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ABSTRACT

There is a family of homologous proteins known to small GTP-inding proteins which have
a GTP binding domains and GTPase activity with molecular weight of about 20000 in mam-
malian tissues. Recently at least 20 different small GTP-binding proteins including three ras
proto-oncogene, smg25, rho, and ral gene products were identified. These proteins play a cen-
tral role in cellular proliferation, neoplasia, signal transduction, terminal differentiation, and
secretory process of the cells. In this review, I have briefly compiled current information on
the different areas of research in the small GTP-binding proteins in an attempt to convey an
overall view of the fundamental role that this family of protein in normal cellular processes.
Moreover, furture goals of research in the small GTP-binding proteins as well as the possible
existence of this family of proteins in plant cells were discussed.
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LalA £ A signal transduction, AE] F4, £8t
%) neoplasia ol #Hedhs o7 7kx] GTP-binding
protein o] &= gl

oJ#] 717 GTP-binding protein oA ZfF AlZ=t
ol 4] wAEE hormone receptor 2F 2HE5le] Alwsle
signal2 A FW messenger & AFAT|=E] HAefd=
transducer molecule & ¢} F & Y49 GTP-binding
protein-& a, 8, y subunit 2 T4} L wH{Gilman,
1987). Transducer G protein 22 adenylate cyclase &
AL zAsKE Gy, G7F 3127 retina rod cell oA cyclic
GMP phosphodiestrase 9 rhodopsin & 735+ tran-
sducin ©] 9=k (Kuhn, 1980). 22z 22| A& oH4
wagl 7] 5] WA A @Alak HzAed 8ol E G,
E olgial whiAe]| £3che Zle] d#izic}(ltoh of al,
1086). ARl gl A=l olejgl WAL 7 shlA
ole} g-subunit & Ako]7} WA|ak 22 g, y subunit £ 7F
A1 ¢=d, e-subunitE GTP binding domain
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GTPase activity & 7FAl2 glew “EAkake] 39000-52000
7 % o]t} (Gilman, 1987).

Transducer molecule 918 = &
protein &% EAl#ko] 20-30kD HAx®E GTP-binding
domain 7+ GTPase activity & 7Hz ¢lv 4 =9
a2 small GTP-binding protein Matsui ef al, 1988) =
= noble GTP-binding protein (Kawata ef al., 1988)°]st
B2} o]z{8 a2 ras proto-oncogene ¥ 20
714 gene product 7+ 4 girt(Barbacid, 1987). o]
Aodo] dabs FelA S 758 Aol ¥ wHA YA
oznl 35 EEzad] 2T v o= Heol signal
transduction, organelle ] o] & Sl AZ2W o] 74x] &
23 759 dAgkle] gleziz FET ATde 3 A
oj2igt ghlA el 7|Fo] WaAw glch

B Ze HTo| Be] dFHAT gl olEd A F
£9] small GTP-binding protein 9] 574, 715 W &22%
AT Yozl oFurdkst olga olzigl whiHe] 4
Az EA7P5AL AEsRr] 40| Slo,

Z#9 GTP-binding
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Fig. 1. A. Comparative amino acid sequence of ras proteins. Residues identical to the human H-ras-1 gene product are
designated by a dash. B. Schematic representation of the structural and functional domains defined within mamrmalian

p21 ras proteins. (Barbacid, 1987).
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Small GTP-binding protein 2 transducer molecule 2]
a-subunit $F= 28] SDS-polyacrylamide gel electro-
phoresis & ©F nitrocellulose paper 2 #32 # [a-
2P| GTP ¢ 23kt (Lapetina Reep, 1987). °ld &
e olgd] A9 2E TRF 2N o T
small GTP-binding protein ©] AEAz Azl 7ol 3]
o-g Witk ATl obx Hajg) whiAe 7 W cDNA
cloneel 98l Be FHe M2 FAAel Y smal
GTP-binding protein o] FHS = 713 &L 477t
% Zo] ras A9y iAol

EfFolA ras gene & 9h2 Dol retrovirus oA
oncogene 2.2 #-S @iz (Harvy, 1964) Akt A

Ao} g ok Lol A o]zl Dot o] A=) FAk
=9} (Perucho ef al, 1981 ; Balmain & Pragnell, 1983).
a3 gAEY retrovirus o4 WAE]E ras gene & Al
ZAHH)¢] proto-oncogen 2 Heldo] <l ch(Eva and
Aaronson, 1983). ras gene€ vyeast1} FoFololAE
ZGFo el2rzkx] HlEA vehled, o SRl
2 IR ras gene 9 G749 9 Gr|HdRYH 34
& amino 4t AFE FL FAME Bolw glew o33}
A2 rag thAle] A FaloA] FEAER] AEE &
AYQE A)s]F} (Barbacid, 1987) (Fig. 1A),  E5-Fol
AE A 742 ras geneo] WA 9Ed o] genetd
H-ras, K-ras, N-ras & £2]2 9le}, ©] Al 7}A] ras gene
& Aol B¢ & 21kD(P217es) whalalg glkev,
Fig. 1A+ ®e uls} o] oJe] ZF9] ras whilE e
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amino At A4S vimsle= Ag Harl ge@HE 8
amino4F) 3 2 T 80% Hx Mol sle -4
2 C-terminal 8] 4708 amino 42 A|Ysln= w3}
mo voe Fi=lo] 9l C-terminal 4709 amino A+
2 cys-A-A-X-(OOH) (A : aliphatic amino 42 =&
ras WA & 4 9T ras T A Ehe] |
Ao get, EH-F9 P2lrese} Zale], Fibe], yeast 59
ras AL Blmeled ZH590e S ras SIS
N-terminal #-¢jefl @-89] amino 4te] o glew], A
2318 amino 4k Y2 84% Ax FAE Bol} T
A AA 29 Fapdel weh, e AHRFZS ras
gene-g rasl'ras2-! yeast o] FHwHEk promoterol Fef
Yol yeast ras gene ®] chimera§ mouse NIH3T3
Azl Pomd MZE ansformation A7) Aoz He}
(DeFeo-Jones ef al, 1985) gene AAlE zlolr} viz 7t
L2158 7Y + YEF Aol F& BES @
& ZalF et E5-F ras genesl| 9§k deletion mutant
2} ras protein monoclonal antibody & %38 AEAq]
A7 2= ras gene 2 =M 34 (amino 4} 5-63, 77-92,
109-123, 139-165 = carboxylterminal cys-A-A-X-
(OOH)7} ras 71%5el4 Ar"ql 39494 w3}, Fig.
1B ofj e} Zro| di¥e] §-974= GTP-bindingof =& &
ol & effector 4ol Freddlt}t, C-terminal ¥$E ras
W Alo] HEate] qbFo] Solslzr] Goedk FHo|ch ras
A2 Azl FAlsfo] AT QFES] fatty acid
(palmitic acid)ell acylation el ¥4 ¢ o acylation
He F95 cys®e] -SHgroup ©lth.  cys'®®e] gle
multant res £ AlEAe] ol glenm A7|5S wiE)z|
&k} (Willumsen ef af, 1984).

ras Aol ghiAele] o] WAL Y= = T 25
9 small GTP-binding protein 2 B2}8ko] 25kD Azl
o, o $F whlAde Faldl sl amino AF AU
o] &3l synthetic DNA probe 3 7F5o] 43 ¢DNA
library 258 3714 cDNA clone € 2920l smg2sA,
smg2bB, smg2sC 2t B3 ot (Matsui ef al, 1988), ]
Al 7EA] whlAe] amino 4F 424 cDNA 9712225
A% w)Rg A 77-85% AEe FARHE Bold
GTP binding #9¢ GTPase domain-% 7}Alw 9t} =
vt of chiE.e rag wiulElalE 289 HEe] Rals
Holw] C-terminal amino A+ 419 = th o},

ol4e] ras % smg25 AU whlAeo s ofz] Fal4)|
FollA o|2g Az ol Ax falkde] gl gene §
o] wksz 3z i}, ras protein I 30-40% A= FARgo)
9l rho(Madaule and Axel, 1985), R-ras(Lowe af
al., 1987), ral(Chardin and Tavitain, 1986) % yptl
(Gallwitz et al, 1983) 5 o=t 4=A gld o)zld

Qeie] gkl raslike protein o]} $-&

Small GTP-binding protein &] 7|5 ¥ =&
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o2 7}A] small GTP-binding protein ¢] #elx| i e
A7 At glAlat of=igk gy Ay Had s o
Z-g7]2-2 9elA gl Aol A gidh e 7)%e
W3 a7 oled =] fAHUAE WHAF AV
inducible promoter o £ej4] AZu] FYAHL of ol
v W3kE 2SN dojzl A 24F Aoln),

l2] small GTP-binding protein ZoljA] =g =43t
A7t s el # Ao] ras whillAdec), ras wiAe
Alz2] F4, transformation, signal transduction %
terminal differentiation o] Z-8dh= Ao d&{= 9ol
AFe Z4 W transformation-€ ras gene & ®o|ajel
oncogene & 7IAlX = retrovirus 7} ZHiE AL Alx
7} transformation ©] Yojvhe Ax} Alatal X Fol4
AR o8] F%A L7} ras gene & Heo| wlEolete AL
Loz Axe] £4l3 neoplasiacl] HeAghets 7ol o
213+ (Barbacid, 1987). 94 2ol WA ¥t
ras protein-®  GTPase activity & fol¥gla v} 7b4d
e AL 4 9ok, o|#HF AL ras protein o] AT
g Z4loll Feodsl=tle GTP S Ago] Fesln] GTP
7} GDPE Ealisls #7geld =do] dehrbed onco-
gene 98 7% o2 8t 2A7%-¢ gloivigl 7] wiEel A2y
FAlol 248 A &8 DalFn Y (Trahey and Mc-
Cormick, 1987), ©1 17} ZE ras AL QA3
monoclonal Ab & NIH3T3 AlZel F9A)714 G4 S
718 Folvhe el MA|Ee S7lo e AFEe deks
whz) gl 2#v mutant ras gene &% transforma-
tion® NIH3T3 Al¥e o Abe d3& dbA gksiet
(Bar-Sagi and Feramisco, 1986), ©]& ras protein ©] G,
A SE2 Fojrhe BAe Holghs wERol, Bal opy
g} A Z=wtel §lE growth factor receptor &+ -F-A1 &t
oncogene 22 transformation A|Z] NIH3T3 AlZol o]
AbE FYAFlH AEZE Sphase 2 Fol7kx] Edd
(Smith ef al, 1986). °]+ r1as protein ©] receptor i} A
Fabef gl weEs) Zhgsle] signal transduction o 4
e vlaE AL 2eFrh, Inducible N-ras proto-on-
cogene 5 FYA17] NIH3T3 Ao bradykinin& =
4 o] phosphatidylinositol-4,5-bisphosphate (PIP, ) 2+
1,2-diacylglycerol (DAG), inositol-1,4,5-triphosphate
(IP;) el 2-3¥] Z-lgic (Wakelam e 2l, 1986). ©l&
ras protein®] PIP 2 £aldted DAGS P& ut=x
phospholipase C& ZASAslE G,8 5UT Ay
7FeAS A,

ras protein-& AJEe] 4 7 gignal transduction %
ol% terminal differentiatione] eddlc}, Rat pheo-
chromocytoma cell linpe 9l PC12 4l%3= Nerve growth
Factor (NGF)v} cAMP & #2519 neurite S 454
2357t dofbsd] o] Aol ras oncogene < dolF:
728 & A7} vl (Noda ef el, 1985) &= PC12 A 2o
P2l Ab& FYAI7| 2 NGF £ Azlshe 237} dofu}
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7| 99kt (Hagag ef al, 1986), ©] A== ras protein ©|
AAMNEL terminal differentiation el Fe{dh=t]l NGF
signal transduct1on44— AA e} 982 i 9lvh

ras protein 9] olz{dt of2] 7}x] g7 |EL o] whijzlgl
A4l 7]% ’-‘3% AdA =2e] Haslt}, ras protein
8] 2A7|A o 2= GTPase activity & 23} Al FA o4
Azgez Fojzle el dwHA vk, GTPase
activity o] &8t &4 B8)5l ras TNAL jn vitro o4
GTPase activity & &4% w25} i vivo oM & 24
o] 9 7E wrisin HAg Az 4 EZ‘LHO}] GTlPas-
e-activating protein(GAP)& #go 2 drzch GAP
£ 110kD wa2 C-terminal -1—-74-—1 40kD ] ras
protein & ATse] GTP & =& (Marshall,
1989), AAbE<el H-ras gene 22  transformation 471
NIH3T3 420l GAP gene§ HolFH o AZi= ik
ql HelE 358}, 2} ras oncogene &2 transfor-
mation & A7l AlZ¥ g wkx] ¢bvd (Zhang ef al,
1990), =82 tumor promoter ¢l phobol ester & #1235}
9 GTP7} €olgle ras whlzo] Zrleled ol&
protein kinase C 7} GAP & phosphorylation A] # 4]
GAP Z-&-5 Aejsls 2oz whaAi ) (Downward ef al,
1990), °] 5 A¥AIE ras v 7]5e] GTPase
activity o] si4] z=Asv AL =H@sA gelFEcl, =
th& shte] ras sl g Zzéﬂ’-q‘—i A ZA oA Alzeh
og Eojrle AL £ 4 Yded ras s
C-terminal (cys-A~A-X-(O0OH)) amino 4kell4 cyst®e]
thE amino AL E v} mutant gene 8} AR Al Z Ao
ol glow] HES transformation A7) FgoHe AR
o] o}F SubdsiExn e} (Willumsen ef al, 1984). o}
43 AZW cAMP g FUMA7IE ras A A
phosphorylation ¢] deivis] AlE=elA] o]zigt A e]
o] Bo] WA= AN (Lapetina ef al, 1989)°] AlZ=t
3} AZA Aol o]FmAe] o) thiAs Fg=Ao F8
stk R wEE,

ras 'ﬂr“ﬂ"ﬂﬂﬂ] o 7] A small GTP-binding
protein & 2 &= YPT1 % SEC4 gene product @] =},
Yeast 8] YPY1 shf§d& 23kD 2 golgiel 52 glev
YPT1 mutant AlZE AFEAdol] vesicleo] =™
invertase @] #-d] 7} 74 9 o} (Boumne, 1988), °] =
YPT1 =t#4o] golgiel 9lew golgi & & wds]

o] 5o TAghg WIFh SEC4 gene & 235kD whA
2 e o =hAe] 85% 7} golgish AzaRe] A2
of| FZ3le, golgi o A2} rlolg] Hul#Ae] FHogict
(Salminen and Novick, 1987).

dozo datet gl AlSAZofA
small GTP-binding protein 2| £ 7}

od2] 220l small GTP-binding protein ¢] W3A2
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¢DNA. cloning ©] 5101 ‘4"“7‘1—4 EAlo] AfHElglA]qt =

71%e] HE8EA geAA edghel, degiz AF7hA] @
w7 ol gk o Ei -4 ‘4““7‘0] 4“%57*] 74%5}“4 o ras
protein @ 722 AS Al 7kA] (Heras, K-ras, N-ras) ©hs-
gene product & o] Fo]& glea] o] 7zt gene product%

o] oA AZelH A7) T 7| FE Fdderis)
Aol ¥ sAlolr}, z22lm A3k defA tlRRe 7%
< mutant AZF o|&37 B= gene & FYAIAA
vehle A2)d "8 "“r-z—q.ﬁ} A4 o3 A A
ol ol=z)gt YA Ee] oJHA effector molecule 3 %
#5172 molecular levelﬂl/ﬂ A slelol & o},
& o|2]d Gprotein & TH-L o FA z"o] =r] LAl

T EA dygzolA]wrks whajopet Ao,

AF7=A] g7 Ag TE gmall GTP-binding protein
2 2 715 BEAEY) yeast & AEE & Aolrh, AE
o ZA3 AEZM signal transduction e el ras
protein 8] 739 AEol= (gk}) BEAZY raset s
= el glvhe A (Barcid, 1987) Yol ol wEsl
g gl ABAZoAx P, cascade 7} 3o ‘é%‘
Z 3 (Zbell and Walter, 1987) ©) #Hol4 small GTP-
binding protein °] Hei@ slsAle] glel, Ruab ohie} 4]
ZolAE FRAZEMY yeast oA golgioll4] Azrte
2 o]ejAE secretory pathway ol 4] YPTl o SEC4 ©
WAlo] EAlEd 7leAle 85 glel, el "“5“;10*]*4
HZ Soro & sixlz A¥E A 27kD, 23kD ¥
21kD whiae] GTPR- binding ; o g gk, o
et whaAlsel Egold 3zl ras whdHeh} &
small GTP-binding protemJ—} o AT frapide] gle
o, 23 gl e 75s FAReAE gog S
A ool (m1ER), 28z AFA T o]zE vy
2o Aot AFANFAA 27|l 3 FLE) oA
A5 7|5 2,

g 3 &
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