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SUMMARY

In an attempt to evaluate the function of MAP kinase of porcine ococytes and to develope a
method of assessment for kinase activity, we used MBP as a substrate to detect the MAP
kinase activity of porcine oocytes matured in in vitro. The MAP kinase which had lower activity
during the first 20 hours of culture started to show an increased amount of activity at 25 hours at
which a collapse in nuclear membrane was induced. Significant (P <0.05) appeared at 30 hours of
being cultured. The gel phosphorylation method, MBP which has been known to be a substrate
for kinase such as cdc2 kinase, was phosphorylated at two positions corresponding to ERK 1 (44
kDa) and ERK2 (42 kDa) which are known as mammalian MAP kinase, The existence of
MAPKK and MAP kinase were identified with western blotting at 0 hour culture of immature
GV oocytes. The amount of those proteins did not increase during 40 hours of culture, which
suggest that the increase of MAP kinase activity was caused by phosphorylation rather than due
to change in protein amount. MAPKK and M AP kinase were shown to be dephosphorylated with
deactivated at M 1 stage by inhibition of protein synthesis with cycloheximide added at the start
following the culture, We have results that indicate the existedence of MAP kinase cascade

which was activated simultaneously with start of porcine cocyte maturation (GVBD).

(Key words : Porcine cocyte, Polar body, Western blotting, MAP kinase, Phosphorylation)

LM £

MAP kinasexr EXH%FE0o] doj4 ERK (extra-
cellular signal-regulated kinase) A B33 QL
A7k AR (yeast) 2HE X {FFo| o277 ofF
theFg Hlatel] glo] A XY signal AGA A HEZ
21212} (mitogen) 8] #f=rel] o]dte] FEH o2 FHA4
3}sh= kinase&A] cloning= 1ot (Hoshi 5, 1988;

Ray9} Sturgill, 1988). &4 2} o] 9] 9] t}eF3) sig-
nal AgAel SlojME BA sl Ao sA, o
EAM PCip AXEeME A4 AUzl (nerve
growth factor : NGF) ol o]t 23}l $=u150]
g48 5014 (Gotoh ¥, 1990) Al EH3le] MAP
kinaseZ} #ojdhye Ao SEA ok HAAGAE
Hippocampus 2} AZAA ¥ $lo] aspragin acid
F8A A= st €43 (Bading® Green-
berg, 1991) €8, H2dlle= 259 (MAP kinase)

* 73 eta 41718 972 (Institute for Development of Livestock Production, Gyeongsang National University)
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7159 250X vt MAP kinasey signal A
gAle leiA ARREE (5 frame) ol $1X]8} kin-
ase MAPKK<] ¢}s}] threonine ¥ serine Q71 %
¢14tsl (Kosako %, 1992: Matsuda %, 1992,
1993)A1A A3} dojA vk R 75 ek MAP-
KK+ MAP kinase ¢}9]9] 718§ <l4te} sl 5
kS RG9S B MAP kinaseZ FH ¢1413}s}
£ 2 o]¥fe] QiRkeE ob dAA 9k Sle Hew
n 2o} Bol MAP kinaset g MAPKKS} §7
Z MAPKK /MAP kinase cascade®E4] 7]5& 4
et sl Aoz d#A ik, MAPKK 24l ot
Al 45-2] MAPKK kinase (MAPKK K)ol €5}
serine 2k7]¢] QlAks} 2458 whop &Als) Fvha
t} (Matsuda %, 1993 Ahn %, 1993). 23 MAP-
KK-K¢} protoncogene AHE= 4#ix & Kaf
(Nebreda$} Hunt, 1993; Posada %, 1993; Shib-
uya$} Ruderman, 1993)1} Mos 5o BaEo]4 9]
o Al FHY AT Fiel gete] MAPKKE
olitglsle 713 2474 vhE2 A ek MAPKK
FHE] MAP kinased] 9] cascadel= Z & A &) A
XU signal Aol 2lo] B 7F3aL e
Aoz g Ak AFEHe 3lejq] MAP kinase
o] JHEAQ B8HL FHAAA A delA YA A
Elk-1 52} AA}elz}(transcription factor), pY0 ri-
bosome S6¢ kinase (p90RSK)(Sturgill %, 1988),
A A A2 (microtubule associated pro-
tein 2: MAP2)(Ray$}t Sturgill, 1987; Hoshi %,
1988), T may Aidd4 (Hoshi &, 1992)
So NEZAA SR 9 vt e e v
¥22) lamin 58 MAP kinaseol} ¢]8}ed in vitrool
X ¢14b3) Hlojx|= Zlo g Ry Al it} (Peter &,
1992). In vitro2} M AP kinase assayd] SlojA]¥ 7]
A2 myelin 9714 @93 (myelin basic protein
: MBP) (Erickson %, 1990)¢] o]&-%oix] )t}
HA 7 A= MAP kinaseZt 44 MPFE @43 A
s Bl AFe A olnt, z28)ste] MAP kin-
ase®] EAglet MPFe] 8/43lels 717 Sap# o
o121 x)o}A gith. MAP kinase®] @487t 2420
2 MPFe| &4 dE vle Aoz Xen-
opusitol] A o el A 5of g}

MAP kinases #H A Eo|| A 9] signal Z1gAjol| A 7k

A2 A L] Batago) gle] BA3 s AL8AM,
F g ol Aot MAP kinase®] &4l #st
X Xenopus (Gotoh 5, 1991b: Posada =,
1991), mouse (Sobajima %, 1993: Verlhac %,
1993, 1994) ol M7k B35 o] It} Mice °]9]e] EH
FEAME dEHAA A oM MAP kinaseo] &
AEE BIE AMEL AFE 1o EX) E 7152

aseFAF = Xenopusets= ThEA GVBDF-9] Yor}
308 M UxgE 2o 8493} patternol T

8 R YR ek k5 vt (Sobajima %, 1993;
Verlhac 5 1993, 1994). A2 4J<4A171 mouset-&
wloF 7A] B 1A17Y ool GVBDE #7138k whA 7k
el doit}r] w &l kinased g & 4317w A
ol ThaL el A St

Aol loir] Hwg MAAZ F MPFEAsE
7t GVBDE #718Hs A9 2 31} MAP kin-
ase cascade’} #JEly YEAS HEFT 2oz
B A% 7592 MAP kinaser} HjAd A4
o oA vl FrgAEA Al ot W5

AEPA] MAP kinase@ Aol nx &= G2 HES D,
Al g g A A o o] sted Fakg vk iz}
7} MAP kinase Y=x2 HEY 2oz H Ay

& s
&= o

L o] ;A 3l Hlelds

oA AF S @A FaE 37~39C 4] A2
B42(0.85%) o) H7o] AFH7A (2 NZE ely]) &
Hhskal A7 2~5mme] EAGERKRE 25 guage?)
needle® &4 ot Wb B HAE 378Ut 3
Fob WG ESA = bovine serum  albumin
(fraction V ; Wako)% 4mg /ml¢] T olx Mod-
ified Krebs-Ringer Bicarbonate solution (mK-
RB)(Toyoda %, 1971) 14 A& stict. 2 #Ae|
A 2~3%0] AT Al ol Ao 9l o] F A el
120pm A erbA] F83) AL Sle I 89
A WHe AE st} v oFatalch AlE 2 w2 mineral
oilZ ¥ TWAKI et Ageel WAy o
&7 AR o= PMSG (Peamex, Sankyo) 1
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IU/mi& %348t pFF (pFF-PMSG)& AHg3ta
37°C 5% COz3lel A zZhzh 6, 10, 20, 25, 30, 35, 40,
45 2 507708 Z}2h kst Wl gF mKRB sol-
utiond] 0.1% Hyaluronidase (Type IV-S, Sigma)
& #A7tskz 37Cco)M 2~3% A8 ¥ pipettingell
date] S AAS F, T HESE 2AHL
MAP kinase 842] £7%, Western blotting & gel
W olatsbyel] ol gatwla, I AR Ase
AP AA Ao B #As)7] ¢fste] whole mount
2L st dahg #RHR GV, PM 1, M 1,
AT 12 M 2719 7t A7 & EF8H3

2. = Zoof x|

zZ} WA 2 3e 8k HE S bufferoll A
23] A& AA1EaL FD3 bufferd]oll 4] W=7 50
AN TEEA std ~70CoAA BRI © stoc-
k&91& MAP kinase #4j2] &%, Western blot-
ting @ gelle] Qlababy 840 AMEEAT 459
Az 3y o oste} BFe §F stockEAE
ZA s FHFE A A% d2 Hoechst-333428 X
&% mKRB (10pg /mi)uioll A 15~60%27F 37T
Z Az A A8 F 15,000 rpmol 4] 5E-7F A4}
3 (Kubota 1700, RA-150) #Z&v)AslolA] dA&
o] 4L et 9 g2 JedE = GV, PM
1, M1, HT 2 M 2719} 547182 zhzh 273t
281 GV, PM 1% M 1719 W& e 28~324
ZHE AT 19 M 2719 & ul % 40~45A A 2 &5
Ak

3. MAP kinase 2412] £5

Histone H12] Al MAP kinase?] 7]ZAZA
omg /mle] MBP (Sigma)& o|4-3}2 Histone H1
kinase®4 wH--Al (Naito$t Toyoda, 1991)& o|-&
et 8 viald wel & 0~2071, MBPY AT
% 0.5mg /ml (21.8uM)E ZE3AT}. wEL
TE 30T, A7 0~ 15870 2 S Mg AR
FE vgAe &7 WH-S Naitogt Toyoeda
(1991) &) W=t B-dshAl AAsF AT

4. Western blottigoll 2|3t MAP kinase2| Z{Z&
B A3 A8 D gy 2004 2FAIF stock£-9Y Su

lo] 25ul¢] sample buffer (65mM Tris-HCI, 25%
glycerol, ImM DTT, 1% SDS, 0.2mM EDTA,
pH 7.0)& 715t 304 A 3kx 100TCoA 387
heat denatureE AA3lATh A7]9%L Laemmli
(1970) &] o] Z3lglen He)4 polyacrylamide
gele] =4 375mM Tris-HCl, 0.1% TEMED,
10% acrylamide, 0.13% bis-acrylamide, 0.025%
ammonium sulfate, 0.1% SDSEA] ZAFch ¥
Z gele 125mM Tris-HCl, 0.2% TEMED, 3%
acrylamide, 0.04% Dbis-acrylamide, 0.025% am-
monium sulfate, 0.1% SDSYt. F&F AL
microcellulose membranedl] blot3}3, 5% skim
milkE ZF3E TBS(pH 7.6)¢lA 12417+ 4CAA
blocking &-th. 12} &H¥ mouse MAP kinase
(ERK 1-+2) monoclonal 3% (Zymed Labora-
tory)& 2,0008F Aol 4CellM 12~15417F Tt
WA 7k 28] 7 bioting} & mouse 1gG 27 34|
9} Strepto kinase-alkali phosphotase®&#) 9} gk
SAZen w71 - 24 BCIP /NBTE 71814 sig-
nalg A&k 23 A o|F9 AL ARE
kit(Amersham) £ o] &3}t

5. GeltHe] olAtsiHof| o}t MAP kinase E49|
HE

A& g 2) oM 2A stock-gd Sulell PKA
inhibing 0.5xM =A A7V8kal, 20u18) sample buf-
fer (65mM Tis-HCI, 25% glycerol, 1mM DTT,
1% SDS, 0.2mM EDTA, pH 7.0)-& 718k 304 =
A 23 &gk o] sampled 37T 387 WA
71 3. 2.5mg /ml¢] MBPZ X33} polyacrylamide
gelol Al 719 5& AABdth 9% F geld 100ml
9] 20% lsopropanol, 50mM Tirs-HCl(pH 8.0),
5mM g-mercapethanolo]A] 4A1ZFESE 4CollA] 43]
AHg AAsk, WAE MAP kinase® A AAH
o}, 914k3} ¥hg- (40mM HEPES, pH 8.0), 2mM
DTT, 0.1lmM EGTA, 5mM MgCly, 5uM[7-3pl
JAATP (10mCi /mi)e] gel& HAANA 147H5<H
28°Co X wkeA AT WHS-EE F freedEl [7v-%
plJdATPE AAst7] Ystd 139 300ml¥ 5%
TCA % 1% pyrophosphate acid Naol|4] 3087H4
20702} AlA A S 53] wHE-sl T A3 ] Fo] WAL
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5 Ao gF-E glold w7 Mg F, gels 3M
3= Yol AEAF) 2, X-ray film (Kodak) o] 4]
#gstA ot

6. chE HMAEH x2]E AAISE ol oM
MAP kinase 3! MAPKK®2]| Western blotting

Washingztgie] ¢ Wbt HRAE 30 B
4077+ pFE-PMSGo| A vl k& AA1% ¥ 10pg /ml
9] CHXE 233 iAol zhzt 20 e 1081 &
or wikslaTt WY £85 F dHEAE =AY
Western blottingel] ¢]3F MAP kinase ¥ MAP-
KKE 7&390h. 1719 %, blotting, blocking, &
Aure 2 B 7 AL AF 2y 4) 9 2P
EolalA st MAP kinase2] A& 13 34
2.4 rabbit 38 MAP kinase polyclonald#] (K-23,
Santa Cruz)& 5008 32 sted A3, 23} 3H)
= biotind} 3} rabbit 1gGE#] (Cappel) 2 AH-8-8F
Atk zE]lz MAPKKe] #HZols 13 A=A &
MAPKK monoclonal 8%} {clone 4A5 MBL)Z
5008 B|Aste] ALE-3tH 2, 231 FAlE bioting} &
mouse IgG&A (Cappel) & 7}z} AH-8140

mZa =

1. H|2jad==2tofl 2A0{A MAP kinase assayH|2|
&

Fig. 1(a)o)A vkebd uke} 220] 0, 5, 10 R 207] )
W dAHE N samplez &5 71A 84 MBP, [v
—2p]dATPE 7}8tal 30°ColX 2A7HESH WA
& u 2PO47+ MBPo]| incorporatedd: 2 #}x 2 A
AL A9 (0, 5, 10 B 2070) 5ol Mgt s
st} g sampled & 20704 238} stockd & %
M G F4 FHA) ¢ viald 10084 28
o 2} sample @ F vial¥ ¥-2)sle] &4& F4d st
= vial2 R g 48 G4% JFS e 13
o 1 ¥7% incorporatedd 214te] mold=2A1 JERH
Aztoltt 2813 (b)e & 1WRR2 HEdd) 71d=
Al MBP, [¥—%p]dATPEZ 7}3laL 30CelA 0, 15,
30, 50, 100 @ 15082k wkg-A7-gufe] 2 PO47t M-
BP9l incorporateddt ¥3}E viebd A o2 50
BAE A AAgen vebdAe 238 AAHE
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Fig. 1. Characteristics of MAP kinase in por-
cine oocytes. Cytosol preparations used
were obtained from porcine follicular
oocytes cultured for 45 hr in pFF-PM-
SG. (a) Relationship between the num-
ber of oocytes per one assay vial and
kinase activity. (b) Time course of MBP
phosphorylation at 30C

o2 7taste Aol wie ¥ dyeME A3
X|Q1 402l M A3t

2. A TE0] U0} MAP kinase 20| W=

Fig. 2= MAP kinase @42} ZA1F H3lE 43
o} wrEg A¥HFX 2], bar 2 xe A col-
umne] ¢¥8 232 Jvehd WA, 223 striped
colunng A 1FA& $&T dAte] £25 242 0%
24 BA1EEY. MAP kinase @42 JdAZ4E
AHE A3 vlgdEd (MEFE MM w3 2
Z vlek 25A17k MAP kinase 84 A A9 v
B stttk g delA GVBDE f7lst M
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Fig. 2. Changes in MAP kinase activity during meiotic maturation in porcine oocytes cultured in
pFF-PMSG. After each culture, period the oocytes were collected and MAP kinase ac-
tivity was assayed. Data are shown as mean+SEM of four experiments. Values with the
same letters are not significantly different(P<0.05) as evaluated by Student ¢-test. The
percentages of oocytes that had lost their germinal vesicles(striped columns) and that
had extruded their first polar bodies (closed columns) were determined. GVBD; germinal

vesicle breakdown, PB- [ ; first polar body

1712 A8 so)d 30A7k5 842 343 A5t
dom, 27 50MZEA] A& E o] fe13 (P<0.05)
2 A= Aygolqin), T3l FA wEAIY 4043
FolE BAo] thh ZadhE AFIAAT F3}
(P<0.05)& QAHA gttt ole] HuaRH,
MAP kinaseyr= GV712] wollA] &XJe] 3 GVBD
A7AA o B3 HojREe AgozA M 17]4A M
2716 dAgeol A e AH Tl & G0 AE

HolAl&= Ao ekt

3. Geltljel olitaliiol 2|t MAP kinase &4d2]
HE

Kinase @49 &40 71424 o83 MBP=
cde2 5, MAP Kinase 0]9]2] 7| 2ME o]-&-5]o]
Ay BaE3 o) (Peason® Kemp, 1991). B
#l, assayell 2lste] g3zl MAP Kinase 849 W

% patterng histone h1 kinase &4J¢] ¥M% (Naito
¢} Toyoda, 1991) A1} A2l dA]sh= AFHT.
218k @A X7} B43] MAP kinase 87J-% W sle
T AAAZ RIS 3k geldf 145l 9
3 B4 AAEI . E AEA AR whEE 7]
AgA o]&¥ oA MBP&9-¢& SDS-PAGEd] 2ls}
o Sidg F2)sta Fa oA WA proteing A
Aoz gelfle] 71AL Q18 A|F e 24 kin-
ase®] Xt A9 AAE FA FH = W
Ho g BaEox] 3 it} (Kameshita®} Fujisaw-
a, 1989; Gotoh &, 1990, 1991a). Sample& G4 &
e AH HEE wd 0MZ (A, vikE 20
AlZE (G2 B A A9 njdsd) B g 40A12F
A o) & (70%0]40] Hs@orA ¥& MAP kin-
ase 4% 7IA= A7) S 242§ lane B 50704
AREEAY. MBP& 45A17F 529 M 2 7]7bolA
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Fig. 3. Detection of MAP kinase by in-gel as-
say (a) and Western blotting (b). (a) Fif-
ty oocytes collected at 0, 20 and 45 hr
were subjected to SDS PAGE with
MBP-containing gel. The enzymes were
renatured, and kinase reaction was per-
formed in the gel with [¥—3P]dATP.
The gel was washed, dried and autorad-
jographed. (b) Detection of MAP kinase
by immunoblotting. The oocytes col-
lected at 0, 20 and 45 hr of culture were
subjected to immunobloting with anti-
MAP kinase monoclonal antibody. GV:
germinal vesicle, MI[: second metaph-
ase

MAP kinase®] 2133 U3 44 2 42kDad} ¢
QA 2dakE HE ez B AY A eyt
(Fig. 3a). MBP<] <I2katg el = bande vl
0AIZFe] GVel M s A8 AEEA gton wdE
20417k o] oM & signale] 7o) vpERER] 2qktt.
ol8 ¥t A= assaydtel Aol AX LM, o] F
o] AxzA T A=A M MBPE 7|22
A 238 79 MBP kinase @4 7to] 2 Folx|=
Aol FRI= AT

4. Western blottingoi] 2|3t MAP kinase THH{7E
ol 24

Gel o] latabHof o] 83 sample, & W3- 0,
20 2 4521 7+39) wholl T3 &F MAP kinase 3 &

28 - 32 hr 40 -45 hr
GV PM4 M-l AT-l M-I

kDa
66 —

43—

31w

Fig. 4. Detection of MAP kinase by immun-
oblotting. The oocytes collected at
28~32 hr and 40~45 hr of culture were
classified according to meiotic matu-
ration stage and subjected to immun-
oblotting with anti-MAP kinase mon-
oclonal antibody. GV: germinal vesicle,
PMIl: first prometaphase, M 1: first
metaphase, AT I: first anaphase-telo-
phase, M [I: second metaphase

o]-8-%t Western blottingg 4A18 47} Fig. 3bo
vreld whe} Zro] 42kDa % 44kDae] 271¢] bandr}
AEHRh ol Axte wWigF 0 2 20074
GVd, 283 wigF 45A 79 M 2ol e A&
3tk MAP kinase signal 7 o1od 3k lanesi A
= AL A A el o wl g% 45474 oA
2709l band7t F4sA AArEHeixE Aoz el
t}. olgjdt AxE MAP kinaser} ¢1213l o] &4
el #sl=a dvke 210 AAtE e R AkAl
71o|] ulzt EFHE ol tstdrlE GVt o199 A
a4l A] MAP kinased] @482 veh)E signal
9] 7wt ZHAaEATHFig. 4). 01449 A3EA =)
ol GVBD FEH2E] MAP kinase ©re) & 28 uj
FAZe A3t g Aol BAgle] A stHE ol
% A3E MAP kinase@4 9] J<o] Do) &
7t 23t Zlo] o Qatslel o)t Zloz FelH
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At}

5. chli ] sHAfsix| x{2loll 2{$t MAP kinase %
MAPKKe| E§t4dst

u ok 0X)ZH He] CHX A7 v Aol A e réh
oM wigE 30M Ee 4547 oAM=
MAP kinase®] @/4d3h= dojviAl gsiet (Fig. 5).
Western blotting®] A3t (Fig. 6a), ¥lF 0A1Z:
(lane 1)2] GVl gloir HEHNUYD 2%+
MAP kinase?l ERK 1 (44kDa) ¥ ERK 2 (42-
kDa)e wiF 30717k (¢F 90%7F M 17): lane 2)
2 50A17H(93%7F M 27]: lane 5)¢] dollA] ¢l4ks}
(843 & el olgert #aste A¥oE Y
etk M 171, & wigF 3047t 258 CHX #
2|& AAIg & (lane 3) oA & 843 2 B84
9] band7} BA9) AEHALH, o] MAP kinase
48 24T A2 A = g oMY Bt v 2E
e ® feF g4 A AR gt (Fig.

4 [___]+DW

W -« cHx

y
w

MAP kinase activit
(fold strength)
N

-t

L

30 45

Cuiture period (hr)

Fig. 5. Changes in MAP kinase activity during
meiotic maturation in porcine oocytes
cultured in pFF-PMSG with distilled
water (+DW) or with cycloheximide
(+CHX, 10ug/ml). Data are expressed
as fold strength of control (GV oocytes
cultured for 0 hr). Data are shown as
the mean+SEM from three different
replicated experiments

(a)

ERK 1-p>
ERK 29> ;

(b)
MAPKK=P> =

Lane 1 2 3 4 5

Fig. 6. Detection of (a) ERK1 (44kDa) and
ERK2 (42kDa) and (b) MAPKK by im-
munoblotting. The oocytes were col-
lected at each culture period, and subjec-
ted to immunoblotting with anti-MAP
kinase polyclonal antibody (a) or anti
-MAPKK antibody (b). Lane 1: GV-stag-
e oocytes cultured for 0 hr, lane 2: M1
oocytes cultured for 30 hr, lane 3: ooc-
ytes cultured for 30 hr then treated
with CHX for 20 hr, lane 4: oocytes cul-
tured for 40 hr then treated with CHX
for 10 hr and lane 5: M2 oocytes cul-
tured for 50 hr. The electrophoretically
retarded bands represent the phosphor-
ylated (activated) forms of MAP kinase
and MAPKK (arrows with an asterisk)

7, 304209 column)., 283 M 27], s F 40X 7H
AHRE CHX AHzE AA} doMe 43139
band¥ A& 5 A2 (Fig. 6a, lane 4), MAP kinase
= #93 (P<o.05)ez Azt A (Fig. 7,
40+10 column) & Yesttt. § MAPKK 3A & ©]
28 Western blotting®] A3} (Fig. 6b)%= vj<k 30
A1ZE W 50A17HR 888 9 o] Bt Phdhe A
2 yept, M 171 (3042b5) H8 CHXE Hegh
M BEgAE band7t, M 27] (404178 ) HH
22§ oM e 4% bandst 42 HE =AU
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Fig. 7. Changes in MAP kinase activity in por-
cine oocytes cultured in each condition.
Data are expressed as folds strength of
control (GV oocytes cultured for 0 hr)
and as ANOVA results with different
letters indicating a statistical difference
(P<0.05) between treatments. Data are
shown as the mean+SEM from three

experiments
V.o &

@ g&7le] el MAP kinase #4je) WEe
A3 TE FHF Xenopus (Gotoh 5, 1991 b
Posada &, 1991: Posada%}t Cooper, 1092) 9} X&
FE9 mouse (Sobajima %, 1993; Verlhac %,
1993, 1994) <A ztzt B3R YR 3 9T}, Xenopuse)
7<% GVBD A4, 28)7 moused] A= MAP
kinase’} GVBD#F-¢| &A3}5|o] 7ta5de] & 74
< B3 B G4 KA HT g A . 2 A
Toll oI six el MAP kinase 84¢ A%
23 2743} pattern® ov) RuH ) WEEH
A ghe Aol e GVBDAA A+ kinase ¥4
o] M 17188 M 27]¢l] o] Zuj7ta] A&H 02 &¥)
Ebstth olelgt ZARRE MAP kinase: %
(species)-& Z9% A4 el glo] TEHO R
rdstE oA WAdGel 7] WAl gle] nlz|o] &
88 AUL GBI e Ao AAlEolT) 2

52 A XX MAP kinase: 2239 isoformeo]
EAs olEe] ¥ %L 44kDag) ERK 13} 42kDa
2] ERK 2% o4& A 9191 moused (Sobajima 3,
1993; Verlhac %, 1993, 1994) 9] QoI = 750
A o] &= FH 9] MAP kinase= AP E gell]
9] Q14k3ly @ Western blottings] 95l A25)g)
2 (Fig. 3, 4 2 6b) 2A%% dA s+t Mousest
7ol HAGME o8& F FF9) kinasel 7L A
7ol e ATE 99 YT Qe Aew
F55012th Gelliel Aakabyol wiokE 454]2F
Aol A1 wlFF 0 2 2087k YERYA] kgt
7%k signal®] A% & (Fig. 3a) Western blottingol)
AMe Aol A3 Jebde (Fig. 3b). ¥b, band
o} olF =7t 45AZHA AR Aase) YAE),
ol# e A= MAP kinaser} Q13bslxlo] gA33}st
A EA dehdbe Aeg B 9ok (Posadash
Cooper, 1992; Shibuya %, 1992a, b). o] s+ A3
2RE A" Ao A Fuksle] dohit=
MAP kinase 842 452 Qg o3 Aow
71 o} m, g MAP kinase #4419 3+ ¢
& Fel Ftel 9% BomA mAERT Ver-
lhac ¥ (1993)& mousedo] ¢loj4 MAP kinase
7t vl A$E4 (microtubule-organizing cen-
ter: MTOC) elu} Me# = (spindle pole)d] 22|
B0, Zrride) ZEgAle] FutEe] vla 9 G4
Aol e Wal7t MAP kinase®H4s}o) 2)5ta] Qo]

© Roz2A MAP kinase] 84487} dA3<o) 3l
ol M71e] Al Aol Beldtn g shsAde)
o & 2102 BIET Qrh 28]3l Xenopusite)
7A5-ell dejr= MAP kinase 848 443 v
M 271ell4] HAA171= CSF (cytostatic factor) &
7158 7 g Ablo] Baslar it (Haccard 5,
1993; Kosakos, 1994). wbad A <o) A A4 & B3}
o} MAP kinaseo] #4371 dol}a] 9 c-mos
knockout mice WellAi= M 2710 A= A9 o
7 FAHeA e Ao RIFeR T 9o
(Colledge %, 1994; Hashimoto %, 1994) 43 3.9
WEEHAlE A 2 FAE M 27]9A A& uEdto
22 43 M 371 (Kubiak, 1992) 2] Aeje]r] R =] 5)
ARG Bu&g et (Verlhac %, 1996; Araki &,
1996).
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B2 A7 Asp A del] oA & MAP kin-
ase 44 M 17]9] #24 (P<0.05) 22 453t
M 27]¢] @eledM e 2| &5 oiAE AHE PlFo] B
o} & MAP kinase &4dol M 2714 AR3l=H),
thal ZEbd CSFe 7154 g3stz AL 7HeAel
S = oz AlgE o]ty MAP kinase &4
o] AAFel M 17] PoliA ¥4)7h (Fig. 2) CHX A
o) oJsted M 171614 A %& AR oM e #2
Hog (P<0.05) &7 uesttt (Fig. 7). 223
Western blotting 2= @4 3}e] A3l g e
7Hao) 98 RAolgtr] Brie g@elitsl] 71% e
2 Bugelxt}, o9} 7o), MAPKKE CHX A ¥
of o]ste] elabsl Holy oz S AstEe
Roz Jepy (Fig. 6b) wzprd CHX Aol 23
M 171614 9] A48 AsAZ] dollxle A4tstd) 9
3t A HTHE AE B o WdF 30/
ABE CHX 23 & M 17]eA AL w5
A= ol ok, MAP kinasert Uiz M
7] vlaze] Ao #ojata Y AMdT FE R oln
oy A Aol 2] 3 F(negative) 2] Aof
uro} MAP kinaseZ} B84 815014 M7]9] w3
7t e ooz yehtert s, w§ R
AR =E Aoz pageizit, B 4Aje) An=
HE] MAP kinased] 7154 W3] @A 37| ofd
Z) 5k histone hl kinase?] @4 2o A veht A3
3} #3%)sle] ®H MAP kinase cascade?} Sjx]dol
A5 ZA AL g Sl ubElo]A 2GS
A A A 2ol dsle] FEFg W HoE AR
HolZr), agste], sz HesedrE: A,
GV, & dAd&d Qoix] MAPKKS Ex#
42kDa 2 44kDa (ERK 29 ERK 1)¢ 2&/F9
MAP kinase’} Ex)&bar, = @A gke Ao 7}
DA E Eslodd e WA dede 3, B, 77
29 Al Furslo] MAP kinase cascade?b
438183, A4tz E43 deule ASHARIH
=, AlA, MAP kinase cascade®} 84 3] 452
o) F ake] Frtel 93 Ao} opd 1Ak} 7]Rl%itt
= A, dA, M 171del 2lojA MAP kinase cas-
cade?] S FA E A&AFe 7+E @Y
A FANA Aol st A S| A ke AbHo]
2 %A Yebstth

A

[e]

o 2 i EH.

olge] Az RE, A F] glo] MAP kinase
cascade®] EAgt Ao FAsE FutHoivke
Zo] WuslolF om &4 patterno] thE T I
9} 2l x)&pA| gt o#) gt MAP kinase 43}9] 5ol
XenopusS| ¥ ¢k 7+e] dA&-& Alojst GVBDE
718k AR #atale o} A AEE A
oF & Ao& Al B},

V.3 2

=) 2te] H&gA el MAP kinased] 71%
g Ex RE FHEY AR HA) HefdHT
glolA MBPE 7@ 24 AM-8tx ®3F MAP kin-
ase assayA & FHTH FAlo 28] AEAEE 3
E3tAth. MAP kinase 84-& iS5 2044 704
£ WA Jeldon} by 537} {71502 254]
7FFRE A5dl7] AzHste] 30417 o] F5E Fo]F
(P<0.05) 0.2 ¥ BAXE Yepiddt. MBP=
cde? kinase @ MAP kinase o]$]e] &429] 7|2 =
N 2eg A EA HED A3, gell e dAEHY
olgt A3} MBP¥ w9 4541 7+% E/-5E9 MAP
kinase® %## %¥ ERK 1 (44kDa)® ERK 2
(42kDa) o] BAlgol] dxshz HX A <latgts]of
AN MBPE o]g3 2 A3A 9] assay ZAHT
MAP kinase @403 9x3kct. 18]32 Western
blottinge] A3}olA= MAPKK % MAP kinase=
W% 0A)7He] B S GVel A EAEh, v gF- 45
NZYAAA) G AR 9 fAEY HEERA
gkt B A¥lel A ZRE MAP kinase €49
Ao Qarslel] o3 Ao g A Gl e ot &
3 Aol ohyele Zlo] FAHATE =T miF 0XT
HH g 348 e sld MAP kinasew #4J3)
A g B olel MIrielA #Adgsta Sle
MAPKK % MAP kinaser ©u:2 H4 Asj# A
218 13 gl AEso] BEAE B AR ey
o}

olArel Aspg A, Xt &gl lojA MAP
kinase cascade’} &A)38l37 MAP kinase cascade
= H5MAH(GVBD) ol Futsle] 8485 2 &
At GNAA A e oo TS we Ao
2 e
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