L D
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2L REE T BE B % 858 &
FATZ54EH B V- ORR 18 £ 3 A 24 B
ARG DEM ORI 4 &% 1 THEEY
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wmoX N x E B

1. # &

ZOWABMIBONT, BEEFEME TS5 FEMBEHEATE R
HEBM OIS (GV) THELTWSR, IFRIDEORMBICX VR
KB 2EMALIKMELSE (GVBD) 23FEZT. Tk, NEMRIZE—R
KABBH (M) 28 THE LBAERHUE-BEABTH (MD THELL,
BRI & 2B, —RIC, TOXSBBE—REKIRAMTHEL L 2B
MARKABEZEN LS HBEA RN HIC VS BEE TR CEHLT
W5, BE, FEHREEATHRBEICIBERIEZDYOKRE - BEAR
BRI 2EERbOLLTHANCEFABIhTHS. Thbs, ZOHKR
FETH+ABEEINSBO0, ZOASKINUREET AR THERT M
HEOKBZTEICTIHDOTHY, NRBELEPT 2N TESHIERE
BRELBEUERZEZEETS, WbW3 IVMFC ¥£%i% IVP OO —D &
LTHRINTVS, LALARS, AATHRBIEENFCRETAOR
EEBEVREOBMERNEBRINTHS,

FO—RELT, FRBEHPT3RBIOVT, AK, BEEPERTL
Vo R TFEHMTHENBAICTDON, WRAREERT (MPF) OFE, MAP
FF—t (MAPK) OEHLLBREKSBBERICBITS cAMP BEE TR EOH
BRFOMRNBESTN TV bOD, WLEY O IFR BB O M AR H
EREo TOREWZ ERBFENS, LENRST, ZOMRBEMMENSH
RTBHZER, BOREEHODIEEGNTEET SHERERITIOHR
57, EFNORBEBRBMEV > BB LERERIBALERT 50 THZ LS
503,

DEDERT, AHETRELEMICBI3HRBICEDIHTEHSHIC
THIEEHHEL, YT RAIRBBRICBITS Akt (protein kinase B) D
WT, ZOBEEHSNACLES ELE. B, BRATRREERSBRET
ZZERBETHY, GV N5 MI HETOEFEE TREKDOBFIDHE
BHRAREOMEERRBESTARANBERINSZN, FEETOETS,
CNSEMBT AL FRAIIAS MICENTRAY, RIE, MEEEROBE
iZBb % 2 IV EEIC phosphatidylinositol-3—-OH-kinase (PI3K) MEET

— 290 —



HBZERHESENTEIN, ZD PIBK OTFHIC Akt 2L, PISK/Akt A%H
BRI FVEEEBO—DEL THEOEFECHBIIT LM RREEREL
TWBZ ERRENE, Eoi, T<&HE, Akt BAECHEEKBT 3R
BRTOMATHRRBICEET S LRORFTHIAERNBEEINTNS,

TITAHATIE, TTIRBBEICBITS Akt OFE, PISK/Akt #ED
FIEE Akt OREIZHA/R, KiZ GV HH» 5 MIL HEFT BT 5EER Akt DR
HE2HONMIL, BRBICIFRFBRBICBITS ) VBE Akt OBRFIICOVTRR
L7,

2. SR BRERICBITS Akt DRB, PISK/Akt BESDFLE & Akt DRH

IR DBREL GV HOMFMEEEA TREEELIRBBECST
Akt OREEFZORERDVWT, VIXA¥ 70y MEFBIUCRERERE
X D#EARE, TO#HE, GV, Pro-metaphase I (PMI), MI BX X MII #i %
TOMRRBREBRBICBVWT Akt ORBERIFL RV TERD O N (Fig.1A), &5
iz, Akt It GV JICHRIRE S A —IcHFEL, PMI BICREATIC, M 3
KU MII HITRFLEEDOMBICHFELZ (Fig.1B), ZD X378 Akt OFERIIHE
MES>HFH (STO MilEB LU Hela #ifl) TRRBHLNT (Fig.2), BEHSH
BREMICRET S ZENHSNERS .

RIZ, Akt 132 HFFOU BESAL (Thr308 BX U Serd73) £#5, Zh
BN BT B L THEEBERS ZERBEINTVS, TITY VBE
Akt DRTEEF =R, Thr308 U ZEE Akt 13 MI B &K MII Hi D .0 /MME
0B (PCM) iT, —7F, Serd73 U EEHEI Akt I3#FEEHKICBET 5 Z L4
Mo 7= (Fig.3 B&L U Fig.4).

PI3K/Akt #E8D Akt DF

GV MISRBMBIC B 5 PISK OREEYIIY > T 0y MECX DB L
L3, BEMBBXUVHBMKRTRRNRED Shi (Fig.5. 2ZT, BRR
BEICHITS PIK OB 52#~5%&9H, PI3K HEA (LY294002) #ETF T
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SRECMifE - SR RRIIEE &R (COCs) &L k. TOME, GVBD KRB XU MII
BIADRBEIT LY204002 BEKENICHIM I N (Table 1), £/, SHEM
MOBELHMENE (Fig.6). Zhicx L, B{LIRERME (DOs) % FF-MAS
WO THEBE L L T 5, LY294002 BICE D MI BiAORBEIFEIC
BT L%, GVBD BicEEBIZA5hAaho7% (Table2). ThHDORENS,
N ZSRRFBBEICH N T PISK BRHL GVBD BIU MI N OETICHE
LTWBs Z EMRBEINE,

Kiz, PISK/Akt #%# DFELEE MRS 72 HIZ LY294002 %7 F T 18 Bkt
RBEEZTV, FF-—E7 vk Ic&d Akt BHEOREB L CABERARE
kB Y EBE Akt ORI £ o, TOKR, LY204002 MK ic BT Akt
EHRFBICETLE (Fig.?). &) 28 Akt OREZRAREEIS3, HEH
WML Y Thr308 U 2% Akt 12 PMI HIDIBR TRIBEXNT, Serd73 U &
Akt IMIBITREZRL, MIHITRBEEIhAENE,

IHIT, MRFBERICBITS Akt OBRBIZHENDZ20, Akt FENELHZ
#l (SH-6) HZ& FT COCs % 18 MEEE L. TORE, WERLIESER
H5NT GVBD RO MM EHFZIIBNo 24, MI BAOETHHEZ L
7z (Table 3). SEBEHAREATH/NE KM ZMHTL R, SH-6 BRME T
HEEOBR ERABKOES ICRENBERI N (Fig.8).

BE, ZEOHR, TUANRBBRICBNT Akt NEBELUBEIRFRY
REAEEZRL, PIBK/Akt BB ELTRIAZRELELTWSIERHSM LR D
ﬁ:a

3. GV HI—MII Bl IcB ) 5 EHE Akt ORS

MEORBENS, ©7ZIRBBEIC BT Akt PSS BRI 5B
DRBCRET S ENDND, SH-6 BN THEEDOHR & REKOREINR
ENHBEN MI MIAOERNEESNS Z ENRENE, ECTHAETE, GV
B2 5 MILHIE TORMRIBERIC BT 5 Akt OR#E SH-6 EIMRBEHTHE

Rz,
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GVBD, MIBXU MII HiEfTicRETEE
MAREBEETIET 2FMRAKEZ, GVBD & MIMZXTZZhEN 8
BIU10KH, MIIHETZ 18KHME Lz, EHDHE % Propidium iodide
RETHET O, TORKR, BEIRBBEICBWTEHEZR 5L GVBD #EZL
TWiebDD, RROBEERBARTZLTH - (Fig.9). £/, EAERZ 10 B
BMETHEL TOREO—ENBREL, EERGEEEBRTEYT, Ml 0
EITIFE BB EINZ (Fig.10 BX WY Table 4). —K, FARH 10 KL
BT SH-6 2% M9 2 &% 1 Bkz2RHL MII HINZEFTLEDN, BRENE
HEEEDOBRBRIII NI NDBDTHo % (Table 5 BX U Fig.11),

ZREBEOU VB Akt OXEBHEFARLI LD, EAZHIELPEHAREEE
HHRABLEETS, Akt B5E 2 BERBE EDICEBERICBTL, ABBR
B SBRBEANICIZFEELRWI ENHS MR- (Fig.12),

TSI, SH-6 B LURBMTORBREZHET 5720, SEAZHEEZTVLE
FRABLUE 2 BEORHEZEHELE. TOHR, BTFRARERINLD
OB, B 2 MERHBIFRCHHMEN, BESBREERBCTETTERWI LD
RE N (Table 6).

BE, ZEO#HR, Akt BRESHBEEICBWTIFKEREROBEHXIC
BELTWAZE, I5IT, BEAHBHMTIX MI BoOWEERR - #RF, &
SIZEBBEDE 2 BARHBICHBELBESIRETICEELTWS Z &MWL R
Elrote, Ee, RSB CEM Akt 135 2 BAKHEEHIIMBEY 5K
HENMEERPUBERERLAWIEND, HEOBEBANIC Akt BHEEL T
WaZ ERbMoz.

4. WRBBRICBIFZ ) B Akt OBH

—RIZ, BHETIX Akt 12 2 DOV VEBEBANY VBET S LKL VE
BRMERVBEEZDDIENAENTVRS, LALERS, FHEOERNS,
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SN T Akt EESRFROCHEFICREEL, 2 DOU VBRE Akt X
RRZREERZRTIEAHSMLERD, UVEBE Akt BENRENPMIMUL T
BELTWSHRBENRRENE, TTTEHEETIX, FHOU VBERMEZOY
CBRILEHETIIETHSDY VB Akt OBREEZMANRD FEZMAN, TR
RIIBUZ 2BHEOU VBRE Akt ORE|ZF T,

MIT T I RIET ) B Akt FIEB LI BCHBERTF ROEE

D UEEE Akt OWEZBEET 50, U UBE Akt Hihd 5 WIREERT
FREIAM DAV 2a ERIDNMBREICEALE. FARAEE
# 10 Frfic MI BiOFBMIRICHF FO U DBEGED 2 WIEHEBXTIFRZEA
U, 85—F0DY VB Akt ZREBHAFAICKVERE L=, TO#R, Thr308
HBWNIT Serd73 U UEEE Akt ZHEBLAZMEHBNTNTOMHEENNE S
MLRBRBBERTH > 7245, MI HINOEFTZFEDOOSN, VU VERE Akt PRE S
N7z (Fig.13). T 5 DHRIZ, BBEISHEHMTBVW TR —F0 U VBRE Akt O
HTHHETE I EEZRL .

Rev17042PxryaBRKVDEAL, FIRFERE 18 KRITHN
SHET, SHREOE 2 BERHBXUHEERERERARBTIVER
L7, TD#E, Thr308 U VBE Akt Fikd 23 WIEHEBRTFRZ2EALL
BE. B2 BEIREEINEZ 0D, TORBMBEENTH  -LRHEERDD
ORBEIN, BES/EVPERIZETTERWI ENDbMA %, —F, Serd73
) UEEE Akt @) CBEEBEETS L, B 2 BEOBEAEISRWI EUR
e (Fig.14).

PLE, ZREOHR, BESEBICBWT Akt O#EEIX, BRA3%E2HD 2
DDV VB Akt KXAWEAEOHFEZHEROE 2 BEOKRMH, TRDLBR
BAHOETIBEL TWAZENHIMERS .
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B 5
ERAETEHEABHYONRARICELI P TEHLSMNITHIEZ2EMEL,
T AIBRBGBRBICBIT S Akt OBENTDONWT,

1. Akt ¥ GV HSPRMMICHEEL, PISK/Akt REEOHEEET 5 Z & TIHIRH
BNETT B Z &,

2. Akt i3 MI BX U MII HloHigEEICHEEL, €D Thr308 U VEERIT PCM
IZ, —%, Serd73 U CEABIIIMEAICHEEL, SHEBE 2 BARME LD
CHEAMCBITL, MEBRIDBERERE LAV &,

3. Akt ORERFHBOSEFHTRERINANI EN S, Akt BEES
HBRWBEEzREDO L,

4. Akt BEESEBFRICBNT, NEEREROZBEOHA BRI REN
DOHERETBER » HekF, SOIZTHROE 2 BEMHICHEEL, BEISHOD
HBEELETIEETS &,

5. 2001 VEREL Akt IZM U THIEET S Z &, T/A4abb, Thr308 V) BE
Akt BBEE S RPN EEMEFEIHROE 2 BEKHD S BEIRDE
TIZESL, —F, Serd73 U VB Akt 3B DA PN EEMEFFELE 2
WAEBIHICEET S Z &

ZHLEMT U,

ERFRTHRSNHARR, XU XAOWREBREIC PI3BK/Akt 5L, Akt
REEABOBHESETICHEL T VB2 LEH BRI LENDTOLDTH
B, x5ic, Akt ®2D0Y VEE Akt EERBNAML L THIET ST L8
Hohicl, AFETEDNERRE, YYRAETTRS, BOWABBICS
B SRR B O AR 1 BT B 5 O TH B
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GV PMI Mi Mil

Mi

Fig. 1. Detection of Akt during meiotic Fig. 2. Cellular localization of Akt in
maturation in mouse oocytes. (A) Western blot somatic cells at metaphase. Panel A and
analysis for total /" kt expression in 50 oocytes at B show STO cells. Panel C and D show
each stage. (B) Immunofluorescence localization Hela cells. B and D are negative controls.
of total Akt. Green and red colors show Akt and Green and red colors show Akt and
nuclear status, respectively. Oocytes at nuclear status, respectively. The
prometaphase | (PMI), Ml and Mil were collected arrowheads indicate the metaphase cells.
at 8, 10 and 18 hr after culture, respectively. Bar =10 ym.

Fig. 3. Cellular localization of
Thr308- phosphorylated Akt during
meiotic maturation. Oocytes at
prometaphase | (PM!), Mi and Mil
were collected at 8, 10 and 18 hr
after culture, respectively. The
meiotic stages are prometaphase |
(A-C), metaphase | (D-F) and
metaphase |l (G-l), respectively.
Nuclear status and microtubules
(B,E,H) were visualiized by counter-
staining, and merged (C,F,l) with
staining of Thr308- phosphorylated
Akt (A,D,G). Green, red and blue
colors show Akt, nuclear status and
microtubules, respectively. The
arrowheads indicate the first polar

body.
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cumulus-oocyte complexes.

—297 —

Fig. 4. Cellular localization of Ser473-
phosphorylated Akt during meiotic
maturation. Qocytes at prometaphase |
(PMI), MI and Mil were collected at 8, 10
and 18 hr after culture, respectively. The
meiotic stages are prometaphase | (A-C),
metaphase | (D-F) and metaphase Il (G-l),
respectively. Nuclear status and
microtubules (B,E,H) were visualized by
counter-staining, and merged (C,F,1) with
staining of Ser473- phosphorylated Akt
(A,D,G). Green, red and blue colors show
Akt, nuclear status and microtubules,
respectively. Bar = 10 ym.

Fig. 5. Detection of PI3K in mouse oocytes and cumulus cells.
Lane 1; Hela cells were used as a positive control, lane 2 and 3;
oocytes and cumulus cells. The sampies were collected from fifty

Fig. 6. Effect of LY294002 on
cumulus expansion. COCs were
cultured for 18 hr. The status of

] cumulus expansion in hypoxanthine

(A), FSH (B) or 10 uM LY294002 (C)-
supplemented medium.



Table 1. Effect of LY294002 on FSH-induced meiotic maturation of cumulus-oocyte complexes {(COCs)

Maturation medium LY294002 No. of COCs Percentage of cocytes progressed to:
supplemented with added examined
(uM) GvBD Mil
Hx 0 77 27.0+3.02 002
Hx+FSH 0 159 882+23b 75.0+22b
Hx+FSH 10 156 ] 78.3 £ 3.8bc 58.7 £ 9.5¢
Hx+FSH 100 183 . 60.1 + 3.84 26.3+4.44

Values are mean + S.E.M. of three replicates. Data were analyzed by one-way ANOVA followed by Fisher's PLSD.
=dValues with different superscripts within each column are significantly different (P<0.05).

Table 2. Effect of LY294002 on FF-MAS-induced meiotic maturation in denuded oocytes (DOs)

Maturation medium LY294002 No. of DOs ~ Percentage of oocytes progressed to:
supplemented with added examined
(HM) GVvBD Mil
Hx 0 96 - 17.7+£1.3° 0x0°
Hx+FSH 0 55 257128 0x0°
Hx+FF-MAS 0] 108 62.7+£9.2b 38.0+6.5°
Hx+FF-MAS 10 27 © 59.0t4.9° 21.7 £4.90d
Hx+FF-MAS 100 121 50.7+ 1.8 15.7 £+ 1.24

Values are mean + S.E.M. of three replicates. Data were analyzed by one-way ANOVA followed by Fisher's PLSD.
«d\alues with different superscripts within each column are significantly different (P<0.05).

M 1 2 3 4 5 6
(kDa) -
80
509 Fig. 7. Akt activity in LY294002 treated mouse
40 - oocytes. Lane 1; Hela cells as a positive control, lane 2;
. GV oocytes, lane 3 and 4; Ml and MIl oocytes without
; treatment, lane 5 and 6; MI and Mll oocytes treated with
30 @ | 10 uM LY294002. One hundred of oocytes were loaded
20 in each lane.

Table 3. Effect of SH-6 on FSH-induced meiotic maturation in mouse cumulus-oocyte complexes

SH-6 No. of Percentage of oocytes showing:
added  oocytes
(UM) examined PMI Ml Mil Abnomal * Others

0 43 0xC 000 986+ 142 00 141032
20 44 0x0 19.5+6.7° 140+98°¢ 625+1362 401 4.0°
40 45 311319 12.1 £9.5° 0+£0° 67.1+ 9.4° 17.7+6.9°

*Abnormalities of chromosome and microtubule distribution. .
Values are mean + S.E.M of five replicates. Data were analyzed by one-way ANOVA followed by Fisher's PLSD.
+\alues with different superscripts within each column are significantly different (P < 0.05).
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Fig. 8. Effect of SH-6 on FSH-induced
meiotic maturation in mouse COCs.
COCs were cultured for 18 hr in the medium
containing 20 or 40 pM SH-6. Green and
red colors show microtubules and nuclear
status, respectively.

Fig. 9. Cellular localization of Lamin B
during meiotic maturation in mouse
oocytes treated with 20 yM SH-6 for 8 hr.
Top (A-C) and bottom (D-F) panels show
control and SH-6 treated ococytes,
respectively. Lamin B (A and D), microtubules
and nuclear status (B and E), and merged (C
and F). Green, red and blue colors show Akt,
nuclear status and microtubuies, respectively.

Fig. 10. Cellular localization of Lamin B
during meiotic maturation in mouse
oocytes treated with 20 uM SH-6 for 10 hr.
Top (A-C) and bottom (D-F) panels show
control and SH-6 treated oocytes,
respectively. Lamin B (A and D), microtubules
and nuclear status (B and E), and merged (C
and F). Green, red and blue colors show Akt,
nuclear status and microtubules, respectively.



Table 4. Effects of SH-6 on GVBD and progress to Ml in
mouse GV oocytes

SH-6 No. of oocytes Percentage of oocytes with
added examined
(M) at8hr/10hr. GVBDat8hr Miat 10 hr

o 53/35 98.3+1.72 97.7+222
20 47135 95.4+232 7221400
40 47135 95.7+222 27.8+4.0°

Values are mean + S.E.M. of three replicates. Data were analyzed by
one-way ANOVA followed by Fisher's PLSD. 2"Values with different
superscripts within each column are significantly different (P < 0.05).

Table 5. Effect of SH-6 on progress to Mil in mouse Ml
oocytes

SH-6 No. of Mi Percentage of oocytes
added oocytes progressed to Mil
(uM) examined Fig. 11. Organization of microtubules
and alignment of chromosomes in
0 66 990+ 1.02 mouse Mi oocytes cultured with SH-6.
Most of the treated oocytes reached to
20 64 934+34b MII. Panel A; control, Panel B; oocytes
40 60 933+ 1.7b cultured with 20 uM SH-6. Red and blue
: : colors show nuclear status and
Values are mean + S.E.M. of three replicates. Data were analyzed by microtubules, respectively. The
one-way ANOVA followed by Fisher's PLSD. 2tValues with different arrowheads indicate the first polar body.

superscripts within a column are significantly different (° < 0.05).

Fig. 12. Distribution of
Thr308- and Ser473-
phosphoryiated Akt
immediately after in vitro
fertilization. Top (A-D),
middle (E-H) and bottom (I-L)
panels show microtubules,
Thr308-, and Ser473-
phosphorylated Akt,
respectively. IVF O hr (A, E,
1), IVF 1hr (B, F, J), IVF 2 hr
(C, G, K)yand IVF 4 hr (D, H,
L). Green and red colors
show microtubules or
phosphorylated Akt and
nuclear status, respectively.
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Table 6. Effects of SH-6 on sperm penetration and second polar body .
(2PB) extrusion in mouse oocytes treated with SH-6

SH-6 No. of Percentage of oocytes with
added oocytes
(M) examined Sperm penetration 2PB
0 70 89.5+272 87.3+4.0°
20 59 85.6 £ 0.¢2 187 +£1.3°
40 57 840+142 0+0¢

Values are mean + S.E.M. of three replicates. Data were analyzed by one-way ANOVA
followed by Fisher's PLSD. <Values with different superscripts within each column are

significantly different (P < 0.05).

Fig. 13. Effect of anti-Thr308- or Ser473- phosphorylated Akt
antibody on Ml to Mll transition in mouse oocytes. Oocytes at M|
were injected with each antibody, and cultured up to 18 hr. Normal rabbit
IgG was injected in the negative control. Green and red colors show

microtubules and nuclear status, respectively.
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Fig. 14. Effect of Thr308- or
Serd73- phosphorylated Akt
inhibitory peptide on second
polar body extrusion after in
vitro fertilization. Panel A and
B; oocytes received with Thr308
peptide, Panel C and D; oocytes
received with Ser473 peptide.
Panel B and D show merged
figures. Green and red colors
show microtubules and nuclear
status, respectively. The
arrowheads indicate the second

polar body.



mMXEEBREEER

AR EETIFOETF~ORBEERIIE N, ZO—FE LT, HWILEY OIIRREE DM AR
HROPZRSTWRWI EBHIT oD, LIzh o> T, IRREEZHAL NPT I LITEETHY,
DA, BWEREE - BAEROD IR EENTEETIRNOBSLICERT 5. FICINERR (GV
B o MILE) @RI T D Ytk DBFICHEETE R 2 &2 I+ 2 2 FREIEA L S h Ty
2. BT, HIIEE R OWBEICEE D 5 ¥ /' VBRI phosphatidy linositol-3-OH-kinase (PI3K) #°
Eﬁfkézkﬁwammén,:@PBK@T%KAMﬁ@E#ézk,it,HNUAmﬁwmw
VI FMREREED—D L UTHIBROAFELHEICH UM 2REZ R LTWS Z ERREhE, T
DEDRERT, ~URAEHEE LINREGERIZIIT 5 Akt (protein kinase B) DATHREIZ B &
WL &5 &Lz, AT, ETIRBGERICEIT S Akt OFHE, PI3K/ Akt BB OFE & Akt O
BEIZHEHS, KIT GV HID b MILEETICR T 2151 Akt OBREZH LT L, BRICIIRETRE
ZBIDY VB Ak OFEICOVWTEN L, KOZL2BALPI L. (1) Akt id GV HIIVRHERE
ICHEFEL, PI3K/ Akt REEASSEET B & L CONREMSETT B, (2) Akt id MI 36 X O MIT 1 O 8k
WWRTEL, £ Thr308 U VEEENI PCM T, —F, Serd73 V VEEEIIFEMKICFEL, XBERE 2B
M & 2 b ICANICBAT L, BT ARSILERSR L2V, (3) Ak ORTERAMIBOAZEEHT
RBEINRNWI LD, Ak BBESRFENLEBRELZEOLHEIND, W) Ak IBESHE
BRICIST, INEZRO AR SRR DREMETN K & BB o BRI OFFEERTEAR - MiFF, & OICRBROE 2 fBE
BHIZEE L, BERIHOBHELETIZEDLS, (5) 220V VR Akt i3Sz UTHIET S, T4
DbH, Thr308 U VBRI Akt i3 S rh HIRG R HER: & R OE 2 BERH» BB ARDETIC
B&E L, —J5, Serd73 U ERY Akt i33REK 0 ARG EEMAHER: L 56 2 BRI HUICERE T D ABFZET
BohizmRIL, <0 AOIRBGERIC PBK/ Ak REREE L, Ak S BRSEOBHREELZETICH
DI EERAOPIZLIZFAODTOLDTHS, EHIT, Akt D2 2D ) SR Akt 1T ZNENASMSL
LTHET S Z L 2R LT

RREILGHASHRZCBNTESTHESN S, Lo THE (B%) ORMERETEDILOLY
ELZ,
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