DIFFERENCES AND SIMILARITIES
AMONG THE MAPK:
ERK2, p38 and JNK
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Mapkinase Sequence alignment

Kinase domain
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Jnk  HSLHFLYYCSEPTLOYKIAFCOGFDKOYDYSYIAKHYNHSKSKYDNOF YSYEYR0S T TYLKR YOHLKPTGSGAOGTYCAAYDRVLORKYATKKL SRPFNOTHAKRAYREL YL HKCYNHKNTISLLAYF

pil HSGPRAGF YRAELHKTYHEYPARLAOGLRPYGSGAYRSYCSAYDARLRAKYAYKELSRPFOSLIHARRTYRELRLLKHLKHENYIGLLOYF

ERK? HARARARGAGPEHYRGOYFDVGPRY THLSYGEGAYGHYCSAYDNYNKYRYATKK L =PFEHOTYCORTLREIKILLRFRHENT IGINOTT
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Potential peptl de binding S, T motif P Phospho acceptor site
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p38  TPATSIEDFSEYYLYTTLAGADLKNTYKCOAGAHAGARLALDEHYAFLYYALLRGLKYTHSAGIIHROLKP Y AYHEDCEL RTLDFGLARQADEE ======HTGYYATRHYRAPEIHLNHHHYNATYDI

ERK2  R=APTIEQHKDYYIYODLHETOLY KT -------- NDHICYFLYOTLRGLKYTHSARYLHRDLKPEALLLHTTCOLKTCOFGLARYADPOHDHTGFLTE YYATRHYRAPE IHLNSKGYTKSIOI

Consensus tpa,LiEBF, BYY1Y, L0.a8L, ..k besssssnses o B, ELLY0,LPGIKyiHSAg | iHROLKPEN, ,on dC, LKTIOFGLAR Ad, ,. .. $T, T¥aTRWYR
") No known motifs (prosite)
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p38  HSYGCTHAELLOGKALFPGSDYIDALKRIHEYYGTPSPEYL AKTSSEHARTY IOSLPPHPQKDLSSIFRGR=mmmmsmmm HPL====ATOLLGRHLYLOSDQRYSAREALAHATF 50YHDPED-~EPEREP

ERK2  HSYGCTLAEHLSHRPTFPGKHYLOALKHILGTLGSPSOEDLNCITHLKARNYLLSLPHKHKYPHHRLFPHR=mmmmmmmmmem DSKALOLLOKALTFHPHERTEVEQALAHPYLEQYYDPSOEPTAER-P

Consensus  HSYGCT$aEdl, k, 1FPG,dYiD0Ln, ! e, 16EPSpE, B.ki, .. oBRNY,o81P s esessedFReBussosseansle o8l OLL KHLY, Sp. kR sy, ALaHPY, .quyDP, 3, .pea.p
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ik YOKGLEREHTTFEHKEL TYKEVHNSEEKTKNGYYKGOPSPSAQYA] Overall sequence identity: 45 %
b33 YDESYERKERTLEEHKEL TYOEVLSFKPPEPP-=-—-KPPGSLETEQ Highest homology in the kinase domain
ERK? FKFONELDOLPKEKLKELIFEETARFOPGRS
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MAPK/ERK in Growth and Differentiation
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Full name Function

MARCKS

Myristoylated Alanine-
Rich C-Kinase Substrate

ERK2 known substrates

Phosphorylation
site

Calmodulin interacting S113

c-myc Cellular homolog of v-myc Proto-oncogene S62

Elk1

Transcription factor S383

Enzyme involved in

Tyrosine Hydroxylase catecholamine S31

HARCKS
C=hyc
Elkl

TH
Consensus

biosynthesis
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SAPK/INK Signaling Cascades
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JNKS3 substrates (TFs)

DNA binding

Jun domain with activation loop domain

(leucine
Zipper)
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Characterised JINK substrates
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LLTSPDYGLLKLASPELERLYIOSSHGHIT==-=TTPTPT=-0F LCPKNYTODEQE=-~-GF AEGF YRALAELHSONTLPSYTSAROPYHGAGHYAPAYASYAGGSGSGGFSASLHSEPPY YAHLSHF
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HPGALSSGGGAPSYGAAGLAFPAOPAARNA--PPHHLPOOHPYAHPR-LOALKEEPATYPEHP--GETPPLSPIDHESOERTKAERKRHRHRIAASKCRKRKLERTARLEEKYK TLKAGHSELASTANHL
AGGAGGAGG AATYAFAREPYPFPP--PP----PPGALGPPR-LAALKDEPOTYPDYPSFGESPPLSPIONDTOERTKAERKRLRHRIAASKCRKRKLERTSRLEEKYKTLKSONTELASTASLL
SPASASSGGAGAAYGTGS-5YPTTTISYLPHAPPFAGGHPAOLGLGRGASTFKEEPOTYPEARSRDATPPYSPINHEDOERIKYERKRLRHRLAATKCRKRKLERIARLEDKYKTLKAENAGLSSTAGLL
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REOYAOLKOKYHHHYNSGCOLALTOQLATF
REOYAOLKOKYLSHYNSGCOLLPOHQYPAY
REOYAOLKOKYHTHYSHGCOLLLGYKGHAF
RHEYAOLKOLLLAHKDCPY TAHOKKSGYHTADKDDSSEDISYPSSPHTERIQHS SYSTSHGYSSTSKAERYATSYL TAHADASTEPAL SATYHAPSSASOPSGS

RABYAOLKOkYE Hy, cgoqld o fuisanrssnrsssssssssssssssessssssssssssssssttssssstsessssssssstsssstessnstssss

Predicted phosphorylation sites

JunD

ATF-2

AP1

T267, S257, S261
T 37, S167, S251

T10, T95, Y172, T233, T 241, S251, S245

94-100 % conservation/identity of INK phosphorylation domain of AP-1 (19 aa
containing Ser 1°0. 153) petween human, mouse and chicken.




p38 MAPK Signaling Pathways
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HGRKKIAITRINDE-RHROYTF TKRKFGL-—-HKKAYELSYLCOCETAL ITFHSTHK-LFAYASTORDKYLLKY TEYNEPHESRTHSDIYETLRKKG———-LH

HEEEGGSSGGAAGTSADGGDGGENLL TYKHELRTANL TGHAEKYGIENFELLKYLGTGAYGKYFLYRKTISGHD-TGKLYARKYLKKATIVOKAKTTEHTRTERAYLEHIRAQSPFLYTLH
HSDDKPFLCTAPGCGORF THEDHLAYHKHKHEHTLKF GPARHNDSYIYADOTP TPTRFLKNCEEVGLFHE-LASPFENEFKKASEDDIKKHPLDLSPLATPIIRSKIEEPSYVYETT
HLSHSAGASPPYPFPAPAPPPOPP TPALPHPPADPPPPPPOOFPOFHYESGLOTKKHATTDDYEN TSOYLGLGINGEYLOIFHKRTAEKFALKHLOOCPKARREYEL HHEASUCPHIYRIYDYYENLYAG
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1 1
SHTSROGGEFKLYDREEYARL ——==HGLRKHK THHNYDKL SRALRY YYDKHIIRKVYSGOKFYYKFYSYPE-YAGCSTEDCPPOPEYSYTSTHPHYAPARIHAAPGDTYSGKPGTPKGAGHAGPGGLARSS
GCDSPOPDADDSYGHSPESE DEYRKINEDIDLHISRARLCAYPPPHFERPYSIPYSSHHSLYYSHPYSSLGHPHLLP——-LAHPSLORHSHSPGYTHRPPS——-AGHTGGLAGGDL TS-GAGTSAG
YAFQTETKLHLILDYINGGELFTHLSORERF TEHEVOTYYGEIYLALEHLHKLGITYRDIKLEHILL DSHGHYYL TOFGLSKEFYADETERAYSFCGTIEYHAPDIYRGGDSGHDKAYDHHSLGYLHYEL
HODSPLPHPESTTSDEKEYPL-—--AOTAQP TSAIVRPASLOVPHYLLTSSDSSYITOOAYPSPTSSTYITQAPSSHRPIVPYPGPFPLLLHLPHGOTHPYAIPASITSSHYHYPARYPLYRPYTHYPSY
RKCLLIYHECLDGGELFSRIADRGDUAF TEREASEIHKSTIGEATOYLHSTHIAHRDYKPEHLLYTSKRPHAILKLTOFGFAKETTSHHSLTTPCY TP—-YYYAPEYL--GPEKYDKSCDOHHSLGYINYIL

essFessessrsnssssssslecsssesssssssssrssssssssssloceNesecsssssscsssssssslecsalesscecePecscsselovecsePonecdPoc.go.g.kodi s, Beunea.
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1 1
R=—=HEYHRSGLYSTFTIOSLOPQPPPHPRPAYVYLPHAARPAGARAPPSGSRSTSPSPLEACLEREE AGLPLOYILTPPEAPNLKSEELHYEPGLGRALPPEVKYEG-PKEELEYA
HGYGHPRHSPGLLYSPGHLHKHHOARKSPPPHHLGHNNRKPDLRYLIPPGSKHTHPSYSEDYDL LLHORTH-HSOSAOSLATPYYSYATPTLPGAGHGGYPSATSTTYG-TEYSLSSA0LS
LTGASPFTYDGEKHSAARETSRRILKSEPPYPAENSALAKDLIORL L HKDPKKRLGCGPRDADETKE HLFFOKINHDDLARKKYPAPFKPYIRDELDYSHFAEEF TEHDPTYSPAALPOSSEKLF
PGIPGPSSPOPYOSEAKHRLKAARL TOOHPPY THGDTYKGHGSGLYRTOSEESRPOSLOOPATSTTETPASPAHTTPOTOSTSGRERRAANEDFDEKRRKFLERNRARASRCROKRKYHYOSLEKKAEDLS
LCGYPPFYSHHGLAISPGHKTRIRNGAYEFPHPEHSEYSEEYKHLIRHLLKTEPTARATITEFHHH PHIHASTEYPATPLHTSRYLKEDKERHEDYKEENTSALATHRYDYEQIKIK
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1 1
GERGFVYPETTKAEPEVYPPOEGYPARLPAYYHDTAGHAGGHARSSPETSOPOKGR=-=-KPROLELPLSPSLLGGPGPERTPGSGS5G5GL--0APGPALTPSLLFTHTLTPYLLTPSSLPPSIHFHSTLSPT
SLSGFNTASALHL--GSYTGHAOAHLHHAPPSA—-LSOLGACTSTHLSASSHLSL -—-PSTASLNIKSEPYSPPRDRTTTPSRYPAHTR-HEAGRSPYDSLSSCS555YDGSD-REDHRHEFHSPIGL TRP
OGYSFYAPSTILFKEHARYIDPLOFHAGYERPGYTHYARSANHKDSPFYOHYDLDLKDKPLGEGSFSTCRKCYHKKSHOAFAYKIISKRH-EANTOKEITALKLCEGHPHIYKLHEYFHDOLHTFLYHELL
SLHGOLOSEYTLLRNEYAQLKQLLLAHKDCPYTANOKKSGYHTADKDDSSEDISYPSSPHTEATOHSSYSTSHGYSSTSKREAYVATSYLTANADOS TEPALSOTYHAPSSO50P5GS
KIEDASHPLLLKREKKARALEAARALAH

PR -7 (S RPN RPN | TR SRR . PSR - APPSR [P | JRPR
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1 1
AP=-=-RSPAKLSFOFPSSG5A0VHIPSISYDGLSTPYYLSPGROKP
SPDERESPSYKRHRLSEGHAT
HGGELFERIKKKKHFSETEASYINRKLYSAYSHHHDYGYYHRDLKPEY

Phosphorylation sites of known p38 substrates :
ELK1: T368

Mef2: T292

Mapkap2: T334

ATF2:S173, S72,S310

MSK1:5111
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131 140 150 160 170 180 190 200 210 220 230 240 250 260
1 1

HEEPQSDPSYEPPLSQETFSDLHKLLPEHHYL——-5PLPSOARDDLH
FLOLYYELEKLHLYAPDOLDLLEKCLKHIHRIDLKTKIOKYKASYOGAGTSYRHYLOAAIOKSLKDPSHHFRLHHGRSKEQRLKEQL GAQOEPYKKSTOESEARFLPOSIPEERYKHKSKPLGICLITIDCT

AMASHROAEPADH--RPEIHIAQEL RRIGDEFHAYYARRYFLHHYOAAREDHPRHYILRLLRYIVRLY———HRHH
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1 1
LSPDDIEQHF TEDPGPDEAPRHP———EAAPRYAPAPARP TPAAPAPAP SHPLSSSYPSOKTYAGSYGFRLGFLHSGTAKSY ——TCTYSPALHKHFCOLAKTCPYOLHYDST--PPPGTRYRAHALYKASO
GHETELLRDTFTSLGYEVYOKFLHLSHHGISOILGAFACHPEHRDYDSFYCYLYSRGGSOSYYGYDOTHSGLPLHHIRRHFHGDSCPYLAGKPKHFFIONYYYSEGOLEDSSLLEYDGPANKHYEFKAQKR
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HHTEVYYRR———————| CPHHERCSDSDGLAPPOHLTRYEGHL RYEY ———LDORHNTFRHSYYYPYEPPEYGSOCTTIHYHYHCHSSCHGGHHRRPIL TITITLEDSSGHLL —GRHSFEYRYCACPGRORRTEE
GLCTYHREADFFHSLCTADHSLLEOSHSSPSLYLACLSAKLRAERKRPLLODLHIELHGYHYDHHSRYSAKEKY Y YHLOHTLRKKLILSY TBCLXLHSHANSASHRELYYDFLSYKLSOKGYSHSAFSDYE

HAHAGRTGYDHREIYHKY IHYKLSORGYEHDAGDYGA
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EHLRKKGEPHHELPPGSTKRALPHHTSSSPAOPKKKPLODGEYFTLAIRGRERFEHFRELHEALELKDAOAGKEPGGSPRAHSSHLKSKKGASTS
EH-—-RTEAPEGTESEHETPSATHGHPSHHLADSPAYHGATGHSSSLDAREYIPHAARYKAALREAGDEFELRYRRAFSDLTSALHITPGTAYASFEQYYHEL FRDGY—-HHGRIYAFFSFGGALCYESYDKE
APPGAAPAPGIFSSOPGHTPHPAARSRDPYARTSPLATPAAPGAAARGPALSPYPPYYHLT-LROAGDDFSRRYRROFAEHSSAOLHLTPFTARGRFATYYEEL FRDGY-HHGRIYAFFEFGGYHCYESYHRE
HTDCEFGYIYRLAODYLACYLATPOPGSGPSKTSRYLAONYAFSYOKEYEKHLESCLONYHYYSYDTARTLFHOVYHEKEFEDGITHHGRIVTIFAFEGILIKKLLEAO
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HOYLY5——-RIAAHHATYLHOHLEPHIQEHGGHD-TFYELYGHHARRESRKGOERL EHHHHHH
HSPLYD——-HIALHHTEYLHRHLHTHIQDHGGHD-AFYELYGPSHRPLFOFSHLSLKTLLSLALYGACITLGAYLGHK
IAPDYDTYKEISYFYAEF IHHHTGEHIROHGGHEHGFYKKFEPKSGHHTFLEYTGKICEHLSLLKAYCL
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Phosphorylation sites of predicted substrates:
Al: S28 by ERK1/2, close to aproline

FLIP: lots of basophilic STK, $419 proline-dep. STK
Bim: high stringency for ERK 1 phosphorylation at S69
Bcl2: S70, S87, S167 for p38 MAPK







