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＝ntheubiquitin－PrOヒeasomepathway′theubiquitina亡ed

Substratesundergoeitherdegradationbyヒheproteasomeor

Stabilizationthroughtheactionofdeubiquitinatingenzyme．

＝havepreviouslyfoundthatthedeubiquitinatingenzymeFam

isc0localizedwithAF－6，OneoftheeffectorsoftheRassma11

GTPase，atthecell－Cellcontactsitesinepithelialcellsand

interactswithAF－6invivoandinvitro．Famhas

deubiquiヒinatingactivityinvitroandprevents the

ubiquitinationofAF－6inintactcells・Thedegradationof

β－Catenin，Whichaccumulatesatthece11－Cellcontactsitesas

aCadherin／catenincomplex′isthoughttoberegulatedbythe

ubiquitin－prOteasomepathway・Theseobservationspromptedme

tOeXaminewhetherFamregulatesヒhestabilizationofP－Catenin．

＝herefoundthatFaminterac亡edwithβ－Cateninbothinvivo

andinvitro・TheFam－bindingsiteofβ－Cateninmappedtothe

regionclosetotheAPCorAxin－bindingsiteofβ－Catenin．APC

andAxindirectlybindtoβ－Cateninandpromotethedegradation

Ofβ－Ca亡enin・ThisraisesthepossibilitYthatFaminhibits

thebindingofAPCand／orAxintoβ－Cateninandrepressesthe

functionofAPCand／orAxin・0verexpressionofFaminmouse

L cells resultedinelevationofβ－Cateninlevels andin

elongationofthehalト1土feofβ－Catenin・＝ntheseLcells，

Famwasc0localizedwithβ－Cateninatthedot－1ikestruc亡ures

inヒhecytoplasm・TheseresultsindicatethatFaminteracts

Withandstabilizesβ－Ca亡enininvivopresumablythroughthe

deubiquitination ofβ－Catenin．
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Theubiqvitin－PrOteasomepathwayplaysanirpportanヒr0le

inthecompletedegradationofabnormalandshort－11ved

regulatoryproヒeins（reviewedbyHochstrasser1995；Hershkoand

Ciechanover1998）・Theubiquitin－mediateddegradationof

CertainregulatoryproteinsplaYSCriticalr01esinvarious

functionsincludingcell－CyCle，Slgnaltransduction′

transcriptionalregulation′tumOr SuPPreSSion，and

endocytosis・＝nthispathway，Substratesareubiquitinaヒedby

thesequentialactionofthreeenzymes，Whichareasingle

ubiquitin（Ub）activatingenzyme（El）lmanYSPeCies ofub

Carrierproteins（E2s）andmultiplefamilies ofub－PrOtein

ligases（E3s）orE3multiprotein corpplexes．Multi－

ubiquitinatedsubstratesarethenrecognizedbytheproteasome

andrapidlydegradedinヒoshortpeptides・Theubiquitination

Of substratesis areversiblereaction・Theubiquitinated

Substratesaredeubiquitinatedbysocalleddeubiquitinating

enZymeS・Alarge superfamily of genes encoding the

deubiquitinatingenzymes，ubiquitin－SPeCificproteases（Ubps），

WaSidentified（reviewedbyHochstrasser1995；Wilkinson1997；

HershkoandCiechanover1998；D・AndreaandPellman1998）．The

deubiquitinatingenzymesareoftwomaintypes・Thefirsttype

isthoughttoremoveubfromub－COn］ugateddegradationproducts

PrOducedbytheproteasomesandthesecondoneisthoughtto

remOVeUbfrommulti－ubiquitinatedsubstrates・Recentgenetic

analysesindicatethatヒheproductofthefatfacetsgene（Faf）

isanenzymeofthesecondtypeandthatthedeubiquitinating

activityofFafis essenヒialfor theregulation of亡he cell

COrnmunicationpathwaynecessaryfornormaleyedevelopmentand
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embryogenesisinDrosqphila（Huangetal・1995；Huangand

Fischer－Vize1996）・Fam（fatface亡Sinmouse）wasidentified

aSamurineorth0logofFaf・ZnsituhybridizationanalYSeS

reVealedthatmurineFamtranscrlPtSexistinヒherapidly

eXPandingcellpopula亡ionofgastrulatingandneurula亡ing

embryosandinpost－mitoticcellsofthecentralnervoussystem

aSWellasintheapoptoticregionsbetweendigits（W00detal．

＝haverecentlyidentifiedFamasanALL－1fusionpartner

fromchromosome6（AF－6トinteractingprotein（Tayaetal．1998）．

AFq6wasorlglnallydescribedasthefusionpartneroftheacuヒe

lymphoblasticleukemia－1（ALL－1）pro亡ein（Prasadetal．1993）．

MylaboratorypreviouslyidentifiedAF－6as aRas effector

（Kuriyamaetal・1996）・AF－6hasbeenshowntoserveasone

Of theperipheralcorqponents of cell－Celladhesions′and

thoughttoparticIPateintheregulationofcell－Celladhesions

downstrearnofRas（Yamamotoetal・1997）・＝havefoundヒhat

FamispartiallYC0localizedwithAF－6atthece11－Cellcontact

SitesofMadine－Darbycaninekidneycellstrain＝＝（MDCK＝＝）

Cells・AF－6isubiquitinatedinintactcells′andFamprevents

theubiquitinationofAF－6（Tayaetal・1998）．AF－6formsa

COrPPlexwi亡hFamandservesasoneofthesubstratesforFam．

Thus′thedegradationofperipheralcorpponents of cell－Cell

adhesions suchasAF－6appears toberegulatedbyFam．

β－Cateninhasbeenshowntohave twodistinctr0lesin

Celトcelladhesions andinnuclear slgnaltransductionin

embryos・β－Catenin forms complexes withcadherinandα＿

CateninヒO eStablishalinkwith the actin cytoskeletonin

Cell－Celladhesions（reviewedbyTsukitaetal・1992；Takeichi
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1995；Gumbiner1996；AdamsandNelson1998）・＝nthecytoplasm，

thestabilizationofP－Cateninisregulatedbythewntsignaling

Pathway・Theactivationof thewnt slgnalresultsin the

inactivationofglycogensynthasekinase－3β（GSK－3β）′andleads

tO the accumulationofβ－Cateninin the cytoplasmandits

translocationinto thenucleus（reviewedbyMillerandMoon

1996；Nusse1997；P0lakis1997）・＝ntheabsenceofwntslgnal，

GSK－3βisthoughttophosphorylateβ－Cateninandsubsequently

toinduceβ－Catenindegradation（Peiferetal・1994；Papkoff

et al・1996；Yost etal・1996；Rubinfeldet al．1997）．The

degradationofβ－Cateninis regulatedbytheubiquitin－

PrOteasomepaヒhway（Aberleetal・1997；Orfordetal．1997）．

However′littleis known about the regulatorymechanism

underlyingthe stabilizationofβ－Cateninintheubiqui亡in－

PrOteaSOme Pathway．

＝n thelight of these observations′＝here examinedthe

relationshipbetweenFamandβ－Catenin．＝found that Fam

interactedwithβ－Cateninbothinvivoandinvitro′andthaヒ

Fam could regulate the degradation ofβ－Ca亡enin．

Mater土als and Hetbods

肋亡erjaユきa乃d虎e皿jcaユg

TheFamcDNAclonewaskindlyprovidedbyDrs・MasamiKanaiand

S・A・W00d（UniversityofQueenslandlAustralia）・Madine－Darby

Caninekidneycellstrain＝＝（MDCK＝＝）cells，ELcellswhichare

Lcells stablYeXPreSSingE－Cadherin，andvariousconstrucヒs

OfmouseE－Cadherin′α－Cateninandβ－Cateninwerekindly
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PrOVidedbyDrs・A・NagafuchiandS・Tsukita（Kyotouniversity，

Kyoto′Japan）（Nagafuchietal・1994）・TheAF－6cDNAwaskindly

PrOVidedbyE・Canaani（Weizmann＝nsヒituteofScience，Rehovot，

＝srael）・Theanti－GSK－3βandAxinantibodieswerekindlY

PrOVidedbyDrs・S・KishidaandA・Kikuchi（Hiroshimauniversity′

Hiroshima，Japan）・Theanti－Fam（1476－1918aa）anヒibodywas

generatedas describedpreviously（Harlow et al．1988）．

F＝TC－COn］ugated anti－rabbit＝gG antibody′Texas red－

COnjugaヒedanti－mOuSe＝gGantibodylandpro－mixL－［35s］invitro

Celllabellingmixwerepurchasedfrom加ershamcorp．

（Buckinghamshire，UK）・Theanti－α－Cateninandβ－Caヒenin

antibodieswerepurchasedfromsigmachemicalCo・（St・Louis，

MO）・Theanti－HA（hemagglutinin）monoclonalantibody（12CA5）

WaS PurChased from Boehringer Mannheim Biochemicals

（＝ndianap01is′＝N）・Theanti－maltosebindingprotein（MBP）

P01yclonalantibodywaspurchasedfromNewEnglandBi0labs＝nc．

（Beverly，MA）・A11materialsusedinthenucleicacidstudy

Were purchased from Takara shuzo corp・（Kyoto）．0ヒher

materialsandchemicalswereobtainedfromcommercialsources．

クエa皿jd c00g亡mc亡ヱ0力点

The Escherichia coliexpressionplasmids pGEX－3Ⅹ－AF－6

（1130－1612aa）lPMal－C2－Fam（1476－1918aa），andthemammalian

eXPreSSionplasmidpEF－BOS－HA－Farn－CAT（1210－2410aa）were

PrOduced as described（TaYa et al・1998）・Glutathione－S－

transferase（GSTトmouseE－Cadherininv0lvingthecytoplasmic

domain，α－Catenin（1－906aa），andβ－Catenin（1－781aa）were

PrOducedas describedpreviously（Kuroda et al．1998）．T0

0btainmaltose－bindingprotein（MBP）－mOuSeβ－Catenin（1－781
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aa）l（1－183aa）［（1－535aa），（184－535aa）′Or（536－781aa）′CDNA

fragmentsofP－CateninweresubclonedintopMal－C2（NewEngland

Bi0labs＝nc・）・TheEscherichiacoliexpressionplasmid

PGEX－4T－1－Fam（1476－1918aa）wasconstructedasf01lows．The

fragment（1476－1918aa）wasclonedintotheEcoR＝andSal＝sites

Of pGEX－4T－1（PharrnaCiaBiotech／Tokyo′Japan）．

MDCK＝＝cellsweregrowninDulbecco・smodifiedEaglesrnedium

（DMEM）containinglO％calfserum′Penicillin′andstrep亡OmyCin

inanair－5％CO2atmosphereatconstanthumidity・ELcellswere

grOWninDMEMcontaininglO％feヒalbovineserum（FBS）andlOO

Pg／mlofG418inanair－5％C02atmosphereatconstanヒhumidity．

T00bヒainLce11s stablyexpressingHA－Fam－CAT，Lce11swere

transfectedwithpEF－BOS－HA－Fam－CATalongwiヒhpsv＝＝SRαvec亡Or

COntaining theneomycinresistancegeneusingLipofectamine

（G＝BCOBRL，Rockvi11e，MD）asdescribed（Kurodaetal・1998）′

andneomycin－reSistant clones were selected．L cells

eXPreSSingHA－Fam－CATweregrowninDMEMcontaininglO％FBSand

250pg／mlofG418inanair－5％C02atmosphere at consヒant

humidity．

Coヱ皿日月qpreCヱ如亡a亡j∞aββay

MDCK＝＝andELcellsweregrowninlOOrnmtissueculturedishes

atacelldensityoflxlO6cells／dishandculturedfor48h．

Afヒerbeingwashedwithphosphate－bufferedsaline（PBS）′the

CellswerelysedwithlmlofbufferA（50mMTris／HClatpH

7・5′1mMEGTA150mMNaCl′0・5％（W／V）Tritonx－100，10岬

【p－amidino－Phenyl］methanesulfonylfluoride（p－APMSF），10
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Pg／mlleupeptin）・Thelysaヒewasremovedfromthedisheswith

arubberp01iceman・Thelysatewassonicated′incubatedina

l・5mltubefor15minoniceandthenclarifiedbycentrifugaヒion

at12，000gfor30minat4。c・The s0luble supernatantwas

incubatedwithlOpl（toヒalprotein‥600pg）oftheanti－Fam

antiserum′anti－β－Cateninantiserum′OrPreirrununeserum．The

immunocomplexeswere thenprecIPitaヒedwithproteinA－

Sepharose4B（PharmaciaLKBBiotechn0logyAB′Uppsala，Sweden）．

TheirrmunocomplexeswerewashedsixtimeswithbufferA，eluted

byboilinginsamplebuffer forsDS－PAGEandsubjectedto

irrLmunOblotanalysiswiヒhtheanti－β－Caヒeninantibody．

エnγ王亡ro上土乃d血g丘gβ卑y

GSTorMBPfusionproteinswereexpressedinE・COliBL21（DE3）

andpurifiedaccording to themanufacturerrsinstructions．

MBP－Farn（1476－1918aa）（0・8nm01）was mixed with

glutathione－Sepharose4Bbeads（30LLl）coatedwiヒhO．5nm0lof

eitherGST，GST－AF－6（1130－1612aa）lGST－E－Cadherin，GST－

α－Catenin′OrGST－β－Cateninin400plofbufferB（50mMTris／HCl

aヒpH8・0′1rnMEDTA，0・1％Tritonx－100′0・1％3－【（3－

Ch01amidopropyl）dimeヒhyl－arrmOnio］propanesulfonic acid

（CHAPS））・ThebeadswerewashedsixtimeswithlOOplofbuffer

B，andthenwashedthreetimeswithlOOplofbufferBcontaining

50mMNaCl・TheboundMBP－Fam（1476－1918aa）wasco－elutedwith

GST fusionproteins by the addition oflOO LLlof bufferB

COntaininglOrnMglutathionethreetimes・Portions（30pleach）

Of the three fractions of the glutathione－eluates were

SubjectedtoSDS－PAGE′followedbylmmunoblotanalysiswiththe

anti－MBPantibodY・Totestthespecificityofthebinding，＝
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Carriedoutakineticstudyof亡hebindingofFamtoβ－Catenin．

TheindicaヒedamountofMBP－Fam（1476－1918aa）wasmixedwith

glutathione－Sepharose4Bbeads（30pl）coatedwithO．5nm0lof

eitherGST，GST－AF－6（1130－1612aa），OrGST－β－Cateninin400

担ofbufferB・加vitrobindingassayandirnmunoblotanalysis

Withtheanti－MBPanヒibodywerecarriedoutasdescribedabove．

TheelutedMBP－Fam（1476－1918aa）wasvisualizedandestimated

Withadensitograph（ATTO′Tokyo）・Todeterminewhichdomain

Ofβ－CatenininteractswithFam，＝preparedvariousdeleti。n

mutantsofMBP－β－Cateninsuchasβ－Catenin（1－781aa），（1－183

aa）′（1－535aa）′（184－535aa）′Or（536－781aa）・MBP－β－Catenin

rnutants（0・4nm01）weremixedwithglutathione－Sepharose4B

beads（30pl）coatedwith O・5nm0lof eitherGSTorGST－Fam

（1476－1918aa）in550plofbufferB・1hvitrobindingassay

andimmunoblotanalysiswiththeanti－MBPan亡ibodywerecarried

エmu刀Of加oreきCe力Ce丘力dユag紺即a皿王叩C∞知aユ瓜ヱ打○βCqⅣ

LcellsstablyexpressingHA－Fam－CATandHAalonewereplated

On13－rrm－rOundglasscoverslipsin35rnmtissueculturedishes

at acelldensityof5Ⅹ104cells／dishandculturedfor48h．

Thece11swerefixedwith4％paraformaldehydeinpBSfor5min．

The fixedcells wereincubated for12hat4。cwithrabbit

P01yclonalantibodyagainsヒβ－Catenin andmousemonoclonal

antibodyagainstHA′andwashedthreetimesforlOminwithpBS．

The ce11swereincubated forlhwithF＝TC－COn］ugatedanti－

mOuSe＝gGantibodyandTexas red－COnコugatedanti－rabbiヒ＝gG

antibody，andwashed three times forlO minwith pBS．The

accumulationofβ－CateninandtheexpressionofHA－Fam－CATwere
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eXamlnedusingalaserscanningconfocalmicroscope（LSM510；

Carlzeiss，＝nc・′Thornw00d，NY）equippedwithanargonlaser

andaheliurn－neOnlaserfordoublefluorescenceat488and543

nm（emission filter；BP510－525and LP590）．

加ユ百e－C五aβe a力点ユγ古土g

Lcells stablyexpressingHA－Fam－CATorHAalonewereseeded

in35rnmtissueculturedishes at acelldensiヒyoflxlO5

Cells／dishandculturedfor24h・Thecellswereincubatedfor

lhinmethionine and cysteine－freemedium，andwere then

incubatedforlhinヒhepresenceof50LLCi／mlof［35s］methionine

and［35s］cysteine・Thecellswerewashedwithmedium

COntainingexcessnon－radioactivemethionineandcysヒeineand

Werethenincubatedforvarioustimes・Afterthecellshadbeen

WaShedwithice－C01dPBS，theywereharvestedin200plofbuffer

C（10mMTris／HClaヒPH7・5′1rrMEGTA，150mMNaCl′1％（W／V）

Nonidet p－40′0・1％（W／V）deoxych0late′0・1％（W／V）sodium

dodecylsulfate110pMp－APMSF，10pg／mlleupeptin）．An

irnmunoprecipitaヒionanalYSiswiththeanti－β－Cateninantibody

WaSPerformedasdescribedabove・Thesamplesweresubjected

tO SDS－PAGE and transferred onto p01yvlnylidene difluoride

membranes・The［35sトIabeledbandscorresponding亡01abeled

β－Cateninwerevisualizedwithanimageanalyzer（BAS－2000；

Fuji′　Tokyo′Japan）．

且だec亡　of pro亡e丘g皿eヱ血j損亡Or

Lcells stablyexpressingHA－Fam－CATorHAalonewereseeded

inlOOrnmtissueculturedishesaヒthecelldensiヒyoflxlO6

Cells／dishandculturedfor24h・Thecellswerethentreated
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Wiヒh25岬ALLN（N－aCetyl－Leu－Leu－nOrleucinal）orALLM（N－

aCetyl－Leu－Leu－methional）for4h・Thecellswerewashedtwice

WithpBSandlysedin200plofbufferD（50mM＝Tris／HClatpH

7・51100mMKCl，4mMEGTA′1rrMNaF，1rnMsodiumvanadate，0．25％

Tritonx－100′10岬P－APMSF，1pg／mlleupeptin，25岬ALLNand

300mMsucrose）・ThecelllysatesweresubjectedtosDS－PAGE

andimmunoblottedwith the anti－β－Caヒeninantibody．

0亡ムeェ・procedureg

SDS－PAGEwasperformedasdescribed（Laernmli1970）．protein

COnCentrations were determinedwith BSA as the reference

PrOteinasdescribed（Bradford1976）・＝mmunoblotanalyses

Were carried out as described（Harlow et al．1988）．

Results

血亡eエーaC亡ヱan ofねm a乃dβ－Ca亡e力血

＝havepreviouslyshownthatFamispartlyc0localizedwith

β－Cateninat the cell－Cellcontact sites of confluent

Madine－Darbycaninekidneycellstrain＝＝（MDCK＝＝）cells（Fig．

1）（Tayaetal・1998）・Thisobservationpromptedmetoexamine

Whether FaminteracヒSWithβ－Cateninin vivo．whenFamwas

irnmunoprecIPitatedwithヒheanti－FamantibodyfromMDCK＝＝cells，

β－CateninwascoimmunoprecipitatedwithFam（Fig・2A）・β－

Catenin was slightly coirrmunoprecIPitatedwith contr01

Preirrununeserum・SimilarresultswereobtainedwhenELcells，

WhicharemouseLfibroblasts stablyexpressingE－Cadherin′

WereusedinsteadofMDCK＝＝cells（Fig・2B）・AboutlO％ofthe
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tOtalFamwasirnmunoprecIPitatedandaboutl・00rO．B％ofthe

totalβ－CateninfromMDCK＝＝orELcellswasrecoveredwiththe

irrmunoprecIPitatedFamundertheconditions，reSPeCtively．

TheseresultssuggestthatFamdirectlyorindirectlylnteracts

Withβ－Cateninin viv。．

ToexaminewhetherGST－β－CatenindirectlybindstoMBP－Fam

（1476－1918aa）aヒヒhedeubiquitinatingcatalyticdomain，＝

Carriedoutaninvitrobindingassay・＝havepreviouslyshown

thatMBP－Fam（1476－1918aa）bindsJoGST－AF－6（1130－1612aa）

（Tayaetal・1998）・AffinitybeadscoatedwithGST，GST－AF－6

（1130－1612aa），GSTqE－Cadherin′GST－α－Catenin，OrGST－β－

CateninweremixedwithMBP－Fam（1476－1918aa）．Thebound

MBP－Fam（1476－1918aa）wasthenco－elutedwiththeGSTfusion

PrOteinsbytheadditionofglutathione′andtheelutedMBP－Fam

（1476－1918aa）was detectedbyirnmunoblot analysiswiththe

anti－MBPanヒibodY・MBP－Fam（1476－1918aa）wasdetectedinthe

eluates fromtheGST－AF－6（1130－1612aa）andGST－β－Catenin

affinitybeads，butnotinthosefromtheGST，GST－E－Cadherin，

andGST－α－Cateninaffinitybeads（Fig・2A）・Todeヒerminethe

SPeCifici亡yofthebinding，akineticstudYOfthebindingof

Famtoβ－Cateninwascarriedout・Affinitybeadscoatedwith

GST，GST－AF－6（1130－1612aa）′OrGST－β－Cateninweremixedwith

theindicatedamountsofMBP－Fam（1476－1918aa）（Fig．3）．The

boundMBP－Fam（1476－1918aa）wasthenco－elutedwiththeGST

fusionproteinsbytheadditionofglutathione，andtheeluted

MBP－Fam（1476－1918aa）wasdetectedbyirrmunobloヒanalYSiswith

ヒheanti－MBPantibody・TheapparentKdvaluesforthebinding

Of MBP－Fam（1476－1918aa）to GST－AF－6（1130－1612aa）or

GST－β－Cateninwereestimatedヒobeabout880nMorl180nMunder
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ヒhe conditions，reSPeCtively（Fig．4）．

Next′＝examinedwhichd。main。fβ－Catenininteractswith

FamusingvariousdeletionmutantsofMBP－β－Catenin（Fig．5）．

AffinitybeadscoatedwithGSTorGST－Fam（1476－1918aa）were

mixedwithdeleヒionmutants ofMBP－β－Catenin，and the

interactingproヒeinswere thenco－elutedwithGST fusion

PrOteinsbytheadditionofglutathione・MBP－β－Catenin（1－

781aa）l（1－535aa）′and（184－535aa）bound to GST－Fam

（1476－1918aa）′butMBP－β－Catenin（1－183aa）and（536－781aa）

didnot・MBP－β－Catenin（1－781aa），（1－535aa），and（184－535

aa）didnotbindtocontr01GST（Fig・6）・TheFam－bindingreglOn

（184－535aa）ofβ－Catenincontainedthearmadillorepeats3－10．

This reglOn COnヒains thebinding sites for the adenomatous

P01yposis c01i（APC）andAxinonβ－Catenin（Rubinfeld et al．

1995；＝keda et al・1998）（Fig・7）・Taken亡Ogether，these

resultsindicatethatFam（1476－1918aa）directlybindstothe

region containing residues184－5350fβ－Cateninin vitr。．

此地鳥jga亡ヱ∞Ofβ－Ca亡e瓜血血ムCeユユき卸ね瓜

＝havepreviouslyshown that Famhas deubiqui亡inating

activityinvitroandprevents theubiquiヒinationofAF－6in

intact・Cells（Tayaetal・1998）（Fig・8）・Thedegradationof

β－Cateninisregulatedbytheubiquitin－PrOteaSOmepathway

（Aberleetal・1997；Orfordetal・1997）・Toexaminetheeffect

OfFamontheregulationofβ－Cateninstabilization，＝employed

mOuSe L cells，Which do not express endogenous cadherin but

eXPreSSalowlevelofP－Catenin・Lcellsweretransfectedwith

fiA；Fam－CATincludingthedeubiquitinatingcatalyticdomainof

Fam（1210－2410aa）alongwithpsv＝＝SRαvectorcontainingthe
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neOmyclnresistancegeneandthenG418－reSistantc0lonieswere

is01ated・＝usedFam－CAT，because＝couldnot detect the

eXPreSSion of full－length Fam，PrObably due toitslow

expressionlevel・The expressionofHA－Fam－CATwas detected

byimmunoblotanalysiswiththeanヒi－HAantibody（Fig．9A）．To

examinewhetherthestabilizationofβ－Cateninisregulatedby

Farn′equalamountsoftotalce11proteinfromtheclonesstably

expressingHA－Fam－CATorHAalonewereanalyzedbyimunoblot

analysis with the anti－β－Catenin antibodY（Fig．9B）．＝n the

Clones expressingHA－Fam－CAT，β－Cateninwasmore strongly

detectedthanintheclonesexpressingHAalone・Whereas，the

levelofα－CateninlGSK－3β′。rAxinwasnotchangedinthecl。neS

eXPreSSingHA－Fam－CAT（Fig・9B）・Theseresults suggestヒhat

Fam funcヒions t。S亡abilizeβ－Cateninin L cells．

＝determinedtheintracellulardistributionofβ－Catenin

inLcellsstablyexpressingHA－Fam－CAT・Lce11sexpressing

HA－Fam－CAT（CloneNO・2）andHAalone（CloneNO．1）weremixed

and cultured to normalize the conditions for the

irrmunofluorescencestudy・Thecellswerefixedandweredoubly

StainedwithmousemonoclonalantibodYagainstHAandrabbit

P01yclonalantibody againstβ－Caヒenin．The expressi。n。f

HA－Fam－CATwaspredominantlYdetectedat dot－1ike structures

inthecytoplasm（Fig・10A）・β－Cateninalsoaccumulatedinthe

CytOPlasmbut notin thenucleus or at the cell－Cellcontact

SitesinLce11sexpressingHA－Fam－CAT（Fig・10Z3）．＝ntheclone

expressingHA－Fam－CAT，theintensityoftheβ－Cateninstaining

WaSmOrethanthatinthecl。neeXPreSSingHAalone．β－Catenin

WaSPartlyc0localizedwithHA－Fam－CATatdot－1ikestructures

in the cytoplasm・These dot－1ike structures maybe the
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endoplasmicreticulumand／orG01gicomplex・Similarresults

Wereobtainedinseveralclones stablyexpressingHA－Fam－CAT

（datanotshown）・TheseresultsindicatethatFamfunctions

ヒO Stabilizeβ－Cateninin the cytoplasm。f L cells．

To furtherexaminewhetherFamregulates theヒurnoverof

β－Catenin′＝performedpulse－Chaseanalysisofβ－CatenininL

Cells stablyexpressingHA－Fam－CAT・Thecells expressing

HA－Fam－CAT（CloneNO・1）orHAalone（CloneN0．1）werelabeled

forlhinthepresenceof［35s］methionineand［35s］cysteine

andwere then chasedwithmediumCOntaining excess non－

radioactivemethionine andcysteine forvarious periods．

After the cells hadbeenharvested，irnmunoprecIPitation

analyseswiththeanti－β－Cateninantibodywereperf。rmed．The

［35sトIabeledbandscorrespondingt0labeledβ－Caヒeninwere

Visualizedwith animage analyzer（Fig・11）・Equivalenヒ

amounts ofβ－Caヒeninwereimmunoprecipitatedwith the anti＿

β－Cateninanヒibodyfromwh0lecelllysatesandde亡ectedby

irrmunoblotanalysiswiththeanヒi－β－Cateninantibody（datanot

Shown）・The［35sトIabeledβ－Catenindecreasedwithahalf＿

lifeofabout5mininthecontr0lcells（Fig・12）．＝ntheclone

expressingHA－Fam－CAT′β－Cateninexhibitedalongerhalf＿life

Of aboutlOrnin・Similar results were obヒainedin several

Clones stablyexpressingHA－Fam－CAT（datanotshown）．Taken

together，these results suggest that Fam elongates the

half－1ife ofβ－Catenin．

＝examinedtheeffecヒSOfALLNIPrOteaSOmeinhibitor′On

thece11sexpressingHA－Fam－CAT（cloneNO・1）orHAalone（Clone

NO・1）・＝tis wellknown thaヒthe peptide aldehyde ALL

（NJacetyl－Leu－Leu－nOrleucinal）inhibits the proteasome－
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dependentprote01ysispathway，and thisleads to an

aCCumulationofproteinsthatareusuallYmetab01izedbyヒhe

PrOteasomepathway（Couxetal・1996）・＝thasbeenshownthat

thetreatmentofcertaince111ineswithALLNresultedinヒhe

aCCumulationofthehigherm0lecularweightβ－Catenin（Aberle

et al・1997；Orford et al・1997；Taya et al・1998）．＝n the

absenceofFam－CAT，theubiquitinatedβ－Cateninwasdetected

aSabandaboveβ－Cateninbyirnmunoblotanalysis（Fig．13）．＝n

theLcellsexpressingHA－Fam－CAT，theamountofubiquitina亡ed

β－Cateninwasreduced・TheseresultsstronglysuggestthatFam

deubiquitinates theubiquitinatedβ－Catenin orinhibits亡he

ubiquitination ofβ－Catenin．

D土scusslOn

エn亡erac亡王αn Of知a乃dβ一C丘とen血血Ⅴ王Ⅵ⊃

β－Cateninaccumulatesat thecell－Cellcontactsitesas

a cadherin／catenin cornPlexin the epithelialcells．＝have

PreViousIYShownthatFamislocalizedatthecelトcellcontact

Sites ofMDCK＝＝epithelialcells（Taya etal・1998）．＝here

foundthatFarninteractedwithβ－Catenininvitro．＝alsofound

thatβ－CateninwascoirnInunOPreCipitatedwithFamfromMDCK＝＝

and EL cells′Whereas E－Cadherin orα－Catenin was not

COirnmunoprecipitatedwith aFam／β－Catenin complex（daヒan。t

Shown）・TheseobservationssuggestthatFamformsacorpplex

Withβ－Catenin・ThereasonwhyE－Cadherinorα－Cateninwasn。t

COirnmunoprecIPitatedisnotyetknown・Fammaypreferentially

inヒeractwithβ－Cateninfreefromacadherin／catenincornplex
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Or a cadherin／catenin′Fam complexmaybe unable亡O be

irnmunoprecIPitatedundermyconditions・＝hereshowedthatヒhe

Fam－binding sitemapped to亡he reglOn Close to the E－

Cadherin」⊃indingsiヒeofβ－Catenin・Thismayexplainwhy

E－CadherinisnotcoirrmunoprecipitatedwiththeFam／β－Catenin

COrPPlex・＝tremainstobeclarifiedwhetherFampredominantly

interactswithβ－Cateninincelトcelladhesions orin the

CytOPlasm・Whenβ－CateninwasirnmunOPreCipitatedwith the

anti－β－CateninantibodyfromMDCK＝＝orELcells，Famcouldn。ヒ

be coimunoprecipitatedwithβ－Catenin（datanoヒshown）．

E－Cadherinandα－Cateninwerecoirnmunoprecipitatedwithβ－

Cateninunderthesameconditions・Thereasonforthisresul亡

isnotknownatpresent′buttheanti－β－Cateninantibodyrnay

irnmunoprecipiヒateβ－Catenincomplexedwithcadherinaswellas

freeβ－Cateninlbut not a Fam／β－Catenin complex．

g亡aわヱユゴga亡ヱon ofβ－Ca亡e刀血上γ知

The turnover。fβ－Cateninis regulatedby the

ubiquitin－prOteaSOmePathway（Aberleetal・1997；Orfordetal．

1997）・＝ntheabsenceofWntslgnaling，thephosphorylation

Ofβ一Cateninispromotedbyvariousm0leculessuchasGSK－3β，

APC，OrAxin・＝tisthoughtthaヒthephosphorylatedβ－Catenin

is ubiquitinatedbythesequentialactionof threeenzymes

（El／E2／E3）・Recently′it has been reported that F－

box／WD40－rePeatPrOteinsregulatetheubiquitinationofβ－

Catenin as E3corpplex（Jiang and Struhl1998；Marikawa and

Elinson1998∫Latres et al・1999；Hart et al．1999）．The

ubiquitinatedβ－Cateninis rec。gnizedbythepr。teaS。me and

rapidly degraded・However，1ittleis known about the
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regulatorymechanismunderlyingthedeubiquitinationofβ－

Cateninin this pathway・＝here showed that the

deubiquitinatingenzymeFaminteractedwithβ－Cateninbothin

Vivoandinvitro・＝alsofoundthattheβ－Cateninlevelwas

elevatedandβ－Cateninexhibitedalongerhalf－1ifeinLcells

eXPreSSing Fam・My results suggest thaヒFaminhibits the

degradationofβ－Caヒenin・Fammaydirectlyreleaseubiquitin

fromtheubiquitinatedβ－Catenin（Fig．14B）．Furtherstudies

areneCeSSarytOaddress thisissueandヒOdetecヒefficiently

the ubiquitinatedβ－Cateninin vitro。rin viv。．

As described above，＝showed that Fam（1476－1918aa）

directlyboundtotheresidues184－535containingthearmadillo

repeats3－100fβqcatenininvitro．＝thasbeenrep。rtedthat

APC andAxininteractwith亡he armadillo repeaヒS2－10and2－7

0fβ－CaヒeninlreSPeCtively（Rubinfeldetal．1995；＝kedaetal．

1998）・APCandAxindirectlybindt。β－Cateninandpr。m。tethe

degrada亡ionofP－Catenin（Kishidaetal．1998；Hartetal．1998）．

This raises thepossibilitythatFaminhibiヒS thebindingof

APCand／orAxintoβ－Cateninandrepresses thefuncti。n。fAPC

and／orAxin′becausetheFam－bindingsiteofβ－Cateninmapst。

theregionclosetotheAPCorAxin－bindingsiteofβ－Catenin

（Fiす．14A）．

gff卓出of知∞亡鮎肋亡〝－Ca亡e乃加古ヱ卯aユ血gpa亡加町

＝heregeneratedLcellsstablyexpressingHA－Fam－CATand

ShowedヒhatoverexpressionofFam－CATresultedinanelevation

Ofβ－Cateninlevelsandelongaヒionofthehalf－1ifeofP－Catenin．

＝hadexpectedβ－Catenint。aCCumulateinthenucleus，h。WeVer

iヒaccumulatedinthecytoplasminthesecells・＝tisヒhought
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ヒhatβ－Cateninformsacomplexwiththetranscriptional

enhancerbindingfactor／Tce11facヒOr（LEF／TCF）familyinthe

CytOPlasmandthenthecomplexistranslocatedintothenucleus

（Behrensetal・1996；M0lenaaretal・1996）・LEF／TCFproteins

interactwithβ－Cateninconヒainingal113armadillorepeats

（Behrensetal・1996；Huberetal・1996；M0lenaaretal．1996）．

Asdescribedabove′thisreglOnCOntainsthebindingsitesfor

theFamonβ－Catenin・＝alsofoundthatβ－Cateninwaspartly

C010CalizedwithHA－Fam－CATatthedot－1ikestructures′Which

maybetheendoplasmicreticulumand／orG01gicorpplex′inthe

CytOPlasm・ThuslitispossiblethatFamcorqpeヒeswithLEF／TCF

fortheinteractionwithβ－Catenin・Therefore′β－Ca亡eninmay

notbind toLEF／TCFproteins ortherebybe translocatedinto

thenucleus・＝thasrecentlybeenreporヒedthatpresenilin－1，

identified as the product of causalgene for familial

AIzheimer’s disease′interacヒS Withβ－Catenin andis

C010Calizedwithβ－CateninattheG01gicomplex（Murayamaet

al・1998；Zhangetal・1998）・Presenilin－1formsacornPlexwith

β－Catenin，reSultinginincreasedβ－Cateninstability（Zhang

et al・1998）・Themechanismunderlying the stabilization of

β－CateninbyFaminthecytoplasmmaybesimilartothatby

PreSenilin－1．

Acknowledすmen亡S

＝amgratefulto Dr・Kozo Kaibuchifor his guidance and

helpfuldiscussion・Heinstructmenotonlysciencebutalso

SOCiety・＝amveryhappy to studyunderhim・＝amgrateful

－18－



tO Drs・Naoyuki＝nagaki，Masato Nakafuku′Shinya Kuroda′

HiroshiQadotalandMutsukiAmano forhelpfuldiscussionand

their teaching・＝amgratefulto Dr・TakaharuYamamoto for

great help and kind advice．

＝thankDrs・A・NagafuchiandS・Tsukita（KyotoUniversity，

Japan）forkindlyprovidingMDCK＝＝cells，ELcells，andvarious

COnStruCtS Of E－Cadherin，α－Catenin andβ－Catenin，Dr．E．

Canaani（Weizmann＝nstituteofScience，Rehovot′＝srael）for

kindlyprovidinghumanAF－6cDNA，andDrs・S・KishidaandA．

Kikuchi（Hiroshimauniversity，Japan）forkindlyprovidingthe

anヒi－GSK－3βandAxinantibodiesIDrs・MasamiKanaiandStepfen

A・W00d（University of Queensland′Australia）for kindly

PrOVidingFamcDNA′Dr・KeijiTanaka（Metrop01itan＝nstituヒe

Of MedicalScience′Japan）for technicalinstructions of

hydr01ysisanalysis′andDr・Akihiro＝wamatsu（KirinBrewery

Co・Ltd・′Japan）for peptide sequencing．

＝thankmernberofKaibuchi，slaboratorYforc01laboration

andhelpfuldiscussion・＝thankMomokoMaedaandAkemiTakemura

for secretarialassistance．

ー19＿



Aberle［H・，Bauer，A・，Stappert，J・，KispertlA・andKemler′

R・（1997）β－Cateninis a target for theubiquitin－

PrOteasome pathway・BMBOJ・16，3797－3804．

Adams′C・L・andNelson，W・J・（1998）Cytomechanics of

Cadherin－mediatedcell－Celladhesion・Curr・Qpin．cel1

月ioユ．10′　572－577．

Behrens，J・，ⅤOnKries′J・P・′Kuhl，M・，BruhnlL・，Wedlich′D．，

Grosschedl，R・′and Birchmeier，W・（1996）Functional

interactionofβ－Cateninwith亡he transcription fact。r

LEF－1・胸亡Uヱ・e382′　638－642．

Bradford，M・（1976）Arapidand sensitivemethod for the

quantitationofmicrogramquantitiesofproteinutilizing

theprincipleofproヒein－dyebinding・Anal・Biochem．72′

Coux′○・′Tanaka′K・andG01dberg，A・L・（1996）Structureand

functions of the20S and26S proteasomes．Annu．Rev．

βヱocムe∬‡．65′　801－847．

D，Andrea／A・andpe11man，D・（1998）Deubiquitinatingenzymes′

anewclassofbi0loglCalregulaヒOrS・Crit・Rev．Biochem．

〟bユ．月ゴ○ユ．33′　337－352．

Gumbiner，B・M・（1996）Celladhesion・them01ecularbasis of

tissuearchitectureandmorphogenesis・Cel184′345－357．

Harlow／E・andLame′D・（1988）加tibodies：ALaboratoryManual．

C01d SpringHabor Laboratory′C01d Spring Harbor，NY

Hart，M・，Concordet，J・P・，Lassot′　＝・lAlbert，＝．′dellos

SantosIR・′Durand′H・lPerretlC・，Rubinfeld′B．，

Margottin′F・r Benarous，R・′andp0lakis，P・（1999）The

F－boxproteinβ－TrCPassociateswithphosphorylatedβ－

－20一



Catenlnandregula亡esitsactivitylnthecell．curr．Biol．

Hart，M・J・ldelossantos，R・′Albertl＝・N・，Rubinfeld，B．and

P0lakisr p・（1998）Downregulationofβ－Cateninbyhuman

AxinanditsassociaヒionwiththeAPCtumorsuppressor′

β－Catenin andGSK3－β．curr．Bi。1．10，573＿581

Hershko′A・andCiechanoverlA・（1998）Theubiquitinsystem．

A乃乃u・月ev・βiocムe乱　67′　425－479．

HochstrasserlM・（1995）Ubiquitin，PrOteaSOmeS，and the

regulation ofintracellularprotein degradation．curr．

q如刀・Ceユユ月ioユ．7′　215－223．

Huang′Y・Baker，R・T・andFischer－Vize′J・A・（1995）Contr0lof

Cellfatebyadeubiquitinatingenzymeencodedbythefat

facets gene・Science270，1828－1831．

Huang′Y・andFischer－Vize′J・A・（1996）Undifferentiatedcells

inthedeveloplngDrosophilaeyeinfluencefacetassembly

andrequiretheFat facetsubiquitin－SPeCificprotease．

βeveユqpme刀亡122′　3207－3216．

Huber，○・′Korn′R・，McLaughlin，J・，Ohsugl′M・，Herrmann，B．G．

andKemler，R・（1996）Nuclearlocalizationofβ－Catenin

byinteractionwiヒhtranscriptionfactorLEF－1．Mech．Dev．

＝keda，S・，Kishida，S・lYamamoto′H・′MurallH・，Koyama，S．and

Kikuchi，A・（1998）Axin′anegativeregulatorofthewnt

Signalingpathway，formsacomplexwithGSK－3βandβ－

CateninandpromotesGSK－3β－dependentphosphorylationof

β－Catenin・EMBOJ．17，1371－1384．

Jiang，J・andStruhl′G・（1998）RegulaヒionoftheHedgehogand

Wingless slgnallingpathways bytheF－box′WD40－rePeat

ー2l＿



PrOtein slimb・胸ture391，493－496．

Kishida，S・，Yamamo亡○′H・，＝keda′S・，Kishida，M・lSakamoto′

＝・，Koyama′S・′andKikuchi，A・（1998）Axin，anegative

regulatorofヒhewntslgnalingpathway，directlyinteracts

Withadenomatous p01yposis c01iandregula亡es the

Stabilization。fβ－Caヒenin・J・Biol．chem．273，10823＿

Kurlyama，M・lHaradalN・′KurodalS・′Yamamoto′T・′Nakafuku，

M・l＝wamatsu，A・′Yamamoto′D・，Prasad，R・，Croce，C．′

Canaanl′E・′andKaibuchi，K・（1996）＝dentification of

AF－6andcanoeasputativetargetsforRas・J．Biol．chem．

Kuroda，S・lFukata′M・，Nakagawa，M・，Fujii，K・［Nakamura′T．′

00kubo，T・，＝zawal＝・，NagaselT・lNomura［N・′Tani′H．，

Shojil＝・，MaヒSuuralY・′Yonehara，S・／andKaibuchi，K．

（1998）R0leof＝QGAPl′aヒargeヒOfthesmallGTPasesCdc42

andRacl，inregulationofE－Cadherin－mediatedcell－Cell

adhesion・Science281′　832－835．

Laerrmli，U・K・（1970）Cleavageofstructuralproteinsduringthe

assemblyof theheadofbacteriophage T4・胸ture227，

Latres，E・′Chiaur，D・S・andpagano′M・（1999）ThehumanFbox

PrOteinβ－TrCPassociateswithヒhecu11／SkpIcomplexand

regulates the stabilityofβ－Catenin・Oncogene18′

MarikawalY・andElinson′R・P・（1998）β－TrCPis anegative

regulatorofwnt／β－Cateninsignalingpathwayandd。rSal

axisformationinxenopusembryos・Mbch・Dev．77′75－80．

Miller，J・R・andM00n′R・T・（1996）Signaltransductionthrough

－22＿



β－Cateninandspecificationofcellfateduring

embryogenesis・Genes Dev・10′　2527－2539．

M01enaar′M・′Vandewetering′M・′00SterWegel，M．，

Peterson－Maduro′J・，Godsave′S・，Korinek′Ⅴ・′R00Se，J．，

Destree′○・landClevers′H・（1996）ⅩTcf－3transcripヒion

factormediatesβ－Catenin－induced axis f。rmaヒi。nin

Xenopus embryos・Cel186，391－399．

Murayama，M・′Tanakar s・′Palacino′J・′Murayama′○・，Honda，

T・′SunlX・′Yasutake′K・，Nihonmatsu′N・，W010Zin，B．′

and Takashima，A・（1998）Direct association of

PreSenilin－1withβ－Catenin．msLett．433，73＿77．

Nagafuchi′A・l＝shihara，S・andTsukita′S・（1994）Ther01es

Of cateninsin the cadherin－mediatedce11adhesion，

functionalanalysis of E－Cadherin－α－Catenin fusion

m0lecules・J・CellBiol．127，235－245．

Nusse，R・（1997）Aversatile transcriptionaleffector of

Wingless slgnaling・Cel189，321－323．

0rfordlK・，Crockett，C・，JensenlJ・P・，Weissman，A．M．and

Byers，S・W・（1997）Serine phosphorylation－regulated

ubiquitinationanddegradati。nOfP－Caヒenin．J．Bi。1．Chem．

Papkoff，J・′RubinfeldlB・′Schryver′B・andP0lakis，P．（1996）

Wnt－1regulates free p00ls of catenins and stabilizes

APC－Catenin complexes・Mol・Cell・Biol・16，2128－2134．

Peifer，M・lPai，L・M・andCaseY／M・（1994）Phosphorylationof

theDrosophilaadherens］unCtionproteinArmadillo′r0les

forwinglessslgnalandzeste－White3kinase．Dev．Biol．

P01akis，P・（1997）Theadenomatousp01yposisc01i（APC）tumor

一23＿



SuPPressor・Biochim・Bicphys・Acta・1332′F127－F147．

Prasad′R・，Gu′Y・′Alder，H・′etal・（1993）CloningoftheALL－1

fusionpartner，theAF－6gene′inv0lvedinacutemyeloid

leukemiaswiththet（6；11）chromosometranslocation．

Rubinfeld′B・′Souza，B・′Albert，＝・IMunemitsu［S・andp0lakis′

P・（1995）TheAPCproteinandE－CadherinforrnSimilarbu亡

independentcorpplexeswiヒhα－Catenin，β－Catenin，and

Plakoglobin・J・Biol・Chem・270，5549－5555．

Rubinfeld′B・′Robbins，P・′El－Gamil，M・，Albert［＝・′Porfirl，

E・andp0lakis，P・（1997）Stabilizationofβ－Cateninby

geneticdefectsinmelanomacelllines・Science275，

Takeichi′M・（1995）Morphogeneticr0lesofclassiccadherins．

Cuヱ‾r・qpj刀・Ceユユ封○ユ．7′　619－627．

Taya，S・，Yamarnoto′T・，Kano′K・′Kawano′Y・，＝wamatsu，A．，

Tsuchiya，T・，Tanaka，K・，Kanai－Azumar M・′W00d，S．A．′

Mattick，J・S・landKaibuchi′K・（1998）TheRasヒargetAF－6

isasubstrateoftheFamdeubiquitinatingenzyme．J．Cell

Tsukiヒa′S・′Tsukita，S・lNagafuchi，A・andYonernura［S・（1992）

M01ecularlinkagebeヒweencadherinsandactinfilaments

incell－CelladherensコunCtions・Curr・Qpin．cellBiol．

Wilkinson，K・D・（1997）Regulationofubiquitin－dependent

PrOCeSSeSbYdeubiquiヒinatingenzymes・mSBB・J．11′

W00d，S・A・，Pascoe′W・S・′Ru，K・／Yamada′T・′Hirchenhain，J．，

Kemler′R・′andMaヒticklJ・S・（1997）Cloningand

－24＿



eXPreSSlOnanalysisofanovelmousegenewiヒhsequence

SimilariヒytotheDrosophilafatfacetsgene．Mech．Dev．

Yamamot01T・′Harada，N・lKano′K・lTaya，S・，Canaanl，E．，

Matsuura′Y・′Mizoguchi′A・′＝de′C・′andKaibuchi，K．

（1997）TheRastargetAF－6interactswithzo－1andserves

aSaPeripheralcomponenヒOf亡ightjunctionsinepithelial

Cells・J・Ceユユ月ヱ○ユ・139′　785－795．

Yost′C・′TorresIM・，Miller，J・R・lHuang′E・′Kimelman，D．and

M00n′R・T・（1996）Theaxis－inducingacヒivity，Stability，

andsubcellulardistribuヒionofβ－Cateninisregulatedin

Xenopusembryosbyglycogensynthasekinase3．GenesDev．

Zhang′Z・′Hartmann′H・′Do′V・M・，Abramowski′D．，

Sヒurchler－Pierrat，C・／Staufenbiel，M・，Sornmer，B．，Van

dewetering，M・，Clevers′H・′Safヒig／P・，DeStrooper，B．′

He，Ⅹ■′andYankner′B・A・（1998）Destabilizationofβ－

Cateninbymutationsinpresenilin－1po亡entiatesneuronal

apop亡OS土s・胸亡uヱーe395′　698－702．

ー25－



Fiすureleすendさ

F知rel・ConねcalmlcroscopeimaすeSOfconflu弧t瓜CRエエeell占

ぬow土nすtbed王統r土butlon層OfFam′ZO－1andβ－Caten土n．

ConfluentMDCK＝＝cellsdoublystainedwiヒharabbitp01yclonal

antibodyagainsヒFam（AandD）andmousemonoclonalantibodies

agains亡ZO－1（B）orβ－Catenin（E）・Famimmunoreactivityis

Showningreen，andzo－1andβ－Cateninirnmunoreactivitiesare

Showninred・ZO－1wasconcentraヒedatヒheapicalsections（B）′

Whereasβ－Cateninwasfoundaヒmorebasalsections（E）．The

yellowareaindicatesヒhec0localizationofFamandzo－1atthe

apicalsites（C）′OrFamandβ－Cateninatthebasalsi亡es（F）．

Theresultsarerepresentativeofthreeindependentexperiments．

Bar′10　い′m．

Fl卯re2・工n亡eractionofFamw土tbβ－Catenin血再叩．MDCX工工

（A）orEL（B）cellswerelysedandthelysatewasincubatedwith

ヒhe anti－Famanヒiserum，anti－β－Cateninantiserum，Or

Preirnmuneserum・TheimmunocomplexeswerethenprecIPitated

WithproteinA－Sepharose4B／andsubjectedtosDS－PAGE′

f01lowedbYimmunoblotanalysiswiththeanti－β－Catenin

anヒibody・Thearrowheadsdenotethepositionsofβ－Catenin．

The results arerepresentative of threeindependent

F如re3・ェnteraCt土onof氾叩弧（1476－1918aa）witbG恥β－

Catenizlinvitro・Affinitybeads coatedwithGST，GST－AF－6

（1130－1612aa）′GST－E－Cadherin′GST－α－Catenin′OrGST－β－

Catenin weremixedwithMBP－Fam（1476－1918aa）．The

interactingproteinswereeluヒedwithGSTfusionproteinsby
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ヒhe additionof glutathione・The eluateswere subjectedto

SDS－PAGElf01lowedbyirrmunobloヒanalysis with the anti－

MBP－anヒibody・Thearrowheads denote thepositionofMBP－Fam

（1476－1918aa）・The results are representative of three

independent experiments．

Fl卯re4・地ereさultoftbek土netic如むof tbebindlnすOf

瓜P－Fam（1476－1918aa）toGS℡一好一6（1130－1612aa）orG甜－β－

Catenin・Affinitybeads coatedwiヒhGST－AF－6（1130－1612aa）

（A）′OrGST－β－Catenin（B）weremixedwithvari。uS am。untS。f

MBP－Fam（1476－1918aa）・＝nvitrobindingassayandirnmunoblot

analysis with the anti－MBP antibodywere carried out as

described above・The boundMBP－Fam（1476－1918aa）was

Visualizedandestimatedwithadensitograph．Thevaluesare

means　±　SEM of triplicate experiments．

Fiすure5・Dom土ndlaすramandvariouさdeletionmtants of

HBp－β－Caten土nuさed・fortbe血再はObind土叩a昌弘y．To

determinewhich d。main。fβ－Catenininteracts with Fam，＝

PrePared various deleti。n mutants of MBP－β－Catenin such as

β－Catenin（1－781aa）′（1－183aa），（1－535aa），（184－535aa），Or

出卯re6・工nteract土onofGさ℡ヰ弧（1476－1918aa）w土tb氾p雄一

Catenin（184－535aa）invitro・AffinitybeadscoatedwithGST

OrGST－Fam（1476－1918aa）weremixedwithindicatedmutantsof

MBP－β－Catenin，andtheinteractingproヒeinswerethenc。＿eluted

WiヒhGSTfusionproteinsbytheadditionofglutathione．The

eluates were subjected to sDS－PAGE′　f01lowed byirnmunoblot
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analysis with the anti－MBP－antibody・The arrowheads denote

theposi亡ionofMBP－β一Catenin（1－781aa）′（1－535aa）′and

（184－535aa）・The results are representative of three

independent experiments．

Fi卯re7・TheAPC・hinandFan－bindingsiteofβ－Catenin．Fam

directlyboundtothearmadillorepeaヒS3－100fβ－Cateninin

Vitro・APCandAxininteractwithヒhearmadillo repeats2－

10and2－70fP－Catenin・APCandAxindirecヒIybindtoβ－Catenin

andpromote the degradati。n。fβ－Catenin．This raises the

POSSibilitythatFaminhibitsヒhebindingofAPCand／orAxin

toβ－Cateninandrepresses the functionofAPC and／orAxin．

F土卯re8・Hydroly出占Of125ェー1abeledロb－PE卯byFam．The

125＝－labeledub－PESTwasincubatedaloneorwithl・6pgofFarn

PurifiedbyGST－AF－6（1130－1612aa）affinity c0lurnnin the

absenceorpresenceofubiquitin－aldehyde（Ub－CHO）forl′3，

Or6hat370c・Aftertheincubation，thesamplesweresubjected

tOSDS－PAGE′f01lowedbyC00rnaSSieBrilliantBlues亡aining（A）

andby autoradiography（Z｝）・The release of ubiquitin from

Ub－PEST（A）ortheproducヒionofthehydr01ysisof125＝－1abeled

PEST peptides from ub－PEST（B）・The results shown are

representative of threeindependent experiments．

F土卯re9・靴ablllzationofβ－CatenininLcellさbyFam L。ells

Were transfected with HA－Fam－CATincluding the

deubiquitinaヒingcatalyticdomainofFam（1210－2410aa）along

Withpsv＝＝SRαvectorcontainingtheneomycinresistancegene

andthenG418－reSistantc0lonieswereis0lated・Equalamounts
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Of totalproヒein（25囲）fromeachcloneexpressingHAalone

（2clones）orHA－Fam－CAT（3clones）wereanalyzedbyirnmunoblot

analysiswithindicatedantibodies・（A）The expression of

HA－Fam－CATwasdetectedusingtheanti－HAantibody．（B）The

amount ofβ－Cateninlα－Catenin，GSK－3β′OrAxinwasdetected

using these antibodies・The results arerepresentative of

threeindependent experiments．

出卯relO・Di鈍rib此土onofβ－Caten土ninLcellさStably

e叩reS＄ingHA－Fam－CAT・Lcells expressingHA－Farn－CATandHA

aloneweremixedandculturedfor48h・Thecellswerefixed

With4％paraformaldehydeinpBSfor5min・Thefixedcellswere

doublystainedwithmousemonoclonalantibodyagainsヒHA（A）

and rabbitp01yclonalantibodyagainstβ－Catenin（Z3）．The

eXPreSSionofHA－Fam－CATandtheaccurnulationofβ－Cateninwere

examinedusing alaser scanning confocalmicroscope．The

arrowheads denotetheexpressioncells ofHA－Fam－CATandthe

arrOWSdenoteヒhoseofHAalone・Theresultsarerepresenta亡ive

Of threeindependent experimen亡S・Bar，20pm．

Fi卯rell・飢on卵七ionoftbeβ一Caten土nbalf－1土feinLcells

StablYeXpreSSingzzA，Fa皿一CAT・LcellsexpressingHA－Fam－CAT

Or HA alone werelabeled forlhin the presence of

［35s］methionineand［35s］cysteineandwereヒhenchasedwith

medium containing excess non－radioactivemethionine and

CYSteine forヒheindicaヒed times・Afterヒhe cells hadbeen

lYSed′irrmunoprecipitationanalyseswiththeanti－β－Catenin

antibody were performed・The［35s］－labeled bands

COrreSPOnding亡0labeledβ－Cateninwerevisualizedwith an
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出卯re12・Quantitativeanaly出占Ofpulさe－Cba占ek土neticsof

β－Catenin・Thevaluesarethepercentageoftheamount。f

β－Cateninatomin（100％）andaremeans±SEMoffourexperiments．

0，L cells expressingHA－Fam－CAT；●，HAalone

出卯re13・鋸fe虎Ofproteaさ皿einbibitorontbeubi中止t土nated

β－Catenin土nLcell白紙ablye】耶eS由呵弘一Fam－CA℡．Lcells

StablyexpressingHA－Fam－CATorHAaloneweretreatedwiththe

25岬ALLMorALLNfor4h・Equalamountsoftotalprotein（25

LLg）from the cells expressingHAalone orHA－Fam－CATwere

analyzedbyimmunoblot analysiswiththe anti－β－Catenin

antibody・Thearrowheads denote亡hepositionofendogenous

β－Cateninandtheubiqvitinatedβ－Catenin′reSPeCtively．The

reSultsarerepresentativeofthreeindependentexperiments．

F土卯re14　肋delf∝tbe舐ab土11zationo印－Caten土nbyFam．工n

theabsenceofthewntslgnalingpathway，thephosphorylation

Ofβ－CateninispromotedbyvariousmoleculessuchasGSK－3β′

APC／OrAxin・＝t hasbeenthough亡that thephosphorylaヒed

β－Cateninisubiquitinatedbythesequenヒialac亡ionofthree

enZymeS（El／E2／E3）・Theubiquitina亡edβ－Cateninisrecognized

bY theproヒeasomeandrapidlydegraded・＝nthis study，＝

SuggeSt that Fam stabilizesβ－Catenin．Here＝sh。W tW。

alternativehypotheses・（A）FammayinhibitthebindingofAPC

and／orAxintoβ－CateninandrepressthefunctionofAPCorAxin．

（Z3）Fammaydirectlyreleaseubiquitinfromヒheubiquitinated

β－Catenin・Ub∫ubiquitin′El；Ubactivatingenzyme，E2；Ub
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Carrler protein′E3；Ub－PrOteinligases．
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Figure14
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