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Miyagi•C•@Japan•j•D•@A•@cDNA•@library•@of•@Arabidopsis•@tha•^iana•@•iXgtlO•j•@was•@kindly•@provided

by•@Dr•D•@Werneke•@•iUSDAIARS•C•@Urbana•C•@IL•j•D

Southernˆê‚íƒmot•@hybridization

Arabidopsis•@thaliana•@DNA•@was•@isolated•@from•@whole•@plants•@as•@described•@in

Lichtenstein•@and•@Draper•@•iLichtenstein•@and•@Draper•C•@1985•j•D•@Plant•@DNA•@•i10pg•j•@was

digested•@with•@restriction•@enzymes•C•@subjected•@to•@electrophoresis•@in•@agarose•@gel•C

transferred•@to•@nylon•@membranes•@and•@hybridized•@with•@ara•C•@ara•|2•C•@ara•|3•C•@ara•|4•@and

ara•|5•@as•@probes•D•@The•@probes•@were•@labeled•@with•@•mct•|32P•ndCTP•@•i3000Ci•^mmol•j•@by

random•@priming•D•@Filters•@were•@hybridized•@under•@low•|stringency•@conditions•@in•@a

solution•@consisting•@of•@250•^o•@formamide•C•@6•~•@SSC•C•@10•~•@Denhardt•fs•@solution•C•@O•D50•^o

SDS•C•@O•D2mg•@per•@ml•@of•@herring•@sperm•@DNA•@and•@5•@•~•@108•|1•@•~•@109•@cpm•@per•@pg•@of•@DNA

probe•@at•@370C•@for•@12hr•@and•@finally•@washed•@with•@2•~•@SSC•@and•@O•D20•^o•@SDS•@at•@500C•@for

lhr•D•@ln•@high•|stringency•@conditions•C•@filters•@were•@hybridized•@in•@a•@solution•@of•@500•^o

formamide•C•@6•~•@SSC•C•@10•~•@Denhardt•fs•@solution•C•@O•D50•^o•@SDS•C•@O•D2mg•@per•@ml•@of•@herring

sperm•@DNA•@and•@5•@•~•@108•|1•@•~•@109•@cpm•@per•@pg•@of•@DNA•@probe•@at•@370C•@for•@12hr•@and

finally•@washed•@with•@O•D1X•@SSC•@and•@O•D20•^o•@SDS•@at•@600C•@for•@l•@hr•D

•g



L

•@•@•@•@•@Part•@1•F•@Molecular•@cloning•@and•@characterization•@of•@cDNAs•@encoding•@small•@GTP•|binding•@proteins•@of

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Ara‚í•fdoƒÏ5•^s•@f‚ña•VaƒÅa

Screening•@of•@the•@cDNA•@•^ibrary

About•@1•@•~•@105•@plaques•@of•@a•@XgtlO•@cDNA•@library•@of•@green•@leaves•@of•@Arabidopsis

thaliana•iColumbia•j•@were•@screened•@with•@the•@labeled•@ara•@probe•D•@Hybridizations•@were

carried•@out•@at•@370C•@for•@12hr•@in•@a•@solution•@of•@250•^o•@formamide•C•@6•~•@SSC•C•@l•@oX

Denhardt•fs•@solution•C•@O•D50•^o•@SDS•C•@O•D2mg•@per•@ml•@of•@herring•@sperm•@DNA•@and•@5•@•~•@10B•|1

X•@109•@cpm•@per•@pg•@of•@DNA•@probe•D•@The•@filters•@were•@washed•@three•@times•@with•@a•@solution

of•@1•~•@SSC•@and•@O•D10•^o•@SDS•@at•@room•@temperature•@for•@15min•@and•@finally•@with•@2•~•@SSC

and•@O•D20•^o•@SDS•@at•@500C•@for•@l•@hr•D

Sequencing•@of•@DNA

Sequencing•@was•@carried•@out•@by•@the•@method•@of•@Sanger•@et•@al•D•@•iSanger•@et•@al•D•C•@1977•j

with•@some•@modification•@•iMizusawa•@et•@al•D•C•@1986•j•@•i7•|deaza•@dGTP•@instead•@of•@dGTP•j•@on

fragments•@subcloned•@in•@M13mp•@series•@vectors•@•iYansich•|Perron•@et•@al•D•C•@1985•j•D

Transformation•@of•@Schizosaccharomyces•@pombe

Schizosaccharomyces•@pombe•@•irasl•C•@yptl•@and•@ypt3•@mutants•j•@were•@kindly•@supplied

by•@S•D•@Miyake•@•ilnstitute•@of•@Medical•@Science•C•@University•@of•@Tokyo•C•@Tokyo•C•@Japan•j•DThe

ara•B4•@and•@ara•|5•@cDNAs•@were•@cloned•@in•@the•@Bam“csite•@of•@pREPI•@expression

vector•iMaundrell•C•@1990•j•DThe•@recombinant•@plasmids•@were•@introduced•@into

Schizosaccharomyces•@pombe•@by•@LiAc•@methods•D

12
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•@•@•@•@Part•@1•F•@Molecular•@clening•@and•@characterization•@ot•@cDNAs•@encoding•@small•@GTP•|binding•@proteins•@of

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Arab‚½ƒm0ƒÏS•f5•@f‚ña•VaƒÅa

Results•@and•@discussion•F

Southernˆê‚íƒmot•@hy‚íridization•@of•@ecotyƒÏes•@ofƒ•lrabidoƒÏsis•@thaliana

A•@1330•|bp•@Eco•@Rl•|Eco•@RV•@fragment•C•@which•@almost•@covers•@the•@aracoding•@region•C

was•@used•@as•@a•@probe•@for•@hybridization•D•@Under•@low•|stringency•@conditions•C•@this•@probe

hybridized•@weakly•@to•@seven•@DNA•@fragments•@besides•@a•@5•D5•|kb•@fragment•@containing

the•@ara•@gene•@in•@each•@Eco•@Rl•|digested•@genomic•@DNA•@of•@five•@wild•|type•@strains•C

Landsberg•C•@Columbia•C•@Enkheim•C•@Lapalma•@and•@Estland•@•iFig•D•@1•j•D•@These•@fragments

were•@13•C•@8•D5•C•@7•D0•C•@4•D5•C•@3•D0•C•@2•D3•@and•@2•D0•@kb•@in•@length•D•@No•@polymorphism•@was•@observed

among•@these•@wild•|type•@strains•D•@These•@results•@suggest•@that•@the•@Arabidopsis•@tha•^iana

genome•@has•@some•@nucleotide•@sequences•@homologous•@to•@ara•@gene•@and•@that•@these

homologs•@may•@constitute•@a•@gene•@family•D•@These•@genes•@might•@be•@conserved•@in•@all

ecotypes•@examined•@and•@may•@have•@been•@present•@before•@their•@divergence•D

ƒmSOlation•@Oƒffo•@ur•@ara•|re•^ated•@gƒÆƒÅƒÆS•@fro•@m•@aƒÅƒmArabidopsis•@tha•VaƒÅa•@oD•qIA•hbraƒmƒÁ

1screened•@about•@1•D0•@•~•@105•@plaques•@of•@a•@XgtlO•@cDNA•@library•@of•@green•@leaves•@of

Arabidopsis•@tha•^iana•@•iColumbia•j•@under•@low•|stringency•@hybridization•@conditions•@with

amixture•@of•@the•@244•|bp•@S•@ty•@l•|01a•@I•C155•|bp•@StyƒgSty•@l•@and•@222•|bp•@IBg•ìˆêEco•@RV

fragments•@of•@ara•@genomic•@clones•@as•@probes•@•iFig•D•@2•@in•@Matsui•@et•@al•D•C•@1989•j•D•@These

fragments•@almost•@cover•@the•@coding•@region•@of•@ara•@genomic•@sequence•D•@Twenty•|six

clones•@hybridized•@weakly•@at•@a•@frequency•@of•@2•D6•@•~•@10•g•@and•@1•@finally•@classified•@four

groups•@of•@independent•@cDNA•@clones•@by•@their•@restriction•@enzyme•@digestion•@patterns

and•@Southern•|blot•@hybridization•iFig•D•@2•@and•@3•j•D•@Each•@clones•@contained•@ara•|related
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•@•@•@•@•@Part•@1•F•@Molecular•@cloning•@and•@characterization•@of•@cDNAs•@encoding•@small•@GTP•|binding•@proteins•@of

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Arabidopsis•@thaliana

genes•@and•@the•@nucleotide•@sequences•@differed•@except•@for•@four•@regions•@corresponding

to•@conserved•@amino•@acid•@residues•@of•@small•@GTP•|binding•@proteins•D•@The•@calculated

molecular•@masses•@of•@ARA•|related•@proteins•@were•@ARA•|2•C•@23923•@•i216•@amino•@acids•j•G

ARA•|3•C•@23833•@•i216•@amino•@acids•j•G•@ARA•|4•C•@23979•@•i214•@amino•@acids•j•D•@Some•@of•@the•@N•|

terminal•@amino•@acids•@of•@ARA•|5•@have•@not•@yet•@been•@determined

Genomic•@Southern•|blot•@hybridization•@of•@A•@rabidopsis•@thaliana•@DNA•@vvith•@ara•|re•^ated

genes

As•@mentioned•@above•@the•@ara•@probe•@hybridized•@weakly•@with•@seven•@bands•@in•@the•@Eco

Rl•@digest•@of•@Arabidopsis•@tha•^iana•@genomic•@DNA•@under•@low•|stringency•@conditions•D

Under•@high•|stringency•@conditions•C•@the•@ara•|2•@fragment•@hybridized•@to•@two•@fragments•@of

5•D4•@and•@4•D5•@kbp•C•@and•@ara•|3•@hybridized•@to•@13ˆê•C•@4•D5ˆê•@and•@O•D8•|kb•|long•@fragments•D

Fragments•@ara•|4•@and•@ara•|5•@hybridized•@to•@4•D5ˆê•@and•@20•|kb•|long•@fragments•C

respectively•@•iFig•D•@4•j•D•@These•@hybridization•@patterns•@were•@not•@changed•@when•@filter

were•@washed•@under•@more•@stringent•@conditions•@•iO•D1•@•~•@SSC•C•@650C•j•D•@These•@hybridized

bands•@did•@not•@correspond•@to•@all•@the•@fragments•@detected•@in•@Fig•D•@1•@under•@the•@low•|

stringency•@hybridization•@conditions•@with•@ara•@probe•D•@lt•@is•C•@therefore•C•@suggested•@that

there•@are•@certain•@number•@of•@ara•|related•@genes•@in•@the•@genome•@and•@ara•@constitutes•@a

multigene•@family•@in•@Arabidopsis•@tha•^iana•C•@like•@ras•@in•@mammalian•@cells•D

Comparison•@of•@amino•@acid•@sequences•@of•@ara•|related•@gene•@products•@and•@other•@sma•^•^

GTP•|binding•@proteins

The•@deduced•@amino•@acid•@sequences•@of•@the•@ara•|related•@gene•@products•@were

14
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•@•@•@•@•@Part•@1•F•@Molecular•@cloning•@and•@characterization•@of•@cDNAs•@encoding•@small•@GTP•|binding•@proteins•@of

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Arabidopsis•@thaliana

compared•@with•@those•@of•@other•@small•@GTP•|binding•@proteins•D•@The•@products•@of•@all•@four

ara•|related•@cDNAs•@have•@four•@conserved•@regions•@of•@amino•@acid•@which•@are•@found•@in

all•@small•@GTP•|binding•@proteins•@•iFig•D•@5•j•D•@Characteristic•@features•@of•@these•@ARA•|related

proteins•@were•@observed•@in•@three•@regions•D•@One•@region•@was•@around•@amino•@acid•@45

•icorresponding•@to•@amino•@acid•@35•@of•@the•@mammalian•@RAS•j•D•@This•@region•@•iG•|2•@region

in•@the•@article•@of•@Bourne•@et•@al•D•C•@1991•j•@is•@highly•@conserved•@within•@each•@subfamily•C•@but

not•@between•@different•@subfamilies•C•@and•@is•@called•@the•@effector•@region•@•iSigal•@et•@al•D•C

1986•j•D•@GAPs•@are•@thought•@to•@interact•@with•@the•@ras•@gene•@product•@•ip21•faS•j•@in•@this•@region

and•@to•@stimulate•@the•@GTPase•@activity•@of•@p21•faS•@•iTrahey•@and•@McCormick•C•@1987•G•@Gibbs

et•@al•D•C•@1988•j•D•@All•@ARA•|related•@proteins•@have•@the•@sequence•@Thr•|lle•|Glyˆê•@Val•|Asx•|Phe

around•@amino•@acid•@45•@•iAsx•••@Asp•@or•@Asn•j•@which•@is•@also•@conserved•@in•@YPTI•@gene

product•@of•@Saccharomyces•@cerevisiae•@•iGallwitz•@et•@al•D•C•@1983•j•@and•@those•@of•@three•@ypt

genes•@of•@Schizosaccharomyces•@pombe•@•iHaubruck•@et•@al•D•C•@1990•G•@Miyake•@and

Yamamoto•C•@1990•G•@except•@for•@Ile•@instead•@of•@Val•@in•@ypt2•@and•@ara•|3•j•D•@The•@second

characteristic•@structure•@of•@these•@proteins•@is•@found•@in•@their•@C•|terminal•@amino•@acid

residues•D•@All•@ARA•|related•@proteins•@end•@with•@Cys•|Cys•|Xaa•|Xaa•@•ithe•@first•@Xaa•@is•@Ser•@in

three•@of•@four•j•D•@YPT•^RAB•@subfamily•@proteins•@have•@two•@Cys•@residues•@at•@their•@C•|termini•D

The•@C•|terminal•@Cys•@is•@required•@for•@palmitoylation•@of•@the•@YPTI•@protein•@•iMolenaar•@et

al•D•C•@1988•j•D•@RAS•@subfamily•@proteins•@end•@with•@Cys•|Ali•|Ali•|Xaa•@•iAli•C•@aliphatic•@amino

acid•j•C•@in•@which•@Cys•@is•@polyisoprenylated•@•iHancock•@et•@al•D•C•@1989•j•D•@A•@small•@GTP•|

binding•@protein•@from•@bovine•@brain•@•iSmg•@p21•@B•j•@has•@Cys•|Gln•|Leu•|Leu•@and•@this•@Cys•@is

geranylgeranylated•@•iKawata•@et•@al•D•C•@1990•j•D•@The•@specificity•@of•@fatty•@acid•@modification•@of

the•@C•|terminus•@of•@ARA•|related•@proteins•@remains•@to•@be•@determined•D•@The•@third
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•@•@•@•@•@Part•@1•F•@Molecular•@cloning•@and•@characterization•@of•@cDNAs•@encoding•@small•@GTP•|binding•@proteins•@of

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Ara‚íldoƒÏS•f5‰¾•VaƒÏa

characteristic•@is•@a•f @Ser•@residue•@in•@the•@position•C•@which•@correspond•@to•@highly•@conserved

Gly•f2•@in•@RAS•@subfamily•@proteins•D•@Substitution•@of•@this•@amino•@acid•@residue•@by•@Val•@in

RAS•@results•@in•@oncogenicity•@in•@mammalian•@cells•@•iReddy•@et•@al•D•C•@1982•G•@Yuasa•@et•@al•D•C

1983•j•D•@The•@YPT•^RAB•@subfamily•@proteins•@also•@have•@a•@Ser•@residue•@at•@this•@position•C

suggesting•@that•@the•@ara•@gene•@family•@might•@also•@belong•@to•@the•@YPT•^rab•@gene

subfamily•D•@The•@similarities•@of•@the•@amino•@acid•@sequences•@of•@small•@GTP•|binding

proteins•@are•@summarized•@in•@Table•@1•D•@The•@ARA•|5•@product•@is•@most•@similar•@to•@the•@rabl

gene•@product•@of•@rat•@brain•@cDNA•@•iTouchot•@et•@al•D•C1987•j•C•@showing•@74•D10•^o•@similarity•@with

the•@latter•D•@The•@ARA•|5•@protein•@also•@shows•@high•@similarity•@with•@YPTI•@protein•@of

Saccharomyces•@cerevisiae•@and•@Yptl•@of•@the•@three•@Ypt•@proteins•@of

Schizosaccharomyces•@pombe•D•@Gene•@ara•|5•@may•@be•@the•@counterpart•@of•@the•@yptl•@gene

of•@yeast•D•@The•@chimeric•@plasmid•@of•@pREPI•@•iMaundrell•C•@1990•j•@and•@ara•|5•@did•@not

complement•@the•@deletion•@mutant•@of•@yptl•@gene•@of•@Schizosaccharomyces•@pombe•iFig•D

6•j•D•@lt•@is•@unclear•@whether•@lack•@of•@the•@N•|terminal•@few•@amino•@acids•@of•@this•@gene•@product

have•@some•@influence•@on•@protein•@activity•D1•@also•@compared•@the•@similarity•@of•@these•@ARA•|

related•@proteins•@with•@35•@independent•@small•@GTP•|binding•@proteins•@known•@to•@date

•idata•@not•@shown•j•D•@Surprisingiy•C•@the•@ARA•|3•@protein•@showed•@70•D60•^o•@amino•@acid

simi•marity•@to•@the•@SASI•@protein•@of•@the•@slime•@mold•@Dictyoste•^ium•@discoideum•@aable•@1•j•D

The•@SASI•@protein•@is•@produced•@maximally•@during•@cytodifferentiation•@•iSaxe•@and

Kimmel•C•@1990•j•D•@The•@meaning•@of•@this•@similarity•@must•@be•@elucidated•@by•@further•@studies

on•@the•@developmental•@synthesis•@patterns•@of•@these•@small•@GTP•|binding•@proteins•D

lsolation•@and•@characterization•@of•@small•@GTP•|binding•@proteins•@from•@Arabidopsis

thaliana•@may•@open•@the•@way•@to•@an•@understanding•@of•@the•@signal•@transduction•@pathway
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•@•@•@•@•@•@Part•@1•F•@Molecular•@cloning•@and•@characterization•@of•@cDNAs•@encoding•@small•@GTP•|binding•@proteins•@of

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒ•ƒŒab‚½ƒmƒÏƒÏs•^5•@tha•VaƒÅa

or•@intra•|cellular•@vesicular•@transport•@in•@plants•@at•@the•@molecular•@level•D
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Part•@1•F•@Molecular•@cloning•@and•@characterization•@of•@cDNAs•@encoding•@small•@GTP•|binding•@proteins•@of

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Arabldopsis•@thaliana

Fig•D•@1•D•@Southern•|blot•@hybridization•@of•@five•@Arabidopsis•@thaliana

ecotypes•@with•@Eco•@Rl•|Eco•@RV•@genomic•@ara•@probe•D

Genomic•@DNAs•@of•@five•@Arabidopsis•@thaliana•@ecotypes•@were•@prepared•@using•@CTAB•@as

in•@the•@protocols•@of•@Lichtenstein•@and•@Draper•@•iLichtenstein•@and•@Draper•C•@1985•j•D•@DNAs

•i10pg•j•@were•@digested•@with•@Eco•@Rl•@and•@electrophoresed•@in•@O•D70•^o•@agarose•@gels•C

denatured•@and•@transferred•@to•@nylon•@membrane•@filters•D•@F•gters•@were•@hybridized•@with•@a

32o•|labeled•C•@random•|primed•@ara•@1330•|bp•@Eco•@Rl•|Eco•@RV•@genomic•@fragment•D

Hybridizations•@were•@carried•@out•@under•@low•|stringency•@conditions•@in•@a•@hybridization

solution•@containing•@of•@250•^o•@formamide•^6•~•@SSC•^10•~•@Denhardt•fs•@solution•^•@O•D50•^o

SDSIO•D2mg•@per•@ml•@of•@herring•@sperm•@DNA•@using•@5•@•~•@108•|1•@•~•@109cpm•@per•@pg•@of•@DNA

probe•@at•@370C•@for•@12hr•D•@The•@filters•@were•@washed•@three•@times•@with•@a•@solution•@of•@1•~

SSC•@and•@O•D10•^o•@SDS•@at•@room•@temperature•@for•@15•@min•@and•@finally•@2•~•@SSC•^•@O•D20•^o

SDS•@at•@500C•@for•@l•@hr•@•iSouthern•C•@1975•j•@and•@exposed•@to•@Kodak•@•~ˆêray•@film•@with•@an
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Part•@1•F•@Molecular•@cloning•@a•fnd•@characterization•@of•@cDNAs•@encoding•@small•@GTP•|binding•@proteins•@of

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Arabidopsis•@thaliana

Tabte•@1•D•@Calculation•@of•@similarity•@among•@various•@small•@GTP•|binding

proteins

aProteins•@are•@ARA•|2•C•@ARA•|3•C•@ARA•|4•C•@ARA•|5•@and•@ARA•@of•@Arabidopsis•@thaliana•C•@So•|

YPT1•iGaHwitz•@et•@al•D•C1983•j•C•@So•|RAS1•CS‚ÐRAS2•iPowers•@et•@al•D•C1984•jand•@S•i•„

SEC4•@•iSalminen•@and•@Novick•C•@1987•j•@of•@Saccharomyces•@cerevisiae•C•@Sp•|Yptl•C•@Sp•|

Ypt2•C•@Sp•|Ypt3•@•iHaubruck•@et•@al•D•C•@1990•G•@Miyake•@and•@Yamamoto•C•@1990•j•@and•@Sp•|RAS

•iFukui•@and•@Kaziro•C•@1985•j•@of•@Schizosaccharomyces•@pombe•C•@RABI•C•@RAB2•C•@RAB3•@and

RAB4•@of•@rat•@brai•@n•@•iTouchot•@et•@al•D•C•@1987•j•@and•@SASI•@of•@Dictyostelium•@discoideum

•iSaxe•@and•@Kimmel•C•@1990•j•D

bThe•@amino•@acid•@sequence•@similarity•@between•@ARA•|related•@proteihs•@and•@other•@small

GTP•|binding•@proteins•@was•@analyzed•@using•@SEQFP•@or•@SEQHP•@of•@UWGCG

•iUniversity•@of•@Wisconsin•@Genetics•@Computer•@Group•j•@or•@IDEAS•@programs•@•iKanehisa•C

1984•j•@on•@a•@VAX•@minicomputer•@in•@the•@lnstitute•@of•@Medical•@Science•C•@University•@of

To•@kyo•D
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v•D•h•hˆê•f

Part•@1•FMolecular•@cloning•@and•@characterization•@of•@cDNAs•@encoding•@small•@G’šP•Ebinding•@proteins•@of

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@Arabidopsis•@thaliana

Percent•@similarity

Proteins ARA•|2 ARA•|3 ARA•|4 ARA•|5 ARA
ARA•|2

ARA•|3 42•D9

ARA•|4 56•D1 40•D2

ARA•|5 45•D3 59•D4 41•D7

ARA 56•D5 39•D7 83•D8 44•D6

5c•|YPT1 45•D7 51•D0 44•D8 64•D8 45•D1

5ƒÏˆêYpt•@1 45•D5 54•D1 42•D8 68•D8 43•D6

ƒÃƒÏˆêYpt•@2 43•D7 69•D7 45•D2 54•D6 42•D6

5ƒÏˆêYpt•@3 62•D9 46•D2 59•D1 52•D2 52•D8

Rab•@1 45•D7 59•D3 43•D4 74•D1 41•D3

Rab•@2 45•D7 47•D3 46•D7 46•D4 43•D3

Rab•@3 35•D6 48•D3 36•D9 45•D6 43•D8

Rab•@4 46•D3 43•D0 40•D4 39•D9 38•D2

5c•|SEC4 39•D9 52•D3 38•D9 51•D8 415
3c•|RAS•@1 33•D7 32•D8 31•D5 33•D3 30•D7

ƒÃc•|RAS2 32•D1 31•D2 333 34•D8 34•D2

5ƒÏˆêRas 34•D5 34•D0 32•D8 32•D4 32•D4

SAS•@1 45•D9 70•D6 48•D8 56•D9 48•D2
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Part•@1•F•@Molecular•@cioning•@and•@characterization•@of•@cDNAs•@encoding•@small•@GTP•|binding•@proteins•@ef

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒm‹Tra‚íidoƒÏsis•@t‚ía•Vana

Fig•D•@6•D•@Expression•@of•@ara•|related•@genes•@in•@Schizosaccharomyces

pombe•D

ara•|4•@and•@ara•|5•@genes•@were•@introduced•@to•@Schizosaccharomyces•@pombe•D•@These

genes•@were•@expressed•@by•@a•@promoter•@regulated•@by•@thiamine•@condition•D•@•@•@ara•|4•@sense•G

ara•|4•@gene•@in•@a•@sense•@orientation•@to•@the•@promoter•@•C•@ara•|4•@anti•|sense•G•@ara•|4•@gene•@in

an•@anti•|sense•@orientation•@to•@the•@promoter•G•@ara•|5•@sense•Gara•|5•@gene•@in•@a•@sense

orientation•C•@ara6•@anti•|sense•G•@ara•|5•@gene•@in•@an•@anti•|sense•@orientation•D

Schizosaccharomyces•@pombe•@cells•@were•@grown•@in•@SSA•@medium•@plus•@adenine•@with

•inon•|induced•jor•@without•iinduced•j2•@pM•@of•@thiamine•D
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Part•@1•F•@Molecular•@cloning•@and•@characterization•@of•@cDNAs•@encoding•@smali•@GTP•|binding•@proteins•@of
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Part•@2•F•@Subcellular•@analysis•@of•@plant•@RAS•|related•@small•@GTP•|binding•@proteins

Part•@2•F

Subcellular•@analysis•@of•@pEant

GTP•|binding•@proteins

RAS•|related•@smal1
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•@•@•@•@•@•@•@•@•@•@Part•@2•F•@Subcellular•@analysis•@of•@plant•@RAS•|related•@small•@GTP•|binding•@proteins

Materials•@and•@Methods•F

0ƒÆ•V•B‰³ƒmltures

Transgenic•@tobacco•@plants•@•iNicotiana•@tabacum•@L•D•@cv•D•@Petite•@Havana•@SRI•j

possessing•@the•@chimeric•@gene•@of•@CaMV•@35S•@promoter•@•iGardner•@et•@al•D•C•@1981•j•@and

ara•@cDNA•@were•@used•@for•@the•@induction•@of•@callus•@•iFig•D•@1•@A•j•D•@Suspension•@cultured•@cells

were•@maintained•@in•@MS•@liquid•@medium•@•iMurashige•@and•@Skoog•C•@1962•j•@containing

2mg•^1•@2•C•@4•CˆêD•@and•@O•D2mg•^1•@kinetin•@at•@250C•D

ARA•@pro•@teins•@prepara•@tio•@n

Full•|length•@ara•|2•@and•@ara•|4•@cDNA•@fragments•@•ithis•@paper•j•@fused•@to•@the•@3•f•@end•@of•@GST

gene•@in•@pGEX•@expression•@vector•@•iSmith•@and•@Johnson•C•@1988•j•D•@Recombinant

plasmids•@•iFig•D•@1•@B•j•@were•@transformed•@into•@E•D•@coli•@strain•@DHsctF•f•D•@Transformed•@cells

were•@kept•@at•@200C•@until•@the•@OD600•@value•@reached•@O•D4•@to•@O•D5•C•@followed•@by•@the•@addition

of•@IPTG•@•iO•D1mM•@final•@concentration•j•D•@After•@16•@hr•C•@cells•@were•@harvested•@and•@GST•|ARA

fusion•@proteins•@were•@purified•@with•@Glutathione•|Sepharose•@column

chromatography•iPharmacia•@LKB•C•@Uppsala•C•@Sweden•j•D

SŒÈƒm•vboƒÆ11Ullar‘Ç•`oƒI10ƒÅa‚ª•BƒÅ

Three•@day•|old•|suspension•@cultured•@cells•@were•@homogenized•@with•@the•@grinding

buffer•@•m50•@mM•@HEPES•|KOH•@•ipH•@8•D0•j•C•@330•@mM•@sorbitol•C•@2•@mM•@EDTA•C•@100•@pM•@PMSF•C

10•@pg•^ml•@leupeptin•@and•@10•@pg•^ml•@pepstatin•@Al•@and•@filtered•@through•@4•@layers•@of

cheese•@cloths•D•@The•@filtrates•@were•@separate•@with•@differential•@centrifugations•@•i1•C000•@Xg•C

5min•G•@3•C000•@Xg•C•@10min•G10•C000•@Xg•C•@20min•@and•@100•C000•@Xg•C•@1•@hr•j•D
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•@•@•@•@•@•@•@•@•@•@Part•@2•F•@Subcellular•@analysis•@of•@plant•@RAS•|related•@small•@GTP•|binding•@proteins

The•@100•C000•@Xg•@pellet•@was•@suspended•@in•@the•@grinding•@buffer•@containing•@different

concentrations•@of•@salts•@or•@detergents•D•@After•@1•@hr•@treatment•@on•@ice•@bath•C•@proteins•@were

separated•@by•@the•@high•@speed•@centrifugation•@•i100•C000•@Xg•C•@1•@hr•j•@to•@the•@pellet•@and•@the

supernatant•@fraction•D

Antibody•@preparation•@and•@•^mmuno•|blot•@analysis

Monoclonal•@antibodies•@were•@raised•@against•@purified•@GST•|ARA•@proteins•@•iFig•D•@2•j•D

Antibodies•@were•@purified•@with•@protein•@A•@affinity•@column•@chromatography•@•iAmpure•@PA

Kit•G•@Amersham•@Japan•C•@Tokyo•C•@Japan•j•D•@Proteins•@from•@each•@fraction•@suspended•@in•@the

Laemml“úoading•@buffer•iLaemmli•C1970•jwere•@boiled•@for•@5•@min•D•@After•@a•@centrifugation

•i1•@O•COOO•@Xg•C•@5•@min•j•C•@supernatants•@were•@applied•@to•@the•@15•@O•^o•@SDS•|PAGE•C•@followed•@by

blotting•@to•@PVDF•@membrane•@•ilmmobilon•|P•F•@Millipore•C•@MA•C•@USA•j•@•iTowbin•@et•@al•D•C

1979•j•D•@Membranes•@were•@incubated•@in•@the•@blocking•@buffer•m50•@mM•@Tris•|HCI•@•ipH•@7•D5•j•C

150•@mM•@NaCl•@and•@5•@O•^o•@skimmilk•n•@for•@30•@min•C•@followed•@by•@30•@min•@incubation•@in•@the

TBS•|T•@buffer•@•m50•@mM•@Tris•|HCI•@•ipH•@7•D5•j•C•@150•@mM•@NaCl•@and•@O•D5•@O•^o•@Triton•@•~ˆê100•n

containing•@purified•@antibodies•D•@After•@three•@washes•@with•@the•@TBS•|T•@buffer•C•@the

membranes•@were•@incubated•@in•@the•@TBS•|T•@buffer•@containing•@alkaline•@phosphatase

conjugated•@anti•|mouse•@antibody•@•iJackson•C•@PA•C•@USA•j•@for•@30•@min•D•@After•@washing•@the

membrane•C•@ARA•@proteins•@were•@visualized•@with•@NBT•@and•@BCIP•D
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•@•@•@•@•@•@•@•@•@•@Part•@2•F•@Subcellular•@analysis•@of•@plant•@RAS•|related•@small•@GTP•|binding•@proteins

Results•@and•@Discussion•F

Subcel•^u•^ar•@fractionation

Using•@3•@day•|old•|suspension•@cultured•@cells•@of•@transgenic•@tobacco•@plants•@expressing

ara•|4•@gene•C•@cell•@homogenates•@were•@fractionated•@by•@the•@differential•@centrifugation•D

As•@seen•@in•@Fig•D4•C•@immunological•@detection•@of•@ARA•|4•@protein•@was•@seen•@in•@3•C000•@Xg•C

10•C000•@Xg•@and•@100•C000•@Xg•@pellets•D•@This•@result•@clearly•@suggests•@that•@ARA•|4•@protein

locates•@mainly•@in•@the•@membranous•@fraction•@of•@organella•@and•@1•@or•@plasma•@membrane•D

So•^ubi•^ization•@ofproteins•@from•@membranes

To•@see•@whether•@or•@not•@membrane•@associated•@ARA•|4•@protein•@is•@integrated•@into•@the

membrane•@or•@anchored•@to•@the•@membrane•@surface•C•@100•C000•@Xg•@pellet•@fraction•@was

treated•@with•@NaCl•C•@sodium•@deoxycholate•C•@NP•|40•@and•@Urea•D•@After•@treatments•@with

such•@reagents•C•@proteins•@were•@separated•@by•@a•@centrifugation•@•i100•C000•@Xg•C•@l•@hr•j•D•@As

seen•@in•@Fig•D•@5•@•iA•j•@and•@•iB•j•C•@the•@detergent•@such•@as•@sodium•@deoxycholate•@and•@NP•|40

released•@ARA•|4•@protein•@from•@membranous•@fraction•@to•@the•@supernatant•@fraction•D

Neither•@NaCI•@nor•@Urea•@at•@high•@concentrations•@did•@affect•@to•@release•@ARA•|4•@protein•@to

the•@supernatant•D•@ln•@as•@much•@as•@ARA•@proteins•@have•@a•@putative•@fatty•@acid•@modification

sequence•@in•@the•@C•|terminal•@•ithis•@paper•j•C•@ARA•@proteins•@may•@locate•@on•@the•@surface•@of

membrane•C•@possibly•@by•@lipid•@linkage•D

Presence•@ofARA•@proteins•@in•@A•Dthaliana

ln•@order•@to•@confirm•@whether•@the•@observed•@instances•@in•@transgenic•@tobacco•@cells

which•@over•|produce•@ARA•@proteins•@were•@also•@true•@in•@A•Dtha•^iana•C•@the•@similar
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•@•@•@•@•@•@•@•@•@•@Part•@2•F•@Subcellular•@analysis•@of•@plant•@RAS•|related•@small•@GTP•|binding•@proteins

experiments•@were•@carried•@out•D•@The•@result•@indicated•@that•@ARA•|4•@protein•@was•@clearly

seen•@in•@the•@membrane•@fraction•@of•@the•@same•@plants•@•iFig•D6•j•D•@Similar•@results•@were•@also

obtained•@using•@monoclonal•@antibodies•@against•@ARA•|2•@protein•D•@The•@ARA•@proteins

showed•@the•@highest•@similarities•@with•@YPT•^•@RAB•@sub•|family•@proteins•@among•@the•@small

GTP•|binding•@proteins•D•@The•@products•@of•@YPTand•@rab•@gene•@family•@members•@showing

conserved•@GTP•|binding•@domains•@may•@play•@a•@role•@in•@vesicular•@transport•@of•@proteins

•iChavrier•@et•@al•D•C•@1990•G•@Goud•@et•@al•D•C•@1990•G•@Nigam•@et•@al•D•C•@1990•G•@Gorvel•@et•@al•D•C•@1991•j•D

Hence•C•@it•@is•@likely•@that•@ARA•@proteins•@may•@associate•@with•@organella•@membrane•@such

as•@Golgi•@apparentus•D•@Further•@investigation•@using•@the•@immuno•|electron•|microscopy

to•@identify•@precise•@location•@of•@ARA•@proteins•@is•@in•@progress•D
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Part•@2•F•@Subcellular•@analysis•@of•@plant•@RAS•|related•@small•@GTP•|binding•@proteins

Fig•D•@1•D•@Construction•@map•@of•@expression•@plasmids•@pBIN19•|35S•|ara•|tVL

NOS•@and•@pGEX•|ara•|N•D

a•j•@The•@chimeric•@gene•@consisting•@of•@Cauliflower•@mosaic•@virus•@35S•@promoter•|ara

gene•@was•@cloned•@into•@pBINI9•D•@These•@plasmids•@were•@transferred•@into•@Nicotiana

tabacum•@cv•D•@SRI•@via•@Agrobacterium•@mediated•@transformation•D

b•j•@The•@ara•|cDNAs•@were•@cloned•@into•@the•@Eco•@Rl•@site•@Of•@pGEX•@•iSmith•@and•@Johnson•C

1988•j•D•@Products•@of•@these•@cDNA•@were•@fused•@with•@GST•@protein•D

Amp•f•C•@ampicillin•@resistant•@gene•D•@Km•f•@and•@NPTII•C•@kanamycin•@resistant•@gene•Dtac•|pro•C

fusion•@promoter•@of•@tryptophan•|lac•D•@35S•|pro•C•@35S•@promoter•@of•@Cauliflower•@mosaic

virus•@•iGardner•@et•@al•D•@1981•j•D•@NOS•|ter•C•@terminator•@of•@nopaline•@synthase•@gene•@•iBevan

1984•j•D
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–H—£

Fig•D•@2•D•@Epitope•@map•@of•@anti•|ARA•@monoclonal•@antibodies•D

The•@epitopes•@of•@anti•|ARA•@antibodies•@were•@characterized•@by•@immuno•|blotting•@of•@ARA

deleted•@clones•D
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callusto•@baccotra•@n•@s•@g•@e•@nicofSubcellular•@fractionation
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Transgenic•@tobacco•@callus

Homogenize•@and•@filtrate

1•C000•@Xg•C•@5min

•@Sup
3•C000•@Xg•C•@10min

•@•@P•@pt

Nuclear•f•@fraction

•@Sup
lO•COOO•@Xg•C•@20min

Sup
lOO•COOO•@Xg•C•@1•@hr

•@•@•@P•@pt

Chloroplast•@fraction

Sup
Cytosoiic•@fraction

Mitochondrial•@fraction

•@•@•@P•@pt

Microsomal•@fraction
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Fig•D•@4•D•@Subcellular•@localization•@of•@ARA•|4•@protein•@by•@immuno•|blotting

a•@n•@aly•@sis•D

Three•@day•|old•@tobacco•@callus•@possessing•@the•@ara•|4•@gene•@was•@homogenized•@and

each•@fraction•@was•@obtained•@by•@differential•@centrifugations•D•ia•j•@CBB•@staining•@of

proteins•@in•@150•^o•@SDS•|PAGE•D•ib•j•@lmmunological•@identification•@of•@ARA•|4•@proteins•@in

each•@fraction•D•@The•@protein•@•i25pg•j•@was•@loaded•@to•@each•@truck•D•@Lane•@1•C•@1•C000•@Xg

pellets•G•@2•C•@3•C000•@Xg•@pellets•G•@3•C•@10•C000•@Xg•@pellets•G•@4•C•@100•C•@OOO•@Xg•@pellets•G•@5•C•@100•C000

Xg•@supern•@atants•D
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Fig•D•D5•D•@Treatment•@of

transgenic•@callus•@with

NP•|40•@or•@Urea•D

the•@100•C000•@Xg•@peSlet•@fraction•@from•@ARA•|4

•iA•j•@NaCl•@or•@Sodium•@deoxycholate•@and•@with•@•iB•j

The•@100•C000•@Xg•@pellet•@fraction•@illustrated•@in•@Fig•D•@4•@was•@treated•@with•@reagents•@and

centrifuged•@•i100•C000•@Xg•C•@l•@hr•j•D•@Both•@pellets•@and•@supernatants•@at•@an•@equivalent

protein•@•i50pg•j•@run•@in•@SDS•|PAGE•@was•@blotted•@to•@PVDF•@membrane•D•@lmmunological

detection•@for•@ARA•|4•@protein•@is•@as•@described•@in•@the•@Materials•@and•@Methods•D
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Part•@2•F•@Subeellular•@analysis•@of•@plant•@RAS•|related•@small•@GTP•|binding•@proteins

Fig•D•@6•D•@Detection•@of•@the•@ARA•|4•@protein•@in•@transgenic•@tobacco•@and•@A•D

thali•Dana•D

The•@leaf•@homogenates•@were•@filtrated•@through•@four•@layers•@of•@cheesecloths•@and

fractionated•@with•@a•@centrifugation•@•i100•C000•@Xg•C•@1•@hr•j•D•@Proteins•@•i50pg•j•@were•@used•@for

the•@lmmuno•|blot•@analysis•@as•@described•@in•@the•@Materials•@and•@Methods•D•@Lanes•F•@1•@•C

cytosolic•@fraction•@•iS•j•@of•@untransformed•@tobacco•G•@2•C•@membrane•@fraction•@•iP•j•@of

untransformed•@tobacco•G•@3•C•@cytosolic•@fraction•@of•@ara•|4•@expressing•@tobacco•G•@4•C

membrane•@fraction•@of•@ara•|4•@expressing•@tobacco•G•@5•C•@cytosolic•@fraction•@of•@A•D•@tha•^iana•G

6•C•@membrane•@fraction•@of•@A•D•@thaliana•D
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Part•@3•F•@ln•@vitro•@mutation•@analysis•@of•@plant•@small

GTP•|binding•@proteins
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•@•@•@•@•@•@•@•@•@•@Part•@3•Fln•@vitro•@mutation•@analysis•@of•@plant•@small•@G’šP•|binding•@proteins

Materials•@and•@Methods•F

Site•@directed•@mutagenesis

Full•|length•@ara•|2and•@ara•|4•@cDNA•@fragments•@•ithis•@paper•j•@were•@cloned•@into•@pUC•g8

phagemid•@vector•@and•@in•@vitro•@mutagenesis•@was•@carried•@out•@by•@using•@Kunkel•@method

•iKunkel•@T•D•@A•D•C•@1985•j•D•@The•@following•@oligo•@nucleotides•@were•@used•F•@5•fˆê

CTGCTGGTCTAGAGAGATAC•|3•f•@corresponding•@to•@239b•@to•@257b•@where•@A•@was

changed•@to•@T•@•icodon•@72•@of•@ara•|2•@gene•j•G•@5•fˆêCTTATAGGGATCAAGTGCGATC•|3•f

corresponding•@to•@400b•@to•@421b•@where•@A•@was•@changed•@to•@T•@•icodon•@126•@of•@ara•|2

gene•j•G•@5•fˆêCCGCCGGTCTGGAACGTTC•|3•f•@corresponding•@to•@206b•@to•@226b•@where•@A

was•@changed•@to•@T•@•icodon•@71•@of•@ara•|4•@gene•j•@and•@5LC•|rrAl•|rGGGATCAAATGTGATC•|

3•f•@corresponding•@to•@367b•@to•@388b•@where•@A•@was•@changed•@to•@T•@•icodon•@125•@of•@ara•|4

gene•j•D

Expression•@and•@purification•@of•@recombinant•@GST•|ARA•@proteins

Wild•|type•@and•@mutant•@ara•@cDNA•@fragments•@were•@cloned•@into•@pGEX•@expression

vector•@•iSmith•@and•@Johnson•C•@1988•j•D•@E•D•@co•^i•@strain•@DHsctF•f•@was•@transformed•@with

recombinant•@plasmids•@and•@GST•|ARA•@proteins•@were•@induced•@in•@E•D•@co•^i•@with•@O•DlmM

IPTG•@for•@16hr•@at•@200C•D•@Pelleted•@cells•@were•@suspended•@in•@PBS•@buffer•C•@and•@disrupted

by•@sonication•@•i3min•@with•@six•@30sec•@intervals•j•D•@After•@centrifugation•C•@the•@supernatants

in•@new•@tubes•@were•@added•@with•@Triton•@•~ˆê100•@•iO•D50•^o•@final•@concentration•j•D•@Cell•@extracts

thus•@obtained•@were•@loaded•@onto•@Glutathione•|Sepharose•@column•@•qPharmacia•@LKB•C

Uppsala•C•@Sweden•j•@and•@washed•@with•@PBS•@buffer•@containing•@O•D50•^o•@Triton•@•~ˆê100•D
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•@•@•@•@•@•@•@•@•@Part•@3•F•@ln•@vitro•@mutation•@analysis•@of•@plant•@small•@GTP•|binding•@proteins

Recombinant•@proteins•@were•@eluted•@with•@a•@buffer•@•m50mM•@Tris•|HCI•ipH•@8•D0•j•@and•@5mM

glutathione•n•C•@followed•@by•@filtration•@with•@Sephadex•@G•|50•@column•@•iPharmacia•@LKB•j•D

Nucleotide•@bin•@ding

GST•|ARA•|producing•@E•D•@coli•@cells•@suspended•@in•@Laemmli•@loading•@buffer•@•iLaemmli

1970•j•@were•@boiled•@for•@5min•D•@After•@a•@centrifugation•C•@supernatants•@were•@applied•@to

150•^o•@SDS•|PAGE•C•@followed•@by•@blotting•@to•@PVDF•@membrane•@•iTowbin•@et•@al•D•@1979•j•D

Membranes•@were•@soaked•@in•@binding•@buffer•@•m50mM•@Tris•|HCI•@•ipH7•D5•j•C•@5mM•@MgC12•C

O•D30•^o•@Tween•@20•@and•@O•D5mM•@EDTA•n•@for•@30min•C•@and•@incubated•@in•@the•@same•@buffer•@but

containing•@l•@nM•@•mct•|3•HP•n•@NTP•@•i3000Ci•^mM•G•@ICN•j•@for•@l•@hr•D•@Membranes•@were•@then

washed•@three•@times•@with•@the•@binding•@buffer•@and•@visualized•@pictures•@were•@obtained

by•@Fujix•@BAS•@2000•@imaging•@system•@•iFuji•@film•C•@Tokyo•C•@Japan•j•@•iLapetina•@and•@Reep

1987•j•@•iFig•D•@1•j•D

G7P•@hydrolysis•@•iG•@TPase•H•@a•@na•^ysis

GTPase•@actMty•@was•@measured•@by•@modified•@methods•@of•@Wagner•@et•@al•D•@•iWagner•C•@P•D•C

1987•j•D•@Recombinant•@proteins•@•i10pg•j•@were•@incubated•@at•@370C•@in•@100pl•@of•@the

GTPase•@reaction•@mixture•@165mM•@Tris•|HCI•@•ipH7•D5•j•C•@10mM•@MgC12•C•@O•D5mM•@DIT•C•@l•@mM

NaN3•C•@5pM•@GTP•C•@33nM•@•mct•|saP•n•@GTP•@•i3000Ci•^mM•GICN•j•@and•@1•@mM•@ATP•@•iCTP•C•@UTP•@or

GTPyS•j•n•D•@Ten•@pl•@samples•@were•@collected•@at•@1•@hr•@intervals•@followed•@by•@the•@addition•@of

lOpl•@O•D5M•@EDTA•@to•@stop•@the•@reaction•D•@Two•@pl•@were•@spotted•@onto•@PEI•|cellulose•@TLC

plate•@•iMACHERY•|NAGEL•j•C•@which•@was•@then•@developed•@in•@O•D5M•@KH2PO4•@•ipH•@3•D4•j•D

Afterdrying•C•@the•@plate•@was•@analyzed•@by•@Fujix•@BAS•@2000•@imaging•@system•@•iFig•D•@3•j•D
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•@•@•@•@•@•@•@•@•@•@Part•@3•F•@ln•@vitro•@mutation•@analysis•@of•@plant•@small•@GTP•|binding•@proteins

GST•|ARA•|bound•@G•@TP•@product•@analysis

Recombinant•@GST•|ARA•@proteins•@were•@incubated•@at•@300C•@for•@l•@hr•@in•@the•@GTPase

reaction•@mixture•C•@which•@was•@then•@added•@with•@10pl•@I•@M•@MgC12•@and•@anti•|ARA

antibodies•@coated•@protein•@A•|Sepharose•@or•@Glutathione•|Sepharose•D•@After•@incubated

at•@40C•@for•@l•@hr•C•@the•@precipitate•@of•@a•@centrifugation•@•i3•C000•@xg•C•@5min•j•@was•@washed•@three

times•@with•@washing•@buffer•@•m50mM•@Tris•|HCI•@•ipH•@7•D5•j•C•@150mM•@NaCl•@and•@100mM

MgC12•n•D•@Binding•@nucleotides•@were•@eluted•@with•@20pl•@of•@O•D5M•@EDTA•@•ipH8•D0•j•@were

applied•@to•@TLC•@as•@the•@same•@conditions•@for•@GTPase•@assay•@•iFig•D•@6•j•D
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Part•@3•F•@ln•@vitro•@mutation•@analysis•@of•@plant•@small•@GTP•|binding•@proteins

Results•F

GTP•|binding•@ability

Using•@deleted•@mutants•@and•@those•@with•@point•@mutation•@in•@ARA•|2•@and•@ARA•|4•@cDNAs•C

GTP•|binding•@experiment•@was•@carried•@out•@as•@shown•@in•@Fig•D•@2•D•@The•@wild•|type•@and

some•@mutated•@proteins•@showed•@binding•@to•@•mctˆê•ePP•nGTP•D•@Deletion•@up•@to•@the•@point•@of

Rsal•@site•@•i10•@amino•@acid•@for•@ARA•|2•C•@11•@amino•@acid•@for•@ARA•|4•@from•@the•@initiation

codon•j•@did•@not•@affect•@the•@GTP•|binding•@whereas•@further•@deletions•@apparently

diminished•@GTP•|binding•D•@Point•@mutation•@at•@a•@point•@of•@Gln•@•i72•@amino•@acid•@for•@ARA•|2•C

71•@amino•@acid•Dfor•@ARA•|4•@from•@the•@initiation•@codon•j•@didn•ft•@affect•@the•@GTP•|binding

ability•C•@but•@mutation•@at•@Asn•@•i126•@for•@ARA•|2•C•@125•@for•@ARA•|4•@from•@the•@initiation•@codon•j

completely•@inhibited•@nucleotide•@binding•D

GTP•@hydrolysis

GTP•@hydrolysis•@experiment•@was•@carried•@out•@for•@wild•|type•@and•@point•@mutated•@GST•|

ARA•@proteins•D•@As•@shown•@in•@Fig•D•@4•@•iA•@and•@B•j•@both•@ARA•|2•@and•@ARA•|4•@showed

hydrolysis•@of•@GTP•@to•@GDP•@but•@mutation•@at•@Asn•@site•@significantly•@inhibited•@which•@is

presented•@in•@Fig•D•@4•@•iC•@and•@D•j•D•@The•@estimated•@rate•@of•@GTP•@hydrolysis•@was•@about

o•Doo6min•h•@•iGST•|ARA•|2W•f•j•@or•@O•D002min•fi•@•iGST•|ARA•|4W•f•j•D•@Yeast•@YPTI•@protein•@and

mammalian•@rabl•@B•@showed•@the•@same•@rate•@as•@GST•|ARA•|2•@protein•@•iO•D006min•h•r

•iWagner•@et•@al•D•C•@1987•G•@Touchot•@et•@al•D•C•@1989•j•D•@The•@Glnˆê•„Leu•@substitution•@decreased

the•@GTP•@hydrolytic•@actMty•@about•@600•^o•@level•D•@The•@GTP•@hydrolytic•@rate•@of•@Asnˆê•„lle

substitution•@about•@300•^o•@of•@wild•|type•@hydrolysis•@rate•D•@GST•@alone•@could•@not•@hydrolyze

56

ŠÓ’u“åŒDŒx‰ºrl‹¿‹¸ŒDŒD‹¿lew•f•@li•f•@•f•e1•h•h•^•^L•fttk•g•f•g•h•G•f



•@•@•@•@•@•@•@•@•@•@•@•@Part•@3•F•@in•@vitro•@mutation•@analysis•@of•@plant•@small•@GTPbinding•@proteins

GTP•D•@These•@results•@show•@that•@these•@point•@mutations•@affect•@the•@GTP•@hydrolysis•@actMty

as•@same•@as•@RAS•@and•@YPT•@proteins•@•iWagener•@et•@al•D•C•@1987•G•@Bos•C•@1989•j•D

Effect•@ofnucleotidƒÆs‚íG7P‚ñƒÁ‰¾ƒPs15‚íyƒnŒŽ•FA

Effect•@of•@nucleotide•@such•@as•@ATP•C•@CTP•C•@UTP•@and•@GTP•|y•|S•@on•@GTP•@hydrolysis

actMties•@of•@GST•|ARA•@proteins•@was•@studied•D•@Results•@shown•@in•@Fig•D•@5•@indicated•@that

only•@GTP•|y•|S•@•inon•|hydrolyzable•@analog•@of•@GTP•j•@substantially•@inhibited•@GTP

hydrolyzing•@reaction•D

GST•|A•@RA•@protein•|guanine•@nuc•^eotide•@comp•^ex•@ana•^ysis

ln•@this•@experiment•C•@after•@induction•@GST•|ARA•@proteins•@with•@•mct•|32PIGTP•C•@the•@same

reaction•@mixture•@was•@treated•@with•@anti•|ARA•@proteins•@monoclonal•@antibody•|protein•@A•|

Sepharose•@complexes•@or•@glutathione•|Sepharose•Dlmmuno•|precipitated•@sample•@was

analyzed•@by•@TLC•D•@The•@result•@in•@Fig•D•@7•@shows•@that•@mutation•@at•@the•@point•@of•@Gln•@clearly

induced•@the•@suppression•@of•@hydrolysis•@of•@GTP•@to•@GDP•D•@ln•@the•@case•@of•@mutation•@at•@the

position•@of•@Asn•C•@the•@amount•@of•@GTP•@held•@by•@the•@protein•@was•@substantially•@reduced•D

The•@result•@was•@consistent•@in•@different•@monoclonal•@antibodies•@and•@glutathione•|

Sepharose•D

57



Part•@3•F•@ln•@vitro•@mutation•@analysis•@of•@plant•@small•@GTP•|binding•@proteins

Discussion•F

Present•@investigation•@was•@carried•@out•@to•@investigate•@biochemical•@properties•@of•@RAS•|

related•@proteins•@of•@plant•@origin•D•@For•@this•@purpose•@1•@constructed•@GST•|ARA•@fusion

proteins•C•@partially•@deleted•@mutant•@proteins•@and•@point•@mutated•@proteins•D•@The•@results•@of

GTP•|binding•@experiments•@clearly•@indicate•@that•@conserved•@regions•@like•@GTP•|binding

common•@sequences•@•iBox•@1•@to•@IV•@in•@Fig•D2A•j•@seem•@to•@be•@essential•D•@Point•@mutation•@at

126•@for•@ARA•|2•@and•@125•@for•@ARA•|4•@amino•@acid•@residues•@resulted•@in•@the•@inhibition•@of

GTP•|binding•D•@Concerning•@GTPase•@activity•@of•@GST•|ARA•@protein•@rate•C•@of•@hydrolysis•@of

GTP•@was•@greatly•@reduced•@in•@the•@point•@mutation•@Asnˆê•„11e•@•iAsn•@126•@for•@ARA•|2•C

Asn125•@for•@ARA•|4•j•D•@This•@region•@was•@known•@to•@act•@as•@guanine•@ring•@associated•@loop

•iBox•ì•FAsn•Ûys•|Cys•|Asp•j•ideVos•@et•@al•D•C1988•j•D•@ln•@the•@case•@of•@yeast•@YPTI•@protein•C

the•@similar•@mutant•@showed•@dominant•|lethally•@phenotype•@in•@yeast•@cells•@•iSchmitt•@et

al•D•C•@1986•@and•@1988•j•@and•@no•@GTP•|binding•@activities•@in•@vitro•@•iWagner•@et•@al•D•C•@1987•G

Touchot•@et•@al•D•C•@1988•j•DOur•@experiment•@where•@ARA•@protein•|nucleotide•@complexes

were•@quantitated•@clearly•@showed•@that•@Gln•@position•@is•@important•@for•@hydrolysis•@of•@GTP

to•@GDP•D•@ln•@mammalian•@RAS•@protein•C•@similar•@mutation•@showed•@increase•@of•@GTP

binding•@form•@due•@to•@decreased•@GTPase•@activities•@1ƒÅƒÁƒ‹•B•iBos•C1989•j•D•@Rate•@of

GTPase•@actMties•@in•@GST•|ARA•|2•@and•@GST•|ARA•|4•@was•@O•D006•@min•h•@and•@O•DOOI5•@min•h•C

respectively•D•@Reported•@instances•@of•@rate•@of•@GTPase•@activities•@were•@fo•howings•F•@RAS•G

O•D02•@min•h•@•iGibbs•@et•@al•D•C1984•j•C•@RHO•GO•D1•@min•f•e•@•iAnderson•@et•@al•D•C•@1987•j•C•@YPTI•GO•D006

min•h•@•iWagner•@et•@al•D•C•@1987•j•C•@SMG•@25A•G•@O•D04min•fi•@•iKikuchi•@et•@al•D•C•@1988•j•C•@RABIA•G•@O•D009

min•h•@•iTouchot•@et•@al•D•C•@1989•j•@and•@RABIB•@•G•@O•D006•@min•h•@•iTouchot•@et•@al•D•C•@1989•j•D
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•@•@•@•@•@•@•@•@•@•@•@•@Part•@3•F•@in•@vitro•@mutation•@analysis•@of•@plant•@small•@GTP•|binding•@proteins

Furthermore•C•@specific•@inhibition•@of•@GTPase•@actMties•@by•@GTPˆê•hy•ES•@in•@ARA•@protein•@was

confirmed•D•@These•@results•@clearly•@indicated•@that•@plant•@RAS•|related•@proteins•@possess

similar•@biochemical•@properties•@to•@YPT•^RAB•@type•@proteins•@with•@respects•@to•@GTP•|

binding•@and•@hydrolysis•@activities•D•@Proposed•@model•@for•@the•@biochemical•@properties•@of

plant•@ARA•@proteins•@is•ìustrated•@in•@Fig•D8•D•@It•@w•ìbe•@important•@to•@assess•@biologicaI

properties•@of•@ARA•@proteins•@1ƒÅƒÁƒ‹•uo•@conditions•D
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Part•@3•F•@ln•@vitro•@mutation•@analysis•@of•@plant•@small•@GTP•|binding•@proteins

Fig•D•@1•D•@The•@method•@illustrating•@GTP•|binding•@analysis•D
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Part•@3•F•@ln•@vitro•@mutation•@analysis•@of•@plant•@small•@GTP•|binding•@proteins

Fig•D•@2•DGTP•|binding•@analysis•@of•@recombinant•@GST•|ARA•@proteins•D

•iA•j•@Deleted•@ara•@cDNAs•@were•@generated•@by•@using•@restriction•@endonucleases•C•@and

point•@mutations•@with•@oligo•@nucleotide•@were•@introduced•@by•@Kunkel•@method•D•@Wild•@type

and•@mutated•@ara•@cDNA•@fragments•@were•@cloned•@into•@the•@pGEX•@expression•@vectors•D

Recombinant•@ARA•@proteins•@were•@expressed•@as•@GST•|ARA•@fusion•@proteins•D•@Boxes•@•i1

to•@IV•j•@were•@conserved•@in•@all•@small•@GTP•|binding•@proteins•D•@•mBox•@1•G•@GDSAVG•@KS•C•@Box•@ll•G

DTAGƒ¶E•C•@Box•ì•GLVG•D’UKCDLBox•@IV•GETS•@A•FBold•@type•@face•@indicates•@conserved

amino•@acids•@in•@all•@GTPase•@•iValencia•@et•@al•D•C•@1991•j•D•@Underlined•@amino•@acid•@residues

were•@changed•@by•@using•@site•|directed•@mutagenesis•D•n

Numerals•@of•@amino•@acids•@indicate•@the•@positions•@of•@respective•@amino•@acid•@of•@ARA

protein•D•@Details•@can•@be•@seen•@in•@the•@Materials•@and•@Methods•D

•iB•j•@Total•@E•D•@co•^i•@lysates•@producing•@recombinant•@GST•|ARA•@proteins•@were•@solubilized

in•@the•@buffer•@containing•@10•^o•@SDS•@by•@boiling•@for•@5min•D•@Proteins•@separated•@by•@SDS•|

PAGE•@•i150•^o•j•@were•@transferred•@onto•@PVDF•@membrane•C•@which•@were•@then•@the•@used•@for

the•@GTP•|binding•@assay•D•@The•@presence•@of•@proteins•@in•@the•@separate•@SDS•|PAGE•@was

confirmed•@CBB•@staining•D
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Fig•D3•D•@The•@method•ìustrating•@GTP•|hydrolysis•@analysis•D
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ypt•C•@Schizosaccharomyces•@pombe•@gene•is•j•@encoding•@small•@GTP•|binding•@protein•is•j

Ypt•C•@protein•@product•@o‚ètƒÏt

79

“å—s™Â‘¿•@•|•CäÝ‹‡Ž‰•A—w•E—£—w•Eé`‹š•D•AàhŽ§‡d•“
”Q‚ÞƒŒ

“å•|ŠKŽÞ

’š•w‘ËŠØ”Q•Dš’š“Z1–Dˆé“åŒ®—Ù“å“ï1Œ®•§’š’š1‰º‰º’š’š1



•b“å•Œ“å—…•u
L•@•@•@•@•@•@•@•@Š]

•hˆéˆé•@•@•@•@t•@•²ˆê•Ie
K–ì‚Ä‰É•÷F•@•@•A•E•@•@•@•@•p•ft•F•@•@•@•@‹ÀWh•Aˆê

REFERENCES•F

References

Anderson•C•@P•D•@S•D•@and•@Lacal•C•@J•D•@C•D•F•@Expression•@of•@the•@Aplysia•@californica•@rho

gene•@in•@Escherichia•@coli•F•@purification•@and•@characterization•@of•@its•@encoded•@p21

product•D•@Mol•D•@Ce•^L•@BioL•@7•@•i1987•j•@3620•|3628

Anuntalabhochi•C•@S•D•C•@Terryn•C•@N•D•C•@Van•@Montagu•C•@M•D•@and•@lnz6•C•@D•D•FMolecular

characterization•@of•@an•@Arabidopsis•@tha•^iana•@cDNA•@encoding•@a•@small•@GTP•|binding

protein•C•@Rha1•DPla‘ÏJ•D1•@•i1991•j167•|174

Bevan•C•@M•D•FBinary•@Agrobacterium•@vectors•@for•@plant•@transformation•D•q1u•E01ƒÆƒm•Bƒn•B•^ds

ŒŽ•CƒÆs12•i1984•j8711•|8721

Bos•C•@J•D•@L•Fras•@oncogenes•@in•@human•@cancer•FAreview•D•@OaƒÅoƒÆrŒŽƒÆs•B49•i1989•j

4682•|4689

Bourne•C•@H•D•@R•D•C•@Sanders•C•@D•D•@A•D•@and•@McCormick•C•@F•D•FThe•@GTPase•@supertamily•F

a•@conserved•@switch•@for•@diverse•@cell•@functions•D•@Nature•@348•@•i1990•j•@125•|132

Boume•C•@H•D•@R•D•C•@Sanders•C•@D•D•@A•D•@and•@McCormick•C•@F•D•FThe•@GTPase•@supertamily•F

conserved•@structure•@and•@molecular•@mechanism•D•@Nature•@349•@•i1991•j•@117•|127

80

—Ù‰T–•èi‘@‘Ë—…“ï“å“ïèiŒœ‰º‰º’š’šŽO‰º•—Œ®li”MŒ²“ï‘@“ï“å—Ù1•—Šdèi—Ù‰Tˆê



•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@References

Chavrier•C•@P•D•C•@Parton•C•@R•DG•D•C•@Hauri•C•@H•DP•D•C•@Simons•C•@K•D•@and•@Zerial•C•@M•D•F

Localization•@of•@low•@molecular•@weight•@GTP•@binding•@proteins•@to•@exocytic•@and

endocytic•@compartments•D•@Ce•^•^62•@•i1990•j•@317•|329

Dallman•C•@G•D•C•@Sticher•C•@L•D•C•@Marshallsay•C•@C•D•@and•@Nagy•C•@F•D•FMolecular

characterization•@of•@tobacco•@cDNAs•@encoding•@two•@small•@GTP•|binding•@proteins•D•@Plant

MoL•@BioL•@19•@•i1992•j•@847•|857

deVos•C•@A•D•@M•D•C•@Tong•C•@L•D•C•@Milburn•C•@M•D•@V•D•C•@Matias•C•@P•D•@M•D•C•@Jancarik•C•@J•D•C

Noguchi•C•@S•D•C•@Nishimura•C•@S•D•C•@Miura•C•@K•D•C•@Ohtsuka•@E•D•@and•@Kim•C•@S•DˆêH•D•FThree•|

dimensional•@structure•@of•@an•@oncogenic•@domain•@of•@human•@c•|H•|ras•@p21•D•FScience•@239

•i1988•j•@888•|893

D•@rew•C•@J•DE•D•C•@Brown•C•@D•D•@and•@Gatehouse•C•@J•DA•D“ñSequence•@of•@a•@novel•@pla•@nt•@ras•|

related•@cDNA•@fro•@m•@Pisum•@sativum•D•@P•^ant•@MoL•@BioL•@21•@•i1993•j•@1195ˆê•g•@99

Fukui•C•@Y•D•@and•@Kaziro•C•@Y•D•F•@Molecular•@cloning•@and•@sequence•@analysis•@of•@a•@ras

gene•@from•@SchizosaccharomycesƒÏom‚íƒÆ•D•@Eƒ‹fBO•@J•D4•i1985•j687•|691

Gallwitz•C•@D•D•C•@Donath•C•@C•D•@and•@Sander•C•@C•D•F•@A•@yeast•@gene•@encoding•@a•@protein

homologous•@to•@the•@human•@c•|has•^bas•@proto•|oncogene•@product•D•@Nature•@306•@•i1983•j

704•|707

81

•c•w•——Ù’š’š“ïllŒq’š’š•Jèi“ï’Ô“ïã~’š’š’š’š–D•—“Z‰º“å“åll“å‘Ë–•—Ù“ïll‘Ë’š’šŒp‘Ë–š



•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@References

Gardner•C•@R•DC•D•C•@Howarth•C•@A•DJ•D•C•@Hahn•C•@P•D•C•@Brown•|Luedi•C•@M•D•C•@Shepherd•C

R•DJ•D•@and•@Messing•C•@J•D•F•@The•@complete•@nucleotide•@sequence•@of•@an•@infections•@clone

of•@cauliflower•@mosaic•@virus•@by•@M13•@mp7•@shotgun•@sequencing•D•@Nuc•^eic•D•@Acids•D•@Res•D

9•@•i1981•j•@2871•|2888

Gibbs•C•@J•D•@B•D•C•@Sigal•C•@1•D•@S•D•C•@Poe•C•@M•D•@and•@Scolnick•C•@E•D•@M•D•FIntrinsic•@GTPase

activity•@distinguishes•@normal•@and•@oncogenic•@ras•@p21•@molecles•D•@Proc•D•@NatL•@Acad•D

Sci•D•@USA•@81•@•i1984•j•@5704ˆê•E5708

Gibbs•C•@J•D•@B•D•C•@Schaber•C•@M•D•@D•D•C•@AIIard•C•@W•D•@J•D•C•@Sigal•C•@1•D•@S•D•@and•@Scolnick•C•@E•D

M•D•F•@Purification•@of•@ras•@GTPase•@activating•@protein•@from•@bovine•@brain•D•@Proc•D•@Natl•D

Acad•D•@Sci•D•@L•^SA•@85•i1988•„5026•|5030

Goud•C•@B•D•C•@Zahraoui•C•@A•D•C•@Tavitian•C•@A•D•@and•@Saraste•C•@J•D•F•@Small•@GTP•|binding

protein•@associated•@with•@Golgi•@cisternae•D•qla•@tL•^re•@345•i1990•j553•|556

Gorvei•C•@J•DˆêP•D•C•@Chavrier•C•@P•D•C•@Zerial•C•@M•D•@and•@Gruenberg•C•@J•D•Frabscontrols•@early

endosome•@fusion•@in•@vitro•D•@Cel•^64•@•i1991•j•@915•|925

Hall•C•@A•D•F•@The•@cellular•@functions•@of•@small•@GTP•|binding•@proteins•D•@Science•@249•@•i1990•j

635•|640•D

82

•@‚Ò•@•@•@•@•@•@

Œ®“å•§‹¿
ueŠ]•C“å‰TŽO‰º“ï—Ù1’š’š’š’š‰º‰º—Ù•——Ù—Ù“å•Æ“ï–|”X

ŒD
ŽÇ•u

a•vš’šŒ®“å1•F•u•f•@



•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@References

Hancock•C•@J•D•@F•D•C•@Magee•C•@A•D•@1•D•C•@Childs•C•@J•D•@E•D•@and•@Marshall•C•@C•D•@J•D•F•@All•@ras

proteins•@are•@polyisoprenylated•@but•@only•@some•@are•@palmitoylated•D•@Ce•^1•@57•@•ilgsg•j

1167•|1177

Haubruck•C•@H•D•C•@Enge•Fke•C•@U•D•C•@Mertins•C•@P•D•@and•@Gallwitz•C•@D•D•F•@Structure•@and

functional•@analysis•@of•@ypt2•C•@an•@essential•@ras•|related•@gene•@in•@the•@fission•@yeast

Schizosaccharomyces•@pombe•@encoding•@a•@Sec4•@protein•@homologue•D•@EMBO•@J•D•@9

•i1990•j•@1957•|1962

Hilson•C•@P•D•C•@Dewulf•C•@J•D•C•@Delporte•C•@F•D•C•@lnstall•fe•C•@P•D•C•@Jacquemin•C•@J•D•@M•D•C

Jacobs•C•@M•D•@and•@Negrutiu•C•@1•D•F•@Yeast•@RAS2•@affects•@cell•@viability•C•@mitotic•@dMsion

and•@trangent•@gene•@expression•@in•q•Vcotiana•@species•D•@P•^ant•@MoZ•D•@Bioƒm•D14•i1990•j669•|

685

Jena•C•@B•D•@P•D•C•@Brennwald•C•@P•D•C•@Garrett•C•@M•D•@D•D•C•@Novick•C•@P•D•@and•@Jamieson•C•@J•D

D•D•F•@Distinct•@and•@specific•@GAP•@activities•@on•@rat•@pancreas•@act•@on•@the•@yeast•@GTP•|

binding•@proteins•@Yptl•@and•@Sec4•D•@FEBS•@•^ett•D•@309•@•i1992•j•@5•|9

Kamada•C•@1•D•C•@Yamauchi•C•@S•D•C•@Youssefi•Can•C•@S•D•@and•@Sano•C•@H•D•FTransgenic

tobacco•@plants•@expressing•@rgpl•C•@a•@gene•@encoding•@a•@ras•|related•@GTP•|binding

protein•@from•@rice•C•@show•@distinct•@morphological•@characteristics•D•@P•^ant•@J•D•@2•@•i1992•j•@799•|

807

83

•EŠI’ß”F˜l
D èi•@•w“ï—…“å“ïŒ®“ï“ï“ï“ï“å“ï

èi—Ùi“ï“ï—Ù“å•D”ô‘Ë‘Ë–f—†‰T
ŒEh‰T•C•At•D•D

‘Ó—Z’š’š“åå‚‰“å‚P“ï‘Ë‘Ë•‘—ä

L‹À•@•@•A•QŽX‹¿‘¡•C–ì–³•æ•f



•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@References

Kanehisa•C•@M•D•F•@Use•@of•@statistical•@criteria•@for•@screening•@potential•@homologies•@in

nucleic•@acid•@sequences•D•@NucL•@Acids•@Res•D•@12•@•q1984•j•@203•|213

Kawata•C•@M•D•C•@Farnsworth•C•@C•D•@C•D•C•@Yoshida•C•@Y•D•C•@Gelb•C•@M•D•@H•D•C•@Glomset•C•@J•D•@A•D

and•@Takai•C•@Y•D•F•@Posttranslationally•@processed•@structure•@of•@human•@platelet•@protein

smg•@p21B•D•@evidence•@for•@geranylgeranylation•@and•@carboxyl•@methylation•@of•@the•@C•|

terminal•@cysteine•D•@Proc•D•@NatL•@Acad•D•@Sci•D•@USA•@87•@•i1990•j•@8960•|8964

Kidou•C•@S•Dˆê1•D•C•@Anai•C•@T•D•C•@Umeda•C•@M•D•C•@Aotsuka•C•@S•D•C•@Tsuge•C•@T•D•C•@Kato•C•@A•D•@and

Uchimiya•C•@H•D•F•@Molecular•@structure•@of•@ras•|related•@small•@GTP•|binding•@protein•@genes

of•@rice•@plants•@and•@GTPase•@activities•@of•@gene•@products•@in•@Escherichia•@coli•D•@FEBS•@Lett•D

332•@•i1993•j•@282•|286

Kikuchi•C•@A•D•C•@Yamashita•C•@T•D•C•@Kawata•C•@M•D•C•@Yamamoto•C•@K•D•C•@lkeda•C•@K•D•C

Tanimoto•C•@T•D•@and•@Takai•C•@Y•D•FPurification•@and•@characterization•@of•@a•@novel•@GTP•|

binding•@protein•@with•@a•@molecular•@weight•@24•C000•@from•@bovine•@brain•@membraneS•D•@J•D

BioL•@Chem•@263•@•i1988•j•@2897•|2904

Kunkel•C•@T•D•@A•D•F•@Rapid•@and•@efficient•@site•|specific•@mutagenesis•@without•@phenotypic

selection•D•@Proc•D•@Nat•^•D•@Acad•D•@USA•@82•@•i1985•j•@488•|492

Laemmli•C•@U•D•@K•D•F•@Cleavage•@of•@structural•@proteins•@during•@the•@assembly•@of•@the•@head

of•@bacteriophage•@T4•D•@Nature•@227•@•i1970•j•@680•|685

84

‰T•T“å•p—ê1•D•C”Éi”®



—B

‰\•@‘w

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@References

Lapetina•@E•D•@G•D•@and•@Reep•@B•D•@R•D•F•@Specific•@binding•@of•mct•|32P•n•@GTP•@to•@cytosolic•@and

membrane•|bound•@proteins•@of•@human•@platelets•@correlates•@with•@the•@activation•@of

phospholipase•@C•D•@Proc•D•qla•@tL•f40ad•@Sci•D•@L•^SA•@84•i1987•j2261•|2265

Lichtenstein•C•@C•D•@P•D•@and•@Draper•C•@J•D•F•@Genetic•@engineering•@of•@plants•D•@ln•F

Glover•C•@D•D•@M•D•@•iEds•D•j•C•@DNA•@Cloning•D•@A•@Practical•@Approach•D•@Vol•D•@2•D•@IRL•@Press•C

0xford•C1985•C•@pp•D102•|104

Matsui•C•@M•D•C•@Sasamoto•C•@S•D•C•@Kunieda•C•@T•D•C•@Nomura•C•@N•D•@and•@lshizaki•C•@R•D•F

Cloning•@of•@ara•C•@a•@putative•@Arabidopsis•@thaliana•@gene•@homologous•@to•@the•@ras•|related

gene•@family•D•@Gene76•@•i1989•j•@313•|319

Maundrell•@K•D•Fnmtl•@of•@fission•@yeast•D•@J•D•@BioL•@Chem•D•@265•@•i1990•j•@10857•|10864

Miyake•C•@S•D•@and•@Yamamoto•C•@M•D•F•@ldentification•@of•@ras•|related•C•@YPTfamily•@genes•@in

Schizosaccharomyces•@pombe•D•@EMBO•@J•D•@9•@•i1990•j•@1417•|1422

Mizusawa•C•@S•D•C•@Nishimura•C•@S•D•@and•@Seela•C•@F•D•Flmprovement•@of•@the•@dideoxy

chain•@termination•@method•@of•@DNA•@sequencing•@by•@use•@of•@deoxy•|7•|deazaguanosine

triphosphate•@in•@place•@of•@dGTP•q•^uc•^eic•@AcidsŒŽ•fƒÆs•D14•i1986•j1319•|1324

Molenaar•C•@C•D•@M•D•@T•D•C•@Prange•C•@R•D•@and•@Gallwitz•C•@D•D•FA•@carboxy•|terminal•@cystein

residue•@is•@required•@for•@palmitic•@acid•@binding•@and•@biological•@actMty•@of•@the•@ras•|related

yeast•@YPTI•@protein•D•@EMBO•@J•D•@7•@•i1988•j•@971•|976

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@85

‰TŒœ“ï‹Ã‰T‹¿•E1‹¿Œx‹¿“Z•cll•Q•••Û —ë’š•••Q•F•F—qˆ»•F1•T“ï •E•u



•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@References

Murashige•C•@T•D•@and•@Skoog•C•@F•D•FA•@revised•@medium•@for•@rapid•@growth•@and•@bioassay

with•@tobacco•@tissue•@cultures•D•@PhysioL•@P•^ant•D•@15•@•i1962•j•@473•|497

Nagano•C•@Y•D•C•@Murai•C•@N•D•C•@Matsuno•C•@R•D•@and•@Sasaki•C•@Y•D•F•@lsolation•@and

characterization•@of•@cDNAs•@that•@encode•@eleven•@small•@GTP•|binding•@proteins•@from

Pisum•@sativum•D•@P•^a•@n•@t•@Ce•^1•@Physio•^34•@•i1993•j•@447•|455

Nigam•C•@S•D•@K•D•F•@Subcellular•@distribution•@of•@small•@GTP•@binding•@proteins•@in•@pancreas•F

identification•@of•@small•@GTP•@binding•@proteins•@in•@the•@rough•@endoplasmic•@reticulum•D

Proc•D•@Na•@tL•@A•@cad•D•@Sci•D•@USA•@87•@•i1990•j•@1296•|1299

Nimmo•C•@E•D•@R•D•C•@Sanders•C•@P•D•@G•D•C•@Padua•C•@R•D•@A•D•C•@Hughes•C•@D•D•C•@Williamson•C•@R•D

and•@Johnson•C•@K•D•@J•D•F•@The•@MEL•@gene•F•@a•@new•@member•@of•@the•@RAB•^YPT•@class•@of

RAS•|related•@genes•D•@Oncogene•@68•@•i1991•j•@1347•|1351

Novick•C•@P•D•@and•@Brennwald•C•@P•D•FFriends•@and•@family•F•@The•@role•@of•@the•@Rab•@GTPase

in•@vesicular•@traffic•D•@Ce•^•^75•@•i1993•j•@597•|601

Palme•C•@K•D•C•@Diefenthal•C•@T•D•C•@Vingron•C•@M•D•C•@Sander•C•@C•D•@and•@Shell•C•@J•D•F

Molecular•@cloning•@and•@structural•@analysis•@of•@genes•@from•@Zea•@mays•@•iL•j•@cording•@for

members•@of•@the•@ras•|related•@ypt•@gene•@family•D•@Proc•D•@NatL•@Acad•D•@Sci•D•@USA•@89•@•i1992•j

787•|791

86

•v•@•C•@•CŒtL

‰T‹¿‹¿‹¿Š]‘Ë’š’š•FŒq‘Ë•ë•f‰T’š’š’š’š—…‰Û–••x



•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@References

Powers•C•@S•D•C•@Kataoka•C•@T•D•C•@Fasano•C•@O•D•C•@Goldfarb•C•@M•D•C•@Strathem•C•@J•D•C

Broach•C•@J•D•@and•@Wigler•C•@M•D•F•@Genes•@in•@S•D•@cerevisiae•@encoding•@proteins•@with

domains•@homologous•@to•@the•@mammalian•@ras•@proteins•D•@Ce•^•^36•@•i1984•j•@607•|612

Reddy•C•@E•D•@P•D•C•@Reynolds•C•@R•D•@K•D•C•@Santos•C•@E•D•@and•@Barbacid•C•@M•D•FA•@point

mutation•@is•@responsible•@for•@the•@acquisition•@of•@transforming•@properties•@by•@the•@T24

human•@bladder•@carcinoma•@oncogene•D•@Nature•@300•@•i1982•j149•|152

Ridley•C•@A•D•@J•D•@and•@Hall•C•@A•D•F•@The•@small•@GTP•|binding•@protein•@rho•@regulates•@the

assembly•@of•@focal•@adhesions•@and•@actin•@stress•@fibers•@in•@response•@to•@growth•@facters•D

Cel•^70•@•i1992•j•@389•|399

Ridely•C•@J•D•@A•D•C•@Paterson•C•@H•D•@F•D•C•@Jhonston•C•@C•D•@L•D•C•@Diekmann•C•@D•D•@and•@Hall•C

A•D•F•@The•@small•@GTP•|binding•@protein•@rac•@regulates•@growth•@factor•|induced•@membrane

ruffling•D•@Ce•^•^•@70•@•i1992•j•@401•|410

Rubins•C•@J•D•@B•D•C•@Benditt•C•@J•D•@O•D•C•@Dickey•C•@B•D•@F•D•@and•@Riedel•C•@N•D•F•@GTP•|binding

proteins•@in•@rat•@liver•@nuclear•@envelopes•D•@Proc•D•@NatL•@Acad•D•@Sci•D•@USA•@87•@•i1990•j•@7080•|

7084

Salminen•C•@A•D•@and•@Novick•C•@P•D•@J•D•FA•@ras•|like•@protein•@is•@required•@for•@a•@post•|Golgi

event•@in•@yeast•@secretion•D•@Cell•@49•@•i1•@987•j•@527•|538

87

—ì•f

Œq“å’È“å—Øtt



•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@References

Sanger•C•@E•C•@Nicklen•C•@S•D•@and•@Coulson•C•@A•D•@R•D•F•@DNA•@sequencing•@with•@chain•|

terminating•@inhibitors•D•@Proc•D•@NatL•@Acad•D•@Sci•D•@USA•@74•@•i1977•j•@5463•|5467

Sano•C•@H•D•@and•@Youssefian•C•@S•D•FA•@novel•@ras•|related•@rgpl•@gene•@encoding•@a•@GTP•|

binding•@protein•@has•@reduced•@expression•@in•@5•|azacytidine•|induced•@dwart•@rice•DMoL

Gen•D•@Genet•D•@228•@•i1991•j•@227•|232

Saxe•C•@S•D•@A•D•@and•@Kimmel•@•C•@A•D•@R•D•F•@SAS7•@and•@SAS2•C•@GTP•|binding•@protein•@genes

in•@Dictyostelium•@discoideum•@with•@sequence•@similarities•@to•@essential•@genes•@in

Saccharomyces•@cerevisiae•D•@MoL•@Cel•^•D•@BioL•@l•@O•@•i1990•j•@2367•|2378•D

Schmitt•C•@H•DD•D•C•@Wagner•C•@P•D•C•@Pfaff•C•@E•D•@and•@Gallwitz•C•@D•D•FThe•@ras•|related•@YPTI

gene•@product•@in•@yeast•F•@a•@GTP•|binding•@protein•@that•@might•@be•@involved•@in•@microtubule

organization•D•@Cel•^•@47•@•i1986•j•@401•|412

Schmitt•C•@H•D•@D•D•C•@Puzicha•C•@M•D•@and•@Gallwitz•C•@D•D•F•@Study•@of•@a•@temperature•|

sensitive•@mutant•@of•@the•@ras•|related•@YPTI•@gene•@product•@in•@yeast•@suggests•@a•@role•@in

the•@regulation•@of•@intracellular•@calcium•D•@Cel•^•@53•@•i1988•j•@635•|647

Segev•C•@N•D•C•@Mulholland•C•@J•D•@and•@Botstein•C•@D•D•F•@The•@yeast•@GTP•|binding•@YPTI

protein•@and•@a•@mammalian•@counterpart•@are•@associated•@with•@the•@secretion•@macttinery•D

Cell•@52•@•i1988•j•@915•|924

88

v

‚Å•e•G•g•@13

‡h
‰T“ñ

•D•h˜W
ˆ¤—¶

‰T”h•D

—q

•D—Ù•@—’
•@•@›Ô•Œ



‰P•@eete•D•@•@•@•@•@•@•@•@•@•@•@•@•{•@•f•Ä•@•u•v•w

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@References

Sigag•C•@1•D•@S•D•C•@Gibbs•C•@J•D•@B•D•C•@D•fAlonzo•C•@J•D•@S•D•C•@Temeles•C•@G•D•@L•D•C•@Wolanski•C•@B•D

S•D•C•@Socher•C•@S•D•@H•D•@and•@Scotnick•C•@E•D•@M•D•F•@Mutant•@ras•@ˆêencoded•@proteins•@with

altered•@nucleotide•@binding•@exert•@dominant•@biological•@effects•D•@Proc•D•@Natl•D•@Acad•D•@Sci•D

L•^Sƒm˜U83•i1986•j952•|956

Southern•C•@E•D•F•@Detection•@of•@specific•@sequences•@among•@DNA•@fragments•@separated

by•@gel•@electrophoresis•D•@J•D•@MoL•@BioL•@98•@•i1975•j•@503•|517

Smith•C•@D•DB•D•@and•@Johnson•@K•DS•D•F•@Single•@step•@purification•@of•@polypeptides•@in

Escherichia•@co•^i•@as•@fusions•@with•@glutathione•@S•|transferase•D•@Gene67•@•i1988•j•@31•|40

Terryn•C•@N•D•C•@Anuntalabhochai•C•@S•D•C•@Van•@Montagu•C•@M•D•@and•@lnze•C•@D•D•FAnalysis

of•@a•@Nicotiana•@p•^umbaginifolia•@cDNA•@encoding•@a•@novel•@small•@GTP•|binding•@protein

FEBS•@le•@tt•D•@299•@•i1992•j•@287•|290

Touchot•C•@N•D•C•@Chardin•C•@P•D•@and•@Tavitian•C•@A•D•F•@Four•@additional•@members•@of•@the•@ras

gene•@supertamily•@isolated•@by•@an•@oligonucleotide•@strategy•F•@molecular•@cloning•@of•@YPT•|

related•@cDNAs•@from•@a•@rat•@brain•@library•D•@Proc•D•@Nat•^•D•@Acad•D•@Sci•D•@USA•@84•@•i1987•j•@8210•|

8214

Touchot•C•@N•D•C•@Zahraoui•C•@A•D•C•@Vielh•C•@E•D•@and•@Tavitian•C•@A•D•F•@Biochemical

properties•@of•@the•@YPT•|related•@rabl•@B•@protein•@comparison•@with•@rabl•@A•D•@FEBS•@lett•D•@256

•i1989•j•@79•|84

89

tt•f•C•f•C•f•C•Fiˆê•hIS•E•f•E•f•D•C•f•D•fˆê•f•Et•|i1•C•Ei•h•f•Eˆêf•D•D•f•^•f•C•D•Et•D•fi•C•^•Fˆê•C•F•frs•F•D•Cr•C•f•^T•C•C7•o•n

“åäø•A•E—s•@“ï•ÚŒx‹ÁŽk1 •”ˆê•D•Ckr•D•f•D•D•C•D•f•D•Dts•fˆê•Ck•C•D•h

‹Ã‘@



•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@References

Towbin•C•@H•D•C•@Staehelin•C•@T•D•@and•@Gordon•C•@J•D•F•@Electropholetic•@transfer•@of•@proteins

from•@polyacrylamide•@gels•@to•@nitrocellulose•@sheets•F•@Production•@and•@applications•D

Proc•B•q1a•V•Dƒm•Žad•D•@Sci•D•@L•^SA•@76•i1979•j4350•|4354
•E–••A

Trahey•C•@M•D•@and•@McCormick•C•@F•D•FA•@cytoplasmic•@protein•@stimulates•@normal•@N•|ras

p21•@GTPase•C•@but•@does•@not•@affect•@oncogenic•@mutants•D•@Science•@238•@•i1987•j•@542•|545

Valencia•C•@A•D•C•@Chardin•C•@P•D•C•@Wittinghofer•C•@A•D•@and•@Sander•C•@C•D•FThe•@rasprotein

family•F•@Evolutionary•@tree•@and•@role•@of•@conserved•@amino•@acids•D•@Biochemistiy30•@•i1991•j

4637•|4648

Wagner•C•@P•D•C•@Motenaar•C•@C•D•@T•D•@M•D•C•@Rauh•C•@A•D•@J•D•@G•D•C•@Br6kel•C•@R•D•@Schmitt•C•@H•D•@D•D

and•@GaSlwitz•C•@D•D•F•@Biochemical•@propenies•@of•@the•@ras•|related•@YPTprotein•@in•@yeast•F•@a

mutational•@analysis•D•@EMBO•@J•D•@6•@•i1987•j•@2373•|2379

Yanisch•|Perron•C•@C•D•C•@Vieira•C•@J•D•@and•@Messing•C•@J•D•F•@lmproved•@M13•@phage

cloning•@vectors•@and•@host•@strains•F•@nucleotide•@sequences•@of•@the•@M13mp18•@and

pUCI9•@vectors•D•@Gene33•@•i1985•j•@103•|119

Youssefian•C•@S•D•C•@Nakamura•C•@M•D•@and•@Sano•C•@H•D•F•@Molecular•@characterization•@of

rgp2•C•@a•@gene•@encoding•@a•@small•@GTP•|binding•@protein•@from•@rice•D•@MoL•@Gen•D•@Genet•D•@237

•i1933•j•@187•|192

90

ˆÝ•gåY•‡‹™ Œ^

ltiA•@—‚•@•u



•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@References

Yuasa•C•@Y•D•C•@Srivastava•C•@S•D•@K•D•C•@Dunn•C•@C•C•@Y•D•C•@Rhim•C•@J•D•@S•D•C•@Reddy•C•@E•D•@P•D•@and

Aaronson•C•@S•D•@A•D•F•@Acquisition•@of•@transforming•@properties•@by•@alternative•@point

mutations•@within•@c•|bas•^has•@human•@proto•|oncogene•D•@Nature•@303•@•i1983•j•@775•|779

Ší

91

ƒ} •C1•o‘w



•p

•g

‚ç



ˆê•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ˆê•|•E•|•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•D•@‘ú9•@•@•@•@•@•@•@•@•@ˆê•@•@•@•@•@•@•u•@ƒ„•D•v

•v•@•@•@•@•@•¥•@7•@•@•@•@•@•@•@•@•@1•@•@•@•u•@•@•@•@•@•@•@•@•D

n•C•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒ••@•u

•u•@•A•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•|•@•@•@•@•@•@•@•@i•@•@7

•D•v’uƒÏ•@•@•@•@•@r

•C•@‹œ•@•u

•@•@•@•@•@•@‘êŽt•uŠÒˆê•@•DM•@ƒÖ•@•Œ•@•E•@‡@•@•Þ•@•B•E•@•B•@ƒÂ•@ƒR•@Ž••C”Ûq—`n•B•m•B•u•¿•BƒR’‡ŒÝ•€•¿Ž\

•@•@•@•@•@•@•@•@•@ˆêƒÖƒRg•|—…”Œ2ƒÀ

•³•@•@•v•`•@•@•CƒÂ•@•@‚®•@•@‚¨•@•@‚¨•@•@•@•@•@•@•@••Œá•R‚´ŸŽ8Š •c•h”Ûƒ¿˜K•C•…ƒ~ƒÂ•@•@ƒÖ•_OoƒÂ•w•@•@‰ç‚·•L•E

•c”Ûq•BŠÕ9‡@•ƒ‚¢8ƒÂ•tˆê•@ŸŽ•@ƒÖ•@•Œ•@q•f‹Ù•@•@•@•@•e

ˆê•@•@•@•@•@•@ˆê•@‹r•@1•@•w

•@•@•@•@ŒË1•uˆêM•v•@•@1•@t•@•@•@T•@•{•@ˆê•@•@•@•@•@•@•@•@•D•f


