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ABSTRACT To compar e t he ef f ect s of cyt ochal asi ns on t he cel l ul ar l evel wi t h t hose on t he

mol ecul ar l evel , 24 cyt ochal asi ns, 20 nat ur al compounds and 4 der i vat i ves, wer e used . The

f ol l owi ng ef f ect s wer e t est ed f or each of 24 cyt ochal asi ns : ( a) f our hi gh dose ( 2- 20 AM) ef f ect s

on t he cel l ul ar l evel : r oundi ng up of f i br obl ast i c cel l s, cont r act i on of act i n cabl es, f or mat i on of

hai r y f i l ament s cont ai ni ng act i n, and i nhi bi t i on of l ymphocyt e cappi ng ; ( b) a l ow dose ( 0 . 2- 2

, AM) ef f ect : i nhi bi t i on of membr ane r uf f l i ng ; and ( c) t wo i n vi t r o ef f ect s : an i nhi bi t i on of act i n

f i l ament el ongat i on ( t he hi gh af f i ni t y ef f ect [ l ow dose ef f ect ] i n vi t r o) and an ef f ect on vi scosi t y

of act i n f i l ament s ( t he l ow af f i ni t y ef f ect [ hi gh dose ef f ect ] i n vi t r o) . These r esul t s i ndi cat ed

t hat t her e ar e al most t he same hi er ar chi c or der s of r el at i ve ef f ect i veness of di f f er ent cyt ochal -

asi ns bet ween l ow and hi gh dose ef f ect s and bet ween cel l ul ar and mol ecul ar ef f ect s . Fr om t he

dat a obt ai ned wi t h t he 24 cyt ochal asi ns, we have cal cul at ed cor r el at i on coef f i ci ent s of 0. 87 and

0. 79 bet ween an ef f ect i n vi vo, i nhi bi t i on of cappi ng, and an ef f ect i n vi t r o, i nhi bi t i on of act i n

f i l ament el ongat i on, as wel l as bet ween i nhi bi t i on of cappi ng and anot her ef f ect i n vi t r o, ef f ect

on vi scosi t y of act i n f i l ament s, r espect i vel y . Fur t her mor e, a cor r el at i on coef f i ci ent bet ween t he

hi gh af f i ni t y ef f ect and t he l ow af f i ni t y ef f ect det er mi ned i n vi t r o was cal cul at ed t o be 0. 90

f r om t he dat a obt ai ned i n t hi s st udy . The st r ong posi t i ve cor r el at i on among l ow and hi gh dose

ef f ect s i n vi vo and t hose i n vi t r o suggest s t hat most of t he ef f ect s caused by a cyt ochal asi n,

i r r espect i ve of doses or af f ect ed phenomena, mi ght be at t r i but ed t o t he i nt er act i on bet ween

t he dr ug and t he common t ar get pr ot ei n, act i n .

I n t he cour se of t he i mmunof l uor escence mi cr oscope st udy on cyt ochal asi n- t r eat ed cel l s

usi ng act i n ant i body, we have f ound t hat aspochal asi n D, a 10- i sopr opyl cyt ochal asi n, st r ongl y

i nduced t he f or mat i on of r odl et s cont ai ni ng act i n i n t he cyt opl asm of t he t r eat ed f i br obl ast s .

I n cont r ast , ot her cyt ochal asi ns, i ncl udi ng cyt ochal asi n B, cyt ochal asi n C, cyt ochal asi n D, and

cyt ochal asi n H, wer e f ound t o i nduce t he f or mat i on of nucl ear r odl et s . Among t hem, cyt o-

chal asi n D was t he most pot ent i n t he abi l i t y t o i nduce t he r odl et s . Bot h cyt opl asmi c and

nucl ear r odl et s f ound i n t he cyt ochal asi n- t r eat ed cel l s wer e si mi l ar i n ul t r ast r uct ur es t o t hose

i nduced by 5 t o 10% ( vol / vol ) di met hyl sul f oxi de i n t he same t ype of cel l s .

The secondar y met abol i t es of mol ds known as cyt ochal asi ns

i nhi bi t a var i et y of cel l ul ar movement s, i ncl udi ng cel l di vi si on,

mot i l i t y, secr et i on, and phagocyt osi s, and cause change i n cel l

shape ( 45) . I n addi t i on, some, but not al l , cyt ochal asi ns i nhi bi t

sugar t r anspor t by compet i ng wi t h sugar s f or bi ndi ng t o hi gh-

af f i ni t y si t es i n t he pl asma membr ane ( 5, 34) . The i nhi bi t i on of
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sugar t r anspor t by t he dr ugs i s not r el at ed t o t he ef f ect on

cel l ul ar st r uct ur es cont ai ni ng act i n and ot her cont r act i l e pr o-

t ei ns ( 5, 26) . Apar t f r om t he i nhi bi t i on of sugar t r anspor t , i t

appear s t her e mi ght be t wo t ypes of cyt ochal asi n B ( CB) ef f ect s

on cul t ur ed cel l s whi ch ar e di st i ngui shabl e accor di ng t o t he

ef f ect i ve dose of t he dr ug or t o t he ef f ect i ve l engt h of an
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exposur e t i me t o t he dr ug . Br i ef t r eat ment or t r eat ment wi t h
l owdose ( <1 AM) of CB r esul t ed i n an i nst ant aneous i nhi bi t i on
of membr ane r uf f l i ng and cel l mi gr at i on but not a change i n
gr oss cel l mor phol ogy ( 16) . The same phenomena have been
descr i bed i n ul t r ast r uct ur al t er ms, showi ng t hat CB di sr upt ed
t he l at t i ce or net wor k st r uct ur es of mi cr of i l ament s but not t he
sheat h st r uct ur es of t he same f i l ament s ( 42) . However , t r eat -
ment wi t h 10- 20 AM CB of spr eadi ng cel l s on subst r at um
i nduced a change i n cel l mor phol ogy f r om f l at t o ar bor i zed
cel l s ( 37) . An anal ysi s of t hi s r el at i vel y hi gh dose ef f ect of CB
by t he i mmunof l uor escence met hod usi ng act i n ant i body has
shown t hat act i n cabl es, whi ch cor r espond t o t he sheat h de-
scr i bed above, wer e di ssoci at ed, and most of t he act i n f or med
dense aggr egat es or ast er i skl i ke pat ches ( 46) .

Recent evi dence suggest s t hat t he i nhi bi t i on of cel l ul ar move-
ment s, a l owdose ef f ect of CB, may be at t r i but ed t o t he bi ndi ng
of cyt ochal asi ns t o hi gh- af f i ni t y si t es l ocat ed i n a hi gh mol ec-
ul ar wei ght compl ex consi st i ng mai nl y of act i n ( 26) . Mor e
r ecent l y, sever al gr oups have f ound t hat subst oi chi omet r i c
doses of CB and ot her cyt ochal asi ns bl ocked t he pol ymer i za-
t i on i nduced by sal t s of skel et al muscl e act i n ( 8, 9, 13, 27, 29) .
Vi scomet r i c obser vat i ons suggest and el ect r on mi cr oscope anal -
ysi s ( 29) conf i r m t hat t he CB i nhi bi t s el ongat i on of act i n
f i l ament s, pr obabl y by i nt er act i ng wi t h t he pol ymer i zi ng end
of t he f i l ament ( 8, 9, 13, 29) . Thus, mol ecul ar i nt er act i ons i n
vi t r o bet ween cyt ochal asi ns, par t i cul ar l y CB and act i n, have
been cl ar i f i ed t o some ext ent s . However , whet her or not cel l ul ar
ef f ect s of cyt ochal asi ns ar e account ed f or by t he same i nt er ac-
t i ons r emai ns t o be el uci dat ed .

I t has been suggest ed t hat i f t he mol ecul ar mechani sm f or
an i n vi t r o act i on of cyt ochal asi ns i s t he same as t hat whi ch
wor ks i n an i n vi vo ef f ect of t he same cyt ochal asi ns, t he r el at i ve
ef f ect i venesses of di f f er ent cyt ochal asi ns i n vi vo must r ef l ect
t hose seen i n t he i n vi t r o act i on ( 9, 19, 26, 29) . So f ar , t hr ee or
f our cyt ochal asi ns, i ncl udi ng CB, cyt ochal asi ns Dand E ( CD

and CE) , and di hydr o- CB, have been used f or compar i sons

bet ween t hei r ef f ect s on mol ecul ar and cel l ul ar l evel s . I n t hi s
st udy, we used 24 cyt ochal asi ns, 20 nat ur al compounds and 4
der i vat i ves, and exami ned t hei r ef f ect s on cel l ul ar st r uct ur es
cont ai ni ng act i n, cel l ul ar event s whi ch i nvol ve act i n, and act i n
pol ymer i zat i on i n vi t r o. We f ound, wi t h onl y a f ew except i ons,

al most t he same hi er ar chi c or der s of ef f ect i veness of di f f er ent
cyt ochal asi ns at l ow and hi gh doses i n vi vo as we f ound i n
vi t r o. We di scuss t he r esul t s i n t er ms of t he mechani smf or t he
i n vi vo ef f ect s of cyt ochal asi ns .

MATERI ALS AND METHODS

Cyt ochal asi ns

The names of cyt ochal asi ns ar e gener al l y used i n t he abbr evi at ed f or ms shown

i n Tabl e I . The basi c skel et al st r uct ur e of cyt ochal asi ns i s shown i n Fi g. l ( 31,

45) . ( a) CA, CC, CE, and CG ( 2, 3, 4, 10) , ( b) CB and deoxaphomi n ( 7, 36) , ( c)

CD ( 197) , ( d) CH and CJ ( 6, 33) , ( e) chaet ogl obosi n K ( ChK) ( 43) , and ( f )

aspochal asi n B and D ( AsB and AsD) ( 22) wer e pr ovi ded by D. C. Al dr i dge

( I mper i al Chemi cal I ndust r i es, Lt d. , Maccl esf i el d, Engl and) , Ch . Tamm( I nst i t ut

f ur Or gani sche Chemi e der Uni ver si t at Basel , Basel , Swi t zer l and) , H. Mi nat o

( Shi onogi Co . , Osaka, Japan) , R. J . Col e ( Nat i onal Peanut s Resear ch Labor at o-

r i es, Dowson, Ga . ) , H. G. Cut l er ( Agr i cul t ur e Resear ches, U. S. Depar t ment of

Agr i cul t ur e, Ti f t on, Ga. ) , and W. Kel l er - Schi er l ei n ( Ei dgenossi schen Techn-

i schen Hochschul e, Zur i ch, Swi t zer l and) , r espect i vel y . Chaet ogl obosi ns except

ChK wer e i sol at ed f r om Chaet omi um gf obosum and chemi cal l y modi f i ed, i f

necessar y, as descr i bed pr evi ousl y ( 3l , 39- 41) .

Cyt ochal asi ns wer e f i r st di ssol ved i n di met hyl sul f oxi de ( DMSO) at 2 mM

and di l ut ed wi t h t he medi um t o gi ve t he concent r at i on i ndi cat ed . The sol vent at

1%( vol / vol ) or l ower concent r at i ons di d not af f ect exper i ment al syst ems used i n

7 0

	

THE JOURNAL Or CELL BI OLOGYzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" VOLUME 92, 1982

our st udy at al l . Et hanol was al so used as a sol vent f or a f ew cases i n whi ch t he

sol vent ef f ect of DMSOwas cr i t i cal l y exami ned.

Ant i bodi es

Fl uor escei n i sot hi ocyanat e conj ugat ed goat ant i - r abbi t I gG ( FI TC- G- ant i -

RI g) and FI TC- conj ugat ed r abbi t ant i - mouse I gG ( FI TC- R- ant i - MI g) wer e

pr oduct s of Mi l es- Yeda Lt d . ( Rehovot , I sr ael ) . Rabbi t ant i bodi es di r ect ed agai nst

chi ck embr yoni c f i br obl ast s act i n ( act i n ant i body) and por ci ne br ai n t ubul i n

( t ubul i n ant i body) wer e descr i bed pr evi ousl y ( 50, 51) . Ant i bodi es di r ect ed agai nst

chi ck embr yoni c f i br obl ast myosi n and chi ck gi zzar d f i l ami n wer e pr oduced i n

r abbi t s, r espect i vel y ( unpubl i shed r esul t s) . Rabbi t ant i - a- act i ni n r ai sed agai nst

por ci ne skel et al muscl e a- act i ni n ( 24) and r abbi t ant i - t r opomyosi n ( 23) wer e

pr ovi ded by E. Lazar i des ( Cal i f or ni a I nst i t ut e of Technol ogy, Pasadena, Cal i f ) .

Cel l s

C3H cel l s, a mouse f i br obl ast i c cel l l i ne ( 52) , wer e cul t ur ed i n DMEM- 10%

FCS cont ai ni ng 100, ag/ ml Kanamyci n sul f at e ( Mei j i Sei ka Kai sha Lt d . , Tokyo,

Japan) . Pr epar at i on of l ymphocyt e suspensi on i n phosphat e- buf f er ed sal i ne ( PBS)

f r om mouse spl eens wer e descr i bed el sewher e ( 48) .

Cel l Mor phol ogy
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Tr ypsi ni zed C3H cel l s wer e pl at ed i n 35- mmpl ast i c cul t ur e

di sh ( 4 x 10' cel l s/ di sh) cont ai ni ng DMEM- 10%FCS and i ncubat ed at 37° C

f or 4 h. Cyt ochal asi ns wer e added when i ndi cat ed and t he ef f ect s of t he dr ugs on

cel l mor phol ogy wer e det er mi ned 30 mi n l at er .

MEMBRANE RUFFLI NG: Membr ane r uf f l es ar e cel l st r uct ur es r el at ed t o cel l

l ocomot i on, whi ch ar e shar p t hi ckeni ngs of t he l amel l a pr oj ect i ng i n t he medi um,

and appear i n pl an vi ew by phase- cont r ast mi cr oscopy as dar k si nuous l i nes
usual l y at t he l eadi ng edge ( 1) . C3H cel l cul t ur es wer e pr epar ed as descr i bed

above, and wer e used 6 h af t er t he pl at i ng . 10 mi n af t er t he addi t i on of

cyt ochal asi ns, we exami ned whet her or not membr ane r uf f l i ngs wer e af f ect ed,

usi ng a phase- cont r ast mi cr oscope equi pped wi t h a x 40 obj ect i ve l ens .

l mmunof l uor escence Obser vat i ons
of Cel l ul ar Act i n

The di st r i but i on of act i n i n unt r eat ed and cyt ochal asi n- t r eat ed f i br obl ast s was

exami ned wi t h act i n ant i body by t he i ndi r ect i mmunof l uor escence met hods ( 25) .

Cel l s gr own on cover sl i ps wer e t r eat ed wi t h cyt ochal asi ns, and f i xed i n 3. 7%

f or mal dehyde i n PBS at r oom t emper at ur e f or 20 mi n. They wer e t hen washed

wi t h PBS, t r eat ed wi t h 0 . 2%Tr i t on X- 100 i n PBS, and l abel ed wi t h act i n ant i body

as descr i bed bef or e ( 51) . Condi t i ons f or f l uor escence mi cr oscopy obser vat i ons

wer e descr i bed el sewher e ( 50) .

Decor at i on wi t h Heavy Mer omyosi n ( HMM)

Rabbi t skel et al muscl e HMMwas pr epar ed as descr i bed ( 47) . Cyt ochal asi n-

t r eat ed cel l s wer e gl ycer i nat ed and l abel ed wi t h HMM( 5 mg/ ml ) accor di ng t o

t he met hod of I shi kawa et al . ( 20) .

El ect r on Mi cr oscopy

C3H cel l s at t ached t o pl ast i c di shs wer e f i xed i n si t u i n t he Kar novsky' s

par af or mal dehyde- gl ut ar al dehyde f i xat i ve ( 21) f or 20 mi n and post f i xed wi t h 2%

OsO, i n 0 . 1 Mcol l i di ne buf f er ( pH 7. 2) f or 30 mi n at r oom t emper at ur e . The

f i xed cel l s wer e washed i n di st i l l ed wat er , st ai ned wi t h 4%ur anyl acet at e i n wat er

f or 4 h, and dehydr at ed i n et hanol . The cel l s wer e t hen t r eat ed wi t h pr opyl ene

oxi de t o det ach f r om t he di shes . Fl oat i ng cel l s wer e col l ect ed by cent r i f ugat i on,

washed agai n i n pr opyl ene oxi de, and embedded i n Epon 812 mi xt ur es . Ul t r at hi n

sect i ons wer e made usi ng a Por t er - Bl umMT- 2 ul t r at ome wi t h a di amond kni f e,

and st ai ned wi t h l ead acet at e . The speci mens wer e exami ned i n a JOEL JEM-

1000 or JEM- 200B el ect r on mi cr oscope.

Cappi ng

Mouse spl eni c l ymphocyt es ( 2 x 10' / ml ) wer e used f or cappi ng exper i ment s

i n PBS wi t h or wi t hout cyt ochal asi ns . An al i quot ( 0 . 2 ml ) of cel l suspensi on,

whi ch was pr ei ncubat ed wi t h or wi t hout cyt ochal asi ns at r oomt emper at ur e f or

10 mi n unl ess ot her wi se i ndi cat ed, was i ncubat ed wi t h 100 gg/ ml FI TC- R- ant i -

MI g at 37° C f or 10 mi n . The cel l s wer e spun down, and r esuspended i n t he same

medi umcont ai ni ng 20 mMsodi um azi de. Det er mi nat i on of I g- posi t i ve cel l s and

t hose showi ng cappi ng was descr i bed pr evi ousl y ( 48) .



Pr epar at i on of Act i n

Act i n Fi l ament El ongat i on

( 2) I nhi bi -

Rabbi t skel et al muscl e act i n was pur i f i ed i n buf f er A ( 2 mMTr i s- HCI , pH

8 . 0, 0 . 2 mMATP, 0 . 5 mM, 8- mer capt oet hanol , 0. 2 mMCaC12 ) accor di ng t o t he

met hod descr i bed by Spudi ch and Wat t ( 44) . The pol ymer i zat i on- depol ymer i -

zat i on met hod was f ol l owed by gel f i l t r at i on wi t h Sephadex G- 100 . Thi s act i n

pr epar at i on showed a si ngl e peak cor r espondi ng t o t he mol ecul ar wei ght of

42, 000 i n SDS PAGE. The st ock sol ut i on of act i n was cent r i f uged at 100, 000 g

f or 60 mi n bef or e use t o r emove pr eci pi t abl e f r act i ons. The concent r at i on of act i n

was det er mi ned usi ng bovi ne ser um al bumi n sol ut i on made up i n buf f er A as

st andar d by t he met hod of Lowr y et al . ( 28) af t er di l ut i on wi t h wat er .

Pur i f i ed act i n ( l mg/ ml ) was f ul l y pol ymer i zed at 25° C i n buf f er Acont ai ni ng

2 mMMgC12 . 2 ml of act i n monomer sol ut i on ( I mg/ ml ) i n buf f er Awer e mi xed

wi t h 50 pl of f ul l y pol ymer i zed act i n sol ut i on and 201x1 of 0 . 05 MMgC12 sol ut i on.

Cyt ochal asi ns, whi ch had been di ssol ved i n DMSOat 0 . 2 mM, wer e added at 2

1uM t o t he act i n monomer sol ut i on j ust bef or e t he addi t i on of pol ymer i zed act i n

and MgCl z. DMSOi n t he concent r at i on of 1%( vol / vol ) di d not af f ect t he r at e of

act i n pol ymer i zat i on . Vi scosi t y of t he sol ut i on was moni t or ed up t o 40 mi n . An

aver age i ncr ease i n speci f i c vi scosi t y per mi nut e det er mi ned bet ween 10 and 20

mi n af t er t he st ar t of t he pol ymer i zat i on was used i n t hi s st udy as a par amet er

whi ch i ndi cat es t he r at e of act i n f i l ament el ongat i on.

Addi t i on of Cyt ochal asi ns t o

Pol ymer i zed Act i n Sol ut i on

To 2 ml of f ul l y pol ymer i zed act i n sol ut i on ( I mg/ ml ) i n buf f er Acont ai ni ng

2 mM MgC12 we added 20 i d of cyt ochal asi n sol ut i on made up at 2 mMi n

DMSO. Vi scosi t y of t he mi xt ur e was moni t or ed up t o 40 mi n . DMSOal one was

t est ed but was f ound not t o decr ease t he speci f i c vi scosi t y of t he act i n sol ut i on.

TABLE I

Ef f ect of Cyt ochal asi ns

( 7) De-

( 4) For ma-

	

( 6) I nhi bi -

	

cr ease i n

Vi scomet r y

Vi scosi t y was measur ed at 25 . 0° C usi ng an Ost wal d- t ype vi scomet er ( Towa

Kagako Co. , Tokyo, Japan) wi t h buf f er f l ow t i me of 24 s. The speci f i c vi scosi t y

i s def i ned as t / t u - l , wher e t i s t he f l ow t i me of t he act i n sol ut i on and t o i s t he

f l ow t i me of t he buf f er .

RESULTS

Al t er at i on i n Cel l Mor phol ogy

Cel l mor phol ogy of C3H cel l s t r eat ed wi t h di f f er ent doses

( 0 . 2 t o 20 [ , M) of cyt ochal asi ns f or 0 . 5 t o 2 h was exami ned .

We used " ++, " " +, " or " - " f or i ndi cat i ng t he ext ent t o whi ch

each dr ug af f ect ed t he cel l mor phol ogy ( Tabl e I , col umn 1) .

When a dr ug at 2 [ . M har dl y i nduced r oundi ng up of C3H

cel l s wi t hi n 1 h, but t he same dr ug at 20 t t M caused r oundi ng

up, t he ef f ect of t he dr ug was expr essed as " + . " When a dr ug

was ef f ect i ve as l ow as 2 I LM, t he ef f ect of t he dr ug was

expr essed as " ++ . " When r oundi ng up of cel l body was not

i nduced wi t h a dr ug at any doses up t o 20 t LM wi t hi n 1 h, t he

ef f ect was expr essed as " - . " For exampl e, ChE ( see abbr evi a-

t i ons i n Tabl e I ) at 2 1LM di d not i nduce r oundi ng up of cel l s

wi t hi n 1 h, wher eas t he same dr ug at 201i Mcaused mor pho-

l ogi cal changes and i nduced 30 t o 40% of t he t r eat ed cel l t o

r ound up wi t hi n t he same per i od of i ncubat i on. I n cont r ast ,

ChJ at 2, , Mi nduced r oundi ng up of >60%of t he cel l s wi t hi n

0 . 5 h. The ef f ect of ChE and ChJ on cel l mor phol ogy was

expr essed as " +" and " ++, " r espect i vel y .

As has been r epor t ed ( 16) , t he ef f ect of CB or CD i s

YAHARA ET AL .

	

Ef f ect s of Cyt ochal asi ns

	

71

Dr ugs

t i on of ( 3) Act i n-

( 1) Cel l membr ane cabl es con-

r oundi ng up r uf f l i ng t r act i on

t i on of

hai r y st r uc-

t ur es

( 5) I nhi bi -

t i on of cap-

pi ng

t i on of ac-

t i n f i l ament

el ongat i on

vi scosi t y of

act i n f i l a-

ment s

10- phenyl cyt ochal asi ns

Cyt ochal asi n A ( CA) + t 95 63 22

Cyt ochal asi n B ( CB) + + 47 44 9

Cyt ochal asi n C ( CC) + + 64 63 27

Cyt ochal asi n D ( CD) + + 79 88 62

Cyt ochal asi n E ( CE) + - 94 77 52

Cyt ochal asi n H ( CH) + + 73 69 25

Cyt ochal asi n J ( CJ) + + 41 42 23

Deoxaphomi n + + 70 66 12

10- i ndol yl cyt ochal asi ns

Cyt ochal asi n G ( CG) + + 27 32 5

Chaet ogl obosi n A ( ChA) + - 98 85 43

Chaet ogl obosi n B ( ChB) + t 93 80 36

Chaet ogl obosi n C ( ChC) + + 59 28 24

Chaet ogl obosi n D ( ChD) + - 93 84 49

Chaet ogl obosi n E ( ChE) + + 49 33 5

Chaet ogl obosi n F ( ChF) + + 67 48 6

Chaet ogl obosi n J ( ChJ) + - 90 77 38

Chaet ogl obosi n K ( ChK) - - 93 71 31

ChA monoacet at e ( ChA- Ac) + - 97 79 40

ChD di acet at e ( ChD- Ac) + - 60 34 10

ChE di acet at e ( ChE- Ac) - - 20 7 0

ChF monoacet at e ( ChF- Ac) ± ± 24 20 3

ChJ monoacet at e ( ChJ- Ac) + - 79 45 23

10- i sopr opyl cyt ochal asi ns

Aspochal asi n B ( AsB) + ± 39 8 0

Aspochal asi n D ( AsD) + + 60 13 0



B

C

A

OH

FI GURE 1 Mol ecul ar st r uct ur es of t hr ee cl asses of cyt ochal asi ns .

( A) A 10- phenyl cyt ochaI asi n ( Cyt ochal asi n B) . ( 8) A 10- i ndol yl -

cyt ochal asi n ( ChA) . ( C) a 10- i sopr opyl cyt ochal asi n ( AsD) .

r ever si bl e. However , among t he dr ugs t est ed i n t hi s st udy,

ChA, ChB, ChD, ChJ, ChA- Ac, and ChD- Ac caused i r r ever s-

i bl y r oundi ng up of cel l s . When t r eat ed wi t h 2 AM or hi gher

concent r at i ons of t hese dr ugs, r ounded cel l s di d not spr ead

agai n over subst r at umaf t er t he r emoval of t he dr ugs. Al t hough

t he vi abi l i t y of t hese r ounded cel l s mai nt ai ned over 90%up t o

24 h as l ong as t he cel l s wer e not det ached f r om subst r at um,

t hey became gr adual l y t o f l oat i n t he medi umand di ed over a

per i od of 24- 48 h .

I nhi bi t i on of Membr ane Ruf f l i ng

An i nhi bi t i on of cel l l ocomot i on by mi cr omol ar CB i s asso-

ci at ed wi t h a cessat i on of membr ane r uf f l i ng caused by t he

same dr ug ( 16) . We have t est ed t he abi l i t y of each cyt ochal asi n

t o i nhi bi t membr ane r uf f l i ng exhi bi t ed by C3H cel l s . Cyt o-

chal asi ns wer e added at 0. 2 and 2 AMt o cul t ur es of C3H cel l s

6 h af t er t r ypsi ni zat i on and pl at i ng . Cel l s showi ng membr ane

r uf f l i ng wer e obser ved wi t h a phase- cont r ast mi cr oscope bef or e

and af t er t he addi t i on of t he dr ugs . The r esul t was expr essed

as : ( a) " ++, " when r uf f l es di sappear ed by i ncubat i ng f or 10

mi n wi t h a cyt ochal asi n at bot h 0 . 2 and 2 , AM; ( b) " +, " when

r uf f l es di sappear ed by i ncubat i ng f or 10 mi n wi t h a dr ug at 2

AM, but not at 0 . 2 AM; and ( c) " - , " when any det ect abl e ef f ect

on membr ane r uf f l i ng was not obser ved by 0 . 2 or 2 AM

cyt ochal asi n .

Al t er at i on i n Act i n Di st r i but i on Reveal ed by

I mmunof l uor escence Mi cr oscopy

CONTRACTI ON, ARBORI ZATI ON, AND FORMATI ON OF HAI RY

STRUCTURES: Fi br obl ast i c cel l s gr own on a subst r at e cont ai n

wel l - or gani zed act i n cabl es ( al so r ef er r ed t o as st r ess f i ber s or

mi cr of i l ament bundl es) , whi ch can be vi sual i zed by i mmuno-

f l uor escence mi cr oscopy usi ng act i n ant i body ( 25) . For i n-
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st ance, a C3H f i br obl ast i c cel l shown i n Fi g . 2 shows a par al l el

ar r ay of act i n cabl es and a speckl ed di st r i but i on of act i n ar ound

t he nucl eus . When C3H cel l s wer e t r eat ed wi t h 1 AMCB f or 30

mi n, no r emar kabl e change i n gr oss mor phol ogy of cel l was

det ect ed.

As descr i bed i n pr evi ous r epor t s by ot her s ( 37, 46) , when

t r eat ed wi t h 10- 20 AM CB f or 30 mi n, cel l s cont r act ed and

ar bor i zed ( Fi g . 3) . Act i n cabl es wer e st i l l seen on a consi der abl e

popul at i on ( 50- 80%) of t he CB- t r eat ed cel l s, wher eas hai r y ( 32)

or ast er i skl i ke ( 46) st r uct ur es wer e obser ved on f ul l y ar bor i zed

cel l s ( Fi g . 3) .

The cont r act i on of act i n cabl es and cel l body was mor e

si gni f i cant l y obser ved on cel l s t r eat ed f or a shor t per i od wi t h

mor e pot ent cyt ochal asi ns, especi al l y some 10- i ndol yl cyt ochal -

asi ns . When t r eat ed ei t her wi t h 1- 20 AMChA, ChB, ChD, or

ChJ, a maj or i t y of t he cel l s cont r act ed st r ongl y wi t hi n 10 mi n

( Fi g . 4) . The cont r act i on appear ed t o occur al ong t he st r et ch of

act i n cabl es, and t owar d t he cent er of each cel l , r esul t i ng i n

r oundi ng up of cel l body . I n some cel l s, t he cont r act i on caused

cel l s t o t ear apar t , l eavi ng t hei r per i pher al par t s f i r ml y at t ached

t o t he subst r at um ( Fi g . 4) or causi ng i nt er nal t ear i ng ( dat a not

shown) .

Some cyt ochal asi ns at 20 AM i ncl udi ng CB, CC, CD, CH,

CJ, CG, ChB, ChF, and AsD di d, but CE, ChA, ChB, ChD, or

ChJ at 20 AM di d not i nduce t he f or mat i on of t he hai r y

st r uct ur es ( Tabl e I , col umn 4) .

When cel l s wer e t r eat ed wi t h 20 AMChK f or 30 mi n t o I h,

nei t her t he cont r act i on nor t he f or mat i on of hai r y st r uct ur es

wer e i nduced . I t was f ound, however , t hat , i n cont r ast t o a

st r ai ght ar r ay of act i n cabl es seen i n unt r eat ed cel l s ( Fi g . 2) ,

act i n cabl es wer e cur ved i n ChK- t r eat ed cel l s ( Fi g . 5) .

I n summar y, cont r act i on of act i n cabl es f ol l owed by cel l

r oundi ng up, appear ed t o be common f or al l t he cyt ochal asi ns

t est ed ( Fi gs . 3, 4, and 6- 9) , except ChK, i r r espect i ve of t he

pot ency of t he dr ugs . Cyt ochal asi ns whi ch r eveal ed st r ong

cel l ul ar ef f ect s i n Tabl e I , col umn 1 and 2, di d not or di d t o

l esser ext ent s, i f any, i nduce t he f or mat i on of hai r y st r uct ur es .

An except i on f or t hi s r ul e i s CD.

RODLET FORMATI ON I NDUCED BY CYTOCHALASI Ns :

	

Among

24 cyt ochal asi ns t est ed i n t hi s st udy, AsD, an 10- i sopr opyl cy-

t ochal asi n was f ound t o r eveal a pecul i ar ef f ect on cel l ul ar

st r uct ur es cont ai ni ng act i n . When C3H cel l s wer e t r eat ed wi t h

20 AMAsD f or 30 mi n, a number of r odl et s 0 . 1- 1, umwi de and

0 . 5- 20 Aml ong cont ai ni ng act i n wer e det ect ed i n t he cyt opl asm

of t r eat ed cel l s ( Fi g . 6) . Si mi l ar cyt opl asmi c r odl et s cont ai ni ng

act i n have been pr evi ousl y obser ved i n CA- t r eat ed mouse 3T3

cel l s ( 35) . The r odl et s wer e not st ai ned wi t h ant i bodi es di r ect ed

agai nst myosi n, f i l ami n, a- act i ni n, t r opomyosi n, or t ubul i n

( dat a not shown) . The f r equency of cel l s cont ai ni ng r odl et s

var i ed dependi ng upon t he concent r at i on of t he dr ug, t he

l engt h of i ncubat i on and t he cel l s used i n t he exper i ment .

Al t hough t he det ai l ed r esul t s wi l l be publ i shed el sewher e ( I .

Yahar a, F. Har ada, and W. Kel l er - Schi er l ei n, manuscr i pt i n

pr epar at i on) , t he r esul t s i ndi cat ed t hat AsD was ef f ect i ve as

l ow as 2 AM when i ncubat ed f or 30 mi n . At t he opt i mum

condi t i ons wher e cel l s wer e i ncubat ed wi t h 10- 20 AMAsD f or

1 h, r odl et s wer e f ound i n >70%of t he t r eat ed cel l s . Number

of r odl et s wi t hi n a si ngl e cel l was 1- 127 .

A f i ne st r uct ur e of t he r odl et s was i nvest i gat ed by el ect r on

mi cr oscopy . The r esul t s i ndi cat ed t hat t he r odl et s r eveal ed by

i mmunof l uor escence mi cr oscopy wi t h act i n ant i body wer e

bundl es of mi cr of i l ament s 5- 8 nmi n di amet er ( Fi g . 10) . Si nce

t he r odl et s wer e f ound by i mmunof l uor escence mi cr oscopy t o

di sappear on AsD- t r eat ed and t hen gl ycer i nat ed cel l s, t he



FI GURE 2- 9

	

I mmunof l uor escence st ai ni ng wi t h act i n ant i body of mouse OH cel l s unt r eat ed or t r eat ed wi t h cyt ochal asi ns or wi t h

10%DMSO at 37° C. Fi g . 2 : unt r eat ed cel l . x 360 . Fi g . 3 : t r eat ed wi t h 20 AMCB f or 1 h. x 820. Fi g . 4 : t r eat ed wi t h 20 JI MChB f or 30

mi n. x 440 . Fi g . 5 : t r eat ed wi t h 20 AM ChK f or 30 mi n. x 360 . Fi g . 6 : t r eat ed wi t h 20 AMAsD f or 30 mi n. x 480. Fi g . 7 : t r eat ed wi t h

20 AMCD f or 30 mi n. x 720 . Fi g . 8 : I ncubat ed i n 10%DMSOf or 30 mi n . x 720. Fi g . 9: t r eat ed wi t h 20 AMCD f or 30 mi n. CD was

di ssol ved i n et hanol i n 2 mg/ ml and was di l ut ed wi t h t he medi um. x 720 . Bar s, 20 Am.

73



decor at i on of t he f i l ament s wi t hi n t he r odl et s wi t h HMMcoul d

not be done .

Deoxaphomi n, a 10- phenyl cyt ochal asi n, and CA wer e al so

f ound t o i nduce t he f or mat i on of cyt opl asmi c r odl et s, but wer e

l ess ef f ect i ve t han AsD. Ot her cyt ochal asi ns t est ed i n t hi s st udy

di d not i nduce t he f or mat i on of t he r odl et s i n t he cyt opl asm.

Di f f er ent f r om t he cyt opl asmi c r odl et s i nduced by AsD, CA

or deoxaphomi n, CB, CC, CD, and CH wer e f ound t o i nduce

t he f or mat i on of r odl et s i n nucl ei . CD was most ef f ect i ve i n

i nduci ng t he nucl ear r odl et s ( Fi g. 7 and 11) . 10% ( vol / vol )

DMSO has been r epor t ed t o i nduce t he f or mat i on of nucl ear

r odl et s consi st i ng of act i n f i l ament s i n a sl i me mol d, Di ct yos-

t el i um ( 14, 15) and ot her cul t ur ed cel l s ( 15, 38) . We have al so

f ound t hat i n C3Hcel l s 5- 10%DMSOi nduced si mi l ar nucl ear

r odl et s t o t hose seen i n CD- t r eat ed cel l s ( Fi g . 8) . Al t hough t he

f i nal concent r at i on of DMSOi n t he i ncubat i on mi xt ur e con-

t ai ni ng CD was 0. 5% and t hi s concent r at i on of DMSO was

known not t o i nduce nucl ear r odl et s ( dat a not shown) , we have

cr i t i cal l y exami ned t he possi bi l i t y t hat t he sol vent i n whi ch CD

was di ssol ved mi ght cause t he f or mat i on of nucl ear r odl et s .

However , t he nucl ear r odl et s wer e f ound al so i n cel l s t r eat ed

wi t h CD di ssol ved i n et hanol ( Fi g. 9) . The f i nal concent r at i on

of et hanol was 0 . 5%. Et hanol even i n 5% ( vol / vol ) di d not

i nduce t he f or mat i on of nucl ear r odl et s . These r esul t s cl ear l y

suggest t hat CD i s t he cause of t he r odl et f or mat i on. The CD-

i nduced nucl ear r odl et s wer e decor at ed wi t h HMM by t he

est abl i shed met hod ( 20) ( Fi g . 12) .

I nhi bi t i on of Lymphocyt e Cappi ng

An ef f ect on cappi ng i nduced on mouse spl eni c l ymphocyt es

wi t h R- ant i - MI g was det er mi ned usi ng cyt ochal asi ns at 20 I M

FI GURE 10

	

AsD- i nduced cyt opl asmi c r odl et consi st i ng mi cr of i l ament s . C3H cel l s wer e i ncubat ed wi t h 20 pMAsD at 37° C f or 30

mi n . Thi n sect i ons f or el ect r on mi cr oscopy wer e pr epar ed as descr i bed i n t he t ext . Bar , 0. 5 dam. x 26, 700 .

FI GURE 11

	

CD- i nduced nucl ear r odl et consi st i ng of mi cr of i l ament s . C3H cel l s wer e i ncubat ed wi t h 10I LMCD at 37° C f or 30 mi n .

Bar , 0 . 5 I m. x 40, 200 .

FI GURE 12

	

Decor at i on of f i l ament s i n CD- i nduced r odl et wi t h HMM. C3H cel l s wer e i ncubat ed wi t h 10 pM CD at 37 ° C f or 30

mi n, gl ycer i nat ed, and i ncubat ed wi t h HMM. Bar , 0 . 5 j m. x 37, 500 .
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( Tabl e 1, col umn S) . Lymphocyt es wer e pr ei ncubat ed wi t h

cyt ochal asi ns at r oomt emper at ur e f or 10 mi n, and t hen i ncu-

bat ed wi t h FI TC- R- ant i - MI g t o i nduce cappi ng . An ext ent t o

whi ch cappi ng was i nhi bi t ed by t he dr ugs var i ed, but appear ed

t o be r oughl y pr opor t i onal t o t he ef f ect on membr ane r uf f l i ng

( Tabl e I , col umn 2) .

The vi abi l i t y of cel l s, det er mi ned by 0 . 04% t r ypsi n bl ue

excl usi on, on whi ch cappi ng was i nhi bi t ed by >90%, was

>85%. Si mi l ar t o t he ef f ect on cel l mor phol ogy, an i nhi bi t i on

of cappi ng by CA, ChA, ChD, ChJ, ChA- Ac, and ChD- Ac was

f ound t o be i r r ever si bl e or sl i ght l y r ever sed wi t hi n 10 mi n af t er

t he r emoval of t he dr ugs f r om t he i ncubat i on medi um. The

ef f ect s of ot her dr ugs wer e compl et el y r ever sed dur i ng t he same

per i od of i ncubat i on. When t he si x cyt ochal asi ns causi ng t he

i r r ever si bl e i nhi bi t i on of cappi ng at 20 AMwer e used at 2 AM,

t he i nhi bi t i ons wer e al most f ul l y r ever sed wi t hi n 10 mi n .

Fur t her mor e, a pr ol onged i ncubat i on up t o 1 h i n an i nhi bi t or -

f r ee medi um r est or ed t o some ext ent cappi ng of cel l s t r eat ed

wi t h t hese dr ugs at 20 AM.

The i nhi bi t i on of cappi ng by cyt ochal asi ns was not af f ect ed

by t he pr esence or absence of 10 mMgl ucose i n t he medi um.

I n addi t i on, i t shoul d be not ed t hat t he degr ee of t he i nhi bi t i on

i s not pr opor t i onal t o t he pot enci es i n i nhi bi t i ng sugar t r anspor t

( 34) . These r esul t s st r ongl y suggest t hat an i nhi bi t i on of

cappi ng by cyt ochal asi ns can not be at t r i but ed t o a possi bl e

def i ci ency i n met abol i c ener gy as a r esul t of i nhi bi t i on of

gl ucose t r anspor t by t he same dr ugs.

Li gand- i ndependent cappi ng i nduced i n a hyper t oni c me-

di umon mouse l ymphocyt es ( 49) was mor e sever el y i nhi bi t ed

by cyt ochal asi ns . For i nst ance, ChJ at 2 AM i nhi bi t ed l i gand-

i ndependent cappi ng by 97%, but i nhi bi t ed ant i - I g i nduced

cappi ng of t he same cel l s by 44%. As has been shown ( 12)

col chi ci ne- t r eat ed l ymphocyt es wer e f ound t o be mor e sensi t i ve

t o t he i nhi bi t or y ef f ect of cyt ochal asi ns on cappi ng i nduced by

ant i - I g t han wer e unt r eat ed cel l s. I n t he bot h syst ems, of l i gand-

i ndependent cappi ng and ant i - I g- i nduced cappi ng on col chi -

ci ne- t r eat ed cel l s, t he t endency r el at ed t o t he degr ee of i nhi bi -

t i on caused by var i ous cyt ochal asi ns was f ound t o be t he same

as t hat obser ved i n t he case of R- ant i - MI g- i nduced on un-

t r eat ed cel l s ( dat a not shown) .

T
.
N

0. 6

0 0. 4
N

1

m

t o 0. 2

I ncubat i on ( mi n)

FI GURE 13

	

Ef f ect of cyt ochal asi ns on act i n f i l ament el ongat i on . O,

cont r ol ; * , ChE; O, CB; zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" , CH ; 0, ChJ ; and A, ChA. The concent r at i on

of t he dr ugs was 2 AM.

I nhi bi t i on of Act i n Fi l ament El ongat i on

To det er mi ne t he hi gh af f i ni t y ef f ect of cyt ochal asi ns i n vi t r o

( 8, 13, 29) , we have det er mi ned ef f ect s of var i ous cyt ochal asi ns

at 2 AMon act i n f i l ament el ongat i on . Act i n monomer ( 1 mg/

ml ) was i nduced t o pol ymer i ze i n buf f er A by t he addi t i on of

MgC1 2 t o 0 . 55 mMand a smal l amount of pol ymer i zed act i n

as nucl ei f or f ur t her pol ymer i zat i on . The pol ymer i zat i on, as

measur ed by vi scomet r y, st ar t ed wi t hout any l ag per i od, t hen

pr oceeded al most l i near l y up t o 20 mi n, and decl i ned t her eaf t er

( Fi g . 13) . A sl i ght i ncr ease i n vi scosi t y was st i l l det ect ed even

60 mi n af t er t he st ar t of pol ymer i zat i on ( dat a not shown) . An

i ncr ease i n speci f i c vi scosi t y per mi n, whi ch was obt ai ned on

t he aver age bet ween 10 and 20 mi n, was 0. 0152 mi n' f or t he

cont r ol mi xt ur e wi t h no i nhi bi t or , and t hi s val ue r eveal s t he

r at e of act i n f i l ament el ongat i on i n t hi s syst em.

Cyt ochal asi n was added t o t he act i n monomer sol ut i on

bef or e t he i ni t i at i on of t he pol ymer i zat i on wi t h MgC1 2 and

pol ymer i zed act i n . The r at e of act i n f i l ament el ongat i on was

r educed t o di f f er ent ext ent s wi t h di f f er ent cyt ochal asi ns ( Tabl e

1, and Fi g . 13) .

Ef f ect on Vi scosi t y of Pol ymer i zed Act i n

To assess t he l ow af f i ni t y ef f ect of cyt ochal asi ns i n vi t r o ( 19) ,

t he ef f ect of cyt ochal asi ns at 20 AMon vi scosi t y of pol ymer i zed

act i n was det er mi ned. To f ul l y pol ymer i zed act i n sol ut i on ( 1

mg/ ml ) i n buf f er A cont ai ni ng 2 MMMgC12 , cyt ochal asi n was

added t o 20 , AM. A change i n vi scosi t y was moni t or ed up t o

40 mi n, wi t hi n whi ch t he decr easi ng r eact i on i n vi scosi t y di d

not r each t he pl at eau wi t h some cyt ochal asi ns, e . g . , CE ( 19)

and ChA. Per cent decr ease i n speci f i c vi scosi t y of pol ymer i zed

act i n was det er mi ned at 40 mi n f or each cyt ochal asi n, and was

used t o show t he l ow af f i ni t y ef f ect of t he dr ug ( Tabl e 1,

col umn 7, and Fi g . 14) .

As can be seen i n Tabl e 1, col umns 6 and 7, a cyt ochal asi n,

whi ch show a st r ong ef f ect vi a t he hi gh af f i ni t y bi ndi ng si t es,

r eveal ed al so a st r ong ef f ect vi a t he l ow af f i ni t y bi ndi ng si t es.

A cor r el at i on coef f i ci ent bet ween t he hi gh af f i ni t y ef f ect and

t he l ow af f i ni t y ef f ect det er mi ned i n vi t r o was cal cul at ed f r om

t hese r esul t s t o be 0. 90 ( Fi g . 15) ,

0. 8

' L- 0. 4

0. 2

10 20 30 40

I ncubat i on ( mi n)

FI GURE 14

	

Ef f ect of cyt ochal asi ns on vi scosi t y of f ul l y pol ymer i zed

act i n . O, cont r ol ; " , ChE; O, CB; " , CH; A, ChJ ; and " , ChA. The

concent r at i on of t he dr ugs was 20 g. M.

YAHARA ET AL .

	

Ef f ect s of Cyt ochal asi ns

	

75



100

> i n

cw
u E 60
m

I M

l L

c
40

Q

0
m
c 20

DI SCUSSI ON

0

Low Dose and Hi gh Dose Ef f ect s

0

7 6

	

THE JOURNAL Or CELL BI OLOGYzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" VOLUME 92, 1982

~y20 40 60 80 100

I nhi bi t i on of Act i n Fi l ament El ongat i on ( X)

FI GURE 15 Cor r el at i on bet ween t wo ef f ect s, i nhi bi t i on of act i n

f i l ament el ongat i on and decr ease i n vi scosi t y of pol ymer i zed act i n,

det er mi ned wi t h each of 24 cyt ochal asi ns . Dat a shown i n Tabl e I ,

col umns 6 and 7 wer e used . " , 10- phenyl cyt ochal asi ns ; O, 10-

i ndol yl cyt ochal asi ns ; and O, 10- i sopr opyl cyt ochal asi ns .

Low doses ( 0. 1- 1 pM) of CB have been r epor t ed t o i nhi bi t

r api dl y cel l mi gr at i on and membr ane r uf f l i ng, but not t o al t er

t he gr oss mor phol ogy of f i br obl ast i c cel l s ( 16, 42) . I n addi t i on,

hi gh doses ( 5- 20 AM) of t he same dr ug i nduced gr adual l y an

al t er at i on of cel l mor phol ogy, r esul t i ng i n ar bor i zat i on and

r oundi ng up of t he t r eat ed cel l s ( 37, 46) . The mechani sms of

t hese t wo CB ef f ect s have been suggest ed t o be di f f er ent

because l ow doses of CB di sr upt ed mi cr of i l ament s net wor ks

but do not r esul t i n obvi ous ul t r ast r uct ur al al t er at i ons i n mi -

cr of i l ament s bundl es ( 16, 42) , wher eas hi gh doses of CB caused

a dr ast i c r ear r angement of mi cr of i l ament ous st r uct ur es ( 46) .

However , t he r esul t s shown i n Tabl e I , col umns 1 and 2,

i ndi cat e t hat a dr ug whi ch shows a st r ong l ow dose ef f ect , such

as t he i nhi bi t i on of membr ane r uf f l i ng, al so gi ves a st r ong hi gh

dose ef f ect , t he r oundi ng up of cel l s . Thi s seems t o suggest t hat

bot h of t hese ef f ect s caused by a cyt ochal asi n mi ght be at t r i b-

ut ed t o t he i nt er act i on bet ween t he same act i ve si t e of t he dr ug

and t he common cel l ul ar t ar get . Di f f er ent dose r esponses seen

i n t he t wo ef f ect s may be expl ai ned by di f f er ent i al sensi t i vi t i es

t o t he cyt ochal asi n of t he st r uct ur es t hat consi st of t he common

t ar get pr ot ei n and ar e r esponsi bl e f or t he cel l ul ar event s i n

quest i on .

However , t her e was an except i onal case t hat ChK, a 10-

i ndol yl - cyt ochal asi n bear i ng addi t i onal met hyl gr oups at C- 10

and - 11 posi t i ons, di d not i nduce r oundi ng up of f i br obl ast s at

20 I M, wher eas t he same dr ug of 0 . 2 AMst r ongl y i nhi bi t ed

membr ane r uf f l i ng ( Tabl e I ) . Fur t her mor e, ChK was f ound

not t o cause t he cont r act i on of act i n cabl es whi l e i t i nhi bi t ed

cappi ng . The absence of cor r el at i on bet ween t he hi gh- and

l ow- dose ef f ect s of ChK coul d not r eadi l y be expl ai ned . I t has

been shown t hat met abol i c i nhi bi t or s such as 2- deoxygl ucose

or di ni t r ophenol i nt er f er ed wi t h t he act i on of CB and CD ( 30) ,

and t he cel l cont r act i on was not i nducd wi t h CB on gl ycer i n-

at ed f i br obl ast s ( 46) . Ther ef or e, ChK may act on cel l s as a

met abol i c i nhi bi t or or a membr ane- di sr upt i ng agent besi des a

common cyt ochal asi n . However , t hi s r emai ns t o be pr oven.

Cyt ochal asi n- i nduced Rear r angement
of Mi cr of i l ament ous St r uct ur es

The cont r act i on of act i n cabl es i s i nduced by al l t he cyt o-
chal asi ns used i n t hi s st udy, except ChK and ChE- Ac, an

i nef f ect i ve der i vat i ve of ChE ( Tabl e I ) and i s consi der ed t o be

t he i ni t i al st age of cel l r oundi ng up ( r ef er ence 46, and t hi s

st udy) . The cont r act i on does not occur i n gl ycer i nat ed cel l s

( 46) and i s i nhi bi t ed by some met abol i c i nhi bi t or s ( 30) . Fur -
t her mor e, t he addi t i on of ATP t o gl ycer i nat ed cel l s i nduces t he

cel l cont r act i on even i n t he pr esence of CB ( 46) . These r esul t s

suggest ed t hat ATP mi ght be necessar y f or t he cyt ochal asi n-

i nduced cont r act i on . What ever i s t he mechani sm of t he ATP-
dependent cont r act i on, cyt ochal asi ns t r i gger t he cont r act i ons
by al t er i ng t he act i n cabl es so t hat t hey r espond t o ATP and

t hen cont r act .

I t seems t hat t her e i s no st r i ct r el at i on bet ween an abi l i t y of

a cyt ochal asi n t o i nduce hai r y st r uct ur es cont ai ni ng act i n and

anot her ef f ect of t he same dr ug. However , we may suggest t hat

pot ent cyt ochal asi ns, as j udged by abi l i t i es t o i nduce cel l

r oundi ng up and t o i nhi bi t r uf f l i ngs, di d not , or i f anyt hi ng,
di d weakl y, i nduce t he f or mat i on of hai r y st r uct ur es. Thi s r ul e

appear s t o hol d par t i cul ar l y f or t he f ami l y of 10- i ndol yl - cyt o-

chal asi ns . I t i s possi bl e t hat hai r y st r uct ur es coul d not be

f or med when act i n- cont ai ni ng st r uct ur es wer e di sr upt ed t o a

l ar ge ext ent by pot ent cheat ogl obosi ns such as ChA, ChD, or
ChJ . Thi s i dea i s suppor t ed by t he f act t hat si mul t aneous
addi t i on of ChE at 20 t LM and ChA at 20 I LM di d not i nduce
t he hai r y st r uct ur es ( unpubl i shed obser vat i ons) .

Among t he cyt ochal asi ns used i n our st udy, AsD, a 10-

i sopr opyl - cyt ochal asi n, i s t he most i nt r i gui ng agent t hat r e-

veal ed a pr oper t y qui t e di f f er ent f r om t he ot her s . That i s t he

f or mat i on of cyt opl asmi c r odl et s whi ch appear ed t o be bundl es

of 50- 80 A mi cr of i l ament s . Rat hke et al . ( 35) have r epor t ed

t hat CA i nduced si mi l ar r odl et s i n a cl one of 3T3 f i br obl ast s .

We f ound t hat AsD was mor e ef f ect i ve t han CA i n i nduci ng

t he f or mat i on of cyt opl asmi c r odl et s i n C3H cel l s . Al t hough

det ai l ed descr i pt i on of AsD- i nduced phenomena and an anal -

ysi s of AsD ef f ect s wi l l be publ i shed el sewher e ( I . Yahar a, F .

Har ada and W. Kel l er - Schi el ei n, manuscr i pt i n pr epar at i on) ,

we woul d make a f ew r emar ks concer ni ng t he f or mat i on of

cyt opl asmi c r odl et s . The ul t r ast r uct ur es of t he r odl et s ar e si m-

i l ar t o t hose of nucl ear r odl et s whi ch have been f ound on a

var i et y of cel l s under var i ous condi t i ons ( 11, 14, 15, 19, 38) . I n

addi t i on t o t he st r uct ur al si mi l ar i t y bet ween AsD- i nduced cy-

t opl asmi c r odl et s and nucl ear r odl et s, i t was shown t hat nei t her

cont ai ns a- act i n or t r opol ysi n ( r ef er ence 38 and t hi s st udy) .

The cyt opl asmi c r odl et s wer e i nduced wi t h 5- 20 pMAsD al so

on mouse embr yoni c f i br obl ast s and 3T3 cel l s, but not on

HeLa or SV3T3 cel l s ( unpubl i shed r esul t s) . Di f f er ent i al ef f ect s

of AsD on di f f er ent cel l t ypes ar e under i nvest i gat i on .

We have f ound t hat some cyt ochal asi ns, i ncl udi ng CD,

i nduced nucl ear r odl et s . We have excl uded t he possi bi l i t y t hat

t he f or mat i on of nucl ear r odl et s was i nduced by t he sol vent i n

whi ch CD or ot her dr ugs had been di ssol ved. The f act t hat

bot h CD and 10%DMSOi nduced t he same r odl et f or mat i ons

and t hat t her e i s no si mi l ar i t y i n mol ecul ar st r uct ur e bet ween

CD and DMSOsuggest t hat nei t her CD nor DMSOmol ecul es

mi ght be di r ect l y i nvol ved i n t he mechani sm of r odl et f or ma-

t i on. I nst ead, CD or DMSO may al t er cel l ul ar condi t i ons

i ncl udi ng t he supr amol ecul ar assembl y and t opogr aphy of

mi cr of i l ament s so t hat t hese f i l ament s assembl ed i nt o t he r od-

l et s . I n t hi s r egar d, i t i s of i nt er est t hat act i n i s t r ansf er r ed f r om

t he cyt opl asm t o t he nucl eus i n DMSO- t r eat ed cel l s ( 38) .



Cor r el at i on bet ween Ef f ect s of Cyt ochal asi ns on

Cel l ul ar and Mol ecul ar Level s

As shown i n Tabl e I ( col umns 1, 2, and S) , we have assessed

pot enci es of 24 Cyt ochal asi ns t o af f ect cel l ul ar event s . The

r esul t s suggest t hat t he ext ent of t he ef f ect s i s i ndependent of

t he assay met hod and t he cel l t ypes used i n t he exper i ment s .

To compar e t he cel l ul ar and mol ecul ar ef f ect s f or each cyt o-

chal asi n, an i nhi bi t i on of cap f or mat i on was used because i t

was t he onl y cel l ul ar ef f ect t hat was expr essed numer i cal l y .

Fi g. 16 was obt ai ned by pl ot t i ng an i nhi bi t i on ( %) of cappi ng

vs. t hat of act i n f i l ament el ongat i on ( Tabl e I , col umn 6) f or

each cyt ochal asi n. Acor r el at i on coef f i ci ent ( r ) bet ween t he t wo

ef f ect s was cal cul at ed t o be 0. 87 f r om dat a obt ai ned wi t h 24

Cyt ochal asi ns . Si mi l ar l y, r bet ween t he ef f ect on cappi ng and

t hat on vi scosi t y of act i n f i l ament s ( Tabl e I , col umn 7) was

obt ai ned t o be 0. 79 . The posi t i ve cor r el at i on bet ween ef f ect s

on t he mol ecul ar and cel l ul ar l evel s st r ongl y suggest s t hat an

ext ent t o whi ch cel l ul ar st r uct ur es or event s ar e af f ect ed by a

cyt ochal asi n i s speci f i cal l y det er mi ned by i t s abi l i t y t o af f ect

act i n mol ecul es i n vi t r o .

Ther e may be ot her f act or s, e . g. , per meabi l i t y t hr ough t he

pl asma membr ane or modi f i cat i oi n of cyt ochal asi n mol ecul es

i nsi de t he cel l s, det er mi ni ng t he magni t ude of t he cel l ul ar

ef f ect s, but t he r esul t s suggest ed t hat t hey must be t r i vi al i f any.

For i nst ance, t he cor r el at i on suggest s t hat t he i nabi l i t y of ChE-

Ac t o af f ect cel l ul ar event s i s not due t o a possi bl e l ow

per meabi l i t y of t he dr ug. I t mi ght be not ed t hat val ues f or

i nhi bi t i on of act i n pol ymer i zat i on by 10- i ndol yl cyt ochal asi ns,

i ndi cat ed by open ci r cl es, ar e sl i ght l y l ower t han t hose by 10-

phenyl cyt ochal asi ns, i ndi cat ed by cl osed ci r cl es, when t hese

ef f ect s on cappi ng ar e appr oxi mat el y t he same. Thi s di f f er ence

may be expl ai ned by di f f er ent per meabi l i t i es of t hese t wo

f ami l i es of Cyt ochal asi ns .

The r esul t s obt ai ned i n t hi s st udy ar e i n good agr eement

wi t h t he pr evi ous obser vat i ons by ot her s ( 9, 19, 26, 29) t hat

f our Cyt ochal asi ns, CB, CD, CE, and di hydr o- CB, i nhi bi t ed

act i n pol ymer i zat i on i n vi t r o, and t he r el at i ve magni t udes of

t hese ef f ect s cor r espond t o t hei r pot enci es i n af f ect i ng cel l

mot i l i t y .

By vi scomet r i c ( 8, 9, 13, 29) and el ect r on mi cr oscope ( 29)
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Cor r el at i on bet ween i nhi bi t i on of cappi ng and i nhi bi -

t i on of act i n f i l ament el ongat i on by Cyt ochal asi ns . Per cent i nhi bi t i on

of t api ng was pl ot t ed vs . per cent i nhi bi t i on of act i n f i l ament el on-

gat i on f or each of 24 Cyt ochal asi ns . Dat a shown i n Tabl e I , col umns

5 and 6 wer e used . Symbol s ar e same as t hose used i n Fi g . 15 .

anal yses on t he af f ect of CB, CD, and CE at r el at i vel y l ow

doses on pur i f i ed act i n pol ymer i zat i on and by measur ement of

CB bi ndi ng t o f i l ament ous act i n ( 9) , i t has been r ecent l y

suggest ed t hat Cyt ochal asi ns i nt er act wi t h t he end of f i l amen-

t ous act i n so t hat t he el ongat i on of t he f i l ament s i s i nhi bi t ed.

I n addi t i on t o t hi s l ow dose ef f ect of Cyt ochal asi ns, submi cr o-

mol ar CB i nhi bi t s net wor k f or mat i on by pur e act i n f i l ament s

( 18, 29) . Fur t her mor e, Cyt ochal asi ns at hi gh doses decr ease

vi scosi t y of pol ymer i zed act i n t hr ough an i nt er act i on wi t h t he

l ow af f i ni t y si t es ( r ef er ence 19, Fi g. 14, and Tabl e 1, col umn

7) . Ther ef or e, t he mol ecul ar mechani smof cyt ochal asi n act i ons

on t he cel l ul ar l evel may not be uni que, al t hough t he t ar get

pr ot ei n of Cyt ochal asi ns i n cel l s i s al ways act i n.

We t hank Dr s. D. C. Al dr i dge, Ch . Tamm, H. Mi nat o, R. J . Col e, H.

G. Cut l er , and W. Kel l er - Schi er l ei n f or pr ovi di ng Cyt ochal asi ns and
Dr . E. Lazar i des f or t he gi f t of t r opomyosi n ant i body and a- act i ni n

ant i body . We t hank al so Dr . T. Kanaseki and Ms . Y. I keuchi ( Tokyo

Met r opol i t an I nst i t ut e f or Neur osci ences) f or t hei r hel p i n el ect r on

mi cr oscope st udi es .

Thi s i nvest i gat i on was suppor t ed i n par t by Gr ant s- i n- ai d f r omt he

Mi ni st r y of Educat i on, Sci ence, and Cul t ur e of Japan .

Recei ved f or publ i cat i on 30 Januar y 1981, and i n r evi sed f or m 28 Jul y

1981.
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