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=Abstract=

One consequence of fertilization in mammals is an increased resistance of the zona pellucida
(ZP) to proteases and various chemical reagents. This phenomenon has been called ‘zona
pellucida hardening’ (ZPH), and it is generally accepted that it is caused by the secretory prod-
ucts of cortical granules released by the egg at fertilization. ZP of mouse oocytes maturing in
vitro in a chemically defined medium becomes progressively more resistant to solubilization by
chymotrypsin (“Spontaneous” ZP hardening).

In the present study, it was aimed to find the specificity of spontaneous ZPH in relation to its
possible relevance to the cortical reaction and the physiological block to polyspermy.

When a maturation inhibitors, ¢cAMP analog(dbcAMP) and phosphodiesterase inhibitor
(IBMX) was added to culture medium, it prevent spontaneous ZPH of mouse oocyte during in
vitro culture. Thus spontaneous ZPH requires GVBD, since it is prevented by those agents,
which inhibit GVBD in vitro.

However, culture for 3 hours in the presence of PMA (10ng/ml), a protein kinase C activator,
resulted in ZPH without GVBD, thus suggesting that ZPH may be regulated independently
apart from the event of GVBD.

Pretreatment of mouse oocyte with FBS result in partially inhibitory effect on subsequent
spontaneous ZPH.

Induction of GVBD in vivo had a inhibitory effect on the spontaneous ZPH, but subsequent
spontaneous ZPH.

Induction of GVBD in vivo had a inhinbitory effect on the spontaneous ZPH, but had no inhib-
itory effect on PMA-induced ZPH.

Treatment with a microfilament formation blocker(cytochalasin-B) at 1ug/ml concentration,
resulted in the excellent inhibitory effect on spontaneous ZPH. However cytochalasin-B did not
inhibit PMA -induced ZPH. Thus this suggesting that spontaneuse ZPH had a different mecha-
nism from PMA-induced ZPH.
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g2& FdF9 FHFFE(echinoids® o F,
FAF, TFF) dRe 9839 vz o}
g aAR5te = HF 7§ (cortical granule)
< oy d¥A(aL)d dF3ER FAH
fe Saesid By AgAR 484 94
(Guraya, 1982).

ol# g A Hyge WEEES UAI
A7V s Ao ol&] A== df signal trans-
ductiono] ¢] &t 9] E1](exocytosis) 7] & & E3)
il Ho] A 3 %A (polyspermy block)
E o}7] 8t A] E v} (Schuel, 1978, 1985;Pierce et
al, 1990). &, AA/} dotd ZFEsiA =9
g} o] G-proteino] ¥4 315 o] phospholipase
C=® 3} phosphatidyl inositol 4, 5-bispho-
sphate(PIP2) ol 4| inositol 1, 4, 5-triphosphate
(IPy) 9} diacylglycerol(DG)-& THEA &), IP,
v AEY caleium AFABZRE caleiumd
o8 doyli DG PKCEAE okrstA
"y a3 olwf Ru]E caleiumol ¢l ¥
4 FE9 = Ao g duiale] o) ¢
M FFol FxHo, doz d3uaol
AG = 937} (perivitelline space) 0.8 &
g9 JY&Eol Eulslo] Hi(Berridge,
1984 ;Berridge and Irvine, 1989; Whitaker and
Patel, 1990). o] & 3 & y}-& (cortical reaction)
olg}ste} A Iy Fulo] o wpx wig
g doA gAY HAFEE B I E(bar
rier) 24 9] 7]%& et

BT Ae, FHIANGEY A%dHges
4 AEY IR EAE Bulsly 29
(zona pellucida)@s Wz} FHeode Wy Es
d o 71 tH(Wassarman, 1987). ol2l§ %=y
= ZP1, ZP2, ZP3¢ 37}A Gywo g 1A
Ho] sled(Bleil and Wassarman, 1980a;
Wassarman, 1988), o1& J9¥ & 53 7ZP2
v 9d By FAE 5 oauE B 549
g2 ZP2(120, 000Mr, glycopeptide) &) o}
- JIEA-Ed 237 9WA SRR
3j 5 o] ZP2,(90, 000Mr, glycopetide) = 2 &3
224 o oo A AF R A o
(Moller and Wassarman, 1989;Moller et al,,
1990;Saling, 1991). 183 o]Pd W= =
Wl 73 (zona pellucida hardening;ZPH) %}
T 9848 e Ad Aew nugti(De Felici

o

and Siracusa, 1982 ;Ducibella et al., 1990).

33 G FA E(cumulus cell}) & A AF v A
% YA (denuded oocyte) S A ] vl %(in vitro
culture)3pd FH U7} Wl FHES P
ZA1E e gAo] HAH Rt De Felici®} Sira-
cusa(1982)= dTA X7 AAH w5 (ger-
minal vesicle stage;GV) ¥# “E A< i
%A chymotrypsin B&#jo] g Aol &
tEe ARy F9d 7384 (“spontane-
ous” ZPH)& 2yt ol@e F3dd
Aate 3 F Z4H 98 AN ET
A FAAolt A& dojgd Afde FAE
gajatA "2t Ao AdH s T
Eoy AH3E 942 F Jv Ed g4 E0
dAE 2 ded, ¢7FAE, FEA E(gran-
ulosa cells), o ¥ A(follicular fluid), A
(serum) o] A o]e}(De Felici et al,, 1985;
Downs et al.,, 1986;Choi et al., 1987;Vander-
hyden and Armstrong, 1989;Zhang et al,
1991). ol8 3 22EE 94 AR &/
T8 F slo], ¥3& wigdd AN As
B¢ BulE wA Ay gdA R 540
ZP2E ZP22 A@AN7 e A& 4E F Ao
(Ducibella et al., 1999). 7} H o] AT oA
Ducibella 5(1990)2 Wx} A&7 #AEP 7
2 #ge #Zar 92 Ad9 FAAGIA,
aga gARE wWgAdA e ZP2o A ZP2
29 Afd #AEE BastEch

oY HA7A e ARrE ARy T
A5 "ael fEU oA Wy oig AT
b ge B o PAH S VFe W
AR e FHAA, B dAFME
Asy £9d Ao ¢qle] He HF Ay
o} 9EHld] #AAE Ao AZAHE 48 &
A4 Agsty Awd EHd Az @4%
ol® #AZ JertE FAFLERHN I 5A

# AR e Bg&ol HuA gk
e Yy

1. dEES ¥ HXjel FH|

B Agcle AddAdistn QB[ A
3 1447 & 10A7t0 2 #$F718 z2dsln
23 Yolyl 83 IFFHE HFHdAM ALK
3} Swiss albino$) ICRAS 9 3-439d 4A L
A3t o

1) 0|A% “tXH(Oocyte with germinal vesi-
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cle;GV oocyte)

AHAE AT A8 54 F JdaE FHE
o] AR X g A2 s HeEg o
AE AXRYEH Bzt dgd AgEA
o 298 dxe G FAEZE mouth con-
trolled micropipetteg ©]8-3la] A As}H o
&) - & o] 7 (stereozoom 7, Bausch & Lomb,
zoomrange 1.0X —7.0x US. A A G4
7 AAE AN A% dai(nude & de-
nuded GV oocyte) Br-& 3 3te] A48}l th
2) H=X HAH(Oocyte with germinal
vesicle breakdown ;GVBD oocyte)

AH B 5 LU.(international units)$)
pregnant mare’s serum gonadotropin(PMSG;
Sigma Chem. Co., St. Louis, U.S.A.) 9} human
chorionic gonadotropin(hCG;Sigma)g& 0.9%
o Al Aol Ho 46A1 A o2 BF
W FARSEAL hCGFAL & 3A17bsf o] Z18}olxx
o} ¥ (Graafian follicle)& Elmg JdpxEzs
$A3) M A FPLAEE A A
F Ago A= A Bas dojy FA
wHg FHIAL.

feo} g Wit d#AS AFH T 7By
dog 3w AFH F 2mle] 7| E ujckalo)
oASle AAHAR &A v A sl A
A REE dgen, 94 2yE dxx
g 7t Wigdos 3W Ao wid HJA R
&

2. HhRbel HHe
wabe] W e thg 27k WE S ol gahel Tk

1) 248+ AT A4 dedEde 25
F &2 PBSe HAA AlgEglen] o|de
WA} 8 eke, microdroplet #g-& ol &3t gth
(Biggers, 1971).

2) A¥F AYY 25A 38222 etha-
nol ¥& dimethylsulfoxide(DMSO;Sigma) o]
Bl X ALE5t ow olwle] Wb w2, open
culture W& o] &3 Y}

3. Hjeroly x2S

EE A ALE EAGde Mlew S
o} (Hogan et al., 1986) 0.8 3}glon] BSAY
Eoldle B gdoA widse] Eg 4
gt dojd dxes, BuEn B QA
g g 43S A% d9dd s By
S 2= Mlswigdkao] BSAWhA 10% fetal bo-

g

vine serum(FBS;Gibco, Grand Island, NY)&
el AL Apgstgch o, Ay HelE4
&7] &0 &, DMSOu} ethanolel]l =<1 7
2 gy Ay Hn FEE dEx NG
Aol Friste] Wi o] AHESHA T

ART AHe 98 4 AL EZ
stock solution& &3} o] wrESITH

1) 3 - iso - butyl - methyl - xanthine(IBMX;
Sigma)& ethanoldl] <o 10mM2] stock solu-
tiong wE F 02mM=E 34 ste] A483HA
t}(Schultz et al., 1983).

2) N8 O%-dibutyryl adenosine 3’, 5-cyclic
monophosphate(dbcAMP;Sigma)+= PBSel| =
o 2mg/ml9] stock solutiong YHE F 100pg/
mlg2 3] A8t A23159 tHCho et al., 1974).
3) Phorbol, 12-myrisiate 13-acetate(PMA;
Sigma)¥ DMSO9d] =4} 10mg/mle] stock so-
lutiong TE ¥ 10ng/ml 3 A3td AH§ 3t
< th(Ducibella et al., 1991).

4) Retinoic acid(RA ;Sigma) X ethanold] =
o] 107*M ¢ stock solution®& WE F 107ME
A sta] AL oM, stock solution 1F
dnjtl A E TEUH(Bement and Capco,
1989).

5) Cytochalasin B(Cyto-B;Sigma)+ ethanol
o] %9 Bmg/mle] stock solutiong UWE F
74z} 0.1, 1, 10pg/ml2 8 A3t AL&-shgivt
(Longo and Chen, 1985).

vjoFol e xgA  0.22pm millipore mem-
brane2 & oJH Al 247 o] Wl g7l
A W AN F, SR BE BaH AE
£ 2749 stock solution?] 3 A wjoke] A}
gagdh. g8 g My¥E VR
Wik e RS A3 PMA, cytochalasin-B
AEE Adstne BT NE2NGHez 53
on, A AHLE BE EZAGE ddd
Z(1607C, 908) T 1FEA(1217TC, 15Lb/
inch?, 158) 39 v}

4. By ¥ Ao HE

Mok A& A 002 ste] duARL
sl W 347 oldMel £ AsE Fxu
o 4 Yee AP PMANY AS
SAZ WA, UeiAe A4 A
A 2gsrd FAER A7 17-1847
Nzos MFNLEL Hagd. ANolA
H&AN Aeel vRE SHAE hCGH

e
=
[o]

T

© ot fo (o
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AL F 3A1Ztel A&& AJRSt] Hete] B3
H dAE L2 RE Hase YoM 14
At o i kstel Abgshgl

e g Qo] FRE vHds oA
(GV), #ut3} Qlo] AdH A4S ANE
WA(GVBD, Al 1&s#4 F71-%27)), 19
3 A 1AFRE F A3 SAE F4E 9A
(PB, Al 2382372 £HA

5. Zona hardening assayE 9% X9
ME

F HzTAA FHdU 23 d4o] A H
7352 71%<Ql FBS7L Eoldle i gd A9
Hf gFolut, T Az dol AAHA 5
%9 7183 BSA7F e wWlYAdA
o MFe A 1SAYAY dAE Y A4
L dPTeMe & A Fved % A5
A GARte AYH deR aHste JH
Abg- 3 o

6. Zona hardening assay

Z MR F A5z g dxs 2
F3ld 42 4mg/ml ¥ %9 PVP(Sigma)7}t
B0l Miow] g (M16+4mg/ml PVP)4)
A 338 A% & pH7.2¢ Img/ml 59 a
~chymotrypsin(Sigma) 504 dropseil 4] 13] A
A3 h2 enzyme dropol 2t K- (Sigma) &
Hol wigre] o] 37CE #AA 719 assay
sttt Assay X &A|F AJPRE 1A% 30
ErlAe 58 7tA o8, 11 $3E assay £ 8
A7tAE 158 Ao 3= gdduy

tso{min)

o

3 ) s 12 15 18

Cutture timehr)

Fig. 1. Kinetics of spontaneous zona
pellucida hardening of mouse oocytes during in
vitro culture. Each point represents the mean
+SEM;mean of 4 replicates.

(Phase contrast microscope, Leitz. Germany)
£ o] &3td Yoyl 443 EaE IR
£ A2 H(Schmell and Gulyas, 1980;De Felici
and Siracusa, 1982;Gulyas and Yuan, 1985).

7. EAIXE]

Wz d AEF Alole E3 A Aolg
H 237 9% 48 AR FAAUE stu-
dent t-test® o] &-&Hov, of Ao gL
2t AEANAY to, & HA dATY 50%0)
Doty A FYur) FEise AEAe
g 87se AY HaF#S AU H(linear
regression) 8.2 T3 F 2179 +SEM(stan-
dard error means) @ A&t

4 B

1 A2l uHY AZio O XY SO
& sy

AYo ALY F dz2 3 ALH £4Y
A8 dA4d 7Ee A&, BSAJ Eoldle
71 R FAol A g Ao ATt wE A
3} Ax W3E dolry] HAsid o H4¥E
st AA e viAd& dAE BSAY B3
= Z1Bagdo g 42 3-18A1%F Wigd F
3A17 7k7 0 2 samplingdt chymotrypsine]]
g & =99 solubility® ZASS 1S T
F Ad%E 2 18 293l viYg 342

ts0{min)
5 8

8

3

BSA

Fig. 2. Effects of maturation inhibitor on
spontaneous zona pellucide hardening during
in vitro culture of the mouse oocytes. Data are
expressed as mean+SEM from 5 replicates,
each using oocytes from 10 different mouse.
Asterisks denote a significant difference(*, p<
0.01;**, p<<0.001) from the control group con-
taining BSA by t-test.
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A A RE YA AEE ANEHHR(T6
%) 9AIZF el Foll= A 14 FA4 AL 34
ow, 3-9A1t WY F A& Ax 44 ¢»
o} 12-18A1%F Wik F A A gA dx
o)t 25 Ui g Aol BAIGlel HAHe
2 FUhstd ok

2. HA A= ANA XM2|7F AN S
& sl DX HE

Fidel Azlel b Asslele B o
B Z2AE A8 AFH vds WA E R 2
=3, A9 wigAe ARy Hg gAA
IBMX 0.2mM3 dbcAMP 100pg/ml ¥ 22
BSAR 7} 71w Aol 74zh =9 F 17A%
g HHTE 2). g F F UERIZANA
%% °l4°l FAE FHLSE U3y 1
& =% 93U A3} assayol] ALE3Ig 3, A
AEA IBMX7A$ 100%, dbcAMP 39 90
%7t w4 e WEgs Jdol 28 Fg)
9t A3} assayol| A&tk FHuUle
solubility ZA} & 5 2 H & vl 23}
W, 2F M16+FBS(t5=16.55+2.18) Rt}
= Eoi} M16+BSA(15=57.49+1.52) B}
E AgF9 Mi16+BSA+IBMX(ts=236.09 +
2.50)$ M16+BSA +dbcAMP(t5,=40.53+1.
30)9) ts0] BA YErY FHd A3t §93
A dAHA S S B (p<0.001, p<0.01).

3. Protein kinase C EAIH| X2|7} XpetH
FHr) A3l a0 o)X= dE@

At 2004 dab A& A Ao w
& dA s Ay dAe FHE BF3YA
dx F4A adst e A2 JElY o9
g Hd o] AFE Eh A *A A
%o A Aol FAo 9% HA HYP B
H] Al 9] signal transduction A F7AEQ
PKCeo A A< PMAE MI16+BSA9d] 10ng
/ml 22 Ho GAE wgg F AL v
e et F dizdA 4 digd 4
Hq4 dxe Sgd 2l AE vz
(19 3). <vd¥e %3 10ng/ml X9
PMAES IS sigdolse A4S o 34
t olAe] olm FEd FEu AE BF
=8 F UYSS A3, 2Ty v T
Al 3417 WY vAds dAE ALY
ot 4843, PMAE dxe AaAA flols
FEU A3E dod = AeE #galsigh

1560
140
130
120
10

100

tso(min)

0388388388

FBS ' RA=+PMA

Fig. 3. Effects of PMA on zona pellucida
hardenig during in vitro culture of the mouse
oocytes. Data are expressed as the mean+
SEM from.8 replicates, each using oocytes
from 16 different mouse. The asterisk denotes
a significant difference(**, p<0.001) from the
control group containing BSA by t-test.

a8li PMA &4 A AR retinoic acid
(RAYE BSAFEY 71&MiYdd 107'M %
2 %Y X, ofFdA dAE A% MFEd
A AN AL St PMAZE wigdo
2 &A 14N 9 8 Fsid o 1889 RA
A Ag AAE FAE AFH GAAAY
RAZE& #&E 43 A &stdd.

to BlWA] WZETFQ M16+FBS{t;=16.48
+1.47)¢} M16+BSA(t5,=48.18+2.24) 9] 4]
3 AEEel M16+BSA+PMA (ts=134.02 +
3.12)% RAA# #(t=120.73+2.11)0] 3%
ol Heiztg FWd At HEEE vEgd
tH(p<0.001).

4 FBS #2|7} PMAO| o3t Sdr| 8
sl OjxlE FE

Az Fgdgq AsE A& de FBSA
PMAd} 23t £ g Z3t 94 44 ¢ o
s golry] 43 o] A¥E& g dix
TR ALEE F wgd Zp2he) 10ng/ml F
L2 PMAE ¥d v dA4E 108, 308
i 1, 2, 3A17F < v gEte EBd g solu-
bility ZALE G tH g 4). PMAS AL g
o] i< 1A%t olm HIAE JENY, =
Jled FHY B3V BEF dojusg BY
thH(M16+FBS+PMA9] t5="59.19+3.86;M16
+BSA+PMAQ] t5=149.16+4.03). 18lx
PMAE BSA¥7} 7| Buidde) %9 F¢u
ot FBSE 718 d&ds rjRujedde] wa
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tso{min}

culture time(hr)

Fig. 4. Effects of FBS on PMA-induced
ZPH. Data are expressed as the mean+SEM
from 3 replicates, each using oocytes from 6
different mouse. ts, is shown in solid(FBS+
PMA) or dotted(BSA+PMA) lines. Each
value in the experimental group(FBS treatment
group) is significantly different from that of
control group containing BSA (p<0.001).

Fig. 5. Effects of pretreatment with FBS on
subsequent spontaneous ZPH of mouse oocytes
during in vitro culture. Data are expressed as
the mean+SEM from 6 replicates, each using
oocytes from 12 different mouse. The asterisk
denotes a significant difference(*, p<0.01)
from the control group containing BSA by t-
test.

74 2-9] t50] TEQ] #9F Ao)]E Ro|n A
TEE 1008 713 #EA JEsE(p<o.
001). ol|RL& AF 2049 F YxT B
BSAx g xth FBSH 29 t,o] 258 7} #
$A AT vad o, ALY EQd A3
© 28 PMA9d 93 9o Fst= FBS
7} A3 A FE g7 WEY Aoz
Alg s o] Hoh

140

1204

1004

2
404
2] tr
N A

BSA

FBS FBS+PMA  BSA+PMA

Fig. 6. Effects of delayed retrieval on spon-
taneous ZPH of mouse oocytes during in vitro
culture. Data are expressed as the mean+

‘SEM from 4 replicates, each using oocytes

from 8 different mouse. Different marks repre-
sent significant differences(+ vs + +, no sig-
nificance;+ vs #, ++ vs ##,and # vs #
#, p<0.001).

5. FBS 37} oMo d= M7t &
YO s Ao D)X I

w2 A4 A Aae g 27 343
Ecte] FBS E#E %A}slz] 913k, A v
A& dE M16+FBSo| Al 3A|7t vl gst &
Ao Axol AME HAE MI6+FBS9
M16+BSAE ZtZ §A 14X o w3ty
100% A FAA® dA9 F=Pd 23 AT
2 Y I} 1Y 5). °o]F M16+FBSoj A
3A1Z7F Wik & MI6+BSAZ 74 1443 o
kg Ao t5,(=30.18+329) A%
M16+BSAGA 17A1ZF wi g3t B9 tso =
46.27+2.75)% vy o I 3ol 1Y 1
o)A FBSE H715tx & ulFAor 3431
Wl OFA] 9] t5(=17.76+0.47) ©rE@e FBS7}
B2 Ao eyt w3 AH nAds O
22 MI16+FBSo|A 347+ Wik ¥ FBS+
PMAZ &7 14X o igd 399 tod
3753+2.85% A3 49 Fd3lA FBSe %
234 E2ddq A3 oA a5 2.

6. MLHOIAM2 X} A= ZIHIF RN £
o B3 M0 0jxl= HE

AReliA G A& QA 459 a7
g zAbst7] 918, PMSGel hCGE 4647
Aoz FAR B 3NNA FAEIE 4
ol AAE dRE AEFIHo 44 Ml6+
FBSS} MI16+BSA®|A] 1447t wjFsle =
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Pel 23] A3Heg vlag &3, M16+FBS
o] te(=14.191+1.66)F MI16+BSA9Q ts(=
1581+268)2 =% FdHd ZA3rt JAH
£& By 9 A Agol AAE
vz PMAxZIAY FBSEHE r7)94
e AN GAE Z+7 MI6+FBS+PMAS
M16+BSA+PMAIA 14A1 7 widst & &
B B8 ALE R2AEA g ¥ EEY
(2 6). FBSE L 7 $(tso=54.51+0.24)
9} BSAE7} A2 (19=128.40+6.26) 2% %
Ho Ass do7ow(P<0.001), FBSH I}
Bee AT 59 AoA Aol ANE A
-9t FAA Aol Hs AN A
Ax BSAHI AeET o] A vl
PMAo] 2% E9d Ao B2 Adx &
#er-g Ve S RE.

7. Cytochalasin-B X{2|7} Xjgx SO0y
45 o 0jXs S8

Fyd Ao 9ol He 9d AY o8
¥} ¢} microfilament(MF)¢] #HAH ZALE 9
s MF 84 9AA ¢l cytochalasin-B(Cyto-
B)g Ar&stdo. A3 vAds dxE BSA
A7t 712w gdel) 0.1, 1, 10pg/mlz =o}3l
© Cyto-B AglateliA vidd A9 HFTA
& oAd dAel, B dRFoM Adad =
HA AR g ¥Estgc(ad 7). 922
M16+FBS(t50=17.52+2.87) B+ t50] ZHA
Vel o1 M16+BSA (t=48.71+4.75) ®.c}

FBS BSA Cyto-B
Odugmnl  tug/ml 10ug/mi

Fig. 7. Effects of cytochalasin B on sponta-
neous ZPH. Data are expressed as the mean=+
SEM from 6 replicates, each using oocytes
from 12 different mouse. Asterisks denote a
significant difference(*, p<<0.01;**, p<0.001)
from control group containing BSA, by the
pooled t-test.

100+

tso(min)

2338888388

Fig. 8. Effects of cytochalasin-B on PMA-
induced ZPH. Data are expressed as the mean
+SEN from 3 replicates, each using oocytes
from 6 different mouse. The asterisk denotes a
signiticant difference(p<0.01) from the each
control group by t-test. P:PMA F!FBS B:
BSA C:Cytochalasin-4.

= &A e Cyto-B 01pg/ml 799 ty
(=33.13+6.37)& BSAAZ} g Z27F3 ¥ A
foe 29 A3 dA %S Bgow(P<O.
01), ZA AL dAste A 3L F:
(optimal concentration)¢l lug/ml (t5=22.34
+156) 4 F3d Fs @A TS
BATHP<0.01). 28X IZFZE 10pg/mlol 4
£ &%E JehA 2§ Cyto-Be HgTo
A H% 2499 Ao 44 s3E e g
T3 B

8. Cytochalasin-B %{2|7} PMAo|| /& £
Yo Z3 #Mol ojXs 28

Ay 298y FIE Ag4Aze Aoz U
el Cyto-B7l &4 dd3ld PMAd 9%
=g AHFAF 4) E£3 AT F Jduvs
QotuaA o] 4PE SHHUH(2H 8).

A s v v g, BSA Ht 7B
v oyl FBSE 713 HEE 7B $d e
PMAE 10ng/miZ = w3 A& 242
gEFos 4ol Zdol lug/ml Cyto-Br}
Holly 799 ARTEH e WEIHITH
o, 23} 30lA e oy AEe] wa}b d YA
2 A2 ST

) Z27F M16+FBS+PMAS t5(=57.93+0.
47)7 Cyto-B EFe] HET tn(=36.39+2.
00)0], 2T M16+BSA+PMAS2] t5(=134,
02+1.25)3 Cyto-B E&eo AFTZ ts(=96.
28+0.50)0] 7t 20-3089 He3 FHolg
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Holy {#E Yeh) Cyto-B7l PMA¢ ¢
¢ FRdlel File ASAE dAA =
3& BYHP<0.01).

o &

3 F Eyde Wiz gAR £3 4R
(polyspermy block) & f =3t HA 3y
9] E¥] = signal transductiono] ¢] 38k A E A
calcium release peakF9 32 calcium ¥ %
7t ME Zo=Z oln AFAH Urh oA
& u|$=A @) guanyl nucleotide analong, IP;,
calcium, ionophore A23187& ©ulA F 3l
A A7 gEEE =2 F JSS Ha
22 43 439 9} R D oh(Turner et
al., 1986;Kline, 1988;Kurasawa et al.,, 1989).
WA A oA WAl wlgA el Aurxr Ewy
733te] #Aste HA fY oEue 2 o0]
W 712 A wE A A gol, B Ax
dMe F4A Jd Ag g8y sFe F3
282l protein kinase Co] @A A3l PMA¢|
% Ry Astete HIE F3 o8 FA}
33 3ach

A Al A7te] ME FH Fs A
X W39 1)=& chymotrypsine] tjgk £
el solubility”} HAFoez #AAgE B
A Hge] gEv= Mg Ate] ol w
2 ALHo g2 dojds Uedlth ol& De
Felici®} Siracusa(1982)<) ¢35 Az A8 A
o} AX) 5™ Zhang F(1991)0) ¢]% rat
wzte]l A gote zolE UEith Rate A

¥ g I A7 0-6A17F e chymo-

trypsinel] W3t EH o] HygAdo] okt F7}
B3l o]xF A]7]Q1 8-12A17ke] A Ao F&
FT7HES B BFg ES AT = 9
Aok 23 A9 wjgol o3 Az By
A Aste 3 gFHU) wjRA el Wt HRAH
o2 YgUEz oo Euy Ase 4
od 9% £14 E9d Adet= & 7)Fd
o3 2= Aoz AAAG.

FH 3 He gd 4 BEue @9
A5 AL A8 I A% dAAZ g
cAMP analog(dbcAMP) 2} phosphodiesterase
inhibitor(IBMX) & A 2¢ HA3d4d#, 437
9] Ol A< WAH(Schultz et al., 1983 ;Bornslae-
ger and Schultz, 1985)= £9 ] A3l7} 4
S RAFAN(IR 2). o8 dxe A

Wz 2oy Asts dAY calcdumEE =7}
of @& Ao s AN dojuterwt st
3t AL ordti(Batta and Knudsen,
1980;Ducibella and Rangarajan, 1987;Duci-
bella et al., 1990).

ole] el AR H& AN WA AF 9
Bulo ddl3d add7E dolEry] 98 &
& daA Ad4a JAAZ ¢25id PKC &4
A9l PMAE A& ngivl(2g 3). 1 4
#H, Xg F 3A% H uAE e s A
Ae dAFE FYde Ase AR
dojds HAFIT. 2oz HF 2y
o A3e 4R AE A el o
A WdAe HA AP 4% A7) oA
o oln] Ygulzl s Felz AL 9
t Aoz 290 A3 dAe A #Y
sgu] A4S A% AMske 598 Ade
2 PMARE <3 AIXY calciumE: &
7kt #E® Aoew AR ¥d v (Kurasawa,
1989). = PMA9 o #A ¢ o&Ev=
WA A4E 23R Fu AR Loyt
o Be 49 ¥ A9 YEES RFHlde
HAo g Hol £AHA dojube HA HHo 9
B9 FAS F$2 FHED FAHA sig-
nal transduction ¥} o)A 9] 1P;of] 23 Al E
W calciumZ 717} of7lste A #AE 9 EH|
347 DGol €@ PKC 848 H4o] ofF
A AzAFA derte old g b gl
1}, IPso] 9l3] Z719 calciumo] DG} &7
PKCell A%3l9 o7 calciumy} #d9 73
3 PKCol o2 %4 243 A7 5% Aok
(Berridge, 1987). tt& 371A9] JleAde
chromaffin granule— 2§ 9WdZ & o8 &
H APAg AEE dld g A3 F €l
AEAA QxS F3AEE FRId A
= JEHE dod|Ase B4 FA A
oz, A AP Az §F FAHd o
o Z7A dudoe] EA o] gHE &
g43std PKCrF &43 $ dde ot
(Summers and Creutz, 1985 ;Burgoyne, 1990).
Phorbol ester®t DGE AF T HFsldo
ZP2¢] M3 e $% 3 w1 (Endo et al, 1987;
Ducibella et al., 1991)}, < A] phorbol ester&
2]t ZP3¢9] HE-E E wi(Endo et al,
1987)= PKC &4A7} +A4A9 99 #
3lot FAUZ we8 doh F Yve= AA

$2 5238 2 & Aok oW PKC B
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BA EHe AFHY & FoANE Busoel,
AAGY Ao PMAYE 288 94 39
S Axd Zo2 & oFAA ¥9Fd #Y
EYE AAANPoEZMA T olw e W3}
E $=8 4 ¢lo3(Ciapa et al.,, 1988) Xen-
opus laevisid A} (oocyte) 9F  W(egg) A -9
PMAA = A7 Z 59 5484 92 #g 9
ARHE o7|¥ 4 Lol RuHol Hrh
(Bement and Capco, 1989). Z1&1} Xenopus
laevis 2 = PMAC] 213 &3} 34 oA
AR Z83E retinoic acidE pretreatmentA|
PMA¢d] olg & ¢ 9 Eu87 4du v
8} (Bement and Capco, 1989) 2 2A3d(A
3o e] HF AL+ retinoic acid7 JA &
Fg JeglA E3le HE 98 FFe By
Xenopus laevisZ $2F A7 AL Aold =
o7l e Ao 2 BT

3 PMAE FBS9 BSA X3 wigkde)
Zt2y wmo] A slge W PMAd o3 49
o k= ek 1A% MR Astge JE
W, BSA g Wels 97l og A5
g Fod 43 4 BYd(ad 4). o8
FBS+PMA 2§ 223 w3 ZA3e FBS
o ol °}A4 = 2 (Downs et al., 1986) PMA
o o F=Hd A dojdd vulsl, BSA
+PMA B9$E F79 F9d Faph vy
ot to] W& ZA UEld How noR
T 7123 FBS+PMA A$E HE t40] &
1€ s 94 g9 Aste doly FBS
7} PMA®] 23 R4 Ass aHdsle o
AstA g el 282 PMAd)
% F9gie Hshe FBSZ 94 94 7%
g Ao HesFgy Ay Fug Azode
o7t 9 Aoz RoFh

A4 Aol AAE FAE A ujF
g A4y ALy Tyded Aste 449
Aol YeElRTH(ZE 6). oA o] A
W dxgge o8 #d Hge BRI o
AL J7] dEAA, Ad 3 Rue do
st o} 937 (perivitelline space) ol Al ¢} &1
H g8 stz E9de 43ts 9o
7 gEdAe E¥xgoy A FBSY
A &S ANAZD 5 ARugAon &7
Wi gFate] T F3l opr| & A3 A9(a
g 5)¢ nud o Aejdel A Ay}
A e & AArLeldE Aol7t &L
¢ F Ukt 2l A9 FBS & st A

Wzt g AAAIZ F BSAXE R
Aoz A AL A&AN A tol(=30.
18+3.29)2 BSAdA A& AxAl 2+9
tso( =46.271+2.75)3 °F 178 ¢} Xolrl e

=9 ol 4% dH 1(29 1)d4 9 BSA
X3 s FAHo) A A Wl FA 9 te} ARG
& Ro, FBSE F2nyg oEv = Q% 59
el AstE M Azl 3A7 Bk HA®
B oAl M e A& Aete g8 943U o
A #4e Vel A E3g #Aed

33 PMAC] 23t 5 A3 d4o) A
el A Ago] AAH WML YEhEXR
g Qoiu g (¥ 6). Ax A9 PMA E4
stol A ¥l %s BeEOE AWM HAE5S
ANAZ F PMAE A7 Z oA 239
twol ZAVEN} FPde At @ASHA
Aot &L BT

T Aol dA AEel ANE GAE
FBS¢ BSAZ 3§t ztzte] wig<de PMA
g %o Wi, nAds 4 A% PMA
off A ujcoksl el HE AI(Y 4)¢
=98 A3Fgoa FBSyF Adx E9d A
3}9} 9F3te) PMAo) &% EHu AstE o}
FBS+PMAZ$ 18T+ BSA+PMAZ $9] ts50]
g ZAA JeElgd(2d 6). 1832 F dEF
A EHF Ewde Astrt dojd AL A
e A& AAe AEd EHd Fie o
A 4 o1}t PMAY 98 £ 33 o
A By g Aoy S

MF &4 @4 cytochalasin-Be] H &
A oA Fa3g Fygdg A3 oA 748
Btk 53] Cyto-Be FA YA & dA 5=
29 sxoM 1x9 FYAE Ad £
o Az JAEH(IE Y E YEHEH o=
ulAl g2l #AF Fra(Longo and Chen,
1985)2 mA§R BE AHA dojue
T2 #Y I dASHA 1, Cyto-B7}
MFe] 9J8¥] #oE dro}(Bretscher, 1991)
32 #ge] subcortical region . B2.9] o] & &
whajaty] o 8Ql Ao AlgEr).

gH wAE dabe] PMAC 9%
738t Cyto-B7} Z&8 + A&
A3}, Cyto-Be 237 8949 x4y R4
A3 A3dA AA edE t(=22.34+1.
56)d =ute Y& 3 PMAJ 93 99
Aste dAE & gSE e

2 4¥ AdAs st B2, A2 49

AR
4 2 of
& o &
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slgvlol woiste] Tuiel Hak fiol o
F& & Aoz 34507 94 2a9 Ae
SR ERFEVERE SR SRR
PMAS] i@ £3u Ase M= ta 7%
of o3 zAYE welF9. =& PMAd
Jd% F3us Ade F4d 9@ Bug A
ot AAAAR FA4E BYTh 2gDe
AN @ 45 doluke AwA £y
U As BAe MY Anae TaaAd A%
Aoz dolum AWANA 4% A
FBS %& Cyto-B Aol ojs) 92 oAl 7}
Sl 4 PMAS| 9% $9u Astshe Aol
g dehd.
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