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Accumulation, degradation and utilization of yolk proteins in teleosts.

Abstract Vitellogenin (Vg) is the precursor of egg volk proteins in teleost species. Three forms
of Vg genes and their transcripts appear to exist in barfin flounder, mosquitofish, and red seabream
consisting of two forms of complete Vg (VgA and VgB) and a smaller Vg lacking a phosvitin domain
(PvlVg, VgC). From cDNA sequencing analysis of the Vg gene, we clarified that species belonging to
higher taxa, including Acanthopterygii and Paracanthopterygii, express all three forms of VgA, VgB
and VgC. Both VgA and VgB cleaved into three classes of yolk proteins: lipovitellin, phosvitin and
° —component when they are incorporated into oocytes. VgA and VgB play distinct roles in the
regulation of egg buoyancy in barfin flounder through selective ‘proteolysis of their derivative yolk
proteins in oocytes undergoing final oocyte maturation. Involvement of a cathepsin B-like enzyme
in this maturation associated proteolysis was demonstrated by protease specification procedures.
Measurement of ooplasm pH at different stages of oocyte maturation revealed drastic acidification of
the ooplasm accompanied with yolk protein proteolysis and activation of cathepsin B. With respect
to oocyte hydration for acquisition of egg buoyancy, cytoplasmic maturation events appear to be
controlled by changes in the pH in maturating oocytes.

Key words : teleost, egg, vitellogenin, yolk protein, oocyte maturation

INAEARHEEMD TIE, RREEICLERELTOHIIN
WWEBLTWD, JPNORBIIINE S BHah, 20
ERRSERIREZ s Th B, AEIZBVWTHIIAE
f&a%i(ﬂikht“@ﬁéiﬁa@ﬁﬂf“, UREE & 7 VEIE
BEWRFRLBEETHY, TOAK, T8, fAHEIC
B4 BHFSEIE, HAEMEIC I T AR AR RE 2 2RI
HHETEEREREZL-6T, TFE, %< OKEH
ETEX R R TRE S R O EB A fESL Lo
DOHY, WOEME LT, LR AEESCERLEN
ZAEMICEE Lo B ERAEEFB RO T3,
ZOHRT, TIIE OMBENRSKDTERELEL, #ETE
BRI S SRR TEE 2 SRINIIED T2 DI R W IR
BAZLPBOTEETHD EEHEHBREINL TV,

RO Y RV TRIRE T ET R Y ==
(vitellogenin) & L CHRKBEIOMOIFIE TERIND
(Fig. D)o FZEZ B LT IRR TER I N DMEMER LT
v (estradiol-17 8) XMl H I A vz
ZREERMNALT, 20Tz AP HE
T5, b5 ode = 3Migls & » CIE
B, PRIV AENTIE S 7 L LT
B a5 (Wallace, 1985 2fR), =5 LTERESh
2B S T IR ADT DD I N F—EHB IO
REBETIEMBLE LTHOWOREEEZ BN TE
Too LDAL7RDIE, 1980 A6 90 BERUCHERERD
BN CERET X VEBERENZE LBV &R
BB EICINE Y VR BB RN D &N
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7~ &1 (Craik and Harvey, 1987; McPherson e? a/., 1989;
Greeley et al., 1991), JROVFIEMIESF~DREE B
il oT& Tz, ZDED, HBrIINANA ATV A
HEOHT, ZNLOWAHRERERA L, WEEF
TEMEIC BT IR Y /7 DA BRAICESL 2
BRIZOWTIHRZED TELZ &b, ZIZTiE—
HORRREHET D,

BEAEICEITAETADIZUDEE

BERECOWMAEOE T o= VISR A NS
Z E BTV =R (Wiley and Wallace, 1978; Wang
and Williams, 1980; Wang et a/., 1983), £a3H TiI i
ML E TEMOFEIIRATH -7, WHERIED
Era Yo BB OR O L ONGFEET S Z L,
< X F 3 ¥ Fundulus heteroclitus \Z ¥ T Vgl, Vgll
D 2B FRWE SNTZORKFI TH S (LaFleur et
al., 1995a; LaFleur et al, 1995b; LaFleur et a/., 2005),
F D%, xlX~ Y B U Verasper moseri T< X F =
70 Vgl, Vell ERIETHETrY 2= (VeA &
VgB) L EDIREMTH HINHE Y /37 & RNH LT
(Matsubara ef al., 1999), F7=, ~IFa re~vUh
U NET HAEE LB I A TRIEEE ERICRB VLT
A4 N R T Theragra chalcogramma (Matsubara et al.,
2000) R° /N R w7 Melanogrammus aeglefinus (Reith et
al., 2001) T, VgA, VgB DB+ /I INR2ho
TW3, FNbiZx LT, =¥~ A Oncorhynchus
mykiss O T 1Y x =2 (Mouchel et al., 1996) ° =
VU F X Anguilla japonica @ Vgl (Okumura et al.,
2002), Vg2 (GenBank: AY423444) Ti%, B o v 7

BYz=CBEFIRRELONADHDD, VeA & VgB O
L) RREIDBVDBBD bV, Figure 2 1277 &
2T, Thb VA Vel & VgB EVgll) 2, =Y~ A
R FXFOELT Y= B LTI, KE ISR
DIRFELZ N7 RAAL OEENRFELILTEY, —
BN OZEERTFEOETr Y = LA BIT B
b, —F, TRH LV /NI, ENEBHEENRE
ERET V=V BEBETFRET T 7 4 v 2 Danio
rerio TH R EN7- (Wang et al., 2000), ZALIZPNERIC
R A EF  (phosvitin) ZFF/Z72 N EIBARAE T
v L A (phosvitinless) BT B Y == L& fFiF b
TW5b, x Y, /¥ Acanthogobius fAavimanus T
BEOETOY = (Vg530) EARAEF U LAY
TrY= (Vg-320) O 2 BEDEMET LMD
YR BFEET D T & & RWH L7 (Ohkubo et al.,
2003; Ohkubo et al., 2004), FkfE L H OFAIHIZ, VeA
L VgBIZMAT, ZO3IMADET v Y == (VgC)
BIEET DN ENERITL, "UA ~3X—F Morone
Americana (Hiramatsu et a/., 2002b) T3 B D & X7
M, B E Y Gambusia affinis (Sawaguchi et a/., 2005),
< X A Pagrus major (Sawaguchi et a/., 2006a), 7~ 7
Mugil cephalus (Amano et al., 2007a) T 3 Bl D@ &
Z Ry R LT (Fig. 2), s ¥EBED R 72 5 AFE)»
L3IMOET Y x= U BRHENRTNEZ EMb,
INLOET R Y= g RIS 5B L TF
ETHLEEZOND, AEEZEDTIVEFHEITYHO L
TaY o SRR ECTREICOVWTIE, Rk
OFEIMZHER T 25 FTREMERFw U 5T % (Finn and
Kristoffersen, 2007).

Fig. 1. Synthesis and accumulation of vitellogenin in major evolved teleosts. Vg: vitellogenin, E,:

estradiol-17 f3 , GTH: gonadotropic hormone.
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Rainbow trout

VgA ==

|
Vgl
Barfin flounder (Val) N

VgB
(Vgll)

Red seabream N G
= L (PviVg)

Fig. 2. Multi—forms of vitellogenin structure of teleosts. Vg: vitellogenin, PvIVg:
phosvitinless Vg, LvH, lipovitellin heavy chain, Pv: phosvitin, LvL: lipovitellin light
chain, 8 c¢: 3’ —component, Ct: C—terminal component.

AEET eV o= OBBTONBR IR
VR DBRIKENGHTE LON- K7 2 BRERS
S OREEMNS, Tl NEOIIEX v
N7 RAA HEEEP G LTz (Hiramatsu et a/.,
2002a; Matsubara et a/., 2003), Figure 2 {Z;x L7z Xk 5
IZ VgA, VgB 28 DBEOET e == 3T I/
K2 BIEC Y R T Y o EEH (ipovitellin heavy
chain: LvH) — 75 A E°F o (phosvitin: Pv) — V iR 2 U
v 8284 (lipovitellin light chain: LvL) — 8~ — k4> (B’
—component: 3 ¢) — C- K4y (C—terminal component:
Ct) &, ZDXHITIEL LImNEHEEZ LM
bbb VA & VgB OO 7 I 7 BoMREMEZ S <1
%<, B5fEMTHoTH VeA MdH D\ VeB M
DEFEMEIZENICHETHEY, ZhiE, BT
VgA & VgB OHRED b & BHEICBERLTWD b D
LEbhd, VgA, VgB LITHEZR Y, VgC OHNEIZ
) UEELEATERA Y F U OEEBEEET,
LvL OIS SN TV D, £2FEDTA Xbh
X aflicld e VgA BT I /B 1,695 BEE (v
TFNRTF RI6FEEEET),VeB B 7 I/ 1,675
BRETHDIOICRL, VgC ix7 I Bk 1,242 A L
INEVY, VgC X Z D X D IZE B A A A&l D
BTV b RESBRD LRV A IR/ EN
T L&, VeA, VgBIZxtT 27 I BROMERMS
&<, HF ¥ TiE VgA L DORIT 17%, VgB & D
T 21%IZ LA 7= 72\ (Sawaguchi et a/., 2005),

BEAONOFEERIFADEZHETOCIZVDEE

7N TIRFEEORE IR ETWEER T, M
K17 HOBEIRFIORMIZ 3 ~ 4 AR THINZ < ViR
3 (Koya et al., 1994), <1 U OINIIZHIR TR %
X5 RMERIIFFAE L2V, T DD IRORENEL, Ji
EHEUNN T BB LUTA LT X /VBIZ L 53F%
JELAZFIHA L THEERWKES|EEI L, JIOE
UK EREETRFT I & CTHEET LI ERRBE
#17= (Matsubara and Sawano, 1995; Matsubara and Koya,
1997), EBICHEH LI, vV H U CHRARBIIT VeA
L VgBIZHET HINE Y v 7 R RS D
ZETHOERNERAETL 2T RV 2=k D
SHEIERE (Dual-Vg control system, Fig. 3) & RHL7-
(Matsubara et a/., 1999), < 51 U O YIFEEHIIE LI
FREZ VeA & VgB B A%, BIEEZ 37 (U R
E7 Yy, RAEFY, B -FSr) 2EET D, UNR
BT Y VITEEOR 20%DIEEEEL Y RS e T A
YT, FFEEIVeAHRKRDOYRET Y v (LvA) T
1349 430 kDa, VgB i3 @ LvB T 400 kDa T &
v, ThEXThEH LvH) L8 (VL) 2% % 2
KFogte, —FH, RAEFL (Pv) IR >~
BRafEa Lt ) o0 iR LES &2 SRy v
RO C, wVHTTREY VB LeaFRIZ VA
3D PvA T 7 kDa, VgB H3® PvB T 15 kDa & 8
kDa T#& 5 (Sawaguchi et a/., 2006b), £7=, B -k
I% SDS- EBXUKE TIE VgA, VgB RO WTF N B 19
kDa D43+ £ % #F-> (Matsubara and Sawano, 1995),

<Y H U OIMMRTIE, BRREASCRD LN
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Final
[t | reriion | (D
| _Native: dimer 510 kDa Native: dimer 430 kDa
| VgA : 168 kDa '— e | VHA : 107 kDa  preeeeeeet . Native: 330 kDa
VLVLA: 30 kDa  [==t=p| oLvLA:22kDa | |
VLVLA :42kDa__ | | p—
PvA | P ity Freeaminoacid
: '(W%mwm
‘ | BCA e ; i
| & - Native: dimer 400 kDa
aw% T VLVHB : 94 kDa  [*"*"3 | Native: 170kDa
[_veB:175kDa__} VLVHB': 102kDa [ olLvHB:92kDa ||
VLVLB: 28 kDa | »|  oLvLB:15kDa ||
PuB e [
T M (@htonVeB)) |
. . , , g o——— f

Fig. 3. Dual-Vg control system in barfin flounder Verasper moseri (modified figure from Matsubara et al.,
1999). Vg: vitellogenin, LvH, lipovitellin heavy chain, Pv: phosvitin, LvL: lipovitellin light chain, f c: 8’
—component, Ct: C—terminal component, v: component from vitellogenic oocyte, o: component from ovulated
egg.

LI NI ICE LW LR R B D, Figured {2
R X, Pv & B cldVeA, BWTFhoREEEDOLD
b B RAENC i S, HEIRIR TR bR < 722
by —H, LVIiZoOWTIE, LvA IXTEHEHSE LB
— B4R S AL, 22 kDa DIEREH (oLvLA) DHMIEH
CREA LT EES, THICR LT, LvBITEH, B
BHIEIZ—EAERIICELEED, ENEN 92 kDa D
oLvHB & 15 kDa ® olvLB IZZ{k L, &4 DRI T
FRE1IARLBENORDIBE~LEELLT S, T
&0, BB TOSFEITREERARTO 430 kDa
25 170 kDa ~& ¥k 95, T DX HIZ LvA & LvB
MR E IR 3 fRE 2T H T & T, VeA M bIZLeED
87% A%, VeB 2>5 1% 39% A3k 7 2 /&At TR
nNad, JEE X7 OfiEE, TR L HUEHET X
BR DI B P IR B TR Z Y, Fh L E
LU CTIEEENA~DKDOBANRRZ 5, DI &M
5, WEH Ry BREMICHML, THIZEVAT
T—EROWEMT I/ BExERBREELARTFL LT
FIAL, WAkZEF &4 L TIOFEM: % #5
FAELTWDZ ENHLNI R o7, BB D
KOBEIWZ, 727 7R Y (aquaporin) 237K D@ Y E
ELTHRIAESN TWA Z g —a v 3~F A Sparus
aurata THTHA 5 HMZ &7z (Fabra et al., 2005),

Z ) L7 IRt S EE 13~ & A (Sawaguchi es
al., 2006a), ™7 (Amano et al., 2007h), A&7 v X Z

(Ohkubo et al., 2006) T% H. H 41, VgA, VgB % D
BELSRARICEEL TV EEZ BND (Matsubara et
al., 2003), Z DM TR EERFY, 2HEEOET
nYx=Y (VgA & VgB) HEDIE S /37 % IEHE
IC—TED LR CTIRMIEPNICER T2 HERH 58T
BV, TOOOPFEHEMNFET DD EHEIN
%,

B0 B 1 15 0D A BRI R B b A

BRI Z I8 & XU IROEHER T
ot R, REMRSBESIEEZ T a7 7 —
£ OEMAL & & OTEMRET 21T 2 I8N pH Ol £
ELTL (Fig. 4), A7 uT7 7 —EREAZH
WEERBIO AT A o FaT 7 —Ricwd 3 AL
EEEHAWTERERBIDINE S R 7 RIS
DH R IREEROIEERSIER, b T TV
> B (cathepsin B) & B 2 1E M A3 Fe & Al A A D
BOIRMBETEEDL I ENRENE, ZOIT S
v BAREER OE# pH 2 7= & Z A pH 5.5 Tt
ThHhH REDL, RER), FHEREOIT TV
B OE pH LiEVWMEZR LTz, BT 7 B DOIENE
(b5 X &ITH TRV, EHLERZRE T
< LCHNEEAMEMN pH A3 5.9 b 5.0 FRE~ L5 & T
W Hi, BEFREOZEE pH IZR7ZIL TV D (Matsubara et
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al., 2003), 7T v 73—/ 3R Centropristes striata CTlL
BB O KIZ ATP- &I 1 bR v 73
HELTWDZLEIRENTWD (Selman et al., 2001),
fE-T, =Y I U TRLNIRMIEANO pH BT,
ZoTa bR TOBEICLLD LD EHESIND,
NT T B OTEHEALNIFRAIRNES D pH O 4 THE
BRI STV D NENEES BRI SN RET
5,

HIEREDO S 5 1 DOFEIE VeA & VeB O —ELE
TOIRRHHIE~DOE Y AR H D, iz ~7= X oz
<V AU EIFCOMEE LB O&ETIX VeA, VgBIZ
MMz TV BFEHET D, ~VYWUT, Thb3FED
Ere Y= ENENCHAEET A YR ET Y VDE
BHIONTEIT O 128, K4 ORFRIGEERER % (Eil
L7z, ThbZ2AWCIfEME, g, ig+rors
OV =VERIEVRET Y VERIELEE A, OB
FAIE S T VeA, VeB B I O'WVeC HED U AT
UUN—TEHRTEFEBINTWELO0, MK, ik
TORREINTLHENE —FET, Gk SWB X
OELY IABDEFE T TR S TND Z L2389
bl (BOb, RERT—¥),

BhYIc

IoFuT=r FTIE, YT TRLNEZL SRR
HE T OREER, REO Y OSEICEEL, &
OFETIIH R DM, AT v Y x = OBIET#E
Br & AL O b BT v Y = = ORSEENE L
EFHOMNMCTAIRADBELTND, Zo L2 en

Gy R - R BEAE 95

bbb LT, FIFRERETHRELE L TVWAAED
BN ED LD REEEF L ONHNr& o EHEL 72
B, £77, 3oo0HOET Y = NI B
VIAEN D HELZ —FEICRE T 2HFICOVWTIE, B
LMCTDETITIEEL RN -T2, T OREEEENF]
9 2 EEING OISR & OBREE TIIAE Y 722 3 ilE
MEE2ES L 91, BV IARERIELIITHREDT S
NTWAFREMENRH B, Z 9 LIZIinmBR R D&
BHEIZONWTH, A%, BEHEEIC X 2 BEE0REEL
ZBHC ETHOLNCTREMETHE EZLND,

SE XM

Amano, H., Fujita, T., Hiramatsu, N., Sawaguchi, S.,
Matsubara, T., Sullivan, C., and Hara, A., 2007a:
Purification of multiple vitellogenins in grey mullet
(Mugil cephalus). Mar. Biol., 152, 1215-1225.

Amano, H., Fujita, T., Hiramatsu, N., Shimizu, M.,
Sawaguchi, S., Matsubara, T., Kagawa, H., Nagae,
M., Sullivan, C. V., and Hara, A., 2007b: Egg
yolk proteins in grey mullet (Mugil cephalus):
purification and classification of multiple lipovitellins
and other vitellogenin—derived yolk proteins and
molecular cloning of the parent vitellogenin genes. /.
Experiment. Zool. A, 3074, 324-341.

Craik, J. C. A. and Harvey, S. M., 1987: The causes of
buoyancy in eggs of marine teleosts. /. Mar. Boil.
Ass. U. K., 67, 169-182.

Fabra, M., Raldua, D., Power, D. M., Deen, P. M. T.,

3
\
\

,::7 \

\\ Activation of proton pump l

\ Acidification of yolk globules |

\
\
N

\ Activation of cathepsin B |

q Yolk protein degradation | |
[
\ Free amino acid increase l

Oocyte hydration I

Yolk globule fusion l

— -

. ISSSENETT o

Fig. 4. Process of yolk protein digestion and hydration on oocyte maturation. DHP: 17 « ,20

B —dihydroxy— 4-pregnen—3—-one.



96 WIRFER - RARER - BO/MEE - X EF—H

and Cerda, J., 2005: Marine Fish Egg Hydration Is
Aquaporin—-Mediated. Science, 307, 545.

Finn, R. N. and Kristoffersen, B. A., 2007: Vertebrate
vitellogenin gene duplication in relation to the “3R
hypothesis”: correlation to the pelagic egg and the
oceanic radiation of teleosts. PLoS ONE, 2, e169.

Greeley, M. S., Hols, H., and Wallace, R. A., 1991:
Changes in size, hydration and low molecular weight
osmotic effectors during meiotic maturation of
Fundulus oocytes in vivo. Comp. Biochem. Fhysiol.
A, 100, 639-647.

Hiramatsu, N., Matsubara, T., Weber, G. M., Sullivan,
C. V., and Hara, A., 2002a: Vitellogenesis in aquatic
animals. Fish. Sci., 68, 694-699.

Hiramatsu, N., Matsubara, T., Hara, A., Donato, D. M.,
Hiramatsu, K., Denslow, N. D., and Sullivan, C. V.,
2002b: Identification, purification and classification
of multiple forms of vitellogenin from white perch
(Morone americana). Fish Physiol. Biochem., 26,
355-370.

Koya, Y., Matsubara, T., and Nakagawa, T., 1994:
Efficient artificial fertilization method based on the
ovulation cycle in barfin flounder Verasper moseri.
Fish. Sci., 60, 537-540.

LaFleur, G. J. J., Byrne, B. M., Haux, C., Greenberg,
R. M., and Wallace, R. A., Liver~derived ¢cDNAs:
Vitellogenins and vitelline envelope protein
precursors (choriogenins). In: Goetz, F. W.
and Thomas, P., Eds.), Proceedings of the Fifth
International Symposium on the Reproductive
Physiology of F’ish. Fish Symposium 95, Austin,
University of Texas, Austin, U.S.A, 1995a, pp. 336—
338. '

LaFleur, G. J. J., Byrne, B. M., Kanungo, J., Nelson,
L., Greenberg, R. M., and Wallace, R. A., 1995b:
Fundulus heteroclitus vitellogenin: The deduced
primary structure of a piscine precursor to
noncrystalline, liquid-phase yolk protein. /. Mol
Evol., 41, 505-521.

LaFleur, G. J. J., Raldua, D., Fabra, M., Carnevali, O.,
Denslow, N., Wallace, R. A., and Cerda, J]., 2005:
Derivation of major yolk proteins from parental
vitellogenins and alternative processing during oocyte
maturation in Fundulus heteroclitus. Biol Reprod.,
73, 815-824.

Matsubara, T. and Sawano, K., 1995: Proteolytic cleavage

of vitellogenin and yolk proteins during vitellogenin

uptake and oocyte maturation in barfin flounder
(Verasper moseri). J. Exp. Zool., 272, 34-45.

Matsubara, T. and Koya, Y., 1997: Course of proteolytic
cleavage in three classes of yolk proteins during
oocyte maturation in barfin flounder Verasper
moseri, a marine teleost spawning pelagic eggs. /.
Exp. Zool., 278, 189-200.

Matsubara, T., Ohkubo, N., Andoh, T., Sullivan, C.
V., and Hara, A., 1999: Two forms of vitellogenin,
yielding two distinct lipovitellins, play different roles
during oocyte maturation and early development of
barfin flounder, Verasper moseri, a marine teleost
that spawns pelagic eggs. Dev. Biol., 213, 18-32.

Matsubara, T., Ohkubo, N., Andoh, T., Sullivan, C.
V., and Hara, A., Involvement of dual-vitellogenin
system in the control mechanism of egg buoyancy in
barfin flounder and walleye pollock. 6th international
symposium on the reproductive physiology of fish,
Bergen, 2000, pp. 305.

Matsubara, T., Nagae, M., Ohkubo, N., Andoh, T.,
Sawaguchi, S., Hiramatsu, N., Sullivan, C. V.,
and Hara, A., 2003: Multiple vitellogenins and
their unique roles in marine teleosts. Fish Physiol.
Biochem., 28, 295-299.

McPherson, R., Greeley, M. S. J., and Wallace, R. A.,
1989: The influence of yolk protein proteolysis on
hydration in the oocytes of Fundulus heteroclitus.
Develop. Growth Differ., 31, 475~483.

Mouchel, N., Trichet, V., Betz, A., Le Pennec, J. P.,
and Wolff, J., 1996: Characterization of vitellogenin
from rainbow trout (Oncorhynchus mykiss). Gene,
174, 59-64.

Ohkubo, N., Mochida, K., Adachi, S., Hara, A., Hotta,
K., Nakamura, Y., and Matsubara, T., 2003:
Development of enzyme-linked immunosorbent
assays for two forms of vitellogenin in Japanese
common goby (Acanthogobius favimanus). Gen.
Comp. Endocrinol., 131, 353-364.

Ohkubo, N., Andoh, T., Mochida, K., Adachi, S., Hara,
A., and Matsubara, T., 2004: Deduced primary
structure of two forms of vitellogenin in Japanese
common goby (Acanthogobius flavimanus). Gen.
Comp. Endocrinol., 137, 19-28.

Ohkubo, N., Sawaguchi, S., Hamatsu, T., and Matsubara,
T., 2006: Utilization of free amino acids, yolk protein
and lipids in developing eggs and yolk—sac larvae of

walleye pollock Theragra chalcogramma. Fish. Sci.,



RN OEH -

72, 620-630.

Okumura, H., Todo, T., Adachi, S., and Yamauchi, K.,
2002: Changes in hepatic vitellogenin mRNA levels
during oocyte development in the Japanese eel,
Anguilia japonica. Gen. Comp. Endocrinol., 125,
9-16.

Reith, M., Munholland, J., Kelly, J., Finn, R. N.,
and Fyhn, H. J., 2001: Lipovitellins derived
from two forms of vitellogenin are differentially
processed during oocyte maturation in haddock
(Melanogrammus aeglefinus). J. Exp. Zool., 291, 58
67. '

Sawaguchi, S., Koya, Y., Yoshizaki, N., Ohkubo, N.,
Andoh, T., Hiramatsu, N., Sullivan, C. V., Hara, A.,
and Matsubara, T., 2005: Multiple vitellogenins (Vgs)
in mosquitofish (Gambusia affinis); ldentification and
characterization of three functional Vg genes and
their circulating and volk protein products. Bio/.
Reprod., 72, 1045-1060.

Sawaguchi, S., Kagawa, H., Ohkubo, N., Hiramatsu, N.,
Sullivan, C. V., and Matsubara, T., 2006a: Molecular
characterization of three forms of vitellogenin and
their yolk protein products during oocyte growth and
maturation in red seabream (Pagrus major), a marine
teleost spawning pelagic eggs. Mol Reprod. Dev.,
73, 719-736.

Sawaguchi, S., Ohkubo, N., and Matsubara, T., 2006b:
Identification of two forms of vitellogenin—derived
phosvitin and elucidation of their fate and roles
during oocyte maturation in the barfin flounder,
Verasper moseri. Zool. Sci., 23, 1021-1029.

Selman, K., Wallace, R. A., and Cerda, J., 2001:
Bafilomycin Al inhibits proteolytic cleavage and
hydration-but not yolk crystal disassembly or meiosis
during maturation of sea bass oocytes. /. Experiment.
Zool., 290, 2656-278.

Wallace, R. A., 1985: Vitellogenesis and oocyte growth
in nonmammalian vertebrates. In “Oogenesis” (ed.
Browder, L. W.}, Vol.1, Plenum Press, New York, pp.
127-171.

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

Wang, S. Y., Smith, D. E., and Williams, D. L., 1983:
Purification of avian vitellogenin Ill: Comparison with
vitellogenins [ and Il. Biochem., 22, 6206-6212.

Wang, H., Yan, T., Tan, J. T. T., and Gong, Z., 2000:

o3I - R B RS 97
A zebrafish vitellogenin gene (vg3) encodes a novel
vitellogenin without a phosvitin domain and may
represent a primitive vertebrate vitellogenin gene.
Gene, 256, 303-310.

Wiley, H. S. and Wallace, R. A., 1978: Three different
molecular weight forms of the vitellogenin peptide

from Xenopus laevis. Biochem. Biophys. Res.
Commun., 85, 153-159.



