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ras gene> ¥ Harvey(HaSV)$} Kirsten(Ki) rat
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Oncogenic ras gened ¥& FAHE 713 2xpe
20 kDa®2] A|70¢] cellular counterpart; N-, H-(Har-
vey) 18] K-(Kirsten)2 p2lrasztz £3Ho =
A&}e o]F-& EF growth controlell ejA FA4
&g 3t glet ras proteine &3] oedAl 50099
small monomeric GTP-binding proteing3 30%
o}A}2] sequence homology s ®.o}+ superfamily &
o]F3 glen o]5L w5 GTP-bindings} hydrol-
ysis®] switching cycle& AA on-off 7|55 et
W}, o]& superfamily®] memberE-2 growh re-
F83l= rase}

rab, 28] 1 cy-
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gulations} differentiation] 7]%-&
intracellular trafficking-& w33t
toskeletal control® Ww3= rho protein®] A7}
A2 A F£% ¢ Ak rase @43 ddal
GTP bound form3} »]&4ds a€j<l GDP bound
formo] F e 2 EAEH F FelF )08k re-
gulatory proteingel] 98 =z activity’} A}
=% rasts GTPe} GDPell 745t #3lAo] gloo
A FEW = GTPRc} GDP7F ©] o] eiA HA
o= ras7} GDP&} Ajtslw ozt gAdstgdunt
GTPe} ZHgshs 7oz FA="ck GDP bound
rasE guanine nucleotide exchange protein(GEP)ell
o) @A48% GTP bound formo.2 =0y
ras?] 7]%e| 3% Fol= GTPase activating
protein(GAP)oll 2]s] w]&A)stdct. Yeaste] ¢
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IRA13} 29] product7} GAPe] & sk 7o &
otz ¢]ar CDC25 gened) product?t GEPY] 7]
2 duste leg oeiy itk NF1 gened
Von Recklinghausen Neurofibromatosis Type I
Awg 7hal #ARpAA BAEYed FEHeR
sequencingdt 2ol w2 yeast®) IRA1/2, mam-
malian GAP gene product®} protein homology7}
g Ao vyehdr) Yeastd 7% IRAL/2 gened
4201} mammalian ras gene9] transformation
2 Q%) heat shock sensitivity7} NFlgene(2,3) 3-&
GAP(4)2] expression.2. & suppression® 7o g ¥
o} NF1¢] GAP protein®.®4 rasg 28433 A
ek Ao #Eldey. AR rasd] A
GTP bound %2 GDP bound?] 4ZIefs& o]%
sta ZASEY o] 7jsE GAPH GEP =%
9] #-4}F proteingel ¢fsl == ol2gl regu-
latory protein5-2 growth factor, cytokine 1@
prtein kinase -2 signalell o3 @Aty 4
Zrgle). B E Ao & ras protein®] oe]zlx] A
ARH=E ras? modification®} #HEAste] QAR
A} 4 Q)i rasell specificdt ekEsNure) Jbe
Azt @A) 4Gedx rase) inhibitorE FAHOE =3}
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A% rast 1 activityE eERR7] fEA
plasma membrane®] inner surfaceell $]%|sh= 7
o] HAQld(5-7) ras protein A membrane
o) A5 Aeg 4P F USTRE 53] hydro-
phobicd} sequence®-& 71212 Q)| YrHB). oA+
ras2] membranedl] 2] attachment7} 2 A 2] post-



translational modification& 4 protein] hydro-
phobicity & Y224 7l538)3che 7o) waiA
252 7} modification®} & F/skE enzymes
A7z A 7heet FAN L Ao Ale
T & Helr} ras®] modification& 2E ras pro-
teind] FEH o2 EA 8= C-terminal? CAAX
motifel| 4] dejii=d] (C=Cys, A=alphatic acid,
X=any amino acid) dejvh= £4&2& 1) Cys-
teine®] farnesylation 2) AAX %7]9] cleavage 3)
Cysteine®] carboxymethylation 4) CA;AX ¥c}
upstreamel] 91Xk 23 cysteine?] palmitoylation
o2 odojun] BF 2+ obAl9] specific enzymeo
o)&) et

A H7< farnesylation?) % 15-carbonel
farnesyl isoprenoid”} farnesyltransferase (¢]3}
FTase&Z <¥alol <9&] X7} Ser, Met =& Alag)
73l ##s}. Farnesylatione o} 3y}
ras®] membrane attachmentel| 7}& T45Ae)l o)
AZA mhef o] w7} doluz] 3l rasi pla-
sma membrane®] o} cytoplasmoll 4 &=
ras®] oncogenic activity . ®#8] 7+4-¥} (9). ras
o]9]2] o} G protein®] modificationd b ¥w
farnesyl ™Al geranylgeranyl transferase ()3}
GGTase2 <) I/lle] 93] X 77]7} leu, Phe,
Iso, Asn %2 GInal 79| €& geranylgeranyl
isoprenoid7} Z# ¥4l ¥ isoprenoid moiety %
T FvEAE & 4#lA cholesterol Ao =
7HaEelt). Al HMGCoA synthaset}t HMGCoA
reductase®] mutation.®. 2 <3| sterol §Ado] zbch
S, cerevisiae®] mutante]l 4 ras protein®] unp-
27 A eK10). Far-
nesylation® geranylgeranylation®] sequence re-
quirementt CAAX motif2] vj=|2} zk7)at o1&y
AAE R3d vl 93hH ras®] C-terminal X&
leucine©. 2 site directed mutagenesiso] &3} %)

rocessed forme] cytosolel] 4

23S farnesyl 4l geranylgeranyl isoprenoid
7} A3k Ae] dEzicill, 12).

Ayt farnesylation® rasi cysteine¥ 2] AAXA
717}V S. cerevisiae N X ZE9 u2E 5849 me-
talloenzyme<! carboxypeptidase Yo 2]8] Clea-
vage7} o|F¢] A£H|(13) ©] modification- farne-

sylation®l ras”’} membranes A o Aol
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ok gk o] @A 9] modification- cysteine
ko] oJ sequence motifr WaH e AHow
FZ ¥} Carboxymethylation ®4] ras’} memb-
raneell A3EE AL moFEd o] AMUL S ce-
revisige®] methyltransferase”} 2% steld null
mutantol] ras2 protein-2- expression A< = me-
thylation| 2] ¢}-&- ras protein®] membranedl] o}5
vjekgt Ae 2 AU AL BARE YE o]
th13).

Palmitoylation 3% membrane attachmente] =
%] q] w4 ldl Hancock et al.o] H.qlnjel] o)apm
p21 H-ras proteinell palmitoylationg #|$J3F =&
modification-g 7537 31-& w membraned]] =&
vjopalA A & & = AAUTHIY). o) AML
A% ¢ A AY Heled 2 o)lfE wild
type®] p21 K-ras proteine palmitoylation®z] <
3% membraneel high affinity2 bindings] 97|
o F-olc} Zeiv} wild type rase! #-$-& oncogenic
ras®} @] C-terminalel] A&He g oA ly-
sine#7]7} glejA] o] lysine®] <FH357F memb-
raned| lipid $3X3H8 F3leh= Aoz Q7=
AAZ o] 71HE lysine A7]E 3L R =
glutamine©. 2 213308 wl ras7} cytosolol]4] ¢
HEHAL s ZAFH15) lysine Al gAstE o&
arginine®. & *|33L u] ras® membrane dgto]
tHA] F713E o2 BoK16) AME we] = gic)

o] 4} ras protein®] modification5-2 7] 713lo]
w32l AFelol 22 rase) modificationg specifics}
A A 4 olohH ras® QJE Wl EdE
53 AAE 4 3l& 7o)tk Modification® ras
protein®] membrane attachmentZ Z7}A)# wHie}
A& WA k= F24912 prenylationg s
farnesytransferase(FTase)®+ o] &4+ rat, bo-
vine “12]3 yeast 59l 4] gene2] &<l cloning®]
e e|t}. Yeast FTaset ras2 mutationA]e] &
%2l Z7}E heat/cold sensitivity2} starvation#]el]
viability & $2+= A& suppressdh= mutant®
<94 v]EEHAH17). FTase: zinc metalloenz-
yme(18)2. 2 4] alpha$} beta?] heterodimer® A
o] 9l beta subunit-S protein substrateol]
Agtsle wbH(17,19,20) alpha subunit®) <i&e
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HFAX = 4o} olnlx farnesyl pyrophosphate|
AgshE 7o® 3253 gju)k FTaser} #413}s
39 5 subunite] o] &= oo} sH=AE o]n]
M3 el 9lth21,22). Geranylgeranyl transferase
(GGTase)«= substrateo] we} I, II3o] gld F
71| typeE5 geranylgeranyl pyrophosphate cy-
steine3t7]ol] H-2A|7|=d bovine braine|4] £
" GGTasel> FTased 748 713 £4U3 alpha
subunite] % subunit32) 2 FA =] gr}.
GGTasell+= C-terminalell CAAX2} o}E motif(CC
%2 CXC)E 7 rab, YPTI proteingoll geranyl-
geranyl7] & H-2tA|7lc}, o] &4 4] cysteine ©]
Mol oE sequencedE WRET ax] Q=Ao)
FTase¢} F43sltl. GGTasell= &= #7}A] subu-
nit2 2 FAE gk A 9lo} gened) se-
quencinge 9¥ Abefolch

ras modification® inhibitor

ras?| BAHE AAFo 2N etazts duxt
e e AAE #@A7% 2 7129 ras modifi-
cation®} ##1 % inhibitor7} WA= o H 7296w
ras specific inhibitorS o o] =8 Zo]
c}.

d-Limonene2- f&f o= Ao 7|Folx
25 A¥-o g 38l carcinogenel| 2&) YAl
# o] frukste] 915 d-Limonene?] ofol] »)ds}e
FAaAFle ez 2RI cH23). d-Limonenes
#A4eF 21-26kD9] proteins2] isoprenylation-&
A Ao AA sz Ao Jehd oAl Lol A=
24315 ras proteino] Yqleojglon g o] Blo]
Ao 2 ras proteing farnesylationg o4 &l
inhibitore}i 2 4= 9lc}. d-Limonene-& cholesterol
#4219} F2k4Heal geranylphosphate7} 4184 %
ol at cyclization=e] 7] EAQY 2 falA
€2l perillic acid-} dihydroperillic acid= v 7}&
AA Al Ao yehgdcl(23). Cholesterol A&
o] AR 9} 2| HHql o] ¢lemE d-Limonene
AHE-A] sterole]i} vitamin A 5] AAbel] of gFo]
Mot B 21-26 kD protein52] farnesylation
7} geranylgeranylation % oJW Zlo] M=oz
AAFH =] oA QAF Folc)

So2  4#Al  prenylationd HAHERE
FTase”} ras protein®] C-terminal®] CAAX motife]]
Asks e o] g3te] CAAXS] A7) E %3l
ras®] farnesylation2 #23F Z3} FA tetrapep-
tide7} FTase®] AAH AAAZ vehd A 9o
t}. CAAX motifell o2] mutationS 2 A3} 4
A ofule b (CAAXS Aps WA olu|ieab
22 23 4% mutation® ras+ FTased 4]
3tod Z k2 31 farnesyl groupe] A ER)& 927
W24 £ BAHA AR AL 5
slel. CAAX motifell 41 cysteine2] BollA] )
AAE FpAo)ela ukek cysteined thAWAL}
AW Z £7)A =W A o] rasE farnesyl isop-
renoid7} ZA§E A =vH2526). T]$¢7] Zr)2$
712 cysteine®] <F43s}7} farnesyl groups HrolE
ol=dl el Al 2 aehs Helrh o) A2
cysteine®] <FA8LE acylationA] A F33lLve =
FTase9} A3 319 #|9t farnesyl groupel o=
ML wA = A A wiFE=EAUcH26). AP A
o 2)s}s cysteine, A, 2T X& AAHH ofnjx
ARE e she A kel el A, Ak s vl
242 Zlolojol 3la Xoll= Met -2 Sere| 7}alA
Az gt " deiz s 3 A
2+ CVFMY| tetrapeptide24] Yz ras motifel
CVIMel] ulal] 25nMe] =% 2 50% o]Ate] oA
A3z Qe 2).

# 2ol Tamanois} L groupel] oj3te] 41%-3}
E kg screeningdt A} Ek29] Streptomyces sp.
o] 4] FTase& specificd}Ad dAlsh= 4 &3 (UCF
1-AB,O)-& =738t th28). o] Fol|# UCF1-Celx
HEE AAAE oln] ezl §¥AQl manumy-
cin?} 53 £ 2 93417 UCFI1-A, B manu-
mycin® T4 FARE BARA A7lx 2T
FTaseE oA3l= 72 2 eyl o] UCF1-Cx
71 7bEgk o Aal 24 7]Ael farnesylpyrophos-
phate¢} A2 o2 & 49} A3} Ki-ras® tran-
sform® fibrosarcoma®] A& JAsle 7oz
vhepbde}, 0]712 HMGCoA reductaseE | sh=
24 isoprenoid®] AubAQl A AHZE xjrisled
FTase® A3k n)Eol4d oxlAlel compactin
(2974 vl ¥ o FTaseol|qt Soldo g uhgsle
AHAe) 2 Al sk Z o] Hupo] vf¢-



oL B 5 glvk ol9} Fx e dyEEa
FTased] A a#7} o] 7tejria o3A== UCF
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