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SUMMARY

The effect of MAP kinase activity on maturation of porcine oocytes was investigated. MAP
kinase was detected by immunofluorescence staining in nucleus of oocytes just before entering
GVBD (germinal vesicle breakdown)stage. In a Western blot with GV (germinal vesicle) from
these ococytes (cultured for 25 hours), a shift of MAP kinase band appeared, suggesting an
activated state of the kinase. No activity was shown in the blot with GV isolated from, oocytes
cultured for 0 hour, To confirm that activation of MAP kinase induce GVBD, we microinjected
MAP kinase purified from matured oocytes starfish into the cytoplasm of cocytes in GV stage
(cultured for 0 hour). The injected MAP kinase did not cause early appearance of GVBD. No
oocytes showed GVBD state until 20 hours of culture, GVBD appeared only in 5 % of oocytes at
30 and 40 hours of culture and 10 % at 50 hours of culture. Activity of MAP kinase did not in-
crease significantly after the injection. When the exogenous MAP kinase was injected into GV,
GVBD was induced in about 20 % of ococytes cultured for 5 to 10 hours. These results suggest
that MAP kinase is translocated to nucleus and function as a factor inducing GVBD,
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Agste 3R AEZARRE oz oaatz 9l
£ 7Fsel & Ao F5E0. B M &
(anti) MAP kinase §#& o143 A3 FId4Y
off ot ujgTNAl 2 F9) w4 2 GVBD A9
ol glo}x MAP kinased] FAW3E AES T F
Alo)| ztzte] o mHEl GV7] @uke Balsle] Wes-
tern blottingS AA|3}3, GVBD §-7|Ao] MAP
kinase7} o]l FA Y A& FuW3 37 9
3t A7 GFM 2] o]% WEE 2ALsla], MAP
kinase®] #4353} 4el&€ Shibuya ¥ (1992 a, b)3}
Posada®} Cooper (1992) 2] K153} v ARy
t}. 28] 3 MAP kinase7} GVBD H A9} A7)0 &)
HE Sojoz o|fsty A5} Aeaba dAd<o)
Al signalg e Agslal 7% S g 7t
Aol 3 ¥ & Ao dgHolAnt. £ GV
9] o] MAP kinase® injectiond}es] Q19| o=
MAP kinase 848 45217 4% GVBD7I 4=
Hold = derke ZESH oY, ol GVBD7 &
715oiAthd MAP kinaser} Y4472 9] signal
Agel UlA S 288 FAGLE FFelL S
Ao 2 AR E o] B AYE SR

iV ER

1ol Ay o HMs

o] AFH B A sulde BE5FAM HH g 5
A G 37~39Ce] AR FGS (0.85 %)l g
of A7AZR (2 Al o) kst A 2~5
mme] BAIEZRE 25 guaged] needlez FE9]3}
of dApbdT BEAE e 35 Gt e
A= bovine serum albumin (fraction V
Wako)€ 4 mg/mle] ¥E4 Modified Krebs-
Ringer Bicarbonate solution (mKRB)(Toyoda
5, 1971 el A& sAnh 1 330l 2~359] &
A g A Lol Redle e FAo) 120um L7t
A F13] A de dArd T B e dds)
of vjFatsict. A3 R ul%E mineral oilE ¥EE
IWAKI E3 Apg#We) sz Fol &4 A<ulx|
o= PMSG (Peamex, Sankyo) 11U /mlg %§
g pFF (pFF-PMSG) & AM-3}aL 37C § % CO.3}
oA Zkz} 0, 10, 20, 25, 30, 35, 40, 45 2 50 A|7HY

Z4z} wjok3td el vi%E mKRB solutiond] 0.1 %
hyaluronidase (Type IV-S, Sigma)& A7}stx
37CoA 2~3% BAAE F pipettingol st} ¢
A& AA A

2. HA YA Yol| ofgt MAP kinase?| #&E

0.1 % hyaluronidase & % pipettingel] 23t}
WA X E A AR . slide glass9)oll €71 ¥ cov-
er glass®2A a3Hnt. —20c2 YA Z] etha-
nol& Alg-3le] A7]9] slide glass& 2~33] wash-
ingd F thA] —20Ce] WzEeiz 100 % ethanol
A 158 FAF st 28kt 5 % BSA (bovine
serum albumin, fraction V : BSA, WAKO)& %
§Het 38 c el PBSo)A 117+ %9t blocking® ¥, 3
MAP kinase 3} (Santa Cruz)& 208] = 408)
B 43le) 2417 B4 37 CAA] WA PBSHA
washinggt ¥ 23} &#24] TRITC-AE Goat 3}
rabbit IgG&H (Organan Teknika)& 20v] =
404} 3]43ked 37°CollM wH-A AT FAAE Hoec-
hst-33342 (Sigma)E& 10ug/ml ¥3¥® 37¢C9)
PBSellA} 1587 443}, A d93439) vg-e
Z%3 k2 ukg-ol © A, moisture chamber 19
A Azt AAsgon, 231 g4 olFe Hlge
APz AAE T 94E 839 mount-
ing medium¢] VECTASHIELD (Vector)2A] &
43t ¥FEvA (Olympus, BHS-RFC)3lellA
#@sIPen, ARe Fujichrome PROVIA film
(ASA 1600) 2.2 &gttt

3. o alzol Ha

0.1 % hyaluronidase #2] @ pipettings) 2]}
HTAEE A ¢ a4 Tyrode's (pH 2,
5)% 3~527 AA 3l FRYUYE A A3t} AA
) stoll A EYo7t AAE @& Wang 5 (1996)
o] Hug WS X% § 0.04 % trypan blued
X33t lysis buffer (10mM HEPES (pH 7.9), 1.
5mM MgCl,, 10mM KCl, 0.2mM PMSF, 0.5mM
DTT, 2ug/ml leupeptin, 2ug/ml aprotinin, 1u
g /ml pepstatin, 0.5 % Triton X-100) ] 9} Zaj o)
oL, AN oA FAo] o 5~10um3]
glass pipette© 2 pipetting¥ o =X =97} A A
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| g g3sl GVIHE 353 345 GVe
—80TC oA RE8F 5L, Western blottingo} )83}
Aok

4. Western blottingol] 2/t MAP kinase2| H&

A719% 2 Western blotting2 stock& 5 ul
o)) 25 ul¢] sample buffer (65mM Tris-HCI, 25 %
glycerol, ImM DTT, 1 % SDS, 0.2mM EDTA,
pH 7.0)& 78l 30 4l HA 332 100CANAN 387+
heat denatured A3ttt A719%-& Laemmli
(1970) ¢ el E3t3.2m £ polyacrylamide
gel9] A& 375mM Tris-HCl, 0.1 % TEMED, 10
% acrylamide, 0.13 % bis-acrylamide, 0.025 %
ammonium sulfate, 0.1 % SDS2A zA &4} &
% gele 125mM Tris-HCL, 0.2 % TEMED, 3 %
acrylamide, 0.04 % bis-acrylamide, 0.025 % am-
monium sulfate, 0.1 % SDSYt}h. JEF dwjd S
microcellulose membraned] blot3}x, 5 % skim
milkE ¥33 TBS (pH 7.6) 94 12417}, 4°CoA
blocking 3t} wHH 13 &A= rabbit 3 MAP
kinase polyclonal &3] (K-23, Santa Cruz)& 500
v sjAste] AlgEglom, 22k g biotindl &
rabbit [gG &) (Sigma)& 242} AHE-3H3iT)

5. MAP kinase2| microinjection

A G2 RE 2, 855 @z /3T B E
mKRB% (modified Krebs-Ringer Bicarbonate
Solution, Toyoda &, 1971) 9|+ 33| washing?d ¥,
BSA 4 mg/mile] ¥£3¥ PBS9 2] drope] 10744
WAX HEAY FYAE 3 $AF 100 p! A= in-
jectiond}gth., YXE pipetting? 3] YFAHE
& AA3 Effendorf tubeo] mKRBY =} g7 ¥
o] 38TolA 587%, 15,000 rpme 2 A48 (Kub-
ota 1700, RA-150) ¥2hhe] AptA & W&o 2 Ho}
GV7t & BolA & &, 79 GVE 20 plA =Y in-
jectiond} g e}, Injectione micromanipulatorg %
g AR =Yy @G (Zeiss)slolA )
Injection 3& Effendorfe] microinjector-5242
(Germany)oll4] A5 593 MAP kinasex
1-methyladeninA gl¢]] &3}y 4171 starfish (4
A) $225€ Sanghera § (1991) 9] Hhg) 2t

|
b

of FA 5o]A A& UBI A ZIAZ2E T8t 2}
£atglon 5ug /ml 56 MAP kinaseo} & AHg-
A 10ug /mis7Al 2843 $ul2X e PBSE
AHE-3LS T

0.4 =

1. GV7| &ol| 2Io{A MAP kinase2| ZxHF s}

3 MAP kinase 34| & o|-4-3 A9 ¥FENY &
5}, MAP kinasex G ¥ 25 B3l ujok 0 A
e dellde AEdd FARE AUt (Fig.
1a). WiFE 25 AlZH (GVBD 2 A) ¢ el M wt
AN Ao e Jee (Fig. lc), a7
2AE 13 84 g rabbite] AAEHL o] g5l
231 A o1 %9 A& FYA A TN e ¥
gurg-ol vpeltA] sttt (Fig. le). ol8|d Aspz
HE] MAP kinasex A AYA&Ho] oiA
GVBD7] &8 Ao e o|gshs Aoz elt
=3

2. Y= o|ft MAP kinase2| Western blot-
tingol| oJ8t HE

MAP kinase7} 2 olfishe 2 @43} thst
o B} AN A AES] $ste dARRE B2y
F (e 0 A7) 9 GVBD A9 wj o} 25 A4 9
dozHE GVE E)sl2 & MAP kinased A&
o] &% Western blottingg HAl3t8 ). § laned
150 7§ & sample® 3}l Western blottingg 33t
A7} Fig. 29 vepd e} 2}, Hixje] oM =
g ETRFE AXoA el Zo] 2879 MAP kin-
ase, & ERK 1 (44 kDa) 2 ERK 2 (42 kDa) 7} 2zt
ZF EAEATE. Wl 0A1 7R S] ¢ (lane 1)¢lAE 2
N¢l band7t AEE AR B2 GV (lane 2) oA
© A&HA gyt @9, gF 25 Az @
(lane 3) oM+ 2&F2] MAP kinaser} 2}z} ¢14k3h
o] @453 oaM Hr9EAY olFre Fiv)
dointon HAX 4719 band7t A& =T HHE
o] A&E gEIz M 0dA JAEY, &
MAP kinase 848 7IAe wigFE 50 A5
(lane 5) 2] %% band9} w]W3le] HRH, 25X 715
M9 bande H2HE Z7 §4313 ERK 1(%),

. Lo o
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Fig. 1. Translocalization of MAP kinase in GV
oocytes. Porcine oocytes were double
stained with both indirect immunofluor-
escence of anti-MAP kinase polyclonal
antibody (a, ¢) and with Hoechst-33342
for the chromosomes (b, d, f). The ooc-
yte shown in (e) was stained with nor-
mal rabbit serum as a control. Each pair
of photographs (a-b, c-d, e-f) weretaken
in the same oocytes. (a-b) 0 hr cultured
oocytes, (c-d, e-f) 25 hrs cultured ooc-
ytes

Qe ke ERK 1, @438 ERK 2(*) 2 84
3}3}x) obe ERK 22 Zhz} vhelyhut, o ok 25 A7
A Yo zxre] Bals GV (lane 4) A &4 58
ERK 1 % ERK 29 band?} A& UA 9, 2849
9} bande= HESA &t

.

oAz} o] i<k 0 A|ZFelA = MAP kinaser}t B
g4 e A GVol EAl8ls Axns da) A1
o FAEL Aler, ubd, 25 A7 WjgF & GV-
BD A Mo WA= MAP kinasert X3 E¥E]
Pz oy el Ae AL &, o] MAP kin-
ase7} 843} el ke 2ol ¥ AP A el

3. MAP kinase®| injection0]| /& GVBDY| &
=

AT gA @ Western blottinge] Za}E A,
MAP kinaset GVBDH| &Alg}ala ol o|3)
ate Zles vrebhtt ol st MAP kinasee] ¥
Wats A4 GVBDe| 495 viXe A2, &
GVBDA 9] g4 3}l MAP kinase7} GVBDE §%
e o At It £ A starfish
(A o] A&TorAE AAH B3 @ MAP
kinased Wi 0 AIZHA GV7)gell injections} ot
ojmf AI8¥ MAP kinase 1 g& 187 o 3.7
mmol®] ¢14k71&" 24 MBPol| incorporates]= &
’d& 742t} (Sanghera 5, 1991). 22 SA] A<
el A4l MAP kinase® & 7l o] Wt 12 of
2~2.5 fmol9] 214+8 MBPe| incorporate’] oA+
9% e Aoz B AdAs Jelyt (data
not shown). AA|¥ starfish MAP kinasey A}
Sl % 1 pg injectiond]] &]3te] & oA &
Zl MAP kinase®4& 438t @48 GV7o
oA el 4 & Ao A4l injectiond}
t}. wtgbA] injectiondl] A8-3t MAP kinase& 10p
g/ml HA FZ32 & el WA 100 plY in-
jectiong HAI&A=d], ol/de Aol " GV-
BD7} fre s oj A1 A] gkem v R 10 ) 20 A4
% 100 %2 Folld GV Al 2 2t} (Table
1). GVBD7t 3= oA 212 w3 30 AlZkelA
% 10~20 %9] el GVBD7E WA =] ¥3ich,
olgfgh Atz UAnkAl vlaFA 2] 62.9 %9] dellA
GVBD7} 71504 = A9 thah 2ozt dslz
2y gz 80~90 %9 deol GVBDSE #7)8=
40 2 50 A|2F Follx 10 % Fx 2] doAgt GVBD
7 BaF ek 212 A PBSE injectiondt ol
A vl FF 50 AIZHA 48.7 %7t Al M 2719 A
228}51 gJlevt, MAP kinaseZ injectiond} & ujofF
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Table 1. Effect of MAP kinase injection into the cytoplasm on porcine oocyte maturation

L Culture Total No. of No. (%) of oocytes at the stage of
Injection  period(Hr) oocytes PM1 M1 AT M2
10 43 43(100) 0 0 0 0
20 40 40(100) 1(1.1) 0 0 0
MAPK 30 38 34(89.6) 2(5.2) 2( 5.2) 0 0
40 33 30(90.9) 1(3.0) 2( 6.1) 0 0
50 30 26(86.7) 1(3.3) 3(10.0) 0 0
PBS 50 76 39(86.7) 39(51.3) 0 0 0

MAP kinase from starfish oocytes (MAPK) or phosphate buffered saline (PBS) were injected into the cyto-
plasm of porcine oocytes (100 pl /oocyte). The oocytes were cultured in pFF-PMSG for 10, 20, 30, 40 and 50
hours. a-c: Values with different superscripts in the same column were significantly different (P<0.05). ¥
test, GV: germinal vesicle, PM1:first prometaphase, M1:first metaphase, AT]:first anaphase-telophase and

M2:second metaphase.

0, 10, 20, 30 & 50 A|ZtA <] do|A] MAP kinase®
A8 FAT A3 o ARAAME K23 (P<O.
05) 49 442 fisdtt (Fig. 3). ol2ldt A= 9
RaRE 95 o}x MAP kinase’} A) Xz oA
F23] BgAslsojd Btk ople A5 AMAE
QA ke P v FAo] HAA MAP kinase

0 hr 25 hr 50 hr
3 & &
(¥) (%) <
o e & & &
s *ERK 1
A 35*

< ERK2

Fig. 2. Detection of ERK 1 (Black arrows) and
ERK 2 (gray arrows) by immunoblott-
ing. The oocytes collected at 0, 25 and 50
hour of culture were subjected to immun-
oblotting with anti-MAP kinase pol-
yclonal antibody. Lane 1 : fifty oocytes
cultured for 0 hour, lane 2 : 150 GVs sep-
arated from oocytes cultured for 0 hour,
lane 3 : fifty oocytes cultured for 25
hours, lane 4 : 150 GVs separated from
oocytes cultured for 25 hours, lane 5 : fif-
ty oocytes cultured for 50 hours. Arrow-
s with an asterisk shows phosphorylat-
ed and activated forms of MAP kinase.
GV : germinal vesicle

B4g AAANE AR AZhE oAt GVE A
XZoMe MAP kinaseE @A431A17]+ ofd X
o] 7177t EABR=R] o™ Futel] oA MELR
H g MAP kinase 84& A&A71€ 2RAAE
HES7) 938t Western blottingg AAjst 2w
(Fig. 2) wi<F 26X)2F 9] GV@elM e &433 9]
MAP kinasert &Alste 2122 Jepdon FA 5
0]2l starfish MAP kinaseg& GVW9) injectiondt
A} W dF 5~1047r9] BRI F 20 Z59] doll
A GVBD7} #==HUrt (Table 2). 272X
PBSE injection§t WolAe wW|FFE 10 A|A =
GVBD @72 As vehtA] sttt oyl daa
HE] 4313 MAP kinase= GVUdX v 2 84
< 7td 8ot oflE d S Axdte Zlez B 4
A5 vebstth

N3T &

Aol = MAP kinase cascade?] A= A
Goll Futslo] B8 HolRl= ZoE IIFHUL,
agsld B A E 2 g3l gl dAds
MRS fEsle AR dste) AHsA HEs
o}, ARG MAP kinaseo] A% 4 Ao
GVBD %o M 17&eliA A&=dch 34, in vitro
9] assayellAl& 10~20 719 ol digh B 24
MAP kinase®] 43}7} GVBD7] Ao dojub=x]
ot Fof Yoo Wi AE BAE B3



Table 2. Effect of MAP kinase injection into the nucleus on porcine oocyte maturation

o Cultured Total No. of No. (%) of oocytes at the stage of
Injection period(hr) oocytes GV M1 M2
5 24 18(75.0)* 1(4.2) 5(20.8)
K
MAP 10 27 21(77.8)* 1(3.7) 5(18.5)
PBS 10 22 22(100) 0 0

MAP kinase from starfish oocytes (MAPK) or phosphate buffered saline (PBS) was injected into the germinal
vesicle of porcine oocytes (20 pl /oocyte). The oocytes were cultured in pFF-PMSG for 5 or 10 hours. *: Val-
ues with an asterisk in the same column were significantly different from the control (PBS). (P<0.05). 2

test. GV:germinal vesicle, PM1:first prometaphase and M1 :first metaphase,

st7)¢le E7Hsdtith. 22l MAP kinase &43¢)
W3l & W Y22 e] MAP kinase AHe] ¥31E A
A3l dgslrlole tik o€z &Ao] A4t e
22 AEHUAT 2 A o] HH GVl 9L njA)
3 GVBDE #%3heA] ofvd GVBD @4 £
Fog dojipeA], tA] TE GV 2 GVBD o]
o] My wiste] osjA doju=rld tisleia e &
@317 ojH¥ ). MM XA+ MAP kinase 43}
FutEo] NEAZRE Yo ojgsl= Ao By

HojA 3 it} (Chen &, 1992: Seth %, 1992; Len-

ormand %, 1993; Gonzalez %5, 1993). i & 4
oM & MAP kinase A& o) 43 B9849
Aoz RE Ztzb o A7lg GVEe] oM
MAP kinase®] FAHS(AMEZARRE o] o
)& A3 AED A, AEd2RE R 45
o] WA GVEA MAP kinasexs 2 A¥E
Ao FASZ Axen Yuje] GV glojM = 74
F8 w-gol veptA] gsiet (Fig. 1a). €%, %
F 25 N7 9 GVE, & GVBD FA9 GV &ollA
© 2577 signalo] o|n] 3of o] E|o|H G Ao
2 QARG o] A7) GV Axdnc
£ GV 78 Adukgol velytt) (Fig. 1c). ©l
#e PPN ARBREH FEHOZTESY
GASINAIE Rt signalo] MEAA oz
ol 1 A1719 29 on] MAP kinases 4| ¥£3
25E 802 WA ths 2L ¥ 4 AU, o
2% Jo g nlFo] Bol, MAP kinase cascader}
A& AN E §718HE signalg ASET Q& 7t
go] W4 ¥& Ao dF & 4 vk @9, GVBD
A7) ol o]gist MAP kinase7} 7]%5-& 3§ 3}

3 e g HE3] HstdAM e ojae MAP kin-
ase?} A5 2 SAB =R & JAE] AESIE
ATt olHE olfEAME AMEY TY BHIZE
#jo] o]33k MAP kinaser #43}3t2 (Chen 5,
1992: Seth 5, 1992; Gonzalez %, 1993) Ut 8t
© ', EEA43 AHE EAge Qltke B3
(Wang 5, 1996) & QI3 E e 290} HAE o
07 B@AEe] MAP kinasex 34 ojgdge
B3 (Lenormand ¥, 1993) o] 317] W&olc}. ¢
H8 RIEL v|Ro] B o, HAYEN Az2MHe
MAP kinase7} 3ol SA8tZ A 42 v 0 A7+
2 el e kA wgol AEHARE W FF 25
Al o] Go Ry 7zt GViRg ¥8)eha ¥2d
GVE sampleZA] Western blotting& 3+ A3} i
& 0 AIZHI GVoliA= MAP kinased] &A1& Yet
W= bande H&3X] &9kt (Fig. 2, lane 2), o]z
T Adte HA udsTe lojA BEAEe MAP
kinase7t Al ZA = FA 3L ufoll= EAsIA] &
e ez 2 A¥4ds Jeidth 23wy
25 A7 &¢] GVellM& 42 kDa 2 44 kDa9] %]
A4 bandz} A&= o] W3] GVBD Add MAP
kinase7} GVulel] &4 e 21.& & 4 AU
(Fig. 2, lane 4). 47]¢] A=} B Y3 G4 AHE
st BHH, vigsde AEdd I3 e
B84 389 MAP kinaser WA< 7JA] signalo)
GVUlo] dgs ozl 722 A7|o] &Ad3}ate dhy
2 o3| gt #eire] GVBD fxd& & v
A9 847t #ojsold sHgAde] WS L s
vetsteh 4719 y8-elA MAP kinase @4¢] 4
A2 GVBDE fr=dhzAldl sty B} A3 4
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Fig. 3. Effects of MAP kinase injection into the
cytoplasm. MAP kinase was injected
into the cytoplasm of porcine oocytes.
Oocytes were cultured in pFF-PMSG for
various periods up to 50 hours. After
each culture period, the oocytes were col-
lected and MAP kinase activity was as-
sayed. Data are expressed as fold stren-
gth of control (GV oocytes cultured for
0 hour) and as ANOVA results with an
asterisk indicating a statistical differ-
ence (P<0.05) from the control. Data
are shown as the mean+SEM from
three different replicated experiments

E3}7) 95t WA MAP kinase @4 o] A343}7]
e GV714] o MAP kinase¥ injections}il ¢l
AHoz A4S SRS Ao AsAEel f=
SR =7bE Boh A 2AFE A, WS 0 A
7+8) G EAY ] MAP kinaseE injection slex
GVBD 27158 YetA ¢tk (Table 1), €4
3}3 MAP kinase == 84313 MAPKKS] injec-
tionoll 2l3led GVBDE fFL%t dalZA Xenopusdl
A 22 B35}t QA9 Haccard 5 (1995) & ©¢14ts)
B MAP kinaseg o8-8 d#2r @435 MAP
kinase® Al EZwol| A @<l4ks} 57 of 2] & Hak ol
2, A XA FolA &8 Aeirt A& s
222]3 Huang %5 (1995)& @43} 57 98t 14t
3ol 2 I Q3 serine S glutamine acid=® X &3l
Zlel 23t 1AteE A E A #4930 MAP-
KKE o] &3l ny% it} MAP kinaser} 84315
7] 918l serine ¥ threonine ¥& B57} o14ks}
sojzjof 3 o TEo] Y= E8Aste
}il skt (Anderson &, 1990). A7tz MAP
kinase® B&AE A7|E Ax2ME CL100/
MKP-1 (Keyse$} Emslie, 1992: Keyse, 1995;
Charles %, 1993), PTP 2 (Maeda %, 1994),
PP2A (Aless %5, 1995)7} HIE3T itk o|&F
CL100 /MKP-1& 3iujellA oy 8 7155382 3lo

2

Fig. 4. The oocyte induced GVBD and progressed to M1 by MAP kinase injection into the germi-
nal vesicle. A porcine oocyte cultured for 0 hour was injected with MAP kinase into the
vesicle, then cultured in pFF-PMSG for 5 hour. a:x 150, b: x 300
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1, PTP 2& &% 9 MAP kinaseg! HOG 19 Eo]
222 vepdtia B s ok, Sixde} X0
71T e RE PR 2F Az gz,
PP2AY 7FsAo] vl$ ¥ Aoz Algsolxo
I o] fF-2A = PP2A9 A&)A ¢l okadaic acid Az}
o) 9J3te], MAP kinase@4o] Adicke Alalo]
mousedl| A R E o] vt g1} (Sobajima £, 1993;

Chesnels} Eppig, 1995). 28] x| oM = okad-

aic acid A 2}el] 23l GVBD7} A H0Zhe B
27}t 7] g Eolt (Kalous 5, 1993). o]8% ny
EX & v 4@ lojx PP2A7 MAP kinase®
B85 37 d & GVBD7F gA|HojA 3, T3
PP2A7} MAP kinaseth& So|d o2 gelatzizg]
o024, 783 okadaic acide ¥E o&Fowm
PP2A ©]9]9] PP 1& Asig o2 n&de) A%
A4 o] MAP kinaseE B3} N7e 2902
A BRI Q7] f&olc),

Wik 0 A7k %o GV MAP kinase& injec-
tion¥t Azt ¥ g NS 5AIZkol B FAIZY 25 %
o] do X GVBD7t fEHolHEd (Table 2), o8
g AMEE v Fe] Hol MAP kinasew u|A4eh
AoIM= A o B4& FA52 GVBDE 3
A f71ske Aoz B 4943 veld, In vitrodl
1014 MAP kinase ¥e] Wehg 7]14 2 2 Jam-
ing JAENTE Aeg BIEy YA (Peter
%, 1992), ¥ AAFAo+= MAP kinaser} 34
o B0 BAIL UL Mol mi$ B2 Ao
2 & 484 AArE o

o448 A& FHste] B, MAP kinase cas-
cader} %o QJRZHE YA 4 A Ao signalo] ¥
o Ha=Eve A o MEAZRE o AGS
fFEshe Aoz el on, MAP kinasex 3o
o]a 3t GVBDE FH f713ke A=A 758z
e AL AlEHoZ,

V.y

£ AFPdA = MAP kinase 84371 sj] dAj4%
Frzol olH FEE v X =& AESAS. & MAP
kinase A& o] &¢ AR YFIN L oy B
2]%k GVE Western blottingel] &3} WAi< A7)

Aol MAP kinasee] 3ju] o|3)a &A% Fe1E A
Edlth. £3 MAP kinase $44¢] A58l71de)
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