Regulation of the stress activated MAP kinase
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protein kinase cascade B4 32 71F o] AA LFANZ =, ternary
complex factor(TCF)/Elk-1, AP-15 3 %> transcription factorE°l 2] 3
Z A=+ de novo protein¥ I+ FHGlol, growth factor TEAE
AX o8 AF o4& = =+ immediate-early gene 2 AG AT 9]
¥ cascade’t T3 7] A& serine/threonine protein kinaseZ
mitogen-activated protein kinase(MAPK) - family®] <{®l kinaseE 3
ribosomal S6 kinase(RSK/MAPKAP kinase-1)# MAPK-activated protein
kinase-2(MAPKAP kinase-2)(1,2)5 3 &2 down stream protein kinase &
o] 84371 Yo F ol

Mitogen-activated protein kinase(MAPK) cascade™ M Xl 3lo] &7 4
TEREH AZHEY 8 S FE3dE Fo AT AY AR cascade
o] o2} A = yeast, Caenorhabditis elegans, Drosophila melanogaster;
mammlian cell?l =  HFAFSTH(2-6). MAPK cascadet yeast?d ¥ 2
mating pheromone, 4% A A+ Z (osmotic stress)(3), DrosophilaZd ¥2] cell
7t "4 % (4), mitogen(5), cytokine(2, 6-9), UV XA}, 1.2 HFFEoA o
2] ThFF stressoll &M A B3 E}

HZ H{FFEAA A7EA L EE+= MAPK 7F €814 29 yeastol
A Holx 47}A 2] MAPK signaling pathway”’F &34 Utk 3529
3% MAPK family®l = extracellular signal-regulated kinase(ERK), Jun
N-terminal kinase(JNK)/stress-activated protein - kinase(SAPK),
p38/Mpk2/Cytokine-suppressive anti-inflammatory drug binding
protein(CSBP; S. cerevisiae kinase Hogl 8} )5 o] low e H&
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MAPK ¥ dual-specificity MAPK kinase(MAPKK)& g 3l2] A2+ &4
3 d9 (1, 3, 5, 6, 8,9, 10, 13,14). &443d MAPKKT target MAPK
o] olu| x4 Z7)1E Abojo] £ 9+ threonined tyrosine= UA4H3IFA T
o ol 433 F ol MAPKS ERK groupE3 MAPKAP kinase®]
RSK groupe MEZANAM HYZE o] 53t ¥, ERKE RF DA A
283+ MAPKKK, MAPKK, Raf, MEK+ #43} FEnx M E 2
o 2] scaffold protein®} ZAE3FT AZTLE A3 AT o] ol
Bh(15-19).

ERK7} 9 HHE Eoj7HA =W c-fosE FE3E  transcription
factord TCF&# &2 og7tA 71d& Q43 jhoh(18, 19). TCFE] A4
3l c-terminalZ 2] 18] serine residuelA] g uvt=ul ¥r&7]3-& ¢
et sECWAAAM AAES AL Fxol Ad4FE TCFE c-fos
promoter®f A}  SRF(SRE-binding factor)®} ¥ 7 SRE-bound-ternary
complex® 434 & SRE(serum response element)® T2 A
c-fos2] AP L& w7 sA BYH(20). In vitrodl M TCFE AL T3+ site
7} ERK13 ERK2(21) ] 3 a4 o= 43ts & ol g,
t£7] ERK13 ERK29 B84 mutantE overexpressionAl 7| W
mitogenic signal®l 2] ¥ c-fos promoterd] TA 7 A=A FHA
t}(22).

#HZ MAPK®S FHA subfamily®] 43+ INK/SAPKs(20, 22, 26)7F
A= tH(18). human liver cDNA library2 % 3§ INK1, INK2Z2
Hy d EAF 46kDad 55kDaQl F kinase ]9l X rat brain cDNA library
o o] SAPK a2t SAPKB ¢ INK2&+ Z 7|7} v K& 55kDao] ] SAPK
v £ INK19 B+ ¥ < 45kDao] £AFE 7

ERKS} "wF&7FAI 2 INK/SAPKsE Rasolo¥ HE2E §3+ growth
factorol &3 A B A4 stE oAtk uvRAF @93 ¥4 inhibitor, TNF-a
S A8 stressA AFol ol GAsd £ Ak, 8, 10-12, 23, 24).
JNK/SAPK?} Ras-dependentZ 2 E ¥3te 843 Em= MEKK1S}
SEK1/ MKK4/ INKK#3i ¢ 3 MEK-related kinase® Y8 & ¥oh @
< isoform©] &4 3+ MEKKS] R 22 o3 7 540 4= A &t
o ojEmANF S F3] RAHFH A= A= FA3}A = g,

p38< ETHE  MAPK subfamily2A 3¥EE 3 heat stressol 2] 3l
435 =d yeastd HOGIH 51%FE 2 FAFRE ofu] x4 sequence
€ 729 ERKY TEYWA! domain VIII® TGY sequence®ll &l&lA L&
A h36).

2|7} FF agonistoll A BA3E = /HH2] MAPK subtype
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2] TEY, TPY 218X TGY motifE& U4r3} A7) upstream dual-specific
kinaseE2 SAES R ¢4 ERKS] ¥ MEK+ JINK/SAPKstt p38of
atel = B3 A7]A] £} INK/SAPK cascadell Ao MEK® T
3= A2 SEK1°/™, p38 kinase®™ RK kinase(RKK)oN 23] A4l
A3 dojdtl w3 SEK1/MKK4/INKK1IE =3 p38/Mpk2/CSBP &
93 Ad s A p38< ETE MAPK subfamily®2 A 3E A3}
heat stressoleld] A= £dl yeaste] HOGIH 51%BE FAR
peptide sequence® ZFXw ERKS TEYWH4l  domain VIII® TGY
sequence®l) &3 A FEATH(34). l

MEKK® MEKE 843 A2 Jds B33 A¢aHA gt
ERK pathwayE 84321712 £33tk MEKKS] 7] F oA <] o]&]d Fof
& scaffolding protein®] E&Ao] 7iA%tty &5 Ut

JNK/SAPKs+E c-Jun®] B4R 9] ser633} ser73& A4 AHLEH
c-Jun transcriptionBA & FAFT o] F serine® EF prolined U
residued] 7FA 2 Y S22 X MAPK target®] E UAIT ERKY p38o]
o] site® EIHCFE phosphorylationA 7121 ¥+oh(1, 23). 4A ERK
£ 'c-Jun® DNAZZ A J|AEO U+ c-Jun carboxyl-terminal
domain®] AT siteET AAA AT AF7HA = c-Jun B FH F
T 4 A+ INK/SAPKs®O] c-Jun activating siteE® EHH O E Q143
ANd4¢ Agol &, 8, 10, 14, 28).. 0ol 42 EL FE in
vitrool Al FHEHAAT ofu]x & 3083 60 Alolo] Y= TFE
IJNK/SAPK docking siteE deletionA] 71¥ T ¥ INK/SAPK activator®l
o3 c-Jun®l AA3F JE} in vivol A E BA ] FadTh(25-27). ol ¥
mutant =< JNK/SAPKsE 43 AL+ As A3 o) ] ol 4 84
3l HA G+ c-Jun® N-terminal &3Fol] 7 43t ofF whe] ¢
o] U, INK/SAPK O] 843 YHsA daHo At

c-June c-Fos& heterodimer® ¥ A, AP-1& FARH3ES). =F c-Jun
homodimer= c-Jun-c-Fos heterodimerTtF FH gol =2+ AT AP-1
sited] 2EE 5 Ao AP-19] F &S F7HA171 = Yl post-translational
modification BTF o2} T & o2 H2 Y 87 Fo] #9433, c-FosH
c-Juné F71% ol F Ut o] FRIT BT AP-1 435 o=
T BT B4 AAT SHT geneo]l FFT AAte] B} WA
vr&3tele R=A% 7hsdth & ol¥ gene c-Fos37HF ERK 843}
of BY URIHA ¥rEEE= 9HH TUE gened c-Jund <A43s)
INK/SAPK @43t Bt} o] gizhshid sed 4 ok

JNK/SAPKZA Z A target>E AAAE AE Fo 713 7Fs4o] &
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& c-Jun® promoter® A, O] promoter?] inductione ERK 43 Ht}
£ INK/SAPK®Y #4439t #AZE QAth23, 25, 27). c-Jun-ATF2
heterodimer®l] &3 A28 AL JZAHE= AF 713 7HsAHol & AL
c-Jun TRE(TPA response element)©|™ ©]+& c-Fos SRES} upd7pA|2 %]
%2 2 % transcription factorS 3 28 ¥ th(28). WA protein kinase’}
B93 HASW w2 gene inductions YLo7lE WA JF
target promoter®l olu] A= o} U+ transcription factor?) 4+s}ojth
CREBAIA &4 S+ AF} vpA7FAR c-Jun ser73W¥ o] Q43 Ho =
# CBPs ARY £ AA HI I FI CBPY THol FiEW
transcription® &/4d3@TH(37). N-terminal F£°] INK/SAPKH 4 PKA
o o# A3t F =& W3E c-Jun mutantE INK/SAPK 8438 g2
e AxAG Al ol wrg3tA gdon thal pKA &4 3o
& AFE T=vh(29). ol AL c-Jund transcription& F7}FA 7]
+ AL c-Jun? activation domaind} & &3+ o2 G @) o A7} o}
Uzt c-Jun #AA 9] 14t RS AAET FUEAIE INK/SAPKE
ATF®] transcription8 4 & Y27+ 29E Q43 fd@3o, 31). 2 #
olul =} INK/SAPKE TCF/EIk-1E A4S A A #4351 & 4 glon, o] &
$ 2 c-Fosd HHE F7HAA, AP-1& 843 AU & . oA
UVY B stressN2 3] c-Fos7t S8+ A4S HdYsted F23 &
$71Hol E =AY ~

AP-19] &/ 3}+ c-Fos induction ®BFroU 2} ¢c-Fos®] Thr2327}F Q43
HozAE gojds A+ growth-factorol 213 Ras7F 843 Fn o]
g Aol dAFL=N  transcriptiond F7FAIATH(32). c-Fosd
Thr232€ 21 FH 9| otulx & wfF o] c-JunOl Yt c-Fosol Al 43171 Uoj
¥ o AAEEE A% ¥ FASHAT INK/SAPKY ERK MAPKO
oAM= A4sE A ko v FRK(fos-regulatory kinase)$t HHE M= &
88kD2] Ras-activated protein kinaseo &J#]A <I4F3}ETth(32). FRKE
o} 2] cloning™ #l = A2 Y growth factor®ll 23 wFZ A activation™ &
Aoy prolinedl o1} X threonine®l Y serineS AAUTGE HEL &
) MAPK family®] 3= A Z4dd _

37FA type?l MAPKE EF AP-19 ¥43}E fFxddAqw o &
MAPKst Z7] Sol3 843 A2 & AX o538 24%8E& &3
o QJEAZo i AP-1 S F7HAFIA BTk o] F o gagd g
9 stressd AFol 3o B3 &= INK/SAPK7F HHEMAPKSH&
FHEE FE2E AX AP-19 GH ¥ ol AT o] o3 24 F§7]
Ao AAME HHHA 7]6S T Aoz =T Jut.
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