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SUM以Y

Racl，a member of the Rho familY SmallGTPases，regulates

E－Cadherin－mediated cell－Celladhesion（for a review，Fukata et

al．，J．Ce11Sci．112，4491－4500，1999）．However，it remains to

be clarified how the localization and activation of Racl are

regulated at sites of cell－Cellcontact・Here，uSing enhanced

green fluorescenceprotein（EGFP）－taggedRacl′＝demonstratedthat

EGFP－RacIwas c0localized with E－Cadherin at sites of ce11－Ce11

COntaCt and translocated to the cYtOSOlduring disruption of

E－Cadherin－mediated cell－Celladhesion by Ca2＋chelation・

Reestablishmentofcell－CelladhesionbYreStOrationofCa2＋caused

EGFP－Raclto become relocalized together with E－Cadherin at sites

Of cell－Cellcontact．Engagement of E－Cadherin to the apICal

membranebYanti－E－CadherinantibodY（ECCD－2）recruitedwild－tYPe′

COnStitutivelY aCtive′　and dominant negative Racl・＝　also

investigated whether E－Cadherin－mediated cell－Ce11adhesion

induced Raclactivation bY uSe Of an assaY tO meaSure the amounts

Of GTP－bound Raclbased onits specific binding to the Cdc42／Racl

interactivebindingreglOnOfp21－aCtivatedkinase・Theformation

of E－Cadherin－mediatedcell－Ce11adhesioninducedRaClactivation．

This activation wasinhibited bY treatment Of cells with a

neutralizing antibodY（DECMA－1）against E－Cadherin or with

WOrtmannin，aninhibitor of phosphatidYlinosit013－kinase

（P＝3－kinase）．＝QGAPl′　an effector of Racl，and EGFP－Raclbehaved

in a similar manner during the formation of E－Cadherin－mediated
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Ce11－Celladhesion・Raclactivation was also confirmed bY

measuring the amounts of coimunoprecipitated RacIwith　＝QGAPl

during the establishment of cell－Ce11adhesion．Tiaml．an

activator of Racl，WaSlocalized at the sites of cell－Cellcontact

and accumulated to the cadherin－Clusters in an E－Cadherin＿

d寧Pendentmanner・Takentogetherr theseresults suggestthatRacl

is recruited at sites of E－Cadherin－mediated cell－Celladhesion′

irrespective of whether Raclbinds to GTP or GDP，andis then

activatedr possiblY through P＝3－kinase and Tiaml．
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工ⅣTRODUCココ工ON

Cell－Celladhesionis dYnamica11y rearranged and regulated

in various situationsincluding tissue developmentlthe

establishmentofepithelialcellp0laritY，andwoundhealing（Adams

and Nelson，1998；Gumbiner，2000；Takeichi，1995）．Cadherinis a

Well－known cell－Celladhesion m0lecule and mediates cell＿Cell

adhesion by Ca2＋－dependent homophilicinteractions．The

membrane－distalreglOn Of the cadherin cYtOPlasmic domain binds

toβ一Catenin，andthis complexislinked to the actincYtOSkeleton

bYα－Catenin．Thislinkage between cadherin and the actin

CYtOSkeletonisessentialforcadherin－mediatedcell－Celladhesion

（Kemler，1993）・P120Ctn（OzawaandKemler，1998；Yapetal・，1998）

and8－Catenin（Luetal・，1999），membersoftheArmadillo／β－Catenin

familY（bind to the membrane－PrOXimalreglOn Of the cadherin

CYtOPlasmic domainr are also g00d candidates as regulators of

Cadherin－mediatedcell－Celladhesion・Althoughseveraldifferent

mechanisms have been proposed for cadherin regulation，the

regulatory mechanismis not Yet fullY underst00d・

The Rho family GTPases′including Racl′　Cdc42，and RhoA，

regulate the reorganizationof the actincYtOSkeleton（Hall，1998；

Kaibuchiet al・．1999；Van Aelst and D－Souza－SchoreY，1997）．

Recent studies have revealed that theY also particIPatein the

regulation of cadherin－mediated cell－Ce11adhesion（Braga et al．′

1997；Kuroda et al．′1997；Kuroda et al．′1998；Takaishiet al．，

1997）・0verexpressionof constitutivelyactiveRacl（RaclV12），a

mutant thatis defectiveinGTPase activitY andis thought toexist
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COnStitutivelYin the GTP－bound formin cells′induces greater

accumulation of E－Cadherin′　β－Catenin，and actin cYtOSkeleton at

Sites of cell－Cellcontactr whereas dominant negative Racl

（RacIN17），amutant that preferentiallY binds to GDP rather than

GTP andis thought to exist constitutivelYin the GDP－bound form

in cells，inhibits their accumulation（Takaishiet al．′1997）．

Tiaml，One Of the GDP／GTP exchange factors（GEFs）and an activator

Of Racl．islocalized at sites of cell－Cellcontact．

0verexpression of Tiamlor RaclV12inhibits hepatocYte grOWth

factor（HGF）－induced cellscattering bYincreasing E－Cadherin－

mediated ce11－Celladhesionin Madin－DarbY Canine kidneY（MDCK）

Cells（Hordijk et al・，1997）・Furthermore，○VereXPreSSion of

RacIN170rCdc42N17inELcells′WhichareLfibroblaststhatstablY

express E－Cadherin and adherein an E－Cadherin－dependent manner，

markedlY reduced E－Cadherin－mediated cell－Ce11adhesion，aS

measured bY the ce11dissociation assaY（Fukata et al．，1999a）．

RecentlY，it has been reported that　＝QGAPl．an effector of

Racl／Cdc42，negativelY regulates cadherin－mediated cell－Cell

adhesionthroughthedissociationofα－Cateninfromβ－Catenin，and

that activatedRaclbinds＝QGAPlandpositivelYregulates adhesion

bYinhibiting the＝QGAPlfunction（Kuroda et al，．1998；Fukata et

al・，1999b）・Moreover，both＝QGAPland Raclare mainlY10Calized

at sites of ce11－Ce11contact（Hart et al．′1996；Kuroda et al．，

1996）・Thus，Raclregulates E－Cadherin－mediated cell－Ce11

adhesion through＝QGAPl．However，it remains to be elucidated how
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thelocalization and activation of Raclare regulated at sites of

Ce11－Ce11contact．

＝n the present studY，＝　examined the dynamics of Racl

localizationduringreorganizationof cell－CelladhesioninMDCK＝＝

epithelialcells bY uSing enhanced green fluorescence protein

（EGFP）－tagged Racl，andinvestigated whether E－Cadherin－mediated

Ce11－Celladhesion elicits Raclactivation．　＝　found that RacIwas

recruitedatintercellularコunCtions，irrespectiveofwhetherRacl

bound to GTP or GDP，and that E－Cadherin－mediated homophilic

interactions activated Racl′　POSSiblY through

PhosphatidYlinosit013－kinase（P＝3－kinase）and Tiaml．
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HA℡ERェA⊥S AND HE℡HODS

Materials and chemicals

EL cells，MDCK＝＝　cells，and anti－E－Cadherin rat monoclonal

antibodY（ECCD－2）were kindlY PrOVided bY Drs．A．Nagafuchiand

Sh・Tsukita（KYOtO UniversitY，KYOtO′Japan）．EL cells were

CulturedinDMEM supplementedwithlO！fetalcalf serumcontaining

O・lmg／mlof G418（Nagafuchiet al．′1994）．MDCK＝＝　cells were

Culturedin DMEM supplemented withlO％　calf serum．DECMA－1

（Vestweber and Kemler，1985）′　a rat mOnOClonalantibodY against

E－Cadherin，WaS kindlY PrOVided bY Drs．R．Kemler（Max－Plank

＝nstitute fur　＝mmunbi010gie′　Freiburg，GermanY）and M．Ozawa

（Kagoshima universitY，Kagoshima，Japan）．Anti－GFP antibodY

（mFX73）was kindlYPrOVidedbYDr．S．Mitani（TokYOWomen，sMedical

UniversitY Scho010f Medicine′　TokYO．Japan）and used for

irnmunoprecIPitation．Anotheranti－GFPantibodYWaSpurChasedfrom

CLONTECH Laboratories，＝nc．（Heidelberg，GermanY）and used for

irnmunoblotting・Anti－RaclmousemonoclonalantibodYWaSPurChased

from Upstate Biotechn010gY＝nc．（Lake Placid，NY）；and anti－RhoA

mouse monoclonalantibody，from CYtOSkeleton　＝nc．（Denver，CO）．

Anti－＝QGAPlrabbit poIYClonalantibodY WaS generated against

GST－＝QGAPl（aal－216）．The plasmid of pGEX－Rho binding domain

（RBD）（Ren et al．，1999）of Rhotekin was kindlY donated bY Dr．M．

A・Schwartz（The Scripps Research＝nstitute，CA）；thecDNAof cLPAR，

bY Dr・S・Ohno（Yokohama CitY UniversitY Scho0lof Medicine′

Yokohama，Japan）；and the cDNA of Tiaml′bY Dr．J．G．Collard（The

Netherlands Cancer　＝nstitute，The Netherlands）．Wortmannin，an
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inhibitor of P＝3－kinase．was purchased fromWako Chemical（Osaka，

Japan）・Allmaterialsusedinthenucleicacidstudywerepurchased

from Takara Shuzo C0．，Ltd．（KYOtO，Japan）．Other materials and

Chemicals were obtained from commercial sources．

Plasmid constructions

T0　0btain EGFP－Racland EGFP－Cdc42，＝　subcloned the cDNA

fragmentsofRaclandCdc42intotheBamH＝siteofEGFP－Cl（CLONTECH

Laboratories＝nc・）′　reSPeCtivelY．To obtain EGFP－RaclV12　and

RacIN17r＝subcloned the corresponding fragments of Raclmutants

into BamH＝　and EcoR＝　sites of EGFP－Cl・A fragment harboring

Cdc42／Raclinteractive binding region（CR＝B）ofαPAR（aa70－106）

WaS generated bY PCR using　01igonucleotides

CTGAGGATCCAAGGAGCGGCCAGAGATTTCTCT and

CTGAGGATCCTCACAAGCGGGCCCACTGTTCTG，digested with BamH＝，and

insertedinto the BamH＝site of pGEX－4T－1（Pharmacia Biotech，NJ）

to obtain pGEX－CR＝B．

Preparation of GST－CRZB and GST－RBD

TheexpressionandpurificationofGST－CR＝BandGST－RBDfusion

PrOteins were done as described（Ren et al．，1999）．

Detection of GTP－bound Rho familY SmallGTPases bY uSe Of GST－

CR＝B or GST－RBD（GTPase activity assay）

EL cells（3Ⅹ106cells／10－Cm dish）were seeded and cultured

for18h・EL cells were transfected with the desired plasmids bY
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uslng LipofectAM＝NE（G＝BCO BRL，Grand　＝sland，NY）．After a　48－

hincubationJthe cells were washed twice withice－C01d Hepes－

buffered saline（COntaining20rnM Hepes［pH7．4］．137mM NaCland

3mM KCl），andlYSedinlYSis buffer（50mM Tris－HCl，［pH7．4］，

10mM MgC12，1％NP－40，150mM NaCl，10TJg／mlleupeptin，10pg／ml

aprotinin，10FJM（P－amidinophenYl）－methanesulfonYlfluoride）．

Thelysates were then centrifuged at20rOOO g for7min at40c，and

the supernatant wasincubated with purified GST－CR＝Birnmobilized

beads at　40c forlh．　The beads were washed three times with an

excess oflYSisbufferr andelutedwithLaemmlisamplebuffer．The

eluatesweresubjectedtoSDS－PAGE，f0110WedbYlmmunOblottingwith

the appropriate antibodies．

ZmmunOPreCIPitation of EGFP－Racl

＝mmunoprecIPitation was performed as described previously

（Kuroda et al．′1998）．　＝n brief，EL cells were transfected with

EGFP－Racl・After a　48－hincubation，thelYSateS Wereincubated

WithproteinASepharose beads forlh at40c forpreclearing・The

Supernatant waS thenincubated with anti－GFP antibodY forlh at

40c・Theirnmunocomplex was subjected to SDS－PAGE，fol10Wed bY

⊥mmunoblotting with anti－GFP and anti－＝QGAPlantibodies．

Activation of Rho family smallGTPases bY the formation of E－

Cadherin－mediated cell－Cell adhesion

MDCK＝＝cells（5Ⅹ106cells／10－Cmdish）wereseededintodishes

andcultured for24h，andthenthe cellswere serum－StarVed．After
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a　24－hincubation，E－Cadherin－mediated cell－Cellcontacts were

disruptedbYtreatmentWith4mMEGTAat370cfor30min・Thereafter，

interce11ular contacts were allowed to reformin the presence of

normalCa2＋－COntaining medium（CaC12－1・8mM）for30－120min at

370c・Thenr the activation of the Rho family smallGTPases was

measured bY the GTPase activitY aSSaY uSing GST－CR＝B or GST－RBD

fusionprotein（Renetal．，1999）．ToexaminetheeffectofDECMA－1

antibodY Or WOrtmannin on Raclactivation，＝included DECHA－1

antibodY Or WOrtmannin（200　nM）in the medium．

Zmmunoprecipitation of　＝QGAPl

＝rnmunoprecIPitation was performed essentiallY Similar as

GTPaseactivitYaSSaY．＝nbrief，MDCK＝＝ce11s（5Ⅹ106cells／10－Cm

dish）were seededinto dishes and cultured for24h，and then the

Cellswere serum－StarVed．After a24－hincubation，Calciumswitch

WaS Performed・ThelYSateS Were then centrifuged and the

SuPernatant WaSincubated with purified anti一＝QGAPlantibodY

irnmobilized beads at　40c forlh．The eluates were subjected to

SDS－PAGE，f01lowed bYirnmunoblotting with anti－＝QGAPland

anti－Racl antibodies．

DYnamlCSOfRacllocali2：ationinlivingcells（time－lapseanalYSis）

To observeliving cells，Cells were seeded on glass－bottomed

dishes（Matsunamiglass＝nc．，Osaka，Japan）（5Ⅹ105cells／dish）．

At　24h after seeding，the cells were transfected with EGFP－Racl

Via LipofectAM＝NE2000（G＝BCO BRL，Grand＝sland，NY）．The cells

lO
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Were Serum－StarVedin medium without phenolred for24h and then

Calcium switch was performed．＝mages fromliving cells were

acquired with a Zeiss LSM510laser scanning confocalmicroscope

（CarlZeiss，Oberkochen，GermanY）equippedwith ZeissAxiovertlOO

M（PlanApochromat63Ⅹ／1．40NAoilirrunersionobjective）．Optical

SCanS Were COllected everY10　min．The focus，COntraSt，and

brightness settings were constant during the course ofimage

acquisition．Theimages were arranged sequentia11yinIa mOVie

SequenCe On Adobe　＝mageReadY（Adobe sYStem　＝nc．，CA）．

Locali2：ation of E－Cadherin and EGFP－Raclin MDCKZZ ce11s

MDCK＝＝cells were seeded onto three13－rnm COVerSlipsin each

Wellof a6－Wellcellculture plate（l．5Ⅹ105cells／well）．At

24　h after seeding，the cells were transfected with EGFP－Racland

then serum－StarVed for　24　h．Thereafter，Calcium switch was

Performed・Next the cells were fixed with　3％　formaldehYdein

Phosphate－buffered saline（PBS）forlO min at roomtemperature and

thenpermeabilizedwithPBScontainingO．2！Tritonx－100and2mg／ml

BSAfor15min．The fixedcellswere finallY Stainedwithindicated

antibodies．＝mages were acquired with a Zeiss LSM510laser

SCanning confocalmicroscopY．XZ scans were generated with a O．4

TJmmOtOrSteP．The focus，COntraSt，andbrightnesswere set sothat

allplXels werein thelinear range．

Recruitment of EGFP－Raclby engagement of E－Cadherin

MDCK＝＝cells（2．5Ⅹ105cells／6－Cmdishcontainingthree13－rnm
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COVerSlips）were transfected with EGFP－Racl．TwentY－four hours

after the transfectionlthe ce11s were placed onice for15min

andthenincubatedwithECCD－2for60minonice・Afterhavingbeen

WaShed withice－COld DMEM，the cells were treated with

Texasred－COnコugated anti－rat antibodY for60min at40c and then

WaShedwithice－C01d DMEM・SubsequentlY the ce11s wereincubated

for　60min at　370c・FinallYr the cells were fixed with　3％

formaldehYdein pBS（Fujimoto′1996）．
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RESU工一℡S

EGFP－Racl functions as RacI

To examine thelocalization of Raclinliving cells，＝

COnStruCted cDNAs of wild－tYPe，COnStitutivelY aCtive．and

dominant negative Racltagged with EGFP atits amino terminus

（designated as EGFP－Racl，一RaclV12，and－RacIN17，reSPeCtively）．

As aninitialcharacterization，EL cells were transfected with

EGFP－Racl′－RaclV12r and－RacIN17fortransientexpressionr since

the transfection efficiencY WaS high and the membrane rufflingr

the most tYPICalphenotYPe Of Racl′isinduced bY dominant active

Raclin EL cells′　but notin MDCK＝＝　epithelialce11s（RidleY et

al・，1995）・＝munopreciPitation bY anti－GFP antibodY WaS then

Performed・＝QGAPl．an effector of Racl′WaS COirrununoprecipitated

with EGFP－RaclV12（but neither with EGFP，EGFP－Raclnor EGFP－

RacIN17（Fig・1A）・EGFP－RaclV12inducedmembrane rufflingin EL

cells（Fig．1B）．When EGFP－RaclV12was used to transfectinto

MDCK＝＝epithelialcells tomonitoritslocalization，EGFP－RaclV12

accumulated at sites of cell－Cellcontact（Fig．4A）．The

localization of EGFP－RaclV12　at sites of cell－Cellcontact was

indistinguishable fromthatof HA－OrmYC－taggedRaclV12（Jou and

Nelson，1998；Kuroda et al．，1997；Takaishiet al．，1997）．Thus′

＝　concluded that EGFP－Raclfunctioned as endogenous Racl．

DynamlCS Of Racllocalization during the reorgani2：ation of E－

Cadherin－mediated cell－Celladhesioninliving cells

UsingthecalciumSWitchmodelinMDCK＝＝epithelialcells（Pece
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et al・，1999）′　＝examined the dYnamics of EGFP－Racllocalization

inliving cells bY time－lapse analYSis（Fig．2A）．＝nMDCK＝＝cells

Culturedin normalCa2＋levels（－1．8mM）′EGFP－RacIwaslocalized

atsitesofce11－Cellcontact・Whereas′incellstreatedwithEGTA，

a ca2＋chelator，EGFP－RacIwas translocated from sites of cell－

CellcontacttothecYtOSOlandbecamediffuselYdistributedthere．

After the restoration of Ca2＋（EGFP－RacIcould again be detected

atsitesofcell－Cellcontact；andbY120minaftertherestoration，

formation of E－Cadherin－mediated cell－Cell adhesion sites was

COmPlete・These results suggest that EGFP－RacldYnamica11Y

relocalizes during the reorganization of E－Cadherin－mediated

Cell－Celladhesion．Next，＝　examined thelocalization of both

EGFP－RaclandE－CadherininMDCK＝＝cells．　EGFP－RaclandE－Cadherin

Were C0localized at sites of ce11－Cell contact in MDCK＝＝　cells

Culturedin normalCa2＋levels（Fig．2B）．After the chelation of

Ca2＋r bothEGFP－RaclandE－Cadherinweredisappeared fromsites of

adhesionr thentranslocatedtositesofadhesionbYCa2＋restoration

（30min）．After120　min Ca2＋restoration，both EGFP－Racland

E－Cadherinwere colocalized at sites of cell－Ce11adhesion．Thus，

EGFP－Racland E－Cadherin behavedin a similar manner during the

reorganization of cell－Ce11adhesion sites．

DECHA－1，but notwortmannin，affectslocali2：ation of EGFP－Racland

E－Cadherin

To furtherinvestigatethe relationshipbetweenEGFP－Racland

E－Cadherin，＝examinedtheeffectof DECMA－1（VestweberandKemler，
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1985），a neutralizing antibodY against E－Cadherin，On the

localization of EGFP－Racland E－Cadherin．　pretreatment of the

Cells with DECMA－1prior to Ca2＋restorationinhibited the

recruitment of EGFP－Racland E－Cadherin at sites of cell＿Cell

COntaCt（Fig・3）・Although DECMA－1treated cells maYl00kless

COnfluent，thereasonisbecausethe cells cannot adhereeachother．

＝t has been reported that E－Cadherin－mediated cell－Cell

adhesioninduces P＝3－kinase activationin MDCK＝＝　cells f01lowed

bY Akt／PKB activation（Pece et al．，1999）．Moreover，the

interaction of P＝3－kinase with E－Cadherin（Pece et al．，1999）or

β－Catenin（Espadaetal．，1999）hasbeenreported．Sinceactivated

P＝3－kinaseisthoughttoactivateRacl（Hawkinsetal．，1995；Kotani

et al・，1994；Reif et al・，1996），these observations suggest the

POSSibleinvolvement of P＝3－kinasein the E－Cadherin－dependent

Raclrecruitment・To address this possibilitY，the effect of

WOrtmannin，aninhibitorofP＝3－kinase′OnEGFP－RaclandE－Cadherin

localizationwas examined．Preincubationof cells withwortmannin

（200nM）priortoca2＋restorationhadnoeffectonthelocalization

Of EGFP－Racland E－Cadherin（Fig．3）．Thus，P＝3－kinase does not

appeartobeinvolvedintherecruitmentofEGFP－RaclandE－Cadherin

at sites of cell－Cell contact．

EGFP－Raclis colocali2：edwith E－Cadherin but not with ZO＿1at sites

Of cell－Cellcontactirrespective of whether EGFP－Raclbinds to

G℡P or GDP

To elucidate themechanismunderlYing the recruitmentof Racl
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at sites of cell－Cellcontact，＝　examined thelocalization of

EGFP－RaclV12　and EGFP－RacIN17in addition to that of EGFP－Racl．

EGFP－RaclV12and EGFP－RacIN17，but not EGFP，Were als0localized

at sites ofcell－Ce11contact（Fig．4A）．This resultisconsistent

With previous observations that mYC－Or HA－tagged RaclV12and

RacIN17werelocalized at sites of cell－Celladhesion（Jou and

Nelson′1998；Kurodaetal．′1997；Takaishietal．，1997）．Moreover，

＝examinedthe colocalizationof EGFP－RacIwithE－Cadherin at sites

Of adhesion bY XZ scans（Fig．4B）．E－Cadherin waslocalized at

lateralmembrane and c0localizedwith EGFP－Racl（Fig．4B）．ZO－1′

a marker of the tight junction，WaSlocalized at apICalmembrane，

Whereas EGFP－RacIwas localized at lateralmembrane．　Similar

resultswereobtainedusingEGFP－RaclV12andEGFP－RacIN17instead

Of EGFP－Racl（data not shown）．These resultsindicate that

EGFP－Raclis c0localized with E－Cadherin at lateralmembrane

irrespective of whether EGFP－Raclbinds to GTP or GDP．

Recruitment of Raclby accumulation of E－Cadherin

＝s RacIspecificallY reCruited at the E－Cadherin－based

adhesion sites or simpIY reCruited to the plasma membrane？To

elucidate whether RacIspecifically accunulates at E－Cadherin－

basedadhesionsites′＝developedanassaYtO forcetheaccumulation

OfE－CadherinattheapICalmembraneusinganti－E－Cadherinantibody

（ECCD－2）andthenusedittoexaminewhetherEGFP－Racl′EGFP－RaclV12，

andEGFP－RacIN17arerecruitedinanE－Cadherin－dependentmanner・

The cells were first incubated with ECCD－2　and treated with
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Texasred－COn］ugated secondarY antibodY Onice without fixation．

Then′　the ce11s were transferred t0　370c to allow the secondarY

antibodYtOCrOSS－1inkthe firstantibodyandtoclusterE－Cadherin

attheapicalmembraneasaggregates・AIpha－Cateninandβ－Catenin，

Which are anchoringm0lecules of E－Cadherin，Were reCruited to the

aggregates（data not shown）．Under these conditions，EGFP－Racl，

EGFP－RaclV12（and EGFP－RacIN17were recruited to aggregates

COmPOSedofE－Cadherinattheapicalmembrane（Fig．5A）．EGFPalone

WaS nOt reCruited（Fig・5A）・EGFP－Cdc42and EGFP－RhoA hardlY did

（data not shown）．＝twas confirmedbY XZ scans thatE－Cadherinwas

accumulatedatthe aplCalmembrane andthatEGFP－RacIwas recruited

to accunulated E－Cadherin（Fig．5B）．E－Cadherin aggregates are

thought to mimic E－Cadherin clustering and this clusteringis

required for E－Cadherin－mediated cell－Celladhesion（Gumbiner et

al・，2000）・Takentogether，theseresultsindicatethatRacIcould

be recruited bY E－Cadherin－mediated cell－Celladhesion．

GST－CR＝B specifically binds to GTP－bound Racl／Cdc42

To examine whether Raclis activated during the formation of

E－Cadherin－mediated cell－Celladhesionr　＝　t00k the advantage of

the factthatRacleffectorsinteract onlywithGTP－boundRacl（Ren

et al．，1999）．　＝　constructed GST－fused Cdc42／Raclinteractive

binding region（CR＝B）of PAK，PARbeing a Racl／Cdc42effector．To

evaluate the specificity of GST－CR＝B，＝　coupled GST－CRIB to

glutathione beads andincubated them withlysates from EL cells

expressing GFP－tagged mutants of the Rho familY・The beads were
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WaShedr andtheboundproteinswereanalyzedbYlmmunOblottingwith

an anti－GFP antibodY・GST－CR＝B specificallYboundtoRaclV12and

Cdc42V12（Fig・6A）・No specific binding was detected with

Wild－tYPeRacl′RacIN17，Wild－tYPeCdc42，andCdc42N17（Fig．6A）．

GST－CR＝B did not bind to dominant active RhoA（data not shown）．

SimilarresultswereobtainedusingHA－taggedsmallGTPasesinstead

Of GFP－tagged ones（data not shown）．These resultsindicate that

this GST－CR＝B has a high specificitY for GTP－bound Racland Cdc42．

FordetectionofGTP－boundRhoA，GST－fusedRho－bindingdomain（RBD）

Of Rhotekin was used（Ren et al．，1999）．

E－Cadherin－mediated cell－Cell adhesion activates RacI

Active RacIwas measured by affinitY PreCIPitation using

GST－CR＝B during a calciumSWitch（See MATER＝ALS and METHODS）．＝n

MDCK＝＝cells culturedinmediumhavingthe normalCa2＋levels，Racl

inits active GTP－bound form could be detected；laneindicated bY

’’EGTA－　and Calcium＋W（Fig．6B）．When E－Cadherin－mediated cell－

Celladhesionwas disturbed bY Ca2＋chelation，thelevelof active

Racldecreased・The amounts of active RaclrapidlYincreased as

E－Cadherin－mediated cell－Cell adhesion was restored．　The Racl＿

GTPlevelpeakedat30minafterrestoration（Fig．6B）andgraduallY

returned to the basallevel．TotalRaclinlYSateS did not change

duringthisprocess・NoRacIwasdetectedinsamplesincubatedwith

GST alone．＝ncontrast toRacl′thelevelof active Rho asmeasured

byGST－RBDJWaS nOt affectedand remained at thebasallevelduring

acalciumSWitch（Fig．6B）．Although＝triedtodetectactiveCdc42
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bY uSing GST－CR＝B，＝　could not detectit under the conditions

emploYed（data not shown，See D＝SCUSS＝ON）．These results suggest

that Raclis activated bY the formation of cell－Celladhesions．

The findingsthatRacIwasgreatlYaCCumulatedatsitesofcell－Cell

COntaCtandactivatedduringformationofcell－Celladhesionsites，

SuggeSt that RacIwas activated at sites of cell－Cellcontact．

DECMA－1inhibits Racl activation

These results are，however，nOt Sufficient to conclude that

E－Cadherin－mediated cell－Cell adhesion induced Raclactivation．

SinceMDCK＝＝cells adheretoeachotherthroughnotonlYE－Cadherin

but also other ce11adhesion moleculesritis also possible that

Ce11adhesion m0lecules besides E－Cadherin maY aCtivate Racl．

Moreoverrinflux of Ca2＋into cells mightinduce Raclactivation．

To exclude the possibilitY that Raclactivation was due to other

factors than E－Cadherin，＝　tested the effect of DECMA－1．a

neutralizing antibodY against E－Cadherin．MDCK＝＝　cells were

incubated with EGTAin the presence of DECMA－1，and then Ca2＋was

restored tothemediuminthepresence of DECMA－1．Raclactivation

inducedbYCa2＋restorationwasinhibitedbYDECHA－1antibodY（Fig．

7A）・This resultindicatesthatE－Cadherinhomophilicinteraction

is responsible for the Raclactivation．As described above′

accumulating evidence suggests the possibleinvolvement of

P＝3－kinasein E－Cadherin－dependent Raclactivation．To address

thispossibilitY，＝examinedtheeffectofwortmannin，aninhibitor

Of P＝3－kinase．on Raclactivation．preincubation of cells with
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WOrtmannin（200nM）prior to Ca2＋restorationinhibited the Racl

activationby Ca2＋restoration（Fig．7B），SuggeStingthatRacIwas

activated bY the formation of E－Cadherin－mediated cell－Cell

adhesion through P＝3－kinase．Since wortmannininhibited E－

Cadherin－induced Racl activation but did not affect the

localization of Racland E－Cadherin（Fig．3）′　the recruitment of

RacltositesofE－Cadherin－mediatedcell－Ce11adhesionisprobablY

not sufficient for Raclactivation（See D＝SCUSS＝ON）．

The amounts of coimnunoprecipitated RacIwith ZQGAPlincrease bY

E－Cadherin－mediated cell－Cell adhesion

BYuSingEGFP－RaclandGST→CR＝B′＝foundthatRaclis recruited

at sites of cell－Cellcontact and activatedbYE－Cadherin→mediated

Cell－Celladhesion．However，＝　have not directlY detected and

Visualized GTP－bound Raclat sites of cell－Ce11contact．　The

method to achieve thisis not available at present．＝nstead′　tO

SuPPOrttheideathatRaclisactivatedatsitesofcell－Cellcontact，

＝　examined thelocalization of effectors of Racl′　because theY

SPeCificallY bind to GTP－bound Racland might be recruitedin a

GTP－bound Racl－dependent manner．＝QGAPIwas selected as an

effector of Racl．＝　previousIY PrOPOSed that　＝QGAPlnegativelY

regulates cadherin－mediated cell－Celladhesion（Kuroda et al．，

1998）andthatactivatedRaclbinds＝QGAPlandpositivelYregulates

adhesion bYinhibiting the＝QGAPlfunction（Fukata et al．，1999a）．

Moreover，＝QGAPlis mainlYlocalized at sites of cell－Cellcontact

（Hart et al．′1996；Kuroda et al．′1996）．＝nMDCK＝＝cells cultured
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in normalCa2＋levels′　＝QGAPl，EGFP－Racl′　and E－Cadherin were

COlocalized at sites of cell－Cellcontact（Fig．8A）．Whereas′in

Cells treated with EGTA，theY Were tranSlocated from sites of

Cell－Cellcontact to the cYtOS0l．At30min after restoration of

Ca2＋r theY COuld again be detected at sites of cell－Ce11contact．

Thus′　＝QGAPland Raclbehavedin a similar manner during the

reorganization of E－Cadherin－mediated ce11－Celladhesion．Next，

＝　examined the Raclactivation bY meaSuring the amounts of

COimmunoprecipitated RacIwith　＝QGAPlduring a calciumSWitch．

Since′・＝QGAPlislocalized at sites of cell－Cellcontact and

SPeCificallY binds to GTP－bound Racl，the amounts of

COimmunoprecIPitated RacIcould reflect the amounts of GTP－bound

Raclatsitesofcell－Cellcontact・＝nnormalCa2＋conditions′RacI

WaS COimmunoprecipitated with　＝QGAPl（Fig．8B and　8C）．This

COimmunoprecIPitatedRaclis thought tobe abasalRaclactivation

at sites of cell－Ce11adhesion・Thenr coirnmunoprecIPitated RacI

With＝QGAPldecreasedbyCa2＋chelation andincreased againbYCa2＋

restoration（Fig．8B and8C）．These results were consistent with

the data of GTPase activitY aSSaY uSing GST－CR＝B and suggest that

RacIcould be activated by the formation of E－Cadherin－mediated

Cell－Cell adhesion at sites of cell－Cell contact．

Localization of Tiaml，a GEF for Racl，at the sites of cell－Cell

COntaCt

Next questionis bY Which Raclis activated downstream of

E－Cadherin・＝thasbeenknownthatRhofamilyGTPasesareactivated
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bY GDP／GTP exchange factors（GEFs）．Tiaml，One Of the GEFs and an

activator of Racl′islocalized at sites of cell－Cellcontact．

0verexpression of Tiamlor RaclV12inhibits hepatocYte grOWth

factor（HGF）－induced cellscattering bYincreasing E－Cadherin－

mediated cell－Celladhesionin Madin－DarbY Canine kidneY（MDCK）

Cells（Hordijk et al．′1997）．Sander et al．have shown that Tiaml

functions downstream of P＝3－kinase（Sander et al．，1998）．Thus，

itis suggested that E－Cadherin－mediated cell－Celladhesion

activates Raclthrough P＝3－kinase and Tiaml．Tiamlhas two P

domains（N－terminus pHn and C－terminus PHc）and a PDZ domain（Fig．

9A）・＝t has been reported that N－terminus pHnCCEX regionis

Sufficient formembranelocalization of Tiaml（Stamet al．，1997）．

At first，＝examinedwhetherTiamlcontributes tocadherin－mediated

Cell－Celladhesion．Tiaml－PHnCCEX reglOn WaS tranSfectedinto L

and EL cells and thenimmunostaining was performed．L cells are

mouse fibroblasts and do not express endogenous E－Cadherin．EL

Cells are L cells stablY eXPreSSing E－Cadherin and exert E－

Cadherin－dependent adhesive activitY．Tiaml－PHnCCEX accumulated

at the sites of ce11－Ce11contactin EL cells，but notin L cells

（Fig・9B）．These observations suggest that Tiaml－PHnCCEX

accumulates at the sites of cell－Ce11contact in an E－

Cadherin－dependent manner．To confirm these results′　＝examined

WhetherTiaml－PHnCCEXisrecruitedatapICalmembranebyengagement

Of E－Cadherin using ECCD2．Tiaml－PHnCCEX was transfectedinto

MDCK＝＝cells and then E－Cadherin was clustered at apICalmembrane

bY ECCD2・Tiaml－PHnCCEX was recruited to the aggregates composed
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Of E－Cadherin at apicalmembrane（Fig．9C）．Tiaml－Cl199was also

accumulated at E－Cadherin aggregates（data not shown）．Taken

together，these resultsindicate that Tiamlcould be recruited bY

E－Cadherin－mediated cell－Cell adhesion．
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D工SCUSS工0Ⅳ

Although the Rho faLmily GTPases regulate cadherin－mediated

Cell－Celladhesion（Fukata et al．，1999b），it remains to be

elucidated how theirlocalization and activation are regulated．

Here，＝investigatedwhetherandhowRaclisrecruitedandactivated

bY E－Cadherin－mediated cell－Celladhesion．　＝found that RacIwas

recruited to sites of E－Cadherin－mediated cell－Celladhesion，

irrespective of whether Raclbound to GTP or GDP，and that E－

Cadherin－mediatedhomophilicinteractions andP＝3－kinaseactivitY

Were required for Raclactivation，but not for Raclrecruitment．

Moreover，＝　found that＝QGAPland Raclbehavedin a similar manner

duringthe formationof E－Cadherin－mediatedcell－Celladhesionand

that Raclactivation bY E－Cadherin－mediated cell－Cellcontactwas

COnfirmed bYits binding to＝QGAPl．＝　also found that Tiamlwas

localized at the sites of cell－Cellcontact in an E－Cadherin＿

dependentmanner・Onthe basis of these observations′＝speculate

that there should exist atleast two steps through which E－

Cadherin－mediated cell－Celladhesion activates Racl；1）Racl

recruitment at sites of cell－Ce11contact and2）Raclactivation

bY a Certain GEF（Tiaml）（Fig．10）．

Severalobservations suggest that Rho，anOther Rho familY

PrOteinr shuttles between the cYtOSOland specific membrane sites

（Sasakiand Takai，1998）．＝n resting cells′　Rho exists mostlYin

itsGDP－boundformandincomplexeswithRhodissociationinhibitor

（Rho GD＝）in the cYtOSOl．Upon stimulation with extracellular

Slgnals such as thrombin，RhoislikelY tO be dissociated fromRh0
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GD＝　bY Rho GD＝　displacement factors（GDFs）such as the

ezrin／radixin／moesin（ERM）familYOf m0lecules（Takahashiet al．，

1998），and specific GEFs for Rho are activated．Then′　by GEF

activation the GDP－bound form of Rhois converted toits GTP－bound

form・Rhois targeted to specific membrane sites throughits

CarboxYl－terminalmodification（geranYlgeranYlation）and then

interacts withits specific effectors・GTP－bound Rhois

reconverted to the GDP－bound formbYitsintrinsic GTPase activitY

and GTPase－aCtivating proteins（GAPs）．Rho GD＝　can then form a

COmPlex with the GDP－bound Rho and extract Rho from the membrane

and moveitinto the cYtOS0l．CarboxYl－terminalmodification of

Rho plaYS a CruCialr0lein anchoring Rho to the cellular membrane

andininteractingwithRhoGD＝．Since Rho GD＝alsointeractswith

Racl′　blocks the dissociation of GDP from GDP－bound Racland

extracts Raclfrom membranes asin the case of Rho．the mechanism

underlying the recruitmentof RacIcanbe predictedtobelike that

Of Rho．However，＝　found that GDP－bound RacIwas stilllocalized

at sites of cell－Cellcontact（Fig．4A）and that thelocalization

OfRaclatsitesofcell－Ce11contactrequiredthecarboxYl－terminal

SequenCe Of Racl（CAALmotif），irrespective of whether or not Racl

bound GTP or GDP（data not shown）・Taken together，itis tempting

to speculate that GDP－bound Raclor GDP－boundRacl／Rho GD＝complex

is recruited to the membrane upon stimulation with E－Cadherin－

mediated homophilicinteractions，and then converted to the

GTP－boundfornthroughtheactionofacertainGEF．Furtherstudies

are required to address thisissue．

25

▲L



Pece et al．reported that the engagement of E－Cadherinsin

homophilic cell－Cellinteraction resultedin rapid P＝3－kinase

activation（Pece et al．，1999）．＝　found that wortmannin，an

inhibitor of P＝3－kinase′inhibited the Raclactivation bY

establishment of E－Cadherin－mediated cell－Celladhesion（Fig．7B）

but not the recruitment of Racland E－Cadherin at sites of cell－Cell

COntaCt（Fig．3）．These data suggest that P＝3－kinase functions

upstream of Raclin the process of E－Cadherin－induced Racl

activation．E－Cadherin－mediated cell－Celladhesion might be

established by two steps；1）recruitment of E－Cadherin at sites

Of cell－Cellcontact and then2）maturation and maintenance of the

adhesion（e．g．bY Cadherin－Clustering and anchoring bY aCtin

CYtOSkeleton）．　＝think the action of Raclactivationisinvolved

in the　2nd step．p＝3－kinase might regulate this　2nd activation

PrOCeSS and be required for the maturation and maintenance of

Cadherin－based adhesions rather than the initial recruitment．

Tiamlis a good candidate for a Raclregulator downstream of

E－Cadherin．　Sander et al．have shown that Tiaml functions

downstream of P＝3－kinase（Sander et al．，1998）．＝　found that

Tiaml－PHnCCEX accumulates at the sites of cell－Cell contact

POSSiblYin an E－Cadherin－dependent manner（Fig．9）．Thus，itis

SuggeSted that E－Cadherin－mediated cell－Celladhesion activates

RaclthroughP＝3－kinaseandTiaml．RecentlY，ithasbeenshownthat

CD44，Whichis the hYaluronic acid－binding receptor and mediates

Cell－Cel10r Cell－Substratumadhesion，directlYinteracts with

Tiamland that the binding of hyaluronic acid to CD44　stimulates
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Tiaml－CatalYZed Raclactivation（Bourguignon et al．，2000b）．

AnkYrin，Whichis a membrane－aSSOCiated cytoskeletalprotein and

binds to many plasma membrane－aSSOCiated proteins′　SuCh as band3，

Na＋／K＋－ATPase，and CD44，also binds to Tiaml；and thisinteraction

also promotesits GEF activity（Bourguignon et al．，2000a）．＝n

MDCK＝＝cells，Tiamlis c010CalizedwithE－Cadherin（Hordijket al．，

1997）．Therefore′it willbeimportant to examine whether Tiaml

interacts with E－Cadherin，β一Catenin，Orα－Catenin・1attempted

to determine whether Tiamlwas co⊥mmunoprecIPitated with E－

Cadherin，β－Catenin，Or CL－Catenin from MDCK＝＝cells・However，1

WaS unable to detect theinteraction of Tiamlwith E－Cadherin，

β－Catenin，nOr（ユーCatenin（data not shown）・＝tis possible that

membranelocalizationofTiamlmightberegulatedbYOthermolecules．

Now′　＝am trYlng tOidentify novelinteractingmolecules of Tiaml．

Vav2，Whichis a GEF for Racl′　Cdc42，RhoA，and RhoG，is another

candidateforaRaclregulatordownstreamofE－Cadherin・P120Ctnr

Which binds to the membrane－PrOXimalreglOn Of the cadherin，

interacts with Vav2in HEK293　cells（Noren et al．，2000）．

0verexpression of p120Ctn activates Racland Cdc42through Vav2

in CHOcells．Further studies are necessary to elucidate whether，

andif so how′　Tiamlor Vav2isinv0lvedin the activation of Racl

at sites of E－Cadherin－mediated cell－Cell adhesion．

＝　showed earlier by a celldissociation assaY that Cdc42　as

Wellas Raclis required for the E－Cadherin－mediated cell－Cell

adhesion activitY（Fukata et al．，1999a）．＝t has recentlY been

Shown that E－Cadherin－mediated ce11－Ce11adhesion induces Cdc42
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activationin L cells stablY eXPreSSing E－Cadherin（Kim et al．，

2000）．However，＝could not detect Cdc42activationunderthe same

COnditions that　＝　used to show Raclactivation，PrObablY due to

the fact that a smaller amount of Cdc42　than Raclis expressedin

MDCK＝＝　cells．　The intracellular concentrations of Racland Cdc42

in MDCK＝＝　ce11s were calculated to be about　500　nM andlOO nM，

respectivelY．＝n MDCK＝＝cells′　RaclmaY PlaY a mOre Centralr0le

in the regulation of cadherin－mediated cell－Celladhesion than

Cdc42．Modulation of the cadherin－mediated cell－Celladhesion bY

Raclor Cdc42　might depend on the celltype．

＝n this studY，＝　found that E－Cadherin－mediated cell－Cell

adhesion activated Racl（OutSide－in signaling）．A previous studY

showed that RaclV12promoted accumulation of E－Cadherin at sites

ofcell－Cellcontact，Whereas dominantnegativeRacIN17inhibited

it（inside－Out Signaling；Takaishiet al．，1997）．Asin the case

Ofintegrin－mediated cell－Substratum adhesion（Schoenwaelder and

Burridge′1999）′　there exists bi－directionalsignaling pathwaYS

between E－Cadherin and the Rho familY GTPases．
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F工GURE LEGEⅣDS

Fig・1Characteri2：ationofEGFP－Racl．A，ELcellsweretransfected

WithEGFPaloneorwithEGFP－Raclmutants fortransientexpression．

GFP－fusionproteinswereirnmunoprecIPitatedwithanti－GFPantibodY・

Theimmunocomplexes were subjected to SDS－PAGE′　f01lowed bY

irnmunoblotting with anti－＝QGAPland anti－GFP antibodies．B，EL

cellsweretransfectedwithEGFP－RaclV12・Aftera48－hincubation，

the cells were fixed and then stained with tetramethYlrhodamine

Bisothiocyanate－Pha1loidin．An arrowindicates the membrane

ruffling．Bar，10　FJm．

Fig・2　Locali2＝ation of EGFP－Raclduring a calcium switch・A，

Dynamics of EGFP－Racllocalization was analYZed by time－lapse

imaglng．MDCK＝＝cellswere transfectedwithEGFP－Racl．The cells

Were treated with　4mM EGTA for30min・SubsequentlYr the ce11s

Were treatedwith Ca2＋－COntaining mediunfor theindicated times．

B，MDCK＝＝　ce11s were transfected with EGFP－Racland then calcium

SWitchwas performed．The cellswere stainedwith anti－E－Cadherin

antibodY（ECCD－2），followed bY Texasred－COnjugated anti－rat

antibodY・Allconfocalimages wereimaged under the same

COnditions・Bars′10　〃m・

Fig・3　DECHA－1．but not wortmannin，inhibits recruitment of Racl

to sites of cell－Cellcontact．　MDCK＝＝　ce11s transfected with

EGFP－RacIwere treated with　4　mH EGTAin the presence of either

a neutralizing antibodY against E－Cadherin（DECHA－1）or an
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inhibitor of P＝3－kinase（WOrtmannin；200　nM）for　30min．

SubsequentlYr the cells were treated with Ca2＋－COntaining medium

in the presence of either DECMA－10r WOrtmannin for30min．Then

the ce11s were fixed and stained with ECCD－2，f01lowed by

Texasred－COn〕ugated anti－rat antibodY．The results are

representative of threeindependent experiments．Bar，10　TLm．

Fig．4　Localization of EGFP－Raclmutants at sites of cell－Cell

COntaCt．A，MDCK＝＝　ce11s were transfected with theindicated

Plasmids．Thelocalization of EGFP－RacIwas examined as described

inFig．2B．Note thatEGFP－RacIwaslocalizedat sitesofcell－Cell

contact，irrespective of whether Raclbound to GTP（RaclV12）or

to GDP（RacIN17）・Allconfocalimages wereimagedunder the same

COnditions．Bar，10　FJm．B，Thelocalization of EGFP－Racl．E－

Cadherin，and ZO－1was examined bY XZ scans．

Fig．5EngagementofE－CadherinrecruitsRacl．A，MDCK＝＝ce11swere

transfectedwith theindicated plasmids．The cells were placed on

ice for15min and thenincubated with anti－E－Cadherin antibodY

（ECCD－2）for　60　min onice．After having been washed withice－

C01dDMEM，thecellsweretreatedwithTexasred－COn］ugatedanti－rat

antibodY for　60　min at　40c and then washed withice－C01d DMEM．

SubsequentlY the ce11s wereincubated for60min at370c to promote

Clustering and then fixed．Arrowheadsindicate the E－Cadherin－

clusters accumulated bY ECCD－2・EGFP－Racl／EGFP－RaclV12r and

EGFP－RacIN17，but not EGFP alone′Were reCruited at E－
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Cadherin－Clustered aggregates・Allconfocalimages wereimaged

under the same conditions・BarrlO TJm・Br Thelocalization of

E－Cadherin andEGFP－RacIwas examined at apiCalmembrane bYXY and

XZ scans・The results are representative of threeindependent

experiments．

Fig・6E－Cadherin－mediated cell－Celladhesion activates Racl．A，

EL cells were transfected with theindicated plasmids．The ce11s

WerelYSed withlysis buffer，and thelYSateS Wereincubated with

GST－CR＝B・　The proteins bound to GST－CR＝B were subjected to

SDS－PAGE′fo110WedbYimmunoblottingwithanti－GFPantibodY（upper

Panel）・Lower panelshows the expression of EGFP，EGFP－Racl．0r

EGFP－Cdc42proteins・Br　＝n MDCK＝＝cells′　Raclactivation during

a calciunSWitch was measured as described（See MATER＝ALS AND

METHODS）・Data are means±s．E．0f fiveindependent experiments．

Note；laneindicatedbYJJEGTA－and Calcium＋”shows Raclactivation

Culturedin nornalCa2＋levels．

Fig．7　Eqcadherin－mediated cell－Celladhesion activates RacIvia

PZ3－kinase．A，MDCK＝＝　cells were treated with　4　mM EGTAin the

bsence or presence of DECHA－1for　30　min．Raclactivation was

asuredasdescribedinFig．6B．B，MDCK＝＝cellsweretreatedwith

rnM EGTAin the absence or presence of wortmannin（200　nM）for

min．Raclactivationwasmeasured as described above．　Data are

ans±s・E・Of fiveindependent experiments・
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Fig・8Localization andinteraction of RacIwith＝QGAPlduring a

Calcium switch．A，Localization of E－Cadherin，EGFP－Racl′　and

＝QGAPIwas examined bYirnmunostaining・The cells expressing

EGFP－RacIwere doublY Stained with anti－E－Cadherin antibodY

（ECCD2）and anti－＝QGAPlantibodY，f0110WedbYTexasred－COnjugated

anti－rat antibody and CY5－COn］ugated anti－rabbit antibodY（

respectivelY．Bar，10〃m．B，＝nMDCK＝＝cells，Raclactivationwas

examinedbYmeaSuringtheamountsofcoirnmunoprecIPitatedRacIwith

＝QGAPlduring a calcium switch．Data are means　±s．E．0f five

independent experiments．

Fig．9　Locali2：ation of Tiamlat the sites of cell－Cellcontact．

A，SchematicrepresentationofTiaml．M，mYristoYlationsite；PEST，

PEST reglOn；PHn and PHc′　N－　and C－terminalpleckstrin homologY

domain；CC，Putative coiled coilreglOn；EX，EX reglOn；DHR，disc

largehomo10gYregion（alsocalledasPDZ）；DH，Dblhom0logYdomain．

B，＝n L and EL cells，tranSfected Tiaml－PHnCCEX was visualized bY

irnmunostaining．c，MDCK＝＝　cells were transfected with Tiaml－

PHnCCEX・E－Cadherinwas clustered at apICalmembrane usingECCD2．

Recruitment of Tiamlat apICalmembrane was examined as described

in Fig・5・BarsrlO　7Jm・

Fig．10A proposed model．Modelfor the Raclrecruitment and

activation bY E－Cadherin－mediated cell－Celladhesion；1）Racl

recruitment at sites of cell－Cellcontact and2）Raclactivation

bY P＝3－kinase and Tiaml．
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