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The zebrafish is an emerging vertebrate model organism in reproductive biology. The oocyte matura-
tion of zebrafish is triggered by maturation inducing hormone (MIH, 17a,208-Dihydroxy-4-pre-
gnen-3-one). In almost all animals, the oocyte maturation is governed by activation of pre-MPF which
consists of cyclinB and inactive Cdk1. In the oocyte of Xenopus and mice, the activity of Cdk1 is regu-
lated in two ways, one is the interaction with cyclinB and the other is phosphorylation/dephosphor-
ylation of T14/Y15 residues on the Cdkl by Weel and Cdc25. Unlike Xenopus and mice that have a
sufficient amount of pre-MPF, pre-MPF is absent in GV oocyte of most teleost including zebrafish.
Therefore, the activation of MPF during zebrafish oocyte maturation might totally depend on de novo
synthesis of cyclinB proteins. It is reported that the translation of maternal mRNA is regulated by
combination of several RNA binding proteins such as CPEB, Dazl, Puml/Pum2, and insulin-like
growth factor2 mRNA-binding protein 3 in the zebrafish oocytes. However, the definitive mechanism
of these proteins to regulate the translation of stored maternal mRNAs remains to be elucidated.
Therefore, the investigation of the maturation process of the zebrafish oocyte will provide new in-
formation that can help identify the role of translational control in early vertebrate oocyte maturation.
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A de F olth = tFoE gA A3 7Hsd FA
DNA 5 RNAZ A=At FA4E HLAA7IAY,
CRISPRY TALEN X+ antisense morpholino oligonucleo-
tideg o] &3t FHAE /Y thE(gene knock-in/
knock-down) 30 2H ZH& A Zto] thekdk frHAEY 7%
< BAT F U old T B FHOE Q8 Al B4
A A vl A, g3t 9928, o35S, v 59
Ay 49 9 T g&stA o] &HL 62, 94, 118].
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T PHIE Hoth, B FHAAE AR
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LR} M=% (oocyte maturation)
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9 dA A Gs7k ACE AN TI= ALE AT 71].
A cAMPel| 93l B435te “cAMP &4 Sl <l
H4 A(CAMP dependent protein kinase A, PKA)"+ d2
5o 29 71ds Qatgstel Al2F71E AA A6
67]. ol 23 AHEE& PKAY 2AARl PKI, & 24 2992
(R subunit)E dAtol]l FAstd daAzt MEF7]|E A7 S
o) 2 PKAY Zv] AT A (catalytic subunit)E F-AHs}
el AE2F7I7F dAEgE 49 23S ) SHEAT
[6, 7, 80]. =3 cAMPE #3ldte E4Q 22T of| 2 2hA
(phosphodiesterase, PDE)¢] <A 4|2l isobutylmethylxanthine
(BMX)< A g std G A dojuhes MEF7] AME &
= QITH15, 18, 99]. Z& U o} A& i g EAEo] PKAC
s zAdH da Axo] dAHEAE GHA ¥
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Agate] dA AE Y 3§ S A Z(granulosa cell) ol A
AR e AN As7t A2Enh d A A S (oocyte ma-
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tion)= FAA ST GV 24 FAHEH ol& “dI =
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ARt 4] G e 34 L o8¢ A (pituitary gland)el
A EHEE AT E 2 E(gonadotropic  hormone,
GTH)el ¢j3 ZaEth81]. dZAFI 2 E(Follicle stim-
ulationg hormone, FSH)Z SAF 452 Z(LH)Y + 7HA
GTH7} #HIE = Efreed vR7IA R A Heba] 4 oM =
GTHIZ GTHII 7 7H4] $79] Z20] {0 5= GTHI=
Gz o] Yo #ejstE ¥ GTHI (LH)® G2 & A53h
g

S
, Hr H

u

& ©2&(maturation inducing hormone, MIH) £ ¥]
g FXAZYE7]. MIHE dA9] R4S fr=stet 170,208-
dihydroxy-4-pregnen-3-one (170,208 DHP)7} A B2} 3] ¢
kel GVBDE friste 7H A3 2H 2o B0t 9
S2EL BE0 Fteleost)d] & AFE] F(medaka, Oryzias lat-
ipes)[43], o1 F(Oncorhynchus  rhodurus)[82, 109], 7|34
(Indian catfish)[30, 98], %1 5 (Yellowtail, Seriola quinquer-
adiata) [97], 1159 (chub mackerel, Scomber japonicas) [70]
TAME GA H5E eI Sei o EEEE &
17) A A Eeh 6] EA5= GPCRY Z2A2H 8
A (progestin receptor, mPR)°ll 2H-&tH[126, 127]. 11}
MIH7} &4 &0 A o €A mPR¥ Z2Este A= oH
&efAA 4kt o] GPCRE Hdd) 54-UHA A G-
1 4 (pertussis toxin-sensitive inhibitory G-protein, G))& &
AFANZOZN AZTYRZ ANEE A5 FoH119, 120].
G AMlxete] EA3te ACE AAStY cAMP 55 %51
PKAE €4S 34 dtH127]. ACZXA %31 A (adenylate cy-
clase activators)t} PDE 9 A| A| (phosphodiesterase inhibitors)
£ Agstd T T, A v R 7] ¢ A
s HAo] JAHE ol 43 A= ABgy4, TE
NTE, BF EZFAA cAMP7E B2 A4 AA & dA s e
9g& dve AS QS5 19, 20, 46, 69, 114].

H] 5 170,208 DHP7F Al H.2ho) 4] @4 d52 2dshe +
L ZEEOR 4HA YAT FEA TG A Bty BF
oA € (insulin) @ Y& HFAMI A2 A (insulin-like growth
factor, IGF) =& W2t A5< FEFTHL, 2, 60, 84]. EEAT
2o A4 ded &A7t 39 @719 Pl3-kinasest PKB
(Protein Kinase B, Akt)& #43}A/7lth. PKBE PDE3A
(Phosphodiesterase  3A)E  I4tstste] A4S F7HAA
cAMP®] B3| & 3t HZ ARG dA AxF7]
AN Aol = ZA45HE PDE3A7} cAMPE E33te] PKAY]
843t dofdts Aol R dn16]. ¥l A F oA
5 A Ao Aktd] 240] F7hetal, Akts FEEs)
W PDE3A7} 914t E M Wap Aol ZXE e 2o e
HA T PI3-kinase®] E4 < 7M1= IF Ao opF 4
A A B UTH33].

& & E (antral follicle)ol] EA3t= B3 A5 A =2
24 3 (theca cell), B ZH 3 A Z(mural granulosa cell), &
A Z (cumulus cell) 2 & &M 913 57072 9 A B}l

i

A9 dAE dxGAE AHSAZE SR T A

o EEATE BA s FH 2 AolH T st ol

FH AZES AASE AH dA= b

(spontaneous oocyte maturation)® E¢17b= ¥HH HE )

g= GV AHE fAstL lthe A

FH AZE AAHE R0l GV FHE
N

AE A dAY FH AAMZAN dA 5 g Az}

Lo AL gH et 2 AFZA el ostd Fu A A
LM HE freid cGMP7} PDESAE AATo=H A ¢
Ao A2F7] ANE HETH106, 107, 110]. FE2 <GMP2]
%+ mural granulosa cello] A # @5+ NPPC ligand 9}
cumulus celld] EA)3= &< NPR2 (Natriuretic pep-
tide receptor2)ell ¢J3] A= YA E GMPE gap junction
& 538t dAE SukE 68, 122, 123]. ol 83 Az A S}
ol AlBtu 4 da A 257 2 E HE0] HojgleA
EUEA A oy AMEERY By B A By
dA7E A GGl So7ke ALE Hop AAMZ £
Az EA s dAd dojste Aoz A4dn. H2 o
TAI ot A Bty G FH AA Lol A EulH
estrogen® 1 484 Q1 GPER/GPR30¢] 2 sdE A& F
a 49 Scr kinase9t metalloprotease’t &4 shE 1
HBEGF/} 43 € th. HBEGF= 4t 9 9] EGFR| 2 3at
o] Map2k kinase®} Map3/1 kinase® E4 302X dat
e A0, 91, 93].

AT AH, A, &, Aol 282 AT 5 A9 TREE
ol A LHY| #=rol 9e 43 ¥ =amphiregulin (AREG), epi-
regulin (EREG), betacellulin (BTC)# 22 EGF-frAF A78<l
ZH(EGF-like growth factor)7} granulosa cell®} cumulus-oo-
cyte complex Atol S A HALAAE Fato] dA A& #A
S AT Ao RIFHATH0, 25, 63, 92, 113, 121]. A3
G Z o A& EGF-#AF 4% <A} granulosa cellol| A 2 5|
1 granulosa cell?} cumulus cello] &3t EGFR 2 dst
of o9 TAY A5 Ao gt A B}yl oA = EGF
7} granulosa cell# HAtol A 25 L@ H = W EGFRS
granulosa cellol| A ¥F #@ = o] EGF 42157} datoll A ¢ A
X %02 %3/ |tk EGFE activin BAS} BBY] @& %
ZA 712 follistatin®] #Hd-& o A 3T}[113].

T

A

CHIZ A (protein modification)Oi 2/t LHX} M= XH

AL AAYEQ aw, 23 BTG AHE uS
& EE FEAA dA AxF7 Ade A=A
(maturation or M phase promoting factor, MPF) & %) ]
g elpofA|u, of HPAE L& DAL S cd2 At
3} 8 4 (cde2 kinase)o} 2 dH A cyclinBE o] Fo{ A 9]
TH[48, 77, 83]. EAN el o AH O HEHA L dAdE



pre-MPFe} £2& vl&4 MPF7} A3 o 5349
cde2 2T A= T161 2719 T14/Y15 H7]7F Q14kshe of
At} CAK kinaseoll 93 mj7i= =t T161%7]19] Q14bst=
Cd2E #43tA71= WHHE[17, 77] Mytl/Weel kinase®
T14/Y15 718 Q4k3lste] MPo] &4 & oAl i 25
ATFE dAdlME PKAZE T14/Y15371E €4 ets
Cdc25C phosphatases 14t3}ste] &4 & FEo 28 da
o mA% AHE FATYRI]. TEANFY G ZEA~
HEE& Aelstd PKAZF vl &4 8 5 o] Cdc25C7F 24 515
i T14/Y15 2719 Q14718 AAS MPF/F E/438tdth
[23]. A9 v & dAle A= PKA7F WeelB kinaseS <14+
s}ate] &A3HA7] 1, Cde25B phosphatase® EZ4 31417
S 2% MPFE HIEAY FHZE fAA 32, 95, 125].
MIHe| 9J3f #A=< & AHeta4 9 s MPF E43}
€ FESTA]. 28y AR dAd = v 5 cyclinB
mRNAE  EAsHA T @@do] EAsA] OB E[55]
pre-MPF2} £ v184 MPF7}F 41812 %ETH40, 56).
olg ¢ o] f& A HetE 9 A M E A& Weel?} Cde25
7t e A s 2R G Aolge FAHE e
SHA 3ok A WeelBE MIL A S A7 4 & AAE
9 AT 9 MPF 84 & Zaster s Fa30(87]
olg ¢ gato] AHeIHANME BEF YA A5
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3k Cde29l sxd e 78 A= w2 o dE7) 729
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Fig 1. Signal in the fish oocyte maturation. See text for details.
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mRNAS| e A 2ol o Mnt dojdti[12, 59 61].
Jeu G A wjolE W EHE HANA A A EFT]
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A °i Hol MPF 243171 @29 dAle AuEvs Ae
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T4, dof, w71, PFE}ZI ARl & o8 TR E
719 A cyclinB cDNAZF & H AR R o] & o 79 WAl
Wabol = cyclinB Tl Ao] EA)5HA $ETHY, 29, 37, 38, 47].

g d A4S A 2AdME 294 dA cyclinB
g g FAEE GVBDZL fE 5 B2[49] MIHC o3
Flazhe 01%91 dA S ol = cyclinBe] /o] Lot} o
A AE LS AG7HA AFFE G 45 ZE A2HoE
&5 FEAFEG AF FAde 2E 2] ¢
Ao Wy (datsl, gldshol o s 1A
of| A1 D}H“%J_ Y 24 AT dA s 24
F e oAl Ay mdojgte As s
7t Al B2t Ao A cyclinB mRNAS| T2
to] AFsta YA AR Gl AR
maternal mMRNAE 0| o] 9A] A3k A kot A Fo] A H
< 7bell tig 7132 oA FHEHA eRTH54-56, 116, 117].
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PRZEA 2 F3EARL v o) ofe AT Al B4 v
A& dA A cyclinB mRNAE &5 £ HEHo &
g o]¥ ¢ cyclinBS] =A 4ol Pumilio &4 Aol T4
stth56]. o AL " A A& (microtubule)Z= FHF3}A T
HE (actin) A -F5 &Ealshe Al Al EZeA] (cytochalasin)
< A3 cyclinB mRNAZ} A8k oF4E Bols Ao
2 Hol AR S x3 22 A0] ZEte AS &+ Ao
[54, 56]. A A& dAIA MIHE A=50] 9f3) cyclinB mRNA
7t AIZAE FoAA HH A E mRNAY A T W o
FHFHE Ao AHT

WA A Fgell A g 39S mRNA 329 ofed
AH% & (polyadenylation) A =l 93] ZHHATT EHA 9l
o 45E dAA A cyclinB mRNAS] poly (A) tail& 7|4 <
wzke] 279 Hlske] 2 100 nucleotides A = ZTH116, 117].
o] 213k poly (A) tail®] 21%8-& dAe] GVBDY A9 5L
A7lell dofdrt. 18y o] A MIHZL polyadenylations
st 23 A= vHIg Holgh, TEI T2 dAtel
A A7%¥ maternal mRNA| 23 3h= RNA 23 &
(RNA binding protein, RBP; ¢]& E°] CPEBI, CPSF, ePAB
5), Z¥ otddetA (polyadenylase; Gld2), T oldld A
(deadenylase; PARN), 2:7)& & & A (scaffold/adaptor;
Symplekin. Maskin) a8 5 7 Fxd Adste B¢Md
2l elF4E7} o] F& I8 EFA 7} poly (A) taile A FA
Fozi DA WS Asfstes Ao T8 5
W2 Ao A CPEB1 (cytoplasmic polyadenylation ele-
ment binding protein)°] mRNA®] polyadenylations A3t
AU A 3ehe dA z2Ha2 A A Yo7, 31, 103]. T
A Weo] £719 o] CPEBl Eg2 (Aurora A) kinasedl 9] 3l
Ser174¥ #+e]7} 91448t v PARNO| A ZHE HojA
U7 mRNA9| polyadenylation®] ZZ€th. Aozl poly
(A) tailoll ePAB7} AE3t] mRNAZE 18|3 +25 A3}
H 2 o] AEste dld o] ZAHT39, 73, 74]. 1

# 1} Aurora kinase7} AL & da}of H il W 24
dofsteAe ool R3] 22 IFAA AT b

2 A4 Ao Aurora A kinased] A SE B A LA
oy ddstglon, da FE2qdA FAE o &3t
Aurora A kinaseE A AANF & AFol= 2719 CPEB1 4
32 gA 54 £ G 39, 53, 85]. A A A E| A= CPEBLO]
e /ZEEY-YE A4S E A 1 (calcium/calmodulin-de-
pendent kinase II, CAMKII)ol 2|8][41], Z3}2] 9] dAtol A=
CPEB] homolog?! Orb7} 7} Q1214k8} & 4 2(Casein kin-
ase2)oll o3l QlatstATH115]. =3 A FAto] Aurora A
kinase A1 A& A 2)5ted = CPEBY &S AA A& &
3t 202 Kol Aurora A kinase?} CPEBL] 9f3) w7l ==
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Fig 2. 3’ UTR structure of mouse, Xenopus and zebrafish cyclinBl mRNA. The schematic diagram shows the putative RNA binding
sites in the mouse, Xernopus and zebrafish cyclinBl mRNA. H : hexanucleotide sequences (AAUAAA or AUUAAA), P: pumillio
binding elements (UGUA(N)AUA), CPE (c): consensus cytoplasmic polyadenylation elements (UUUUAU, UUUUAAU), CPE
(nc): non-consensus cytoplasmic polyadenylation elements (ULUUUACU, UUUUAAAU, UUUUAAGT, UUUUCAU) M
Musashi binding elements (G/AU1-2AGU). Accession number of each genes is NM_172301 for mouse, NM_001087797 for

Xenopus, and AB040435 for zebrafish.
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