVEB
(phosvitin i) % & A TW/z (Fig. 4-6). LR 6D
Vrudlznro7 X /BENE B LIS, 73/
FKih H6005RE (aa) HiHE (498~659 aa) BEN-4RM
IOV REIVERBIPITT, v3F a7 (59.6%),
U< R (588%), =7 MY (455%), vuFauy
A (35.5%), T7UAIAHTLN (34.6%), ¥V A
F¥ (21.8%) OMICHVWEDE (FH42.6%) 2RL
7z (Fig. 4-8). %38, PMVG-2 & PMVG-1 & oMM
&, R TT42%, T I BEYITIZ64.8% & B
TEWEEZR LAY, BECE—H Lz o7

% &= :

ARETIZET, BRI EFa V2o V057 3
J BB R D LI LT T 94 ~—%#&EE, /B L, PCR
KEBXF A ET RV 2o VBEFO I -2V 7R
BTz TIA—ORENCIE, WRLZBTa FrBEod
W TREN o7 I ) BESERY, ul %, 2
FY#D%H T I JBRIZBRS 12T 75 4 < — et hL
BESY, CRETIHRESNTVWEEF Y 2= ViR
TLOBEUPHEESEZIRRE Lz, £28THIRRL)
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Fundulus (69.6%) Trout (54.4%)
1 1689 - 5198
3 1
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O 1
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3539 3539
Lamprey (45.5%)
I 155 1 1 1766 5976
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Fig. 4-7. Dot-plot corﬁparisons of the nucleotide sequence of PMVG-2 (red sea bream vitellogenin) with Fundulus (VTG 1,

Accession No. U70826), trout (rainbow trout, Accession No. X92804), sturgeon (white sturgeon, Accession No.
U00455), lamprey (Accession No. M88749), Xenopus (VIG A2, Accession No. M18061), and chicken vitellogenins
(VTG 1II, Accession No. M18060).

The dots in the matrix indicate regions where eight of ten nucleotides are identical between the two vitellogenin
sequences. Numbers in parentheses show the similarities between the two sequences.




26 3

Fundulus (59.6%)
11 5@4 1704
o .
@) .
> \'-u
p L1
A .
1151 ™
Sturgeon (35.5%)
11 559 1677
N
@)
< HHH
A~
1151
Xenopus (34.6%)
{ 1 568 1808
N
@)
= Bifi
A
1151

3
Trout (58.8%)
g 498 1659
o o
<
= H
Q-‘ N
1151
Lamprey (21.8%)
N 562 1823
Y
O
= itk
oy
1151
Chicken (45.5%)
Ny 659 1852
QA
<)
: =
=9
1151

Fig. 4-8. Dot-plot comparisons of the putative amino acid sequence of PMVG-2 (red sea bream vitellogenin) with Fundulus
(VTG 1, Accession No. U70826), trout (rainbow trout, Accession No. X92804), sturgeon (white sturgeon, Accession
No. U00455), lamprey (Accession No. M88749), Xenopus (VTG A2, Accession No. M18061), and chicken

vitellogenins (VTG II, Accession No. M18060).

The dots in the matrix indicate regions where four of five residues are identical between the two vitellogenin
sequences. Numbers in parentheses show the similarities between the two sequences.

12, B /AP Fudys i Fud o V0%
HREWRI-2BEHOS VXV BEEATEY, WMEDI
HEBRIZIIE > Tk v, LA L, BEMLEF ORK
3 DORTF FEERTIE, MhrofiagdbeTy
Loh0F YRV ED2 rAIZSAH LML, EE,
VglU & Vg2D O#l4&+% T PCR I X A ¥ 2K
(PMVG-1) »HIEEh7: (Fig. 4-2).

Z 2 TE 5 N7z PCR iRk ® PMVG-1 &, E, %
BEHOFEBNY — v 2oEhoF Y= v EET
EOEPERS, v S5 EFR Y e VEEBETFO—ET
HBHLEZOLND, BERV»OHEESNINTSFF
1% 32.1 kDa 129 &9, K#ESPRELTnize /—F
UNATIVFL ¥ -y a DR (Fig. 45 b, <
FA4¥7aY o= mRNA OELEIZN 6kb TH 5
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1830

PMVG-1 1801 L 1850
PMVG-2 1801 VY FDRNS 1850
Fundulus 1 1801 K| I 1850
Fundulus 2 1801 GrFLSLEKVQ 1850
Trout 1801 YALIKY S 1850
Sturgeon 1801 BY FDGAT e, 1850
Lamprey 1801 Mslansssv 1850
Xenopus A2 1801 LDYPYdL - - 1850
Chicken 1 11801 V {IF DG[=hER 1850
Chicken 2 1801 Y FDGT 1IN 1850
1870
PMVG-1 1900
PMVG-2 TGEIE SKC[ES 1900
Fundulus 1 1alGERSHCES 1900
Fundulus 2 INAGEESKCYS 1900
Trout 1900
Sturgeon 1851 ROMRGP---- —------co- —eemem— oo mmemo—mmom —ee—e oo 1900
Lamprey 1900
Xenopus A2 TL 1900
Chicken 1 RY 1900
Chicken 2 SF 1900
PMVG-1 1901 WUSEURNENE @M ANETUK UqYLFViEIYY- -~ - - e e Tt 1950
PMVG-2 A---MMRrEs L NNEY- 1950
Fundulus 1 Q---==—m-- -T DRINE- 1950
Fundulus 2 N—-—m L - 1950
Trout N--- L E - 1950
Sturgeon = 1901 ---------- —----SVYSP|| P/ -[@B-- -~ ---------— ---—---—-- 1950
Lamprey EAISEAM% -RPFSLSGKH 1950
Xenopus A2 S---[DLP TRLE-|€y-- 1950
Chicken 1 ﬁ---VSLL Bsok¥SA8 1950
Chicken 2 I§---NSLTDK @MKYD{eJ&- - 1950
1990 2000
PMVG-1 = 1951 cmmemm i cm e e e il he e reeses e 2000
PMVG-2 1951 -INISRPNING WYegE-[pAel) Y- . ... i e 2000
Fundulus 1. 1951 -JESQUTQRY WYEYE-NTKE S-........ ....ooiiee i 2000
Fundulus 2 1951 -pVS[HEN3S)E WYeR@-pPeld &5-........ .. ....cv oot 2000
Trout 1951 -pIRMEYINY VISER@-S|HO[q M-........ ... .00 L 2000
Sturgeon 1951 ----[@KTATE AWSF@VI--~ -M........ ..o cviiaanens 2000
Lamprey 1951 [PIRVTEMEYG VS-------[@ VIR, . ...... ....ciirne torvonnncs 2000
Xenopus A2 1951 KViE3sl T SPd 9. ....... ... e 2000
Chicken 1 1951 SVDID ID GD S-....cit it e 2000
Chicken 2 1951 Digsl TT NEE® ST........ (i i 2000

Fig. 4-9. Amino acid sequence alignments of red sea bream (PMVG-1 and PMVG-2), Fundulus (VTG 1, Accession No.
U07055; VTG 11, Accession No. U70826), trout (rainbow trout, Accession No. X92804), sturgeon (white sturgeon,
Accession No.U00455), lamprey (Accession No. M88749), Xenopus (VTG A2, Accession No. M18061), and chicken
-vitellogenins (VTG 1, Accession No. D89547; VTG II, Accession No. M18060).

s, RETRY EVMER 6 (353
7, ZURA, yaFau¥FRr, ¥YYRAIFE, 77
AV AFIN, =7 F)) o€EFEBY =Y cDNA
(5,139~5,976 bp) & b—FH L7z, LAL, LDEW
rsua—ryORBEHME Lz cDNA SA4 75 —55H
oru—=r7Y, BohiREOS 72— PMVG-2
1% 3,539 bp TH Y, (1)mRNA OFKEFRICHE TN
XIEFMPEBR Y I FVRTF FHFERD 6w &
(2)PMVG-2 OEZERFIP HHEE LIS V7 HDOHF
Bt 124kDa ThHY, F2ETARRLIFIET O
Jr=v ¥ v BD SDS-PAGE L ToHipF&E (183
KDa) kb b/ eEprs, PMVG2 1L, 5 K

R RBLTWAEEZ DNz, IEYOETFEY 2
ZVEEFEOFERY Ty M5, KEEHHIH
1.8 kbp ThH A LEESND (Fig. 470
RETr7O—=> S L7220 cDNA Wik 2 HHH
ENB7 I BENE, IhETICRESRTIHEHE
Borsada= o7 I BREN E B LR
Fig. 4-9 1R %8B, UTWRT7 I/ BREREONME
(position) &, MM F Fig. 4-9 LIRL7AIEEZET,
BFHBYOCTF O Y2 ovd VN HOWEE KNS 5
&, 73 /KW &Y lipovitellin I, phosvitin, lipovitellin
I D3 2O0FEBIHTEHZ LHWES (van het Ship et
al. 1987) . ZOHT, L) VRERZEIZEL (=7 b
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) VIG I 56.2%, <37 37 VIGI64.8%, ==
A 52.6%) phosvitin #HK i, #HE (Accession No.
M11497; Spieth et al. 1985) I2I1ZRY42 57, BFLE
WIEEL 2 ABAMAARE I N TS (Nardelli e al.
1987)0 D 3 DOHEBOFEIIALE T 5 phosvitin
Bix, HEEEEHRNTHLT7TANRTIF U PLIEE D,
lipovitellin IT @7 3 / K2k KFKKNH & % i3 €
P BAPERET 5 L VI FEEN=V< A, =T MY
BLET7T 79 A ATV TRHENRTHS (Mouchel
etal. 1996), ZhHDFERE PMVG-2 IZHTIED 5
&, 19%H (position 1,098) F7ziZ20FH D7 A/XF
¥ A% phosvitin @7 3 ) KiETH Y, lipovitellin IT
i%, KFQKDH (position 1,372) A 586F 5 &R E N
Bo LHL, BINESY V2807 IV BESNICET S
BIHROE N~ ¥ OFFEBOBR 2 RBEICHET S L
EREETH B0, FHEEY VFERENS MU LERET
% Z & % phosvitin FHIBORBEBE LR TOEEL L,
ZFh& Y7 I/ KM% lipovitellin I, # VHEF VK
sl % lipovitellin I & LCAEMH OB % A7z,

Z OB, phosvitin HIOES X, =7 MY VIGI
(303 aa), YV AU+ F (211 aa), =7 bY VIGII
(193 aa), 77V A Y AHFZ)V VIG A2 (191aa), ¥'1
Faw¥Fx (17522), <3532 VIGT (125 aa),
PMVG-2 (112aa), Y3532 VIGI (82aa), =¥
YA (35a2) DIHEZY, FFIEALOBRAMEIIRY
72507z (Fig 4-10). %38, <% 4 @ phosvitin
BiX, BESBIOHEBROY) VEBEKELIZITIF g
7 VTG I DREERE &HEMP L Tz,

PMVG-2 @ lipovitellin T #HifiZ, =YV AB LU=
3737 VIGI &7 3V BREFITHEA63.1%B LV
62.0%DE VU ER LD, oy adyz=ViE
fat & OFEMPEIL32.6~489% L, HEBHEWES o
72 Lipovitellin I i, £ToM# (PMVG-2 2K<) T
IR LEE (1,080~1,130aa) THY, ¥V AT FF
DA RHNBHEFIL 4 EFT (position 305~306, 711~
726, 788~791, 963~967) fFfET 5%, HIZLHHHE
RIS, HELEHEE (GAAAS/TAFYINDAA,
position 650~663%) & %\ i3afiLE (N/SL/MQV/
LA/LSF, position 587~593%) ®DEF—7 $#FEL T
Wb SO DIBESIAMTE FIRT 0%, SHREH
TELENED S,

PMVG-2 @ lipovitellin Il ik, =V <X, =3
FaZ VIGIBLU=3IF37 VIGI &7 3/ BRE
FITH 4614, 57.3BLU53.6%08EVEUHER L
A, OEF Yz = VEET & OFBEIX30.8~36.5%
EETEL, BRI lipovitellin T X 1) b R E%
RL7ze ¥ A &L 6 O lipovitellin 1T 1%, (ZITF
URE (482~536 aa) Tho7zH, Y TFa A7

2000

Number of amino acids

Pm2 Fh1 Fh2 Om At lu X

Fig. 4-10. Size of lipovitellin I (Lv I), phosvitin (Pv), and
lipovitellin II (Lv II) domeins in vertebrate
vitellogenins.

" PMVG-2 (Pm2) was estimated to be missing
about 600 of amino-terminal amino acids
(asterisk). Abbvrev.: Pm2, Pagrus major (red
sea bream); Fhl, Fundulus heteroclitus VTG
I; Fh2, Fundulus heteroclitus VTG II; Om,
Oncorhynchus mykiss (rainbow trout); At,
Acipenser transmontanus (white sturgeon); Iu,
Ichthyomyzon unicuspus - (silver lamprey); XI,
Xenopus laevis VIG A2; Ggl, Gallus gallus
(chicken) VTG I: Gg2, Gallus gallus VTG IL

Ggl Gg2

1345 406 aa L5, HVEF Y VEREEEOREIR
W (Fig. 4-9) . REROKME LT, Mouchel er
al. (1996) &, 7Y, YAF4 VBLUOFEFRT 3
JBOMEFEMHCTREIREINTEY, XTFF#ED
ERERT A —NT A Y TICEBRLTWAZ E2RIRLT
Who ISR, REEAO CGLC £F—7 (position
1,831~1,834) %, Mayadas and Wagner (1992) #*
von Willebrand factor T/ L7z &R LHDECF
E—BEHIEDPS, UFUuVro vy N0 ED2E
HIEZES LT B EHIL TS, b DORFIZ,
PMVG-2 I2b BLBREFEEN, EFudo=ro 22
{BIZi, lipovitellin IT FEIRDBI 5 AVRIR & 7z,
RETI/7u—=r7 L7 PMVG-1 & PMVG-2 i,
BOEMMEER LAY, Z2ICE—BLE»-7 (Fig
4-8), BROYFR Y 2 = VEETORER, =7 MY
I I, N #77usy2HFxn (Al, A2, Bl, B2),
<3IFaz (L) THHEATEY, DNA 7F—% 3
YIIHEHEINTYSE (M) WMBETTTIIA
Y AF IV AL, Bl, B2 BESES). £/, HEOY T
OY Y OFEREE, ¥ YT BLANVTE, FOMo
AETIHMEIN TSI LIZ, 1 ETBICR~ .
vrudrz= vk, ABEICBTLZEELRRERTD
D, ZOEBIUHMEEORGE R KREELETAHLEE
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AONBY, EFuyzovhHrnidiEsy VN ED
BREEICET2MBRZ Ly, EFedo= VfETi,
FHfBRIC B 2 RMERBABM (U VL, BESHB X OIRE
O, 2 BB, MEF~OBRL, L7y —24
L7220~ DI A A, FHE S V87 H~DRE,
PEBROBES, BEBLLBORMEELTED,
EBD X127 I 7 BEFNICH WL OORFE SN H
BAHEELTWS, 5%, PMVG-1 BL U PMVG-2 ®
ERFIZREL, F2ETHE 2 2HEoYF Oy =2
VEDEBREHLMCITAEEDBIL, KAV PR a—
FTavBIlIACTFUY s n v B XUHESY VXS
BOWEEBEOMEZBH T ILENHA ).

BS5E ETFOVIZVICEBIRNITIIORKRE
HI%E '

Fa v RARRE, EBKBROBREEL, BRSO
A, BLUERFOBEBIC L) BEICHA LTS (Steffens
etal 1990); RRF a o FAZHTHUEYT, TAY
B, 49, PE%STE, BREEO-OICETRRZ
ToTwa, ZOETERRBAIKFEL TS, €
D7D, FREHOERR KBS BRBEICERS
h, FlZXoTKRELRERIFIBTRE, £/, Favf
AIEAE CICRVEAZEL, HICHETIRI0ED 2
B ELBL L vy (Nikolsky 1982), T, F 1
THERAGELZAEEIEL 010, BEOSRE, HED
B L E & BT, B LIZRmMEN OEERMIRD 5
nTwab,

—F, HROF a v FAREEEH 9,603t (19934F)
WZE TS L2FT, WoRE2HOICF g 7 X RIEIE
HEnTBY, 4407 CREMBRMAERD 300t DA
FizELTWS (FAO 1995), B4, HENIBWTHE
FLARVTOF a VP RABEIHToTHBY, AREL
THHENTVS, ZOREZRELET 57200,
BT a X 2 HA L LT AR oM, BB
F g 7R DEEEEHEM O ALK TH S, L
L%25S, Fa 7 AOMFRET COERENIRL
WEHIAR L, REIEEL 2O, FVEVESIC
Lo TABNICRALIRET ZLERDH L, 0 TR7
AN HETITFORTWATERARICIE, BERO-0IT
NE#HEFORRBAEZH DTS2, —HBOHIS
(Czeskleba et al. 1985) %R, BME#B JUHN%
FHET B0, BENOFVEVEEFTDRTYS
(Steffens et al. 1990). RRPAOHZALITRRY, &
BFa AL, AMURETCHAE LFEEROAT
HoTHRBEDITLDEIBOTRE V. o T, &
WAREOFETIE, REHRAIENHESEPEI TP
T (Doroshov et al. 1997), $FICHARBERNTIE,
e LCHEEERBICHRZLAT a v FA0OBIEBEON TS

D, XN LEE AR OMILIRD RT3,

AEZ, BN LERT 3 v X OREAEESA O
MEHWEL, MHEAENOZDORRENEEIZDON
THRE L7z '

M EHE

& D 198045 B, 19814 4 A, 1982F4 AB LU
19834 4 Hizvex MK Ro v 7HAME) A€
BEBREONNVF 2 AR —F a v FASMUB LD
I CEASh, EMMETERSZETHL, #FSM
72RRAF N i,
EFOJz=>OFE E2EIC#.L, AAE 1kg Y
720 1mg ® B, ZHENRAT VOBEERICEH L. B,
B5% 7 HBICmMEzHRML, 5B L -0E (B, L
I ZRBICHE L, BER2EBBICREDPL
BiLL, ¥ E, REAME (a-S) 258l a-SICH
BEOEERATVENFEZRML, 4°C T 1 BER,
PUBRIRRIG I & 5 108 % #0408 (4°C, 10,000 rpm,
3047f) THREL, FOLERNFavFAETRY 2
=i (@-Vg) kL7

MEEFuyo=VEE, BIFICHEL, a-Vg 2 H
WS REERIC L Dl Lz, BRICHWEE
Y5 0¥z =i, Hara and Hirai (1978) 2f#tv, BB
HRBH OMEAN A TV MLE B KBRS & O ViR
sa< 574 —ICXDEBRLZ,
PIEFWRCHES I MBEFOY 1 = EDZEL | 19804
NRAF VAN 8 FiCk o7219884E 3 A5 6 Aicplr
T, MEFRICEF Y x= vl S h-lS0R (Bl
AE 9.5kg) #IY LiF, INEIWOIPELWE L7
PIZBAwBOAITE : Lutes et al. (1987) OFEEETE
EL, UTDL ) ICIBROME % $EE L7 200 ppm
DF A5 7 —VETHRICHKEZ L, $4 Doroshov er
al. (1983) (Zft-> THARICL DIIENO—FEREL
770 BRBLL7-9R% MK S O HREBEL CIE L &
B X%, SEWEEOMIZE o TR L, YT
PEMEMSET CHEL, WE O, SRR
B (0 BIUIEROER b) 2L, W
M OAE (germinal vesicle position, GVP) 1%, Fig.
S-1IZRTRICE D3ROz TORDHRDI2 GVP I,
PRSI D LB T UE 1, DB & DR
MT3, BmICETLES &b,

& S

B E O | B, MEAUNTE, MG, SRRSO
SRELER A AT M 0IE (REBRMNTE), B#OM
RO A5 Mo GERMINE) 3 X UIMmb®z
AW EERKE (F2ESR) CL), HIMF a-S
BLU a-Vg OREHEEFL (Fig. 5-2)0 a-S i, HilL
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Fig. 5-1.

Fig. 5-2.

i

Animal pole

Vegetal pole

Schematic view of a bester oocyte sectioned along

the animal pole and the vegetal pole.

Germinal vesicle position (GVP) is calculated by

following formula.

GVP = 4(l-2a-b)
(I-b)

a, b, and [ represent the shortest distance between

the animal pole and germinal vesicle, germinal

vesicle diameter, and oocyte diameter, respectively.

Each number shows GVP value of each position.

+1

i

Immunoelectrophoresis of serum and egg extracts
in bester.

Abbrev.: a-S, antiserum against E,-treated fish
serum; a-Vg, absorbed a-S with male serum; E,, E,-
treated fish serum; M, male serum; F, vitellogenic
female serum; Or, over-ripe female serum; Egg,
egg extracts. Allows show precipitine lines
observed only in over-ripe female serum and egg
extracts.

BB LU E, MBAMFBORS & G L, 1048 O
MR Z TR Lz F 72, HEMFIERASNT, B, LB
FAIMF DA R S N5 TR BB R I I8 &
N7z a-Vg Z, MEIME & 134 SET, IR
Mi%B & O By MERAIMTE & 13 BB RIS 2 RO ihkE
AR L, BEMEMTE D a-Vg 12 & 2 R ERIKE)
BiZ, HBEO®EEMNL, REEEELE B, &
BAUMBE IR S N BN R S MUT 5 LR A
gZgahiz,
FREIIOER CMBEET A T BOBMKR Favy
A DIEIVI O FERRERTH Y, WEBIILED
SREEAIAEER R, F—EERTIRINERDET i - Tw
2o LU, ZITHRNRAES0BOMNRTVIZ, SIEFE
B ORI % A3 2 EEH» 5B 2 AT 5 EE S
T, F—ERTH Y 205 S MK ORMEIZEL D T
KEholz _
REMOERLMEYTFuY ==y B2OBEE% Fig
5-3 IRT . MERICEF O Yz = VIl S /=502
OHFT, HLRREIFEDL o 2 EEROIEINOERZEIT
09 mm THY, FMEAOMBELYF Y= vEIX 0.1
mg/m] THo7z, MELYFUY 2= VEIE, IEOHEX
Wik THEML, 2.7 mm CHK (E¥ 9.8 mg/ml) &
ole LAL, JMED 29 mm [ET S E, MFET
oY= vRIZAR (FH 0.6 mg/ml) L7z, BHIIO
B, 3mm ZBRELDI0N5, AELWUTDRBHD
ITHATHY, ThOOBEBINEET ZHOMEY 7
OV VBLEHTH o7z (2.0~27.6 mg/ml),

20

Vitellogenin (mg/ml)

1.0 2.0 3.0 Over-ripe

Oocyte (mm)

Fig. 5-3. Relationship between serum vitellogenin level and
oocyte diameter in bester.
Each value is the mean-=SE. Numbers in paren-
theses show number of fish.

SR, IIRRAESSVMBEET O 2 EDOKRKR !

BREE 2.5~3.1 mm DI 2 RHOMNRZA T V2URED,
FREIIREMEYFu Yz VR, WELIIBRMLES
XU REELIMEET 2y = VEOBRE RN
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Too BB, BT &%Iilf"?@ﬁiﬁﬁiﬁzﬁbi t-HEIC &
D17 7%

EIFEFEOMBFY Ty ==V Eid, I 2.9 mm T
KM (P 3.7 mg/ml) %7RL7- (Fig. 5-4). S
2.6 mm & O 2.7 mm DIRHEIZ FOEAEAE 1 BT
o, BMERILBIZHRR WD, HEOBREE
xﬁb%%k PRfE 2.5~2.7 mm ORI BEOMA L

WEML, 2.7~2.9 mm TiE#IZEL, 2.9~3.1 mm
iﬁU%MTékwoﬁﬁ#ﬁ%aéﬂto

30

Vitellogenin (mg/ml)

25 26 27 28 29 3.0 341

QOocyte (mm)

Fig. 5-4. Relationship between serum vitellogenin level and
oocyte diameter in bester.
Each value is the mean®=SE. Numbers in paren-
theses show number of fish.

KRS, PREEOHA L RiCERIE D, E2S
~2.7 mm DOYPEINTIE GVP 252.5LF, 2.8 mm D5
BURTIE GVP 25 3 Gl ol E B b)), JRE
20 mm MLEOBEIITIX GVP R 3 ETH -7
(Fig. 5-5)0

T/, MFETuY = V&I, Dﬂ#’ﬂ@ﬁ)iﬂ%%ﬁk:\_
v (GVP fEASK &) JRESIA A T 5 HEMEIZED RS
B MERER L7 (Fig. 5-6) GVP 2% 2~2.5 OJRHIP
BETHARATFNVOFHMBEL Tz =8, 154
mg/ml T& Y, GVP % 25~3.0 T 9.8 mg/ml,
GVP %% 3.0~3.5 Ti¥ 4.9 mg/ml, GVP 7% 3.5~4.0 T
1% 1.0 mg/ml, GVP 7% 4.0~4.5 TiF 0.6 mg/ml TH -
72

£ %=

KRETIE, F 3% A O AR RO
BEHEOREL LT, IFEFeYyovEBLUIR
PO FIZ AN 1 12D W TIRET L 720

Amiri et al. (1996) %X, X5V OBNERKBEREIZ
BiIsEFRoOrsud o vERAT UL FRNVEY
BOEEAR, MFEELFud=vEBIUME E,

GVP

25 26 27 2.8 29 3.0 3.
Oocyte (mm)

Fig. 5-5. Relationship between germinal vesicle position
(GVP) and oocyte diameter in bester.
Each value is the mean+=SE. Numbers in paren-
theses show number of fish. Asterisks show sig-
nificant difference from the value of 2.5 mm oocyte
P<0.05).

Vitellogenin (mg/ml)

20 25 30 35 40 45
GVP

Fig. 5-6. Relationship between serum vitellogenin level and
germinal vesicle position (GVP) in bester.
Each value is the mean+SE. Numbers in paren-
theses show number of fish. Asterisks show
significant difference from the value of 2.0-2.5
GVP (p<0.05).

I3 3 RIPEINCRARE Y, IBRBHHICAL
EWPTBEBRRTEY, KEOHRERS—H L7,
SREOERT, YrudzoryPBishzgER2 5
TN B IR 0.9 mm ML LOJREMEAELTHED, €h
DT ORERBONENZ AT 2MOMBL T IV 2=
VER, BEtRBEnEEoBURAE (B3 ESR) DT
Thotz (Fig. 5-3)e RATFVHEOMBLY T2 ==
B1X, O0EE 0.9 mm (Z3E LB TR X g, I
oBRE L HICEEML, IE 2.9 mm [SE LR T—
B2 Lo, BEMINLZ (Figs. 5-3, 5-4). EIRH
P BRCBTAMBYF Y=y BOELIE, 7

% v k5% b+ (Crim and Idler 1978), ¥4 (Ueda et
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al. 1984), A F ¥ X, #7¥ Y A (Fukayama et al.
1986), <4 (F4EH) FTHIOoNTBY, HB
BOBEITEEHITHRT A EIELPTHL, T H
VxZVOEERE EFELTWAZLEBIE1E
Tl R72o By DEAICOWTIE, V7 RHEES A AT
RSN TEB Y, AR DT & B IR
MK & D BB BI R R AR S L (Kagawa et al.
1982a, 1982b, 1983, Sakai et al. 1987, 1988), SHpkzLH]
WCAB E AT A FEARPIVRAFE RNV E VERR
ANEVT MTBEDICARBICWAT S (Kagawa et al.
1983, Young et al. 1983a, 1983b, Kanamori et al.
1988), T LI Rl B, ENEEN, €yuir=¥
BOWRBELEELChELEZONS, /2, EHN29
mm {ZEL2BOBEOMNME, BRMITLAMES V8
JEOBRINAERTH S LELESI N, ¥TudVz
Vi, ESY VS BEOWBEME TH Y, RIBFHITIE
LBOPEREE AT 720, BOTRBERECEmEDOKX
AR TH L, LI L, a-Vg EHVZREBERIKE
Balt<5s L, BRANELHET HMOMIFIL, IPEBRH
DINRINZ AT BMOMIFITITR Sk R % R
T57D, MEORFSTETHL ZEFHLIE R o7

(Fig. 5-2)c ¥Fu¥yz=vid, SIEMRICEY AT N
7B TR E R, JBEICE A7 lipovitellin & V)
VRO ¥ %% &t phosvitin 124 A 2 LAY
5T 5 (Selman and Wallace 1989), RAF L DY
FuYe=vh, WEMENTRAKROS FHRELZTT
BAFAT H7-0, Erulao v ey 878k
TRELZ - -EERRKEEZRT L, BIUERME
MEPICIIET I 2= TR L, RIS FERIX
SNBSS NI EPEET H I ENHIRBRS
72 Fa v RAOINBRER L, HIAOMET T THER
RS RS 09, 48, W%, W Ve 8,
MFEROIE Y 37 HE, TR OMRRFEHELSFIC
DWT, BRFICHRELEDFD S,

Doroshov et al. (1983) &, 93 3 mm Pl ko u
Fa Y AMEI (RAH 4 mm) OBAEL, PED
WABIUMEROMNEBIZE D, 3EBIZHSELTY
%o %72, Lutesetal. (1987) X3 05 g 7 A JRHLGP
DI DN E Z IE O FL D 5B IZH > T 1~5
FTOSEBICAEL S, ABIETIZES, IR
OfEE L ) FBNHD X ) EECEEL L (Fig. 5-1),
EBLUTMFEL T oY 2z v BE ORERAN. £
ORGSR, IIEHD 2.9 mm PLEISE LEERT, GVP b
3R AEELLRY (Fig. 5-5), FARKICELETad =
ZUVERPERICBAST LI EBHL M E o7 (Fig. 5-
6o TNHDERIE, NAFNVOINEREAINE 2.9
mm CRTTHIEEREL TS, AIHIIEINOIN
Mg, SREETBRGR T, RAMBEICHD o CHEPHERIC

BETLHIEAHONTWS (R 1991) o RAT N
DINEIEEAINEE 2.9 mm TR T 5 ERELZHE,
2.9 mm (2S5 B O IAZRL ASIREERE AR O H O A & B
WIZETLS (GVP A1 EER D) BB, 25 lk
HIVBEIO .G E BB OFRE (GVP=3) T, &
BERCHT TOREROBE CE 2, TRLAWNE
OHPBA~NDOBEICI DL DEEZ NS,

UEoFREEREPS, BEROMERMFELY T 0
VrnvER, MRATFNVORBEL BT 5T EHH
Shenl, MEARNOBEL L ZEFTFEEN
728, RETELHIHRE L,

BE6E EFOVIZUEBEELAEXNITILOD
EEEE

NZF VI, 19524E12 Nikolyukin e al. 1 & o TH
WMENMEF a2 v F2ATHD (Burtsev 1972), 4
TSR EE LTuy7RI—uy N TCHETEN
Twb (Steffens er al. 1990), FTEICIE, 1974Fi2 0
7 (HEEOVE) H SR FER EEY 20
PEASNLOVREWTHY, 1978~834F2ix, HY
R BRI < 20 250 DM & AEH21
TR OZREIRAS, BIEFFFERT & B A S/ (Fujii
and Maruyama 1997), &4, EINTHRE SNIRD -8
WF a 7YX ORBFIRETH 5,

WETIE, MEYFruy=vEEIBBOMEIC X
0, BRZXFVOBRBEHENTRETHLZE2HL P
2L 720 RETE, REMLEIMET a7 X OBEERE
B oMY HRE L, MFYTaY == BRI
ONEIZMZ, AREOELPIBRIBO T X 70 r
B MRAORIIBEE LTRET AL LB, #
BMITHEEIZOVTHHE L7

M EHE

Rl D 19804E 5 A, 1981 4 A, 1982E 4 BB LY
19834 4 iz, v bEF oy 7HME) bR
LI E DRV F 2 ) A% —F a U FRX 5L D
SRR CEA SN, EREAFIEHT ERSE THIL, HFES
NF=RAF N2 iz,

fERUARIVE > OFFEE | ATROHEOR VE VRV E &
(Sigma; des-Gly o[ D-Alag] -LH-RH ethylamide, LH-
RHa) 2&talLAFu—nRLvy M, BE#E - 5
(1988) ICHEUCTUTORETER L. (1)1 mg D
LH-RHa # 0.2 ml ®50% . % J — VI (2)150 mg
DAVAFA—)V (Sigma) ZHRML, ~<—A FRITHE
# (3)35~40°C TR S €28, R L THE®BLA
a7y — (A8 S0 mg #EMLTHEE @) NE
2mm DAT v L AEIZREY 20 mg 2#50, SHE2
mm DAF ¥ VATERLAE, MLBLTLY b
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RICHEE L, FRKEEC —20°C THREL.

SO LH-RHa 38 £ e b AR A 7l i) ok v
T (Z#, HCG) iF, 1BN47:20) 0%5E2% 0.5 ml
FBEEL 25 X9120.9%1E /T b Y 7 AEH (AR
Ky THBBEL

2 A4 Cyprinus carpio, 7% Oncorhynchus keta B &
UV ¥ ¥ 3 Hypophthalmichthys molitrix OB T &R,
T by THREELABICERSE, T80 THAERRK
L7 CORTERMEBERIS, 1 BY47-) 0R5ED10.5
ml & %% 8 ICAEBEIEKEMA THIZKEYF A X
L, #0458 (4°C, 3,000 rpm, 3055°0) O L%
TEAMHHH E Lz,

B8 & L HEFIEEOHTE | BRI S h7-00iE, BEER 3
mm T, BB —-06Y (ko BRE) %
2L, #htodsb02 EFREHE LI, £/,
FEFEL, RELPTWIHZAROERE Lz, B
UREWEOERID) OETEIC L o THIES L UER)*
AW — L 2% R o NIzh, PR SHESLE L
Polled, ZITRETEMIINE LT—HLTHo 70

W, ART00M5ICFHMUCTLFHEMEET THREL,
R LWEES 2 R THFEESE VERIE O G
DEVD O EHE L7,

RS XTOCBSREORE AERICX DE) B LZIIE
O—w, Tar A7y 0.5 ug/ml k&L Leibovitz’s
L-15 1T 15°C THE L7z, BRFIRER24H
HiZ, 10K OBNEIROINEIAE % 4 5 B THBR_=FE
THRRB L E DT, WERPHE (Germinal vesicle
breakdown, GVBD) L7zJRDEI&ZRD7z,

{ERGRER 1 0 ARBIE, 19884F 8 BICKIER 12°C D&
BT T o7z T3, NAFNV 8 FAS0BOIMFE L 71
Vo VREWEL, e OBE (0.1~27.9 mym) %
RL-I5E#MERMA L LT, LH-RHa Img 2 &4 b
AFA—=NRLy METRHARICEOAAL, €70
Vo yHABRBERY, BN RRBEZEBAL
L, %422 HCG 5,0008407, 7 BT E#AE 5 800
MBS 2L v F a T E®A S ESOMLE 2 EE
BTG L7,

fEsEtER 2 ¢ ABRIE, 19914E10H ICKIRK 16°C D%
BT TITolzo RATFIV S~11ERDOFLLAEB LY
B X > TIEROBKL T H48BEZREAL, b
omECFud o vEEFUEL, EFu VR
KAl (1 mg/ml BAF) T, WBWAROMEMELTE 2 1,

CruYe o vHRIERY, HEBER/NEOEERIBE.

Ml UCERBRICH L7

M1, 2RI A BT EAE 4 mgkg - AE, SEIZ
HCG 1,00084% kg - 4%, 52 LH-RHa 100 ug/
kg - BREZEFWHAPIES L, KD 5B LH-
‘RHa 100 ug/kg - hEZ IV AFT— XLy b LT

BIMHPHICIRDRAATE, &, HHIIET 2 A
T, 10%E %G L2 12BMBICER D ©90%E %
wE L7z,

HE9 B IZiE 50 ug/kg - RE D LH-RHa # 2 L A 7
=Ly & LTHEDAAL,
{EBAERER 3 | ARFBRIE, 19924 7 AWKIER 14°C 0%
BT CITo 7z AR 2 TEL4AEDH N5, £
BEowmn, EHRoRE, BLUmELETFTudsm a0
BOEREEE L T4 EOMRZER L, JIEINOINI
LB & W71, LH-RHa 25 ug/kg - REFEH L7,

HEfS, BRER2 THTHLZ LRSN3R
12, 25 pg/kg - RE @ LH-RHa % JE8T L7z
R 4 0 AFEIE, 1992426 A0S 9 BTk
i 14~18°C D&M T Tiro 72, MM 6 ROMEE 71
Vrzo v, BRRIPBOIEREES IS rX7o
B EE T, 100 ug/kg - FEO LH-RHa 2 2 VAT
O— Ly & LTHDAAL,
Ao s EiFADEE 1.0, 1.8, 7.8
mg/m/ DMFELF O V2=V EERLEIRBORAT
V8 MM, S, LHRHa I mg #8HI VAT T— R
Ly bOBREICE DA FEL, BRAREREL 72
R 1 B2 oRIL, BT EEEEELR, AL
BRIz, HHBERIIKT20085ICAR L ERE
JCSE (BE7ER) SL, 5 5HFETRPLPICHE
LS ERB L, 300~500R DK%, HROK,
EUEFBLTTIATy 7R (A4 H4 X) ITHES
F, HAFTHMEER, &P, WEOHETIFEERL
KD, SMEBZEINBIINTHEEL LTRDA, &
7z, HEIRWERITE 2 EORERAMUFREZFRE L,
EAUFRICTAEEEHBERE L, B, EBY
HhoRIEL 14°C TH o720

¥ R

AR 1 A 1 OFEE Table 6-1 2R T,
LH-RHa O 5.4 55~630H HIZ, 3 B2 SIEEW, 5
B 5 BBIi OB R SN, MELYTay
B, EHIEHEI0 L2 04203 mg/mi CPHME
B LOEEREE) ThHY, @HMEL M L 185+
3.8 mg/ml) & ¥ bAEIEL 572 (p>0.05)c LH-RHa
RIS ZRE o EoMELYFe Y =&, €
nHOHEME (7.0£2.3 mg/ml) THo7z.

M, HCG ##%&5- L7-4RBH 2R, FrMTHELKE
BELL4RP 1 E»S, 5% 2 HEICHFERDOS
WIBTRASEREU SR 720
{EzaatEs 2 | PR 2 DR % Table 6-2 IZR§ o 78
VEVERE5H 1 HHICE, LH-RHa 2 VAT T — R
Ly bRRSLALS5REHR3IEBOHMISHERSR, 2o
THFEEWTH o7z 2 HRIKE, I 4 BT EAEZ T
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Table 6-1. Results of the artificial propagation test 1 in bester

Individual Length Weight Vitellogenin™ %2
oumber (cm) (ke) (mg/ml) Response Remarks
1 118 9.7 279 + Over-ripe™
2 121 9.9 27.6 + Over-ripe
3 114 9.1 14.9 —
4 119 10.0 14.0 —
5 126 9.7 13.2 + Over-tipe
6 121 9.9 12.5 + Over-ripe
7 119 7.8 11.5 + Over-ripe
8 116 9.4 10.3 -
9 131 137 55 -
10 115 7.9 3.5 -
11 130 13.0 1.0 +
12 123 9.9 0.5 -
13 130 11.7 0.3 -
14 120 9.6 0.2 +
15 122 9.2 0.1 +

#1

*2 +, ovulation; —, no ovulation.
*3 discharge over-ripened eggs.

concentration of vitellogenin or reabsorbed egg yolk protein in serum.

Table 6-2. Results of the artificial propagation test 2 in bester

Hormonal Weight Length  Condition Vitellogenin Sex Response

treatment™! kg) (cm) factor®? (mg/ml) P
CCP (4 mg/kg - BW) 10.7£1.0% 123+ 4  64+05  0.12+0.08 Female 2/2%
HCG (1,000 U/kg - BW) 10.6x1.0 121+ 4  59%+04 0.14+0.03  Female 0/5
INJ (100 ug/kg + BW) 12.2+32 12610 5.9%£0.6 0.04+0.03  Female 3/5
PLT (100 ug/kg + BW) 11.0+3.5 121+11  6.0%+0.5 0.08+0.08  Female 4/5
PLT (50 ug/kg - BW) 8.2+2.0 113+ 9  5.6+04 Male 2/3

*1 CCP, injection of carp pituitary; HCG, injection of HCG; INJ, injection of LH-RHa; PLT, implanta-

tion of LH-RHa cholesterol pellet.
*2 1000 X body weight (g)/total length (cm)’.
** mean+S.E. h

*4 number of fish induced ovulation or spermiation/total number of fish.

L7z2RBHh 22, LH-RHa #7725 2H 3 R, LH-
RHa ZVAFO—AA_Ly MEHDAAIRD 2B
1 BO¥RSHERE SN/ LL, TOHICHEIIL 2250
i, MRBBHATHo72. 3 HBICIE, FH7-LPEE
BEN G o770, BRI X 1 REEIMEA O 4R %
FARFzb A, HCG ¥ 5. L7- 5 BB LU LH-RHa %
ESLRY 2 BOIEIN, 2 TIMEZRA RS L2k
BINTH o720 $%5 LH-RHa XL v bE5 1 BROIIE
oM, BRI DT L BB TH 5 7

ik, LH-RHa XL v Mr5#% 1 HEHICORBRH 2 E
PHEE L7z, Sho oL, [MhdEEosvwETse
FEATWZ, 2HHIZHF U 2 B2 HBRGHKAR, 1
BOBFERIIET LTV, Bh 7 BOAREE % EHR
WEDHEARREZS, 6 REIRALMTHY, 1 BIHE
THhol

3R ER 3 | ARECIX, LH-RHa ZiE5F L7z 4 B
3R HIMINTE T (Table 6-3), Hd B {HEIIAHERR
2 N7z No. 34 OfEfED 5 1%, LH-RHa {E5%47R:H B
121,435 g (KED9.9%) OIEHIIAHE SNz, No. 24
ok, 49BEBEIC 756 g (KED4.7%) DIEF
PRI E N, SORMBICHBELAER, 2612540¢g
(RED3.4%) O ENIERINB L 587 g (FE
D3.6%) DRPEINIIEINAFRE E Nz No. 4 o1,
SABEEI B IC 50 g DIERINDERE S, 73RER BRI
ENLIREBRTCH oz MBEYFOV 2 VEIRD
%< (8.1 mg/ml), GVP %33 LRbHEEERLL
Ak No. 37 1%, JHEFETELDP o7,

LH-RHa #3E8F UMD 518, 2488 MBI 3 B
2 TH LR THEOBVWIFENE S W,
AR 4 ARBTIE, LHRHa IV AT 02—
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Table 6-3. Results of the artificial propagation test 3 in bester

Individual Weight Vitellogenin Oocyte

&1
number kg) (mg/ml) diameter (mm) GVP Sex Response*2
4 11.7 (+0.6)** 0.3 (—13.1) 3.0 3.6 Female +
6 6.6 (—0.5) — — — Male ++
18 6.7 (—0.4) — — — Male +
24 16.1 (+3.0) 35(— 09 2.9 3.7 Female ++
34 145 (+1.4) 0.3 (—12.5) 2.8 4.1 Female ++
35 9.7 (+0.4) — — — Male ++
37 16.7 (+2.6) 8.1(— 4.5) 2.9 3.3 Female -

*! germinal vesicle position (see Fig. 1).
*2 4+, complete ovulation or spermiation; +, incomplete ovulation; —, no ovulation.
*3 annual change in parentheses.

Table 6-4. Results of the artificial propagation test 4 in bester

Individual Spawning Weight Vitellogenin GVBD

* %

number date kg) (mg/ml) GVP (%) Response
1 Jun. 3 3.1 14 33 100 +
2 Jun. 3 52 22 3.6 80 +
3 Jun. 15 2.8 2.5 33 100 ++
4 Aug. 18 6.5 8.9 4.0 0 -
5 Sep. 4 10.0 35 42 100 ++
6 Sep. 16 7.5 2.6 4.0 100 +H

* same as in Table 2.

Ly bEESG LM 6 R SELOIRIITE A (Table
6-4)o HESRBFE I N o7z 1R No. 4) i, M
CraVeo VESEDSVEKTH 72 (8.9 mg/
ml). ¥7=, ZOIHEMIIE GVPE (4.0) ZdHD
¥, —Tur R u VESEERE hh ol FRINE
1, BT R a v EBEES100% %R L7 4
B 5 MBEDI10%H %, FHEZE80%D No. 2 7
SBHEEOH 3% TH o7,

JFaorrOd o L EIMFADEE I BT oY
ZVEBORDLEVME (7.8 mg/ml) ATHESR L 229WE,
WLRTWERIIRELEETN TV, ERb5OHp
5, EHWMZEY T MR mE [IEBIOHT
EHEOHE] BR), NLERBICHBV S, ZHE
(21.7%), >t (19.1%) & dIEL, HMUFROF

FER (32.2%) ikFd o7 (Table 6-5) o D2 BAH
BonENTN D IEW L HES NN, HEIZZAOR
0y, MEForsFadyzryilgd vl (1.0
mg/ml) 2 SELIA, RDEHAZEER (92.0%), &
L% (79.6%) ERL, HEE (5.1%) EHRdE»ro
72

£ 3

M2 F VoY EFET 2HHANVEELT, 2
A BT EARIN S & U LH-RHa AR Th - 7225,
HCG x4 moEHEEFE, FRETEMRIADLLE
72 (Table 6-2), Lutes (1985) X, in vitro TOH
FERNVEVICE B Y OF a v ANNEINORAFEEZE
N, YuFavFr, I4BLIOIOSroORTERK
X GVBD %358 L7-2%%, HCG % & & fg 4 Rl IR 3
RVEVIZEFED LN R P o/t BRITVE, £

Table 6-5. Relationship between vitellogenin level . s
in mother fish serum and fertilization 7, \Doroshov and Iju‘tes (1984) Uj , RO “U 7 a
rate, hatching rate, and deformity rate of THE X BOHEREEICBWT, YuFaryFiea
decendants in bester £ O TEARSB LU LH-RHa AN PERTHo 72
Vitellogenin  Fertilization ~ Hatching ~ Deformity LRTVB, —7, Kl (1982) 1%, BEY 37D
(mg/ml) rate (%) rate (%) raté (%) WEIZEBBANDA M AZELL, HEOHDFIV
1.0 92.0 79.6 5.1 EVEBERTAZLPREOFETHHILERELT
1.8 69.8 64.9 6.4 Wao o, FEOF a7 XD TEEDEICL W

7.8 21.7 19.1 32.2

Bad, HEAHE TR EESIEY: LH-RHa 75,
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BHANVEVELTRETHSLEZ BNz, LH-RHa
DFREHECHELTIE, 2L2AFa—b_Ly b EEFO
2 BEORG Tk RS, MERIZZAEEOHRER
L7z (Tables 6-2, 6-3, 6-4)o IV AT T—ANXL v |
%43 %5 LH-RHa & REIMICbA- 04 i3
I lhn, BERNPLOREBECHREEE, PN
FEDRVPPFE SN (BB EHH, 1988). LiL
RETHNRV Y &S LR F VI, BHACHE
ST BEGE, WO THHIN L BRI ST,
THOZEX, FAREFETD, BRIEREE Lk L
ZniEbhTwaESE (Crim and Cluett 1974) &
R, %5925 43IV PEETHLIEERL
Twh, HEEE, BEEORTERTEY, 3L
FrT& % (Tables 6-2, 6-3), 5, SLICHERZD
MEPLETHS I, ) v
NATFNVOREE, F—ERHORE ERLTHEREB L
MEESDNS W20 (EHM 1987a), MFHicEyo
Yz = U E N VRO TR S RE A BN &
WL ERREE LTHERAEEN L, L2L, Z0F
BT TR MARAT AWML D D (BB
2), AL DHEEICHEL BT HLERD B, T,

1 BOHED 5 #5200~60075 K D IIASBAE T EE 22 B (100

~300 ml) DFWHFRIMTE LI L, BARER 2 TR
WBHEEERE, BEIToEARER3 THERETX
= Z & (Table 6-3), F—MALILS 1 ~2HOMBT
MOBLFETHZEDPMETH L & (M £5
%K) o, BHAERBICRENIEZOHRE L ULE
ELBVEEZOND, —HEHEE AL 2HEOH
%, ¥V I B —F U HIVIIBHATT AL

XY, DERCAEROBESTEE Y, MEiEE
DOHMEFEEIH LD E-bhS,

MEECT O ==V EIGINEIPORBEL XML,
(MMBEEROEITE EDIWCWIML, WEEBEROKT
(NBRAORFE) LLDICBRTEIE, QNER
BASRET L CHEIR S N IR B E 2 ), JIHE
WEOFEIZ L ) MIEFFICINES VNV B -0 %
EET AL, QEFudooy gy oy B,
RIEBRIKENZ L D EBBIIMETHL L, FIZoNnT
385 5 BTHNRze 72751, AETHW YT 22
voERE (REREREE) Tk, ¥yuodo=rt
&S N BEORGTPRETH Y, MFEFOLT
Uz (BhoWIEHRNSA-MES V378 &
DECREIRIE, VBT BIATE R O RN, LR
RS R, B 5 WIHEBRAOEA ZZFBRIGEI o5
BN BOMETH 5 THEMED D Bo 5T, E%ny;
SV OREIEE UCHEBRAZRENT 5720120,
BIClEYy oo v 2 B89 5 RIS, ﬁﬁf‘ﬁam
KENC L D EENICORET 2 LENDH 5, A

BAER 2 Tid, MELFuY o vRMENI &,
BEROBRB L UMHELEL LTEAIL, SR
(17RBH16/8) TIFEMBANERN S 7z (Table 6-2),
HE (1974) &, =V AQOIERER LEKEOMIC
BMRERESROND LR RT WD, RAT VL, IPE
R TIFIIZIEERIMERED10~20%ICdEL, =
VA L ARSI B EAR BN 5720 (BIE
fis R%F), REEOEBIIMOMBRBOE ) RigEL
hbHEEZLNIZ

Lutes et al. (1987) &, Y0¥ 3 ¥ X DOFEITD
GVP % 1 ~5FCo5EBICHEL, T4 FEFRK
51z X B He0RERY GVP JIICRT w5, TSR,
GVP %% 1 OFIEEI 2 F 3 2 MO PEINFER L 0 %,
GVP %52 Tli315.9%, GVP %3 Ti321.4%, GVP 2%
4 TI¥51.1%, GVP 785 Tik90.0% Td o 7z & i< T
WwWho UL, BEEER3 B L 04 TENL MR AR
WIPBEII QIR OB, PEIIFHER IR L ORI
B bheh o7z (Tables 6-3,6-4), 72721, Il
%ﬁ@%%%@GVPu 33~42 OFVHIEICH Y,
3UT®éwi5 HEWEzRdEFEEERL TR

mof GVP %5 (ISR BWmIcET 5) 1%

Lt i, BVHERCHIIHE X N D THEM IR
éhfwé#,%huﬂ® Bl oBEELHHE LT
B2 BT BLENDHS ),

Lutes et al. (1987) &, Y0 a o FAJIEID in
Vitro \[2BI1F 5705 A7 0 2 BN in vivo TOHERN
FEFIRERBL—HL, GVP L FuF A5 v
MIZE Y MBEAORPETHL LERL TS, &
BEORARE 4 TIX, EILZ 6 BOIFI DT 7 X
70 Y OBREME AN, GVBD FEEHI100%% R L1
4 B, LH-RHa %512 X D IZIFm I HN 2 5HE T
%7z (Table 6-4), %72, GVBD FHERH80%DMHAE
X, BBELIRO—& (FEOHN 3 %) #HIT 218 F
D, GVBD FHEH:0 %0MEIE, £<HLEro
72 TDEHIZ W%W@7U7zrnxm%rimw
%ﬁm%ﬁt@bfﬂ< —EL, MHALENOEDTH
MEBETH LI LIRENT, 72720, TurXiu
VRSN LR EORER—F LRI IRESINT
w5 (Lutes et al. 1987), $7=, Fur A5 v @iZi
FRAANL DI, EREeRETD 2~3 ecm YIFL T
W%W%WDH?M%#%D HEBIIEZROA ML R
EPTTVRBERNYD S, foT, RFEEOREIILE
B/ARIZE &, AIZ5 25X b UADHBAI/NSWE
Bbhaeruyoo v SEntoigEL oftHlEE L
WwWeEZ bha,

KEOEBIERDP D, ﬂﬁwmm¢®trn/la
(HBEWVIZHBEIRNSNNES V0 B) OLENIRO
ZHRE, MEEBIUOMUMFAOHEERL BBFRLTY
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5T EATREE NIz, Table 6-5 OHT, MELFIY ~
ZVEDPR O L h o BEIHER L 28Rz, —R

LTHEHALEDLPRDEDOPER Lo T, TheDl
IS SERIN SN2 E S o7 Ik, MiEYT
Y2 VESNRAP LOBWEERRLADOLEERD
Nb, NLEMBICIE, BRMEZRYVBRESEFER b
BROARZERE L7225, IEPHILL Tz it
BE, MEEBIUMUTAORWEHEEIRL T,
FWAREICHEL-REONERS 70101, MIFL T T
Vo VEMN 1 mg/ml BT E TR LMEZHWS
ENEFLWwWEEZ SN,

P EDORRB I UEEPS, (1) ERIC L 5 MR
B LOEFEBROBRRER R, Q) ftFRAORMEME (K
E, AR oxgHnilE, QQHomErruyo=
VEOENNE, 4)H#EA~® LH-RHa #5112 & % Jbk
DR, OREOEMBITMBELTFI V=V ED
SR (1 mg/ml UT) 2IRETBROMKT R0 L
QOB a2 50y REWRK, (6 7ur
250V BEEOBECIIRINE OB L RN T
O#E~O LH-RHa 5, (7) M~ LH-RHa 5, (8)
PR, B0, BIOUALER, &) FH%R S CICFE
P, BREATORREDF a v FAOBEAERTHL L
Zz BNz

i B

AREE T LOBICHY, BHRBEIWTRE LHEY
7B ZTHE & W o o B KEE R AE B Y A AR O H
FYIE R O WM ELIRI, L) EHOEZ
#ZLET,

T2, RBLERRT 5125770 FIREKFEKEER
o AE—#E%E, AREAER, BWRFEREROMRE
BRYEE, B THRICEIRBORE®RY, ARk
BIE % W72z, HIEATIRRT SRS EE BN S 1 BigE
ZOHA FTEE G PIUKEREITRIREENAE)
BLUHILABTEE G2 ) - PITERD K
PRI 121k, RIASE K5 THRE, Tl
72o ALMFERFKEFROR BEHIRIZIE, 7o
Vo VICHTAEL OITERERY, hIOKENER
AR R ER DO REEEE nEb R (Bl () H AR &
25) (2id, ANBBAICHETLIEERIPEewzin
oo MM ILFT B AR A AEOFINEEERIC
X, RFADT Y TY Y TETEEER o TWZ iz,
BRI R EE RS TR EZEORAMBERIC
i, BEFOru—= BT ARELRIWE, I8
BRI 7. BMHTZEET H AT OMBE = ECE, T
SEOHFEABHEES L OCMHABITEEICEFa v F
ADFABEBFEWIR 0w, ThHDF LI, L
B LE 4,

1.

B #4

BE~ &4 Mg A, HERICER S R 2
TEHOY YR BOFAENFEREN, B, 5L 5%
BEE, 45T, %y 2B odBiEmES
5, IR FuIz=rThbEELLNT,

TF¥ALOETFUY =%, pHO.O DY VA Y
LABERE AWz FasI V7884 bora< b7
ST74—BLOFVABZOT T T4 —ICE K
M7

Y[ CTFuYZ yOERELE LT, BETRERE
Bk ER L7z, AETE, 7L — MOGRINY 23
HFORBFHETLZLIICLY, ¥TFuVo = ViRE
10.4 pg/mi~42.4 mg/ml OHFHHETERDPWEETH -
720

TAbas Y (B) Gl F{orsuye
ZUVERERNI, E RSB 1IEEMORBEI N
MEFOEFa Y= vid, BERICERESEML,
10H HiZix 84.1 mg/ml IZ& L 72,

¥4 OIEREBRICBITAMEYTF O Y
BOBLERARI, MECFa Yoo vid, SN
PE—RINERP OB D 2 VIZE T RIIEEERET O )
BIELZRA (12HFa725 1 ATE) ol
Bz, MEYFuvr=raid, IBEBEROEST
WML, BAIMISHER SN 4 RO
2.75 mg/ml \E L7,

E, 2% 5 L2 ¥4 OFBEH»S, 8551 %t
(PMVG-1) B X 03,5308 %5 (PMVG-2) @ 2 f
Hovryudr=r cDNA 2#7u—=7L, €0
RERE % JFAT L 720

RAFNVOMFELY TV == %, JIHEIIEDT 0.9
mm (2% L2 E A SR S g, I 2.7 mm £
TIEXMML, 2.9 mm T—HRD L%k, HEENL
720 NAFNVOPELEITIIE 2.9 mm THTL, U
HOBEINT BRI OFRIUC & 5 MFEF OINE & >3
VA VBT NRT L RN - 2-F (VAN

NRAFVOREINOIIEIAE (GVP) % 1~5 %
TIHMELL, JIEPMELY T ey ==y BOLELIC
P, EREEICELT A EEHSMIC L. FT2,
GVP # 3 DL EIE LA TIEBRINART L,
BRI BB B AL 2 AR I Wiz,

NRAF VO EEIIBWT, HREOHM, JIEM
Oy AT ESEBIIEY T e Y22 v %
B3 52 LT, AR ISR MR A L R
kBZEPPSh Lol WEBEERT L, M
UruYeo yES 1 mg/ml BUFICERK L7 ED S
BONIEHEEEICHWZEEE, BbHVEE
BB LUOMMEEEZR L7
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