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S transcription factorZ QIAlEgro R AFTE
AEen” 2358 ALGd Fol MAP Kinase:= &
Q4tztsE o] N A3 G E HEolhe Ro=E
AL @A7EA] 237 MAP Kinase?] ¥
€ EGFY Insuline 2 Aelgd EHFEA
MAP2 Kinase2Z €& p42™22} pad™7} B2 5
3L cyclohexi-mideZ X2} & <] ztolA &4
3}5] &= p54 MAP Kinase® 18] 3 A% 9l sea
star®] YR A F o] A germinal vesicleo] 7| X 7] A}
2 o FgssEe p™ P Fol gEilth
MAP Kinaseol| W3t ZAIA=A {3l &
A2 4 MAP Kinase®] 84315 {23t
MAPKKE £ F I, ol¢ vz &4dstd
MAP Kinase?] Q1471 & A AT zN EEA3}
A) 7]+ phosphataseZ 4= 1t}. MAP KinaseZ

=
=2



E84 3} A7]& phosphatase 2= ThA H]Eo]7]
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1. M zZul 2! mitogen X 2|

=

P388 murine leukemia A X2 377, 5% CO, &
£ 7194 5% fetal bovine serumo] 3 7}
DMEMH| A 2 Z§3] A2hA & F, o] Soj
A &2 DMEMH]|Z] 9| A} 24X 3t &}eHA] skx
] 7] 9] mitogenS 2 10% serumS I 7}38f<d 10 &
WjFstel A TGS FAAT

2. MiZ ufp2foy FH|

AEEEE FAAZ AEE 1,500 rpm, 10
min, 4CE A E st 35 Y& A AS STE
¢ (150mM NaCl, 50mM Tris/Cl, ImM EDTA)
o2 238 94 B2 A HE oS, extraction Y3
< (20 mM Tris/Cl pH 7.5, 5SmM EGTA, 0.5% triton
X-100, 50mM p-giycerophosphate, 1mM PMSF,
6mM DTT, 1mM sodium orthovanadate)2 3 7} 5}
g Sl 30% =x]3F 15,000 rpm, 15 min, 4CE
AL FFANE 2ol A X gydoz
AHEBHE T A A& DS HellA AAEH .

3. Column chromatography

3-1. SP-sephadex C-50 column

HE A4 9E 439 A (20 mM Tris/Cl pH 7.4,
2 mM EGTA, 25 mM pB-glycerophosphate, 1 mM
PMSF, 2 mM DTT, 1 mM sodium orthovanadate) =



5 3 A1 Z] SP-sephadex C-50 column (0.5 X 10cm)eil
0.12 ml/min®] £% 2 loadingd &, 0 MojlA] 1 M
o] NaCl 37 2 §&AA T §E54F MAP
kinase7} ZA)3tE £33 S anti-ERK1 antibodyE
Argsto] A F 2 YD Bol 3 B
(20 mM Tris/Cl pH 7.4, 2 mM EGTA, 12.5 mM
B-glycerophosphate, 1 mM PMSF, 2 mM DTT, 1 mM
sodium orthovanadate, 0.5 M ammonium sulfate) =
BYANZ F 558 O column® loading
sample 2 A}-&3} % T}

3-2. phenyl superose column

SP-sephadex C-50 column® 2 F-E] ¥ & sample
2o B2 vlgl H3AZ] phenyl superose
HR 5/5 columne] 0.5 mymin®] 4% 2 loading%t
%, 0.5Mo)|A] 0M2] ammonium sulfate % %74
2 £ A4 folM s} e WY o2 MAP ki-
nase® AT 1 EYrS Rol 39 C (125
mM Tris/Cl pH 7.4, 12.5 mM f-glycerophosphate,
0.5 mM EGTA, 7.5 mM MgCl,, 0.05 mM NaF, 2 mM
DINE HFAJ|L FFstd thF column2
loading sample 2 A}-&-3} }.

3-3. Mono Q column’

Phenyl superose column® 2% & A& sampleS
gtz C2 mg] B3P AZ] Mono Q columnsi] 1.0
ml/min®] &%= loadingdt &, 0 Mol 08 M
NaCl =72 §EAAY folxs 22 ¥
Ho2 MAPkinaseE Q1% ¥ 1 £ B
ol ¥Z3lo] MAP kinased] 48 #HEAsied
Ab23l c). MAP kinase?] @43 A& Hi
¥ z} & oA anti-phospho-specific MAP kinase
antibody (NEB)Z A1-&3}o] o}efl9] chemiluminas-
cent ¥ & o] &3t &S

4. Western blotting

[s]

- 4-1. chemiluminescent substrateE 0|5} Hlty

Zt A o A B8] 3 sample 1849l 10 % gel
oA 14 mAR 1A1F 308F< A714 53R
o} A7) 5ol ¥t gelS transfer buffer (25 mM
Tris, 192 mM glycine, 20% methanol)s]] 30%3} %
X 3% transfer bufferfolA] 220 mA=Z 1A|3}
308 ¥ A)A nitrocellulose paperdl] &7 t}h.ol &
TBSTE-9 (10 mM Tris-Cl pH 8.0, 150 mM NaCl,
0.15 % Tween-20)2.2 583} 33] A3 3} block-
ing&-< (TBST+2% BSA)S.Z 37T A 1417} vt
LA AT wtgo] EUW TBSTEYo 2 58I
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33] A&} blocking§-H o2 QA4r3E @ MAP
kinaseol] t} 3} &%) Q] anti-phospho MAP kinase 3}
A& 1:1,00001 2 3|43t} H7IFAF 37 ToAA
1A12E ¥Eg-A e} o] AL TBSTE R = 53T
33] A3l biotino] HZ+¥ anti-rabbit I[gGH A
£ 1:10,0009] %7} A blockingg-Fo 2 3
A% F FHoleta] 37 ColA 1213 wgAFH
vk-g-o] ' TBSTE ol 583 33] A3 3x
alkaline phosphatase7} 23 streptoaviding bloc-
king- & © 2 1:10,000 3] 43l 37ColA 1A3E
TS A ZH o wkgo] ' nitrocellulose paper=
TBSTEH o2 58It 33 A3t oo assay
buffer (0.1 M diethanolamine, 1 mM MgCL)E 5%
7+ 23] MAHEFE chemiluminescence 7] 241
CSPDE 1083t wh-gA)Z o). ¥H-&-Fo) nitrocellu-
lose paperd X-ray filmoj 1A 7t =& A3 G4
oA @At

4-2. colorimetric substrateS 0|28t ‘2

A X Q73 FR AAF 3 seum e 2 Al
(0%, 108, 1A13L, 4A17L, 12413, 24X 2h) =
A AE 2 HBE SP-sephadex C-50,
Phenyl superose fraction©. 2 2] ¥ anti-ERK1
gz gttt A719dE 2 Western blot
o] ¥h-g3} o] FFPAF] 3L anti-ERK1 A =
8l-2-0] ' nitrocellulose paperZ TBSTE o=
5 ¥3t 33 MX3}l3 alkaline phosphatase con-
jugation £ (100mM Tris/Cl pH 8.0, 100mM
NaCl, 50mM MgCl,)sl] NBT$} BCIPE £33l
Pg A F 10 £ S AA
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5. GST fusion protein2| subcloning % ¢l

£

MAP kinase2] 712 24 GST-fusion protein<-
A}-4-3l 22} Winkler 5-(1993)02] Wi -& o] £3}
o A&3tH ) pGEX-3Xb plasmid vectoroll p56™
9] N-terminal o}u|x4F 7778 & coding3l U=
DNAZE 27} wild type, 429 & serineS- alanine
2 o] AF] Z(S424), 594 K] serine-&- alanine 2.
2 o] A7 A(SS9A)E AR e S T
o} E.coli DHSa 3ol CaCLE ©]&3}a] com-
petent E.coli® THE ¥ 42C heat shockS 7138t
¥ A A S(transformation)A| At} 79 ¥ plasmid
7 AdE A4 dAexg gty A8 50
pg/mi2] ampicilline] F 718 1% LB A uj X (10
g trypton, 5 g yeast extract, 10 g NaCl, 1 ml 1 N
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Fig. 1. Elution profiles of mitogen activated
lysate from P388 murine leukemia cells by SP-
sephadex C-50, Phenyl superose and Mono Q
column.

NaOH, 10 g agar, pH 7.5 /L) 3ol A v sl =}
e Jgne Agste] LB brothol| A 9]¢
miniprep& 4 A 3} plasmid DNAYHE 2] 315
t}. ¥2 5 o] R plasmid DNAE EcoR 1, EcoR V
endonuclease2 37C 4] 1A1ZHY A g 5 0.5
g/mle] ethidium bromideZ} 3 7}¥ 1% agarose gel
BellA A719F At A71FF o] B gel
254 nm¥}#2] transiluminator’} ol A AL B3
Polaroid filme = @ g3}t 99 o] plasmid
7t FAAEE Aol FAE hFFE LB broth
100mle] late-log A} 71742 A& Al & (595 nm
N FFE 0.6~0.8) IPTG7} HESXE 0.1 mM
°] J=& wjx)o] Hrrg 5 2 At 71 o W)
FetAch M F AH B A g B2
H AT g2 3 mlo lysis ¢339 (50mM Tris/Cl
pH8.0, 1mM EDTA, 100mM NaCl)& 23 AT
doj2|E0] SH3 ZFoJATE EE | AFE g
2 50 mMe] PMSF 8ul, 10 mg/mle] lysozyme 80
p1¢} deoxycholic acid 4 mg-& ¥ 3 37CAA 10
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44 kD

Fig. 2. Western blotting analysis of the frac-
tionated samples from crude extract to Mono Q
column by anti-ERK1 antibody using chem-
iluminescent substrate. lane 1: crude extract, lane 2:
SP-sephadex C-50, lane 3: phenyl superose, lane 4:
Mono Q.

B EET den 33 430 592 A
L AT 3 25,000 pmo 2 YA B do
BEATE 23k 4359 F9 GST fushion Tl
A2 GSTS} A @] Y+ glutathione sepharose
4BE 7l A2X EEFHAM WML F
¢k REEAIATY Wg ¥ YR EsA F3de
H 2] 31 ZolglE glutathione sepharose 4BE PBS
2 2§ MolF H kinase &3 20p ¢ Bel¥
MAP kinase fraction 3} 7] 30Col|A 1083t vt
SAAT B FRE sample FF YL Yol
AABHH 1 Folo] 7] F 7} western blotting &
A A% ¥ anti-phospho-serine G & 5| o] &3}
o] p56 N-terminal®] Q1431 & Q3¢ Tt

o}

MAP kinase®| £2| 9l &9l

&

SP-sephadex C-50 chromatography 23} —1g
19) kol X st o] wasteol ] S1be] peak, gra-
diento] M S719) peak® Qo] 247+ A
anti-ERK1 3} A4 & o]83lce] MAP kinase &3] &
A% A3} wastedl ] B2 peakol] A} MAP ki-
nase7} &Rl o] o]A-& &9 BE PPA|7ln
phenyl superosec] loading3}il ©]o]A] 0.5Mei| A]
0M2] ammonium sulfate ¥ = 7o 2 82§ A3}
a9 19 Fer et o] wasteo] A Fhte)
peak, gradientel 4| Sh}e] peak o 2zt 5%
Bt MAP kinase £ & A3 A3 wasteo] A

< peakoll X}  MAP kinaser} 1=t} o]
peak ¥-8 S 2 CE HYA]F)3 Mono Qo
loading3}31 ©]o} OMol|A] 0.8MS) NaCl & = 7-4)
2 §2% A%, 19 19 FoHs ol
wasteol| 4] - peakol) 5| MAP kinase7} 8915 Q]
o O 294 £ dARE 92 £Yd o



3 MAP kinase®] ZA| & anti-ERK1 33 & o] &
st} AR Ao Z, o] W 44 kDO bandE FE
golslg e 34 719 wzl ¥HgS B BIAE
o] &=t

MAP kinase Q143

Chromatography Z ¥} 2 MAP kinase7} &<Q18
238 7}A| 21 anti-phospho MAP kinase 33 &
o] 83la] MAP kinaseo] QI4t3l ZAE Qe
23 a3 3 o HXel 1 8435} SP-
sephadex C-50014 A& EIY71x FAHD
phenyl superose ] 32 Q& ¥y G437} &
A HA &3 dF Aol A F EAAk3L
g o] FHHUY. SenmS APEE A3}
o] MAP kinase®] F5& Hlms) £ A3}, o9
4o A g} ko] 10 ¥ FH-E 44 kD2] MAP kinase
9] Fx7t F7Hst7] Al FEe] AX B A7
24 A A AEY EAStE RS A & F
AUt} FEE 66 kD2| isoformo] P388 Al Eoj| A
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Fig. 3. Western blotting analysis of the frac-
tionated samples from crude extract to Mono Q
column by anti phospho-specif MAP kinase an-
tibody using chemiluminescent substrate.” lane 1:
crude extract, lane 2: SP-sephadex C-50, lane 3:
phenyl superose, lane 4: Mono Q.
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FEHJ =Y, T ¥zl #2328 F gl
GST-fushion protein 218 4l QI A3}

p56'*2] N-terminal 5 777§ 9] oo =5 &
coding3} 1 ¢l DNA7} cloning®| o] §l+= pGEX-
3Xb plasmid vector® FAAE A7l E.coliE 7]
A miniprepg %3} plasmid T FE3 )
223 ¥ EcoR 13 EcoR V endonucleaseE 2z}
Z} 1A A 2] 3t agrose gel’doll M A7 %
g Az 77709 olnxAtE codingdl U
plasmidZ 9] 3} N-terminalo] A2 A S
AEeAE Fatdi(ad 5.A). = 18 5B
Al Bguteh o] p56“e] N-terminal 5 7771 <]
oln) :AHE S coding3li 1+ DNAZL IPTG in-
dutiong 3 FHE AL U3 LA
2 d 2 26 kD] GST9} 2% E Y= 4dsH
B2 77749 oln| A+ coding3li 1 DNA
7t AR A oF 35 kD F o] g o]
Ueve RS A8 F e o] E wild type
2 mutantE-of] tf 3+ MAP kinase2] Q143 A ==
298 6 M9 Zo] wild type?} mutant(S42A)9]

1 2 3 4 5 6
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Fig. 4. Immunoblotting analysis of phenyl su-
perose fraction by anti- ERK1 antibody using colo-
rimetric substrate with mitogen activated time
course. lane 1-6 : control, 10 min. 1 hr, 4 hr, 12 hr,
24 hr, respectively.
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(B)

Fig. 5. Agarose gel electrophoresis of recombinant pGEX-3Xb plasmid treated with EcoR I and EcoR V res-
triction endonuclease(A) and SDS-PAGE of GST-fusion proteins that affinity purified by glutathion sepharose
4B(B). lane 1: Lambda DNA/Hind Il digest(A) and low protein marker(B) lane 2: wild type 77 amino acid of
pS6lck N-terminal lane 3: mutant 77 amino acid of p56lck N-terminal(S42A) lane 4: mutant 77 amino acid of p
56lck N-terminal(S59A).



35 kD

Fig. 6. Phosphorylation of GST-fusion proteins
by MAP kinase, purified from Mono Q column, us-
ing chemiluminescent substrate. lane 1: GST-77
wild type, lane 2: GST-77 mutant(S42A) lane 3:
GST-77 mutant(S59A).
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T4 AAE o

3

a

MAP kinase ¥2] 373 59| chromatography
Gotoh5™e] WH& §8&3Hd UASAT} Go-
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443 AAHA gevn Bnsn g Frt
A<l column®] AMg-& A3 Ut 2ehA £
A@ME A AE cation exchangerql SP
sephadex C-508 AM§3te] ¥HeE i e
G Aukg §Feldte F%3a, hydrophobic in-
teraction®. 2 W A-& E2|3l= phenyl su-
pherose columng o] &3}it}h ©]e]A Mono Q
columng M A 3%A 9] chromatography & & 3}
HZHoz Rolxl BYLS AXE d FF4E
anti-ERK1 33| £ western blot2 AA|FPES o B
gz 3~4709] isoform bandEe°] A A7} H1
271 ¢} band7} JE}IL}E 2 chromatography S §-3}
o} 44kD9} 66kD2] MAP kinaser} #2507 R
o=z Beiso] 2 79 isoenzymes] EAE &
g 5 I 7R LelZ MAP kinaseo)
isoformo. 2= 2RO FEAMEAAN 42, 4,
54kDao] ¥AFE Zte kinaseZo) BHuEHL
2 o] £ & B 7]A 9| serine¥} threonine o}v]
= AFS Q14F3} A)F] = serine/threonine kinase fam-
ilyell &&c}?. o] @ kinaseE 2] in vitrooll A
9] 7134 2 MBPY MAP29| 7} Q1433 E &
A7e Aoz Bag . =3 MAP kinasex=
2Z}7] A4 €] tyrosine} threonine F-9]of =7} ot
4+3} g MAP kinase kinase2 5B 1443} ¥ of
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24 & Jelle 542 21 s 53 9
DA AT E AEE FAe TutE EQAAs
So] §4do] Hojzth & AFlA < 44 kD, 66
kD<) serine/threonine kinase7} 2] o]# P388
A Z oA Er}E MAP kinase?) isoformE& &9l
& 4 gk 22 3 F QA3 A=E ¥
3}7] 98] A= anti phospho-specific MAP kinase
9d FAE o] &3te] westen blotZ F3 &<
39} Western blot 3 HF 44 AFPM =
chemilumines-cence %32 o] 83} x-ray filmoj]
N AT =EAFHY o] PSS U= H
o|1} gel shiftings & BAstnx & o 3} o]
g3 BaEou®, Ao ARIA X &
Az JehAch 19 4 oA &} o] 2 3
Z Falz & 143} 5 o} phenyl superose column
HA oA FEE Qs I=E AFY 5 QU
o HFgdxel AE HAh2 Food P
& JeER]th. MAP kinase®] 712 E AL§H
o} & e AL olF st o] A8 4%
Q1 A}, cytokine, hormone 52 2 B8 f2IE A%
of 2|3 A5 AY H A 4 MAP kinase2] &
< olFdte =go) Helzt Ydnt. 8443t
¥ MAP kinaseo] o]&] 43t | A X e &
A2 &= MAP kinaseZ <143} A]7]+= MAP kinase
kinase?} MAP kinase kinase kinase®2} ThE pro-
tein kinase"E# & ) o] c-Myc, c-Jun, c-Fos5-0]
transcription factors-g& & 7} Qi £3} cy-
tosolic phospholipase AL} A ¥ FH o] 847,
tyrosine hydroxylase®5 & £ <= 31t} & MAP ki-
nase® M X Q)32 RE9 A7 AP A
L A58 PPN &A% 23S Po} 5
9 AP oz AL F<= o protein kinaseE L
gx HAFH oz o] FAR A AAFHH S
2] © J| &= transcription factorSS <14+3l3l= A
T AzAd AF e F2 wAA IS In vi-
tro’g o 4] 2] MAP kinase?] 7|22 JE =11 e
A ©. 2+ myelin basic protein (MBP)S & 4 3l
£, bovine MBP2] sequenceZ Thr-Pro-Arg-Thr
”_Pro-Pro-Proi} Z+-& triproline loopell ZA)3t&
971 %] threonineS MAP kinase7} F2 Q4+3}3}
€ Ao HaHIG”

33 MAP kinaseol] 2| 3]A] Q14ta}s} dojvte
Ao H % olA p56*2] N-terminal2 prokar-
yotic expression vectorgl pGEX-3Xb plasmidol] 4}t
Y3H . Plasmid7t A2 F2A A8 HA=A



+£ ampicilino] F7}E LB brothdoll A 71-&
£ %o} miniprep £ plasmid9t-g E&sln
EcoR 1, EcoR V endonucleaseZ ztz} 1A]71H4
2 g]dted agarose gel’dollA] band pattemS 3
FozH A F UAATh B2 Ago] &S
R #FFE AFFA7] FHEAA JE H
IPTGZ inductionA] 7] 11 glutathione sepharose 4B
2 o] &3t} GST-fusion Trjure Eald 4= 3l
At EEEox GRS B 26kDad]
GSTs Ao AAHEZ 77709 ofslate
o} 35kD 9 A7 D EL B FAAAT). T
2ol NBE AT BEAG HF BlUA
Mono Q columno| A @& ¥3 & GST-fusion pro-
teinol] A 2l3ld Ql4tslH = A= E B A1,
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Purification and Characterization of Mitogen -Activated Protein (MAP) Kinase
from Mammalian Tissue Cells

Tae-Ue Kim', Dong-Ju Jung and Yoon-Suk Kim

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

MAP kinases are a family of serine/threonine specific protein kinases becoming activated in
response to different proliferative stimuli by phosphorylation at both threonine and tyrosine resi-
due. Present study shows that MAP kinase was purified from P388 murine leukema cells by SP
sephadex C-50, phenyl superose and Mono Q column chromatography and identified with anti-
ERK1 antibody by western blotting. Immnublotting analysis to the crude extract of P388 cell
lysate shows 44 kD and other minor bands but partial purified fraction eluted from phenyl su-
pherose column have 44kD and 66 kD isoform. Subcloned GST-fusion protein from N-terminal
of p5S6** was tested as a substrate for MAP kinase phosphorylation. It was showed that the wild
type and mutant forms(S42A) were fully phosporylated by purified MAP kinase fraction as com-
pare with the other mutant form(S59A). This finding suggest that those GST-fusion proteins may
be used as substrate for the in vitro test of MAP kinase.

Key Word: MAP kinase, Purification, GST-fusion protein.
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