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Abstract

ByusmgaquantitativemethodfOryeasttwo-hybridanalysis，wetriedtoidentify

mteractmgreglonsofAjrfGAP1,aGTPaseactivatmgprotcmfbrArLandFInGER7and

FinGER8,familymcmbersoffivespantransmembraneproteinslocalizingintheGolgi

apparatusandERnleN-teminalregion(1-152)containingaGTPaseactivationdomain,↑

andtheC-temmnalregion(256-406)ofArfGAP1wasdispensableandthecentralregion

(153-257)reportedtofUnctionfOrsensmgmembranecurvatureandalsofOrtargetingto

theGolgiapparatuswasnecessaryandenoughfOrtheinteractionwithHnGER7or

FHnGER8・Ａｍｕｔationof211thtryptophanofArfGAP1toalaImnethatdisruptstheGolgi

targetmgandlipidcurvaturesensmgabolishedthcinteractionwithFinGER7orFinGER8

suggestingtherolcofHnGER7andFinGER8fOrthetargctingofArfGAP1totheGolgi

apparatus・meseverereductionoftheinteractionwasobservedbydeletionoftheN‐

tenninal31stto41stresiduesofFinGER7showingtheimportanceofthisrcgion(31-41）

fOrthemtcraction・DeletionofanypartsoftheC-tennmaltransmembranesegments

completelyabolishedtheinteraction・Replacementofthecytoplasmicreglonorthe

transmembraneregionofHnGER7byFinGER8didnotrecreatetheoriginalhigller-1evel

mteractionsuggestmgthatthecytoplasmicreglonandthetransmembraneregion

cooperatcfbrthemteractionwithArfGAP1．
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IntrOduction

TheGolgiapparatusissituatedatthecentcrofthevesiculartransportpathwaylt

recelvessecretoryandtransmembraneproteinsfromthcER,processes，sortsandsends

outtothefinaldestmations・TransportvcsiclesarcproducedbyCOPII，ＣＯＰＩａｎｄ

ｃｌａｔｈｒｉｎｃｏａｔａｔｔｈｅＥＲ，ｔｈｅＧｏｌｇｉａｐparatusandplasmamembrane，respectively・Coat

protemsafterrecruitmentontothemembranebyactivatedArfl/Sarl，defmnflat

membranesintosphericaｌｂｕｄｓｔｈａｔｆｉｎａｌｌｙｐｍｃｈｏｆｆｔｈｅｍｅｍｂranefOrmingtransport

vesicles・ActivationｏｆＡｒｆｉｓｍｅｄｉａｔｅｄｂｙＡｒｆｓｐｅｃｉｆｉｃｇｕanlnenucleotideexchange

factor(GEF)IWosubfamiliesoflargeArfGEFsoperateattheGolgicomplex,BIGｓ

(BrefeldminhibitedGEFs)andGBF1(GolgispecificBrefeldinAresistancefactorl).In

vesiculartransportmediatedbyＣＯＰＩｃｏａｔ,theGTPaseactivityofArflisstimulatedby

ArfGAP1，ａＧ１[Paseactivatmgprotem,thatcatalyzcstheprerequisitestepofuncoating

ofvesicles・ArfGAPsconstitutealargefanlilyofproteinscontammgahigj11yconServe。

(fromyeasttomammals)catalyticdomamof~l30residues(GTPaseactivationorGAP

domam)AcentralregionofArfGAP1(residuel9Z-231)temedasALPSdomainactsas

alipid-paCkingsensorandhelpsanchorArfGAP1atthesurfaceofthehigl11ycurved

mcmbrane,ｔｌｍｓａｌｌｏｗｍｇｄ[PhydrolysisonArfl・Ypt/rabsareknowntoregUlatevesicle

buddingand/orfUsionatthevariousstepsofvesiculartransportpathway・Ｉｎｍａｍｍａｌｓ，

rablregulatesERtoGolgiandintra-Golgiproteintransportwhereasrab6isinvolvedin

transportprocessesbetweencndosomesandtrans-Golginetwork(TGN)andGolgitoER

transport・hyeast,YptlpisthougjlttoplayakeyrolemthetetheringofER-derived

transportvesiclestothcGolgiapparatus・YiplpisanYPtlp-interactingprotcinrequired

fOrtransportthroughtheearlysecretorypathwayandYiplplikeFinGERfamilyproteins

hasbeenidentifiedinhumanswhicharefive-spantransnlembraneproteinslocalizmgin

thcERandGolgi・EightfamilymemberswerefOundi、human(FmGER1~FinGER8）

andtheyareamexpressedwidelyinvarioustissues・Itwasreportedpreviouslythatthe

GolgiapparatusisfragmenteｄｂｙｔｈｅｏｖｅｒｅｘｐｒｅｓｓｉｏｎｏｆＦｉｎＧＥＲ１，２，３，４ａｎｄ７
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suggestingtheirfUnctionmthemamtenanceoftheGolgistructureand/Orthetransport

betweentheERandtheGolgiapparatus・YiplpisaputativeyeastorthologJｌｅｏｆ

ＦｉｎＧＥＲ４ａｎｄＦｉｎＧＥＲ５・ＹｉｆｌｐｉｓｔｈａｔｏｆＦｍＧＥＲ３，FinGER7，ＨｎＧＥＲ８、Yiplpand

YiflpareessentialyeastgeneproductslocalizedintheGolgiapparatusThelossof

fUnctionoftheseprotcinscausesablockofthcERtoGolgitransportandacculnulation

ofERmembranesII1eseproteinsinteractwithYptlpandYPt31p,suggestmgtheir

mvolvementinvesicledoCkingandfUsion・Supportmgthispossibility,ｉｔwasreported

tllatYiplpandYiflpwerenecessarytofOrmvesiclescompetentfOrfUsionwiththe

Golgiapparatus、Ontllccontrary，itwasalsoreportedthatYiplpfUnctionsmvesicle

buddmgfromtheERbutnotinthefUsionwiththeGolgiapparatus,ThcrefOre,itremains

obscurewhetherYiplpandYiflpfUnctionmvesiclebuddmgand/orfilsionsteps、

Resultｓ

ＴｏｅｘｐｌｏｒｅｔｈｅｆｉｍｃｔｉｏｎｏｆＦｉｎＧＥＲｐroteinsinthesecretorypathway，itwastriedto

identifytheirinteractmgpartner(s).Aquantitativemcthodofyeasttwo-hybridanalysis

wasdevelopedandusmgthisapproach,theinteractionofalltheFinGERswithrabl,rab6，

ＧＢＦ1,ArfGAP1waschecked・NosigmificantlevelofinteractionwasdetectedfOrall

thoscFinGERswithrabl,ｒａｂ６ａｎｄＧＢＦ１（unpublishedobscrvation).Interestingly，

ArfCAP1showedreproducibleinteractionsignalwithHnGER7andFmGER8(Ｈｇl)．
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FigurelSpecifHcinteractionofArfCAP1witllFinGER7/FinGER8

Quantitativeyeasttwo-hybridanalysiswasperfOrmedandthemeanactivitiesoftriplicate
assaysareshown(bars)withSD(errorbars)．
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Inthedeletionmappmgexperiments,thercgloncontainingthel53rdto257thresidues

fOundnecessaryandsufficicntfOrthemteractionofArfGAP1withFinGER7or

FinGER8(Ｆｉｇ２).since△N192-AC231（ALPSdomainonly),△136ArfUAP1(without

thcGAPdomam)didnotshowinteractionwitheitherFmGER7orFinGER8・TherefOre，

GAPdomainisdispensablcandthcALPSregiononlyisnotenoughfOrtheinteraction

ALPSaswellas～４０residuesupstreamofALPSand二OresiduesdownstreamofALPS

haveapivotalrolemthisprotem-proteinmteraction,AmutationofZ11thtryptophanof

ArfGAP1toalaninethatdisruptstheGolgjtargetmgandlipidcurvaturesensing

abolishedtheinteractionwithHnGER7orFinGER8suggestingtheroleofFinGER7and

FinGER8fOrthetargetmgofArfGAP1totheGolgiapparatus．
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Figure21nteractionofArfCAP1mutantswitlnFinGEIMFinGER8

(A)SchematicreprcsentationofArfGAP1mutants､AGTPaseactivationdomain(GAP）
ａｎｄＡＬＰＳｄｏｍａｍｓａｒｅｓｈｏｗｎｍｔｈｅｔｏｐｆＵlllengthArfGAP1，theW211Amutationis
indicatedbytheletterA.(B)Quantitativcyeasttwo-hybridanalysiswaspcrfOnnedand
therawactivityisshown・TriplicatcassayswereperfOnnedandthemeanactivitiesare
shown(bars)ｗｉｔｈＳＤ(errorbars).(C)Thcresultsaftersubtractionofthcbackground
activityareshown・Thepropagationoferror(SD)wascalculatedandisshown(error
bars)．

TheresultofdeletionanalysisofHnGER7showedscverereductionoftheinteractionby

deletionoftheN-terminal31stto41stresiduesimplyingtheimportanceofthisreglon

(31-41)forthemteractionwithArfGAP1(Fig3).DcletionofanypartsoftheC-tenninal
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transmembranesegmentscompletelyabolishedtheinteractionsuggestingtheimportance
0

oftransmcmbraneregionfOrtheinteraction．
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Figue3InteractionofFinGER7deletionmutantswithArfCAP1

(A)SchematicrepresentationofHnGER7mutants､Putativetransmelnbrancsegmentsare
showninthetopfUlllengthFinGER7.(B)Quantitativeyeasttwo-hybridanalysiswas
perfOnncdasabove・TriplicateassayswcreperfOmedmorethanthreetimesandthe
meanactivitiesareshown(bars)withSD(errorbars)．

Itispossiblethatdeletionofanypartsofthetranslnembraneregloncouldprevent

FinGER7fromproperlyinsertmgintothemembrane，takeaproperconfOnnationor

topology，orbetransportedtothecorrectsubcellulardestinationfOrthcinteraction

Therefbre，ｉｔｗａｓｔｈｅｎｔｒｉｅｄｔｏｒｅｐｌａｃｅｔｈｅｗｈｏｌetransmembranedomainofFInGER7

witllthatofotherFinGERproteins(FinGER8,FinGER5,FinGER3)butreplacementof

theputativecytoplasmicreglonorthetransmembraｎｅｒｅｇｉｏｎｏｆＦｉｎＧＥＲ７ｂｙＦｉｎＧＥＲ８

ｄｉｄｎotrecreatetheoriginalhigher-1evelinteractionsuggestingtheco-operationof

cytoplasmicandtransmembranedomainsfbrtheinteractionwithArfGAP1(Fig4)．
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Figure41nteractionofchimericmuｔａｎｔｓｏｆＦｉｎＧＥＲ７ａｎｄＦｉｎＧＥＲ８ｏｒＦｉｎＧＥＲ５ｏｒ

ＦｉｎＧＥＲ３ｗｉｔｈＡｒｆＧＡＰ１

Ｐｕｔａｔｉｖecytoplasmic（1-111）ortransmembrmeregions（l1z-293)ofFinGER7were
swappedwithhomologousreglonsofFmGER8(1-126,127-311)orFmGER5(1-112,
113-257)ｏｒＦｍＧＥＲ３（1-138,139-350).Quantitativeyeasttwo-hybridanalysiswas
perfOrmedasabove・rriplicateassayswereperfOrmedandthemeanactivitiesareshown

(bars)withSD(errorbars)．

Cmcuusim

ItistherefOreimplicatedthatFinＧＥＲ７ａｎｄＦｉｎＧＥＲ８ａｒｅｉｎｖｏｌｖｅｄｉｎｔｈｅCOPIvesicle

fOnnationorcargosortingintoaCOPIvcsicle・hthisaspect，thefactthatFinGER7

mtcractswithArfGAP1atthelipidcurvaturesensmgdomamoverlappingwiththeGolgi

targetingdomamappealsfOritssignificance.ＩtispossiblethatHnGER7and

HnGER8controltheactivityofArfGAP1tomodulatetheactivationofArflleadingto

thcstimulationormhibitionoftheCOPIcoatasscmblyonGolgimembranes．

-553-

1１８】８ＵＯｆ

Ｔ

と と



学位論文審査結果の要旨
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