ol gre) A3 #3815 7] A2 A25 1996
Korean J. Biomed. Lab. Sci.
Vol. 2, No. 2, p.175~185, December, 1996
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AYA L] A3 AEe 43 F 3o F2 FAH= ANsHdEEZ]
itogen-activated protein(MAP) kinase2] mitogenol] 2]+ 3] &4 5t} 7] 2 Ql4tald] i) Lo}
10% fetal bovine serumo] 3 7}¥l DMEM vl 2] o) uf %%

3 & FHo| TolYR e wix oA 244 7F B %St serum 2 PMAE w2 A8t A

3%E ¢

serum 2 PMAZ 10 23t 24 3lsto i) 8 &

3 A FEE 893 A3 serum 5-20%
29 RE sRold AZAFS A9 FAANA Toe ATS Ak
AEALT QLYo Felstel 2 28-S 10%

3/ 73 PMAE 4
olo] P388 A TS

TroA AEYZS

gelibo 4] A 719 % 3t nitrocellulose paperdll 271 ¥ anti-ERK1 antibodyE o] 23] &Qlsji A3}

serum, PMAZ g d A 2%

o4 MAP kinases] i)l o] o] BRH QA on T3] AEA Yo %

2 ZA) St 42, 44 Kd9) MAP kinase isoformZ 42 Kd9] isoformo] 2 S 2 o] 5= o] B
91t} MAP kinaseo] 71 A QA A AL 98} serume 2 A 34A7] Al EE 45t SP-sephadex

C-50, Phenyl superose, Mono Q column?] &4 & chromatography%~
A T A X £A)3}+ tyrosine kinaseQl p56“2] N-

sttt o] e} Zo] 9.2 MAP kinaseE 71X

A3 8t MAP kinaseZE H EF-E

terminal peptide® 74 ¥ GST-fusion proteinof EH ‘} QlALEE &l gy). T3 A XA B2 &

MAP kinaseZ 7}A] 1L

MAP kinasel] 9}3} <14h3} go] &A= At

transcription factor®] 3}t}Q) c-Jun proteinol] T3k QI A3LAH S A& F3
o}Atel AFE E3) P388 A E=
A1 & &2 G-protein-coupled receptor/protein kinase C/MAP kinase2] ﬁii\i}“
ceptor protein/Ras/MAP kinase®] 7 2 & o] &8lo] o g Adele AR

WA E A A5
2 tyrosine kinase re-

251 (2) mitogen]

2] 2 &4 3tE MAP kinase%® F 2 42 Kd isoforme] U & o] E 35}, 1—?4‘?} MAP kinase7} GST-fu-

sion protein¥} transcription factorQl c-Juns

B A4k A7l

A3} 2 Bo} MAP kinase?} isoformo]

whgl A compartment7} T2 1 Az o2 FH 7]Ad Aolr} QE&X] REUn PHAH LT F2

g 5 3
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Mitogen-Activated Protein(MAP) Kinase:= A %
7} cytokine?, growth factor, hormone'***”, mitogen
5 YR AzAGEAS] AFo2 A, B3y

e 3ol AP NEY AzAEAA S F3b
oj} 7] #] 2% ERK(extracellular-signal regulated ki-
nase)@ WHE7|% 3= protein kinaseo] o
MAP kinase= 2 E JAH 2o EAste A=
a2 glon st ZHAAM B o 12 BEA
o] Ml % & Ao Hol XYW {2 v
Zo3 4L sl Aoz FE2Hn Y. B
o ¢]3pd MAP kinase7} Al 7&Fo] ZA 3= car-
diocyteZ mechanical stress 2 =8 3% A3}
5] 1 mouse ococyteol| Al germinal vesicle break-
down 5% A= A3 bovine tracheal
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myocyteZ} T4 stpAol o) A=E o) 843
¥ 11” B16 melanoma A 2] melanin¥/d ol = &
o0 sz B AES) 4% D B3k o] ol E AT
9] FFo o gFe XY 50 A=
Aoz &3A Utk MAP Kinase: zt7te] ¥
(species)ol] W} o2 £7F9) isoformo} B 15
=t 2% 42 Kd(ERK2), 44 Kd(ERK1), 54 Kd,
62-3 Kd(ERK3)S-9] isoformo] 2 214 g1t} o]
&g Ztztel isoformEc] @48 Ao o] Fat=
compartment7} Th2the AbAle] A% B3 ol
A1 9™l COS-7 Al EolA serum* 2] A] MAP
kinase2] 40 Kd, 41 Kd9] isoforme] Y= o] F
w13 41 Kd9] isoform7te] 3 o] Q]oi T A
¥ 9] ruffling membrane2. 2 o] FH T A}l o]
g2lA Uoh?. MAP Kinaseo] 84 =& A3}
= QA= MAP kinaseZ A4HsHAI7| = A9 7]
7 2] MAP kinase kinase®} Z-2 protein kinase S 3}
Q14t3lE MAP kinaseE & <14+3l A7l CL
100(Thr/Tyr) MAP kinase phosphatase(human
homologue of mouse MKP1)®, HVH2 phosphatase
_ PAC1 phosphatase®53} 22 phosphatase 5 &2
FAHed o] F Axte] x3tE M4 o3|
MAP kinase9] A3/t 2d =™ 1 43 O
3 Al Z¥k-g-o] deojdr}. MAP Kinase2] 49, 3}
$l 7184 A 77 AEHoz o] FojA g
£H*** G protein-coupled receptor, tyrosine kinase
receptor?} p21 Ras, protein kinase C, &+ PI3-ki-
nase'’, STE 11 protein kinaseS-2 <14+3} A7) 3L
o] A o} Rafl/MAP kinase kinase kinase, c-MosZ
Q1 Ak3} A]7] 1 thA] Rafl/ MAP kinase kinase ki-
naseZ} MAP kinase kinaseZ Q14+3} A|71 &2, o]
MAP kinase kinase7} MAP kinase®] tyrosine7} <}
threonine7] & Q14k3} A]Zl o 2 M® MAP kinase
9] A7} Ql4k3sHautophosphorylation)2}*®  $H7)
MAP kinase7} 8743} H& 212 Bnso gl
t}. o] 9} Zo] A 3}El MAP kinase+ ribosomal
S6 kinase(p90 RSK)™, MAP kinase-activated pro-
tein kinase 2 (MAP-KAP2)5 2] t}Z protein ki-
nase, epidermal growth factors2] receptor protein,
neurofilament®} & structural protein, c-Jun®, c-
Fos'®®, c-Myc*%5-3 22 transcriptional factor™'™*”
= 943 A7l Aoz G A sle], MAP
kinase2] 7] o] M ¥ 2] o] compartmentol] T}
A ExHO e AE € 5 A ©]F tran-
scriptional factor®] 9143} early gene expression

of J&E& Fo] ME F7]%5 G, phased] A
(arresting) ¥ o] ¥ M EE G, phaseZ ©| A F
ozZH AEREL o7lAIFIR, AHAH R A
Zo AL B3l 4TS F ol & YA =
MAP kinase7} o] = A = X &A 02 EA 341
2 Aok gk Aol G A e e
A+7F EdetAl JWAHn o) seumT} o
MAP kinaseZ 2| &2 o2 FAZAA MEEY
< o}7] 8t mitogenEo] Bo] AFHEW 2 F
89l PMAC] tieiA e 2t7] & Adst Ba
FojA L Q. oj® H oA = PMAZ} hamst-
er fibroblast®] MAP kinaseZ | &R o 2 HAI3}
A7) A 23 G, phasedl| X} G, phase 2.2} A} £F7]
oS I & glvxn Eudm e ww
2 B 3pdiE PMA7ZL serumd mpolx| =
HeLatl 2] MAP kinaseZ x| &2 o2 &4 3}1A]
A ANEEEE fE3dctn BaHoxm gl
MAP kinase®= 9] %-9] AF=o] gle ZeiolA Al
EZF a2t xR o 5 EASE A
Fp A EA T EAete 4710 247] B
=]z 9l+=d) growth factor, mitogens-2] & 4
FALEAL 2o ols) o] M E} MAP ki-
nase’} A ZAHANA A3 Hol #HoB olF
(translocation)*'"**3} 1] 1 o] %2 MAP kinase2)
A 3lo] o] &3+ Ao F MAP kinase2] kinase
activity - Foll & 98-S 0A] @ Alde] Hx
Ha lom® dZAzE A T & QlAikE FHo
AEXRZ A o] FHE Aoz ¢34 Yok =
3+ MAP kinase?] AL E ZAHdI= QARF9
8l}Ql  phosphatase’t F2 ol Zx}elH
MAP kinase®] <143t 284 A7F Y 2 &3
Hol lthe Alde] daixim YAub?. T3 MAP
kinaseo] FAF FEo} 712ko] W 7 2873
#7} 2the Apde] BaHn gled PCI2 A
oA nerve growth factore]] 23] MAP kinase7}
A &x A3 Alddle AEe] AL, epidermal
growth factorol] ol&] UA|Z o g e FA 3} A
o= Al xe] E31E, insulind] 9|3 YAHo=Z
e A3l Aldl= glucoser} lipid thAMES-&
FdgttheE AMdo]l Rud vtz glo? §o B
18 S FFs) B0 MAP kinaseo]. #}-&7] A o
A] isoforme] o} 2 I ¥ A compartment’} T}E 31
AR eT FARAVA BEAR RETHE FE
I} MAP kinase9] t}oFdt Al &5 A3}
7] daide A EY S48t 22l isoform3}
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&2 Aol 53 compartment= ©] 5% & MAP ki-
nases) B3 FYE Folpm A0 Azt
9] isoform& Z+z} Ealsle] 7 712 Eolxd| o)
A AFste Aol vlEA S Ao e MyziETh
2 AgA e P388 MEAF At serum
PMAS} 282 &Ql3ti serum ¥ PMA A=
4] 3} ¥l P388 murine leukemia A El| A Al &
3 g Pelshed AT ANA %022 MAP ki
nase o] Bl RE HAAFUTH AXAe] F2 =
A&+ isoformat o2 o] EH = isoformE T
Z3to 24 isoforme] WE ©]F compartmentx}
ol7t A #HRlEr] st M Eo EAte
MAP kinase® chromatography 2 H¥ ¥ 2|5t
gy eol] EA)&}= transcription factor?] 31}el c-
Jun protein®} WY TAHEQ] tyrosine kinaseQl p
56 N-terminal peptide2 /¥ GST-fusion pro-
teinof] i3l <QI4t3lE A7 o ZH MAP kinase
7} A EW 2}7] o2 compartmento] &) 8l o
G 71AE AEEE AL FAE F AU

ME W

1. M ZHi2F X mitogenX| 2|

Murine leukemia cell®]l P388 cell-2- 10% & A o]
¥3¥ DMEM =] & AH&38) 37°C, 5% CO,
k7)ol Wj¥Fs) o1 mitogend A2t Ml
Hol EFHA @ DMEM wjA] ol 244 2b5 <k
ujekat & serume 10%, PMAE 100 ng/mle} &

T2 7k2b 1083 A gjste &4 5 A F -

2. Mz MEE £H

96 well microplateo]] serumZ PMAE DMEM Hj
2] 2 two-fold dilutiondled 50 uly €1 ¥
1X10° cellyml2 W& M ERGH-Z 2+ welld]
50 ul¥ RVt 48A)17FE¢F 37C, 5% CO, &
B2e7] o whekgt 3 Z}F wellol] 20 ul®] MTS/PMS
2ol 2 A7t 1A)17F Zot wjek & 490 nmol)
A2 FREE FFA

3. ME B Eu) % @R

Crude extract® 97| 9| &) mitogen®] 2] & A
38 M EE 350xg, 108 dAEE T wiA &
A Atz STE-Le(150 mM NaCl, 1mM EDTA,
S0 mM Tris/Cl, pH 7.2)2.2 23 A X T ex-
traction ¥ZF Y (20 mM Tris/Cl pH 7.5, 5 mM

EGTA, 0.5% tritonX-100, S0 mM PB-gly-
cerophosphate, 1 mM PMSF, 6 mM DTT, 1 mM
sodium orthovanadate) S | ¥ 5x10°% 1mi¥ =
7}ela] 4 & 308 WX 3 F 12,000xg, 158
ARSI FEAwrg 2y Ree o
=3 o] AAEgth S AR AEZE
350x g, 102 A4 &e] ¥ WA & AAstn STE
fdow 23 AHI T AE 5x10°F 500 ule)
hypotonic lysis solution I(1 mM EGTA, 1 mM
EDTA, 10 mM B-glycerophosphate, 1 mM sodium
orthovanadate, 2 mM MgCl,, 10 mM KCl, 1 mM
dithiothreitol, 40 ug PMSF per ml, and 10 ug of
both pepstatin and leupeptin per ml, pH 7.2)& F 7}
Bl 48 A 308 WA ¥ dounce-homo-
genizer2 HHslHcr. 4T AFEAL 1 M
sucroseZ # 7}3+ hypotonic lysis solution I 1 mlo]]
loadinga}ted 1,600 g, 102 QA B st A&
400 ule et} o] A 12,000xg, 158 4 &
2ste] FFATS A AXALI O AHEF
3, Yo 2] dEdE AAZ F opelletE THA] 1
M sucrose/} A 7}E hypotonic lysis solution I 1
mlZ A 24 A7 T 1,600x g, 108 A4 228t
o ArZdS A AT pelletd] hypotonic lysis
solution II (hypotonic lysis solution I + 0.5% Igepal
CA-630, 0.1% deoxycholate, 0.1% Brij-35) 300 ul<-
A7tete] A5 9olA 308 A F o)AHE 12
000xg, 30% A& st FFATE Hal o
2L Ak RE AP L 4CcR PN
gof ere MEAY 749 LDHE F3F
PER R

4. western blotting

4.1 colorimetric substrateE 0|2 ?_ =125

A7]d 5o] B gel S transfer $ZH (25 mM
Tris/Cl 192 mM glycine, 20% methanol)el] 2o}
3087 WX 8t HE LS o] F X transfer G5
‘4401]/‘1 500 mA= 1A)3t 308 Bt APAA ni-
trocellulose papere]] =%t T o] ZAZ ni-
trocellulose paper= TBST (10 mM Tris/Cl pH 8.0,
150 mM NaCl, 0.15% Tween-20)Z 1087} 33] A|
&1 blocking &9 (TBST + 2% BSA)°2 &
37CAA 1AL vEEAIAT WEo] Y &
TBSTZ 107+ 33] M3 st1 blocking§H o2
1:1,000 ¥] 2 3] A} & anti-ERK1 %liﬂé 271 &=
37CANA 1AIZE ¥EEAZH T o] A& TBSTH
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©2 1087 33 A& 351 biotino] HEHE anti-
rabbit IgG A £ 1:10,0009] F%7} FA block-
ing&l o2 SN F A7keko] 370N 142+
AT ¥hgo] Eu TBSTE 5E3t 33
A& st3 alkaline phosphatase7} Z e  strep-
toavidinZ blocking &1 2 2 1:10,000 3 X 3}
37CNA 1A% wgAZHY e F VA=
NBT#} BCIPE Al§3le] 1027 W& 23l
WA AT

4.2 Chemiluminescent substrateZ 0|23 2h

A9 FF geld) DAL colorimetric sub-
strateE o] &£% <o HWHI FYIA i
trocellulose paperol] &7l ¥ TBSTZ 5¥3t 33
A3 3} 31 blocking & 0 2 37T A 1A 7F vk
AlZth. ¥tgo] EuyA blocking&} o0& anti-
phophoserine T+ 3}3)) 8} anti-phosphothreonine T
AgHE 1:5000.2 A sto] HAgk F 37C
A 1A WA ). o] A & TBSTE 5E3F 35]
A2 ste] biotino] FZE anti-lgGHAE 1:10,
0008] %7} HA blocking&d o2 3M3 &
37¢olA 1AL BEALFHTTE Whgol EuUW
TBST-& < oj| 587t 33 Ajx3}5r alkaline phos-
phatase7} Y-2Z¥ streptoaviding blocking 89} 2
2 1:10,000 34 3to] 37Tl A 1A12F vk AR
t}. ¥k-go] Bt nitrocellulose paperi= TBST-S- <
o2 5Bz 3 3 MFHsn o]o] assay-§A (0.1
M diethanolamine, 1 mM MgCL)Z 5%3F 2 3] A
3 X chemiluminescence7] @9}l CSPDE
108-3F wk-g-A)Z ). ¥+-8 Fof nitrocellulose pap-
erE Xqray filmel] 1A B¢ wE2A17] & 44

oA @Attt

5.1 c-Jun protein2 7|2 235} QlMs SH

c-Jun protein(Promega) 5 uloll kinase reaction €+
%o (25 mM Tris/Cl pH 7.4, 10 mM MgCh, 1
mM DTT, 40 uM ATP, 0.5 mM EGTA) 10 ul& &
3st3 o 7)o chromatography’=2 #2] 3 MAP
kinase 10ulZ FH7}3la] 25 oA 1087 vk&-4)
7ot w29 85+ sample loading® 2N L
o] AABlg 1 Zolo] A7) =3} western blot-
ting 2 AA] gt & anti-phosphoserine @ &4 &
o] &3t Q1AstE Felstrh

5.2 GST-fusion proteing 7|2l 235t QlMe} £

olA el uhiYo 2 ¥ty ¥ GST-fusion protein 40

>

offl

ul2 3| kinase reaction ¥ 10 wl1E 713}
o] 25 ¢l A 1083 vESA A W39 FES
sample loading $3 4 Ho] AA|stPY 1 Fojof
719 %53} western blottingS A A%k & anti-
phosphoserine T & A& o] &3} p56™* N-ter-
minal®] ¢14+3}E golety o}

a o
Mitogen 2| ST o 2 MZ MEE

MitogengQ] serum¥} PMAS] Az Fro w&
AE AFEEL FH3A A3 AT G438 9
3+ A A mitogen el FEE YolR7) 98le A
Al th 96 well plateo] serumE 40% %-H,
PMAYE 100 ng/ml, 1,000 pg/mle] FLEHY
two-fold dilutionS- A A)ste] wW oA 9} o] A
] & CellTiter 96TM Aquaous Non-Radioactive
proliferation assay kitE o] -83}<] ELISA reader2
FF=E &% 3 (figure 1).

aFelA B e} Zo] P388 A X serum
5-20%2] =M 5L AFES BHYoy 40%
FrolMe 238 48] oA A& &
olslth Wi PMA £ A g A} E3 A= &5
oMz A EPFE 7N FIA Rdte A
Flstsiet.

s =2 9l mitogenx 2(0f = MAP Kkinase2|
&jfol 5

tfo of

Mitogenx €] & MAP kinase2] 3 fjo]Eo] &
#2938 seum % PMAZ 10837 X 2lslo &
Asle AEZE STE ¢3do=z M hy-
potonic lysis solution Iej] ¥x] 3k & dounce-homo-
genizer2 338l 1 M sucroseZb E3E hy-
potonic lysis solution 19] AZo-& A ¥4 B3 o
2 A}8-3ta pellet-2 hypotonic lysis solution IIoj|
WA & QAR Ee o FEge fEYe
2 AS3lE Y. B8 45 E &3] Hst
of MEAY A4Q LDHY FAHEE =3 sl
gREolN ZHE FLFHTIF AEA L
A E2FE 54 8459 35%0051 8T o
SR AFESI T Hep2e] EoE 4 8
€ nitrocellulose paperel] o] %5 A]7l ¥ MAPkinase
d ] Eolx7} 2= anti-ERKI1 antibodyE A}
£3}a] MAP kinase?) &vjo) 52 @B A
figure 20 A Y ElEo] serum3} PMAZ A 2] ¥
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Fig. 1. Proliferation rates of P388 cells in response to various concentration of serum and PMA.
Left: proliferation rates of P388 cells in response to 0-40% concentration of serum
Right: proliferation rates of P388 cells in response to 0-1000ng/mi(¢@), 0-1000pg/mi(Il) concenration of PMA.

1 2 3 4

45KD»

45KD>

lane 1 : cytosol fraction
lane 2 : nuclear fraction
lane 3 : cytosol fraction

lane 4 : nuclear fraction
Fig. 2. Immunoblot analysis of MAP kinase treat-
ed with serum or PMA in cytosol and nuclear frac-
tion, Top: serum free(1,2 lane) or serum treatment
(3,4 lane), Bottom: PMA free (1,2 lane) or FPMA
treatment (3,4 lane)

HERF|A 22| MAP kinase o] F°] #Z
Hch =8 AEAGM F2 AFE isoformo]
42 Kd, 44 Kdo} A ¥ste] Y2 olFd A
£ FZ 42 Kd9] isoforme] € o] BAH AU

GST-fusion protein2| 214H81 3

GST-fusion proteing codingsl= DNAE 3 old
& pGEX-3Xb plasmid vector7} @2 =3¢ E. coli
DHSeE ¥ ¥3) IPTGE 993 F8 & =8 F
NS A=y AREREE 1 FEYE F9

1 2 3 4
40KD»
35KD=| 4%
1 2 3 4
40KD>
35KD»| 1
e

Top © SDS-PAGE of the expressed GST-fusion protein

Bottom : Immunoblot using anti-phosphoserine antibody

lane 1 ¢ wild type 1-77 peptide of p56™™ N-terminal

lane 2 © mutant(S42A) 1-77 peptide of p56™™ N-terminal

lane 3 mutant(S50A) 1-77 peplide of p56°* N-terminal

lane 4 @ mutant(S42A) 1-123 peptide of P56 N-terminal

Fig. 3. Immunoblot analysis of phosphorylated
GST-fusion protein using anti-phosphoserine an-
tibody.

glutathione sepharose 4BE GST-fusion protein?tZ
Bele 2 g A3t thfigue 3). AR
GST-fusion protein- kinase reaction £33} chro-
matography 2 %% 2|3 MAP kinaseS 7HA 3
incubationA] Z1. 3 nitrocellulose paper® &7 U4t
3}9 serineol] Eo]% 7} 31+ anti-phosphoserine an-
tibody2 2l ¥ 27} figure 3914 vYehte R
3} Zo] Q1At3lst € Ro] FAHA

-179 -



66KD>

no-| -

lane 1 : standard marker

lane 2 © c—Jun protein stained with coomassie blue R-250

lane 3 : ¢-Jun protein immunoblotted with anti-phosphoserine Ab
Fig. 4. Immunoblot analysis of phosphorylated c-

Jun using anti-phosphoserine antibody.

c-Jun protein2] o145}

c-Jun 899 kinase reaction &<, ¥lI3
MAP kinaseZ A 7}8le] wrgAZl F  ni-
trocellulose paperol] &7 anti-phosphoserine T
FA S ol&sle] 2 Qs E U € 2=
figure 49| 4 YEl 0] MAP kinaseo]] 2]3}A] c-
Jun proteino] QA4+3} HE AL FAFA o
Jun proteino] AWE QAAFEHAEA &7
98] TFo 2 clun proteing Zo] 7Y F3
gqasle] 1 YA E v afE A7 Qi A
o] c-Jun proteing) AL 2N+ ).

ek

I

MAP kinasex= cytokine”, growth factor, hormone
139 mitogen 5-2] 9} 221 2}7} receptoroll A 3l
e NS 8-S £33 o2 compartment
2 Adste ATAGAAL] SUAEAR B
AR E AEe] 47 2 B35 EA7&
Aoz Eu¥n Y& serum¥F PMAS] Ao
o} 2 MAP kinase®] @43} 2 712 A4t} o
& dsla. B ad 23hH MAP kinasew= ¢
AX 7 283 F438 Gt A XS G
phaseZ R ol G, phaseZ o] F3] B4 2 3}
ed Zgste Aoz LA Usd™,
serume RS A ¥ o] MAP kinaseZ X &£F 02

283 A 432 N2 § dda A U
o PMAE Al 29| FFol wheh ojd A ZA
= MAP kinaseE A E5HA o2 dFAL 843
A2 4 glo] MAP kinase®] 84371 A £9] G,
phasedi| 4] G, phase29} o] 5 & ol71A1F & ik
E Ao RuH3 It wEA & AddAME
M serum3} PMA~} P388 Al o] A7 2 £3}
o] 283514 MAP kinaseZ A A7 =X E &
A3t7] sty o ©E AFES WA FA
B9t 2 23} seram 5-20% F Lol A Al E 9
AL G E2AAZ 2 PMAE A AL
23 o= ¥ %(0-1,000 ng/mh| = A EQ] A
AL 2AXIA Bee AgS FAsAh A
7} mitogen®] Aol 2]8f MAP kinaseE 7
gto] AE7 S EE@FoH I LS
Sste AR2E A AFFE g4 Aok A
= G protein-coupled receptorel| mitogeno] A%
3}l protein kinase CZ 73 #-3to] MAP kinase7}
FA3lE = 7 2ol FHA ¢ tyrosine kinase re-
ceptor proteino]] mitogene] ZAgst RasE 7 &
st} MAP kinaseZ B4 3}ste A =2olx Al ¥
A A|39 receptorol] mitogeno] A st AL
Ao 9lE tyrosine kinaseE #4313t o] tyro-
sine kinase7} RasZ 73 §3}o] MAP kinaseE &4
sl AETRE L AN e Bt & 4
oA A}2-§ PMAE protein kinase C2| an-
tagonist= W13 A gle.m = P388 A ¥/} A X9
AR 9 232 g8 T2 AL e AEALDT
2% G protein-coupled receptorol] A protein kinase
CZ olo]X&= ZZRtl= tyrosine kinase re-
ceptor, M| £A 9] tyrosine kinasesll 4] RasZ ©]o]
Ae ARE 58 F2 )RR & AR FF
gt} olgd Ade WX HnE hamster fi-
broblastol] /] PMAZ} MAP kinaseZ A& o2
gAslelx] Fa A X ED S {2k Z3dde
AR Az g} gy B Aol 4] mitogen
9] xg)e] & MAP kinase®] ] o] FoM &
seum¥} PMA B 5oA] 1 o]Fo] #AHA.
w3l Hgo 23d serum® AT AT
MAP kinase7} G1 phase7|Zt, th&f 6A1F A&
I 848t A5H R fAHE Aoz &
A Y. 9o &2 533 E9 MAP kinase
o] ) o] & 1 A3} 7| 7tel g ESVIET
= @5 AAd &de Aoz A A
FIARE 2N F deA FEAE F e
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A8 AF= IHJE o] F 3 MAP kinases}t 319
7179} 7]A, B3| transcriptional factorZ <143}
St AR o EdteE AoR F28 4 3
th. E3F figure 20 A HZo] M EARHoA
ZHel MAP kinasex= F2 42 Kd, 44 Kd9] isoform
old} utejA] W E o]E3 MAP kinases 2
42 Kd isoformQl Aoz #FH ) Hie) 9
3l9 MAP kinasez} thFet M E A EE
B e A4S 2} isoformo] ©] F3e
%A compartment’} ThEn Az A o= XA V)
ol 27| (&Y AT AWty glon o
| BuoXxe 1 8438 =9 7)12ke] ol
O ol ZAEX: RECs ¢34 o
ddl2 COS-7A4EN A serumx 2] A] MAP ki-
nase2} 40 Kd, 41 Kd isoformo] & F2 o]%
5 2 3 41 Kd isoforme iz o] o] F MW o}
Uzt M X2 ruffling membrane 2 o] EFH =
Aol wa R ™ PCI2 MM E R4
S EA ) wel MAP kinase®] &3} 7]3to] &
2 717] g MENSE fdede AMde] B
& ojx 2 9lt}. =3 MAP kinaseZ} isoformol]
gzt MEEEE FEA7le Fd 98 oYl
X Z4E AE wEgo @A o> githE Al
o] A& Bl vt wEtA f9 AL E
< EUZ mitogenol] €} P388 Al £ A&7
& MAP kinase?] & isoformEo| F= 42 Kd
isoformo] #edl= Ao 2 FE2H oz LA
ol F& dolle 44 Kd isoformS AN X B £32)
o= & FE 75 & 7/t 3 gl & Aol
F25o] Atk ol Wel HLE B MAP kinase
EAAR I AEe] FH whet ofE A Ed
T g3 A xAd BF E2A%le AoE HaH
AR ™ gl o] H A EojE HE AT EA
stokrt o1 A3 A B E o] EHT T
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=Abstract=

Phosphorylation of Transcriptional Factor by Mitogen-activated
Protein (MAP) Kinase Purified from Nucleus

Yoon-Suk Kim, So-Young Kim and Tae-Ue Kim'

Department of Medical Technology, College of Health Science, Yonsei University,
Wonju 222-701, Korea

The mitogen-activated protein(MAP) kinase signal transduction pathway represents an im-
portant mechanism by which mitogen, such as serum and PMA, regulate cell proliferation and
differentiation. Target substrates of the MAP kinase are located within several compartments con-
taining plasma membranes and nucleus. We now report that serum addition induces proliferation
of the P388 murine leukemia cell, but PMA does not, while both serum and PMA treatment
cause translocation of the MAP kinase, mainly p42™™ isoform, from cytosol into the nucleus,
which was monitored by immunoblot analysis using polyclonal anti-ERK1 antibodies. We in-
vestigated whether the MAP kinase was capable of phosphorylating c-Jun protein and GST-fu-
sion proteins, the P56'“N-terminal peptides (1-77 or 1-123 domain) of the T cell tyrosine kinase,
using the partially purified MAP kinase by SP-sephadex C-50, phenyl superose and Mono Q
column chromatography. We found that the partially purified MAP kinase was able to phos-
phorylate c-Jun protein and the GST-fusion protein expressed using E.coli DH5a which is
transformed with pGEX-3Xb plasmid vector carrying of p56 N-terminal peptide-encoding DNA.
These results imply that tyrosine kinase receptor/Ras/Raf/MAP kinase pathway is a major
mechanism for mitogen-induced cell proliferation in P388 murine leukemia cell and that the vari-
ous MAP kinase isoforms may have their own target substrates located in distinct subcellular
compartments.

Key Words: mitogen-activated protein (MAP) kinase, cell proliferation, phosphorylation, c-Jun
protein.
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