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百le Rho ?~bfa~t of the Rho small G protein family (Rho) regulates formabon of s廿css
fiber~. and f~)Cal acU:e.sions _ in many _ types of cultured-cel1s. 1n rﾌﾍoving cells, d ynamic and 
coordinate disassembly and reassembly of stress fibers and focal adhesions are observed, but 
the 1?rec~se ~ech~_sms in the regulation of these processes are poorly undcrstood. We 
previously showed that 12-0-te凶decanoylphorbol-13-acetate (TPA) first induced disassemｭ
bly of s!t~s~ fibers _and focal adhesions followed by their reassembly in MDCK cells. The 
r.easser:nble~ s_!:r~ss fib~rs showed radial-like morph�ogy that was apparently different from 
the original. We analyzed here the mechanisms o( these TPA-il1duced .processes. Rho 
inactiv~ti~n an~ achva~~on wer~ ~ecessary for the TPA-induced disassembly and reassemb ly, 
respectively, of stress fibers and focal adhesions. Both inactivahon and actlvation of thc R當 
subfamily of the Rho fa立吐ly (Rac) inhibited the TPA-induced reassembly of stress fibcrs and 
focal adhesions bu_t _!lot t~eir TPA-induced disassembly. Moreover, microinjection 01' tranｭ
si~n.t eXI?r~ssi~~ of R~b Gl)I, a regulator of all the Rab small G protein fam� members, 
inhibited the TPA-induced reassembly of stress fibers and foca!" adhesions b~t not their 
TPA-induced disassembly, indica也19 that, furthermore, activation of some Rab family memｭ
bers is ~ecessary for their!P ~-induced reassembly. Of the Rab family menlbers, at le�st Rab5 
activ~~on w~s ne~essary for the TPA-induced reassembly of stress fibers and focal adhesions・
The TPA-induced , small G protein-mediated reorganiz縟ion of stress fibers and focal adheｭ
sior:s_w.as _clos~ly relat~d to the TPA-induced cell motility. These results indicate tbat the Rho 
~.~d Rab !a_mily n:.embers ~oordinately regulate the TPA-induced reorganization of stress 
fibers and focal adhesions that may cause ccll n1otility. 

INTRODUCTION 

Cell migration plays a central role in a wide variety of 
biological phenomena , such as inflammatory reｭ
sponse, wound healing, organogenesis, and metastasis 
of malignant cancer (reviewed by Stoker and Gherｭ
ardi, 1990; Roy and Mareel , 1992). 1n moving cclls, 
membrane protrusions, such as lameJlipodia and 
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filopodia, at the cell front, and retraction at the cell 
rear are externalJy obscrved, whereas reorganization 
of the actin cytoskeleton, such as disassembly and 
rcassembJy of stress fibcrs and focal adhesions, is inｭ
ternaJly observed. These processes arc dynamic, well 
coordinated , and essential for cell migration, but the 
mechanisms of thcsc proccsses 駘re not fully underｭ
stood. Jn the case of epithelial and endothelial ceJls, 
they adhere to each othcr to form cell-cell junctions, 
including adherens junction, tight junction, desmoｭ
some, and gap junction, in addition to cell-matrix 
junction, and these cell-cell junctions are furthermore 
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disrupted for migration. Somc growth factors, such as 
hcpalocytc growth factor/scattcr factor (HGF/SF), J 
disrupt cell-ccll junctions and inducc cell migra tion, 
but their ll1 odc~ of action in thcse processes have not 
bccn cla ri fied. 
The Rho small C protein fnmily rc日u l ates ¥'arious 
ell (uncl ions, includ伃g cclllll i 日 rò ti on ， through rcｭ
organi/ntion of thc aclin cyto~kelcton (revicwed by 
1:'_1 n 11 , 1 9ち14 ， 1998; Takai cl (7/., 1995). Thc Rho family 
consists o( lhc Rho, Rac, �1lld Cdc42 slIbfalll ilics. Thc 
Rho sub(ill1lily (Rho) , consisting of three membcrs, 
Rh oA , -B, ilnd -C , n .. ¥gulales formation of strcss fibers 
饐nd foc�1 1 ad hes i on~ in m甁y typcs of cells; the Rac 
subf�1mily (Rac) , cO l1 sis l in日 of two lllcm be rs, Racl 
川ld ・2 ， rcgul<1 tes fOrm�:1 tion of l�lllellipodia and 
ll1cm brane ru ffl in日; and lhe Cdc42 subfamily 
(Cdc42) , consisting ()( C2月 K and Cdc42 Hs, rcgulatc 
formalion o( fi lopod �<1 (revicwcd by H� 11, 1994, 
l り9お; 1 akai cf al. , 1<)95). Thrcc lùborator íes, includ-
111目。 1I r ow n , ha Vl' shown th駘 t, r u rthcrmore, R�1c regｭ
uli1tcs fOrlT1�1liol1 of C<ld herin-dependヒn l ccll-ccll 駘dhcｭ
siol1 匤 MDCK cc ll::, ilnd human kcratﾌllocytes (Braga et 
17 /., 1 卯7; Ilordij k げ σ/ . ， 1997; Takaishi ct (/ / ., 1997). In 
addi lion, I3rag<l l'I 17/. (1997) h .. 1¥'C ShOW11 that Rho is a1so 
i l1 \'o l \'ι'd in lhc form川ion o( cel1-cl'll c1dhcsion in hum駘n 
kc ré1 tinocytcs, bul vvc h�1ve shown that Rho is indirect1y 
in¥'olvcd in (onnt1liol1 of cell-ccll adhcsion in MDCK 
cclls (T�.�aishi 1'1 0/. , 1997). 
Thc Rab small G prolcin f駘mily (Rab) consists of 

mOI・l' th�n 30 members 駘nd regulates intr駘cellular vesｭ
iclc trafficking (rcvicwcd by Simons and Zeria l, 1993; 

lIo((cr and ß(lIch, 1994; Pfc仔cr， 1994; Novidく and
Zcri a l, 1997). Of th c、 lじlb f�mily membcrs, Rab5 rcguｭ
Jatcs carly l'ndocylosis (Bucci L't (7 / リ 1 992; Stcnmark d 

17/. , 19l).J), 1ミ ，lb l 1 rcgulatcs rccycling throllgh the pcriｭ
cL'ntriol�1r rccycling cndosome (UlIrich c l η 1. ， 1996), and 
Rab8 rcgulatcs vcsiculC1r tr�.�fic from trans-Golgi netｭ
WU I・ k lo lhc basol<llcral plasl1l�.1 l1lCmbr駘ne (HlIber et 
17/., 19(3). C゚C�.lllSC rccycling of thc pl�1sma lllcl1lbrane 
componcnts, slIch t� intcgri ns, by vcsiclc tra 仔 i cking is 
importanl for cell migf韲tion (M<lrtcnson ct 0/. , 1993; 
Lawson �ll� M lIXfic ld , 1 9り5; Brl'lchcr, J 996; rcvie'I¥fcd 
by Lc1 U 仔cnbu rgc r t1nd ll o rwi t/ , 1996), it is slIpposed 
l h ù tlミ é1 b lIbo plays all import�1nl role in ccll migr�1tion. 
Howe\'cr, lhc rolc of Rllb i 11 cell mi又 ra ti on has not vct 
bCCll ilwcstiga tじd.
Thc Rho 駘lld 1いb (<1m i llcs cyc]c betv¥'L'cn thc C 0 pｭ

bound ill<�tivc ,1nd GTP-bollnd activc formδ， which 
arc rcgulatcd by thrcc typωof rcgulators, COP /CTP 

l 八 bbrl'\ ia L iOI1、 u"'l'd ・じ八1'，じ 11、41~(' ‘I L' LI\ ，lLin日 proll'in，じりl ， じりlヲ
ιli怖いιJatillll illhibitllr; じ 1 : 1'，じ1) 1ソじ 1・ l ' L'\.dl ,lllhl' prolL'll1; CTI '刊，
伴1 .1 11川 i l1 l' ')'ー(.1..0ー thil)) !ripho"'ph，1tじ ; IIC l' Isr, IWP,ll11L ¥ Ll' ぷl'l1 \\'th
lador l、い~Ltl'1' t,1Clor; 11 i...(ト lいわ C I) I Ili、0・ !，lg広L'd rと，lb CDI; Pド !?，
130S"/l1!/C", p l' l ・BO与lI1 J/l t，l品目じι1; pSIミ1\ 1111/t.. , pSRtlnじtト IIII/l t ，lド日じd ;
rrJ八 ， 12ぺ)ー lL'l raιil'l'， 1 11l1\ ' I pllllrbl、 1 .. 1 .ì "，lCl'L， l!l' .
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exchange protein (GEP), GTPase activating protein 
(GAP), and GDP dissociabon inhibitor (GDL) (t・e

viewed by Ha ll , 1994, 1998; Takai et (71., 1995, 1996; 
Novick and Zeria l, 1997). Of these regula tors, Rho and 
Rab GDIs arc gcncral regulators of a11 the Rho and Rab 
family mcmbers, respective1y, whcreas CEP and CAP 
are specific for each 悶10 or Rab subfamily. GEP stimｭ
ulates the convcrsion from thc GDP-bound form to the 
GTP-bound fo rm, and GAP stimu]駘 tes the reverse 
conversion (rcviewed by Takai et al., 1995, 1996; Novｭ
ick and ZeriaJ, 1997; Hall , 1998). GDI has three activｭ
itics (reviewed by Takai et a/. , 1995, 1996; Novick and 
Zeria1, 1997): 1) GDl keeps the GOP-bound form in the 
cytosol; 2) GDI transports its complexed sma11 G proｭ
tein to its respective target membrane whcre the GOPｭ
bound form is converted to the GTP-bound forrn; and 
3) Once the GDP-bound form is converted from the 
GTP-bound forl1l after Hs function has been accomｭ
plished , GDJ forms a complex with it and translocates 
i t to the cy tosoL 仇le have shown that microll1jection of 
悶10 COl inhibits the functions of th e 悶10 family memｭ
be1's , such LlS cytokincsis (Kishi et σ /. ， 1993) , ce11 motilｭ
ity (Takaishi et a/., 1993, 1994), membrane ruffling 
(Nishiyama et η / . ， 1994), and formation of stress fibers 
and focal adhesions (Kotani e t σ 1 . ， 1997). It is predicted 
that micro i吋ec tion 01' overexpression of Rab GD[ inｭ
hibits the functions of the Rab family m embers, but 
this type of experiments has not been performed thus 
far. 

HGF /SF induces cell mig1'ation in many cultured 
cpithelial cells including MDCK cells (reviewed by 
Gherardi and Stoke r, 1991). We have previously 
shown that 12-0-tetradecanoylphorbol-13-acetate 
(TPA), an achvator of protein kinase C, a1so induces 
the scattering of MDCK cells and that TPA fjrst 1nｭ
d uces d isassemb1y of stress fibers and foca1 adhesions 
followed by their reassembly in MDCK cells (Takaishi 
et 0/'1 1995). The reassemb1ed stress fibers show radialｭ
likc morpho10gy, which apparently differs from the 
origina l. Tn t]lC present s tudy, we have examined 
whether thc 悶10 and Rab family members are inｭ
¥'olved in these TPA-induced processes. We have 
fOUl1d here that the 悶1 0 and Rab family members 
coordinatcly regulate the TPA-induced reorganization 
of stress fibcrs and foca 1 adhesions. 

恥lATERIALS AND 九1ETHODS

Aイnterials ann Chcl11icals 

r-.lDCK cl'!b Wl'l'l' "indly supplicd by Dr. W. Birchmeier (Max 
Dclbruck"Cl'l�'r for ¥l]olecul駘r Mゼdic i nc， Bcrlin, Gcrl11�1ny). MDCK 
c('11 lin('s stably じ"prc品目 ing t1 dominant 正lC ti\'c mutant (lf RhoA 
(V141ミhoA) 01' Rt1cl (V12Rοcl) and �1 dominant ncgati¥'l' l11utant o( 
Raピ 1 (N 17Racl) ¥¥'crc l'slablishl'd as dcscribヒd prcviously (Takaishi 
d 111. , 19Y7). Human rccombinant HGF ISF ¥¥'as pro¥'idcd by Dr. T 
'Jah..lI11L1I¥l (O ...,aJ...J Uni\' l'rsity , Suita , ]apan). TP八 WJSobtaincd from 
Sigm,1 ChじIl1 Jcal (51. Louis, MO). Thc cDNAs of a dominant acti¥'e 
mutant ()f l{abS ( 1ミab弓OA) ¥¥ ilh a mutation of <1mino i1cid 79 from 

Molcculal' Bio!t下院. of lhL' Cじ11

Gln to Leu (L79Rab5) , a dOl11il1�nt nじ広ati\' l' l11utant 01 1ミab 'ï

(Rab5Dl¥�) wilh a mutation of amillo dcid 34 lrum SL'r tLl入計11
(N34Rab5) , and Rab8 \,vere pru¥ ided by 1)1'. 1¥ 1. Iじrial (Euwpじan
,101ecular Biology Laburatory , Heidell1L'l'g, Gじ1' 111 ，1n)). J 11L' fr'lg .. 
mcnts containing domillc1nt acti¥'e mutant~ of Rc1bg ,1nd ..11 
(Rdb8DA dnd ..11 DA , rc:-.pじcti\ じly ) WClじ obtalncd b) PCR mut，l日じ 11 "
esis of Gln to Lcu at codnn 67 uf Rab8 (L67RabH) ,111d Gln to Ll'lI ,11 
codoll 70 of R駘bll (L70Rabl l), respccti¥ cly. The f r ，lg l1l cnt~ cont,lin .. 
ing thc dominant ncgati¥ c mutants of R.1b8 and ..11 (R.1bHDN and 
..l1 DN , re~pccti\' e l y) wcrc obtained by PCR mu !agl'n l' ~i~ ot Thr tυ 
八sn ilt codon 22 l)f l¥ilb8 (N22Rab8) and Sl'r to A~n at cndnn 25 01 
Rabll (N25Tミab l1 ) ， re~pじc t i\'cly. The pS lいnじo and pEr..BOS e入 prc~.. 
sion p l asmid~ were donated by Dr. 八.Miy日jima (Tokyo Uni\'crsi ty, 
Tokyo, )apan) and Dr. S. Nagata (Osaka Uni\'er~it)' ， Os ‘i1 ka , Japan) , 

rcspccti¥'ely. The gU駘llosinc 5'..(3 ・O..t hi o)..tr i phosphéltc (GTPyS) .. 
buund form of RhoA was Jlladc as describcd pre¥'iously (Takaishi cl 
111. , 1993). C3 \.va~ supplil'd by Dr. S. Narumiya ( 1く)oto Uni¥ crsiLy, 
Kyo to, j�1pan). Rab GDl wa::. purificd as a His6 fusion proLcin from 
[:,cl1cricl1 in coli, v"hich o\'el ゼλp res~cd His6..t駘gged Rab GDI (His6 .. 
Rab CDJ) according to the manufacturer's pr�ocol. Ilybridol11a 
cl'lb e入 prむS引 ng the antト 1I1yι1110U~C mAb (91:.10) Wl'rl' purd1 ,1::'l'd 
from Amcric,ln Type Culturc Collccti�n (RoL'k¥ ille, MD). An c1l1ti .. 
vinculin lllüUsじ mAb (Vll コ) WiI.., obtι.1 i Ill'd from Si品 111 ，1 Chじmi L'，l l.
5じCυnd antiblldics tυI i l1ìl11 unonUorピ、(C I1正じ 111 inoscop) Wl'rl' ob .. 
tilill じd from ChCl11icon lntcrnatioll駘l (丁目ll l' c ul a ， C八)

CO l1 s tmctioη 01 Eχpressioll Plasmids 01 R的
民1llta11ts and Rab GDl 

l: xprL's~ion ¥'ectors \\じre cOllstructl'd in pS!¥onco l> r pEf ..130S Ll sin包
standard Illolecular biology methods. 1 he pSRαnCO"1I 1yc- t，lgged 

(印pSRιαrトr" l寸l川川川川1川凧川/1り‘J戸l
N3..j， Rミab5, 1し~67 1民4しいab8， N22Rab 討 , L70Rab 11, and 1\: 2'i Ralヲ 11 , and pEI .. 
BOS"1I1_11c-Rab CDl \"\'L'I'じ con~truc tl'd as d l'~じribcd pre¥ iou~l y 
( 1くl)mUro ('f 01., 1996; Takaishi ct 111. , 1997). The fr，1広ment containing 
1 79Rab5.., N3-l Rab5- ， し67 1ミab8.. ， N22 1ミab8- ， L70Rab 11 , N2月 l匂 bl ト，

01' Rab CDトcod in g sequences with thc ßηmH l sitl.' upstrl.'am 0十 lhc
initi,1tion methionilll' codυ J1 and dU¥'¥'llstreal1l of t hビ lCr l11 l nallOll

codon was synthesiLl.'d by PCR. 1 hcsc fr ,1g l11cllls wcre digl.'sted by 
βI1I1 / HI and lig,l tcd into thc Bom卜11 己 itc of tlll' pS lミα" 1I 1 !ll 01' pcr..BOS .. 
III.JfC plasmid 

Cell Cllltllre, Trω吋ectio叫似ld Microinjectiol1 

r-.lD仁 K Lcll" "じ rL' ll1a i n l,l i nじd al 可7 C in c1 humidified atmo"" lヲ hじ rl' 01 
10‘'" CO~ and 90"'" a i r 川 口MEM cont，1inin日 1 0"" FCS (1 ifl' 1'('chnolｭ
llgiL'..." Grand Js land , NY ), 100 Ujml penicillin , and 100μ芯 !ml 
strヒptomycin. 1 l"al1sil'nt transfじction of pEf..B05"lIIyc..l 7り l{.ab 5 ，
.. N3-l Rélb5，ーL67Rc1b8， ..N22 1ミabH， ..[ .70Rab 11 , ..N2ち Rabl l ， or ..Ri1b 
ClJ1 wa" carricd out L1 sin日 a l ipofl'c t八M I NE I l'd広cnt dS dcscribl'd 
pre\"iou ..., ly (Koll1uro d /) /., IY96). At 24 h clftcr lhe lt c1 11 、 feLl ion ， llw 
lclb ~，じrピ del c1 Chじd u、 Jn民 an L ur 八 I tr) p::., in sυlution ， ::"c L'dじd 01110 
35..mlll grid d i ...， h引，and turthc[ incubi�d in lJM 1 二 M umtζl ininぉ 10"'0

FCS (01' 2+ h. Afler thむ inlubation ， lhe lじ 11、同じ re 、 llmlllal L'd 以 ith 1 ()() 
nM TP八 Stable lr，ll1"fcctionυf p:，Rn・ III .JfL ..j\J 34R，lb円， ..L70Rabl J , or 
..N25RJbll 'v¥'clS 仁川ricd out using a l ipofec tAM1NIニ rl'<lgl' nl ， ,lnd cl'll 
lones wじrc is伃i1tcd by resisti1Jl仁じ to し41 1)，l S dc、(1・ibcd!ヲ rじ \ ' iou叶y
(Ti'lbi'ihi ('/ 111. , lYY7). MDCK cl'lls for the micro inj l' ctioll じxpじ「卜

ll1enh \、ピH' sccLﾌed at �1 dl'nsit~ of 1 〆 IO ; ce l bpじl' d ish 011 l(l 35"111 m 
grid d is11L'5. A l 24 h a ftcr seω Inζ， C3, I li ...,6..(\ab GDl, 01' CTPγ5 .. 
Rho八\\as comicroinjectl'd a!ong 、vith a marh.er prυtl' in (ral J 芯C)
into thl' cytoplasl11 of tlll' cclb Jnd lhen rcturned lo thl' incubator fυr 
30 min beforc TPA stimu l atiυ11 01' fixation. Thirty lo 号o cclls wcrl' 

Jllicroinjcctl'd in each eλpl'rimcnt， and morじ th ，1n 90九 t】 f the ccll" 
shOl.ved the S,l I11 C rcsponsじ

11 111111111 0 flωrescence Microscopy 

Cl'lls Wl'rc fi 入じd In 3.7'\, parafurmaldch)de in P I3~ for 20 min. Thc 
tiλcd Cl'lIs W l' rじ incubatl'd for 10 Jl1ln \..ith ろ() mM ,11l1Jlloniu Jll 

Vυ1 9, Sl'ptl'll1bcr 1<抑制

!ミじorぷ，1 1l 1/ ，ltio l1 of Slrl'、、 I ibl、 r~ ,ll1d rllC,ll 八仁lhじ、 iOJb b) Rho ,lnd Ralフ

chlondl' in 1'135 and pじ1ï11じabili/cd ¥¥ il!1 P゚S wnt，llnJ I1日 0.2円υ1 nton 
X Illll for ILl mi l1 . 八i"lL' r lhじ cl'lb ¥¥'l'rl' ~lh1kl'd 111 10り " ! CSI ド日S 101・ 30
m 日1 ， thじ、 1ヘじ rl' trじ<1tL'd \、 ith lhじ tir ...， tλntibodi L'~ in Jllヘ， 1 CSjPBS for 
J h. T hじ ιじ Il s ¥¥ l'rl' lhじn \、 a~lwd ¥¥ ith 1'l3S lhl・じじ l i t11 l'S , 10110\、 l'd by 
incub ,ltion ¥¥ ilh thじ吋ιond tlnlibυdit、日 in Il)"" 1 CS/I'BS fnr 1 h. 101' 
lhl' d じtじピtion ut ,ldill fi lλmじnh， rhlld ，llll 日1じ.. ph ，l ll oldill い，1S mì"\じd

¥¥'ilh 111L' ~L'ピolld ，1 l1 llbυdy 、ぃ lulillll . 101" lhじ dllllbk' 、 1 ，1111111ル lhじ
、l'cond anlibodiL':. lht1l d� nol C J'l) ...~ - rl' ，Kl wilh l'.lch otlll'r \\'じ l じ
ChOSl'll. AllL'r t1w Cl' lI ::., \\ .じrじい'，\、 hcd ¥¥'ilh 1'13S lhl じじ ti ll1l'、 ， lhcV \\じ rl'
c"\‘l111inl'd U:;ill広t1 L5M 410 ull1 tocal l ，l""じ 1・ K礼 llllill以I1lIl ro:;仁川、じ (Cul
L'ci州， Olwr"ochじ 11 ， Cl'r l11,111\ ) 

RESULT 

TPA 似ld llGF/sr lllnllce l~eors all; :::a tio ll of tl1c 
Actill Cリ toskl' l e t(J11 ;/1 MIJCK Cells 

ünfl)Cél l lllicro~copic é.ì naly ::, i ::, l)f C Ul tU1・じd MDCK cじ I ls
at the ba~al 1('¥'<.'ls showcd th ,lt lhc cじ Il s contacled wilh 

each o th er, fOl'llling colonict-< of thc cじ I b (f i 品 urc 1<1). 111 

thcsc cc lls, <lClin fil ,l ll1 cnb sho'vVl'd thrcc dilicrcnt 

~tructllrL'~ 10l ,1Ii /cd ,lt thrcc JiffL'rc11t ， ' 1・じ，l!->: Wl'clk 

stres::-, fibers thal r,l l1 p é1 rcl ll じ 1 thn>ughou l lhc Lcll ::-. , 
he�1vy pcriphcral bundlcs lhal wじ rc I OC�ll i 1.じd 8l lhe 

cdgcs of thc co lonies, i11ld wじtlk cortical bUl� il's lh ,lt 
wcrc localil.cd at thc ccll ccll Jdhct-:. io n 、 i l l\ ::, ( 卜 j日 L1 rl' 
L1). Vinculin was staincd both al thL¥ b駘sal cd白山 of Lhc 

coJonies and al focal é1 d hcsion民 w h ic h wcrじ IOC，l l i以~J
at thc cnd of l hじ 5trcss fi bc 1 ・ s (Kolani L'I (/1 ., 1(97) 
(Figure 1 f) 

Stimulahon (J( MDCK cclb wilh TPA cau~l'd ccll 
spreading within 15 min followcd by dis~ocia lion tlnd 
scatlering of lhc cじ 11 5 a t 2 h (Fi広UI・じ 1, b-d). At 18 h , the 

cclb cOlllpletcJy dissoci�:lted from �1lld did not cυn t(l c l 
with ci1ch other (Figure 1 e). The m<.'mbr�1ncs of 1ll0st 

ccl1s startcd to rufflc within 15 min (F i 日 ure lb) , (lnd thc 

membranc ru 仔l ing Wc1S à l wùy~ observed , <lt Ica己 t i 11 �:l 

part of thc cclls, during thc stirnul�tion (Figurc 1, b-c). 

The periphcrcll bundles decrca~ed withil1 1 ち min and 

mostly disappcarcd al 1 h. Thc strcss fibcrs l110stly 

disappcarcd within 15 min, bl1t rcappcarcd in ,1 parl of 

the cells at 1 h and in 11l 0~t ce ll ら at 2 h (Figl1rc 1, b-d). 

Evcn at 18 h, thc nl¥wly formed stress fibcrs wcre ち ti11 
observピd in a part of lhe cel l ぉ (Figurc 1('). Thc nl¥wly 

formcd stress fibcrs showcd r<.ldial-likc nlorphology 

that apparじntly di{iered frυnl thc ori 日inal (ド i g l1 rc 1, a 
�1Jld d). Stimulalion of thじ cc l b with TドA， [urthermorc, 
caused dccreasc of vinculin at the basC11 edge、 of the 

colonics within 15 min. Dol-like stain i n詰 of vinculin Jt 

thc basal edges of the cclls, which WZlS located C1t thc 

sitcs di 肝心ren l from thc focal adhcsions, Wd、 υb汚erved
between 1 h and 18 h, and it became promincnt iJt 18 h 

(Figurc 1, g寸). Most vinculin at thc focal adhesions 

disappcarcd iJt]5 min , 飩nd it bcg飩n to incre飩sc at 1 h, 
and the stron日ちtiJ in i ng of vinculin al the focal adhcｭ

SiOllS Wcb obscn ed at 2 h (hgUfC 1, g-i). Th(了、c ncw]y 

formed focal adhesions were IOC�lted al thc cdgcs of 

the newly formed radial strcss fibcrs. 

timul飩tion of MDCK cells with 1 fGF /SF showcd 

引 milar reorgani/atioll of stress fibers and focal adhc-
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Figure 1. TI'八 - ,1f1 d 11じ F /日 1 7- induccd rcorμni/ .1t ion 01' lhc adin cyt(ぉ kclcton in wt MDCK cells. wt MDCK ceJls wcrc incubated in DMEM 
ωnlδining 10"" F仁S for 2-1 h . 八 ttじ 1・ tlw 川c lI bat山n， thc、 cclls ¥¥'crc stimulatcd with none (<1 <1nd 0, 100 nM TPA (b-e and g-j), 01' 20 ng/mJ 
11じド/SF ("-1'). rJ1L' cl'lls Wl'rl' ti\じd i1t 1" t11in (b i1nd g) , 1 h (c c1nd h), 2 h (d and i), 01' 18 h (ピi1 nd j) 麝ftcr TPA stimulatioκandat2h(kand 
0) , -1 h (1 <lnd p) ， ゎ h lm clnd q), 01' IH h (n ,1I1d 1') ,1ttL'r IICF/SF stimula tion , doulコJe staincd with rhodaminc-ph曻lloidin (a-e and k-n) 01' lh(' 
V 115 ,lnli .,'incu lin m̂ b (f- j ‘,1nd (ト r) ， <md Jn ,llY/cd by confl)cal microscopy . 仁onfocal imù包じS iHC shnwn at th t'、 bêlsallevels. The rcsulls shown 
arc rcpn.'sl'nl ,1ti"l' (lf thrcじ indcpl'lllknl l" Pじ ri111 じnts ・ ßar ， 10μ111. 入 n arrowhead in pancl i indic<1tcs the staining of v in 仁 ulin at the newJy 
fOf�1l'd f()(,ll Jdhl'~ion~ ， An MWW  in P,lfWI j indicatc、 t11 じ dnt- lik(了 、 tt1l1l ltì日 of ,'incu lin thi1l i 日 loc，lted at thc sites diffL'rcnt from thc focal 
adhc~i l1 n~ 

ions, but thcir till1t.' courscs wcrc diffcrcnt from those 
of thc TPA-induced stimulation. Stimul�1tion of thc 
cclls with HGF/SF caused spreading of the cells with-
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out dissociation of the cells during the f�st 4 h (Figure 
1, k and り. Between 6 h and 18 h , the cell-cell contacts 
were disrupted, and the cells scattered (Figure 1, m 

'v1olecular Biology of the CeJl 

Rcorgani/<llinn nf 只lrc、古 Fibcrs and Focal 八dheβion~ by 1ミho <1nd Rab 

Figure 2. Effect of cycloheximidc on thc TPA-and HCF/SF-induccd rcorg<1nization of actin filamじnb in wt MI)CK cc ll 討. wt MDCK cclls 
wcre incubated in DMEM containing 10 'ル FCS for 24 h. After thc incubation , thc cclls wcrc stimul�1tcd with 20 n広/m l lICF/Sド(<1 �1nd b) (げ
100 nM TPA (c一円 in thc abscncc (a) or prescncc (b-f) of 10μg/ ml cyclohcximidc. Cyclohcximidl' was 正lddcd � min bcforl' IICF /S l ~ nr TP八
stimulation. At 18 h after HCF/SF still1ulation, thc cclls werc fixcd and staincd with rhodc1J1linc-phi1lloidin (a illld b). 八 t 1 弓 min (c <lnd d)υr 
2 h (c and f) after TPA stimulation, the cclls were fixcd , doublc ~元 ta incd with rhodami Jl c- ph川 loidin (c zllld c) or thじ V11 cj anli-vinculin mAb 
(d and f) , and analy兄ed by confocal microscopy. Confocal imagcs arc shοwn i1t thc bas<11 Ic\'cl、 Thじ代、s lI lb 、hown 曻fT rcprcscnl<ltivc of lhrc{、
indepcndcnt cxpcrimcnts. Bêlr, 10μm 

and n). These results are consistent with pτevlOus 

observations (Ridley et al. , 1995). Reorganization of the 
actin cytoskeleton was a1so obscrved (Figure 1, k-n). 
The formation of membrane ruffling was always obｭ
served in a part of the cells during the HGF /SF stimｭ
ulation. Peripheral bundles decreased within 2 h and 
completely disappeared between 6 h and 18 h. Stress 
fibers decreased within 2 h, increased in a pa rt of the 
cells between 4 h and 6 h , and mostly disappeared at 
18 h. The morphology of the new1y formed strcss 
fibers was not identical but similar to that induced by 
TPA. Thc timc course of the 1ocalization of vinculin 
was similar to that of the disassembly and reas~emb1y 
of the stress fibers (Figure t o-r). The localization of 
vinculin at the basal edges of the colonies of the cells 
decreased within 2 h and disappeared between 6 h 
and 18 h. The localization of vinculin at the focal 

Vol. 9, Scptember 1998 

adhcsions decreascd within 2 h, incrcascd bclwccn 4 h 
and 6 h , and decreased again al 18 h 

Cycloheximidc, an inh ibi tor of protci n sy nthc s i 円
has prcviously bcen reportcd to inhibit thc HGF / 
SF-induced ccll scattering (Roscn e t σ 1 . ， 1990) . 机(e

ncxt examincd thc e仔ect of cyclohcximidc on thc 
TP A-and HGF /SF-i nduccd cell sca ttcring �md rcorｭ
ganization of the �1ctin cytoskclcton. As reportcd 
previousl y (Rosen et σ 1 . ， 1990) , the HGF /SF-ind uced 
ccll scattcring wa~ complctcly inbibitcd by cycJoｭ
hex匇idc (Figure 2, a and b). J--I owcv cr, the TPAｭ
匤duced cell sca ttcring, membranc ruffling, and disｭ
asscmbly or rcas~embly of focal adhesions and 
;tress fibcrs wcrc not inhib咜ed by cyclohcximidc 
(Figure 2, c- f) , indicating that thc TPA-induccd moｭ
tile rcsponse �:lnd rcorgé1 niχa tion of the �1ctin cyｭ
toskeleton do llot require protein synthesis. 
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o min 15 min 2h 

ドigure 3. Inhibilinn of lhc TP八ーinduccc! disllsscmbly of strcss fibcrs �'lnd focal ildhcsions in sM DCK-RhoDA cclls. sMDCK-RhoDA cells \,vcrc 
inclI b,ltcd in lJM ト M cont<lining 10九 ドCS for 2-l h. Afrcr thc incllbiltion , thc cclls ¥'¥'cre stimuliltcd with none (il and d) or 100 nM TPA (b, c, 
l', and り . 1 hL' cl'lls Wl'rc fi\じd at 1 円 min (b .lnd c) or 2 h (c and f) after TP八 stim ul ation ， doublc staincd with rhod,l l1l inc-ph i1 ll11idin (<l-c) 01 

tlw VI I ~ ‘mli ¥'inculin m八い (d 1'), i1nd ,1Il,)lv/l'd by confoca1 microscopy. Confocal im i1 gc片 ilrc sho¥Vn �'lt thc b,lSill Icvcい . nlC rc、 1I 1ts shown 
,1I'l' f' t、 prCSl' n1,) t IVl、 。 f thrcじ indcpcndじnt (ヘ pcrin1l' nts. 13<11', 10μm . 八 rrolVheads in pancls b 駘nd c indici1tc thc rcdllccd pcriphじr<l l 1コ undlcc; ，

。 furthcr clt1rify thc mcchi1nisms of thc disJsscmｭ
bly and rC鑞ssl'mbly of slrcss fib<.' 1・ S (1 nd fOC鶫l Jd hesion 
in motilじ(('lI s ， WC lln麝ly7cd thc TPA寸ndllccd rcorg(lｭ
ni /.,l tion of thc <lctin cytoskclcton for thc follmvin詰
rcωons: 1) Thc T l"J八- indll Cじd lllotilc rcsponsc w川 λp
pJrcntly ((1Stじ r thcln thc トIGF/SF-induccd onc; 2) Tlw 
TP八ーindllccd disi1sscmbly c1lld rCclsscmbly of strcss 
fil')l'rs and fOC,ll ... Idh l'示 ions ¥Vl'rc synchroni/cd in most 
MDCK cclls, whcrcωthe I寸CF / SF-i nduccd oncs wcrc 
Ilol synchrnni/cd; c1nd 3) Thc TPA-indllccd motilc 
rl'SpOnSl' and reorg,l11i/atioll of thc <lClin cyto5kclctnn 
did not rcqllirc protcin synthc~is ， whcrc山 thc HCF/ 

ー ind ucc、d oncs did，れIggcsti n広 that thc mcchclnisms 
of lhe HGF/SF-induced proCl'SSCS clrt' morc cOlllpliｭ
cated thtln thosc of thc TPA-inducl'd p roccsscs , Thc 
TPA-induced dis(lぉsClllbly of ~ lrl'~活 fibcrs Jnd fllC駘l 
i1dhcsiOllS ¥"/麝S 駘llalv/cd clt 15 min ,1ftcr thc stimula-
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tion and the TPA-indllccd rct15scmbly of 計rc.'S5 fi bcrs 
駘nd foca 1 adhcsion只 was ana l y又ed at 2 h. 

IVlO J l1t1ctiv(ltiol1 1s Necessα ry for t11e TPA-;IT伽ced
DiS(lSSC11lbly of 5tress Fibers α似飢Tれld Fo似Cα叶1 A(市1口11陀es引lOl1

To s吋L北tucly thc cf町fect of Rミ~ho in actじivation on the TP Aｭ

ind L1ccd c百ect匂5， we took advant駘ge of thc 恥1DCK cell 

linc~ stably cxprc5sing thc dominant acti¥'e mutant of 

RhoA (sMDCK-RhoDA) that were establishcd in our 

prcccding papcr (Tak駘ishi c t η 1 " 1997) , 1n sMDCKｭ

RhoDA cc ll s, strong formation of 5tress fibers wa~ h 

obscr¥'cd ,15 described (Tclk ,lishi ef nl. , 1997) (Figurc 

(1) , Stilllulation of thc cclls ¥'vith TPA fOf 15 lllin did 

not reducc thc stress fibers (FigufC 3b) , The cells 

;lightJy spre�1d and the colonies bcc駘mc larger , but the 
strong form(ltion of stress fibers d id not change even 

¥hllC'cul.1r Biolo広\ of thc Cl'lI 

Rc、。r日c1 11Î/atinn of Strcs:-. 卜 ibcr:-. and ト0(.1 1 Adl1l'吋lυns by Rhn c1lld Rab 

at 2 h (Figure 3c). The morphology of s ~~'ess fibcfS after 
the stim己lation in sMDCK-RhoDA cells was not apｭ
parently diEerent from that before the stimulation, but 
~as different from the TPA-induced radial-type one in 
Wild-type (wt)MDCK cells (see Figure1d)Stimulaｭ
tion ofthe' ceﾍls with TPA for both 15 min and 2 h 
slightly reduced the p~riphe川 bundles of actin filaｭ
m~nts ' (Figure 3, b and c) and induced weak memｭ
brane ruffling (ou了 unpubJished results) in a p~~t o~ the 
cells , Accum~lation � vinculin at thc focal adhesions 
in sMDCK-RhoDA cells was much more than that in 
the wt ce]]s as described (Takaishi et (11., 1997), and tlle 
stimulation of sMDCK-RhoDA cells with TPA for 2 h 
did not affect the distribution pattern or the accumuｭ

lation level of vinculin (Figure 3, d-f). The T~!-~i~~
duced cell scattering was 緲so inhib~t~_d _i_1l ~~DC~
RhoDA cetls at 2 h (Figure 3c). sMDCK-RhoDA cclls 
slightly scattcred 副長 h ， but TPA was apparently 
less effective on the scattering response in s九1DCK
RhoDA cells than in wt MDCK cells (our unpubｭ
lishedτesults) . These results are consistent with the 
earlier observations that Rho activation enhances 
the formation of stress fibers and focal adhesions 

(Ridley and Halt 1992; Self et nl" 199,3), a~d ~.?~c~te 
tha t Rho inactivation is necessary for the TP A-inｭ
duced disassembly of stress fibers and focal adheｭ

sions and cell sca ttering , 

1n this paper we cxamined the e旺ect of thc stable 
expressio~ ~f the dominant active mutant of RhoA, 
bu'¥ not that of RhoB or -c. However, because th 
expression of a dominant active mutant of either 
RhoA , -B , or -C induced the formation of stress fibers 
in MDCK cells (Adamson et (1[" 1992), the effect of th 
stable expression of a dominant active mu:a~，t o~ eiｭ
ther Rhoﾎ3 or -C may be similar to that of RhoA in 

MDCK cells , 

Rho Activation 1s Necessary for the TPA-induced 
Reassembly of Stress Fibe1's and Focal Adhesions 

To study the effect of Rho inac~vati?l，~ on ,the !PAｭ
induced e百ects ， we used 仁3 ， a C/ostridill1l1 botLllil111111 

exoenzyme known to ADP ribosylatc Rho (Aktorie 
et a/" 1988; Kikuchi et nl. , ] 988; Narumiya et σ 7 " ] 988; 
Braun et σ 1.， 1989) , to inhibit its functions , because 
we could not obtain the MDCK cel1 lines stably 

expressing a dom.inant ncgativ_e_ r::_~tan，t， o~ ~hoA; 
M;croinje~tion of C3 into wt MDCK cel1s in?~ced 
disappe'arance of stress fibers and. _pcril?heral .~un
dles: 'which is consistent with earlier observation 
(Kotani et (11" 1997) (Figure 4, a and c). At 15 , m_in 
~fter TPA s timulation , -the staining pattern of the 
actin filaments in the microinjected cel1s was ind~~
tin2:uishable from that in the' unmicroinjected cel1s 
(Figure 4, b and f) , but at 2 h after the st imul ation , 
n eiはher the TPA-induced reassembly of stress fibers 
nor the staining of ¥'inculin at the focal adhesions 
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vvas observed in thc microinjected cells (Figure 4 , c, 
d ，又， and h ) , Thcse results indiαIte that Rho activaｭ
ti~~ is necessary for the TPA-induced rC駘sscmbly of 

radial stress fibers and focal adhcsions. 

Rac Activatiol1 (/l1d 1l1activatiol1 11lITibit the TPAｭ

indllced Reasscmbly of Stl'ess Fibel's (ll1d Foca/ 
AdJzesiol1s bllt Not TIlcir TPA-illdllccd Disflsseml:下 Iy

To studv the effect of Rac clctiv駘tLon and inactiviltion 
on thc TP八-induccd e仔ects， wc lωk 駘dvantagc of thc 
MDCK celllincs stubly exprcssing lhc domin駘nt Jct咩c 

mutant of Rac1 (sM-DCK-RacDA) or lhc dominant 

ne2:ative mutant of Racl (sMDClく-RacDN) ， which 

were establishcd in our prcceding p匀pcr (Tはai山 i L't
(1/" 1997) , In sMDC Iく-RacDA and -RacDN cc llδ， actlll 
filaments at the ccll-ccJJ adhcsion sites marlくじdl y inｭ

creascd and dccrea scd , rcspectivcl y , as dcscribed (T<I~ 
kaishi cl nl. , 1997) , The slress fibers and the pcriphcra 1 

bundles wcrc observed in both sMDCK-RacDA �1nd 

-RacDN cells (Figurc 5, a 川I g). StimulaLion of 

sMDCK-RacDA cells vvith TPA for 15 miJl causcd 

formation of mcmbranc ru 仔ling ， which was promiｭ

nentlv observcd at thc ccll-cell adhcsion sitcs, 8Jld 

disappearancc of thc stress fiber:. and lhc pcriphc川
bundles (Figure 5b).The TPA-incl L1ccd rcassembly of 

radial strcss fibers was not obscrvcd al 2 h aftcr the 

stimulation (Figure 5c). ConfoGd microscopic anillysis 

at the iunctional levcls showcd th� lhc incrca ::,cd 10-
calizatioll of actin filalllents ut thc ccll-ccll adllcsioJl 

sites continued even al 2 h "ftcr lhc stilllUI�1tion (our 

unpublished rcsults). The we駘k stt1ining of vinculin al 

the focal adhcsion sites disappcarcd at 15 lllin and 2 h 

(Figure 5, d-f). Thc TPA-induced c~ lI. ~ca tlcring w~:. 
als己 inhibilcd at 2 h (Figurc 5c) and (ﾍ h (our unpub-

lished rcsults) , 

Stimulation of sMDCK-RacDN cclls wilh lTA for 

15 min did not inducc mcmbranc ruffling, but rcｭ
duced thc formation of strcss fibcrs 駘nd thc pcriphｭ

eral bundles (Figurc 5h). The strcss fibcrs and thc 

peripheral bundles obscrVed at211were sim ilar to 

thos'e at 15 min , and lhc TPA-induccd asscmbly of 

tress fibcrs was not obscrvcd (Figurc 5i). Morcovcr, 
thc TPA-indllced dissociation of thc ccll-cell adhcｭ

sion was not ob:.crvcd at 2 h , Thc st駘ining of vincuｭ

lin at the focal adhcsions 駘nd thc ba~aJ cdgcs of thc 

olonies decreascd at both 15 mill and 2 h (Figurc 5, 
i- 1) , The TPA-induced ccll 5Céltt~ring was a l s~) !~~ib: 
ited at 211(FIgure 5i)and 6h  (our unpublished 

rcsuJ ts) 
甘1ese resu1ts indicate that cyclical aclivation and inac-

tivation of Rac are neccちsary for the TP A-induced reasｭ

semblv of s廿css fibers and focal adhcsions and 臼II scatｭ
termUM thatneither activation 

i ::, 閃~essary for their TP A-induccd disassembly. 
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Figure4.11111ibilion by C30f theTl'A-i11d liced rcassembly of stress fibersand focal adhesions.wt MDCK cellswere Incubated in DMEM 
onl<lining I O'X，ド仁S for 24 h 八 ftcr thc incubation , thc cells' wcrc microinjccted with --b0μg_l l1l l C3 plus 5 mg/ml I'at IgG. At 30 min after the 

1作;;以川川:反店れれmrれだηηη:t1tVi;:;山lJ;山山山1?I町瓜:乙江江と江に:;l
引引叫r;:r:?「:口;;:;:f!巳;;μ::ムふ以山F〉)」1U日J」よ心i:l止(l店|::C引刊川川一一m川川川1η刊川川11川11CIに旧C引l川促附ωt忙凶附山仙川C吋心山川dc川山川Cα印ωtじけ山山、4引'lI s<1川l恰Is<1日a川一「陀U吋叫C目川巾5計凶れh(…o川W川川n山巾川b句伽刷川山yド川川lけ山山h('刊C 山州山山…10川lnll叩nll円n暗叩削1屯ψ肝wいgドv刊刊oぱ山山山3刈山h川f I川凶川Inl刊11C…「巾削山Oωoin山j附伎ω附ωt怜附C吋仙d 1悶a計叫t 1内帽l恰析仙gがC

ηrc rcpre凶scnt<l tivc of thηrce indcpコcndcnt cxpcrimcnts. Bar, 10μm 
N 

Rnb CDI lnhibits tl7e TPA-ﾎnr(1lced Assembltt of 
tress Fibers {wr( Foca/ Adhesiolls b川 Not flleir 

TPA-ﾎl1dllcerf O;snssembly 

M�roinjcction of Rho CDI into culturcd cclls inhibits 
V�1riOllS functions of its substrate small G protcin 
(Kishi cl 01. , 1993; Tabishi ct nl. , 1993, 1994; Ni~h i vama 
ct nl. , 1994; 1くota ni ('/ 札 1997). By �1n駘logy witl{ thìs, 
wc microinjcctcd Rab GDI into wt MDCK cells and 
eX <1 mi n<.:、d its dfcct on thc TPA-�duced rcorganization 
?f thc ù.c ~~ :， _c):' toske[cton. Microinjcction ot Rab GDl 
In to wl MOCk cells d id not apparently a ffcct the actin 

toskclcton (Figllre 6, a <1n'd' e). Thc TPA-indllced 
forma tion 0川fmcm川lblヲ川lë1.I
S計tr陀cs出s f自ibcr凶s (l川nd pcr口l巾phcral bunχd 出i日[ cωs wc町re s引叩imτ羽刊'1リl él凶él剖1r縄'IvV 
obs以町削t仁Cω，汁‘リl川~d at 15 mi札in a ftcr the stim 山1t i O 1 1 i n t h e R a b 
~[~m j ~roi njcctcd cclls (Figurc 6, b and f). However, 

駘t 2 h aftcr stim山 ti o凡 thè- TP A-ind Llccd' rC<1 ssembl~ 
of stress fibcrs was 110t observcci i11theihb CDil 
microinjected cells (FigLlrC6, c alkis).T11c stainmg of 
inculin at thc newly formed foci1l adhesionswaS110十

obscrved at 2 h in' thc Rab GDトmic川市ctcd ccUS 
(ト ~~l~~ 6, .? ~nd h). Overc-xprcssion of Ral~ GDI in wt 
~，~~.K ~cl.l s ~_ thc transie;'t cxprcssion l~letl~<.~d"~ I;~ 
inhibited the TPA-induced reassembly of stressfibers 
at 2 h, but not their TPA-induccd di~assemb-l;' '~t-i5 
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min (Figure 7)_ These resll]ts indicate that activation of 
~o r:ne R.ab family members is necessary for the TPAｭ
induced reassembly of stress fibers a.nd focal adheｭ
sions but not for their disassembly. 

Rab5 Activation 1s Necessαry for the TPA-indllced 
Reassembly of Stress Fibers and Focal Adhesions 
blft Not fo1' Thei1' TPA-induced Disassembly 

We next examined which member of the Rab subfamｭ
il Y is !.~1Volved. i~l the ~P A-induced rcassembly of 
stress fjbers and focal adhesions. \ヘ1e chose Rab5 , -8. 
tlnd -11 for further anal砂ysi目5， bec臼a机印u悶 their fu川1川n旧1ct山ion
t出hu凶s far reported (Bucci ct al ., 1992; Hube釘r et σι1.リ， 1993;
St忙cnn口τ引刊lé

t山he匂y r印egu凶]駘 t旬e the t仕ranspor吋t 0“f i山nt旬egrins丸， wヘI\Thi忙ch i白s inｭ
vo lルved i凶n t出he s引tr陀es出s fiber fo印rηm円la計lはtion (Hot忙chi廿in and 日al l，
1995; Lawson 駘nd Maxfield, 1995). We transfected 
t~~n~iel~t~):' _ the pl駘smid expressing Rab5DA, -5DN, 
-8DA, -8DN, -l1DA, or -l1Dﾎ¥J into ~t MDCK cells and 
ヨtim~ate~ ~t，h C:.5ells with TPA for 15 min or 2 h (Figｭ
un.'s 7 and 8). The exprcssion of these mutants affecte~d 
ncither the actin cytoskeleton in the cells tha t were not 
stimulatcd with TP A (our unpublished resu]ts) nor the 
disassembly of strcss fibers ﾌLl thc cells that were stim-

Mnlccular Binlのお， of thc CelJ 

Figure 5. lnhibition of the TPA-induced rcasscmbly of stress fibcrs and focal adhesions in t>MDCK-RacD八 and -RacDN c(' lI"、MDCK
RacDA and -RacDN celJs were incubatcd in DMEM containing 10'1., FCS for 24 h. Aftcr thc incub i1 lion , sMDC Iくー R <1 cD八(<1 () <lnd - 1匂c l)N (広り
cells were stimuJated with nonc (a , d, g, and j) or 100 nM TPA (b, c, c, f, h, i, k, and り. At 1 ち min (b, l', h, and k) or 2 h (c, f, i, and り aftl' r
TPA stimulat ion, the cclls were fixcd , doublc stained with rhodaminc-phalloidin (<1-C and 広一 i) or lhe Vl1 号<l nti -vinc ulin m八 b (J - f 礼 nJ j-り，
and analyzcd by confocal microscopy. Confocal imagcs <lrc shown at thc basal lcvcls. TI1(' rðults ちhown are rcprescntali\'じ ()f thrcl' 

independent experiments. Bar, 10μm. 八 rrowheads in panel b indicatc membranc ru仔ling at thじ cell cell adhc..， i(川、ilcs

ulated with TPA for 15 min (Figure 7). The expression 
of Rab5DN apparently inhibited the TPA-induced reｭ
assembly of stress fibers at 2 h , whereas the expression 
of RabllDN inhibited thcir TPA-ﾌ11duced reassembly 
to a small extcnt (Figurc 7 and Figure 8, c, d , k, and 1). 
The expre5sion of Rab5DA, -8DA, -8DN , and -11DA 

did not affect the TPA-induced reassembly of stress 
fibers at 2 h (Figure 7 and Figure 8, a , b, and e寸). Thc 
expression of Rab5DA and -8DA formed a large veｭ
sicu1ar structure in which both the proteins were 10-
calized (Figure 8, b and f). Expressed RabllDA was 
concentrated at the perinuclear region (Figure 8j)_ The 
expres5ion of Rab5DN, -8DN, and -11DN showed dotｭ
like staining that was relatively concentrated at the 
perinuclear region (Figure 8, d , h , and 1). Thcse results 

Vol. 9, Septcmber 1998 

indicate that Rab5 activation i~ ncccssary for thc TPAｭ
induced reassembly of strcss fjbers , that Rabll activation 
is slightly involvcd in their TP A-induced rcassembly, 
and that Rab5 or Rabl1 inactivation, or Rab8 activation 
or inactivation, is not nccessary for thcir TPA-induced 
rcassembly. These rcsults also indictltc that neithcr inacｭ
tivation nor activation of Rab5， ー8， or -11 is necessary for 
the TPA-induced disasscmbly of strcss fibers. 
Thc effccts of Rab5 and -11 on thc TP八-induced 

reasscmbly of strcss fibcrs and focal adhesions were 
furthcr cxamined using the MDCK ccll lines stably 
expressing a dominant ncgative mutant of Rab5 
(sMDCK-Rab5DN) or a dominant active or ncgative 
mutant of Rab11 (sMDCK-Rab11 DA or -Rab11DN, 
respectively). Wc obtained five sMDCK-Rab5DN cell 
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Figure 7. E仔ec t of transient expression of Rab GDI, Rab5DA , -5DN , -8DA , -8DN, -11 DA , and -11 DN on thc、 TI1八・inducα:l di叩 !>~C I11b 1 Y ,1 nct 
reassemb1y of strcss fibcrs. wt MDCK cclls werc transfccted with pEF-BOS-lIIyc-Rab GDI , ーし79 i{òb5 (1ね b5IJA) ， -NJ4Ra日 ( 1\ ，lb円I)N) ，
駒 L67Rab8 (Rab8DA), -N22Rab8 (Rab8DN) , -L70Rabll (Rab11 DA), 01' -N25Rabl1 (Rab11 DN) ll~ing a lipo(ccl八 MINE rccl民l'n l.八 124 h a(lcr lhc 
transfection, the cells wcre detached using on EDTA/trypsin solution , scedcd onto 35-mm grid dishc日， ,1nd (urlhじ r incLlbclted in I)MEM 
containing 10'}"0 FCS for 24 h. After thc incubation, the cclls werc stﾎll1ulated with 100 nM TPA and fixcd al L5 min (A) 01・ 2 h (1.3) a ((('1' TI'八

stimulatioJ1. Thc cells were then doublc staincd with rhod aminc-pha lloid 川 or lhe 9EI0 anli-IlI!1c 111 八 b ln dctl'Ct llw tr，1I1~((、ctcd cc ll ", ,1nd 
analyzcd by confocal microscopy. (A) The perccntagc of thc cclls in which disa5sembly ()f stlで町 fibcr見 wa~ ob"crvcd 川 1 '� min aflcr TP八
stimulation. (B) The percenlage of ﾙ1C cells in which reassじmblyof stress fibers was observcd at 2 h aftcr TP八日timulcllioll . Nonο， untran ，，(L'clcd cclls; 
Rab GDT, the ceUs expressing lIIyc-Rab GD1; Rab5DA, thc 仁cl15 cxprcssing llIyc-L79R日 b5; 1ミab5DN ， lhc cdl日 exprc時in日1I 1.lfc-N14Rab月; l~abH lJA， thc 
cells expressing lIIyc-L671ミ日 b8; Rab8DN , thc cells expressing llIyc-N22Rab8; Rab11 DA, lhc cclls cxprl'ssinお川.'Ic- L7()l~dbll; 1~ ，ll， I I I)N， lhc cclb 
expressing lI/yc-N25Rabl1. Th(' results shown arc mean obtaincd (rom at Icast thrcc indcpcndcnt c入 PCrtnll'nl". 

stress fibers and focal adhcsions in sMDCK-JミhoDA
ccl1s (our unpublishcd rcsults). Thesc rcsults indicate 
that the Rllo-induced fonnation of slrcss fibers and 
focal adhesions is not medi(]tcd by Rab activ(]tion. 

In this study wc havc firsl confirmcd in wl MDCK 
cells that TPA and HCF/SF inducc disassembly of 
strcss fibers and focal adhesions folJowed by thci r 
reassembJy, and that the reasscmblcd strcss fibers 
show radia}-likc morphology that is <lpparcntly di 仔er
ent from the origina1. Wc have thcn shown, by usc of 
both sMDCK-RhoDA cells and wt MDCK cells microｭ
injected with C3 , that Rho inactivation and <lctivation 
are necessary for the TPA-induced disassembly and 
reassembly, respecbvely, of strcss fibers and focal adｭ
hesions. These rcωIts are consi!::>tent with the earlier 
observations that Rho activation and inactivation 
timulate and inhibit, respcctivcly, formation of stress 
fibers and focal adhesions (RidJcy and H <l ll , 1992; Self 
dσ1. ， 1993). We have shown here that TPA furthcrｭ
more inhibits the peripheral bundle formation in wt 
MDCK cclls, but not in sMDCK-RhoDA celIs. We havc 
previously shown that Rho activation is necessary for 

DISCUSSION 

or -Rab11DN cells at 2 h (Figure 9, c, Î, and 0). Thcse 
effects were more marked when the cells wcrc anaｭ
lyzed at 6 h after TPA stimulation (Figure 10, a, c, and 
d). The TPA-induced cell scattering was inhibited in 
sMDCK-Rab5DN-10 cells, but tbese cells spread 
slightly (Figure 10b). These results indicate that Rab5 
activation is necessary not only for the TPA-induced 
reassembly of strcss fibcrs and focal adhesions but 
also for tbe TPA-induced cell scattering. 

The Rho-induced Formation of Stress Fibers and 
Focal Adhesions 1s not Mediated through Rab 
Act咩at卲n 

Rho, Rab5, and -11 activation is involved � the TPAｭ
induced assembJy of stress fibcrs and focal adhesion 
as described above. We lastly examﾌ11ed whether Rab 

activahon is necessary for the RhoA-induced formaｭ
t�n of stress fibcrs and foca 1 adhesions. Microinjection 
of GTPγS-RhoA alone into wt MDCK cells induccd 
formation of stress f�ers (Kotani et σ 1.， 1997). Comiｭ
cro吋ection of GTP信長hoA with Rab GDI did not 
inhibit the RhoA-induced formation of stress fibers 
(our unpublished results). Moreover, microinjcction of 
Rab GDl did not inhibit the increased formation of 

~~npL~bljs~~d res~lts):__ These results have provided addiｭ
tiona 1 evidence 出at R~~5 a~tivation is TIl?cessary for the 
TPA-induced reassembly of stress fibers and fo~al adheｭ
sions. However，出e effects of Rabl1 on these TPA-inｭ
d.uced p_rocesses are apparently inconsistent wi th tbose 
obtained by use of thc 廿ansient transfection assay. Th 
x.a~t rcason for this inconsistency is not kno~n but 

:l:~~~t . ~~ due to tbe different expression levels of 
~~~a，b!! ~~. the transfection of pEF-BOS-l1lycｭ

N25Rab11, which was used in the transiel~t transfecti~n ， 
and of pSRα-lIlyc-N25Rab11 ， which was used in 出e staｭ
ble transfection, because the expresslon level of 
25Rabll by pEF-BOS-l1lyc-N25Rabﾍ1 was at least れ'\10-

to threefold higher than that by pSRα-l'IIyc-N25Rab11 as 
cstimated by thc transient transfection )ηmη1官e仕凶tl出hod (りou町r unｭ
publi也shed results). The臼r帽efore巳， we cannot concJude t出he
d似efi山n川1

of strモe5s f白ibcr飼~s and foca! ad hesions丸， butRabll activation 
m<1句y be at least slightly involved. 

l5. a!~5_!\ctivatio l1 Is Necessal'y for the TPA-induced 
ell Scatterﾍllg 

T.hA~!.~ ~-i~l~~cc:d cell scattering was inhibited in 
MDCK-Rab5DN cells, but not i;; sMDCK-RabJ1DA 

lin l'S, two sMDCK- l七lblJ DA ccJI lines, and scven 
sM DCK-R駘blIDN cell li川SF 13ut could not obtain the 
MDCK cellli nes slably cxpressing a dominant actlv 
m Litai1tof Rab5.[11t11c sMDCK-RE11350N cell l i11c clone 
lO (sMDCK- 1乙lb5D~-10 celIs) , thc staining patterns of 
actin fila111chls ancivi11CLl|in were indistinguishable 
from tho日1Il wt MDCK cclls that werc st1mulated 
withoLl t or w ith TPA for 15m i 11r but the TPA-induceci 
rC è:1 sscmlコ Iy 01' strcss fibcrs and foc<ll adhesions was 
inhibitcd i1t211dftcr 111c stirnLllf1tiO11(Figure l , a, b d 
f, zri111dl , a11dFi8Llrc9, a-0.T11CTPA-induced dissoｭ
(iption of ceil ccll adhesionwas not observed at211 
Figll rじり， C tlnd f). The S<llllC rcsults wcre obt琩ned in 
all thc othcr sMDC Iく・Iblb5ON cell lines(OIll-unpubｭ
|lshed resLli ts).ln both slVlDCK-lU!?111DA cell line 
clonc 3 (sMDCK-1いbl1DA-3 cclls) and sM DCKｭ
RabllDN cell |imclom5(SMOCK-IMIllJN-5cellsl 
山 staining paltcrns of 鑞ctin f白il正a削川1I川mCl
\1\' ('ωrc indi店S抗凶tin~店ミ LL山l日iδ叶山hcl正a北1リ吐bコ>1仕t仁じ，‘ from thosc in wt MDCK cclJs 

C 

H山1<1川1川t wcrc 川t δ吋凶山ti山i l1ll山 t忙cd or vvcrc はimul 山d with TP ぷ
for 151111n or211(FigLlrcI , a , b, d , lz, FIndla11d 
FigLlrc9, g- r).Thc TPA-induced dissociation Of 仁ellト

一

;::|げ芯r:了7U:?1r;:C:;::口:tコ:;;口:?::1::;i二‘;は;1::;:ι品ね;L心}V(:1hh:記出号出訂叩;;店(口:に;込jtJlγh「「OOI
10附 of sM Lりぽ凶)C川CKく- 1択必拘州R陀b刷ミむh訓él叶1礼t川コA <lnd -lい131 1DN cclis (oJ; 
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Rab5DA Rab5DN Rab8DA Rab8DN Rab11DA Rab11DN 

Figure 8. In hibition 川 111U1PA- ind uctx:i rcasscmbly of stress fibers by II-a 115icnt expressionof Rab5DN wt M DCK ccl lswere tra115fectc仁d1 ，叶叫仙lけ山h Pヲ汁背引fド刊7可r ß限即o川川川凶川(引l帥j??行γJド(i1 a川，

;:日日出;ijh主!!J己!i|i:川J:!ト川;ト引沼af告引:自出;f1;川i ;in引;川l;:I 日:詑叩mで古r羽m;花UU:目出J;1; l(午?(引{fFρ仰1Fぷ山山山3忠れ出以叫川Tで引弘山川山J;L以山山InJぷι1J必幻;tU:口;2;1む仏吋吋JL円叩吋L守q叩:::;;A出rfritqjL112 日(JJF 江口2W J; 
2江:::山口;;::川江:::口山;;口:;;工;:口:ご江::山U‘οJJJぷぷ1JJrぷ川wれ竹、ザ\111叩，;::1iJ;;l;:1;;
iU口;;:r山;;rU:f:;l川:::Uμ川;Lμ川川|↓JJ;J;|1川:

both the periphcral bundJe formation and the 10calizaｭ
tio~ of thc ERM family , consisting of three members, 
cχrin ， r<ldixin, and mocsin , at tけhc per緬'iphera 1 bundles 
j川n MDCK ccけ1 1凶s (Kot旬8n川i et ηι1.ソ〆 l円997η). Th冗C引r陀，凋'e foω)川r陀'e ， the 
in汁由h川1ηibi比tory e 町ect ο f TPA on pコ冗川C臼肘l'巾.
tíOlη1 lll<ty él川I s印o b肘em判1Cωj対di悶ated by 、悶ho inactivahon. TPA 
mZly transducc i.l negE1tivc signE1J to inhibit Rho and a 
pusitivc signal to rcactiv�1tc it. 
We havc shown hc1'c that TPA docs not rcduce thc 

IOC�11iz<lL�O!l of actin filamcnts at the cc1l-celJ adhesion 
sitcs or disl'upt the ccll-ccl1 adhcsion at lcast for 2 h 
stimu1ation in both sMDCK-RacDA and sMDCKｭ
RiICON cells.As lo membrane rIlmi11z, TPA Induces its 
formation in sMDCK-R�1cDA ccl1s b~{t not in ;MDCK~ 
RacDN cclis-Theseresults a rc conslstent wi th earlier 
ObSCt'¥'lllions (Ridlcy L'I η 1. ， ] 995; Brag駘 ct η 1. ， 1997; 
Hordijk ('1 17/. , 19り7; Takaishi ct nl., (997) and bave 
providcd additional cvidcncC' thal Rac hお two funcｭ
tl(:ns: onc rs to strcngthcn cel1-ccll adhcsion, ()nd the 
oth孔ιじ‘ r r山日 to inducαe mCI円nbr州ê1nc ru f的刊 i川lη1~又応~. 1千η;元he Racｭ
st 

rCSI店st子引叩nt to th じ TPA-寸ind Llce引町吋t仁d dis rL'Iドpコ対刈〉沈川tion of ccll-cell 
日dh刊es剖IOlì ， il川川nd t山hc 1只ミ七匂él副抗1以lC心ω:ン叶-寸i山nc叶仁ducc町吋x対d Iηmη1cmη叶1叶bコ ran汀川nc r印lt 旺旧lin 2'
may s引仙山ti I日川n川1

川iucc cell卜-cじけ11 <l川dωhじs ioωon. Tη?与1ヤIド)A n 

lい1九V刊，(' and poωsiti vじ 討引i切呂伊n川1a1s tωoHミしどi:1C忙c a川tふω!ιlト一 Cαcl凶II ()刈dhe凶S芯111 r te出s and mCIl1巾lbrコ丸3川汀山r日m句三{

hcl山ve moreovcr 討叶山hovvn h(' l'(, t出ha批t tl山h(' TPA-inχ吋仁dLlced r陀e
ass町emηlbly of stress fibers and fOGII ‘Jdhcsions is inhibｭ
ited i11both SMOCK-RileDN and-RacDA cclis.T11 
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~isr~pt.io.n ~f cel!-cell adhesion may be necessary for 
the TPA-induced rcassembly of str駸s fibers and focal 
adhcsions. 

We have shown here for the first time that activation 
of some Rab family members is furthermore ncccssarv 
~or ~he .!PA-induced reassembly of stress fibers an 
focal adhes引ions but not for their TPA-induced disasｭ
sembly. Because recycling of the p1asma mernbrane 
~o~ponents， ~specially intcgrins, by vesicle traffickin又
is impo巾nt for the formation of f�al adhesions thぷ
~re dyna r:n ic~lly_ ~~~tr~ll ed during cell motihty (Marｭ
tenson et η 1. ， 1993; Lawson al1d MaxfielcÍ, 1995; 
B~~tcl~e!:_ _~996; r~viewed by Lauffenburger and Horｭ
~jtz， 1996), we have analyzed here the~ e旺ect of the 
dominant active or domlnant negative mutant of 
Rab5, which regu1駘tes carly endoc示。sis (Bucci et nl., 
1992; Stenmark el nlリ 1994). It has previously been 
~~.?~n. ~lat thc dorninant negative ~utant of Rab5, 

34Rab5, inhibits the intcrnaIlzation of transferrin in 
BHK cells (Stenmark et nl. , 1994). This earlier observaｭ
tion , together with the present resu1t that the transient 
or stabJe cxpression of N34Rab5 inhibits the TPAｭ
induced reassembly of stress fibers and focal adheｭ
si~)[:，s in ~DCK ce1ls, indicates that early cndocytosis 
of the plasma mcmbrane components' is relat~d to 
these TP A-induced processes. it has a Iso previously 
been shown that ov�expression of the do;':�ant a乙
t咩e mutant of Rab5, L79Rab5 , stimu1ates the 匤tcrnal-
i z.~，ti Ol;，...~f trans,ferrin ~llt inhibits its recycling in BHK 
clls (Stenmark 1.' 1 η 1. ， 1994). Lower expression of 
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Figure 9. lnhibition of thc TPA-induccd rea!>sじmbly of stress fibers and focal <ldhcsions i l1ちMOCIく- f(，lb5DN ccll~. ~M[)仁 K- R .l b 'iI)N - I O(a 1), 
-Rabll OA-3 (g- I), 01' -Rabl1 DN-5 (m-r)αIls were incubatcd in DMEM containing 10 '九 FCS for 24 h, 1 hじ Cじ 11 、 werl' ~timulat l'ιI with nOlll' 
(a , d, g, j, m, and p) or l()O nM TPA (b, c, e, f, h, i, k, 1, n, 0 , q, and r)ー八 t 1 号 mi l1 (b , c, h, k, 11 , and q)υr 2 h (じ ， 1 ， i, 1, 0 , clnd r) a llじ r 11川叫imul .1tio l1 ，

the cclls wcrc fixed , doublc stained with rhodaminc-phi1lloidin (c1- C, g-i ，日 nd m-o) or thc V11 C; anti-¥'inculin m八b (ιI f, j 1, ,lnd p r), and 
i1nalyl':cd by confocal microscopy. Confocal im日gC5 匀rc shown <lt lhc bas<ll kvむ 15. Thc rc!>ult!> !>hoWI1 <lrl' rl'J、代、刈 nlclll\'じ()( lh rl'(‘ ind じPじndcnt
cxperimcnts. B<l r, 10μm 

L79Rab5, however, stimulates the internalization of 
transferrin but does not inhibit its recyc] jng, although 
the modes of action of L79Rab5 at higher and 10wer 
expression levels have not been shown (StenrnarJく d
(1 1. , 1994). Therefore, the present result, that the tranｭ
sient expression of L79Rab5 does not affect the TPAｭ
induced reassembly of stress fibers and focal adheｭ
sions in MDCK ce l1s, may be duc to the fact that 

recycling of the pJasma membranc componcnts is not 
complctcly inhibited in the L791匂b5・cxprcと治 ing ccl1 δ 
under ou r expcri mcn ta I cond i tions. 
Rabll regu]ates rccycling through thc pcricentrioJar 

recycling cndosome (Ullrich el (71., 1996). It h� prcviｭ
ously becn shown that the domin�l ncg�ivc mutzlllt 
of Rabll , N25R8bl1 , markcdly inhibits lhc rccycling 
of transferrin, whereas thc dominant <lctivc mutant of 

Figure 10. lnhibition of thc TPA-induccd ccll scattering in ~MDCK-Rabろ lコN ccll~ . wt MDCK (a ) ， 円MDCK- RùbろDN- IO (b )， ー RabllO八♂ (c ) ，
01' -Rabl1 DN-5 (d) cells wcre incubatcd in D:v1EM containing 10",,, FCS for 2-l h. Thc' cell、 wじrc <; timulillcd 同'i lh 100 nM r p八八t6h a f lL' r fPA 
stimulation , the cclls wcrc fixcd , and anaJyzcd by phasc-conlrast microscopy. Thc rcち ult円、hown ar(' rcprじ同 nli1 Livc of thrcc i ndcp(、 ndcnl
l'xpcrimcnts. BM, 50 μm 
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Rabll , L70Rabl1 , modcrately inhibits it in ﾟHK cell 

(Ullrich et 01. , 19(36). We have shown herc that the 

tr ,lIl sicnt exprcssion of N25Rabl1 slightly inhibits its 

TPA-induccd rcas~embly of strcss fibcrs 麝lld focal adｭ

hcsions, allhollgh its 、 tè，b Je cxprcssion does not a 仔ect
thcnl , and lh<ll lhc tr,l ll sicnt or stablc cxpression of 
L70Rabl] does nol affect their TPA-induccd disasscmｭ

bly. BccausC' the illability of the stable exprcssion of 

2号 Iミabl1 to inhibit thc TI)A-induccd proccsses apｭ

pcars to bc simply duc to its illS U 仔icicnt exprcssion 

Icvcl as dcscribcd above, thc Rabll-rcgulated recy-
ling P駘lhway through lhc pcriccntriolar recychng enｭ

d()~o l1l c may bc at IC�1st slighlly involvcd in th.e TPAｭ

i nd uccd rCéls~embly of strcss fibers and focaJ 

ad lll'sion~ ・ Thc d ircct rccyc1ing pathway from early 
cndosりmc m駘y (llso bc rcsponsiblc for thc TPA-inｭ

duccd proc�scs. 

Jn Swiss 3'1'.3 cclls, it h.,lS bcen shown that Cdc42 

ﾎnduccs filopodia fOrl1l駘lion followed by mcmbrane 

ruffling (ormation through Rac ilctivatioll , and that 

lむ1c ind uccs 1l11' lllbrêl1lじ ru ff1ing forrnation fol1owed by 

(l~おじmbl y o( strcss fibers through Rho activation, indiｭ
céll in品 lh ，ll thじ rc is cross-t�lk 駘mong the Rho famiJy 

lll l' llìbじ rs ( 1ミ id Icy L'I nl. , 1992; Ko乙ma L'f η 1. ， 1995; Nobes 

and 11 <.111 , 1 りり円) . In ﾟHK cc !l s, lransicnl or stablc exｭ
pn.'出iOIlい f L671乙lb8， bul nol N22Rab8, ind Llces proｭ
CCSSl¥S cxlendin~ outward throLl2:h rcorσanizabon of t? --_.... ,.. _. .... V-' t"、

�tin fil駘lllcnts and microtubulcs (Pcr舅en ('/σ 1. ， 1996), 
sug日出tJ n詰 th<1 t there is cross-tallく betwcen the Rho 

f�1ll1ily I1lcmbcrs ,lJld 1ミabH . Therc mc:ty also be crossｭ

t<1lk bclwccn the Rho <1nd R�1b iamily membcrs in thc 

TP A-ind lIccd rcorga n izatioIl o[ lhe acti n cytoskeletoll 

in M DCK cclls. C゚GllISC thc Rho・ induccd formation of 

slrcss fibers llnd ﾎoc駘l adhcsions is not inhibitcd by 

lむlb C; DI , it is likcly th� thc Rab family members do 

Ilot <1cl downslrctlll1 o( Rho in thc TPA-indllCcd reasｭ

日mbly of s lrcωfibcrs �1nd focal �hcsions. Wc  havc 

shown hcrc lh麝t bolh lhc trc1llsicnt and stable expresｭ

sions of thc、 dO I1ìi Il�:ml II ビgativ e mutant (�f Rab5, but o 
not thc domin麝nl �lCti¥'c Ill uté1 nt, inhibit thc TPA-in-
duccd rCilssclllbly ()f strcss fibclち éllld focal adhesions. 

。 lll l' R� filmily Illcmbcrs, � lcast Rab5, m�'ly act 

upslrcam of Rho in thcsc Tr1^-induccd processcs. The 

IllCChclJlis1ll o( this cross-talk bct'vvccn Rab5 駘nd Rho is 

llot known, 1コ ul Rhll in<1ctl¥'�ion lll�y first inducc disｭ

sociatioll oﾎ slrcss fibcrs from integrins, Rab5 may thcn 

rcglllatc rccycling of thc inlcgrins, and Rho acti¥'3tion 

may fin<llly stimulatc forlll<ltion of thc ncw fOGl1 �1dｭ

hcsions by LlSC oﾎ lhcSl、 rccyclcd intcgrins. lt is a1so 

poωiblc th<,l the TPA-induccにi rcοcti\'~ltion of Rho i 

tncd ia tcd tη. thc activation nf Rac as shown in 

wiss3T3 ccl1s (Ridlcy ct 111. , 1992). Hmγe\'er， this posｭ
,ibility SCClllS unlikely , bccι1 L1 SC‘ thc TPA-induccd rcｭ
assembly of stress fibcrs clnd focal adhcs ion日 vvas not 

obsCl'¥'cd in ぉMDCK-RacDA cells. Wc  h.,l\ 'C shown 
hcl':. that.. thc TP -̂induccd disasscmbly of pcriphｭ

er<ll bundlcs, strcss fibcrs , 01' focal adh駸ions is ~ot 
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inhibited in sMDCK-RacDA, -RacDN, -Rab5DI 勺
-RabllDA, or -RabllDN cells. These results suggest 
that the TPA-induced Rho inactivation is not mediated 
by Rac or the Rab family mcmbers. Further study is 
necessary for our understanding of the cross-talk beｭ
tween th.e Rho and Rab family members in the dyｭ
namic and coordinate reorganization of the actm cyｭ
toskeleton 
We have shown here that the TPA-induced cell scatｭ

tering as well as the TPA-illduced reassembly of stress 
fibers and focal adhesion is inhibited in sMDCKｭ
RhoDA, -RacDA , -RacDN, and Rab5DN cells. These 
results suggest that dissassembly and reassembly of 
stress fibers and focal adhesions are necessary for cell 
motility. Moreover, the result, that the TPA-i.nduced 
disruption of the cell-cell adhesion is inhibited in 
sMDCK-Rab5DN cells, suggests that Rab5 activation 
is necessary for the TPA-induced disruption of the 
celJ-cell adhcsion. Further investigation is necessary 
to clarify the ro1e and mode of action of tbe TPAｭ
induced reassembly of stress fibers and focal adheｭ
sions in celI motility. 
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