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Abst r act . Whi l e act i n pol ymer i zat i on and depol ymer -
i zat i on ar e bot h essent i al f or cel l movement , f ew st ud-
i es have f ocused on act i n depol ymer i zat i on . I n vi vo,
depol ymer i zat i on can occur exceedi ngl y r api dl y and i n
a spat i al l y def i ned manner : t he F- act i n i n t he l amel l i -
podi a depol ymer i zes i n 30 s af t er chemoat t r act ant r e-
moval ( Cassi mer i s, L . , H. McNei l l , and S. H. Zi g-
mond . 1990. J . Cel l Bi ol . 110 : 1067- 1075) . To begi n t o
under st and t he r egul at i on of F- act i n depol ymer i zat i on,
we have exami ned F- act i n depol ymer i zat i on i n l ysat es
of pol ymor phonucl ear l eukocyt es ( PMNs) . Sur pr i si ngl y,
much of t he cel l F- act i n, measur ed wi t h a TRI TC-
phal l oi di n- bi ndi ng assay, was st abl e af t er l ysi s i n a
physi ol ogi cal sal t buf f er ( 0. 15 MKCl ) : ,- 50% of t he
F- act i n di d not depol ymer i ze even af t er 18 h . Thi s
st abl e F- act i n i ncl uded l amel l ar F- act i n whi ch coul d
st i l l be vi sual i zed one hour af t er l ysi s by st ai ni ng wi t h
TRI TC- phal l oi di n and by EM. We i nvest i gat ed t he
basi s f or t hi s st abi l i t y . I n l ysat es wi t h cel l concent r a-
t i ons > 10' cel l s/ ml , suf f i ci ent gl obul ar act i n ( G- act i n)
was pr esent t o r esul t i n a net i ncr ease i n F- act i n .

CELLS movi ng on sur f aces depend on t he ext ensi on of
l amel l i podi a f or mot i l i t y . Lamel l i podi a ar e dynami c,
pr ot r udi ng i n t he di r ect i on of movement and wi t h-

dr awi ng f r omot her di r ect i ons . The l amel l i podi a ar e si t es of
r api d act i n pol ymer i zat i on : wi t hi n 30 s af t er addi t i on of che-
moat t r act ant t o a pol ymor phonucl ear l eukocyt e ( PMN) ' at
23° C, t he F- act i n cont ent of t he cel l doubl es wi t h most of t he
newl y pol ymer i zed F- act i n l ocat ed i n l amel l i podi a . The pr es-
ence of cyt ochal asi n or ADP- r i bosyl at ed act i n, bot h f i l ament
bar bed end caps, i nhi bi t chemoat t r act ant - i nduced pol ymer -
i zat i on suggest i ng t hat el ongat i on occur s at t he bar bed ends
( Wegner and Akt or i es, 1988 ; Whi t e et al . , 1983) . Var i ous
st udi es have l ocal i zed a maj or si t e of act i n pol ymer i zat i on
t o t he t i p of l amel l i podi a ; t he F- act i n t hen moves r ear war d
( Gl acy, 1983 ; Okabe and Hi r okawa, 1989 ; Wang, 1985 ;

1. Abbr evi at i ons used i n t hi s paper : CD, cyt ochal asi n D; CDs, cal ci um
depol ymer i zi ng sol ut i on; FNLLP, N- f or myl nor l eucyl l eucyl phenyl al ani ne ;
PMN, pol ymor phonucl ear l eukocyt e.
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However , t he F- act i n st abi l i t y was not sol el y because of
t he pr esence of f r ee G- act i n si nce addi t i on of DNase I

t o t he l ysat e di d not i ncr ease t he F- act i n l oss . Nor di d
i t appear t o be because of bar bed end cappi ng f act or s
si nce cel l l ysat es pr ovi ded si t es f or bar bed end pol y-

mer i zat i on of exogenous added act i n . The st abl e F- act i n
exi st ed i n a macr omol ecul ar compl ex t hat pel l et ed at
l ow gr avi t at i onal f or ces . I ncr easi ng t he sal t concent r a-
t i on of t he l ysi s buf f er decr eased t he amount of F- act i n
t hat pel l et ed at l ow gr avi t at i onal f or ces and i ncr eased
t he amount of F- act i n t hat depol ymer i zed . Var i ous act i n-
bi ndi ng and cr oss- l i nki ng pr ot ei ns such as t r opomyo-
si n, ci - act i ni n, and act i n- bi ndi ng pr ot ei n pel l et ed wi t h
t he st abl e F- act i n . I n addi t i on, we f ound t hat ci - act i ni n,
a f i l ament cr oss- l i nki ng pr ot ei n, i nhi bi t ed t he r at e of

pyr enyl F- act i n depol ymer i zat i on . These r esul t s sug-

gest ed t hat act i n cr oss- l i nki ng pr ot ei ns may cont r i but e
t o t he st abi l i t y of cel l ul ar act i n af t er l ysi s . The act i v-
i t y of cr ossl i nker s may be r egul at ed i n vi vo t o al l ow
r api d t ur nover of l amel l i podi al F- act i n .

For scher and Smi t h, 1988 ; Heat h, 1983 ; Symons and Mi t ch-
i son, 1991 ; Svi t ki na et al . , 1986 ; Smal l et al . , 1978) .

Dur i ng cel l l ocomot i on, t he r at e of depol ymer i zat i on of
F- act i n must equal t he r at e of pol ymer i zat i on si nce t he t ot al
F- act i n pr esent r emai ns const ant . 30 s af t er r emoval of che-
moat t r act ant f r omPMNs ( at 23 ° C) , t he l amel l i podi al F- ac-
t i n decl i nes t o basal l evel s, whi l e t he cor t i cal F- act i n r emai ns
const ant ( Cassi mer i s et al . , 1990) . The l amel l i podi al F- act i n
pr obabl y depol ymer i zes f r om i t s poi nt ed ends si nce depol y-
mer i zat i on occur s i n t he pr esence of cyt ochal asi n, whi ch
bl ocks depol ymer i zat i on f r omt he bar bed end ( Skl ar et al . ,
1985 ; Cassi mer i s et al . , 1990) .

Wer e an act i n f i l ament t o ext end acr oss t he 3- 5 Amf r om
t he f r ont of t he l amel l i podi um t o t he j unct i on of t he l amel l i -
podi umwi t h t he endopl asm, and " t r eadmi l l " at t he r at e of l o-
comot i on, i t s r at e of depol ymer i zat i on woul d need t o equal
t he r at e of movement . I f t he r at e of f i l ament gr owt h at t he
cel l f r ont occur s at a r at e equal t o t he r at e of cel l movement ,
PMNs movi ng at r at es up t o 30 Am/ mi n ( 0. 5 Am/ s) woul d
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need t o i ncor por at e 180 act i n monomer s/ s/ f i l ament . Thi s
woul d r equi r e a di ssoci at i on r at e const ant at t he poi nt ed end
- 1800 t i mes hi gher t han t hose measur ed f or pur i f i ed muscl e
F- act i n i n vi t r o ( usi ng a di ssoci at i on r at e const ant of 0 . 1 s - '
and 360 monomer s per l zm of act i n f i l ament [ Weber et al . ,
1987 ; Komet al . , 1987; Mi t chi son and Ki r schner , 1988 ;
Cassi mer i s et al . , 1990] ) .

Mor phol ogi cal and ki net i c dat a suggest t hat a gi ven act i n
f i l ament does not ext end acr oss t he l engt h of t he l amel l i po-
di um. El ect r on mi cr ogr aphs show t hat i n t he cor t i cal mesh-
wor k of Di ct yost el i um, macr ophages, and PMNs, i nt er sec-
t i ons bet ween act i n f i l ament s occur at i nt er val s bet ween 0. 05
and 0. 6 1, m ( Har t wi g and Shevl i n, 1986 ; Rubi no and Smal l ,
1987 ; Ryder et al . , 1984) . Ki net i c evi dence f r omst udi es on
t he depol ymer i zat i on of Fact i n of Di ct yost el i um and PMNs
i ndi cat es t hat most f i l ament s ar e <0. 2- , . ml ong ( Podol ski and
St eck, 1990 ; Cano et al . , 1991) . I f l amel l i podi a ar e com-
posed of smal l 0. 1- j Am f i l ament s, and i f al l t he f i l ament s de-
pol ymer i ze si mul t aneousl y, as suggest ed by Symons and
Mi t chi son ( 1991) , t he r equi r ed di ssoci at i on r at e at t he poi nt ed
end woul d st i l l be 36 t i mes f ast er t han t he di ssoci at i on r at e
measur ed i n vi t r o ( see above) . Pr ot ei ns t hat can i ncr ease t he
r at e of depol ymer i zat i on, such as act i n depol ymer i zi ng f ac-
t or ( dest r i n) , act ophor i n, and depact i n, have been i dent i f i ed
i n var i ous syst ems and may cont r i but e t o t hi s r api d r at e of
depol ymer i zat i on ( Bambur g et al . , 1991 ; Cooper et al . , 1986 ;
Mor i yama et al . , 1990 ; Mabuchi , 1983) .

To i dent i f y f act or s t hat r egul at e act i n di sassembl y i n vi vo,
we have begun t o char act er i ze f act or s t hat af f ect Fact i n de-
pol ymer i zat i on i n PMN l ysat es . Rat her t han f i ndi ng t hat
t hese f i l ament s depol ymer i zed mor e r api dl y t han pur e act i n,
we f ound t hat t hey depol ymer i zed mor e sl owl y . Whi l e i t has
been known f or many year s t hat act i n f i l ament s i n t he cyt o-
skel et on ar e unusual l y st abl e, t he r easons f or t hi s st abi l i t y
have not been i dent i f i ed . We f ound t hat t he Fact i n i n l ysat es
exi st ed i n t wo pool s : one depol ymer i zed i f t he l ysat e cel l
concent r at i on was suf f i ci ent l y l ow; t he ot her was st abl e f or
l ong per i ods of t i me . These pool s di d not cor r espond t o t he
l abi l e and st abl e pool s obser ved i n vi vo ( Cassi mer i s et al . ,
1990) . I ncr easi ng t he KCl concent r at i on r el eased act i n f i l a-
ment s f r om a cr oss- l i nked meshwor k and i ncr eased t he
amount of Fact i n t hat depol ymer i zed . Thi s suggest ed t hat
f i l ament bi ndi ng and cr oss- l i nki ng pr ot ei ns mi ght i nhi bi t
Fact i n depol ymer i zat i on . We t her ef or e exami ned t he ef f ect s
of a f i l ament cr oss- l i nki ng pr ot ei n, «- act i ni n, and f ound t hat
i t i nhi bi t ed Fact i n depol ymer i zat i on . Thus, t he r api d t ur n-
over of Fact i n obser ved i n vi vo may be mor e compl i cat ed
t han pr evi ousl y ant i ci pat ed and r equi r e not onl y an i ncr ease
i n t he monomer di ssoci at i on r at e but al so a decr ease i n t he
bi ndi ng of f act or s t hat i nhi bi t f i l ament depol ymer i zat i on .

Mat er i al s and Met hods

Reagent s

N- f or myl nor l eucyl l eucyl phenyl al ani ne ( FNLLP) , t - Boc- nor l eu- l eu- phe

( t - BocNLLP) , deoxyr i bonucl ease I ( DNase I ) ( t ype I I f r ombovi ne pancr eas
chr omat ogr aphi cal l y pur i f i ed) , TRI TC- phal l oi di n, and phal l oi di n wer e al l

obt ai ned f r om Si gma Chemi cal Co. ( St . Loui s, MO) .

Cel l s

Rabbi t per i t oneal cel l s wer e obt ai ned as descr i bed pr evi ousl y ( Zi gmond and
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Sul l i van, 1979) . The cel l s wer e washed t wo t i mes wi t h sal i ne ( 0. 9%) and

suspended i n cel l buf f er ( HBSS wi t hout phenol r ed, bi car bonat e, or cal ci um

and magnesi um( Gi bco Labor at or i es, Gr and I sl and, NY) , but wi t h t he addi -
t i on of 10 mM Hepes, pH 7. 2) .

Pr ot ei ns

Pyr enyl Act i n . Rabbi t skel et al muscl e act i n was i sol at ed ( Spudi ch and Wat t ,
1971 ; Mur r ay et al . , 1981) and l abel ed wi t h pyr ene ( 50- 80% l abel ed i n
di f f er ent pr epar at i ons) as pr evi ousl y descr i bed ( Nor t hr op et al . , 1986 ; Car -
son et al . , 1986) . Pyr enyl act i n was st or ed as G- act i n at 4° C unt i l use.
Pyr enyl F- act i n was pr epar ed by i ncubat i ng pyr er r yl G- act i n ( 2 . 0 AM) over -
ni ght i n 0. 14 MKCI , 2 MMMgC12, 1 mMATP, 25 mMTr i s- HCI ( pH 7. 4) ,
1 mMEGTA, and 0 . 2 %NP- 40. Depol ymer i zat i on of pyr enyl F- act i n was

f ol l owed by decr eases i n pyr ene f l uor escence ( exci t at i on 370 r un/ emi ssi on
410 nm) i n a f l uor escence spect r ophot omet er ( model LS- 5 ; Per ki n- El mer
Cet us I nst r ument s, Nor wal k, CT) .

Rhodami ne Act i n . Rabbi t skel et al muscl e act i n was l abel ed wi t h l i ssa-
mi ne r hodami ne ( Mol ecul ar Pr obes, I nc . , Eugene, OR) essent i al l y as de-
scr i bed by Sanger et al . ( 1984) wi t h t he f ol l owi ng f ur t her pur i f i cat i on st eps .
Af t er l abel i ng and separ at i on of act i n f r om f r ee dye on a Sephadex G- 25
col umn, t he act i n was pur i f i ed by gel f i l t r at i on chr omat ogr aphy on a Sepha-
dex G- 150 ( Phar maci a Fi ne Chemi cal s, Pi scat away, NJ) col umn ( MacLean-
Fl et cher and Pol l ar d, 1980) . Act i n cont ai ni ng f r act i ons wer e pool ed, t he ac-
t i n pol ymer i zed by addi t i on of KCI t o 0. 1 Mand MgCI Z t o 2 mM, and t he
F- act i n pel l et ed ( 80, 000 g f or 2 h at 15° C) . The pel l et s wer e homogeni zed
i n cal ci um depol ymer i zi ng sol ut i on ( CDS) ( 10 mM Tr i s- HCI , pH 8. 0, 0. 2
mMCaC12, 0. 5 mMATP, 50 ; 4MCaEDTA, 1 mMDTT, 1 mMAzi de) , di -
al yzed over ni ght agai nst CDS, and t he G- act i n sol ut i on was cl ar i f i ed by cen-
t r i f ugat i on ( 80, 000 g f or 3 h at 4° C) . The G- act i n sol ut i on was f r ozen i n
l i qui d ni t r ogen i n 100- Al al i quot s and st or ed at - 80° C unt i l use. The pr epa-
r at i on used i n t hi s st udy was - 30% l abel ed ( based on an ext i nct i on
coef f i ci ent of 77 mM- 1 cm- 1 at 570 r un f or r hodami ne) .

a Act i ni n . Chi cken gi zzar d a- act i ni n was pur i f i ed usi ng a combi nat i on
of publ i shed met hods . Gl ycer i nat i on of gi zzar ds, ext r act i on, ammoni um
sul f at e f r act i onat i on, and chr omat ogr aphy on DEAE- cel l ul ose and Sepha-
r ose 4B wer e per f or med as descr i bed by Cr ai g et al . ( 1982) . The a- act i ni n
was f ur t her pur i f i ed by chr omat ogr aphy on hydr oxyl apat i t e, r echr omat o-

gr aphed on DEAE- Sephacel as descr i bed by Fer ami sco and Bur r i dge
( 1980) , and f i nal l y chr omat ogr aphed on but yl - Sephar ose ( Phar maci a Fi ne
Chemi cal s) usi ng condi t i ons pr evi ousl y descr i bed f or but yl - t oyopear l ( Mi -
mur a and Asano, 1986) . The a- act i ni n was t hen di al yzed i n 20 mMTr i s,
0. 1 mMEDTA, 0. 1% 2- mer capt oet hanol , 0. 02% sodi um azi de, pH 7. 4,
st er i l i zed by passage t hr ough a 0. 2- gmpor e f i l t er , and st or ed at 4° C.

Cel l Lysi s

Det er gent Lysi s. Cel l s wer e suspended i n cel l buf f er wi t h or wi t hout 2 x

10- s MFNLLP f or 90 s and t hen t he cel l s wer e l ysed by addi t i on of l ysi s

buf f er ( f i nal concent r at i ons unl ess st at ed ot her wi se) : 2 MMMgC12, 5 MM
EGTA, 1%NP- 40, 0. 15 MKC1, 2 t ol d KPO4 , 10 mMß- gl ycer ophosphat e,
5 mMATP, 10 mMHepes, pr ot ease i nhi bi t or s ( 1 pg/ ml l eupept i n, 1 pg/ ml
benzami di ne, 10 gg/ ml apr ot i ni n, 10 pg/ ml TAME- HCI , added f r om a
100x st ock) , and 1 mMPMSF ( added j ust bef or e use) at pH 7 . 2 . When

not ed, t he l ysi s buf f er was modi f i ed by i ncr easi ng t he KCI concent r at i on
and/ or by addi t i on of 10 WMDNase I ( Si gma Chemi cal Co . ) . I n some ex-
per i ment s cel l s wer e l ysed i n PHEMbuf f er of Schl i wa and van Ber kl om

( 1981) ( 60 mM Pi pes, 25 mM Hepes, 10 mMEGTA, 2 MM MgCl 2,
pH 6. 9) .

Det er gent l ysi s was used i n most st udi es si nce i t i s near l y i nst ant aneous

and f ai r l y synchr onous ; i t al so seemed l ess l i kel y t o br eak act i n f i l ament s

t han mechani cal met hods ( homogeni zat i on, soni cat i on, or f i l t er l ysi s) or t o

cause depol ymer i zat i on of exi st i ng f i l ament s at t he l ow t emper at ur e or hi gh

pr essur e ( r equi r ed f or l ysi s by f r eezi ng and t hawi ng or ni t r ogen cavi t at i on,

r espect i vel y) . Det er gent al so of f er ed t he advant age of r educi ng nonspeci f i c

bi ndi ng of TRI TC- phal l oi di n t o t he cent r i f uge t ubes. Never t hel ess, t o i nves-
t i gat e t he r ol e of det er gent , we al so l ysed cel l s mechani cal l y .

Mechani cal Lysi s . Cel l s wer e l ysed by r api d passage of 20 ml of cel l sus-
pensi on ( 1 x 106 cel l / ml ) t hr ough a 2 . 5- cmdi amet er , 3- um por e si ze, Mi l -
l i por e f i l t er ( Mi l l i por e Cor por at i on, Bedf or d, MA) at t ached t o a 20- ml sy-
r i nge . Thi s pr ocedur e r esul t ed i n br eakage of >99 % of t he cel l s . By

compar i ng det er gent l ysat es wi t h f i l t er l ysat es t o whi ch det er gent was added

bef or e or af t er f i l t r at i on, we est i mat ed t hat x+13 % of t he F- act i n r emai ned

on t he Mi l l i por e f i l t er .
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Mor phol ogi cal Exami nat i on of Cel l ul ar - Act i n

Fl uor escence Mi cr oscopy and TRI TC- Phal l oi di n St ai ni ng. Cel l s ( 2 x
105) at t ached t o cover sl i ps wer e i ncubat ed i n 3 x 10- - 9 MFNLLPat 37° C
t o obt ai n a popul at i on of cel l s wi t h a pol ar i zed mor phol ogy. They wer e t hen

l ysed by pl aci ng t he caver sl i p i n a Copl i n j ar cont ai ni ng 10 ml of l ysi s buf f er

or PHEMbuf f er ( f i nal G- act i n concent r at i on <0. 002 AM) . Cover sl i ps wer e

t r ansf er r ed t o aCopl i n j ar cont ai ni ng TRPDC- phal l oi di n ( 0. 6 AM) at var i ous

t i mes af t er l ysi s . The cel l s wer e t hen exami ned and phot ogr aphed usi ng an

epi f l uor escent mi cr oscope ( Car l Zei ss, I nc. , Thor nwood, NY) .

Rhodami ne Act i n Pbl ymer i zat i on f r om PMNCyt oskel et ons. Cel l s at -

t ached t o cover sl i ps wer e i ncubat ed wi t h pept i de as descr i bed above . Cel l s
wer e l ysed by dr ai ni ng of f t he buf f er and pl aci ng t over sl i ps i nt o 10 ml of
ei t her ( a) l ysi s buf f er f or 1 h or ( b) l ysi s buf f er pl us 1 AMunl abel ed phal -

l oi di n f or 30 s . Af t er l ysi s by ei t her pr ot ocol , t he f l ui d ar ound t he cel l s was

car ef ul l y r emoved and 50 Al of l ysi s buf f er cont ai ni ng 1 AMr hodami ne act i n

( di l ut ed i nt o l ysi s buf f er i mmedi at el y bef or e use f r oma 16 AMst ock) and

1 AM unl abel ed phal l oi di n was appl i ed t o t he cover sl i ps . I n some cases
2 AMcyt ochal asi n Bor 35 nMgel sol i n/ act i n compl ex ( a gener ous gi f t f r om

Dr . Annemar i e Weber , Uni ver si t y of Pennsyl vani a, Phi l adel phi a, PA) was

i ncl uded t o bl ock bar bed end pol ymer i zat i on . Af t er i ncubat i on f or 2 mi n,

t he cover sl i ps wer e dr ai ned, r i nsed i n l ysi s buf f er cont ai ni ng 1 AMunl a-
bel ed phal l oi di n, and t hen mount ed on sl i des and vi ewed i mmedi at el y wi t h

a camer a ( Quant ex Cor p. , Sunnyval e, CA) on an epi f l uor escent mi cr oscope

( Car l Zei ss, I nc . ) . I mages wer e col l ect ed wi t h an I mage One i mage anal ysi s

syst em ( Uni ver sal I magi ng Cor por at i on, West Chest er , PA) . Mi cr ogr aphs

wer e made by phot ogr aphi ng t he i mage f r oma vi deo moni t or usi ng T- MAX

100 ASA f i l m ( East man Kodak Co. , Rochest er , NY) .

El ect r on mi cr oscopy. Cel l s at t ached t o cover sl i ps wer e i ncubat ed i n pep-

t i de as descr i bed above . The cover sl i ps wer e t hen ei t her ( a) l ysed i n PHEM

buf f er cont ai ni ng 1 AMunl abel ed phal l oi di n f or 30 s bef or e f i xat i on wi t h

1%gl ut ar al dehyde or ( b) l ysed i n PHEMf or 30 mi n bef or e f i xat i on i n l ysi s

buf f er cont ai ni ng 1 AM unl abel ed phal l oi di n and 1% gl ut ar al dehyde . I n

some exper i ment s, t he l ysat es wer e i ncubat ed f or 10 mi n i n 2 mg/ ni l of t he

S, f r agment of myosi n ( a gener ous gi f t f r omDr . Lew Ti l ney, Uni ver si t y of

Pennsyl vani a, Phi l adel phi a, PA) . Af t er i nf i l t r at i on i n 70%et hanol , t he cov-

er sl i ps wer e car ef ul l y dr ai ned and f r ozen i n l i qui d ni t r ogen- cool edpr opane .

The cel l s wer e f r eeze dr i ed at - 100° C, r ot ar y shadowed wi t h pl at i num at

25° C, and r epl i cat ed wi t h car bon i n a Bal zer 400 f r eeze f r act ur e appar at us

( Bal zer s S. p. A. , Mi l an) . The r epl i cas wer e det ached f r omt he gl ass sl i de,

somet i mes wi t h t he hel p of 5% sodi um hypochl or i t e, mount ed on naked

gr i ds, and exami ned i n an el ect r on mi cr oscope ( model 410; Phi l i ps El ec-

t r oni c I nst r ument s Co . , Mahwah, NJ) .

F- act i n Quant i t at i on by TRI TC- Phal l oi di n St ai ni ng

The F- act i n i n t he cel l l ysat es was measur ed by addi t i on of 0. 6 gMTRI TC-

phal l oi di n ( Howar d and Or esaj o, 1985 ; Cassi mer i s et al . , 1990 ; Cano et

al . , 1991) . Cont r ol exper i ment s document ed t he abi l i t y of TRI TC- phal -

l oi di n t o r api dl y st op depol ymer i zat i on and t o bi nd quant i t at i vel y t o F- act i n

( Cano et al . , 1991) . I n pr el i mi nar y exper i ment s, gl ut ar al dehyde and/ or

f or mal dehyde wer e used t o st op depol ymer i zat i on ; however , par al l el ex-

per i ment s f ol l owi ng pyr ene act i n depol ymer i zat i on and TRI TC- phal l oi di n

bi ndi ng i ndi cat ed t hat addi t i on of gl ut ar al dehyde caused anomal ousl y l ow

val ues i n t he TRI TC- phal l oi di n assay.

When F- act i n was measur ed i n l ysat es i ncubat ed at hi gh cel l concent r a-

t i ons ( >2 x 106 cel l s/ ni l ) , t he l ysat e was di l ut ed t o a cel l concent r at i on of

2 x 106 cel l s/ ml at t he t i me of addi t i on of TRI TC- phal l oi di n t o pr event

phal l oi di n- i nduced pol ymer i zat i on dur i ng st ai ni ng. Cont r ol exper i ment s i n-

di cat ed t hat no pol ymer i zat i on occur r ed under t hese st ai ni ng condi t i ons .

Each sampl e cont ai ned 5 x 106 cel l s . Af t er st ai ni ng f or 60 mi n, t he sam-

pl es wer e spun at 4° C f or 15 mi n at 80, 000 r pmi n a 100. 3 r ot or i n a t abl et op

ul t r acent r i f uge ( model TL- 100 ; Beckman I nst r ument s, I nc. , Ful l er t on, CA)

( 346, 000 g) . The super nat ant was r emoved and t he pel l et was ext r act ed f or

24 t o 48 h i n 1 ml of 100% met hanol . The TRI TC f l uor escence was r ead

i n a f l uor escence spect r ophot omet er ( ex 540 r i m, em575 nm) . Under t hese

condi t i ons, t he f l uor escence was pr opor t i onal t o t he amount of pur e F- act i n

added . Nonsat ur abl e st ai ni ng ( st ai ni ng i n t he pr esence of 6 AMunl abel ed

phal l oi di n) was subt r act ed f r om al l dat a.

Assays of F- act i n Depol ymer i zat i on

F- act i n depol ymer i zat i on was f ol l owed by l osses i n TRI TC- phal l oi di n st ai n-

i ng of F- act i n i n l ysat es ( Cano et al . , 1991) . Depol ymer i zat i on was st opped

at var i ous t i mes af t er l ysi s by addi ng 0. 6 AMTRI TC- phal l oi di n as descr i bed
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above. Sever al f act or s wer e consi der ed whi l e devel opi ng t he depol ymer i za-

t i on condi t i ons . To pr event myosi n r i gor bonds f r omi nhi bi t i ng depol ymer -
i zat i on, ATP was pr esent i n al l medi a . Tb i nsur e t hat t he G- act i n pr esent

i n l ysat es di d not af f ect t he depol ymer i zat i on ki net i cs, i t was necessar y ei -

t her t o di l ut e t he cel l s t o <3 x 105 cel l s/ ml ( t ot al act i n concent r at i on
<0. 05 AM) or t o i ncl ude DNase I t o compl ex any G- act i n pr esent . The
TRI TC f l uor escence si gnal obt ai ned af t er hi gh cel l di l ut i on ( l ysi ng cel l s i n
ei t her 8- or 30- ml t ubes) was noi sy, pr i mar i l y because t he backgr ound f r om

nonspeci f i c bi ndi ng of TRI TC- phal l oi di n t o t he l ar ge t ubes was hi gh . Fur -
t her mor e, t he cost of addi ng 0. 6 AMTRI TC- phal l oi di n t o l ar ge vol umes of
l ysat e became a consi der at i on . Thus, t o i nsur e t hat G- act i n concent r at i ons
wer e l ow, we i ncl uded 10 AMDNase I i n t he medi umand used l ysat es at
2 x 106 cel l s/ ml ( t ot al act i n concent r at i on - 0. 2 AM) . Thi s al l owed us t o
per f or mt he assays i n 3- ni l t ubes whi l e keepi ng t ot al cel l number const ant
at 5 x 106 cel l s .

Si nce DNase I bi nds G- act i n wi t h a di ssoci at i on const ant of 10- - 9 M, i t

ef f ect i vel y sequest er s t he G- act i n ( Pbdol ski and St eck, 1990) . DNase I

bi nds t o t he poi nt ed end of act i n f i l ament s and pr event s pol ymer i zat i on at
t hi s end ( Podol ski and St eck, 1990) . However , i t does not i nhi bi t depol y-
mer i zat i on f r omt he poi nt ed end ( Cano et al . , 1991) . Under our condi t i ons

( l ysi s buf f er cont ai ni ng ei t her 0. 15 or 1 . 2 MKCI ) , t he pr esence of 10 AM
DNase I i ncr eased t he net depol ymer i zat i on r at e by about 1 . 5- f ol d . The i n-

cr eases i n r at e appear ed i ndependent of KCl concent r at i ons ( Cano et al . ,

1991) . The i ncr ease was i ndependent of f i l ament l engt h i ndi cat i ng t hat t he

i ncr ease i n r at e was because of an i ncr ease i n t he di ssoci at i on r at e const ant

and not t o f i l ament cut t i ng ( Cano et al . , 1991) .

Cyt oskel et al Associ at ed F- act i n

Lysat es wer e spun at l owg f or ces ( 1 mi n i n a Beckman 100. 3 r ot or i n a Beck-

man TL- 100 t abl et op ul t r acent r i f uge [ Beckman I nst r ument s, I nc. ] dur i ng

whi ch t i me t hecent r i f uge achi eved 40, 000 r pm; aver age g - 86, 000) t o det er -
mi ne what f r act i on of F- act i n was pr esent i n a l ar ge compl ex. Tot al F- act i n

was det er mi ned af t er a hi gh speed spi n ( 15 mi n at 80, 000 r pm, g = 346, 000)

usi ng t he TRI TC- phal l oi di n bi ndi ng assay descr i bed above . Onl y 3 %of

pur e 2 AMF- act i n ( pol ymer i zed over ni ght i n 0. 14 MKCI , 2 MMM902,
1 mMATP, 25 mMTr i s- HCI ( pH 7. 4) , 1 mMEGTA, and 0. 2%NP- 40)

t hat pel l et ed i n t he hi gh g spi n was pel l et ed i n t he l owg spi n.

SDSGel El ect r ophor esi s and I mmunobl ot t i ng

Cel l s wer e l ysed at 5 x 106 cel l s/ ni l and cyt oskel et ons wer e pel l et ed at

var i ous t i mes af t er l ysi s by cent r i f ugat i on at 13, 000 r pmf or 2 mi n i n a Hi l l

mi cr of uge ( Hi l l Sci ent i f i c, I nc. , Der by, CT) . Af t er r emoval of t he super na-

t ant , t he cyt oskel et ons wer e r esuspended i n sampl e buf f er ( cont ai ni ng 1%

ß- mer capt oet hanol and 1%SDS) at 0. 05x t he i ni t i al l ysat e vol ume. 10 and

3- 12 . 5 %gr adi ent SDS- PAGE gel s wer e r un accor di ng t o Laemml i ( 1970) .

For quant i t at i on of F- act i n, t he gel s wer e st ai ned wi t h Coomassi e bl ue .

Bands on t hegel s wer e quant i f i ed wi t h an I mageOnei mage anal ysi s syst em.

For i mmunobl ot t i ng, gel s wer e t r ansf er r ed t o I mmobi l on- P ( Mi l l i por e

Cor p. ) . Af t er bl ocki ng i n PBS cont ai ni ng 5%nonf at mi l k ( Car nat i on) and

0. 05 %T\ veen 20 f or 1 h, t he i mmobi l on was i ncubat ed i n pr i mar y ant i body

over ni ght , t hen washed ( PBS pl us 0. 05%Tl veen 20) and i ncubat ed i n per ox-

i dase secondar y ant i body ( Si gma Chemi cal Co. ) f or 1- 2 h. Af t er washi ng,

bl ot s wer e devel oped usi ng enhanced chemi l umi nescence ( Amer sham

Cor p. , Ar l i ngt on Hei ght s, I L) on XRPf i l m( East man Kodak Co . , Roches-

t er , NY) . Tr opomyosi n ant i body ( r abbi t pol ycl onal ) was obt ai ned f r omI CN

Bi omedi cal s I nc . ( Cost a Mesa, CA) ; Ant i - act i n bi ndi ng pr ot ei n ( mAb) was

a gener ous gi f t of Dr . John Har t wi g ( Massachuset t s Gener al Hospi t al , Bos-

t on, MA) ; and a- act i ni n ant i body ( r abbi t pol ycl onal , af f i ni t y pur i f i ed) was

a gi f t f r omDr . Kyoko I mamakaYoshi da ( Uni ver si t y of Pennsyl vani a, Phi l a-

del phi a, PA) .

Resul t s

Mor phol ogi cal Exami nat i on of t he F- act i n Remai ni ng
af t er Lysi s

I n vi vo, t he F- act i n i n t he l amel l i podi um i s l abi l e ( Cas-
si mer i s et al . , 1990) . However , we f i nd t hat af t er l ysi s, much
of t he l amel l i podi al F- act i n i s st abl e. The TRI TC- phal l oi di n
st ai ni ng pat t er n of F- act i n was si mi l ar i n cel l s l ysed di r ect l y
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Fi gur e 1. Di st r i but i on of t he TRI TC- phal l oi di n st ai ni ng i n pol ar i zed cel l s. Cel l s wer e al l owed t o at t ach t o cover sl i ps and devel op a pol ar i zed
mor phol ogy by i ncubat i ng i n t he pr esence of 3 x 10 - 9 MFNLLP f or 10 mi n at 37° C. The cover sl i ps wer e t hen pl aced i n l ysi s buf f er
( 0. 15 MKCI ) and 0. 6 I AM TRTTC- phal l oi di n ( a) or i n l ysi s buf f er wi t h 0. 15, 0. 6, or 1 . 2 MKCI but wi t hout TRI TC- phal l oi di n f or 60 mi n
bef or e t r ansf er t o l ysi s buf f er cont ai ni ng 0. 6 I . M TRI TC- phal l oi di n ( b, c, and d) . Af t er st ai ni ng f or 30 mi n, t he cel l s wer e t hen r i nsed
i n l ysi s buf f er wi t hout TRI TC- phal l oi di n, exami ned, and phot ogr aphed i mmedi at el y . Bar , 5 j , m.

i nt o TRI TC- phal l oi di n ( wi t h or wi t hout f i xat i on wi t h 1%
gl ut ar al dehyde) ( Fi g. 1 a) and i n cel l s l ysed f or var i ous
per i ods of t i me bef or e addi t i on of TRI TC- phal l oi di n . Whi l e
t her e was a decr ease i n t he di f f use st ai ni ng i n t he body of t he
cel l , st ai ni ng of t he l amel l i podi a and cel l cor t ex r emai ned
pr omi nent i n cel l s l ysed f or 60 mi n bef or e addi ng TRI TC-
phal l oi di n ( Fi g . 1 b) . Nei t her r emoval of chemoat t r act ant 5 s
bef or e l ysi s, nor addi t i on of cyt ochal asi n B at t he t i me of
l ysi s, i ncr eased t he l abi l i t y of l amel l i podi al F- act i n af t er l y-
si s . The st ai ni ng pat t er n and t he per si st ent abi l i t y t o bi nd
TRI TC- phal l oi di n was si mi l ar i n cel l s l ysed i n suspensi on
and i n cel l s at t ached t o cover sl i ps . Thus, subst r at e at t ach-
ment was not r esponsi bl e f or t he st abi l i t y of t he l amel l i podi al
f i l ament s af t er l ysi s . Var yi ng t he l ysi s buf f er by omi t t i ng
Mgz+ or ATP, addi ng back cal ci um af t er l ysi s i n EGTA,
var yi ng t he pHbet ween 6 and 8, l ysi ng at 4° C, i ncl udi ng mi l -
l i mol ar gl ucose or pol yet hyl ene gl ycol , or by l ysi ng i n a
PHEMbuf f er ( Schl i wa and van Ber kl om, 1981) yi el ded cel l s
wi t h si mi l ar amount s of TRI TC- phal l oi di n st ai ni ng.

I ncr easi ng t he KCI concent r at i on i n t he l ysat e decr eased
t he TRI TC- phal l oi di n st ai ni ng . Af t er l ysi s f or 60 mi n i n a
KCI concent r at i on of 0. 6 M, t he TRI TC st ai ni ng of t he
cyt oskel et on was f ai nt er , t he act i n pat t er n was f r agment ed,
and some cel l f r agment s cont ai ni ng F- act i n wer e r el eased
f r omt he subst r at e and f or med cl umps ( Fi g . 1 c) . I n 1 . 2 M
KCI , t he TRI TC- phal l oi di n st ai ni ng was f ur t her r educed .
Occasi onal l y, cl umps of F- act i n wer e obser ved ( Fi g. 1 d)
t hat wer e si mi l ar i n si ze and shape t o t he F- act i n st ai ni ng of
l amel l i podi a i n physi ol ogi cal KCI .

Ameshwor k of l amel l i podi al F- act i n coul d be seen i n el ec-
t r on mi cr ogr aphs of pl at i num shadowed car bon r epl i cas of
r api dl y f r ozen cel l s t hat had been l ysed f or 30 s i n t he pr es-
ence of phal l oi di n bef or e f i xat i on ( Fi g . 2 a) , or l ysed f or 30
mi n bef or e addi t i on of phal l oi di n and f i xat i on i n gl ut ar al de-
hyde ( Fi g . 2 b) . Si mi l ar f i l ament ous st r uct ur es coul d be
decor at ed wi t h myosi n S, ( not shown) i ndi cat i ng t hat t he
st r uct ur es i n Fi g . 2, a and b wer e act i n f i l ament s . Thus, even
t he f i ne st r uct ur e of t he F- act i n meshwor k was st abl e af t er
l ysi s .

F- act i n Depol ymer i zat i on Occur s i n 7Wo Phases

To st udy quant i t at i vel y t he depol ymer i zat i on of F- act i n af t er
cel l l ysi s, we f ol l owed t he t i me cour se of F- act i n depol ymer -
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i zat i on of cel l s l ysed i n suspensi on . TRI TC- phal l oi di n added
at var i ous t i mes af t er l ysi s pr event ed f ur t her F- act i n depol y-
mer i zat i on and st ai ned t he F- act i n pr esent ( Cano et al . ,
1991) . The TRI TC- phal l oi di n ext r act ed f r oma hi gh speed
pel l et ser ved as a quant i t at i ve measur e of t he F- act i n pr esent
as descr i bed i n Mat er i al s and Met hods . As shown i n Fi g. 3,
i n l ysat es of 3 x 105 cel l s/ ml , t he l oss of pel l et abl e TRI TC
phal l oi di n occur r ed i n t wo phases . One pool of F- act i n, t he
l abi l e pool , depol ymer i zed r api dl y ; t he hal f t i me f or t he
r api d l oss of TRI TC- phal l oi di n st ai ni ng was Nl mi n . Thi s
r api d depol ymer i zat i on was never t hel ess sl ower t han t he
r api d depol ymer i zat i on i n vi vo at 23° C ( hal f t i me G15 s) .
The st abl e F- act i n pool consi st ed of F- act i n r emai ni ng 5 mi n
af t er l ysi s ; mor e t han hal f of t he or i gi nal amount of pel l et -
abl e TRI TC- phal l oi di n was i n t hi s pool . Ther e was no f ur -
t her l oss of t hi s st abl e pool of F- act i n over t he next 18 h . We
f ound t hat - 50%of t he i ni t i al F- act i n l evel r emai ned af t er
an 18- h depol ymer i zat i on .

The t i me cour ses of depol ymer i zat i on of F- act i n i n l ysat es
of cont r ol PMNs and of PMNs st i mul at ed f or 90 s wi t h
chemoat t r act ant ( at r oom t emper at ur e) bef or e l ysi s wer e
si mi l ar ( Fi g . 3) . Unst i mul at ed cel l s cont ai ned cor t i cal F- ac-
t i n, whi l e st i mul at ed cel l s cont ai ned bot h l amel l i podi al and
cor t i cal F- act i n . I n bot h cases t he F- act i n was di st r i but ed
about equal l y i nt o l abi l e and st abl e pool s . Si nce t he pept i de-
st i mul at ed cel l s had about t wi ce as much F- act i n at t i me zer o
as cont r ol cel l s, t he amount of F- act i n r emai ni ng i n t he st abl e
pool of pept i de st i mul at ed cel l s exceeded t hat i n t he st abl e
pool of unst i mul at ed cel l s . Thi s st abi l i t y i n vi t r o cont r ast s
wi t h t he si t uat i on i n vi vo, wher e al l of t he pept i de- i nduced
F- act i n i s i n t he l abi l e pool , pr i mar i l y i n t he l amel l i podi um
( Cassi mer i s et al . , 1990) . Thi s conf i r ms t he mor phol ogi -
cal obser vat i ons t hat i n vi t r o st abl e F- act i n was l ocat ed i n
bot h t he l amel l i podi a and cor t ex . Addi t i on of 6. 7 x 10 - 5 M
t - BocNLLP ( a compet i t i ve ant agoni st of FNLLP whi ch i n
vi vo i nduces a r api d depol ymer i zat i on of F- act i n f r omcel l s
i ncubat ed i n FNLLP) ( Skl ar et al . , 1985) 10 s bef or e l ysi s
di d not i ncr ease t he r at e of depol ymer i zat i on of t he F- act i n
r emai ni ng at t he t i me of l ysi s ( dat a not shown) . Thus, even
when depol ymer i zat i on i s occur r i ng i n t he cel l at t he t i me
of l ysi s, af t er l ysi s t he f i l ament s ar e st abl e .

To det er mi ne i f t he pr esence of det er gent i nhi bi t ed t he r at e
or ext ent of F- act i n depol ymer i zat i on, cel l s wer e l ysed
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Fi gur e 2 . El ect r on mi cr ogr aphs of l amel l i podi al F- act i n l ysed di r ect l y i nt o TRI TC- phal l oi di n ( a) or l ysed f or 30 mi n i n PHEMbuf f er bef or e
addi t i on of TRI TC- phal l oi di n ( b) . Sampl es wer e f i xed wi t h 1%gl ut ar al dehyde and pr ocessed f or EMas descr i bed i n Mat er i al s and Met hods .
Bar , 0. 2 um.

mechani cal l y by r api d f i l t r at i on t hr ough a mi l l i por e f i l t er .
These l ysat es behaved si mi l ar l y t o det er gent - l ysed cel l s ( i . e . ,
t hey exhi bi t ed a r api d but par t i al l oss of TRI TC- phal l oi di n
st ai ni ng) . The depol ymer i zat i on of t he F- act i n i n cont r ol and
pept i de- st i mul at ed PMNs l ysed by f i l t r at i on at 1 x 10 6
cel l s/ ml i s shown i n t he i nset t o Fi g . 3 .

Depol ymer i zat i on of F- act i n Depends On Cel l
Concent r at i on i n t he Lysat e

Changes i n t he l evel s of F- act i n i n cel l l ysat es depended on
t he cel l concent r at i on . At concent r at i ons above 101 cel l s/
ml , t he t ot al F- act i n l evel act ual l y i ncr eased af t er l ysi s whi l e

Cano et al . F- Act i n St abi l i t y i n Pol ymor phonucl ear Leukocyt e Lysat es

at concent r at i ons bel ow 107 cel l s/ ml t he F- act i n l evel de-
cr eased ( Fi g. 4 a) . The maxi mal l oss of F- act i n occur r ed i n
cel l concent r at i ons <3 x 10 5 cel l s/ ml and was - 50% i n 5
mi n . I ncr easi ng t he KCI concent r at i on al l owed net F- act i n
depol ymer i zat i on i n l ysat es at hi gher cel l concent r at i ons . I n
1 . 2 MKCI , depol ymer i zat i on occur r ed up t o cel l concent r a-
t i ons of 108 cel l s/ ml ( Fi g . 4 b) .

The i ncr eases i n F- act i n obser ved at t he hi gher cel l con-
cent r at i ons i n Fi g . 4, a and b wer e sur pr i si ng . The t ot al
G- act i n i n a l ysat e of 107 cel l s/ ml i s - 0. 5 I M; wer e t hi s ac-
t i n f r ee, i t woul d pol ymer i ze. However , t he G- act i n i n t he cel l
i s l i kel y buf f er ed by monomer bi ndi ng pr ot ei ns, t hus, r educ-
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Fi gur e 3. Ti me cour se of F- act i n depol ymer i zat i on i n cont r ol and
pept i de st i mul at ed cel l s . Cel l s wer e i ncubat ed f or 90 s at r oomt em-
per at ur e i n modi f i ed Hank' s buf f er wi t h ( e) or wi t hout ( o) 3 x
10- 8 MFNLLP and t hen l ysed at 3 x 105 cel l s/ ml i n det er gent
l ysi s buf f er cont ai ni ng 0. 15 MKCI . At var i ous t i mes, TRI TC- phal -
l oi di n ( 0. 6 AMf i nal concent r at i on) was added and t he sampl es wer e
pr ocessed as descr i bed i n Mat er i al s and Met hods. The dat a
pr esent ed ar e t he mean f SEMf or dupl i cat e sampl es f r oma r epr e-
sent at i ve exper i ment . Dat a ar e pl ot t ed as per cent t i me 0 st i mul at ed
cel l F- act i n based on t he t i me 0 TRI TC f l uor escence of st i mul at ed
cel l s ( see Mat er i al s and Met hods) . The nonsat ur abl e f l uor escence
has been subt r act ed f r om al l dat a . ( I nset ) Cel l s ( 1 x 106 cel l s/ ml )
wer e l ysed by r api d f i l t r at i on ( wi t hout det er gent ) and depol ymer i za-
t i on st opped by addi t i on of 0. 6 AM TRI TC- phal l oi di n at var i ous
t i mes af t er l ysi s . The dat a pr esent ed ar e pool ed f r omdupl i cat e sam-
pl es f r omt hr ee exper i ment s wi t h cont r ol cel l s ( o) and f our exper i -
ment s wi t h cel l s i ncubat ed wi t h 2 x 10 - 8 MFNLLP f or 90 s be-
f or e l ysi s ( o) . The dat a ar e nor mal i zed wi t h 100% r epr esent i ng t he
st ai ni ng of pept i de- st i mul at ed cel l s at t he t i me of l ysi s. Dat a pl ot t ed
ar e t he means f SEMwher e N = 6 f or unst i mul at ed and N = 7
f or st i mul at ed cel l s . The l i nes ar e dr awn t o appr oach 30- mi n t i me
poi nt s ( not shown) .

i ng t he concent r at i on of f r ee G- act i n . Mer el y di l ut i ng t hese
buf f er s, what ever t hei r af f i ni t y f or G- act i n, woul d r esul t i n
a decr ease i n t he concent r at i on of f r ee G- act i n . Ther ef or e,
an i ncr ease i n F- act i n woul d not be expect ed . I t appear s t hat
l ysi s di sr upt s some r egul at or y mechani smwhi ch nor mal l y
l i mi t s act i n pol ymer i zat i on i n t he cel l . Fur t her mor e, at i nt er -

medi at e cel l concent r at i ons ( 2 x 10 6 cel l s/ ml ) t her e i s l i t t l e
act i n depol ymer i zat i on . Sever al f act or s coul d be af f ect i ng
t he F- act i n l evel s i n t hese st udi es : modi f i cat i on of t he act i n
i t sel f , or , t he pr esence of G- act i n, cappi ng pr ot ei ns t hat
bl ock f i l ament ends, and f act or s t hat bi nd t o t he si des of act i n
f i l ament s ( i . e . , t r opomyosi n and f i l ament cr oss- l i nki ng
f act or s) .

G- act i n Can Cont r i but e t o t he
I nhi bi t i on of Depol ymer i zat i on i n Lysat es
at Hi gh Cel l Concent r at i ons but not
at LowCel l Concent r at i ons

The G- act i n i n t he l ysat e of cel l s at concent r at i ons >2 x
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Fi gur e 4. ( a) Ef f ect of l ysat e cel l concent r at i on on t he amount of
F- act i n pr esent 5 mi n af t er l ysi s i n 0. 15 MKCI . Cel l s wer e l ysed
i nt o l ysi s buf f er ( 0. 15 MKCI ) . TRI TC- phal l oi di n ( 0. 6 AM) was
pr esent ei t her at t he t i me of l ysi s ( To, her e set t o 100%) , or added
at 5 mi n . At t he t i me of addi ng t he TRI TC- phal l oi di n, t he cel l s wer e
al l di l ut ed t o 2 x 106 cel l s/ ml so t he st ai ni ng was per f or med un-
der i dent i cal condi t i ons and at a G- act i n concent r at i on of about 0. 05
AM, l owenough t hat no pol ymer i zat i on was i nduced by t he TRI TC-
phal l oi di n . Af t er st ai ni ng f or 1 h, t he F- act i n was pel l et ed and t he
TRI TC- phal l oi di n ext r act ed wi t h met hanol as descr i bed i n Mat er i -
al s and Met hods. The per cent age of To st ai ni ng was cal cul at ed af -
t er sampl es wer e cor r ect ed f or nonsat ur abl e st ai ni ng . Dupl i cat e
sampl es f r omeach of t wo exper i ment s ar e shown. ( b) Ef f ect of l y-
sat e cel l concent r at i on on t he amount of F- act i n depol ymer i zed
5 mi n af t er l ysi s i n 1 . 2 MKCI . Cel l s wer e l ysed i nt o l ysi s buf f er
cont ai ni ng 1 . 2 MKCI . The exper i ment was per f or med as descr i bed
i n a . Dupl i cat e sampl es f r om a t ypi cal exper i ment ar e shown .

106 cel l s/ ml i s >0. 1 AM ( measur ed by DNase i nhi bi t i on
[ Cano et al . , 1991) and t hus gr eat er t han t he cr i t i cal concen-
t r at i on of act i n i n vi t r o . At t hese l ysat e concent r at i ons, G- ac-
t i n coul d i nhi bi t F- act i n depol ymer i zat i on . The pr esence of
10 AMDNase i n t he l ysat e of 1 x 10 6 cel l s/ ni l di d not de-
cr ease si gni f i cant l y t he TRI TC- phal l oi di n st ai ni ng 5 mi n af -
t er l ysi s ( Tabl e I ) i ndi cat i ng t hat G- act i n was not i nhi bi t i ng
F- act i n depol ymer i zat i on at t hi s concent r at i on . I n 0. 15 M
KCI , even i n l ysat es at hi gh cel l concent r at i ons, t he pr esence
of DNase di d not r esul t i n net depol ymer i zat i on . However ,
DNase i nhi bi t ed t he net pol ymer i zat i on obser ved i n t hese l y-
sat es . I n 1 . 2 MKCI , t he pr esence of DNase di d al l owdepol y-
mer i zat i on i n l ysat es at 1 x 101 cel l s/ ml but not at 3 x 108

cel l s/ ml . Tabl e I summar i zes t he changes i n F- act i n 5 mi n
af t er l ysi s i n 0. 15 or 1 . 2 MKCI and at var i ous cel l concent r a-
t i ons i n t he pr esence and absence of DNase 1 . When t he cel l s
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Tabl e I . Char act er i zat i on of F- act i n i n Cel l Lysat es

Per cent change i n F- act i n i n 5 mi nt

Cel l concent r at i oni

	

( - DNase)

	

( +DNase) §

Lysi s buf f er cont ai ni ng 0 . 15 MKCI *
3 x 105

	

- 50

	

- 50
1 x 106

	

- 45

	

- 45
1 x 10,	 0

	

0
1 x 108

	

+20

	

0

Lysi s buf f er cont ai ni ng 1 . 2 MKCI *
1 x 106

	

- 55

	

- 55
1 x 10'

	

- 50

	

- 50
1 x 108	 0

	

- 55
3 x 108

	

+60

	

0

* Act i n cr i t i cal concent r at i on i n 0 . 15 MKCI = 0. 1 uM; i n 1 . 2 MKCI - 1 'UM.
t Cel l s wer e l ysed i n l ysi s buf f er cont ai ni ng 0. 15 or 1 . 2 MKCI wi t h or wi t hout
DNase 1. TRI TC- phal l oi di n ( 0 . 6 pM) was added ei t her at t he t i me of l ysi s ( To)
or af t er 5 mi nut es ( TS) . The per cent change i n F- act i n af t er 5 mi n was t he r at i o
of t he TRI TC- phal l oi di n st ai ni ng at T5 r el at i ve t o t he To.
§ DNase concent r at i ons adequat e t o bi nd al l G- act i n wer e added ( 10 AMup t o
10' cel l s/ ml , 40 gM f or 10 8 cel l s/ ml , and 120 uMf or 3 x 108 cel l s/ ni l ) .

I Cel l concent r at i on i s i n cel l s per ml i n l ysi s buf f er .

wer e l ysed f or 24 h bef or e t he addi t i on of TRI TC- phal l oi di n,
t he F- act i n l evel decr eased by - 50%i n 0. 15 MKCI and by
100% i n 1 . 2 MKCI f or al l cel l concent r at i ons exami ned
( 3 x 105 t o 3 x 1( N cel l s/ ml i n t he pr esence of DNase) .

Some Fi l ament Bar bed Ends Appear t o Be Fr ee and
Can Nucl eat e Act i n El ongat i on

The abi l i t y of l ysat es t o nucl eat e t he pol ymer i zat i on of exog-
enous act i n suggest ed t hat cappi ng of bar bed ends coul d not
account f or t he st abi l i t y of t he F- act i n r emai ni ng i n l ysat es
of 2 x 10 6 cel l s/ ml . As shown i n Fi g . 5, r hodami ne act i n
pol ymer i zed f r omt he cyt oskel et on of cel l s at t ached t o cov-
er sl i ps ( Fi g . 5 a) . The addi t i on of cyt ochal asi n ( Fi g . 5 b) or
35 nMgel sol i n/ act i n compl ex ( not shown) i nhi bi t ed t hi s po-
l ymer i zat i on suggest i ng t hat t he gr owt h was f r om bar bed
ends . The amount of pol ymer i zat i on was decr eased on cel l s
l ysed f or 1 h bef or e addi t i on of r hodami ne act i n ( Fi g . 5 c) ,
but si t es t hat i ni t i at e gr owt h i n a cyt ochal asi n- sensi t i ve man-
ner wer e st i l l pr esent ( Fi g . 5 d) . Quant i t at i ve st udi es of cel l s
l ysed i n suspensi on have al so shown t hat af t er 1 h of depol y-
mer i zat i on, t he l ysat es can st i l l nucl eat e el ongat i on of exoge-

Fi gur e 5. Pol ymer i zat i on of r hodami ne act i n f r omcyt oskel et ons . Cel l s at t ached t o cover sl i ps as i n Fi g. 1 wer e l ysed f or 30 s i n l ysi s buf f er
cont ai ni ng 1 AMunl abel ed phal l oi di n ( a and b) or 1 h i n l ysi s buf f er wi t hout phal l oi di n ( c and d) bef or e i ncubat i on f or 2 mi n i n 1 AM
r hodami ne act i n wi t h ( b and d) or wi t hout ( a and c) 2, uMcyt ochal asi n B. Al l cel l s wer e phot ogr aphed and pr i nt ed under i dent i cal condi -
t i ons. Thi s r esul t ed i n pr i nt s whi ch di d not showt he f ai nt r hodami ne f l uor escence of cyt ochal asi n t r eat ed sampl es t hat coul d be seen under
t he mi cr oscope . Bar , 10 Am.

Cano et al . F- Act i n St abi l i t y i n Pol ymor phonucl ear Leukocyt e Lysat es

	

112 9

nous pyr enyl act i n ( Cano et al . , 1991) . I n t hese st udi es, t he
t i me cour se of t he l oss of nucl eat i on si t es par al l el ed t he l oss
of f i l ament s as det er mi ned f r omdepol ymer i zat i on ki net i cs
( Cano et al . , 1991) .

Fur t her mor e, si mpl y bl ocki ng bar bed ends woul d be
i nsuf f i ci ent t o account f or t he st abi l i t y of t he st abl e pool of
F- act i n . For exampl e, i f t he poi nt ed ends wer e f r ee t o de-
pol ymer i ze, a 1 . 5- Am f i l ament woul d depol ymer i ze i n 3 h .
Fi l ament s ar e much shor t er t han 1 . 5 Am( t i 80%ar e <0. 2 , ur n
[ Cano et al . , 1991] ) and yet , i n l ysat es at 0. 15 MKCI , t he
F- act i n per si st ed over ni ght ( see bel ow) . Even t hough no evi -
dence can be f ound i n t he l i t er at ur e f or a poi nt ed end cappi ng
f act or , our dat a does not r ul e out t he possi bi l i t y t hat some
of t he poi nt ed ends i n t he l ysat es may be capped . A poi nt ed
end cappi ng act i vi t y coul d cont r i but e t o t he F- act i n st abi l i t y .
For capper s t o account f or t he F- act i n st abi l i t y, f i l ament s
woul d have t o be capped at bot h t hei r bar bed and poi nt ed
ends . Al t er nat i vel y, l at er al bi ndi ng f act or s coul d be i nhi bi t i ng
F- act i n depol ymer i zat i on f r om bot h ends whi l e mai nt ai ni ng
avai l abl e si t es f or pol ymer i zat i on as i ndi cat ed i n Fi g . 5 .

I n summar y, at a cel l concent r at i on of 3 x 10 5 cel l s/ ml
i n 0. 15 MKCI and at cel l concent r at i ons up t o 107 cel l s/ ml
i n 1 . 2 MKCI , nei t her G- act i n nor bar bed- end- cappi ng f ac-
t or s appear abl e t o account f or t he st abi l i t y of t he F- act i n .

I ncr easi ng KCl Concent r at i on I ncr eases
t he Rat e and Ext ent of Depol ymer i zat i on i n Lysat es at
LowCel l Concent r at i ons

I ncr easi ng t he KCI concent r at i on i n t he l ysat es of cont r ol and
pept i de- st i mul at ed cel l s i ncr eased bot h t he r at e and ext ent of
F- act i n depol ymer i zat i on ( Fi g . 6, a and b) . At each t i me
poi nt , t he f r act i on of F- act i n t hat had depol ymer i zed was
gr eat er at t he hi gher sal t concent r at i ons .

The r at e of F- act i n depol ymer i zat i on at i nf i ni t e di l ut i on i s
pr opor t i onal t o t he number of f i l ament s depol ymer i zi ng :

dF = - kof f , , Nb - kof f ' p Vp

	

( 1)
dt

wher e F i s t he F- act i n ; kof f , b and kof f , p, t he di ssoci at i on r at e
const ant s f or t he bar bed and poi nt ed ends, r espect i vel y ; Nb,

t he number of bar bed ends ; and Np , t he number of poi nt ed
ends . When al l of t he act i n f i l ament s ar e f r ee t o depol ymer i ze,
Nb = Np = N, Eq . 1 can be wr i t t en as :
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Fi gur e 6. Ef f ect of KCI concent r at i on on t he depol ymer i zat i on t i me
cour se of F- act i n i n cel l l ysat es . ( a) Cel l s wer e i ncubat ed at r oom
t emper at ur e f or 90 s i n cel l buf f er and t hen l ysed at 2 x 106 cel l s/
ml i n buf f er cont ai ni ng 10 14M DNase I and ei t her 0. 15 ( o) , 0. 6
( n) , or 1 . 2 MKCl ( A) . At var i ous t i mes af t er l ysi s, 0. 6 'UMTRI TC-
phal l oi di n was added t o st op depol ymer i zat i on . Sampl es wer e t hen
pr ocessed as descr i bed i n Mat er i al s and Met hods f or quant i t at i on
of F- act i n . The dat a ( mean f SEMof Nexper i ment s wi t h dupl i cat e
sampl es, N= 3, 3, and 5 f or 0. 15, 0. 6, and 1 . 2 MKCI , r espect i vel y)
ar e pl ot t ed as per cent f l uor escence r el at i ve t o t he amount of f l uor es-
cence at t i me zer o . The i nset shows t he f i r st f i ve mi nut es of t he t i me
cour ses . ( b) Cel l s wer e i ncubat ed at r oom t emper at ur e f or 90 s i n
cel l buf f er cont ai ni ng 0. 02 AMFNLLP and t hen l ysed as descr i bed
i n ( a) . Symbol s f or di f f er ent sal t concent r at i ons ar e gi ven i n ( a) .
The dat a ( mean t SEMof Nexper i ment s wi t h dupl i cat e sampl es,
N = 3, 3, and 5 f or 0. 15, 0. 6, and 1 . 2 MKCI , r espect i vel y) ar e
pl ot t ed as per cent f l uor escence r el at i ve t o t he amount of f l uor es-
cence at t i me zer o . The i nset shows t he f i r st f i ve mi nut es of t he t i me
cour ses .

dF - - ( kof . b + kof , , ) N

	

( 2)
dt

wher e N i s t he number of f i l ament s depol ymer i zi ng and
( koq, b + kor f , , ) i s t he over al l di ssoci at i on r at e const ant . Fol -
l owi ng t he depol ymer i zat i on of pyr ene- l abel ed muscl e act i n,
we det er mi ned t hat t he over al l di ssoci at i on r at e const ant s i n-
cr eased 1. 5- and 2. 5- f ol d as t he KCI concent r at i on i n t he l ysi s
buf f er i ncr eased f r om 0. 15 t o 0. 6 and 1 . 2 MKCI , r espec-
t i vel y . The i ncr ease i n r at e of depol ymer i zat i on of cel l ul ar

F- act i n i n l ysat es i n hi gh KCI was gr eat er t han coul d be ac-
count ed f or by t hese i ncr eases i n di ssoci at i on r at e const ant s .
I ncr easi ng t he KCl i n t he l ysi s buf f er f r om0. 15 t o 0. 6 and
1. 2 Mi ncr eased t he cel l F- act i n depol ymer i zat i on r at es by
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Fi gur e 7. Ef f ect of cyt ochal asi n and KCl on t i me cour se of de-
pol ymer i zat i on . ( a) Cel l s wer e i ncubat ed at r oom t emper at ur e f or
90 s i n cel l buf f er and t hen l ysed at 2 x 106 cel l s/ ml i n buf f er con-
t ai ni ng 0. 2 pMcyt ochal asi n D, 10, uMDNase I and ei t her 0. 15 ( 9)
or 1 . 2 MKCl ( A) . At var i ous t i mes af t er l ysi s, 0. 6, uM TRI TC-
phal l oi di n was added t o st op F- act i n depol ymer i zat i on . Sampl es
wer e t hen pr ocessed as descr i bed i n Mat er i al s and Met hods f or
quant i t at i on of F- act i n . The dat a ( mean f SEMof Nexper i ment s
wi t h dupl i cat e sampl es, N = 1 and 4 f or 0. 15 and 1 . 2 MKCI ,
r espect i vel y) ar e pl ot t ed as per cent f l uor escence r el at i ve t o t he
amount of f l uor escence at t i me zer o . ( b) Cel l s wer e i ncubat ed at
r oomt emper at ur e f or 90 s i n cel l buf f er cont ai ni ng 0. 02 I MFNLLP
and t hen l ysed and pr ocessed as descr i bed i n ( a) . The dat a ( mean
f SEMof Nexper i ment s wi t h dupl i cat e sampl es, N = 1 and 4 f or
0. 15 and 1 . 2 MKCl r espect i vel y) ar e pl ot t ed as per cent f l uor escence
r el at i ve t o t he amount of f l uor escence at t i me zer o .

1 . 6- and 3. 9- f ol d f or unst i mul at ed cel l s and 1 . 7- and 6. 0- f ol d
f or st i mul at ed cel l s, r espect i vel y . Thus, i ncr easi ng t he KCl
concent r at i on must i ncr ease t he i ni t i al depol ymer i zat i on r at e
by i ncr easi ng t he number of f i l ament s ( N) abl e t o depol y-
mer i ze. Thi s i ncr ease coul d be because of t he r emoval of
bar bed- end- cappi ng f act or s and/ or si de- bi ndi ng f act or s
whi ch wer e i nhi bi t i ng depol ymer i zat i on .

I ncr easi ng sal t concent r at i on al so i ncr eased t he r at e of de-
pol ymer i zat i on i n t he pr esence of 0. 2 pMcyt ochal asi n D
( CD) ( Fi g . 7, a and b) . Thi s f ur t her i ndi cat ed t hat i ncr eased
sal t was not mer el y r emovi ng a bar bed end cap. The i ni t i al
r at e of depol ymer i zat i on ( 0 t o 5 mi n) was CD sensi t i ve i n

bot h 0. 15 and 1. 2 MKCI , suggest i ng t hat bar bed ends wer e
cont r i but i ng t o t he depol ymer i zat i on obser ved i n Fi g. 6, a

and b ( compar e Fi g . 6, a and b wi t h Fi g . 7, a and b) . The

r at e of depol ymer i zat i on at l at er t i mes ( 60- 180 mi n) was
onl y sl i ght l y CD sensi t i ve ( compar e Fi g . 6, a and b wi t h Fi g .
7, a and b) . However , t he f act t hat even af t er 60 mi n we ob-

ser ved bar bed end el ongat i on si t es suggest ed t hat t he i nhi bi -

t i on of depol ymer i zat i on at t hi s t i me cannot be compl et el y
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Fi gur e 8. I ncr easi ng KCI r el eases F- act i n f r omcompl exes t hat pel -
l et i n l ow gr avi t at i onal f or ces . Cel l s at 2 x 106 cel l s/ ml wer e l ysed
i n l ysi s buf f er cont ai ni ng 0. 15, 0. 6, or 1 . 2 MKCI . To some sampl es,
TRI TC- phal l oi di n was added at t he t i me of l ysi s . Af t er 1 h of st ai n-
i ng, t he l ysat es wer e spun at l owg ( - 86, 000 g x mi n) t o det er mi ne
what f r act i on of F- act i n was associ at ed wi t h t he Tr i t on i nsol ubl e
cyt oskel et on ( ®) or at hi gh g ( 5, 190, 000 g x mi n) t o det er mi ne t he
t ot al F- act i n pr esent i ni t i al l y ( o) . The F- act i n r emai ni ng af t er 60
mi n of depol ymer i zat i on was det er mi ned f r om sampl es t o whi ch
t he TRI TC- phal l oi di n was added 60 mi n af t er l ysi s . Af t er st ai ni ng
f or 1 h, t hese sampl es wer e al so spun at hi gh g ( c) or at l ow g ( not
shown) . Dat a show t he f l uor escence of t he TRI TC- phal l oi di n ex-
t r act ed f r om t he pel l et s ( mean t SEM) f or dupl i cat e sampl es nor -
mal i zed t o t he f l uor escence ext r act ed f r om t he hi gh speed spi n of
cel l s l ysed di r ect l y i nt o TRI TC- phal l oi di n i n 0. 15 MKCI .

expl ai ned by cappi ng of bar bed ends . The pr esence of CD
dur i ng l ysi s of unst i mul at ed cel l s i n 0. 15 and 0. 6 MKCI f r e-
quent l y r esul t ed i n a t r ansi ent i ncr ease i n F- act i n f or r easons
unknown ( e . g . , see Fi g . 7 a) .

Hi gh KC1 Decr eased t he Fr act i on of F- act i n t hat
Fel l et ed at LowGr avi t at i onal For ces

I t i s possi bl e t hat f i l ament cr ossl i nki ng or l at er al bi ndi ng f ac-
t or s cont r i but e t o t he st abi l i t y of cel l ul ar F- act i n i n vi t r o. I n-
cr easi ng sal t concent r at i on appear ed t o i ncr ease act i n depol y-
mer i zat i on by r el easi ng f i l ament s f r om t he cyt oskel et on
( Fi g . 8) . I n 0. 15 MKCI , 82 %of t he TRI TCst ai ni ng t hat pel -
l et ed at hi gh g ( 5. 19 x 106 g x mi n) al so pel l et ed at l ow g
( 8. 6 x 10° g x mi n) ( see Mat er i al s and Met hods) . I ncr eas-
i ng t he KCl concent r at i on t o 0. 6 and 1 . 2 MKCI decr eased
t he f r act i on of cel l ul ar F- act i n t hat coul d be pel l et ed at l ow
g t o 62 and 36%, r espect i vel y . I n al l sal t condi t i ons, mor e
t han 80%of t he F- act i n t hat r emai ned af t er 60 mi n of depo-
l ymer i zat i on ( i . e. , pel l et ed at hi gh g) coul d be pel l et ed at l ow
g ( not shown) i ndi cat i ng t hat t hi s st abl e F- act i n was pr esent
pr i mar i l y i n l ar ge compl exes .

Exami nat i on of Pr ot ei ns i n t he Cyt oskel et al Fr act i on

To det er mi ne f act or s t hat may be r esponsi bl e f or t he F- act i n
st abi l i zat i on, t he pr ot ei ns pr esent i n t he F- act i n pel l et wer e
exami ned by quant i t at i ve gel scanni ng and by West er n bl ot s
at 1, 5, and 60 mi n af t er l ysi s of st i mul at ed cel l s i n l ysi s
buf f er cont ai ni ng 0. 6 MKCI . The Coomassi e bl ue- st ai ned
act i n band on t he SDS gel showed 64, 45, and 34% of t he
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Fi gur e 9. Pr ot ei n composi t i on of cyt oskel et ons af t er l ysi s. ( a) SDS-
pol yacr yl ami de gel ( 10%) of cyt oskeeeool f r act i ons ( pr epar ed f r om
l ysat es as descr i bed i n Mat er i al s and Met hods) 0 ( l ane 1) , 5 ( l ane
2) , 55 ( l ane 3) , or 180 mi n ( l ane 4) af t er cel l l ysi s. The posi t i ons
of t he mol ecul ar wei ght st andar ds ar e shown t o t he l ef t . ( b) I mmuno-
bl ot showi ng associ at i on of a- act i ni n wi t h t he cyt oskel et on 1 h af t er
l ysi s i n buf f er cont ai ni ng 0. 6 MKCI . Cyt oskel et ons wer e pr epar ed
ei t her i mmedi at el y af t er l ysi s ( l ane 1) , 10, . 1 l oad ; l ane 2, 511 l oad)
or 1 h af t er l ysi s ( l ane 3, 10 ul l oad) .

i ni t i al F- act i n at 1, 5, and 60 mi n af t er l ysi s ( Fi g . 9 A) ( com-
par abl e t o t he 63, 41, and 28%, r espect i vel y, det er mi ned by
TRI TC st ai ni ng, Fi g. 6 b) . Numer ous ot her pr ot ei ns, i n addi -
t i on t o act i n, r emai n i n t he pel l et and may be associ at ed wi t h
t he nucl eus or i nt er medi at e f i l ament s r at her t han act i n . How-
ever , i mmunobl ot s i ndi cat ed t hat t r opomyosi n, act i n- bi ndi ng
pr ot ei n, and a- act i ni n wer e pr esent wi t h t he st abl e F- act i n
i n t he pel l et even af t er 1 h i n l ysi s buf f er cont ai ni ng 0. 6 M
KCI ( dat a not shown) . Fur t her mor e, i mmunobl ot s f or a- ac-
t i ni n ( Fi g . 9 B) i ndi cat ed t hat af t er 1 h i n l ysi s buf f er con-
t ai ni ng 0. 6 MKCI t he amount of a- act i ni n t hat pel l et ed at l ow
speed decr eased by onl y 10 t o 25 %. Si nce mor e t han 60
of t he act i n was l ost , t he F- act i n r emai ni ng af t er 60 mi n
may be mor e hi ghl y bound by a- act i ni n t han t hat whi ch had
depol ymer i zed .

Pyr enyl F- act i n Depol ymer i zat i on I s I nhi bi t ed
by aAct i ni n

To t est i f f i l ament cr ossl i nki ng pr ot ei ns coul d be r esponsi bl e
f or t he F- act i n st abi l i zat i on, we exami ned t he abi l i t y of a- ac-
t i ni n t o i nhi bi t t he r at e of pyr enyl F- act i n depol ymer i zat i on
( Fi g. 10) . a- Act i ni n has been shown t o cr ossl i nk act i n f i l a-
ment s ( f or r evi ew see Bl anchar d et al . , 1989) . We i ncubat ed
1 WMpyr enyl F- act i n wi t h and wi t hout 1 pMa- act i ni n f or
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Fi gur e 10. F- act i n depol ymer i zat i on i s i nhi bi t ed by «- act i ni n . Py-

r enyl F- act i n ( 1 AM) was pr ei ncubat ed wi t h and wi t hout 1 I M

a- act i ni n f or 2 h at r oom t emper at ur e. DNase I ( 5 AM) was t hen

added t o i nduce depol ymer i zat i on. The pyr enyl F- act i n depol ymer -

i zat i on was f ol l owed by l osses i n pyr ene f l uor escence . The dat a ar e

pl ot t ed as t he per cent f l uor escence r el at i ve t o t he amount of f l uor es-

cence at t i me zer o .

2 h and t hen i ni t i at ed depol ymer i zat i on of t he F- act i n by add-

i ng 5 AMDNase 1 . We f ound t hat a- act i ni n di d i nhi bi t t he

r at e of F- act i n depol ymer i zat i on . Thus, i t i s possi bl e t hat

f i l ament cr oss- l i nki ng pr ot ei ns such as a- act i ni n cont r i but e

t o t he F- act i n st abi l i zat i on obser ved i n our l ysat es .

Pol ymor phonucl ear l eukocyt e F- act i n i n vi vo and i n vi t r o ex-

i st s i n st abl e and l abi l e pool s. However , t he l abi l e pool i n

vi vo does not cor r espond t o t he l abi l e pool i n vi t r o . I n vi vo,

t he l abi l e pool i s i nduced by chemoat t r act ant , i s l ocal i zed i n

t he l amel l i podi a, and has a hal f - l i f e of - 15 s at r oomt emper -

at ur e ( Cassi mer i s et al . , 1990) . I n l ysat es, t he l abi l e pool i s

pr esent i n cont r ol as wel l as pept i de- st i mul at ed cel l s, does

not cor r el at e wi t h l amel l i podi al F- act i n and has a hal f - l i f e of

about 1 mi n at r oomt emper at ur e . Thus var i ous f act or s t hat

r egul at e F- act i n i n t he cel l must be al t er ed upon l ysi s .

I n some cases ( e . g . , t he r egul at i on of t he cel l cycl e) i n-

cr easi ng t he concent r at i on of cel l s i n a l ysat e al l ows cont i nu-

at i on of cel l pr ocesses i n a cel l - f r ee syst em ( f or r evi ews see

Lohka, 1989 ; Mur r ay and Ki r schner , 1989) . However , whi l e

we have not yet achi eved t he degr ee of l ysat e concent r at i on

used i n t he cel l - cycl e st udi es, t he al t er at i ons i n F- act i n depo-

l ymer i zat i on occur r i ng upon l ysi s do not appear t o be si mpl y

a r esul t of di l ut i on si nce i ncr easi ng t he cel l concent r at i on i n

t he l ysat e decr eased r at her t han i ncr eased t he r at e of depol y-

mer i zat i on . I t i s l i kel y t hat f or F- act i n, whi ch i s spat i al l y

r egul at ed i n t he cel l , mer e concent r at i on wi l l not be

suf f i ci ent t o mi mi c i n vi vo act i n dynami cs .

I n many st udi es of l ysed cel l s, a pool of F- act i n has been
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obser ved t hat f ai l s t o depol ymer i ze even af t er pr ol onged i n-

cubat i ons . For exampl e, membr anes f r om HeLa cel l s di a-

l yzed 18 h at 4° C wer e shown t o r et ai n - 40%of t hei r act i n

( Gr uenst ei n et al . , 1975) . Because a por t i on of t he F- act i n

does not r eadi l y depol ymer i ze, i nvest i gat or s have r esor t ed t o

var i ous t echni ques such as : gel sol i n t o f r agment t he F- act i n

( Ot t o and Schr oeder , 1990) , t r ypsi n t o degr ade act i n- bi ndi ng

pr ot ei ns ( At ki nson et al . , 1982) , and denat ur i ng agent s such

as ammoni umsul f at e ( Fey et al . , 1984) , ur ea ( Nel son and

Veshnock, 1986) , 1 % Tween wi t h 0. 5 % deoxychol at e ( Fey

et al . , 1984) , and pot assi um i odi de ( Fat h and Lasek, 1988)

t o r emove t he F- act i n f r om t hei r cel l f r act i ons .

Fact or s t hat Cont r i but e To F- act i n St abi l i t y

We have exami ned f act or s t hat cont r i but e t o t hi s F- act i n st a-

bi l i t y . Wer e t he act i n f i l ament s i n a cel l l ysat e f r ee t o

depol ymer i ze f r om ei t her end, i n 18 h al l f i l ament s 49 Am

woul d have depol ymer i zed compl et el y i n 0. 15 MKCl ( or

<24 Ami n 1 . 2 MKCl ) ( poi nt ed end of f r at es = 0. 05 and 0. 13

s- 1 i n t he t wo sal t concent r at i ons, r espect i vel y) [ Weber et

al . , 1987; our own unpubl i shed r esul t s) . Si nce most f i l a-

ment s i n cel l s ar e - 0 . 2 Am( Cano et al . , 1991) t hey woul d

have depol ymer i zed i n about 0. 3- 0. 7 mi n i f t hey wer e com-

pl et el y f r ee or 9- 24 mi n i f onl y t he poi nt ed end was f r ee .

Thus, t he cel l ul ar F- act i n must not be f r ee t o depol ymer i ze

r eadi l y f r om ei t her t he bar bed or t he poi nt ed end .

At hi gh cel l concent r at i ons, t he concent r at i on of G- act i n

i s wel l above t he cr i t i cal concent r at i on . Thus, i f i t i s not se-

quest er ed, i t shoul d pol ymer i ze. I ndeed, we f i nd G- act i n

does pol ymer i ze, and t hi s pol ymer i zat i on can be i nhi bi t ed by

t he pr esence of DNase . However , mer el y r emovi ng G- act i n

does not l ead t o depol ymer i zat i on ( Tabl e I ) .

At some cel l l ysat e concent r at i ons, bar bed end cappi ng

f act or s may be cont r i but i ng t o F- act i n st abi l i zat i on . Al -

t hough we coul d not det er mi ne whet her al l of t he f i l ament

bar bed ends wer e f r ee, af t er l ysi s at l ow cel l concent r at i ons,

some f i l ament s i n t he st abl e pool do not appear t o be bl ocked

at t hei r bar bed ends si nce l ysat es ar e abl e t o ser ve as el onga-

t i on si t es f or pol ymer i zat i on of exogenous act i n and t hi s

pol ymer i zat i on i s sever el y i nhi bi t ed by t he pr esence of cyt o-

chal asi n ( Fi g . 5) or gel sol i n/ act i n compl ex ( not shown) sug-

gest i ng t hat i t occur s at t he f i l ament bar bed ends. That t hese

nucl eat i on si t es ar e f r ee bar bed ends i s suggest ed by st udi es

showi ng t he number of bar bed end gr owi ng si t es i s si mi l ar

t o t he number of f r ee bar bed ends as assayed by depol ymer -

i zat i on, i . e . , depol ymer i zat i on i nhi bi t ed by CD ( Cano et al . ,

1991) . Thus, whi l e t he number of el ongat i on si t es i n t he

l ysat e decr eased wi t h t i me af t er l ysi s, some si t es r emai ned

even when t he cyt oskel et on was under goi ng al most no de-

pol ymer i zat i on, i . e . , onl y t he st abl e pool of F- act i n r emai ned

( Cano et al . , 1991) . Thus, addi t i onal f act or s appear t o i nhi bi t

t hi s depol ymer i zat i on .

I ncr easi ng t he sal t concent r at i on f r om0. 15 t o 1. 2 MKCl

i ncr eased bot h t he number of f i l ament s under goi ng depol y-

mer i zat i on and t he ext ent of F- act i n depol ymer i zat i on . Thus,

t he i ncr eased f r act i on of t he t ot al F- act i n t hat depol ymer i zed

i n 15 mi n ( f r om50%i n 0 . 15 MKCl t o 70%i n 1 . 2 MKCl )

was not mer el y because of an i ncr ease i n t he l engt h of each

f i l ament depol ymer i zi ng. Whi l e i t was not possi bl e t o det er -

mi ne concl usi vel y whet her t he l engt h di st r i but i on of t he f i l a-

ment s r el eased by hi gh KCl was t he same as t hose depol y-

mer i zi ng i n 0. 15 MKCI , wer e sal t mer el y r emovi ng some
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bl ock t o depol ymer i zat i on al ong t he l engt h of t he f i l ament ,
one woul d expect t o see an i ncr ease i n t he dur at i on of depol y-
mer i zat i on wi t h no i ncr ease i n t he number of f i l ament s ( i . e . ,
t he i ni t i al r at e of depol ymer i zat i on) . Thi s was not obser ved .
Thi s suggest s t hat i ncr easi ng sal t concent r at i on i ncr eases
t he number of f i l ament s depol ymer i zi ng wi t hout si gni f i cant
changes i n t he mean l engt h of t he depol ymer i zi ng pool .

Sever al pi eces of evi dence suggest t hat st abl e F- act i n i s
l i nked t o i t sel f and/ or ot her cr oss- l i nki ng f act or s . These may
be cont r i but i ng t o t he st abi l i t y of F- act i n i n vi t r o . ( a) Lysed
cel l s r et ai n t he mor phol ogy of t hei r act i n meshwor k suggest -
i ng t hat t he st abl e f i l ament s ar e cr ossl i nked i n t he meshwor k
( Fi gs . 1 and 2) . ( b) I ncr easi ng sal t concent r at i on decr eased
t he f r act i on of cel l ul ar F- act i n t hat coul d be r api dl y pel l et ed
( i . e . , f i l ament s wer e det ached f r om t he cyt oskel et on) and
al so i ncr eased t he f r act i on t hat r api dl y depol ymer i zed ( Fi gs.
6, 7, and 8) . ( c) Many act i n cr oss- l i nki ng pr ot ei ns i ncl udi ng
a- act i ni n and act i n- bi ndi ng pr ot ei n ar e known t o be pr esent
i n Tr i t on i nsol ubl e cyt oskel et ons and hi gh sal t i s known t o
i ncr ease t hei r r el ease i nt o t he super nat ant ( Fi g . 9 ; Schl i wa
and van Bl er kom, 1981 ; Rosenber g et al . , 1981 ; Pacaud,
1986) .

We have not at t empt ed t o assi gn t he i nhi bi t i on t o a par t i cu-
l ar act i n cr oss- l i nki ng pr ot ei n si nce a number of F- act i n-
bi ndi ng and cr oss- l i nki ng pr ot ei ns ar e pr esent and t hey al l
may cont r i but e t o t he i nhi bi t i on ( Pacaud, 1986) . Removal of
any one f act or may have onl y a smal l ef f ect on t he st abi l i t y
of t he F- act i n . Pr esumabl y, F- act i n cr oss- l i nki ng f act or s con-
t r i but e t o t he st abi l i t y of echi noder m sper m acr osomal
pr ocesses ( Ti l ney, 1973) . I t i s known t hat myosi n r i gor com-
pl exes can i nhi bi t depol ymer i zat i on ( Det mer s et al . , 1981) .
These r esul t s l ed us t o t he i dea t hat f i l ament cr oss- l i nki ng
pr ot ei ns may be r esponsi bl e f or t he F- act i n st abi l i zat i on ob-
ser ved i n PMN l ysat es . We have evi dence t hat a- act i ni n i n-
hi bi t s t he r at e of F- act i n depol ymer i zat i on ( Fi g . 10) . Fur t her
exper i ment s char act er i zi ng t hi s i nhi bi t i on ar e i n pr ogr ess.
Tr opomyosi n al so i nhi bi t s depol ymer i zat i on of F- act i n, par -
t i cul ar l y f r om t he poi nt ed end of t he f i l ament ( Br oschat et
al . , 1989 ; Wei ght et al . , 1990) . Thus, t r opomyosi n and «- ac-
t i ni n, t wo pr ot ei ns f ound associ at ed wi t h t he st abl e F- act i n,
pr obabl y cont r i but e t o t he st abi l i zat i on obser ved her e . I n ad-
di t i on, we now have evi dence t hat t he 30- kD act i n cr oss-
l i nki ng pr ot ei n f r omDi ct yost el i um ( Fechhei mer et al . , 1991)
i s a pot ent i nhi bi t or of act i n depol ymer i zat i on ( Zi gmond,
S. H. , R. Fur ukawa, and M. Fechhei mer . 1991 . J . Cel l Bi ol .
115 : 329«) .

Physi ol ogi cal Si gni f i cance of F- act i n St abi l i zat i on

The dr amat i c i nhi bi t i on of depol ymer i zat i on i n l ysat es sug-
gest s t hat t he bi ndi ng pr oper t i es of t he i nhi bi t or y f act or s
must be modi f i ed i n vi vo t o al l ow t he dynami c pr oper t i es of
F- act i n . An i ncr ease i n t he af f i ni t y of cr oss- l i nki ng pr ot ei ns
i n l ysat es coul d account f or t he i nhi bi t i on of depol ymer i za-
t i on . The concl usi on t hat i n vi t r o compl exes of F- act i n wi t h
act i n- bi ndi ng pr ot ei ns ar e di f f er ent t han t he compl exes
f or med i n vi vo was al so r eached by Janmey et al . ( 1990)
when consi der i ng t he ver y sl ow def or mabi l i t y of gel s made
of F- act i n and act i n- bi ndi ng pr ot ei n i n vi t r o . Such gel s coul d
not accommodat e t he r api d shape changes seen i n vi vo ( Jan-
mey et al . , 1990) . I n vi vo, t he act i n meshwor k must be
suf f i ci ent l y cr ossl i nked t o gi ve i t mechani cal st r engt h but

Cano et al . F- Act i n St abi l i t y i n Pol ymor phonucl ear Leukocyt e Lysat es

must al so be abl e t o change shape and r eadi l y di sassembl e
t hr ough depol ymer i zat i on .

I n summar y, we have exami ned F- act i n depol ymer i zat i on
i n PMNl ysat es t o begi n t o under st and t he r egul at i on of F- ac-
t i n depol ymer i zat i on i n vi vo. We have i dent i f i ed sever al f ac-
t or s t hat cont r i but e t o F- act i n st abi l i t y i n l ysat es . By exami n-
i ng t he F- act i n i n l ysat es of var i ous cel l concent r at i ons, we
have char act er i zed t he ef f ect s of G- act i n, bar bed end cappi ng
f act or s, and cr oss- l i nki ng f act or s on t he F- act i n st abi l i t y i n
t he l ysat e . The ef f ect s of t hese st abi l i zi ng f act or s shoul d be
consi der ed i n i n vi vo st udi es of cel l F- act i n depol ymer i zat i on .
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