% R R &L E B HE (MAPK)
ESEBHNMRER"

iEr K B BEERT
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WE. #HEFLE LS (MAPK S ERE ETAETAPARTY--RESHFEE, 1 —HK
BEANEFEAREONMER. M THARAYNETHENRSAFEERARAEN. MAPK B S
TRAVEEEOENTS BRCOERFETAEAMNKEONERE TAMEREEFMEMEFH
BI9E . MAPK 388 (MAPKK) & MAPK () E #3075 75 7, f# 4k MAPK & Tyr fl The BT R BEE 1L
Mos 52 25 HE Sl 47 2 720 50 B =R 459 (¥ MAPKKK , # 57 MAPKK/MAPK #2185 b R 3 B F | I3 b 57 £ 4 g
BB ST H PR . MAPK B T BF S F 25 MAPK 15100 % B BB (MAPKAPK) B B 7
RS OB R A, 25 AT B MAPK BT 0 5 0 4t B A A i 3R T ShEE
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Mitogen-activated Protein Kinase (MAPK) Signaling Pathways:
State-of-the-art

FAN Heng-Yu TONG Chao SUN Qing-Yuan
( Institute of Zoology . Chinese Academy of Science  Bejjing 100080, China)

Abstract: Mitogen activated protein kinase signaling systems are common in various cells. They are composed of a
group of Ser/Thr protein kinases that activate as a cascade. MAPK is a family of such systems that includes at least 20
members. They are transformed into the nucleus and plasma membrane afler activation, phosphorylating their targets
such as transcription factors and cell surface receptors, so as to regulate gene transcription and other events. MAFK

kinase is the upstream regulator of MAPK, which phospherylates the Tyr and Thr residues of MAPK. Mos is a MAPK
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kinase that exists specifically in the germinal cells of vertebrates. Mos initiates oocyte maturation and sustains M [ ar-

rest, The downstream molecules of MAPK include MAPK activated protein kinases, transcription factors, hot shock

proteins and eytoplasmic phospholipase A, .
of cells.
Key words: MAPK; Protein kinase; Transcription factor

£ 2 FE 46 B # B8 (mitogen-activated protain ki-
nase, MAPK) (5 S BN TR R EFETERSD
WEBTFH - AESHFER N TARARAKBES
MEBERARFARFEEMNFEEA, MAPK ESEEH
—HUBBEF AR E 2R EREANBHA,
LIt M AME S ERBM ARG B AMA T £ M
B AR R A A 0 B ST 0 B4 55 A0 RE R R AR M B oh
MR FEEER.

MAPK 8. 85 FR o4 B 5+ 35 17 3 B ( extracellular regulat-
ing kinase ,ERK} , & MAPK Z S EBBMABLL T, E5H
LHMESTRTHRENS FHR - TEBSENE
SHFERE, MAPK BiZEE Tue 7 Tyr B 10 5 #0588
Rk , MAPK ¥ B8 ( MAPK kinase, MAPKK) 2 b 7 @&
SF . EMNNER RS ERIE T MAPK E
BT AR ENEER Y, MAPKK 4 88 13 B &
k4 55 1t MAPKKK (MAPK kinase kinase) 25 € BY8%
if # . Raf 1 Mos 2 MAPKKK M EEB A . 1A KX
F I MAEE B L) R AR A8, MAPK B F ¥4
TREEMEQUME, RIEE, LR REF. MAPK
WM FEEAEASTHREEST
WHIB RS T, AT RAME S FER MR —
EREEEY, UTHMUBESER DS FE -
T 4.

1 MAPKKK

1997 4 Cohen % ] Ser/Thr % B 4L ¥ f MAPKK
SiE RO THES MAPKK M ERY . T 8®
BEWY T EAT P MAPKKK. BEERETHR o
raf-1 JGURE 3 A 7™ 3 Rad-1/P74.

d T 40 i B FE & FF MAPKKK, B {15 BEXE 7 [F i
FERFBRTREMEE L MAPKK BER . crafl A
RELBRAMHEEERRE T . HER. LE R P2
I MAPK B93E 1k, i B 2 F R @ i Raf1/P74 f%
BIE (G S5 MAPK, BREEYIH D Raf-t B MAPKK
BB E R, (HEM G4 M Raft H] K25 MAP-
KK/MAPK B8 47, Mos £ MAPKK FTIE—SE &,

Mos & ¥ # ) 4 4 78 A1 i 9 & B A9 MAPKKK. o-
mos HEFHBRBEPEFREENNAEELER. /B

They mediate the regulatory effects of MAPK on the physiological activities

— Tk MEAME REdTE TSRS, &4
HMAMPEATESE MBS EFHESELY, o
mos mRNA REEFSARERKIBPEHREN TR
BHMESYR ERBRTEPHE B E. Mos B MAPKK
BRI L 8 T MAPKK/MAPK 1% % 15 (b s B iR
EF { maturation promoting factor, MPF}, S5 5f P B 40 BT B
PR . Mos BB B Bk 07 /b B VR o 40 M 7 (R 41 8 e it
MAPK FHEBEBIE ' . M 5h, Mos th 55 59 45 40 B 69 v 38
BHHEHEX. BRAHUMBTEFR ZEEHEBREE
KHBTHMD . EERBEAALE-S5F. &
BT 40 BT & 1k B F (cytostatic factor, CSFYZEFF T 41 J
Bk A MPF PR EL. CSFO[RERJLEES M MHE
B HEAERSESHAR 2B, HEH Mos £H
EEH5. BT Mos MHFLEE MAPK 2t FiRE &
¥ MPFARE HFARESHEEMINE. Ms HRERY
B MAPK i@ 3 TF S 4% 3R 5 55 30, MAPK A L) IE W15 mos
mRNA fESH R E R R,

2 MAPKK-MAPK #3455 REE R EE

EWI P MAPKK 2t FE & F SRS REM
L E ., RS REN T MAPKK, B35 /L7 MAPKK 2
H MAPK —HE4°!, MAPKK {#{t MAPK 9 Tvr % Thr
BEIS PR, & MAPK #FERADHART
B B BE L A7 5 {8 MAPKK 20 46] 385 Tyr 1 The M35 Rt
B CIEE E AT WA, R 2 F MAPKK 337 fh &
EMEEMAMMRLESHNEN N AE ATPTEMNE
T MAPKK R@88 {0 Tyr, 5 Thr B 8ERR 4L 3 F IR
BT Tyr OBERRAE A ATE MAPK B Ty BB BB TS,
MAPK {73 8] {# &2 B9 The 75 2 8 B2 1k, MAPKK % MAPK
B TyoThe WRERERMBEETEENEHREL . BHY
MAPK 55 BB EHBES R T RE T L TIRAMA,
EATEE R E LS A iE S T Fm BN,
TR RAEA RN EENH, CKEETHES
HERAEA B T MAPK AS4HE BT,

BHER 21L& 1 PDY8059 B MAPKK-1 BI45 B MM H
A, {5 3t MAPKK-2 &9 40 ) £E F 85 3 % 58 , PDO8059 4b 78
J5 B R 8 MAPK 75 ¥ 2 RIRR AL, 5.8 MAPKK-1, M
F R MAPKK-2, B MAPK B9 £ E @& B 7, 7 MAP-
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KK NEBRTFERTEEFM NEHE L1 -2 148
EMEEAR MAPK 85 & A 0, £ 8% B 41 il & MAPKK
Wi - A5 MAPKERESY: E -1 FAES
B-MUAEEMBENRYERLFES TR RFT
FEEEMBE EMAPKK “RENTHENEWE
i, B MAPKK R{{E MAPK M HEMES . O EH
MEHEED. HES BT MAPKK 53] 1 MAPK-
MAPKK E-CHRE, ER MM MAPK @ HiE#H.
MAPK Fie BREBML. RE T 5 MAPKK 48, 8L 7T )
AR E

3 MAPK

MAPK £ 721 Ray i Sturgill 7E 1988 € M 3T3-11 JI§
£ 0 o s {5, R — FF Sen/The MAWER, X 1
SR FFA TheX-Tyr TR EZBHTRTES
W2 E, ZEREERIT RN R REE, Y
B P/L-X-T/S-P, BRTM BT O & RESR A1 d
EA 204 MAPK R® KA simiimeas
T 10 F MAPK F BB . MAPK-1{P44™" ) 1 .2
(P42°"™ ) B & RRAE < B F A0 08 B A 3R Z BEE L 1B 1 3T I
B M HNB RS s B 7 fh MAPK ZBE R B 2 B
AEETFHGEREBSEL. INER.2EEEL.
SR DNA SRV B S 0 &R R B3R F L s
HRE AN MR T T3 R AR, I LU AT AR N fb
#I%E 5 4 B ( stress-activated protein kinase, SAPK); % 10
MMAPK ZFEBR AR BEAAMBEEETLITH
U MAPK-1 #1 MAPK-2 4+ Bl 8 MAPKK-1 # -2 Fr
%, T SAPK Nl g1 MAPKK RBEMH ERAEL,

MAPK J& 7] LU R B (5 5 % i it A 2 i) A 26
TR BN, # XD MAPK 2 RERENERR,
BRAAEABLDT SHMEFRERATROES
BB RIHE  MAPK @i b H At A KB, BR
FEHCPRER ., B HARZAMDHAMYET,
ECF ZURKHMER AL SR tHEX GRS ¥
A MAPK, {5 80 i 2 MAPK T A9 H A9 HL, & /R
Hik A B H MAPK 44, XHH, BHEN
MAPK W8 A A+ X BIE# B b B
FTEHNMBEEOAMBEEE, CHAMNEARIHNEES
HEEY . MAPK BT A B TS B HERE MBS L B B fL 5
. WA KB REEE R 1 MAPK R 47, {8 MAPK
B9 Thr 0 Tyr 285 86{L. X MAPK SEREH A HIIEER X
35 | LR, AR TN G B B IR B9 MAPK 7 LU RS B9 40 B RS
PR R AR,

4 MAPK 8 F #5571

4.1 MAPK FH K FE B M (MAPK activated protein ki-
nase, MAPKAPK) MAPK I SAPK i JLFH K E S E
Ser/Thr & H ¥ F6 , X & MW B A R F T MAPK 87 {44
WML MAPK e BB R L T o B BZEW
Ser/Thr, il MAPKAPK 7 A fff iX # Ser/Thr 8% BR b, X {H
BT HEY S MAPK B TR AARE

MAPKAPK-1 ff MAPK % B% b 3 7 . MAPKAPK-2 1
ERE 5 o % Bl A MAPKAPK-3 £ SAPK2a 375,
MAPK 5 {F 8 B ( Mok ) BE BT LA By SAPK2a JE b, 77 LA
MAPK B 87 .

MAPKAPK1 T LL7F 44 B ST 6 2 2 0 408 B fEE T
B S6 EERERRL. Bt DRV Se B O MM
(ribosome S6 kinase , RSK) . So MBEEM T HEEER
B8 I M 1 - 85 ~ 90 ku S6 BLEEFD 70 ~ 85 ku S6 B
M. po0™ BYTE T S B MAPK B9 B% 8840 8 W p70™ 1
JEPE B — A& AR p21™ 0 MAPK M B B LR 12
W oo™ 7E 4k P BE BT A MU MAPKL2 BB sh#
BE I H MAPKK-1 8% 57 1 3 i ) PD9B0S9 & BH Wit
HBOE  BLE poo™ & MAPKI/2 I BES T, poo™
ffi S6 MABBAE T LE#AMARERBEEERN oR-
NABIME AWM ERMEHE. EREEHEN
RSK MEHIE T IE 8, BH —#, M55 58S MAPK
1553 B 5 , po0™ 1 MAPK1/2 B[ 8 N T B HE T 8 4
BWE4 T, RSK /i E Bt ® k%% % H T CREB
{¢cAMP-response element binding protein) i %} #0 fi & 1= 8
FEHAE Bel-2 B LR BT E Y, SR WA
MW, B4 BAEAN MAPK ERBERTER,. B
MAPK * SR EREMES B p0~” ¥HBEENMES
FH 3 B0 5 MAPK &5, B ik HE Bl poo™ iE & MAPK
HAE1EE 4516 MAPK # AR .

FEAEM T fmEE b .56 MMM HAL SRS R
W H A%, p70 S6 B EE A po0 So MAFE BTG L. HEE
ANERALS6 MRS E TR IR ARk B po0™ M PR
BiEtE BN So B IE L5 MAPK F0 poo™ pyRE BE L
H%, M5 pro™ L E,

AR 7 E B 27 (HSP27) £ MAPKAPK-2 1 MAP-
KAPK-3 Ry+E T C 4. HSP27 7E 3 55 1) ¢ A0 4 AF &1 fin B
FEHENEANEE, 2 —® RIS EAHR
HO.EWNBRASL TSR TAAR P EEE
HEFBEE. IMENEFF TR 3R
M 9 895 A A T 4 MY A9

BEEEMNERHMTUESEENEHERGE
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T 4E(elF4E) B A B BRIk , B R A & B MAPKAPK & 7
Mnk FF 4+ 5 #9. MAPK 3 SAPK & 4L Mnk, f5 & &
elFAE BEME1L 1838 T ¢IF4E 5 mRNA MH F WA EM
I HAT JIMEAERBFEHESY.
4.2 MMEEREBEER A, BHIEEE A, (Phospholipase A,
PLA, ) E—F3| A{E H # MAPK JE4D , R h MM =9
RAKTHGES 4 FHRY. PLA, HEBEIEE B4,
SR MR BERS ML A VR R, W N BRAS AT LA AL
MAPK, - HL R 4 #E 02 3#f 1l ify AN AR B i B F el k. &
4 PR R T LR R g S AU PKC, B R TE#
HENYPEEEERANKEEBRBEY S BT,
HRCAGEAH P R ERFMIE PLA," . M9l
ZE VI EE L BE ML B % R HME , PLA, ) Ser-505 #
BB LS4, 7 PLA, BB, ZR R M5
AR TREER. & G5 L IEM PLA, 5
HHHESS AR ENEARPAM AR, X
il 5 7% 4L 9 PKC B B B 2 52 B0 A ARk o A 8L
4.3 MAPK W1 SAPK MR EETE®

CREB: cAMP & 5 JT % 5 & 45 F ( cAMP-response el-
emenl binding protein, CREB ) £ 7 1k ¥ F H T (activating
transeription factor ATF) R R, ESFEEBASHF
A cAMP R T (CRE)#5f . CREB & # i &
S E % cAMP K H R O BB ACPKA) FT AR B fL K

Serl33. T H G/, RFABAFF. (A& CREB IR T
ATF FIERL B (N ATF2) th i — B A 5 cAMP K £/
Yo% B i k. SAPKZ & £ W] LI i& {k CREB., B F CRE
FETFFEZEEMES 7, 7L SAPK2 Al fE & 7%
1k CREB, W ¥ £ EFA M R, {HE CREB [ Serl33
#H5 Pro $84B, 79 CREB F 2 SAPK2 BB 47,
W EFFT R, SAPK? il if MAPKAPK-2 B M.

APF2 #:H 5 CREB # 3 5 #9 Ser133, ATF2 A Thr69
A The7l BB E N N EHEEZFET, Thed # Thell
5 Pro #1485, 3 AL 0T LAZE 4M 8 SAPK #ERR L

c-Jun: c-Jun B9 Ser§3 F1 Ser73 BB IL E R R TFEH
g, c-Jun FESH S B3 B RIS B BERR 4L . SAPKI
5 c-Jun BMELEE -G HHIE L H Ser63 #1 Ser?3.

B TR B AL BE o-Jun Z AR, 36 £k MAPK F) SAPK
MESA AR c-Jun R, S8 c-Jun K EALE—
ANBF AT E . SAPK2 AR o-Jun BEREAL AR G 4TAY, B A
HRE - FRPTEEFIEFH. B2 .5APKR2 M+ 8
MEEFHFEEM c-JuBER,M—B c-lun BHEKE, W
B SAPKI {8 2 B¢ BG LT

c-Fos: 5 {b MAPK 1 SAPK (152 (W48 $)3# c-fos
HBE, S c-Fos EHE | AN, 7 cfos FEF
FRE CRELH . LIRS TCF K E R RHEEH
1l 7§ B2 1 76 {4 { Serum response element, SRE}, CRE #1 SRE

raf, mos mRNA

“I

| MAPKKK (Raf-1, MDS)J

/

MAPKK-1

r

|MAPKAPK-] |‘ MAPK1/2 ]

A E—

ﬁﬂéﬁim

MAPKK-Z ’

MAPKAPK-2, -3

HS5P27
s6 KM T54E IO Ae+ 35 SReAE CREB
CREB

H1 MAPKBSEEFEE - Zrit
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M oc-fos NEF M AET R THEM . MAPKAPK #
B it CREB, MAPK BSPR{L TSF2, B % cfos . BT
MAPK F 40 KA K fE . CREB B G b4t F TCR2 B9
BT iF, L CRE A BE X4 8015 MAPK RRAIHI X RS
BIE Sk UM R

cJun ATR2. BA MM E M- 1BEEQ RS
TE 40 T X oz 84 ) 38 N 6 A 2 B O F M8 B2 B2 B 7E Ser-
Pro 1 The-Pro ¥ 5| 8% 8% 88 fk, & {118 SAPKL.SAPK3,
SAPK4 F1 SAPKS RIS TEIRG ¥, 5 SAPKL TR % {L
c-Jun, fBHE R SAPK 351k ATF2 o5 A ¥R, B (T A7 — #
SAPK ABHE 7 & 4b 5 315 b ATF2. SAPK3 1¥) mRNA 7
FRITHEBREERCHPETNE. B A RS
SAPK3 it 2% ik W 4R 3 K H v ILE BT, T SAPK3
pEEAimEiX — 2, 58 SAPKS EM # MR A kb &
BEEFTHLNOER™ . B 1 H8 T MAPK 55 B
M tdEsAZENER,

82 LRk, 75 4 M P9 L MAPKKK/MAPKK/MAPK 9
ET BNLEMHEEEHEFRTRERED. MWK
T—1TIEEEE RNRAEMNFSHESMES. BAX
MAPK ES RN RARAERAK , FXBETEHFE
B EETEAMAAREGEDIPNBFENEEA
B MEMEARRLE MK EE BEEE.
AYEENEFSORMARE THEFEE KWHEEE
H.
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