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Ras B 45$aF0TheE K 2
RAR EHT

S 5MES%S
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ChEM#B LB EYERRFT, ki 200031)

RE  Mras BEEHLE, EHEMBEORXE, SIETAMNMSRERNESHRNE-EXTE. #
WXL RAAE T ras REMBEEAYLE, TWHX Ras BERESBRBILERNXERTT —IME
W) T % [RETXT Ras A TS 5H(5 SRR MBI S X0 M A M5 Bl B X H
BAYATEXE—PHAR Res BEAZESHFESHESECENAMBAERAHXHE, WG EAMB. 7
WA T IRURAT LAMTE Ras 4. X Ras MBI AMUATLAT ## Ras B H®MAW AL, mMEAXH

RARENEBAFHBTRE+ LR,

X@iA ras XK[E, Ras A, #ARAE, &W, e, E5ESER

1 ras REEREMBEXRNEH

ras JEH B Rat sarcoma EEWEE. i
41k Harrey BB H (Ha-MSV) #i Kirten
RARKE (Ki-MSV) 7R EEPHE LI,
EXMFREFIPRASHRETE AR
MEEAV WHEREFES], WS AT XS
FAMFEEBR A ras FEE. @it REE RN KB
BETRABKRENHARDE — 1 ras BH
iS5 F&H 21 000 WER, HFAXNE
HEE®PARZ S BN

SEAFIIMHLERE TEMIL M
XKL TF Ha-MSV H1 Ki-MSV E K 5] & JE
#H. 5 Ha-MSV I Ki-MSV ZFH LU 4 51
#r >k Ha-ras-1 #1 Ki-ras-2. |1 F mRNA §87#
AR Ki-ras A RMERR p21 BH, 5
#1%4 Ki-ras-2A #i Ki-ras-2B. 7 —fELHE
HEARERLY, ©REM S 34 K (neu-
roblastoma) DNA Bt NTH-3T3 4 fuif & 3
#15 ras UM B, ETIFRN N-ras™. Bt
RASh, RSP PR RE PR EE , B Ha-
ras-2 i Ki-ras-1.

FATEAY) ras B R TR IR )RR 4 iR
HERARRES- REM ras EEMMHIL Y E
WM ras ZRMALE, RETHE
KEBAKEE, Wi RBET HEBHERTY
A TRZERNGES, XFT R IRT B b & 40 M vk
EJ/T24 # ras 3 FF 31 43 Hr 3% B 78 22 40 B 69
Ha-ras-1 f— P RES4E TRES. XN RE
RS 12 U EERKEH L, #IEHA Ras
FEAK Gly RN Val. XFHRAHEREY
ras EEE S5 AMFEZFHBIER XK. RSB
ARG BRI RERZHIEFH ras B
HHEAETRERBERNMITIAABREYZ P,
ERFZAEBINGENXBAE N L. Ris EAA
W& 54 RAERMMEAEY, FNhR2E/HE
SEFBEENTIL R

2 ras PEESHRFERE

ARIF R REI ] —K ras AR EW S
TEER MIRARFIE, AR ras B #hH8F
B ras MR, T RERFH BUR ras ZEH t0 AT DAY,

BN EFREYIFEA, BM 325000
WA E B 1994-11-24, % 5] B . 1995-03-16
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/I BURET HE 41 . 26 A ANk 15 36 7 Ha-ras,
Ki-ras fil N-ras % F =AM HEEEK L,
SEAXHAAMFYNE TR FHHES
R EH A5 FEmBINEF (exon @) Hl
P44 1550 B F (exons 1~4). ras ERAFF
FKANFFAEE AR, AMBENSEEBERR
*> i A K-ras & 35 kb ¥, iff N-ras 3% 3 kb.
HTAERNE 4 S4BT, Koras AfRABH Y
A BV#, (H4FS K-ras-B fy mRNA Z 8. R
K-ras-B % 188 P& XK, H“ﬁﬂﬁﬁ‘ Ras &
B2k 189 PMEERKE.

=4 ras EE S B FEHBHRAR GC
FERMmMERD> TATA &, #Hid0 AR KA H-ras
EEMHITHD, 5B F O 5 5l 40 bp K
BREAIANFEREGAS, REEIBET P
¥ 175 bp B4R X H JLMFIEHER GC
FB, i HiX SR Al — R i AR EH
4, HRREEWEREHNREILFERSA
WS EE-TAETTFS WA 149
235 bp RF A B, BRASHEEREERD 1/3~
1/10, HApp54 ras H:H K-ras 1 N-ras th £ 3
BRAHLMEO, X Ha-ras MR ELXBRE
—TAETFH S SmEREE R B EAR A
FBERXNREBEAER, —R3 WY —F
5| EE FF5) (tandem repeat sequence) ZFHH
MBAERTFEA. B—TLTHEBF I
BT 4 ZEHATFH, H—MRTFHER
ShBF, XA 82 bp S B FE AT R R A
BASRFS 20 MR 0 ERTE R =450 B F 7T
BERES— 1 170 MEERA =Y. W
KIEPHT RIS XN B FHE T R
{6, AT RE R X FhBY 10 7 XS B mRNA B #
. ¥k mRNA #9 cDNA ¥4y, 41 i) A xR
HAEYIE S, R NS E T3 SRR, 7
M ras FERK215H 10 FHL K Ras |
H™=9, B8 7t Ras BH A FRIEK
F#1 mRNA £ tEA R KR 2.

3 Ras RAMGHRASEENKR
MG R « WHEM, Ras BAT D100

B A B R, R TR AR
[, %5 HE/R A Ras B4 4 1 BE/R GDP
GTP. Ras %3t A RIRMRFHE, FHEAD
GTP A MM Ras £ AA PRI E
BHEMNE AR, —Fb GTP SAHE
BHR. B—HK5 GDP ZAMEERLR,
S 5o T 5 B 45 R 2 T
S 5EE4S. CTP HABRHEERT
BEAEFERIEE, GDP AR ZE LA
WETFHE, Fl LRy GTP 44 #1%
B, MTTES) Ras BE A S B684
B, G WA E TR, REL
W15 B Rk Ras BAN SHERER, A
TSR AN K. R E S ENEL.
GTP 44T R GDP 4 & 1 X 0 ¥ e 2
Ras P43 GTPase 1 MG AR, 2L/
B HE AR, 1R Ras B GTP 4
AT R ML R 5B BRE R
ST A B A9 TE 3 A TR B, ORI A B A 4
AEE . H R SEERER. %W GTP K
REEHFA — R ras HEHE B RR,
57— AR Ras B A WETF RE T B

AMI=F Ras B N ¥ 86 AR,
BETE181MRESR 7T9%HE, B 186 LR
SRS TR 25 MREESRA, FiH
SRR N 2 5K, MR FFFI Bk 166~179 B
{557 4% Ras WIZHAE, BLBIK AT Ras 1
HEEHFATEN. Ras BH 44 GTP. GDP,
dGTP. ppGpp #1 GTP, GDP §y3{tidy, H%
AFFIRETH. SHEAHENTFIH: 10~
17 fiz#) GXXGXGKS 544 o« 7 B BE A %
57~60 fi#y DXXG # Asp 45 & Mg™ B F-ffi
Gly TH %4 GTP B2 57 7 BIE A
§,116~119 i) NKXD, 5255 BIRKIF,
54 144~146 fRIFR I 54 AH X

Ras % (LA A RIEK GTPase E . A
§ ik B0 4 B & 44 F KM GTP %1% Ras #3#
%, [N GDP H# 5t 4218, H LA
Ras BHMERSEHMBEEM0AS, 4K
th 4} B 18 B 4 875 Ras B9 GTPase 1 1 i %8
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H, ## 4 GAP (GTPase activating proteins),
{2 Ras B E1 71 GDP BEMEABE T, HH

GDS (guanine nucleotide dissociation stimula-
tors). BRAFEEAIMN Ras HH SIEH Ras |
B WHE 12 £, 13 fiL. 61 fuF0 63 (L EE
MAEEREZE, FEREEARAHEAR
GTPase & HEMREER, FNE FEHE
GAP e E TR, MiifE GTP 511
HIE R B RWRER 3~9 £, h T X BRI
AW Ras BAXM SHBHS G, HRXLER
HEBRR KA T Ras HHAKME GTP b E
W%, RS GAP Bk )8 E e £ 19 1 R H
35 KRR R ANBREMFRENR, 4L
TEHEREHERGSGIFEFFIMEZM 116~
119 {i. 144 {3, 146 {3, HI55 7 #1 GDP f45 4
it GDP MR E R RS, HTHEA GTP %k
B KT GDP ¥, 453246 GTP M4 aHEX
HIWRBE TG, WRORM S T hnsk GDS #fE A
HRAERMEDLME Ras BAMEYIHEE L
Ja. SAHBRA, AT Ras EEWIGESZ T
Wt R RER B T3 AW L s
HFHERSE RS SRTEFHEERS.
T Ras EOMEERREFERX, @i
AR TH Ras EOWEEOFHRX ENL
TF 32~40 {5i, B X HFLRATH S R switch 1,
BEEMEERFIRTBRRTH, EFAFWE
GTP Z5 & F/KEAE AL T £ 5 38 iify Asp
A8 3 Glu 4§ 52 4 ¥ K BUE Ras 0K BUE
REST. XBUBEHMIEBUEYE Ras EEM RS
¥R L R B switch 2 X B 59~75 fif Z [8]
M X T] BE th B S S MR A KA.
Ras A C mAA BBKARFHE, BT
Ras BAELE IR VTR, XREHT Ras &
BRI 835 i TAYEYeBEfk (farnesylation) &
fiF Cys186 RULER. Ras H M AC7EH MR
W R kP 5 AT A& H (pro-p2D), XN E
HEd—RINHBFES C wmigith, HRTHE
H R K 2 2 AL TR N R, X
fixf T Ras hEERWR L AH). WRGIAHKAD
RN EE WS TARE, BAsFH

% S35, Cys186 7 4ERRBE I THRE, &
HAHERIE HEIREA, RS Cys1se 2
R A RER B IR, R Cys186 M2t
A P AL, U — 5 T FER A Bk 3
A7, BUGTEREIRIEAA Cys LHEH) Cys R
BT AR, SRR R, F
AIHLPI Ras B HEVEE LS S B Ras BEE
(iS00, HIFLE R AOFER, X879 Ras 2
53| 3 0 8 T B T LA 5 40 ) Ras 2B 11090
S I LTS B 5T

4 Z5AT Ras JEENEBET

GAP BEEERBATHIASIYZFTSE5R
T Ras 15 TWEH, B8 GAP k4 a]
A B 2 b i 3 iE 3 Ras  F #Y GTPase i .
BB A I 12, 13, 59 B 61 fARAEME
Ar{#178 Ras B Xt GAP M/E A W24, B
RENMLTT 5 GAP 4545, B GTPase 1§
AgE{E#. GAP nJLL{# Ras 4k 5p GTPase 3%
FHE S M RER XM REX AT GAP A
B C 3% 1/3 4P, GAP Xt GTP « Ras 5 Hig
MZE, A E%# Ras HE PR GAP i
KBEABUR. 7 GAP ¥ N 5w X #4> SH,
(Src homology) Z5# AL T 55—~ SH; G5#18
P, XA G5 95 GAP o] DIFI A &
F A AR . 5X RS R A A 45 H 3 B Z
GTPase {& 1 [F&f, GAP HAF A AS Y
MHEMHEANFHI/EM, #l0GAP AT
PDGF Z k454, Atk GAP BrZ 575 Ras
BEAM GTPase i& A1 AN fE A HAb2h
ﬁﬁ[l-’ﬂ.

MY B AR E LA PR 5
H NF1 X EBE 4% B8 — 42 gt Ras §) GTPase
WETERY 2818 HERKER . RAMAL AR
(neurofibromin), FEFEHIEFEIAY 350 HE
DR EL A GAP 4 4L 254 500 UL 1 5 70
. KEo#ITHLKERNFL E0 K GAP 1
X, MIELKEH, ERAFELGAP K
., X Ras M & T GAP, {B#{E GTPase
EHRERKT GAP. IMEAFEAWER
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GREBWEZTHEL, WEFEREREY
B, BETABEESEAESE. NF1£ERR
ZESHMAA R . £ NF1 EMM SRS
T, 50T NF1 55 A G0 40 B bk 2 90 0 22 47 40
AP X Ras - GTP VY REE
(. B 7E 40 Bdk s A IF % K OF- 69 1% ¥ GAP,
(B RS W2 T BMEN - T RKFH Ras
« GTP, [ i, NF1 25 75 24 A9 1 —Fob g 40
B[R, HIAY GTPase ¥4 i) 3h 7 It 40 L bk
R MR, T EAGEH GAP R#%. HEe4%
BE BV R ARG %, A %M GAP
(94E FI%E T Ras « GTP i B &2 80

S HE T (GDS R AR R R
f# GDP fi# 25 bt & S B B B 54k, LBH
GDP (938 5 R 2 B i i 4509, Ba) K3
% 58 #: GDP BB /% [ & B 8 CDC25
SDC25 & [H. H o CDC25 HEXF L ¥ si%
(EERVWEN, THRD 1545 MEER, BHEE
AEA, CHM=AZ - AHLEHRS. M@
SDC25 itk A3 3 Ras @EZFEEL. SDC25 1)
C ¥ B4 F CDS25 AR LRI LEH . 7T LUR # Ras
[ GDP #l GTP S 4 #05cHh. bt @Ak
P ot R BT 55 CDC25 % SDC25 f C #ih
- BEX MR Ras BUEE T, f0S. pombe Y
Ste 6 B[, EBBEBPH Sos B HEWIL
s & B T 2RISR (5 40 Sos & MY
A4 A & Ras « GRF 07,

5 Ras Z25RATERE

KR4 M+ GTP/GDP 45 &£ 4 Ras
K AT DA B4R B S B R B T B, 3 HL
HEESHfeE. RECHEHE Ras ZH5HES
e B KBCR L. a. AT 4E40 B9 A < )
WA b. B RA TR L o T #
EAMRIE; d- e HE 4 R 4 MBI 25T
s e ERRHMRAIAKIME. XK Ras 7
ESERFPRYTEEMEG, HEWMMHIMR
5516353 40 M A IS A0 E 7 A E ) B,
Ras EHFNFEETHH 2R HE, AT
AR HEAKNXEIEERY Res tEAEELE

BEEFH—ITATERYETHFNEARNER,
¥EMEHRESEFMUAEAY. BEHERE
WA Z AR A B J BB ER L 7T B H Ras
BIERN LIFES, Ad—SERKZEINMEE
Y6 i Ras 14k, REHRESARETE A
MERAKHETFZ RN RINSEREES GEE
ZlE, ZEREEEER, AimEEHEE
MEE S, Lt B SRR X1 ES8
BMEMNATYETHESEEYHER Grb,
SH, WM S EM IS S A, BTHRE
JRA Grb, & A E 3 H SH, 255 35 ) 4 B4
SH; Z5#38f1 Sos EAWMERF EX (1N
#) mSos ) PPPVPPRR) &5 RE 58, H
M3 K# Grb, 1 SH, M BE S ZRER
Sos EAMATHRARK KRR, B Ras &
ARAEMSsEANRBHREERS, B3
Ras + GDP X Bk i GDP Wig4& GTP, &
& (# Ras B IEH". Ras B 512K T A8
ot Z AR G ZAKEHM. YRIMES
BEEEERGEAR, G ERNERY EE
B R o WEME, BY WHTERMAEM Ras
EA AT HE T W Sos # Ras «+ GRF g PH
(pleckstrin homology) ZE#yiR4E4S, XAEEWME
18 Ras Z&54#) GDP ¥ GTP 3% #:, Ras EH#
. XTMRBATRERMMN T —HFENG E
H. Ras Y THREAREBRATHESEIE
ZH RN ], T — B BB SN A i
R W A$E Raf . MAPKK (4 2424305 b B A H
#) 1 MAPK. XPHRERRMERNERFESMN
MR EREE T E SRR AR AR EE
., DA™ A R A% 48 A PN I RE-

et Z PR P AN Ras EAHB S
MhBER X R AT T HEARIS, T#HT Ras
BEANTRELTRER BB R BRI L. XF
Ras EHS 5N ESEFREMEAILHBE
TEREAW TR, HEHTHRARSGE
MEER, AR —EEMFLERMEEE
F ZEAFE B 4B, Ras (LR RE AT RER &
FIFHEM FHMEZRBEARNR, XS5HRES
AR HERN, HAPIRTREE Hit
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Ras HAMBIRETIZAE, Ras HEBERAE
BHBIGHE, B Stokoe HHBHBFR
%W Raf A AJHER Ras (YEE, Raf g
il Ras $4E RBUE A T MR M iE 4L, A0S 3)
T T HrHBERR{L & 42, {HX) Raf 107 5 Ras &
WE VAR IR LEEARERE, H5t
BAHT# Ui B Ras 35 HLH 84 848 GAP
M NF1 8946, EA1I{T# mSos 18HHA, A
T T
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The Structure-Function Relationship and the
Signal Transduction Pathway of Ras Protein.
Xiong Shunbin, Tang Chaoyu®, Xu Genjun
(Institute of Biochemistry, Chinese Academy
of Sciences, Shanghai 200031, China; " De-
partment of Biochemistry, Wenzhou Medical
College, Wenzhou 325000, China).

Abstract The ras gene has attracted great at-
tention ever since it has been discovered hav-
ing a relationship to cancer. Scientists not on-
ly know nowadays the mechanism about how
ras gene results in cancer but also have a clear
understanding about the relationship between
Ras protein and the pathway of phosphoryla-
tion. In addition, the research about the sig-
nal transduction pathway which has something
to do with the Ras protein leads to a more de-
tailed understanding about the regulation of
information communication in cells. Further-
more, the signal transduction pathways of Ras
and of other proteins interact with each other.
For example, the Ras pathway can be activat-
ed by the af dimer of G protein. Therefore, it
is extremely necessary to study the Ras path-
way, which will throw great insight on the
regulation of Ras itself and the signal trans-
duction on the cell level.

Key words ras gene, Ras protein, expression
regulation, structure, function, signal trans-

duction pathway



