DOI:10. 16262/ j. cnki. 1000-8217. 1996. 02. 004
94 FE OB % E £ 1996 4&

=
<V
7
&
N
I

FERREA T R E

(G EREHEHER, LEERAKFBERFEFEK L7 100034

(RE] REEFY rasp" MERGFEMEMAXERREVMERX, MHRS5HMRS FREFE
T, AYEMMAMNBREES TZ—. X ras-p"WHEERETIHOHE -EEZS TEDER
Mk, FAERIILFEREBT —RASIAEEYRBEHR. AT ENEILRS YRR
MERET —RIET rasp"BHM SR TFRTREF, MARARFANSBEFERIHRE TEHAR
RE. FFESEHEIRBRRESFERRATTEE RSN, HE2EARU ras-p" RO FRES
Rk, REAEETHAKMEE ML > FIRBEE T EREM.

[%@FA]T Ras GETFRTBETF, FTRE, F5ES, EEET

e EMEEERRETARME. SN ESESRRMFR, BUMSFEWF
MR P BERAF T, MEERET4Y Ras HE (A3 ras-p?) TR P KSR Fr 3t
MR BRMBH D T2 —. XANER ras B ERE—N AN B Mg 40 B 7o RE B R 2
K, EMRERIERERGFEMEH R ERBREVIHERL, FRNEH ras-p" BNMFEREK
Hrflg, 250 FE5ES, AVARNAE. HMOVEELSTF, MEFENERIZE
®3f ras-p" AW AMEPHFEHBINHEEXNESESRE-EREARIEY. £88
AR, WAL KNYHEM P ras-p” EHENARF Ras SEFRZ#HEF (guanine nu-
cleotide exchange factors. GEFs) GBI TEMEE, XHM B F4EH. 4R
i, EHEIRT. G5 ESRBREET —RINREHR, EANX ras-p® IEHEIAFTHLH BEH X

FEEESRBNINRE 7T RBEWHR, A XREE—NE.
1 ras-p?MI—i4SM
"N bW ras BEREAZELH 60 ZF 0 FEN 20—25KD #/ M FEAFARDY .

HAXR N> FEAEFEEG RS HE (GTP) &k GTP HEH, M XKREAN N F
GTP EH, UKHFH o, B. ¥ ZREMEN G EH. HFXENFFGTPBEAZ
B 30— 60 HIRITELE, FTLA AW BT Ras EHEAK (Ras superfamily) . KEH
AEBMFI A EHEGFME, X4 K Ras, Rho, Rab fl Ran % R Al § T K ik

(Subfamily) . ENTHREFIELZHMKTIE, 1 Ras EHS 5HMRYHA 5B EE .,

& ¥F 1995 4F 12 B 27 HH.
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Rho EH S MM EREREX, T Ran EHERBEMIRBAEE) ZHKES., EEZAHR
WAL, ABEEKBMBEYE ZHMRAEIALRY, XX/PMGFGTP BEHRBR
AR SFAE, MU TE BB X 4y T R AE M R LB AT ERIR R 2T
YIA M Ras WHRIRM R A X GEFs RAERM tERRRE.

FEHAKN AR P ER L ER ras EEH =1, B Harvery-ras (H-ras) , Kirsten-
ras (K-ras) fl N-ras, Ef1%15 188 /189 N HEEE, EHI TEN 21 KD, BN ras-
p”. ZHEZEMAERFIINE 1 LE 80 i JLFTAMAE, N 81 L% 160 14 70
KESEITE, 58 161 L% 185 AR Ras M AR, BARMBENEEREYH CAAX

(C HEBER, A NEHEEER, X VEEEER) , 5ras-p"FAELSTHNL.

FiH ras-p" HHE G SHER (GTP #1 GDP) # GTP By i&E#: (K GTP &
GDP) , %4454 GTP BY, ras-p" b FEMHRDE: 445G GDP i, ML TIHEERE. ras-
p MR TR & GTP WIERE, NFRIEHARYFHE, SBHBEMALE. W
B oras-p™ AR T4 GDP EFHRS, MRMERIIEBAEER, HEREREUE
BREy, EHARSIYWAKN, ras-p"F & GTP H GDP FEHRE T KIFWED., B GTP
Wi7E1L B (GTPase Activiting protein, GAP) #1 GEFs (JLE 1) . ras-p?f KR GTP
B EYETRIR, GAP BEMSRIL GTP BEMEY:, I ras-p” /K GTP 2y GDP, 52H{ ras-p™ i
EARSF EFEREH AL, EARH
BRI EFEHN GAP H p'GAP M
NF,' . GEFs fE{E 5t GDP M ras-p? 818
W. BETHRFPGIPREZZS T
GDP, fFLl, GDP BN GTP & &

HaO

GTP

GEFs GTPase. GAP BT HLL, f ras-p” N4 & GDP #3ETE
P AR 25 & GTP |IEHIRE . Ras
Fnscon P GEFs B 1987 ENBE G i SE 8 2 0 /%

G, (B FL2K s 40 i GEFs B4 T3k

B 1 Ras-GTP 5 Ras-GDP 2 A S Ras-GTPCHE NRHXHRBEBMHER, NERE=FKNEFE
¥ ZE GTPase [ELEEH (GAPYER T »Ras 1y GTPase & al%[d. 5] .
YER R, /K GTP 4 GDP, (i Ras J\ Ras-GTP # 75 & Ras-

GDP(IFEHAD . E S B HM X ME F (GEF)YEM T ,GDP A\ Ras
Ras B ,GTR 5 Ras 454, fff Ras )\ Ras-GDP #73F 3y Ras- 2 5*}2?@%1&@?
GTP. (B3] & (Science )Vol. 257,24 July 1992)

EIEHMEES, BRI ras-p" T
%54 GDP W iEHARES, HEANSBERAHEHFIL 1 /b, KBMERIEHA, X
HHZ B3N EGF S A KK FRIME, ras-p"BERABIEL, BRAKTLEHARERS
F55, {E# GDP #y8Bi (B GEFs) ., GEFs WHEE B XL S. Cerevisiae PBEIEE
B, RABRR A NEERE CDCl Y RAS / BERIMUEER W IEE. 4 RAS, X
H 12 fif Gly—>Val 28450t (RAS, &b FHEE4E 4 GTP WiELRE) , CDCEE YR ERF
FEWHLE; F#E, Y CDCiELRAN, HARRRAELT RAS/ RERFLEFELRE
BTSSR, WE CDC, R RAS, [FHM LA F. HE, BTS2
F CDCosty ZE SDCys, MIEEBERMMPBINSES , RISDCxHY 3’ R K BE #M=
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CDC.MThEE ., RIATFHREEEEH FEEEER RAS, B A ras-p?. BHFIHERIT
o KEE R WEW IS A FELE R, RRIIMAMR A GTP 5 ras-p" W% 5. HF
Ak ras-pU B THREY! L 1990 4E, TEE B LW BERE Schizosaccharomyces pombe VL& [
CDC A SDC.of R Ste6™ . (I AT REIX 7 it 25 FE 0 IR ST

EEME T AEAL AL BRI R A R ras-p " SR T BRBERAEEL ST . Welfman.
AV ENNKERAS AR . BLEREREE S TFELHN 100 —160 KD 4
. BB BIEHE v-H-ras-p” I c-H-ras-p” W L HFBRBEM, HAXE H-ras-p”H 30 % [[FHHE
i) Rab3A-p" L{E#H SR FMRBMIEM . ITEEF A Ras IZEFRBHEF (Ras-gua-
nine nucleotide-releasing factor, Ras-GRF) ,

1992 4., Shou. C¥ "% A RKMIE T GEFs #94r Take. M ARSI AR (L2 E M
e BErp 4> B ) GEFs fE R ERRIT ) BRI ETEYE . KEERE GEFs (SDCys) fEFR HEVEH T
FLEINY) ras-p* W H . BT FH . NEERE GEFs (OIREX FERE T W 9 143 9 4
FAEMRW A R IR X, MEBRAERTIESN T WEHT DNA ZREFS#ERR N (PCR)
W HERZERR. FEHRKERALR cDNA H#EH . @ik PCR ¥ #EBHE, 2338 XF
fEk. R TR 1 224 PEEBMA 2K cDNA GEFs £ (HEHAEYH Y Ras-GRF
CDC.M") . Ras-GRF #] C ¥ 310 MR EE [ CDC,F1JE [ S84 GEFs SOS f e IX &
HMFF AL, S RIS BIAE) 28% F0 3090 ; C B 410 MEEBM R WEERE B
MR HE N-rasp® M Horas-p" ) S FBRB K, M FERET Ras Wik Ral EH LG HEE
M. AEEME., Ras-GRF I N % & Dbl EHWFITEX, Dbl BEEE., HEYWHEA R
i Ras # X H CDCuns (Rho WREMF) M L HFBRBRANERE"T . CDCims 5 Rac.
Rho FEH . SERIMKFENEFHEEYAEE, BR Ras-GRF # N ¥ Dbl X H
Tl Rho HEHMFH LT, HN3 T4MWE, Ras-GRF BB JEH Ras KEH
1 Rho HFEH S ERBEMANEINGE, 5 p'”GAP: p"REWER—AXMIH 7. FE
#) N-3 A Rho GAP Wy#EtE, CwE %G p'GAP M HA Ras GAP fy& ¥, MmftrEIET
Ras fl Rho R AMIELIRE,

Shou. C &AM THELR KB, Ras-GRF R EUB T RALR, BEARTRYHLKER
o RFFEH, ras-p* HBHEETHHEAL, T Ras-GRF {LHH T WAL, #5% GEFs &
R Z53 FHEA —NREEK, REAEY ras-p? I AR H GEFs i§35.

JLF-# Ras-GRF $4> TRy [EBt, David. B % AM! B8 GEFs SOS lyThiE X
HFRABERS, /DR cDNA XEFTREE -4 SOS HEEE (¥ K mSOS,
mS0S,) , 5 SOS BRITEHEY KT 45% . mSOS, fl mSOS, [@ @ E W R 67% . 5 Ras-
GRF AE A&, mSOS, ,J ZHRATHFABEMAL,

| —2 GEFs 1 mSOS, fE[F &7F SH, RIBH /S EH (adaptor) ZESWIERE, HA
G &EH Crk 1 SH; KEERS, RIEAANBEKEHR S RE T 5 — o 25304 4
GEFs-C3G" (Crk SH,-binding GEF) , C3G C’ ¥ 250 4 £ % # 7 Ras-GRF #
mSOS, B [F 55124 31551 30%, 45 mSOS #fh, C3G HwFB AT EHRAL,

BN EEFRUE L2 B 4 M Ras GEFs £ [ 40 B 45 Rt iy Vav BEE =4, Vav
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EHIF Dbl WThEE XA IR . /5% & Rho RIRM A M GEFs, {HLkh s BAIM A Bk
HEW, Vav EAE A X Ras B4R R GEFs 34", MM —F@BER Vav EH A
& 3F3F Ras EGFs, MRS T HEHIEW Ras GEFs 4+ FF8, H¥HRZ LHIFE. B
R MNEERR TP HIM— GEFs i a3 A5 E,

A B8k CDC 2 RE X B F RN Ras GEFs A M LA 2,

3 Ras BEEHRBEXREFNES

ZSEE
Dy - s— KRR YR W ras-p” B 16K
D R - 1% S8R W8 (R-PTKs) (0 52 42 T 54>
rs:s)SGRF —_— T R—— - - F L, U0 ras-p ! H AL TR B ras-p? Bk R
ws08, o e WA E BRI ras-p” 188, [T 6
€36 - ————— 1B BELIT R-PTKs 15 1k 312 9 40 i 5 34

— e mm e TR UM A R 1 2
CDC AWK DB, ANK BAMME PHXMK SH, K& HRFPEIN,ras-p? FEEHE R-PTKs
NEMEELEPRAEEN TiHAR
B2 Ras SEHBEKETRILESLNNER WL {E R ras-p”' S 5 H R MEE L SRR
HEIEREBHERREE EBRET Sem, B
HE RS . RIETFLRH(C. elegans) B Sem; ZH =45 B T 2510 EGF Z ik 1 B A RS
W T ) Ras #y Liie. B2+ R&F SH, M SH; X8, 1 SH, f1 SH: BEARIEH K2
EAEEVE A K, F, Sem; AR~ E5ARSFRIHEKESHNFHTF. FE,
MWINB T 84 & EGF %K1 Grb, (Growth factor receptor binding protein 2) 4>
B, Grb, [l Sems RAMAM B MME, (V& SH, (1AM SH.(2 MK, HitRFEE, Ci-
cchetti % AU & F SOS # C WA — N E SHEBA K, @ XX H,S0S 5 Abl R H
ERUEH Ber B9 SH; K4 E . X —RKIAMEE AT LBEER SOS AH S EH Grb, &
8 FTEE L H R BB R LR E ATERA M. SOS Bt i &8 E & XM Grb, 9 SH, KA E.1E
AERESWRETRRE S, B2 EGF #IMIE{LE , EGF ik Xk £ B & RPER (L ,Grb,
B SH, FIBERAL A9 B EMRAE X HALLE & 2 8 SOS MUK H 3] T AEFE N R 1 , fF ras-p”
&AL X SOS FEHER AT, B AT M A BEHEER Grb,:SOS H & ¥R EGF ZA 4 &Rl aE [ &M
SOS M KA AL, 3 PTK 4+ #9 SOS BEBR{L{H SOS WEHEm i, (HELZ BB HEE KB
Rat-1 J{ 4 ZE 40 MM 3Z HY Grb,:SOS f14 EGF Hj#E M8 Grb,:SOS:EGFR & &45,S0S 1%
HLHEER"  ZAKETHIE,SOS BABBRAA I, {5 HTEH ST Ras BiEHK. &
RERHRE, EREFHRIBOF RS SOS Wy iE ¥, T H 2 E AL (SOS W MR A7 2 M)
fff Ras {54k HRE MK E LA, 0 Li B. Q. 2738 A & 20 & B 388 15 1L A A Ry SOS &
TEHERI I . BRI BF R B, % Ras (&40 0902 40 M 4 2% 4L & H BB (mitogen-activated
protein kinases, MAPK){# SOS k& E M S MBI ML, BB 58 SOS:Grb, B &
¥)F EGF ik 5 SHe B H %5, \TTAFI X SOS FEE# R AFVE IR 1.
BT EGF Z& LU, REEZMEZARARBERFZEME B ARG, S
H—/SEHB SHec A Grb, : SOSEME &% (WA 3) . SHe BB EARMUE O KY
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(Tyrosine kinase substrates, TKSs) , SHc H)ES & BRBEEE (L Grb, : SOS WESHRMET &
4. [lit SHe FIFH H S8 SH, KB FZEM BRI RER (SEZESSHEBEMRBERL
EFD FAZR: SHe : Grb, : SOS H &4, 5/ Res WiEAYY . MET AHES%S
d1. Grb, MBS EBRBEER LAY SHe &4, SHe X[E T HMIZ Ay § VB0 AY R S BR BE R 1L 30
%k &, 7E5Z#K. SHe. Grb, & SOS Z [AIE AL 53 Ras LW E &Y™ . HEM PDGF
% RS EZERY (RS- FHFHB SHe [ Grb, : SOS B&& .

TKR TKAR TKR
@ R® [EcFR) M b oy SMSR

W/ Ul
O 23 ,@

g 3 Ras SR EMTHHAFHFHNAMET ZHE Res RANFSHERER

(a) EGF ZHkMES %S . EGF RZHLE S, MEZRNMERMBIEEHLED IHE
MBERE Ik, Grb,-SOS E&¥1E 8 Grb, By SH, X7 EGFR k%4, 3#i1E1k Ras HH.
(b) BeEMMBES 5%k (TKAR) , T HHAZHK, E3mEBRME (TK) SIBER
WEEZ (TKR) ,» MEBREZE, EREBKEIKY (TKS) M She KBS EZHEY
KRR, BMILH TKS F Grb,-SOS HE&WEE. () —WiEk G EH LIREM2
& (SMSR) RESIE& Ras B9k, XHMEURERE o« 18y WA E{ GEFs {HEMHX
HEOmMTH—FSHE.

e

FFREETOMAKRY Vav EL, YARREZE,. LHERT BRZHE (TCRY #ik
Bf, BERAEBRERBERIL. TCR/CD, FHLiFES Vav EHWBERBRL, IR Vav &
HA ras-p" BIEYER . Vav BRI MBI RIGE LT fe i 5 52 4 A BE Y B S PR IUEE Lok 7
%, BENEHEREERIEEENL Vav EHDY,

Ras-GRF B#R[E SOS —#, % C WiH CDCHMIREX, HRkZMERESTK, RiE
] Grb, # SHy B E &4 . Shou. CV % ABSEM THEXR, Ras-GRF L I R MG
SIERIETE R B RRIL R, HEEH G B (Gi Ml Go) M pertussis toxin FrFENET. Tl
F R W BE W 7 genestein M FEREMT R, R G EA BN S Ras-GRF HiE 555 %
2. Ras-GRF #y N-¥%5& A PH X1, (pleckstrin homology domain) , pleckstrin & Ifl. /M 4%
HEEHMEYEY, PH XEH 110 MNEFHEERAN, ARAERE, BEEASFEES
ERSFHYEE PHEE, AFE-FLREEZAME, HELTPHRENS5GE
Hey By WA B , Z2IHE Y1, Ras-GRF KB FMAMN, EMTEH, TER
FAIKEMHEARSERE, REERDSWE R KRERT DR E, X6 E iR
E & Gi Ml Go X, Ras-GRF WEERW MR T2 G BN FHY ras-p™FEHHE RS
F. Ras-GRF WiFHIATRSEFHEEHRX, Charles EAMHRFH , Ras-GRF i
N % 204 2 223 B EMX B EEE FEEGX, Ras-GRF WIERFRSEFHE S T
K, MAEZXBES HREBHEHREFESHSE THEE S, N Ras-GRF FEEBIEL, 8
Ras-GRF MiEHZEBE FEA AT,
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4 HEFRE

Ed EHILER, %t Ras GEFs (9B BEB TSI A H B . RFEE R Ras GEFs 7&
T PLAR AR GRS B U RE . A A RE AR R E M B ¥ (0 Ras-GRF ZERA LR Vav EH LI
MK, AR AR REMEBEGN SOS); AN MEARKEEZSEIRBRINTS
(SOS,Van) FNT 862 5 G BEAMES £ 4 (Ras-GRF) ; 1 HEIH 3 44 B 4% &, 10 SOS ¢t
raspUMIIE R E S A MM A E S AAEX, Vav B H R IEE S FIBB LAY , T Ras-
GRF MEASEE TS S 2IEMRX. Z LM, X Ras GEFs 14 T W KX EZRE
FEE R TR IR, AR AR S E R ML LR e T EE R,

& £ X W
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RAS-GUANINE NUCIEOTIDE EXCHANGE FACTORS
AND THEIR SIGNALING PATHWAYS

Shou Chengchao
(Beijing Institute for Cancer Research, The School of Oncology,

Beirjing Medical University, Beijing 100034)

Abstract  The activity regulation of ras-p* has been receiving great attention from molec-
ular biologists. Not only does the Ras protein, an oncogene product, contribute to the de-
velopment of several types of cancer, but it also plays critical roles in controling cell
growth and regulating diverse signaling pathways between cell surface receptors and nucle-
us. Remarkable advances have been made in the last three years in our understanding of
how ras-p® is activated. A few of Ras guanine-nucleotide exchange factors (GEFs) have
been identified in mammalian cells, and in some cases, the expression characterisfics, sig-
naling pathways and the activity regulations of GEFs have also been described. Such
knowledge is extremely important for completely elucidating the mechanisms of ras-p* ac-

tivity regulation and its upstream signaling transduction pathways.

Key words  Ras-guanine nucleotide exchange factors (GEFs) , molecular cloning . sig-

naling transduction, activity, regulation



