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¥4 SIRHO A TEIE TR o J7AE IR B RUTTAE o RRBEINK » RE—FEEEYK
IEJI% - ENBRRIFRYAR o MUIPAVAR » (AR S o TLES ST : 53
HifE3R (oogonial stage) ~ JE&# (=31 (perinucleolar stage) ~ G —ORFEMRA (oil-
droplet-yolk vesicle stage) ~ ¥ S #A (primary yolk stage) ~ AP HA (secondary
yolk stage) ~ 5 HAFEFEE /A (tertiary yolk stage) ~ &%ﬁﬁﬂ (nucleus migratory stage)
RO (maturation stage) o SR 3 REARHARE » O A A B RAH » BERERS R & B I
REZI » RERINEBEMARAER » PN AR EINEWHER » £AEWEET
Koo EHEAMTPE— IR SPEBASGHT  BRNERMNARECHTELN » &H
HEIASNE A R MIRE £ X (endogeneous vitellogenesis) » BT T B i IF 4 3 R IR %18
' RVAEREECRBORT » RETEEAREEREDR LA ABNARIEEYE
WIPRPRATED » EF L » MRIPEHBNIIZR (volk granule) b » R
IR SRR AR LA L E M ATHEIE » BUBTRAIPE AR (exogenous vitelloge-
nesis) o EIPRUERTED — 4 EER  ERFEHETEL s MEABESETI AR
ROPERR RIS (gonadotropin, GTH) » JREMEFT RBNEE » ENEA BB I R »
MBI o

REERENERNEBERE » KIS HIINE I @ HFF 40 M T S 4 i 59 3% 72 5L A8 1
HAHE (vitellogenin) » WUBIPMAERERELE— ST R » AR RITRITE
RERRINE MU IPE R BRAY AL H o

PRGN I ERBE LSS K

FRAYIRE L E AR OPE (lipovitelline) B @§IF# (phosvitin) BT » —#&T
S EIRE-MEERFEAH  MHAPENSHEEAE » UEfSH (Campbell and
Idler, 1980) » ERIRMEMIS T BA 240,000 » FTEMAEENS 25% » VB4 b0l
(alkaline-labile phosphorus) M%E » 5 0.07% » TREIIHMNS TFERIS 43,000
P NEBRERREE  (LAH 5% BRMTBRNGE o mRBIEE 5 S BN » Kit
F RS BRI AR o JYIEEIA BT 2 A 5 AN KON - R ARINE » RS
BATTREIRS o QT 1 16 KT 2 ST o REORSEAVERAL RTE NP HEFTRY 0 b BB 7B 19
BHLER (protein kinase) FTfift » LB A FERERERE (serine) F o

E~HEPRE (PRATH) La kB L R

SREETYHERY Y I8 8P K 2 B » u v e I BL T — WA BRAGSE DK o L2 4 TT 2 4 8L
PO AL - RAERIE G EORENE » Sm4SI8% (vitellogenin)



Fig. L.

Comparison of immunodiffusional patterns of the plasmas from vitellogenic
females, males, and sexually immature females following incubation with
anti-hagfish yolk serum. The center wells each contained 160 zl of the
antiserum. The side wells each contained 200 zl serum samples from
individual fish. (A) Nos. 1-4, 6 and 8: vitellogenic females with elongated
eggs having ovarian weights of 12.3, 6.3, 16.7, 7.6, 9.1, and 1.2 g, respectivity;
Nos. 5 and 7: sexually immature females with small and round eggs each
measuring less than 2 mm in diameter. (B) No. 1: male; Nos. 2-8 vitello-
genic females with ovairan weights of 1.1, 1.6, 1.0, 3.0, 8.0, 11.2, and 1.2 g,
respectively. (From Yu et al., 1981)
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(Pan er al., 1969) » JRFRRBINK B E (egg yolk precursor) o H 4t » DR 35 S e v By oy
FTH » dR R R B ¥ MAEE (3 (female-specific plasma protein) o %11 PAs
HRIETLHEVEBY Y > IRTT LA I BIRM BRI K (Yu er al,, 1981) o B St A 2 &
B WRER RN E R WA (Yu er al, 1980; 1981) o @l — 2R s LA B 5 4%
M5 BB » RMM B R MISEY o AT IR3EE (3 M s SR i #2 m0E £60 1l 355 5 E
RAEIEE R WM Z MR A% female-specific plasma protein s HE R A B 4R X
ot BBl 4 o

INRIENTREL » EESATETHESNEH T - EEAEH LB 158
B§lh MEBERELRS - sEEENHEE » FTEHRA FIN A 280,000 =
60,000 [ o LIEEARRH » 5 F&E 470,000 5 4 2% MEES - 0.8% 5% R FT 2K
B9 (Cambbell and Idler, 1980) o

AN EMARZAE » LEEZRRRHAZ (Yu ef al, 1981) o BAB St s i
HEEEE L BB 5 2 I 4 & i B 1= (agar Ouchterlony immunodiffusion plate) » )
MIPE MBI A > IFERE ; R itk st B #4if (autoradiography) M P
FREMEERZMEEY » I RIFEIE 2 A E K o B ZRTR » SR A A
RA TG VW » TR IO A B e 0 e 2 B i o REERIZ BN LN EREA

Fig. 2. Autoradiography showing 2P radioactivity from the precipitin lines in an
immunodiffusional plate shown in Fig. 1B. Only the vitellogenin bands
(inner ones) showed %P radioactivity. No radioactivity was detected in
the nonspecific precipitin bands (outer ones). The degree of darkness in
the autoradiography appeared to be dependent on the 3P radioactivity
contained in the plasma vitellogenin in vitellogenic females. (From Yu er
al., 1981)
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BRI MBI EMEMEES (MR » 7SR albumin) > RARERE
PR 4 St P R o

MEEhIE RN BTTASLEHIEER » MAZEKIE (immunoelectrophoresis)
~ B F2 ke (alkaline-labile phosphorus determination) ~ K44 a7 il (densito-
metric scanning) KBSt EREE (radioimmunoassay) o Ml IREE K 2 BHRINE
BE KA ~ MM TS B MR8 E I (gonadosomatic index) ¥ 2 EARH » IE S HH I
W M EEINEFH LN B E L AR E T VNBRGE o £ MM —RE L RER
—BEL FEEWG ZUSREEARA (&% 1985) » MBE=RWE TR » i
—BE LR RintkiR (IR ) —BELEX  c KEARMETEEX RS WE
RRIVEINE > MBEEEK  BRF—BELZ®RENE > MENER—BEL -
T P M B B e T B A e — R B AL > B ESL AR (B o

EERNEEBRTERSRUERT AAZELARAMEARE ) LAE+ZAR
NPEERE > F-ARENYR » +-AE=AREINE I R a1 I £ K (previtello-
genesis) o FEEVIHArh » MIENIERNSRSIR  RIVEERY > 2EE 5 EIIRE
Bzl @& 05mg/ml BZE LR » EINHARGES] 2 mg/ml» EINZHANEE
5mg/ml > HATEER M RF R YR BERBERIMEFER  EEESENNE
FRMIEFHERE (van Bohemen and Lambert, 1981) o

1A - R S

— AR BEEEE ~ EEOV AV IR - A eh T HIRUME RITI B AKAY © JBELRT 2 WY 1 3% 1
FRRF » BEAENER » MECEK » FRETIVE » BWHARERE > RIPAEARI
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Fig. 3. Changes in hepatosomatic index during an annual cycle of female
black porgy (Acanthopagrus schlegeli). The data are expressed as
mean+SEM. The numbers on top of the bars (SEM) represent
the number of fish. ( £&» 1985): . '
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Fig. 4. Changes in gonadosomatic index during an annual cycle of
female black porgy (Acanthopagrus schlegeli). The data are
expressed as mean+SEM. The numbers on top of the bars
(SEM) represent the numbers of fish. ( 4&% > 1985 )
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Fig. 5. Changes in the circulating level of extradiol-178 during an
annual cycle of female black porgy (Acanthopagrus schlegeli).
The data are expressed as mean+SEM. The numbers on top
of the bars (SEM) represent the numbers of fish, ( 4% 1985 )

W oo MBIV ENI K o IRFE el L dLH9BE ) o 78 Zebrafish, Korfseimer (1966) [ it t4
MBERERERE 3B FRHED AR ESENEDRRIESE » 1%
P IPREME B EN AR ENESE » MEREO BB T 24 8 LB
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&k (pinocytosis) FY HFEEBIIIEE » 4+ Heesen and Engels (1973) K Anderson
(1968) WEEER » SR ARG FRMF RFPEKBLAVAERS o FFhamNEENE
Byl NEYE SRR BR800 > A > MEME R BT DURERNAME S R MBS RN R
(Ng and Idler, 1978) o

BRARAFBRSN H R H AR S W FeRRE » UEXSRHBZEE (hagfish) {F—
BERM (Yu et al, 1980) o MG HEBESR Z KA ® » “C-glycine {5 ¥ R Fh > Ke
BRMER o FEEGE 6 72 MR EREEDY 0 TR LK S8 0 B HC-
glycine MAZEHH Z®EZE (amino acid uptake to protein) o M@ SFT~ » Hifa B &
SRmAE Rz MR (BIEREKIER ) (nonvitellogenic female) ZFF#EQ HZ “C-
glycine 7 thfEME (specific activity) » ZEEA 8 » 24 /NRF Y EE L& » HEE 72 iy o
MIPHER M 2R (EIAEMEERE ) (vitellogenic female) FEHE S 6 /N » 1C-
glycine 7 IhiEZR » DRREE » RE TR » = 48 /MRrERER KT o Bk » AMIERRE
Wiz MR HFREQBERERAZERIKZS ;s £ENRHMRFE » Z2RKK -
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Fig. 6. Time course of the incorporation of [**C] giycine into total protein
in liver from vitellogenic females and male-nonvitellogenic females
at 6, 12, 24, 48 and 72 hr following intravenous injection of [C]
glycine. 10 #Ci/100g body wt. The data is expressed as dpm (disin-
tegration per minute)/mg of liver protein. Each symbol with a ver-
tical line represents the mean+SE. The numbers in parentheses
represent the numbers of animals used in each group. The vitello-
genic females had markedly greater specific activities than the male-
nonvitellogenic females at 6, 12 and 24 hr internvals. (From Yu et
al., 1980)

MmRESHz *-glycine HBIEF » REMFMEZ% (BL) - WEFRR » SIELERK
Witz “C-glycine HTRZR » fEEHH 12 F 24 NEZBIEE » #EHE 72 o
MFARRIPEERMER » KR ZMEELR “-glycine [EREM » FFEEEHE D o
FEESHE 72 Mg IREARBERPBFLENMS » WEZXR » MREK -
bRl TRREENREPRER S > LFRES E4EBERRAH
ZER FRRWENEER - MR » E— S UMK BOERIVETNERIE » ISP
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Fig. 7. Time course of the incorporation of [**C] glycine into plasma protein
from the vitellogenic females and male-nonvitellogenic females at 6,
12, 24, 48 and 72 hr following intravenous injection of [!*C) glycine.
10 uCi/100 g body wt. The data is expressed as dpm (disintegration
per minute)/mg of plasma protein. Each symbol with a vertical line
represents the mean+SE. The numbers in parentheses represent the
numbers of animals used in each group. (From Yu er al., 1980)

KB FERAFREALBRES Bz “C-glycine HIEMER o

ERER » BETWIERRIIARELEKEENER » 2 BREINE R
B BEMAKIIE (Birgink and Wallace, 1974) » H RIS EH N B BERILZ 8 H
FRETREIRA  AMBEREAENRERESZIEQEAERNER » RLAENE

RIMRL » LT RERmELBEKEERNER » EMIFEES T (Hickey and Wallace,
1974) o

A PRAEAK IS BEARAH LI

PRV RRABEWERK A E VIRYBALR » Petersen and Emmersen (1977) 34
# flounder A fEBEMF M EA— LMY ENE (L BABECERIRKGEEEM
B BEEDPERFRRERBEM KA TR E 5 it P RER - PR
Rzl M ERARENAEEREL  EREWERBEVKNELHE2 TR » 2%
MR LT MREIB AR RE R R E s BN EMNERERIIUTRE -

AYPREREH HaopdKiEg gt

fik RAYHT MRRRA PR DR A BUIOIRS » RSB EREAVEEER E MK (rough endo-
plasmic reticulum) » K (Golgi body) /N s A"E [T BFITNEHFFE | (electron-dense)
WHHE > ERARRENFEEREEE o /35 @RI - Mk A8 AT AR/E T R L3 4
HEERVZER o EN P AR » MEAFMIEAER A EMBKIETRE  RRBPRES
HENHRETEENYE » RfRE8 (mitochondria) MRBREFHhPETIE » MEER
RUFFBE RS AU & » BARAEAZEIRRIARK » AL P i FF 48 AR A 6ok 38 7 T Ao s 4L »
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AU THEENERK2REQENAR  SRBUEAEYENEER W » TR FE
ALRE R & R R O E BT TRV AE & o SRME R Lb i » M AT E Ry HE AV MR » FU
SR O S TR L o (B35 DU M 3% 5R 8 Mk S sURBUPARUME S > RUWT DAS 1B AR LIy
#{ (Aida et al, 1973) o

e~ 2 R 84k

SiARfRRIB T A > SRRSO R » BRIV ERRIESE (zona radia-
ta) » MHRNAFERREYE (zona pellucida) » FHEHE » QI FIEEMAR (follicle
cell) » EFMMMEH —ERWRLE (BN) - WERZE  REARZAEZRNES
HEmiES » M2 EY o JiM AR R I8 M M HY R 1 2R H 55 4 B E (microvillus) »
Wb E#E  —BBR - EEBRMEARINMERELHEEMYENRZ -

Basement. Membrane:

Granulosa

Germinal.vesicle X

Fig. 8. Diagram showing the follicle layer surrounding an vitellogenic
oocyte of teleost ovary.

A4 Ji# (endogenous yolk) —RABREEIFANWHEENEBRAEXBEX
TRAARE LUTNFAR A FBEELRNAERNIIE » MIFKE -~ BB/ (cortical alveo-
lus) ~ RZEKWIFF (intravesicular yolk) ~ 221 (vacuole) ~ JF# IR (yolk globule) % o

HIREEBRA BN » EM RN ERNSEIRM » 2BBHFHHFT RGO
WAz BESHRTAENMEE » ERIVERRE » BHEEIAEE » EINEANTRE
NS > RS R AVIRSUABA TR » HFERIEERERMAEA B HFLBEE » 1t
IR EREEAECREE  SFENEEH IR o —AKER » ISR R OB W17
PR o Khoo (1979) RYMEB(LZHERL » IR R IBHEN A G RFAMK @ I8
WeEEHEUREERRYLE BEREER  ERVFNUEFHENENRBHE > 8
SEBER o It > PR ESESREAERIBFER o RIFKRAVRERRE » FHIIEHE
KIZHIIE I o IR ZEE » ARBKZH » IR N 2R 7 —FERAE I -

DN KRR R Z Mg R IR E AV TE B R IR B RE ( LUZZE » germinal vesicle s IRZR
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D) » EfTHL » AhRFIEENSBURBENOBL » HEETET 5
BRI » DRSRi AR R o B A B AL » BUGE IR B B IR TBI (Ng er al.,
1980b) o

A PR A R A Bk 1E #)
1. HEEEE%3E (steroid hormones)

MEYE SR BESB B In M T R EBRVIB B » S5 AHE (hypercalcemic effect) i3
R EIIEE » HEEEEE » INEEE (testosterone) ~ BhZ 3 (progesterone) ~ & |-
BRTTE2EZ (cortisol) RUMEILIIEE » MK PEN L BERNEUBEZIEHEM » (HEER TR
FRIMERR o MEMERRIER » REERMELAS FHESHESHE » HIMNGENa B
RHE > BMNG» F—HoREAPERELATE—#E c MEUEFATLLE MK FRES
ERAMBNEGE - AR FEESRENKPSRBES ERMZKE » RS IHE
EBB AU (Whitehead et al., 1980) ~» REHERSAMBPINEE » 65~ BEEHM
e i E=% oy ic) S

MEME R ER TR IR PR At o AT R AR EE R A REFR » Bl E
LB IFF—8&E L (hepatosomatic index) s FFREHME R RNA 4 E » (EHILK
AWEBER RNA 2 BRIRYE  HEER » RZENFTEHEANS &R o

R ERAMERZFATME » £EHEWEED » DHEZFE (estradiol) HYB DK » M
—Bs (estrone) MYBNRAEMETEEM 5 F 10% » BELM—FBHE _EARERS
BB RUM-EREEEAE » AIM—FE 7 DURBM EEAS ) (Lambert and van
Bohemen, 1981) o WM RHINERARAVICHEIEA » TTRMEMFHEZEETIRR
(Sundararaj.and Nath, 1981) » } EEERE /R » MEFRHFRRAEHHOIER (condi-
tioning effect) o

MUKERRREEEE (methyltestosterone) [EH AL » s I BAaBELINY
o HAFMBNREER L ENSHEEREENE Y8 R ZEFBIEES
&R ERREITHAREHBERMENERZ N « BHBWMEFENED AR » BUKER
RUEWE » ERERINE G » 55 F(LEi(aromatase) » A HEIPEAMAR (theca cell)
FTEERVHEE R RN R o

ERLEREIWR (Yu e al, 1981)» BB SEEIEIRE B EEINEES | 58I &
WA ; MlE— BRI T R R A BE ORI A 5 B ER > Bl 56K
BED BB PR A DN RIE « £ BERZ WL (Yu and Marquardt, 1973a,b) o

B 3 (e E SR TR AL I DR B N » RSEMSL T HEE W 3L R 4% E o B2 H o
B ELEEHE2RZNL - flNE - B2 L BB (Pickering, 1976) BLiT#8 (Yu et al,
1981) ~ Hkig % (Craik, 1978)~ WBE¥H (Wallace and Bergink, 1974) ~ JET¥
(Hahn, 1967; Ho et al., 1981) K B¥E (Heald and McLachlan, 1965; Yu and Mar-
quardt, 1973a) o

2. MTEM® (ST ) M% (pituitary hormones)
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NS TRR DR » WARMEFE LTI » MR\ ERNES LB T8 (Cam-
pbell and Idler, 1976) o 35 LA fik f Ayt R #0108 s B8 /N R SR HLAY S S » AU W13 i
hEERIEEENSE  HEHAFERTINEAVAR « (le B nk i Y TR » e
T IR R e R o 199 5 T (2 HE DR S M S ' 2z i (Wiegand and Peter, 1980) o

RSN IS - DR MM R AL TT AR B BS TR L ety RO o B TR R e
WRIBRE » A SRR A R + 6 SO A HERR o SERSIIIRAY & B ATAETRE S TR
BRI > BEUIIAER 0 RIS TIRNRAEY - SREEER0ERRE2E
s AR AOEE 0 B RTARISE > VLS B Y - BAEHE (granulosa cell) R gp
4400 L 4 2 S B U SR R 8 L OB £F o

41l 06 0 B A TR R S B0 2 RO R PRI » T LM TV R I £ R
B2 7 I B SR » PTRE L AL A PR 42 AR MR 1 8 L A
ER o (HTREREINEWHER (Nath and Sundararaj, 1981) o

mEk Idler & A 745 R BB /R American plaice (Campbell and Idler, 1976),
winterflounder (Ng and Idler, 1979), chum salmon » R ffifs (Idler and Ng, 1979)
W TRRPeE B LR EINAERRIFERNEE » BRINAEREREREE (vi-
tellogenic GTH) » HEEHABETIIRAIPRAESREE (maturational GTH)
Al ENMTEFTEHNEERY » MEXKSARERNWES » BZF concanavalin A 1y
FEES » BEENRERAETEAETLELE S » EIAREIRBCE U ATRE T4
Ao IR R E N ERENBEBIUIIER - ERBRNRINERY R ZET » LN
EENRERAEREDRE TIROEE » AIREREFERNAN » Bz REERE
SRR RN » EE R REBE LS AR » LM FE T MEEINERHER o tnll
oA RR PR R B VIR TRV ARE > RITTR FRHE IR R R AV & B R IR Sy s
B T RBLMHERNBERRES S LRREERRSE 28 BTN R AR
WE LIS ONSLEE R MEE R - M R R ERF QBN EE » MR B (RINE ERRY
R R BRI o | 4

AHMTRESEREERRABENRE » AT ETHERSGIGE | LU REY
RS R T A IOER MK ER AT ABN TR » BRI ER
EAYVE - MENMUMEEKRERBFROIBERLAE » IENHIIERERRER
IRAYR{L (Ng et al, 1980a,b) o gt4t » AT IR FEE S HI S BRI C L MR TE
SREL P RYBEAUERR (target tissue) » REREFER » I B A B {fE P R R 7T 52 10 0 i A iR v
MRS & - TR AR RBGR USRI E MR (interstitial cell) §§& » L% K5 REURE
RN &R HENEAS > EMb A ERXTFNEIEIE -

DRFEARZ P BRIEHARK  UEH (B) RRNESEHARES - MAEBEKTELZ
et APRK ; Wit EUERSMER IR fEREXBLE - BERREHRH
MRS T =S EEIR%E » HESR LH kR FSH A ( ZRAWTSEFIHE - -
O T RS R EIRIBGE Z AL ~ Mtk ~ EFMPEREYE®LRE ) 5 MAK R
PEMRIME » TERKESINETHEBWAAR o L » £ BMAINAFIHE ~ £RIRED
BRZERMFRRBBTTEENEAR - AENEARZASWER > M52 hiET ER
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Fig. 9. Generalized scheme showing major vitellogenic steps and
its hormonal control in fish.

SWE—R 2 RUERBRIAEZER ( —RIPEAREREE » 5 —-RIMREN R
BRIRE ) o eR{BHERREBUAAMSE » (RMEIPRE A HEVE SR » TR FHRRFFIRES | B DR SRR E 4 JR
S RREMEER 2R » FhEMRENBRRERATMY LI « MEE-TRE
PR ENTIR MM RES » RTREBRZMRNEBHVAMBIAE (BL) - &
R MEFTERRERTERRERER 27U » ARRERRETRESWEER
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L~ 3 R X Rk

KEM S B~ TUEE ~ HIREE s FT L~ SIHEE JIIFE(1985). BEEEENK
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LD EFE 14 %&£ pp. 113-121 0
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This article introduces the vitellogenesis and its hormonal regulation in fish.

Most of piscine eggs are composed of homogeneous egg yolk only, unlike the
reptilian and avian eggs being composed of egg white and egg yolk. Nevertheless,
the chemical components of egg yolk resemable each other among the oviparous
vertebrates. The egg yolk consists of lipovitellins and phosvitis. Lipovitellin is a
lipoglycoprotein complex containing calcium and phosphorus, with a molecular
weight of 240,000-300,000 Phosvitin is a protein with high phosphorus content,
having a molecular weight from 19,000 to 43,000.

Pituitary gland secretes “maturational gonadotropin” which stimulates the ovary to
produce estrogen. Hepatocytes, under estrogenic action, synthesize vitellogenin, the
egg yolk precursor; this process is refered to as “hepatic vitellogenesis”. Vitello-
genin is a large lipoglycoprotein complex containing phosphorus and calcium. After
formation by the hepatocytes, vitellogenin is serected into blood and the transpoted
to ovary into which it is taken up and transformed to egg yolk with minor modification
under the influence of “vitellogenic gonadotropin”. Estrogen acts on hepatic tissue
to stimulate hyperplasia and also the cellular hypertrophy; it enhances the forma-
tion of nucleic acids and proteins, the mobilization of calcium and phosphorus into
hepatocytes for synthesizing vitellogenin. As a consequence, the hepato-somatic
index increases during the active vitellogenic stages. The capability of estrogenic
stimulation of hepatic vitellogenesis is not sex specific. Injection of estrogen to
male fish can also evoke vitellogenesis in the liver. Estrogen is the only steroid
that can cause hepatic vitellogenesis; other steroids such as androgen, progesterone,
adrenal corticosteroids, do not possess such function, unless with prior transforma-
tion to estrogen in the body.



