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Accumulation, degradation and utilization of yolk proteins in teleosts.

Abstract Vitellogenin (Vg) is the precursor of egg yolk 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
3’ —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.
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fABLNNEL AL DRAERDINT, L R 7 13
FANTRAIRRERTH Y, TOA/REK, T, FfHI
BE9-ARF500%, BEERGHEIC T A Rl A2 pE & 2Ry ok
ODHETEERGFRELZOT, T, < OKFEH
TR G FTRI Fo N CRlps A2 O SR E A 3 ffe Sr Lo
ShY, WOBHEL LT, X 0RhRM R AECEGN
ZARVEICIERE Lo @ 2R EEERN kD 5T 5,
FTodc, TIiE] ofENLD TEEL, WEECHE
RIS b SRR 2 N RNAE A T2 DT R W I
BHEPBOTEHETHD LRSI TWD,

FOHOINTE L VX7 IFRIRE Th I ET R V2 =
(vitellogenin) & L TR O D T THpk 415
(Fig. 1), F&EA BHLE L7 INER CTH AL S 4L D MEMEAR LV
v (estradiol-17 B) IZFMEICH L= A Fr Y=
SZREEMALT, 2T Tudz= AREHE
T5, EbN-ET m Yo = Rikiz k- TIPEIC
LA, IIREIEICE D A E TR Z s L LT
ERSh D (Wallace, 1985 ), Z 5 L TEREIN
729N 2 R T IEREAED T O DR L F—REB IO
IRZ RS D EMEE LTHWBRD EEBEZ DN TE
oo LDALZR23 5, 1980 AR5 90 AEARICHEREM D
TFUEPEINCUFE Y X VG A ENF LI SN &R,
BRI IR T & o R B LR A SN D Z &R
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718 & X (Craik and Harvey, 1987; McPherson et a/., 1989;
Greeley et al., 1991), YNOVFMEIEES~D G- 03% &
Tl oT& Tz, ZDI, FxlINA LT A v
FHEOHRT, OO ERERG L, WER
BEEINC I DINEE S 37 OGO HRIRICE S &
WRRIZOWTHIEZ D CE 2 Lnh, 22 Clik—
HORRERET D,

EEAEICHITAETOCIZ NS E

BESCHAEOE T e 2= VIt MR AL
Z B STV =AY (Wiley and Wallace, 1978; Wang
and Williams, 1980; Wang et a/., 1983), £3H Tl il
ML E TERMOFEIIAPTH - 7o, HERED
BT Oy = OO L OBREET D Z LT,
~ 2 F 3 ¥ Fundulus heteroclitus 123 T Vgl, Vgll
D 2 BEFNERE INTZOR K T 5 (LaFleur et
al., 1995a; LaFleur et al, 1995b; LaFleur et a/., 2005),
FD1%, TexrlL~YHBY Verasper moseri T~ I F =
70 Vgl, Vall IZxIE+ 287 mrY== (VgA &
VgB) L EDIRAEMTH DIV X /37 & o Liz
(Matsubara et al., 1999), 7=, v I Fa 70wV A
U MRS A RE B THEREE ERICB VT
2 W BT Theragra chalcogramma (Matsubara et al.,
2000) <° /N K v 7 Melanogrammus aeglefinus (Reith et
al., 2001) T, VgA, VgB DIBAR -0 v /37 3D h o
TW5b, TNBIZX LT, =¥~ A Oncorhynchus
mykiss O 7 1Y = = (Mouchel et al., 1996) X° =
N> 7 F X Anguilla japonica @ Vgl (Okumura et al.,
2002), Vg2 (GenBank: AY423444) Ti%, #HE DO v 7

Liver X
() © \
. ® o o .
LI ) Vg, @

0y = VBIRFIEROND B DD, VgA & VgB @
£ RRERBVDRFED BV, Figure 2 (TR T X
21T, THb VgA (VgD & VgB (=vgll) X, =< A
RYFEOELT Y s = VBT, KX IONES
DINFE S 87 R AL OEREBILTEY, —
PO ERTEOE T Y == ENEMIT B
b, —J, ENH L0 H/EL, EAHBHEEN R
vt ral o= BN ET T 7 4 w2 Danio
rerio TH R & 7= (Wang et al., 2000), Z ALIZPNHERIC
A BT (phosvitin) ZFF7Z2WNWZ EMHHRAE T
v L A (phosvitinless) 7 B Y= 4T B
TW5b, Fexrt, ~ ¥ Acanthogobius favimanus T
WEOETRY 2= (Vg-530) L RAEF U L AE
TarYz=r (Vg-320) O 2 FEOEE T & o4
YR BEET D Z L & R L7z (Ohkubo et al.,
2003; Ohkubo et al., 2004), #fig & H O AT, VeA
& VgBIZMAT, ZO3MADOETrY == (VgC)
PIEIET D MENERST L, RUA 3—F Morone
Americana (Hiramatsu et a/., 2002b) T 3 % L /X7
M, BHE Y Gambusia affinis (Sawaguchi et al., 2005),
~ % A Pagrus major (Sawaguchi er a/., 2006a), &R 7
Mugil cephalus (Amano et al., 2007a) C 3 B D& T &
Z Ny kit Uiz (Fig. 2), Z0JERED R/ 2 fafi s
L3 oY= RREBENTND Z 0D

INHOET Y == 3iiE LR IR LB LT
ET5HEEZLND, fEEGOIINVERHB O
TRY = AIERBNE U RRICOW T, Jefafk
DOFEIMZEE R F 5 ATAEMEDY G U BT % (Finn and
Kristoffersen, 2007),

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

estradiol-17 3, GTH: gonadotropic hormone.
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Fig. 2. Multi—forms of vitellogenin structure of teleosts. Vg: vitellogenin, PvlVg:
phosvitinless Vg, LvH, lipovitellin heavy chain, Pv: phosvitin, LvL: lipovitellin light
chain, 8 c: B’ —component, Ct: C—terminal component.

REE TR Y 2= QBB AITRER & I ¥
VR DERIKE ST X ON-Kim 7 X BRELSI
SHOFERND, TR Y= NEOINES
INT R A A RSB S M L7z (Hiramatsu ef al.,
2002a; Matsubara et a/., 2003), Figure 2 [Z-RL7= L 9
IZ VeA, VgB # g telF o T rn == d7 3/
KMl SNEIC Y AR eT U > B\ (ipovitellin heavy
chain: LvH) — 78 A E°F > (phosvitin: Pv) — U 7R I
> 8% 84 (lipovitellin light chain: LvL) — 8 - &%y (B~
—component: f ¢) — C— A%y (C—terminal component:
Ct) Ete, ZOLDICHEEIL-NEHEE 2 R 6 702
5H VgA & VgB OO 7 I/ B MIEME TS < 1
<, BpLFERTH->TH VgA Mo DT VeB [Hl
DOFEMEIZZ NI TR, 2k, % Tk~
VgA & VgB ORERED 70k & HHACEBR L TV A b D
ERbnd, VeA, VgB LIxHERZRY, VgC OWNHEIC
TtV ELL EATERAET  OEENEFEEET
LvL DAREOFEI b A ST\ b, &KoY A4 X670
X aflicl b e VeA 37 2 /8 1,695 FEHE (v
TFNARTF R A GTe), VeB 237 X /& 1,675
BIETHDLDITKR L, VeC I1L7T I /8 1,242 FRIL L
INEW, VeC X Z D & 5B KA A G D
ETRY = b RESERL Z 0T A XD/ E W0
Z LTz, VeA, VeBIZHRT 27 X /EEOMENED
K<, BH ¥ TiL VgA L DT 17%, VgB & DI
T 21%IZ LA 7= 72> (Sawaguchi ef a/., 2005),

BEAONOZHERFADZHETODIZ U DEE

~ Y VIR O R X 2PN & AT e E £ T, MEIE
1 AOFESIBIOMIZ 3 ~ 4 AEHITHEINZ < VK
F (Koya et al., 1994), ~>Y H U OINIZHIETHR.2 5
£ O MERIIAAAE L2\, Z D7 IIOEMEE, P
WH LRy R LA UTSlEET X BRIC K 5 igE
JEES 2RI L CBERYWKER IR L, JIDIE
WK ERSEETCTIT DI & TEAST A Z LEPRES
#17= (Matsubara and Sawano, 1995; Matsubara and Koya,
1997), E5ICHhx 1T, ~Vh T THRAKHEANIC VeA
& VeBIZHIRT DINE & X7 & B uﬂﬁqﬁfé
L TIORNERET L 2 M e T rY 2=tk
FHEIHEAE (Dual-Vg control system, Fig. 3) %ﬁﬂj L7z
(Matsubara et a/., 1999), <~/ U OIIREHIRIZIN ST
BT VA & VeB RV iAZ, BNEEH 37 (UK
ETF Uy, RAETF L, B -Gy HERT D, YR
E7 U TEEOR 20%DIEEE G Y R T m T A
UC, I EIF Ve AEKRDO U ARET U v (LvA) T
I3/ 430 kDa, VgB H1 3K @ LvB T #7400 kDa T &
b, FEFNEH (VLvH) B (vivL) &% 2
KPFogite, —F, RAEF L (Pv) ZHEICY
fpafta Lt U ol ik LS % a@%ﬁ%iﬁ& N
IRT T, =Y TIEM Y CEEL LT & IE VeA
i3k D PvA C 7 kDa, VgB 3K ® PvB T 15 kDa & 8
kDa T& % (Sawaguchi et a/., 2006b), F7=, B - %y
IX SDS- BEAWKE TIL VgA, VgB HROWT I B4 19
kDa 7y % £F> (Matsubara and Sawano, 1995),

< B U QIR T, BSRERIC s E 2
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Native: dimer 510 kDa Native: dimer 430 kDa
[ VvgA:168kDa | VLVHA : 107 KDa  fr===erey . Native: 330 kDa
VLVLA: 30 kDa  [=i=pp| OLvLA:22kDa |
VLVLA’: 42kDa [ E
— PVA fl ......... '.. ....... »- Free aminoacid
: (87% from VgA)
—| BcA } ......... H

Native: dimer 400 kDa

Native: di kD
m”%dg?iigkga 1 VLVHB:94kDa  [™"™""i | Native:170kDa
CLE ' vLVHB' : 102 kDa =P oLvHB:92kDa
VLVLB : 28 kDa  |me—— P oLvLB: 15 kDa
PVB e e
" Free amino acid .

BCB 39% from VgB

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, 8 c: 8’
—component, Ct: C—terminal component, v: component from vitellogenic oocyte, o: component from ovulated

eg8.

DI X R IZE LWE LR R 6D, Figure3 |2
NI LA, Pv & B el VgA, BWINOMEEDH D
bR iR S, PRSI CIER o 7e < e
bo —F, WiZoOWTIE, LvA IZES#HEE L REO
—EBNAR S AL, 22 kDa DEEH] (oLvLA) DA JEHE
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Iy ERIHIICE EFED, ENEN 92 kDa D
oLvHB & 15 kDa @ oLvLB IZZ{k L, &% DK Y XS
F R I AREIEEN L2 DME~ BT D, Zh
2L, FABETOLNT BT R T O 430 kDa
ﬁ@mmmmAk#ﬁﬁéo_®;o LvA & LvB
ISR T2 3 iR % 5% B Z & T, VeA DI &R o
87%%3\@Bﬁ> 1 39% N WERET S R~ L SRS
oD, IEX R OofiRE, FIIC X DT X/
2 DN IR AP R LI B I 2 0, 2 b
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B, X T BREMICHRL, FRICEVAET
T EROWERET I/ BE ERFEETE LR L LT
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FAEI L TWD Z ENHB T, BfERRE Ok
IKOBRIZ, 727 7K Y > (aquaporin) 23/K D 0 1E
LTRSS TWD Z Ena—nr v X~F A Sparus
aurata T 57N S 47z (Fabra et al., 2005),

Z 9 LTINS HEE 1L~ 4 4 (Sawaguchi et
al., 2006a), "7 (Amano et al., 2007b), A/r U X Z

(Ohkubo et al., m%%ﬁ%ﬁ%th%,WB%%o
B AEICHGE L TV B EE 2 Hivd (Matsubara et
al., 2003), Z OMME TR O EERKL, 2HEAOET
nYx=2 (VgA & VgB) BIRODINEE % >R & 1EHe
WD LETIFHRENICERE T AL ENH D AT
HY, TOEDORHEEENEFEET D LD LRSI
Do

BN 8 1S 0 A IR R ER BT A A

I KRN = 2 IR 88 & 2 X7 R OB
ot 2T, REMRSMESI SRS T e T 7 —
B OIEMEAL & Z OTEMEFRE 217 5 JIN pH O FilF# 23 3=
E LT (Fig. 4, fixo7u7 7 —FYHERZH
WEERBI OV AT A 7 a7 —BIZk+ 5 AT
FEEE AW TRERA OINE ¥ X SR B
D8 N RIS DI TSR, T T
> B (cathepsin B) & B o 2 I ME DS fic R R A HhAk DL
MO TR ED Z EWRENT, ZOhT T
vV BEREEE O FEiE pH & 72 L Z A pH 5.5 (1T
Thy (RRL, RER), FLEREONT TS
B O % pH L VMEE R LT, BT 7 B O
{EDB& AT B TIEWna, EH A2 F T
< L CURREMAEN pH 23 5.9 705 5.0 FRE~ L 5l & T
o, BEFEOER pH IR 7= T b (Matsubara et
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AT 7 B OIEMHEALD I RGN D pH D 2 THE.
BRI STV D D ENITARITIE S AL ERET
HD,
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