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Aol ghad EAFe dAe Al AFE

Holell Edol HA o] Uty WA 76l o]z
of ¥ A} ¥ 7} ¥-1] 8 progesteronedl| 98] Z-EE
o] A7) Et(Masui and Clarke, 1979). Prog-

esteroneo] WaubS =3 Py cAMP°]
SEoh FolA 3 ol % AMPOR AN AAE

FuHs BA UM ARl A, WAL 5
o] dojutr ZH I maturation promoting factor
(MPF)gl wwae gasa 9ok (Maller,
1985, Smith, 1989). MPF& s 2-3) 9} ¢ 4« 2|
QR (FAR5)E st AU 2ol

a4 9th{Masui and Clarke, 1979; Maller,

Hodfts 1990d e sty n{E 712
%Ageﬂ-;lal (BSRI-"90-412)2 = ¢el]l 9zl 3=

1985). W7HF 2] (Rana pipiens) F2po] A Ao
A Ag dAE o] MPF(Masui and Markert,
1971)= ol dapell A ofyel UAnbyE 9
AEHAd = EAQscte Ao AHAA HUn
{Kishimoto er al., 1984; Tachibana et al., 1987)
Wi ANEFI S F2 2HA42 A40] o] 7}
i Ak (Gerhart er al., 1984; Newport and
Kirschner, 1984; Gerhart et al., 1985; Hunt,
1989). 53 MPFe| gde dzagdAe o
t}2) phosphatidylinositol turnover system(PI
system) 2 AA Fof St ¢l x gl (Eckbe-
rg 1988; Smith, 1989).

2 & MAel d2E A8 Pl system
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and Lee, 1991). o] 23+ PKC7} progesterone
of A3 MPF 44mgel #udzol 48
B g Sl @k ol AwE s, W7 W

5}]1514](1011 A PKCe #4371 Wrle 448 §¢
ok B a7 Q9 oh(Stith and Maller, 1987;
Eckberg, 1988). 2&ju} AR 9] AL AwF
zdlA TPAg PKCE @&A5A7|W 8217}
oA 5] 31 staurosporine 2.2 PKCeo] &4 8 24
stel 282 wate] o] dojdrtu W ustg
t}(Bement and Capco, 1989; Smith, 1989). ut
e At s #tdo e PKCY dge
SdaA A=A o Sl oje TPA9 A
wate] A ExAe] F7H3] 4lolo AR
44 OP'—:H] 2338 gol @l wEold.
= TPAE el g datoll A4zl

2 ojdol 3} MPF7} A5 =
Ao AR5 ZASLaL AL sl )T el (Rana) B
2, 3 A9 Rugx
ANAM AbEH WS F43
o o]E Ry B zs]»J_ ol5 9 BAG in vitros} in
vivo assay 2 gQlat g}, 32 TPAS X3 &
el A A MPF7F Yelgexe) oig 24l
3h At}

o} 2

e o
HEME Y g
el A2l sl Bl el (R, dybowskii),
AR AT (R
AAE A& B S (Kwon et al.,
1988, 1989)°] ojw] 7} =3 Wil we} /)72 &
AHea ol E2RE JEFAELS Hato Al
9 Wde Fy3AY. PKCE 8438297 9
st TPAE Al&3llen dgarifon §A9
phorbol estero] w4 o] g A& BYFA|7)7A £
3= 4 a -phorbol 12,13-didecanoate(4 a -PDD)
E A2t o9 Fr= Awoi(Kwon
and Lee, 1991) 9-& Auto) o} A3t At}
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MPFo 2%
e Lohka & Zx
MFZZe 2 frog pituitary homogenate( FPH
& BTt 48 Bopabs) el o) wiskE o
AHE AREE T wgE wdxie] AaEg 2%
L-cystein(pH 7.8)22 A A3}1, 10% amphi-
bian Ringer(AR)Z 103 A% AAd t}g,
MPF %% £9(80 mM sodium g -glyceropho-

(crude extract, CE)S ?_i;‘? 7}
(1988)9] W& #4339y, =
)

sphate, 50 mM NaF, 20 mM EGTA, 15 mM
MgCl,, 20 mM HEPES, pH 7.5, 1 mM
dithiothreitol, 300 M phenylmethylsulfonylfl-

uoride)2 2 oAl A HE ¥ g FEHHoE
Sojztrh. Al " G2 150,000 gol) A 24 7 =
G AR T G2 WS YAZ Alo]o) Qe
3l ATPS} cytochalasin B~}
72 1 mMa} 10 pg/mlo] HR & Yoz & o}
Al 2 A&7 (Beckman, SW 55 rotor)Z Ap
83kl 250,000 goll A 2417+ B2t A B2 st

e 5 H B O
s RS

o|Mlof2tof ofst —2‘5-%"1-

L— |'

194419 MPF #2822 ltrafiltration(Amic-
on, cut off 10,000)0.2 2ds F ZAAZNO
2 FE A

3ct7|. DEAE column &3 Z0tE 124
(HPLC)

F& gFAoz v FPAZ n&ANaw

nt & 712} 8 (high performance liquid chrom-
atography) DEAE column{Protein Pak Glass
DEAE-5PW, 0.8 X 7.5 cm, Waters)oll 254 o))
A q3, ¥5¥9 MPF 2&8& F303 92
KCl =7 (0.0~0.5 M)& o] &34 1
ml/min & o2 §EFAIEA 1 mly 28L& A
At olE BES AHFALZ Ay ~70°Cell B
st o

o= = B O

MPF &M &3

B Ao E in vivo assay®} A in vitro
assay® W &stel MPFel 24¢ sl sels)
a4 .

1) UIHI ™ol 2|5 MPFo| &ol
i &g G & progesteroneo]y} TPAQ] A
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dE e dxzRe BE FE3 A58 7HX 2
tpe g e Yo w MPFe &A1& 39d4d
th 7 22 dAdE de A 8E(CE, ultrafil-

trated, fractions obtained by DEAE HPLC)&
100 nl®-& #3&la] cycloheximide(10 pg/ml)Z
e AReIA 3087 AAed FArele o
A4 wrzboll micromanipulator(Leitz) & A}-g&
o vl FHe Foll, 3087 &4 8 AE F
v g AR g0z 87 2043 F A%
v okt ek wiFe] Ed F dAEE 10% trich-
loroacetic acidol] 133 F s F-H o] ofefo) A
ol Eg v Ao R} He] {RE
Avt. #AE Feoild ZHF4 L e T
o] A3 S micrometer(Nicon)& &7 3lo] A Al
Qom, MPFe] 282 Ca’t iono] uj$- st
A A o 2 (Gerhart ef al., 1984) o)A F ] 1}
38 332 Ca®t-free ARJNA Fstdct. o
Z7olE & 4Fd S vdsdAE iy ¢
e NR2 2% Fdsat. 2 vAdE Pee
NBEEL TEMAZEE L& Ao 7 4]
w5 15208 w45 dael F3iesh.

2) w9l olatstol 2|8t MPFO| & HE

zk el #ANA MPFe &#4o] Zrtste A
=g %7 9o dAER A8
kinase A =& Labbe 5(1988)¢] W& F2
3t =A 39t Histone H1 kinaseo] &4 o]
MPFe] &4 s F7igcta 43A den
2 (Labbe et al., 1988; Gautier et al., 1988} Al &
o A t¥ histoneo] QIatslElv A& xAMSHA
t}. 2t A 88 25 pl¥ #H3ld 1 mg/ml Histone
Hi(type III S)z 10 mM MgCl, 2 3 x 10°
cm/pmole] ¥ -¥P-ATPE& %% gfolo Yo
HERITLE 60 plo] HEd -3 F 25°Col A
102 59 QA3her8-& A #H k. Whatman P38l
phosphocellulose o @} =)o) wWhHGol.g A A5l
ke wh22 FA Az §, 180 mM phosphoric
acidg 53] of#4xg A A tb-g histoneo| AF}
g *Po] wal M &8 scintillation counterz &3
stttk olu o) WAL B A4 < F his-
tone kinase9] &A1& oju]dlc},

histone
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X7 |2 ARHO) o8 MPFe| &4 2tol

Alg] MPFe] &4 =}7)uA}¥ (autoradio-
graphy)o 2% 28kt o439 his-
tone kinase AT &2 o2 A+ MPF &
4 2ge g 4ks ¥4& SDS-polyacry-
lamide slab gel electrophoresis(SDS-PAGE:La-
emmli, 1970)9} 7Aoo 2 ZASIATE Al
8 25 plo] 7-P-ATP7} 107 cpmo] 5jx & ¥
o] 25°Coll A 10483 QI4ksh g A7l ¥ A&
& SDS-PAGEE AHg3te welstith. 7]

een(Dupont) 2.8 Qe T —70°Coll A 157 %
ot L&Al & #Asl autoradiogram-g A

.

MIHE

27| AL & Al Ely] dol| A EES Laem-
mli(1970)2] ¥W¥lo| wat SDS-PAGEZ =3 3
o gl AL W FBedyo). Separation gel2
¥ 9~12% linear gradient gel & A}g3lg o,
stacking gel®] acrylamide ¥ % & 4.5%0]%t}h.
#7149 o] ¥ gelE Coomassie blue R-2502.
2 Ag & il do B ¥4g RAEAC
ol EEurwl A2+ bovine serum albumin
(MW 66 KD), egg albumin(MW 54 KD), tryp-
sinogen( MW 24 KD), f-lactoglobulin(MW
18.4 KD) @ lysozyme (MW 14.3 KD}& A} &3}
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Table 1. MPF activity of the fractions obtained from
HPLC-DEAE ion chromatography in the ovulated oocy-
tes of R. dybowskii.

Sgto R vl Aold o7l HAL Fu wka
st Axl Ao #& YAS HAFYorma 7 3 Control Peak | Peak I Peak Il
oAs vehd Aeln. AzpvtEas ARG o 220 580 4099 690
Ho]£50] 3thAlE 7% Alse MHe & 238 Histone + 156 609 15119 758
2 Moo [ 1
o2 el ick(peak 11T and 1) (Fig. 1). MPF activities in the fractions were estimated by measur-
.5 1 ing H1 histone kinase activity as described in Materials
/\ and Methods. Radioactivity was measured in the samples
which was incubated without (Histone —) or with addi-
o8 tion of exogenous histone (Histone +). Numbers repre-
.| 500 A|sent the cpm of *?P incorporated into proteins in the
400 . Iraction. Experiments were repeated twice. The relative
S amounts of radioactivity was very similar between ex-
0.4 300 E periments and an example of the data was presented in
0 5the Table.
100 X *Total counting: 267,333 cpm.
o

20 30 40 50

Fig. 1. Elution profile of ultrafiltrated samples through
HPLC-DEAE ion exchange chromatography. Crude ex-
tracts of oocytes were ultrafiltrated and applied to HPLC
DEAE column pre-equilibrated with MPF extraction buf-
fer and then eluted with KCl gradient (0.0~0.5 M).

QoA A& B3I F o= HA MPFo &4
o] eI =R & in vitro assay 9} 2} 7] HARH 9] F
7hA] WS A} 83t ZALERICh AA in vitro
assay @ Al g2 v-%2P-ATPE H7le % Airs)
ohul W o] oFL

obgel 713

plus group) H1 histone kinase 2%

2] %A} 3} al (histone minus gr-
2 histoneS # 7}3}o (histone
Jx=7t S 7hst
Ao o g zAbakel weteh(Table 1). 71 2
3 23 Ile A Aastel gl de] oo thE
8)o]) vt 6u) ol ZsbA vhebwtal histoned]
24 sholl 4= 200l 78 AarEkel F7bt
ot RS gt 23 IlolAd Antzog
ol 2t} 7} Z 78t A1 A 71¥ histone] A4HE7}
Z3hA Aol A2 (H1 histone kinase &4 9] &
wgjol MPFe] #40] okt A2 nel
Aol

1= 47 A S AFg ST, o]t e
whapol | MPFe] 43317k 45 KD el &
gAzide g oA 2(Gautier ef al,
)3 Flolth, AV A AR

oup)

1

L=
o

[

S 2 ¥ o
Z b5 DA
23 o,

ol

s drlgdsen ¥

¢

Q)

2] gt % histone?] H7} glo] W Ao} Az} F
e A7 o2 FAMEte B3k Fig. 29
N HZol 2t AP THe AEE WG F
loading A7 W %% II(lla, fraction No.23
plus 24; IIb, {fraction No. 25 plus 26)o} 2 7}A]
gl "o] ZatA QA E S B AR o7
o 45 KD el dx x39& 4 5 At ofel
&l crude extract(CE)1} ultrafiltration(UF) &
AR Alg To HPLCE AF vg RN+
(28 III) Q4rsty i zdg A &QE °i

(Fig. 2). o] A3= 7\}7]‘%}’\}%’5’—
e A MPE7} &4 3tk 28 &
Aol

E2|cHAlof 12 MPF| M=

2] g wel o= Ax 2 MPEF7E Ao
o] 7be A& Ry fsted 24 REeldA e Alsu
o) histones 7} thg A7lgh nhek ol A&
of AAbztE AAEE FAHI IS o] FAFE
Labbe 5(1988)2] Wyl oAzt MPEF2} A
% (purification fold)@ #Arate] w ki Table
2). Crude extract(CE)E 7]
ultrafiltration 34 &
HPLC=z Eg34&
uj 2 gdo] Frhe A
T o] FHREE

=z

ok 3uf 2,
[ & of 117
A% }(Table 2).
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CE UF Tla Ib
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«45KD

Fig. 2. Phosphorylation pattern of MPF fractions after
HPLC chromatography. Sample fractions were elec-
trophoresed after preincubation with 7 -32P_ATP as de-
scribed in Materials and Methods. Ila represents the
autoradiogram of 23 + 24 fraction and IIb represents
that of 25 + 26 fraction. The phosphorylating activity of
crude extract (CE) or ultrafiltrated samples (UF) was very
low and did not appear as the band. The arrow indicates
the phosphorylation of 45 KD protein.

27w AbH 0 2 8ol sk 2 3 CE ultrafiltration
o AN ANe(UF)Rc HPLCs He2l& AR &
o] AW e ok histoned AMNFANAHAETE

ArlgdsAo g gl £ AN Fig. 3). JA
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TPAZ xuléle Aoz PKCE 4314
19 G R el 45 S FEATGE AAE A
2ol A 7l& e upoh ol AR of3e] B
TEAo] glowvg oAy EIAsic E AY
A= TPA9 A el7F 3 progesteronex & ¢
el 953 ol Hol MPFo] 44e

Ny

2

FrEdks ‘7‘]
ZAbste] Hopth BAHLE Z28 A5 F

B = 9-124]7Fe)] dojt e = (Kwon and
Lee, 1991) TPA & & progesterone-g 6417+ %
2 F o232y CEY UFE golA EAAMR
2 skg, HPLC 2388 7] g8 g2 A
g7t Hagora] o] Bgd g Ak A e
Ak HERTe widd da g UV‘** W 2toll
e ger g2 .ol
AMladl MPFo #3% ] EHEZ %%‘—‘: ]*ﬂ-zr"é}‘ﬁ
& Abgste] Ak, MPEFs o] olle 11 &5
7} el ,}_9.',’-_(Masu1 and Clarke, 1979) uj &%
Wt S e e A Abgsidem vy
2 AT T FAE ARSI, o
EANEE FANTYY vASG At FHE A
g Fig. 4o 22344, 2l A Ho FRo
wj @ ¥ al 2 progesteroned X 2] 8 whzbo] A
ZHM F23 A5 52 TPAY A& ¥
& Uxlo A F2d AgE ¢ ggHo (¢

o

0% o4) WA 458 FEHE & 5 3
oh olel val M AGUARRE e AuE A

Table 2. Partial purification of MPF and change of MPF activity as estimated by the level of their H1 histone kinase

activity in R. dybowskii oocytes.

Total Total Specific
Steps protein activity Activity Recfvery Purification
mg unit unit/mg % fold
Crude extract 301 21.8 0.072 100 1.0
Ultrafiltration 110 20.7 0.188 95 2.6
DEAE HPLC 1.76 148 8.409 68 116.8

*1 unit: 1 g mol of 92p transferred per min at 25°C { mol/min/ ).

**The enzyme activity was calculated by the method of Labbe et al,

1988.
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CE UF II 11

[

HISTONE +» |

23 24 25 26 43
fraction number

Fig. 3. H1 kinase activity of partially purified MPF. Peak Il fractions (No. 23, 24, 25 and 26) obtained from the
HPLC-DEAE chromatography were assayed for H1 kinase activity by autoradiography as described in Materials and
Methods. The density of the band represents the activity of H1 kinase. The data indicate that specific activity of H1
histone kinase increased markedly during their purification procedure. CE; curde extract, UF; ultrafiltrate.
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Fig. 4. MPF assay by microinjection of partially purified
MPF from the ovulated, immature and matured oocytes
with stimulation by progesterone or TPA. Immature 1Y
oocytes {with GV) of R. nigromaculata were used for ~ °° -

recipient of the MPF materials. After the oocytes were 22 ©& ZHF29 dabe} #Zetri(Kwon and
microinjected with the materials and cultured for about

20 hours in AR solution, their maturation was examined. 100 a—a TPA

Donor matured oocytes were obtained from R. dybows- pee--A 4q-PDD

kii. Those donor oocytes were cultured for 6 hours in T

the presence of progesterone (0.5 ,g/ml) or TPA 10 7 O 504 I
M) and MPF was extracted. MPF extract was prepared - ,,,,I/H/ 1
from the ovulated oocytes with the same procedure ex- 1

cept culture. Crude extracts were ultrafiltrated as de- > 40

scribed in Methods. Each bar in the figure represents the

average (mean + SEM) % GVBD of 80 oocytes (10 per o T
incubation, 8 incubations). GV, immature GV oocytes; & 20 A
GVBD, ovulated oocytes; P4, progesterone-stimulated T I/ T
oocytes; TPA, TPA-stimulated oocytes. o §:_—:_§_'_f"____z\ _______ - G AeeoelboA
L T T T T 1

o) H&e §58HA kth(eF 7%). o A= ° 3 eTim: (hr)"“ '8
TPAS #elsto] PKCE 298471 6412 W)

a 2] vpe] A £ Aol MPF7 A A3 = Tk Fig. 5. Time course of TPA-induced oocyte maturation
oA ANl dAe) AL F ° of R. rugosa in vitro. Isolated follicles from each animals
= RAEe HAgFa o were cultured in AR medium containing 10 ;M of TPA

or 1.6 4M of 42 -PDD and examined for their GVBD

PKC2| &4 510 o|5t =S =] HAle) Mg at .designated time point during culture period. Each

ST IS e gamel Ao o point represents average (mean + SEM) % GVBD of 80

s/l e HRER O & e A e 2 oocytes (20 per incubation, 4 incubations). **P < 0.01,
A=) ko 4] & 22 (FPH, progesterone) =}  when compared with control by Student’s t-test.
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100 o— e TPA 44 4o b (recepient) 9] AHHZ Fr &}
1 °----° 4a-PDD Al zbslol (eF 27%) 617 Held daie e

o 6o S 3 50% ol @gss Fustch el o
® ";/3/1 Y PKCE &43HA717] £8E 4a-PDDE x2l 3
Z 40 - LH}R%H Me el dsg fFresha gdt(Fig
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Fig. 6. Oocyte GVBD atfter injection of MPF extract to
immature oocytes. MPF extract was produced from
oocytes exposed to TPA or 4 « -PDD. Donor and rece-
pient oocytes were obtained from R. rugosa. Donor
oocytes were cultured in the presence of TPA (10 M)
or 4a-PDD (1.6 M) for various incubation time and
then oocytes were collected and MPF were extracted by
ultrafiltration. Extract of donor oocytes (about 70-100 nl)
were mcroinjected into the recipient GV oocytes. After
injection, the recipient oocytes were cultured for 18
hours and examined for their maturation (GVBD). Each
point in the figure represents average (mean + SEM) %
GVBD of 40 oocytes (10/incubation, .4 incubations).
TPA, cytoplasmic extract from TPA treated oocytes; 4 «
-PDD, cytoplasmic extract from 4 a -PDD treated
oocytes. *P < 0.05, when compared with control by
Student’s t-test. **P < 0.01.

Lee, 1991). wetx TPAS ey O &
AMAT & Fele HAdEE FE

2 Asa & & ek

2I4T72l0lA PKCS| ZAISI0l o8 MPFo| AlA
A7

7] ARl N 7l EeE el WA TPAS| o &
o Apng Yogoz g ey MPF

2 AARTE A2 ¢ & Atk 2 28

TPA2] #t= & ZAgtell MPE7F 44 H=#1&

e TelE At zAbS AT &A1 T A
of TPAZ Heig & LA wheh(3-16412F)
ot 2 & Az A

MPFg %3
(ultrafiltration) 7} 2] %<} gk

e

o
a =
2>

N

N

wapel ml M EQsAt. 79 F ol
Wors F wAe] 4EelnE 2AY AnE
Fig. 6ol Wep ey, 1eo] 4 mel5o) TPA

e} & 3a17ko] Ak wkapel A E el A FH v

6).

1]

e

2 4y A2 TPAS A2l dare M
Aol MPEZ} EAgtch= 208 4dr ol Ay
2 ko] Ad<3g ol protein kinase C7 %3
o2 gelstn o] Tl BAH} YA &e) B
#4¢l MPFe 44g f2dthe 28 AAD
th obgel el (Rana) wabz e MPFg %
HAelN ool Byl 27}
3t A& in vivos} in vitro assayE E 3l Ho
Foch,

FMFol A MPFo &3t A7 F2 A=
28 Ab&ste FeEo] g gy Xﬂbn*
= el A F87] 7 ol 7] Wl E o) MPFej A
goka Fa4ol sl Tl e oo By A
7k Ao} ool AR ¢ktth(Lee er al., 1992).
2 Ad7olMeE 2948, Ay 2 p
HAazvieiets] g o] &3te] Eabs) el vy
gt dge] A x4 MPFE 2B Risly
crude extract(CE)R.t} oF 1174 A =2 MPF &
ol F7td #4898 dAH(Table 1). v = o]y
g FAl 25 A ke F 2k (Lohka et al., 1988) o] %
ol M (Yamashita er al., 1992) A= & Fo w31
(1000-3000u% ‘&%) wi-§- ®Ikgt Azjojxut B
Aol 2o MPFe Aata sholwry g
PKCste] #4& 2Abaht dols 718 o] &
2 A%t MPFe &4 ®Hro} 4 8s] 89
sH7 S1stel A A WO MAE Adw g
Wyl Qe wEFel sl oA (in
vivo assay)3h o el wHel AsNEE o
gk 271w AR 2 HI histone kinase assay @
Z A 8)3= in vitro assay HHH T A} &g T},
BE WA AR
Aol F3

Z, FaEste

ol ¢
¥el vl o wet MPF
selg 4 A9l

Lo r;’& le Oko

Fhete Ag
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(Tables 1, 2 and Figs. 2, 3).

F2E0 P& Axg frste A GA
Aol 4 PKCo} o &o] o}z BRI IR
9] §x5& PKCe &4 3}71(Stith and Maller,
1987: Kwon and Lee, 1991), 4% 9] 3x5&
PKCe] E&gsl7t date] A& frdd Zasd
2 FAA3 1 A (Smith, 1989; Varnold and
Smith, 1990). ol & =& Hd& g el go
FAF Fel TPAE Aelstd Alxze 43
(cytoplasmic mixing)o] dojubr] ARz &
Aeke] 7l FEo R g ufol omi g He] gy

o8

a4

s

WEolth & AFeME o] EAE A7) 4
3t ff—‘iwq oA 4Ads)= MPF7} TPAZ A
2l R M A EAE AT ]9
OAE HE dRE nyAE AR e MPFr}
AAE e $77F slow PKCe| 554 o &
e B FAE 2111\16}“ Zol7] wol
o

TPASl a#E ALY Wl A2d A48
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Induction of Maturation Promoting Factor in Rana QOocytes by Protein Kinase C Activation
in vitro.
Young Ran Yoo, Work-Bin Im, Chul Ho Ra, *Ji Yeul Kim, and Hyuk Bang Kwon
(Department of Biology, *Department of Nuclear Medicine,
Chonnam National University, Kwangju 500-757, Korea)

Maturation promoting factor (MPF)-enriched cytoplasm was prepared from the matured
oocytes of korean frogs and partially purified. After the crude extract (CE) of MPF was prepared
from matured oocytes by ultracentrifugation, CE was applied to ultrafiltration and HPLC-DEAE
ion chromatography. MPF activity of the fractions obtained during purification steps were chracte-
rized by H1 histone kinase activity assay and microinjection assay. MPF was purified about 117
fold over the starting homogenate on the base of histone kinase activity. Several proteins includ-
ing 45 KD protein appeared to be phosphorylated by endogenous protein kinase with the
addition of 32P-ATP to the partially purified cytoplasm. When immature oocytes were microin-
jected with the cytoplasmic extract of the oocytes which were stimulated with TPA, MPF activity
clearly appeared from 6 hours of TPA treatment. Thus these results suggest that the MPF was
activated and oocyte maturation was followed by the exposure of the immature oocytes to TPA.



