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BTV, AE TR ER S RIFTZL72< SN §iL NSN Jp% &
ST B HELHESI LT, BREIZEIE, B ROLRBB T REMRE

3. WROR OE MR
EMSEME (PVS) &Y, /—320 um.



B+ 533 3-isobutyl-1-methylxanthine (IBMX) %3 teif i #il 3 2L FHIRME (70 #F L0 ha i
O DZER ; PVS) 2R T 202 B bz (K3) ., £O HBREIL 60 2 TIZITRK (1) 70%) LeoT,
IBMX 7E7E T @ 60 > M5 3% CHIMELTERLIZLO (PVS+)it 93%43 SN B Tho7eDizxiL, M
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PRIz T B2 . MIT ISR MBI ZIZ NS0 SAEET 5, RS RIED (2) @ MITIIR
fafk% SN IRDENE

FEA MI SO m
MR B Lo @ -
5. zoRitian @ > il b

L., EFEICE&EETR
AL (H4; ARAN),
ZhHORERNG, SN
JRL NSN JROFEAfE
DBNX, Za<F
R TII2<BERIZ
FETHIBENETFIC
FOREEShTWHIL
AraEhie,

B4 BBERBROY ELEROBE

[#5a&]
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Summary

Mammalian oocytes progressively acquire meiotic and developmental competence during
their growth in the ovaries. However, all of full-grown oocytes (FGOs) are not able to
accomplish meiotic maturation or achieve preimplantation development; some FGOs possess
competence for full-term development, but others do not. The factors determining meiotic and
developmental competence of oocytes are unknown.

The chromatin configuration of FGOs has been reported to be associated with meiotic and
developmental competence in several mammals, including human. In mice, two types of
FGOs are known,; those with germinal vesicles (GVs) in which the chromatin is condensed
and surrounds the nucleolus (SN-type), and those in which the chromatin is less condensed
and does not surround the nucleolus (NSN-type). Although SN oocytes possess higher
meiotic and developmental competence than NSN oocytes, the determinants underlying this
difference are unknown. The purpose of this study is to examine the contribution of chromatin
configuration to the determination of meiotic and developmental competence in oocytes.

I first established a method for distinguishing between SN and NSN oocytes, without
injury to the oocytes. In previous studies, the classification of SN- and NSN-oocytes was
performed by DNA staining with Hoechst. However, this method needs to have oocytes
exposed with ultraviolet light to visualize the fluorescence, resulting in a decrease in meiotic
and developmental competence of them. In this study, I found that FGOs could be classified
into two groups using the criterion of formation of the perivitelline space (PVS), the space
between the surface of the oocyte and the zona pellucida, after culturing with
3-isobutyl-1-methylxanthine (IBMX) for 1 h. In oocytes with a PVS, actin-filled projections
within zona pellucidae originating from cumulus cells were reduced, while they were rich in
oocytes without a PVS, suggesting that the reduction of those projections contributes to PVS
formation. There was a very high correlation between PVS formation and chromatin

configuration. More than 90% of oocytes that form a PVS had a GV with the SN-type



configuration, while all of the oocytes that lack a PVS had a GV with the NSN-type
configuration. The treatment with IBMX for 1 h had no detrimental effect on accomplishment
of meiosis or preimplantation development. Therefore, PVS formation was used as an index
to distinguish SN oocytes from NSN ones in the following experiments.

To determine which factors in the cytoplasm or nucleus contribute to meiotic and
developmental competence in FGOs, I exchanged the nuclei of SN and NSN oocytes. The
nucleus/cytoplasm of each reconstructed oocytes was classified as follows: SN/SN, NSN/SN,
SN/NSN, or NSN/NSN. After reconstruction, the meiotic competence of the oocytes was
analyzed. Few mature SN/NSN and NSN/NSN oocytes were observed (20-26%), whereas
88% of the NSN/SN oocytes matured, which is comparable to the percentage for the SN/SN
oocytes (84%). These results demonstrated that cytoplasmic factor(s), and not the chromatin
configuration, is involved in the determination of meiotic competence. Next, they were
fertilized following in vifro maturation and their developmental competence was analyzed.
The NSN/SN oocytes rarely developed to the blastocyst stage (4%), whereas most of the
SN/SN oocytes reached the blastocyst stage (83%). These results clarified that developmental
competence is determined by the nucleus. When the MII plates of in vitro-matured NSN/SN
oocytes were transferred into enucleated MII oocytes in which the contents of the SN-type
GVs were spread into the cytoplasm, most of them become enable to develop to the blastocyst
stage (76%) and completed full-term development. These results suggest that factor(s)
contained in the GV, and not the chromatin configuration, is involved in the determination of
developmental competence. Thus, the differences in meiotic and developmental competence
among FGOs are determined by factors in the cytoplasm and nucleus, respectively. In
addition, material(s) within SN-type GVs, but not the SN-type chromatin configuration, is

essential for full-term development.
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FRRFABARITARRRTR T, JRERBVE ST ORET] (FUREE) B LUSR R OR L Z &
112885 (AR 2 BE TN, REEEAT TN TOMA+S2RREEEIT
FEAEREALTWADIT TRV, REIFORRBERBIORARITIa~F L HRRE
EVRBERHAZEN, M E LI EIERHAETHONTND, vVADEREIID
ru<F L THREIZIX SN (Surrounded Nucleolus) %! & NSN (Non-Surrounded Nucleolus)
o 2 FENHY. SN B3 rm~F oM/ MEZ B H A8 5 75 L9722 IR T, NSN
B IMEZ RV EFITENIC— RIS B T2 BOTLEN), SN BUZZFF DB
F IR (SN JF) iX NSN BiZE R DRI (NSN IF) iIc e~ TR BB RE R L UM AR
EHLTVD, LBLZRNE, SN Ji& NSN JRCZLDREI DB W2 A H ERIX
FolKHLMITEN TR, AFFR T, Zu~vF U EBOEVH LEEER JU%
ERRICEZ DR BERBLT, IR OREBLEEROREERZHALIIC
THZELEBRIELT,

F—FETIX, SNIFENSNSRDRBNEZHELL 72, SN INENSN IRDRBNITITREE,
~F2ANEFAVTDNA R A B IRV LT 55 ELP RV TR T, LD
LZIDFIEIZ UV BREZESTZHIZ, IO DNA 25017, BRRBBIURAEREZET
SR TV, AR TIIINCEREER KIE T2 472< SN I NSN JR& BRI 35 5 5%
SLEE. RENZENZ. BXENRBE I HRBRZEETOAE
3-isobutyl-1-methylxanthine (IBMX) % & TeisHllZFhE 354 FAIRNE (FERH# LML
JEOR D ZEM];PVS) 2R T b OB b, ZOHEEIT 60 £ TITIFHRK K
70%) L7 o7, IBMX TFET D 60 4R 0REE CHIMEZRKR LD PVS+H)ik
80.1% N IR REESE T Lic— 75 C, BIMEEZ R LR T D (PVS—)L 5.5%I2E
EEole, Fiz, 9H?5°V9T‘ZEELCB§L”C\ PVS+iX 90.5%%% SN B THo7zDITH L,
PVS—Z 100% NSN H Tdho7z, IBMX F7E T 60 53 D8RI DEMAER LT




Abstract

RAEMBTETSHRNILEHR LIz, Z0Xic, FHIRIES AL L7 SN JiE NSN Sf
DFRDOBRREEZ AV TREDERE B iRoTz,

B ETE RRINCBIT 70~ F UL R ER R SO A RED B E 2R L
72, BMERIEIZLY SN JRL NSN SROReE 25 L, LA T DX IR A eI L 72 ;
(1) SN/ SN #ifaE. (2) NSN £%, /SN MifaE, (3) SN #%,/NSN M., (4) NSN
B/NSN Ml E, ZNOOBBHEIBORBEEFHLZS, D)1 L@)DIETENE
AL, 84%. 88%. 20%. 26% ThH o7z, ZDTLHE, SN Ji& NSN SRDRREEEDE T,

Zu=FUoEB T HMBRERFICIVRESN TWDIERRENT, VDT ().
() ODXRERDORBAERER LA R ETELZROEIS1L. (1) 83%. (2)
4% T o7, ZOFERDD, SN JRE NSN JRDFEAREDBV L, JuvF U 2E TIZIC
FORESNTNDSZLEBHALNIT2 o7z, WIT, REIFDIn~F UL BIHFETS
BARFOLLLRZNOOINIFEERDENEEZHL TODDONERIES D20
(W, FBAERERTIR (2) OINT SN IIDBEHNRFEMIZLERA T, REIDO
NEFIXSMEZ IR BRI L b o CRIFRE ICHE RN S5 723  MIT BIOMBEIZIZZ 08
TS D, RAREED (2) O MIL R EEE | SN IIOBNEF2E T MII
HSROMBEICBHEL /L2 A, ZORARIIEEL, EEICEEETEALE, Zh
BOFERHG, SN JiE NSN JRDFEAREOBN L, 70T LB T E A E
TOENEFICEVRESILNTNDBIENRENT, L EDOIIZ, ZNETREAME TR
AERRCEELE Z O TV SN O nvF UL, ZhbOWFHIch BERL, R
REITHIEE R Ao LD RAEBIIBENR FICLVIRESH TWAZERH L 2o T,
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I RIFIR R DAEMERIVHTEERBR THA, MABEO IR IIE—
BE D RATH TRE DR e LU EEIP RN TREL, TORRIL 100520 Fick
THEMT 2, FlZIX~U 2Tk, HEBEBOMOIIREIZHDINIERED 1520 pm Th
B3, PERRBVL 72 HEIZ ISV TiX 75-80 um ICETHRE T3, 2O 0 IR iT I
(Germinal Vesicle; GV) EFFIINAZERFD, TORESHLINDERFELEBITHE AT,
REEAE A TIRERRIFE VN BT RIS S OB SR FRL., IS
B (Germinal Vesicle Breakdown; GVBD) D%, B—BEE AL, B B2+
#] (Metaphase II; MII) CTHE{Z1ET5, ZO—EDBREIIINRBLIFITNG, SHEEPX
OPNFITEE B Z M HL TBE A RET T L, 85T/ LERFS ) DER 2 \RE
5 2 DORIEER 1 MlEIRL22 (Fig. 1).

IR FIZ, SRR BB ORA L ERE LD mRNA RF I BEEE
BT D, ZOLXIRRZ BRI (FREEE) BLUORBRORBELFITT DS
(FEAERE) M5 9543 (Sorensen and Wassarman, 1976, Eppig and Schroeder, 1989,
Erdogan ef al., 2005), FRZMZ T R TOIPRBBERBLIOREEEZFL VDD
TRV, T720L, ZNHDREIIE 4 DREINCE S TENRSH D, 207,
RICEESBCERIFICEN T RRBESIUREBOBEVINEHEIZLITHR
WCHEETHY, HEZED QD LLLERL, ZNODREHZIEL CWAERICE
U TIERARIRI D BEL, IR ERBICBEL TUIZORTET VRZLL, TDOE
FIXEST<HLMIZER TR,

BAEETI, REIIO7u~F LR BREITHEND DL, bheE s
JERHAEHTHON TS (Mouse, Zuccotti ef al., 1998; Porcine, Sun ef al., 2004;
Bovine, Liu et al., 2006; Canine, Lee et al., 2006, Monkey, Schramm ez al., 1993; Human,

Combelles et al., 2002), vV ADREIRDI7u~vF FEIZiX SN (Surrounded
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Nucleolus) #!& NSN (Non-Surrounded Nucleolus) o 2 f@fEAHY, SN T/ m~<F
VIS IMEE U B AR T A KO RE T, NSN BU I /MEZ BB 1T NI
— KR EN TR DZ L% (Fig. 2). 15 BB T O~ AR BICRITBRE SO
FTARTOINENSN BOFERFOH, LI SN BUZZE{L$208E NSN RO EER
FTAIEBTFEIET D (Zuccotti et al., 1995), PERRBL Tz~ 2 CiL, SRR HLE
YDOYERT SN BIZZFFORREIR (SN JF) OFIGBBINT5HZLR (Zuccotti ef al,
1995), BESREATOFZEL I T SN JINZLADNATENMBILTIY (Mattson
and Albertini, 1990), SRAZDOIRFEIEIR R ORI T NSN B Dr<F 08 SN BT ZE4E

T5EEZ BN TV (De La Fuente, 2006), NSN B & ok &I (NSN JF) X SN
BRLIEEAEEDLIRNKESTHHN, TORBEEIL SN JFEVBIEVY (Zuccotti ez al,
1998, 2002, Liu and Aoki, 2002), EHIZZFEE ., SNIIIEWEI G TS ETRAE
TEAHD, NSN SiE 2 MIREEIDIRERE A TERWVIER VATV THRESNL TS
(Zuccotti et al., 2002), ZDOLEHIZ, SN JiZ NSN FHZ TRV ERBBER L OREARE
EHLTNS,

I F BN, =V AD SN JIE NSN SROMICIEIETES EnEW A Ebh
TG, Bl Z2IE NSN BRICITERBIEHED HD D, SN FHIEREL TEIFIELTND
(Bouniol-Baly ez al., 1999, Miyara et al., 2003), filiZt . SN IR CIIM iR A9V BE1L
FL%7 MPM-2 BU SN TWBAZ LR (Wickramasinghe and Albertini, 1992), SN
IRORZ A B I NE TR P L0 FETE T 503, NSN SRiTid eSS nanz e
(Can et al., 2003), SN SROEZ/MEIXNSN JREVSREE THDHZL (Debey et al., 1993).
SN SRR IE D ERITIVE TIVENZERENZEITFTENS (Cecconi et al., 2006),
EBIT, &) HEIED DNA DOAFALRERN DT EF AL, BRAN DAF ALIRY
DL 2R T A9 ZEML UL SN BROEREWZELMBN TS (Kageyama ef
al., 2007), ZDOEHIZ, SN ik NSN SHIMILE . B, TtV X T A7 RT3
FREERRER->TND, Ll MERICHRAREB IR ERDENVEZ 52 TWDHE
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FILESTKEBIVTU VR,

A TIE, REINCB I BRBAERBL OB EROREEREZRMLILEER
EL. ZNHDREA N KR ELRERD SN JiE NSN SRz B Uiz, BB—FE Tid, DNA 2%
G PFIZREINE SN Ji& NSN JRCRAIT 5 5 IEEREN LT, TERDPFFETIL, ~F
AN Ve DNA R 2 B2 o Cru~eF LI R MBI 25 ELA AV LI TR

D3oTedY (Zuccotti ef al., 1998, 2002, Liu and Aoki, 2002), ZOHEIL UV B Z b2
57 DIZIIDTEMER KEIE T EE TV 2 (Bradshaw et al., 1995, Velilla et al., 2002),

ABAEIZ LY SR DOTEME IR B RIT T 2872< SN JRE NSN IR 2 @RI DT LH3A]
REIZ/R 0T, BT, BRPERIEIZLY SN JRE NSN JROM THZZHAZITOIZL T,

ra<F U LR BER LU A SR O B E R AT L 72,




Materials and Methods
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MGtk

BREBROTRIRE ARSI R

8-12 iR BDF1 #f~7 X (CLEA Japan, Inc., Tokyo, Japan) ZEEHEBLFIEIZLY
FEF%. BREZ VL 1 mg/ml Bovine Serum Albumin (BSA; Sigma, St. Louis, MO,
USA), 0.2 mM 3-isobutyl-1-methylxanthine (IBMX; Sigma-Aldrich, St. Louis, MO,
USA) %Z&¢r KSOM-HEPES K7#f (Lawitts and Biggers, 1993) (2B L7-, SREEPNDHR
fRZ ST TR L1218, IR Ry b W ey T4 72 X0 SR E B 0 I8 B4R
Rz B ER Nz, AR 75 pm BA EDOIRO LR EIREL TRV, e T, ERLIZRE
8% 5% Fetal Bovine Serum (FBS; Sigma—Aldrich), 10 ng/ml Epidermal Growth Factor
(EGF; Sigma-Aldrich), 0.2 mM IBMX % & Zr o-MEM 33! (Gibco-BRL, Grand Island,
NY, USA) IZB LT, AR Z B TR25BT, EFELY IBMX R\ V2 o-MEM 5
THEERINZ 5 EILL LY, REET AL X 2—F (5% CO, / 95% air, 38°C) T
16-18 BrfiES®R L7z,

b1V )

VFAT ICR BE<D A (SLC Japan Inc., Shizuoka, Japan) D¥EH _FKRBERAHIEF
ZERIL . ZIERELHAI TS0 10 mg/ml BSA &% HIF ¥H (Quinn and
Begley, 1984) T 2 FFAIEEEL, AREEET L. B RBEOHEPHIZEFEL
7% HTF B UL T, BTz, 05 6 FEfI 4. S2REI0% KSOM 5 U L T
2L To, 1 8 I RICEBBMEE T TRl E 2 DA TAIIDABIRL ., B
FEINRCEREFNEINEE DR OENTH LRz, BEEITE TR A Fak—
FRTRI 207z,

HERAFEAERDIEH
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B4 Z A ML LT SBAL ALY ARV 10 mM HEIEA R F U LETN
Z 7= Whitten ¥5Hf (Whitten, 1971) &V iz, B _MEOKHERHSZET 2 fFED
MEME B B R AREIEL 572D, BKBRE 5 ug/ml OV A7 B (CB;
Sigma-Aldrich) Z¥RMUIz, EARBEETL, E_BELSHPHICBELIZ £
OB ARA FAEHICHEL, 90-120 SRR, VT BIEA M FULZEET
WALV AL CB % & T Whitten SEHIIZIRZRBL TSHIT 4 FFRIEFR LT, TE1E
b 6 B 2 DORIEE A T DIRDIHEIRL , KSOM FFHUTH L TR ZHkR L 72,

pRIEIRE R L E I FNEORIE

AR INRR#% ., BMX %2&Te o-MEM $HHICIIZ 1 D 1 DBL T Y7L,
TR EEZR T, ZZETORIEE 10 HUNTRILZER TELIREDELK
(15-20 fA) Z—EIDEBTH -7, 1| BEOEER, BOETNOERE LT, BRaTe
BOIDEHZET VT TVILT, BHEZE T VWIREOERL, BHEDON
BERE L, BAROINIEL T, RBRLERZAIELEHLI,

SRt

BERLFEER (Phosphate Buffered Saline; PBS) IZEAEHREE 3.7% DTNV LT IV
FeREMZ b DOEINY 7V OEEREL TR, JiZEER CTEIR 1 ke AE
L7z#. 1 mg/ml BSA #& t¢ PBS (PBS/BSA) THRZE¥E-7z, ¥KIZ 0.5% Triton X-100
%% 7> PBS/BSA 1 CE8IE 15 2. 50 pg/ml RNase (Roche, Indianapolis, IN, USA) %
&1te PBS/BSA FCEIE 40 KB LT, TIF L7 4TA MDOECIAITIL, 0.2
ng/ml Fluorescein-phalloidin (Sigma-Aldrich) %&¢ PBS/BSA H1T 37°C, 90 Z3 a4
BT, 7EF/VLEAR HA ORBEYEICIE, PBS/BSA T 100 FEARLIAT &
F AL AR H4 Hifk (Upstate Biotechnology Inc., Lake Placid, NY, USA) ZHW\ T
=R 60 AR—RPUELEEZ B2, VT 50 FFHRLI FITC i RIUE
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n————— e ——t—————————————————ree—— e

I,

(Jackson Immuno-Research, West Grove, PA, USA) =R T 60 sRIRIGSE T2,

PBS/BSA T¥eiE#. Ji% Vectashield (Vector Laboratories, Burlingame, CA, USA)
BLTHEAZIER U, DNA Refa072)IZ, Vectashield IZITHAEHEEEE 100 ug/ml D
Propidium Iodide (Sigma—Aldrich) Z¥MUTz, 8EBERITIX, Zeiss tEDOIEE RV

— W —BRf&EE (Carl Zeiss MicroImaging GmbH, Oberkochen, Germany) %AV 7z,

GV £x5z#

£ TOBEMERIEIL 02 mM IBMX %&7r KSOM-HEPES ¥#i T3 o7, KA
IR EIRDZERAFIIERRIT B0 REK 5 pm D<=A7uE Ry MZHH DR
£ MEMCO # (Evans ef al., 1995) ZR5|ILTRE, XEFLyFCRELICIFZD-
VEREFHT TERAR OIS EE LT, BIREDRWINID Y T4 T FA 7Y
I AUNRINRTGAT =2l —F (Prime Tech Ltd., Ibaraki, Japan) CiZEFAH % B
LT BTERTERDoleled, ZOXIRFEZER LAV, v T, Si% 02 mM
IBMX, 10 pg/ml CB, 0.1 pg/ml Colcemid (Sigma) % ¢ KSOM-HEPES H5HuIZf L,
38 C T 15 A S 224 T, MREHREIREL, P 25 pm D=A7ubt Ry bz
FAWT, GV & B/NMEOMIE L IR B BRE L, LI T MeRDMEELE GV
BOBAEIZII B Z AU/ A (HVI, Ishihara Sangyo Co., Ltd., Osaka, Japan) %AV
7. BEPIRIER R X 7200iX. 0.2 mM IBMX %8 & o-MEMBSHIICBL T, B&58 T
THET 60 BAFa~—hLT,

MII g6

3 W@ x> BDF1 M~ R(Z, 5 TU @ Pregnant Mare’s Serum Gonadotropin (PMSG;
ASKA Pharmaceutical Co., Ltd., Tokyo, Japan) ZEIEN#&E G, D 48 R #IZ 5
TU @ human Chorionic Gonadotropin (hCG; ASKA Pharmaceutical Co., Ltd.) ZREREN
BELCREEIIZHEL, hCG 5%, 15 FRZICIVERF KLV E _BESH
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FHEIDARZHEIN (MILEIF) ZERBLT-, e7 A =4 — PRz X0 & B oI &
ZERELT, MIL HISRDOZERE S BT 407 A7 TRTLL, AR 20 pm O~A7E
~y e AWT, 5 pg/ml CB fF7E T CRUMBOMABE L3 ic et iR R BBREL T,
VBT UMIE L U, RS @ AL LT, AR, B BRI E
LI O K2 MR EICIVEIRL., LI vz M B @& S8 72, A
1TEAFATANRE N, £ TOBEMERIEIX KSOM-HEPES K Tl Zieo7, B
EBREE M X T INIT. o-MEM BHICBL T BEBE T T5FT 90 SfAFa
—hL 7z,

A2 21

BRI EIMT L 72 ICR M~ % (SLC Japan Inc.) EASPREY., fAIEIRSE /- 8-16
H#ERD ICR i~ A ({52 30-40 g; SLC Japan Inc.)ZIRRAEFH D2 S MEL L TRV,
(SR UM E ICBIEL 72 RE ., 2.5 BRNCAEIRL SRR FEICBEL:,
FEBHEDD 17 A #% (E 19.5 B B)IC. EAMEEZITMREBLFIC K EFRL ., FFEGRIC
FVEFERT, RRFICERERDREL-, BFeRERCET T 20RORES
BoTHREZEETE L,




Chapter 1

1. SN JBL NSN SRDEB| 5 e DREL

S

{41553t D BH SRR R

in vivo [IZRBWT, BHELIVRRE ORI D2 [FHIRE (Perivitelline Space;,
PVS)] R ESIORIICIXIFELEE T, IIRABRICERSINSD (Talbot and
Dandekar, 2003), in vitro \Z331) 5 RERF O BRI R A R HIICBLER L7225,
SREE TSR LT= BRI & 13tk 4 3L (RS REBRLAER 60 43 LARITIZIE T Zh—
IZEELT [Fig. 3A, BUBMX-)], RS EREBRARTR 30 038K 00 60 23 DRFART, SRERR
BB DIRIE THHINZALAAE (Germinal Vesicle Breakdown, GVBD) ZiEZL7-H D
DEIBITZNTNDTD 0%, 10% THoTeZeh b, in vitro {3V THEIMER AL
FRER B IS IR DB R THAZ LN EZ DIV, £Z T, IRRADBRZEE T
BRI THB 3-isobutyl-1-methylxanthine (IBMX; cAMP D43 f#% 32729 R AR Y X
77—POMEAR) FET CREFEERLEZA, BT IBMX EEFE T LR
BROES THRLLTZ (Fig. 3B), :mawﬁfg%ﬁ%ﬁzﬁﬂm& in vitro \ZIBVNTIRER B
VIMSTIC BRI E TR B 2 EDVRE LT,

BT, in vitro i:%&j‘élﬁﬁﬁﬂ%ﬁ?ﬁi@%ﬁ:fﬁ.&@%675%:?‘5:&%%&597‘:0 x
ShE 2 PICIMERR DR LB B OIERO L LR EE TNV DNERADTDIT,
IBMX FFEETFTO 1 BERDOBEATLHE T, JIIMREER (Ooplasm) LEHHENE
(Zona Pellucida; ZP) ZZNLNRELT, 1 R DRT#% ., BIIEZTER L - %
PVS(+H). TR L7A2h3o7280% PVS(-). HIBI RRETH o7 Fi% PVS(E) &L7z, PVS(®)
FEZ DB DIEFT SRR, 75 BDIRD B, 52 8 (69%) A3 PVS(H). 20 B (27%)
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2% PVS(-), 3 il (4%) #3 PVS(E) Th-o7z, PVS(H) OINMEIAE L 1 BRI ®E%

10.9% WD LT3, EORAFEIX PVS(-) LRBE Tholz (10.4%), —FH T, PVS(H)
DEAFNEDOBADFEIX 24%DHTHY, PVSHDZI (10.4%) LB BREND-
7o (p<0.001; Fig. 4A), 3720 b, (FIHERPITINDBRITBD D, TDLEITE
B RT3 2 ST IX B IRE S ERR SIS, BB R MUHE LR IS 1 BR IR
EMTE RSB Z LMD 0Tz, ZOFERDD PVS(-) OFHARIIIMRELEALT
WBZEDPTRRE T, £ TIRZELIZIES B A7, 1% 7V Er— N2 & ToiR
RICIERBLI2EZ A, PVS(+) IXFIREZSOIZHERU 7zl L, PVS(-) 13EHAE
 RIRFIZIGHEL . BHIRIEETERR U720 -T2 (Fig. 4B). ZILHLDOFERMNMG, T L IRH
fa B LDfEE S DBV D FIIER AR DB WA L M ZEBHLN LR 0T,

REFOINIEEOINEMILLT vy THEEEN L THEORLIVEERBZ 25T
V% (Albertini and Rider, 1994, Albertini et al., 2001), ZDEIZ, S CHIRIXIRDE
AEZEET5RELZMIIL TEY, £DEEFIHIEBEICE AW Ty 7 fEE
DFERREHEFFIZBEI> > TV VD (De Smedt and Szollosi, 1991), %:T“mi\ ZEHAHAIT
FET DN M Sk DZEE DB DEVDSIFOFRIRE R EEDE VE A A HL TV
DEVHRBLZIETT, ENERFEL T, BRARNREIXT 7F 747X Me LB
EATVWBTZ% (Carabatsos ef al., 1998, Suzuki ef al., 2000), 77F 7 4T A ek
RIS T OHAREEZA O TERARFNRERZFH LA, PVSH) DFEHH
WIEZENRIZEAEREENR D >Tc—F T PVS(-) ITEZREICRBEN T (Fig
5A), HEV T BAT N OSER O R EHIMER R E 5 BT ILZBRAET 57201,
TIF L TATASDBEAFITHD Cytochalasin B (CB) FFFEF CTPVS(-) Zig#L
To&Z A, 4 R ORI R CHIMER B AMEES LTz (p<0.05; Fig. 5C), ZMDEX,
CB FFET TR LI TILERAEAZREOBAD B RO (Fig. 5B), ZHHDFEER
A, JHELRIRL A S DA B N 2SR OB BTN R O RE THHZ L SR RE
Sz,
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HEFZ FRRE L FRIBEE D

RSN RBGBTR T, SRR R U R TOINC IR R b — 5 T,
T RBREEEI L TRV EA S BIRER RN 2oz b, B
RINDRRAREL BHIRE R R I B H 2 LN TSN, £ZC, IBMX FE T T
D 1 RERIOEF# %, IR% PVS(+). PVS(-) IZEAIL. Fb% IBMX JEfFE F T 17 B
M5 E D2 L TREBRER Tl L 72, 228 EDIIDI B, 159 18 (70%) 2% PVS(+). 63
i (28%) 2XPVS(-)., 6 8l 3%) 2 PVS(E) ThH-olz, IBMX FEFEE T TD 4 B D
Be&tt ., IMZIRRAEE (GVBD) 2R ILZIIDEI AL, PVS(H)IX 91.0%. PVS()IX
14.9% T o7z (Fig. 6), [ 17 R D3F &%, B5—HE{F (First Polar Body; 1st PB) %
BHUZIROEIE X, PVS(H)iX 80.1%., PVS(-IE 5.5% ThH-o7z (Fig. 6) ZDEHIT,
BHIRIET BRAE L RRBGRICIZTE VBN H B2 ooz, 7238, IBMX FEE F T 1
FER DORTHEEZRIL, SIORRERS LU RE O ERICERELRIFS 2 o7 (Fig.

Mo

BHIRERZ BRRES < F TR DS
BRI T, Ju~vF U HREBIIRBAGE LB 5D —SN FIINSN JRLE &

VERBAEBZFFO— ZENHIBITWS (Zuccotti ef al., 1998, Liu and Aoki, 2002), 4
W2 CRRIRIERZ ALRE L R BRBICIZ R EBI D b B Z DS REN T T | IRIZERIRIE
FRRBE T~ T TR OB Z T2, 290 EDIRDH 5, 200 B (69%) A PVS(H).
84 & (29%) B PVS(-). 6l (2%) A PVS(t) THolr, ~F AN AV VT DNA Y,
ZRIZWV, ZNODIRDIa<F U A T L 7., BEFORMSTITHN, Z/MEDE
PHZ DNA ZEBVEAEE T H/u~F % SN B, DNA AP —HRIZIEDY
BMEZBRERV I uwF U RER NSN BIL LT (Fig. 8A), IEVWEI&TRHDHRE
DFEHE (DNA DMEPNC—HRITIA DD P/ IMEZ BT D) 2R T IR FEL 272
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ZhbE MBILLT (Fig. 8A), PVS(+) MI/ua<F 4%, 91%7H5 SN BT 7% D & NSN

BTHolz, —HFTPVS(-) DIZa<wF 3T X TNSNE TH-o7- (Fig. 8B), ddY F
BD~<U 2R, H5H#% TYH (Choi and Toyoda, 1998), Waymouth’s (De La Fuente et al.,
1999), KSOM, HTF [ZEX ThbZOMBENRR oI LA 0, BDF1 /DT RR
a-MEM B HIAF AR B I 2 L2 MR & 72 (data not shown),

pR R IR 31T Z BRI R AR L 7 v~ T T RR O FR B
REIRTRON IR R REL 7 n~F LR DR B SR B H18F T RIRIC R
BIDDNERFET ATeHIT, 14 B b 25 B #O~7 RFIENBIAZEIL ., IBMX
FHAET 1 R OE#%Z, PVS(H) DFIGE SN B a~F U 2R OIOBI&ER~T,
16 BERLIFE, SROBREIZE-T SN B, PVS(+) FEIZHEINL=25, SN FRiZ PVS(H) X
DH RV A TERNAZEND o7 (Fig. 9). FiZ 20 BEOREZINZBWTit,
SN FRDEIAX PVSH) XV A EICEN - (p<0.01), £z, REHICEB T,

PVS(+) DELNSNEDI/a<F o 2F L TN e—HT [PVSH) 125H5 SN IFDE]
B3, 16, 18, 20, 23, 25 HEDIETEILEI 100, 76, 73, 83, 86% ThH->7]. SN FRiZiH
T UGN RREEZ AL TV ebyofz [SN IRIZ 585 PVS(HDEE 1. 16, 18, 20,
23, 25 HEDIETEILEN 6, 44, 44, 82, 97% ThH-o77], THHDFERM L, INIRE
P2 SN BDru<F o 2HEL., £0% CHIMER RELER T2 RBIh
7o
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ZE

APFFRITIBNT, R IRI ST P IR R B DEEST L3I ST (B IR 2 AR
TR oTz (Fig 3). KA EERREOFIRER X, SFAIIRE LA # O Tekk
DBRETHY, £3LIR Mgl SROFEFA R AZREDH R 5 SR § LR Rs
Nic (Fig. 4, 5). TL T, FHIMEZEREEL BRBRE, 7 r~=F T RRICHE R ITEm R
HHZEBHLER ST (Fig. 6, 8), ZAUTXY, FASIFEDIREZ T, JROTEMEIC
BEEY 52T ICRBEEBEOHDIN (SN JF) L72IR (NSN BR) (BRI D5 IEEHE
AYA Byl

IBMX FET 1 FERID8E#%, FAIIEE TR L72h> o788 [PVS(-)] DOFEHAFIC
FXBR ARG B SR DR 3% BITFAEL . FRIFIEZ AL LIZIR [PVS(H)] ITiHFEAL
FELRD o7 (Fig. 5). LALIRIEALOHIMERIZIX, IRET X TORKINTED
ZHENSBICHRHEN/ZE0 D (data not shown), (KFMEEDIBRE CHEABRNHZE
DR 2 ITIML TR ZERB 26D, ThbDIEMND, RIS DB IR
FERR DA =X DV TIRD LR BANR TED, FREIFEEIEETDL, II in
vitro DIFBEDEICL > TIHELIZL® . ZOEEFHAF RIS TOLIRES-
NTERFTIIIRHFETS (Fig. 10), ZEIRTFTIINIEARFLLLICMET S
e BIRMEZ TR L2V 03, 22 D3 A LTz IR CIXZEA SRR L DFE & 715385
F570  BYIH LI E A TeREL CERIFEE AR T 5, NSN BF [PVS(-)] Dl
DIEEIL SN JF [PVSH)] OZNIVHRWIENRMBILTIY (Cecconi ef dl,
2006), ZDWFEEFEOE DR DN TIOEWICE S L THDDhb L
VY,

BHSRIET R BE LR BEE B L O~ F VR R VB Z R T EBAZ SRV,
BRI, P—I MR OX vy 7RG OB LERFICEE THHEEZD
NTIY (Albertini ef al., 2001), Fxy T HEGILRAREDOERL SN B a<vF L DR

14



Chapter 1

SAZHETHD (Simon et al., 1997, Carabatsos ef al., 2000), V7= A SRASERBGEI &
U SN BIu<F o 2 BAT 5L bITPF ro IS ILNERRY, BRHNIEEL
MERF 92D MEEDR<72D (BRI AR REZ A5 5) D TITRWEAID> (Fig. 10), £
DFER. BRARER L O SN Bl o< F U3 FIREE R AR L iV VB Z R 3 2e RN E XS
N, FEE SNCRBAEDOERL SN Blyn~F o ORE F{RIESH 2 IRR AL £
AN XS TERAFNEEITBATE2E8mMEN TS (Allworth and Albertini, 1993,

Plancha and Albertini, 1994), $£7z, SN B a<F L ORI BHIER R EEOEELD
HIEIZRIBZEND (Fig. 9). SN BIA~DZ(LHSFHIRER iR REDERITNETHDEZE
BEZDI, ZDEZEIFLTND,

BSOS R BE IR B IC BV T u~F UL ER IRV HREZRT 720, &
[Elfe ST SN T IR X DBAIEIY, DNA 23352 472< SN Ji& NSN Ji% &5
THIEDRFETHD, IEROPFR T, Ju~vF U BRBICL > TREIRE ST 25
12, ~F AN VT DNA ez B2 o7 1% UV 2RE3 54009, SIOTEEICER
B2 RIETHELPAWLI TR T2 (Zuccotti ef al., 1998, 2002, Liu and Aoki,
2002, Ola et al., 2007), EEE, ya<F U HELFHEI§TDDICE/IMNRO~FANEEL
BARFRD UV BEAHZRW=L& TS, SIORBERLUZHBROBERITET T2
ZERMEEIN TS (Bradshaw ef al., 1995, Zuccotti et al., 2002, Velilla et al., 2002),
—5C, BIER IR L U@L B IBMX fFFE T C0 1 BRI DORTE# 1L, iR
BICHZ R R ORBERICHLERENI 2o (Fig. 7). FE T, A8 EZ AW
THREINCBIT DB LU AERICET AL IRoT,
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m—— wc— e

2. BRRINCBITE7uvF R AREIB LR AR DRHE

S

GV ¥ DERBEE

REIND7u~F T RE L RREL DBSEZ R ~57® (T, SN JiE NSN SR GV
B BB EIC XML (Fig. 11, 12), BREZL7- SN MR E E721% NSN Mifa & Z
SN B F72iX NSN BB T22L T, LLFDLE572 GV B #IREERIL7=: 1). SN
B,/ SN HfEE (SN/SN), 2). NSN #%,/SN #fE (NSN/SN). 3). SN #%,/NSN i
H (SN/NSN), 4). NSN#%,/NSN #fa&d (NSN/NSN), T _XTDIN—T7T, GVIER
MORRIIEIL 85% Ll EThoTo, ZRHDOINEREEH  IBMX RV oiE H CRREEE
FEBAL., K5 4 R OIMZIRE (GVBD) L5 17 RGO & (1"
PB) HHEEFRDBZELT, ZNoDOIFDORRBEEZ TR L7 (Table 1), GV BERX#E I
725 TUNRY SN BRI 88%3 GVBD 222 L, 82% 038 —REA% A L7, [A NSN
JRIE 17%7% GVBD ZEZ L. 8% M3 —MR{FZHH L7z, NSN/SN SR 80% 745 GVBD
EERZLUIN, ZOEIEIIBEREIT SN/SN B (92%) LvbiEd o7z (9<0.05), LAL.
NSN/SN IR — R HFEIL 88% THY . SN/SN JEDZNIVE DT D TE o7
(84%). 72> H ., NSN/SN SHiZA i C GVBD 2308, BKANIZIRRBE#&
RBZLITER, —H T, NSN MIEE B OINCIHIE LA L BRI EER RN 1o,
SN/NSN J& NSN/NSN JRid 4 BE DB TH$423-5% LH>GVBD ZRIST, #
# 17 BB OB — B RS 20-26% 128 EoTe, ZNHDREREID. REIIDKR
BREEIL, 7n~TF R TIIR<HBRER FIZL o TRESN TWADZ LR LM LR
7. SN BB TS NSN D 7w 38 SN BRI (L L OV FTREME 2SS 5
=&, NSN/SN §i% IBMX ##7E T T 2 H#%ﬁ%%bf:.&%@&mvfyﬁéﬁ&éﬁ&f:&:
AL TR TOINTIBYNT NSN BIHERFES N TOA ZE S HER S (Fig. 13), ZDEX,
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SN Ji& NSN SR CEAML ~ANKERRDT EF (LB AN H4 (H4ac) Z-bV=

XTATADEERE T H~—H—EUTRR-I7225, SN MEEE N T NSN B D Héac
LUV E Uo7z (Fig. 13),

GV DIFEE

A AR . B—RBEE R H LR ZEIR L, A ZHERBTR>T GV &R
BN DI ARER LML 72 (Table 2), BN —F I CHERICERBREXRON2H
o7z, SN/SN 5Fid 83% NIARARE E THRAEL  ZOEEIIZHE BT R> TR
SN JREE DB T2 (73%), —FF T NSN/SN SfiE 2 Ml E I ERITRELE
DY (96%). 4 HRAEALIMDFEA LKA SN/SN FREVH A EIZEL (p<0.05), AT E &
TOTH 4% ULDEELRD o7 (Fig. 14), IRIT, RET ) A KETF) DEEEIRIZD
I 2 RERHEME S S AR ERL . ZTORAERET LA, BIELREFRRIC
NSN/SN SHIE BITIEW T A REE R LT (Table 3), ZHHDREEML, RESIOFRA
REiiZn<F U B ORI IV ESN TNBZ LA LYN RS T,

BIRZR 2 12, NSN/SN JR& SN/SN IR C 1 Ml HADRTE DRI B2 5T L5381
BInf, —KMIC. 1 MIEBOMBZIIIBR/NMEE—DIZEE>THDEHD
(mono-type) &, WK ODDBE/IMERESIE->TVWAL D (multi-type) BFLET D
(Fig. 15A), SN/SN FRODUE B 2 3 A= RO RITEZ 1 80% 3% mono-type THo T DITXIL .
NSN/SN R CiX mono-type X3 31% ThH-o7z (Fig. 15B; p<0.05), ZD I,
NSN/SN JRDRIZIZIZSE OB/ MEIBES N,

SN A A TR DR A BE

NSN/SN SR 1 M DORIEL DR FITEV R RN 722736, SN IFE NSN ST
HravF UL, BB AT AR E FICb B Bh A EBE L b,
ZZC, SN §i& NSN SROFEAEREDE VL, Ta~vF U R CIieBEICFET 51
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NEFIZEVBREENLTWBENH{RFHE I T, NSN/SN SR SN JROZNK F2 /i
L7l EDRAREEZTIMTIILT, ZORNAERIEL 2o ZORBAIEL T HIT,
NSN/SN BRODOFEARENEE T2 LB TSN D, REIROEAE FI13. Sk B
X o TIRR AT 2720 B LA PH (M) OIFEREIZIIREIR
DB FREEN TS (Fig. 16), —H T, INZIHEERTIC SN B2 EBVERWZ
NSN/SN SR 3> MIL #IRAIREIZ 1T SN JROBNE FITFELR, TITIOL
572, SRR o CTIREMRITHE AT D% P H 7% NSN/SN SRICHE 3 57201
WOXIHIEBEFE L, 3" NSN/SN JiZ A EE 7%, MII HIZH oG Ak
PEMIREICIVEIRL, R —Ye il Ui, $EV Tin vivo THRESE 72 SN EZHNE
FEETe MILEISR (in vivo MII oocyte) DY EEHREL, LI BT MIEIERLT
ZhBDOLVETUMNREN T — R A EERIA S E 5L T, NSN/SN JFHIfaEC SN JR
OENETFE#-7 (Fig. 16), BAHE. AANTEZRIRV, BRBOFAERER N
Jz&Z %, NSN/SN SRiZ Rk OBRE (GV I ZZ B L UM M R A (AR ) R 2o T
SN/SN FRERIREE DB EI S TR = TRIZE L= (Table 4), ZDEISIIIHEHE
275 TRV in vivo MIL SROFE AR LEDLRINoT, RITT ) LOREZERNC 2
RN B2 FEAERIC DWW TH R DFE RN B DAL (Table 5), ZOEEFRERZ
21T, NSN/SN B> 1 MR E 1238\ T, mono-type DRI DEIA 13 MIT HAY A (A 4E
\C X TEREITHEANL . SN/SN BRR in vivo MIT SREISRED 1 MEfREA L RIFREE ETHEML
Tz (67%; Fig. 17), ZNHDFERND, REIIDOFERIZIn~F U ERIIBE 5L
THBLT | BARIIEEICFEL., IR EORICISMITIERT AR FIZ
o TRESNTNBZ LD DIER o7,

o % PR CREELEREBRIEIR SV ADFEICBELLLIA,
NSN/SN FFA5 29%DEIE TEFIMEDNI (Table 6), ZOFEE 1L SN/SN JF=° in

vivo MII BRSNS DEFRLIZEA L B Db Tz, A1%H NSN/SN SihbA iz F
IXE#ICRREL (Fig. 18A), &HIZ, NSN/SN FRHE DY AR LRI E/2EZ
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A EEICFEHEL, B THIENTER (Fig. 18B), ZNHDFERLY, SN B/
v FUFREE D D ZEIIBEEDOFE A ITMNA TN EBREN T,
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L5

ZLOMAICBNT RERINDZo~F U IBITRBRE B L O A s LR RS+
HTEBHBN TS (Schramm et al., 1993, Zuccotti et al, 1998, Combelles et al,
2002, Sun et al., 2004, Lee et al., 2006, Liu et al,, 2006), LUARFRIZLY, 7ua<F
CTEBOEIIRBEEICH R ARBICH B 58T, BRI ENE Fizky., 4
BB ENEFICLOREESN TOBZENH LM oTn, ZDZ L1t REEEL T4
R TNENRRIE T ITIVRESNTOAILETRL TS, SHICAIE T,
GV 230 MII IR EAEBRELD 2 BFEORBHERAEZ 827252 LT, NSN %
AW REDEFEZ/BDZLITRII LT, ZDZ&iT, SN BDrn<F L BlEr 50
EDMAEK DR AEITHE TIHRNWZLERL TS, 72, NSN IR EGERS L O A 8
ZIELAERTRVIITHY, ZD X720 AV CEEREEIBON =T Lit, Rt
SEDIEREEVI IS A EICES W TRICEDH DR THDEV LB,

BEF OB TR, SRORBRELRAERORITIIAm W VEER RSN, flziE, 7o
VTR - SRR ORRAE - SR JE B D IR MRS SRR DAL B s ko TR E IR
ZVKDDRDT N =TI 58 Mk KFTN—TDIRDORBEEL T AR HL -84
FVBVWEIE TRALZI AL —T 1, IVBEWRAEREZRTIENAMBATNS
(Arlotto ef al., 1996, Stojkovic et al., 2001, Zuccotti et al., 2002), ZIHDF5RIT., JiD
FEERED B & ODRBGEICRBINIZLERBLTRY, ZhHDREN OBk ER 748
EBOLOTHLHZ L FTRIED, LOULARFIZIB T, NSN/SN JiiEEy ARzas
ZRO—H CHRAERITIERIEN o7 (Table 1-3), ZDOFERIT. BAERMKLTLLR
REBICREINIDOTIIRNZEERL TR, REIFCB I ARERORER FiX
BRABEDENLIFIRRDDTHLZLERIREL TS,

MIREANEFIRORBAEERETHZEIRENA (Table 1), ZDZ2izh
ETOVODDOREE—ETHHDTHB, Kono et al. (1996) 1L, BZELI-REINC
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e

HA1 R BO~YAOIIOBEBELLZS, ZORBHEINLGER ORI RRE
DRBRER B THEERUIL, SBIT, REIIND GV BEEFRVTh, TOHDOIFERR
BT CDK1 &S MAP 37— BiEENEE LBV R T 5L AL Z>TY
% (Ogushi et al., 2005), Z70~F L FEREL FABEDR RIS ES FRMAB THLNT
WA, ZOISCEREINORBEITMIEENRE FICIIRESNTNDLITHD,
NSN D rr<F 38O IREPER R ORI T SN B2k 5LEX b TRY

(Mattson and Albertini, 1990, De La Fuente, 2006), ZDREHICIRIE I n<F L HREDOE
fLEEITU TR BB 5 AMRENE TEBAL, TORREL TR T R
PEBBRICHERAEL TWBEBE BN,

GV EENEFIIRORAREZREL, NSNEIZIEZNART TOBEZEIPRRE
U7z (Table 2-6), NSN #%% SN SRAHRUE ICRAEL 72 NSN/SN SR, MIT HiETa &
B TRETXA— 5T, SHERIIREHETIZLALELRD o7 (Table 2), LAL,
AR EE D NSN/SN FRo> MIL $igeafk% . in vivo TR MII $IROMREE B HE
TRL FORERIIEEL, BVES CHRREIE TRAEL (Table 4, 5), 2O
Bk, SRR Mo G IS S 7z SN JROBZE IR F2° NSN/SN JHiZ
BWRARY 5 XD L ERRL TV, LHLARBE, ZOER Tiin vivo TERELTC
JREL BT REL TRV TEY, ZOSIE R DOEENR2NSY in vitro TERAL
IREDL EV\SEERER o TV 5, £ D7, MIT Bk EABAEICZI S NSN/SN SRO
FEAROERIL. ENEFUNOERICIAFTREMENRDD, £Z T, in vitro THR
X7 MII #iJR%L L2 he LT NSN/SN SR> MII $ijea k2Bl Icelh, %
E1% 76%NIRIEETEREL, ZOEIAIIRBHEETT o TORWERSREIIO
FERLEDLRPTE (67%) SOITHEIEIRIE~Y RICEBER, IER 2B EZE
BILTET- (data not shown), ZOFERIT, FEAER~DOEENEFOBEEZAT
B 5bDTHD,

IRDFAREE R ETHRENAFLL T, ERETFRBICBEETIbORE
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BB, vYVADZNEIE RNA G EAID a-amanitin FE T THEET S 2 Mla
I CHRAZIEIET S (Golbus ef al., 1973, Warner and Versteegh, 1974), ZDZ &%, 4
MR DA M D A TSR % TR L L OV EFRROE R (MEEETRE)
DBRETHBEZEERUCND, ITHE., Mater, Zarl, Nom2, Zfp3612, Brgl 72¥ Dz
RIE PR ETUATHY . ZNOHEHEREFRBICBE 5L TV EZEM LA

IZ72>TE Tz (Tong et al., 2000, Burns ef al., 2003, Wu ef al., 2003, Ramos ef al., 2004,
Bultman et al., 2006), NSN/SN Jii% 2 #fa 8 £ TIXIEEICEET 260D, 4 MK E]
LA D I AR P IER IR 2D 223D ZOINIZFH O RS FRBICRFEH
HHIEREZDND, SN BA~DIa<F U HEBOE(LLEATL T, ZO LSRR
FRECBEDLIRMES ANV BEBETHOB LR,

NSN/SN SR 1 MU DRZIZIZZE D /NS 2B IME D BRI, SNIRDEE
BARFEZM L2 OR/MSEIIRAD L, 1ZEAL ORIZET—OIZEE LI/ MER
RBNBI a7z (Fig. 15, 17), ZOFERIT. GV BIChiB O/ IMEREIZEE b5
K FHFFEL, ZIUT SNEA~DOBITIBRE TE/INDZLEZRBRL TS, EZADH
BRIV 221, BREINORE A TIZE< D NSN R CRUIMEIE— IS LTV (Fig.
3, 4, 5 D PVS(-)2Z M), AlZO/MERACEDIR FiX GV D ENLIZR2D
DB LIRY, ERDOIRIZEW T, BIZEO/MEL T LS AR HDZ M5
ILUTB (Tesarik and Greco, 1999, Gianaroli ef al., 2003), 51T, RIEZN O/ IMEDN
HELTWS Npm2 /v 7T UMTURAORIX, IR A B CBEELRAZ NI
T35 (Burns ef al., 2003), FiT, BHEREICIY GV BlT/IMEEBRELIRL, &=
BRLAEPITRMEEZTE RS T BRANCBIEIRDZ LA REINT (Ogushi et
al., 2008), AWFFEIZI W THATEIE B LR A RBICHBIN A2 L b, B/IMED
STHAMT B> DR T NSN/SN FIDEFEAREDFRRE T2 > TWAI LN E 2 HIvD,
GV & 1 MBEA DR/ MEI AL OREE ORE AR TIX ROV X528 B IR E
L EEZL TRV (ZDZEND, ZOREID%Z/MEIE Nucleolus-like bodies (NLBs)
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EFFEND) | B/MELFEAERBLE ORBEEIIHERIEL | 4B OIS EIRFEND,
RIFHINIBFOELLN—F DTV ADHENLRBRTIBEFEALTIR
BEFLNND, TUARELLOBICHIETEO0ERIT IR RAEE T EMEHE
ZRBIBTFRIVIAI (T ) DA TV T4 T ) 20D, A7) MR TF DI B TS
1% (DMRs; Differentially Methylated Regions) 1235V \T DNA MV BEDAF AL,
RBDERY, 2 DBIEF ORBENHIHIN NS, 855/ LD DMRs i, JREHIM
DERFETE TR A AT NALI T ZER NS T 7 A MEFTIC LV BTSN

7z (Lucifero et al., 2004, Hiura et al., 2006), ZD&EFXH7- DMRs DAF VAL,
15 B~ URADINTIVTISETLTEL T, 25 B~V ADOIFTIETTIZETLT
Wz (Lucifero et al., 2004), BRIZL 7R EINIC 1-15 B~V AOREMIID GV %
BHEL o R A BRS R, B2V VC MII YR BiER B oo/ b2 5, EEfFIFEDN
RDTZHN, T 1-15 B i<V 2D INLEE TRIDIA B BHESIL TRV ZE R E
Té-o7z (Kono et al., 1996, Bao et al., 2000), LA>L. 16-20 B~ 20K ELIIIC8
B~V ZADERINEN T —ZELTRWE A, EFRIEIRF—0 BBIZHREILT
mE>7c (Bao et al.,, 2000), SN EliZE ROl EHIINT 16 AETHD TR, 20
ZTOEEITBLE 23 BEE TN T 3720 (Inoue ef al,, 2007), Ju<F L EiEitiE
BFRIIAHDORELIZBEEL TNB IR I DI ENTES, LinLRMNb, KB
BT NSN B2 R — 4 EL TRWSEE T, SN BRIV 2B A L RAsEOE
B TCEMFEEDZLENTET (Table 6), ZORE R, BEFRVALNRIO<wF L HHE
DEALLITISIITRZ DBLR THHZLEREL T3,

ERDREIEFI D OEDEL T, FIBNRE TERVEFRLZIEL ThIEAE TERVE
FlBABESNTEY ., BEDLZAZOIFRIEIITEIEL/2V (Hartshome ef al., 1999,
Lervan et al., 2002, Neal ef al., 2002, St John, 2002), ZDL572F AT DREFED AT =
R ATFALDITER TR, BREER T A BEDO B\ IRE TR TEAah ol 2 LR
R THAD, AFFRITRBEILOFRAEREE B2V NSN SibIER 2 EREE52
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LITRBILTZFID TOME THY ., ZORRIZZDOIHIRFZA T ORIEFEDIEFEIZE IR
FTANPHLILRY,
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Table 1. GViZ3ZHI8 ) BR 5 34

Tables and Figures

Nuclear Transfer No. of oocytes No. (%) of oocytes
Nucleus Cytoplasm examined GVBD 1*PB
SN SN 522 480 (92)° 438 (84)°
NSN SN 485 389 (80)° 426 (88)*
SN NSN 55 3 (5)° 11 20)°
NSN NSN 39 13)° 10 (26)°
No Nuclear Transfer (SN) * 514 451 (88)" 421 (82)*
No Nuclear Transfer (NSN) * * 52 9 (17)° 4 (8)°

GVBD, germinal vesicle breakdown; 1% PB, the first polar body
*SN oocytes not subjected to nuclear transfer.
**NSN oocytes not subjected to nuclear transfer.

The superscripts indicate significant differences ()2 analysis, p<0.05).
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Tables and Figures
_ — — — _

Table 2. GV MBBD &N ZH/E O IERE

Nuclear Transfer No. of oocytes  No. (%) of oocytes No. (%) of embryos developed to
Nucleus  Cytoplasm examined fertilized Two-cell Four-cell ~ Morula  Blastocyst
SN SN 46 29 (63)* 29 (100)* 28 (97 29 (100)* 24 (83)°
NSN SN 41 28 (68)° 27 (96  14(50° 725 1(4°
No Nuclear Transfer * 40 26 (65)* 26 (100" 24 (92" 23 (88)° 19 (73)

*SN oocytes not subjected to nuclear transfer.

The superscripts indicate significant differences (x2 analysis, p<0.05).
The number of embryos developed to two-cell, four-cell, morula, and blastocyst was evaluated at

24, 48, 72, and 96 hours post insemination.
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Tables and Figures

Table 3. GV X MBI FEE L D HHER &
Nuclear Transfer No. of oocytes  No. (%) of oocytes No. (%) of embryos developed to
Nucleus  Cytoplasm examined activated Two-cell Four-cell Morula  Blastocyst
SN SN 92 68 (74)° 47 (69"  45(66)° 40(59)° 25(37)°
NSN SN 93 57 (61)° 33(58" 9(6)’ 509)° 0 (0)°
No Nuclear Transfer * 107 64 (60)° 45 (70" 41 (64 39(61)° 22 (34)°

*SN oocytes not subjected to nuclear transfer.
The superscripts indicate significant differences ()2 analysis, p<0.05).

The number of embryos developed to two-cell, four-cell, morula, and blastocyst was evaluated at
24, 48, 72, and 96 hours post insemination.
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Tables and Figures

Table 4. GVi%3Z e UM B 5B EHR O MYER S (o 210

Nuclear Transfer No. of oocytes  No. (%) of oocytes No. (%) of 1-cell embryos developed to
Nucleus  Cytoplasm examined fertilized Two-cell  Four-cell ~ Morula  Blastocyst
SN SN 90 59 (66) 57 (97) 56 (95) 56 (95) 52 (88)
NSN SN 74 50 (68) 48 (96) 48 (96) 47 (94) 43 (86)
in vivo MII oocyte 146 112 (77) 112 (100) 105 (94) 107 (96) 102 (91)

The number of embryos developed to two-cell, four-cell, morula, and blastocyst was evaluated at
24, 48, 72, and 96 hours post insemination.

36



Tables and Figures

e —

e e T

Table 5. GVEZIE LUMIII & E B4 DO MHIERE GEELE)

Nuclear Transfer No. of oocytes  No. (%) of cocytes No. (%) of 1-cell embryos developed to
Nucleus ~ Cytoplasm examined activated Two-cell Four-cell  Morula  Blastocyst
SN SN 30 24 (80) 17 (71) 938 10 42) 8(33)
NSN SN 25 22 (88) 17(77) 12.(55) 13 (59) 11 (50)
in vivo MII oocyte 61 52 (85) 42 (81) 32 (62) 34 (65) 27 (52)

The number of embryos developed to two-cell, four-cell, morula, and blastocyst was evaluated at
24, 48, 72, and 96 hours post insemination.
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Table 6. GVEXZ#E LSUMN LA HFBBEROERETERSE

Nuclear Transfer No. of No. of blastocysts No. (%) of No. (%) of
Nucleus Cytoplasm  recipients transferred implantation sites pups
SN SN 8 45 25 (56) 11 (24)
NSN SN 6 31 21 (68) 9(29)
in vivo MII oocyte 5 44 25 (57) 15 (34)
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R RSP MIIXA 51

1HMBRNE 28MBNE 4MRGE ESBENE

Fig 1. ?9ABERBIUVERE DMK
B—REARMEONBHBERRATERT S, RERAIB( RN )T
EVANERIT(HIVRGHCHMEAT)RBSREENT S, RN
WHESY, ROTHE—EFEBHL TR R WP M THEF LT S(MINEMH ).
RRBHSMIARETORBIZVAMEIEIND, BRMESONTICHE ZEEEM
HLTRBANERTL. BAY/LERBY/LEN20ONMBEICATS 1 HRBMAEE
té;"-'td)!. FARINER)ELTRELTVL, 7 vitro TRESRBAETERT S
CEHTED.




Tables and Figures

Fig 2. RRBO/O?F ER

TOAORRERBOI/OCFHMICIE SN (Surrounded Nucleolus) B2& NSN (Non-
Surrounded Nucleolus) 2 D2WMAFTET 5. Propidium lodide =&t DNA e
L. #ARAMEAVTRARL =L 20ERETRY . SNEIZ DNA HEE/vEk(KmM)
EDVEAHRMRTIEOLHMT. NSNEUZ DNA HE/MEERVEEYICEAIC—
WICIE D >/ MBELD, Bar = 10 pm.
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Fig 3. 97 AR RN Ok 5350 H B R R

(A) 3-isobutyl-1-methylxanthine (IBMX) %% T 1RMOIFRM (a, c) LiFMRR (b,
d) DR RN, EWR(ER; PVS) 2 bORTEREN TS dOBTRERENT
LY, Bar = 30 um. (B) IBMX HETEAREEFEET TOHIMERPOBERETE
BE. BMX JEFETOFHBICIE. IBMX OBSEL THALVE DMSO £BIERR0.1%
Tirz. RBIEZEE27-63@NOMEMAVLWTIET> . MA=BHOBOMIZ9
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Fig 4. hMERRICEITISBMBREIARATORMN

(A) IBMX #E T 1M RMEICIITSMME (Ooplasm) EAHAFAE (Zona
Pellucida: ZP) HEAL. IHRMNOTE100LL T, IFRROMAEERL. 520D
PVS (+) £20MDPVS (-) EMA T, TF7—/—2MRRBETRT. (B) PVS(+) &
PVS (-) 1% JVeO0—-NEXC@RERICBLZ. PVS (+) OEBR(KM)ZE5ICH
Fico7=—7T (b) . PVS (-) ICRERBA R MEh &7 (d) . Bar = 30 um.
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B PVS (-)
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100 +
= DMSO
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PVS formation (%)

N
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Time of culture (h)

Fig 5. kM ERABBROIAFAFAREDRYD

(A) IBMX FET1RMOBRBOPYS (+) EPVS (-) DFP2F./#M¥*% Fluorescein-
phalloidin §=&*) (white) . DNA % Propidium lodide Ic&*)se@L % (purple) . HIRBNOEN
£ TRICTRY. BWREEMTRY. Bar = 30 um. (B) PVS () % Cytochalasin B (CB)
BETERBESET (DMSO) TIRMISRL 8. 777 @Ml LU DNAZREL L,
CB JEZETOMBICIE. CB NEMELTHLVE DMSO £RSRE 1%5TMA L, RERIZ3
B . BROERH)F @SN, Bar = 30 um. (C) PVS(-) % CBEFHET (CB) 739
HFET (DMSO) TIERLALE0ERRERE. REREEE11-33@0MEMAVTSE
o7, MAZ-EHOBOIZ54(@ (CB) . 49/@ (DMSO) . IS—I—i3MRARBETRT.
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Fig 6. ESREIZRIREE RE R BEDHH BE

IBMX #E7E T 1 BRI OIS REMe .. PVS (+) £PVS (=) ISBBIL., IBMXERRL V=R TIR
L7z, 1834053 ICHR I BRE M (GVBD) 2L OB &%, 151E16- 18K A%
(CSE—tk (1st PB) ZIUHL B &ERM A7, RERISFEI36-51BEDBEMLTS
B{To7. MAZRE OO 159 [PVS (+)]. 63M@ [PVS (-) ] . 57—/
FHEREETRT.
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80  IBMX-0 h
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GVBD 1stPB

140 @ IBMX-0 h

120 H IBMX-1 h
100

% of embryos
p O ©®
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Fig 7. BRBSIUIMBREAD 3-isobutyl- 1-methylxanthine (IBMX) DR
REH%E BMX 7T (BMX-1 h) £7Ii3 IBMX JEEHET (IBMX-0 h) TERL 7. IBMX-
0 h BTIFETNEE BMX EEETTIERL . IBMX-1 h T ERMES IBMX FETTI
REIERL. TOMIBMX RV AITTIERL:. (A) IFR40EREICNZRIER

(GVBD) 2L 7=MoBIa%. i§%16-18KRMEICHE—EM (1st PB) ERHLATRER
AR, BRI EE32-50HDMERAVTIEIT . ThELOBTRE 162\ ODHMER
Nic, T5—1I—(ZERREETRT. (B) HARMELAL MIREGAZREET, 2O
BORERERAN. 1HBBEOKE100%ELT, W24, 48, 72, 96RFEE#IC 24
(2-cell) . 43ARSHA (4-cell) . BRREME (Morula) . EESERAHA (Blast) IS:ELRROBWA%T
hERfNT. RRIIEEI-17EHOBL2AVLTIEIT 4. ANT=-8EOBROBII42(E
(IBMX-0 h), 50f# (IBMX-1 h) . T7—/—RiRRREETRT.
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7% (14)

3% (5)

Fig 8. ARBREREL/OvF EROHEN

(A) Surrounded Nucleolus (SN) &, Intermediate (M) &, Non-Surrounded Nucleolus
(NSN) Bo/O7F0RE %R . KRS/ EEFRT. Bar = 10 um. (B) IBMX
HFET1RMOERE. PVS (+) & PVS (-) ICBBIL. A+ AMEALVT DNA EREL
TI/OvF EBEREL . SHSEINORMETTL. PVS (+) 12200, PVS (-) 1384
EnREMNT,
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Fig 10. ENBERELERESIUVI/O?F  ERIFHRTIAN—XL(BEK)
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Fig 12. GVEEZERDTE (SZTIENSN/SNBOERBRERT)

(a) SNBRIcH3 ZEREMEMCOBRE, 717 7OEAYMCHSHUHEREMEMCORE
BEILTHE. TR/EAYNTRBLEBICONEREMNTTEARATO—B I EMIL
L7=. (b) NSNBRIC3¥ ZEREMEMCORREE ., BMROLLVIRE, EXT/RF17%
NYFATFA7 L EEB WV RRTONTEAETIEAAWEMATEL V8,
&AL EEAVVE. (¢) LYEIMIRROER. SNIIASGVEERS I MEL
7=, (d) LYEI PELDSNIBMIBAN. (e) NSNIRASGVEEEMRBIL. FFH—#EL L.
(f) KF—BE2E 1491 NAEESICLYEI MRRICBEL . (0) BRN®RD
5B. (h) MBS T#ONSN/SNSB. Bar = 100 pum.
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Fig 13. NSN/SNBO/O7F/ EREILIIRF1IA
NSN#ZSNEMBRITICBEL (NSN/SNR) . MA# IBMX EET T2RMITRL 7
B (a-c) BLUI/PO-NELTEBEEITOTLVELINSNI (d-f) ESNBE (g-1) %
M7 EFIMEEAP/HE (Hdac) itkicE)RBREBLE, TOMEE FITCHIR— R
ik (green) EAVVTAIRIEL 7=, E£7=. DNA % Propidium lodide lc&kb)i@L 7=
(purple) . RERIZEE4-13@NWERAVTIE T, ANZEAHOBOKIZI5ME
(NSN/SN) . 30f@ (NSN) . 21{@ (SN) . Bar = 20 pm.
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SN/SN NSN/SN

Fig 14. GV MO¥IMR S

SNSRMIBRFTICNSN#EE (NSN/SN) . E7=(2SN#% (SN/SN) 2B RIL 7=, 65 AME
T\ MIBRICEL -5 2 A BMEE TTORBERMETOREREMA L (3, c,
e, 0: SN/SNBR. b, d, f, h: NSN/SN5B) . #2456 (a, b) . 48KSMI%E (c, d). 72
MR (e, f) . 96K M (0, h) DMFERT . Bar = 200 pum,
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Fig 15. GVEXZIRABO 1 MRBEOM SRR #/Mk
SNOBMIBIBTICNSN#EE (NSN/SN) . E7=(XSN#% (SN/SN) 2B HlL 7-1%. kS M E
To7=. MIIMAICEL 7-58% Cytochalasin BEET CEMLT. 2E@#MERARE
BEEHL7. &L SRM#. DNA % Propidium lodide Ic&WR@L 7. (A) —D0D
B/MEEFOMBE (mono-type) EMBDB/IMEEIFOME (multi-type) DFEAR. Bar
= 10 um. (B) ;EiE{LeR MM 1 MRMEICEITS mono-type & multi-type OW
|, A/MO-NELTEBREIT>TUVELSNRBERD 1M BRAEZAL (control) .
KRIZEE4-15EOWEAVTIETITL. T—2ERHLTRLE. AXZ-MEOM
(388f@ (control) . 84{@ (SN/SN) . 72{@ (NSN/SN) .

1 i 1 l ;

O multi

® mono
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Fig 16. SNEEIEIFENSN/SNBBICHE 575 R OB T

REICHBAGEAFEZATHBILRELISNEERT, ThERELLERELL

NSN#&#% B TRU7=. MIEESBICIZ SR Ba R R > THl

REICHHEh=ERE

FHIXFENTULND, i vivo TREBL=MIKISE (/n vivo MIISR) (CIZSNEBOBREF
HBHRNHFETD—HT (FRE). NSN/SNSBREOMIBASBICEETNRAFEEL &L
(8). B#L7= in vivo MIIBB (FRE )L, NSN/SNSREIIROMINAR B &2 BT S

Z&T. NSN/SNEBICSNBRO A F 2 #io7=.

54



Tables and Figures

100%

80%

60% -

40%

20%

0%

Fig 17. SNERE-FaRE 0 1 A0 M B P/ Mk

O multi

B mono

SNERSHBRETICNSN#%%E (NSN/SN) . FE7=(2SN#% (SN/SN) B L 7=. k5 R,
MR & B EIckYSNEOBRREF M7=, A#. Cytochalasin BEETT
ENLT. 2@ M M AREREERLU . FiEC om0 1 RMEEEICILT
3 mono-type & multi-type ORBEOWRERY . 2dA—NELT in vivo TR
L7=MIE5R 30D 1 SRRRIBIE £ RV (i vivo MII) . RERIZ2EIFTL, F—2E &
LTRUE. ANEMEOBIZ64 (/7 vivo MII) , 2818 (SN/SN) . 52{# (NSN/SN) .
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Fig 18. GVIRZMEIUMINMREHBEICIUNSNEISHSNMEDO R R

(A) SNIFMIRIFTICNSN#E%E (NSN/SN) . E7=(XSN# (SN/SN) 2B ML 7. (k5 Rl
. MRS EBEET 7. 2/MA-NELT in vivo THRL 7, BBE%{T>T
WEWRERE (i vivo MI) . thS SEMR. BRRBIASETHEIMIRL-EEMER
HOFEICBEL.. EFORRE EARMBEICERLE. MELLETIA0OMIS. 6
(in vivo MIl) . TEE (SN/SN) , 8E (NSN/SN) . T5—/—3 M BERTY.

(B) NSN/SNBRASBSN-ESF (M) 210 AMETH T, ARSI EL. ERE
HRNIMEET, FEHEL.
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