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Forrnation of Thick,Curving Bundles of Actin

by Drebrin A Expressed in Fibroblasts
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Drebrin A is a neuro■ ―specinc protein,the expression

of which is regulated during development.Upon trans‐

fection of llbroblasts、 ▼ith arebrin A cE)NA,the protein

is expressed at high levels in abroblasts and the out白

grOwth Of highly branched,■ eurite‐like cell processes

is induced. In this report,we describe a biochemical

exallinatio■  oF the binding of drebrin A to actin

nlaments. we also demonstrate by an illlmunocyto‐

che■ lical methOd that,when drebrin A is expressed in

transfected cells,it binds to actin fllaments and is con‐

centrated in cell processes.Furthermore,we provide ev白

idence that thick, curving bundles of actin together

with drebrin are formed in some Of the transfected

cells. Our results suggest that the actin lllaments

that bind drebrin might be a novel class of actin nla‐

ments and Elight play a role l■ ■euronal l■ orphogen‐

esl .  ⑥ 199 A  n P  ,I .

INTRODUCTION

The outgrowth ofneurites,axons,and dendritesis the

llrst step in forlnation of a neuronal netwOrk in the cen―

tral nervous system.Many prOteins are specincally ex―

pressed in assOciation with the outgrowth Of neurites

[1-7].The Cytoskeleton has been suggested to be one Of
theiinportant endogenOus factorsthat cOntrolthe elabo‐

rate morphology of neurOnal processes[8-13].It haS

been reported that expression of tau protein in abro‐

blasts results in fOrmatiOn Of thick bundles of■ licrotu‐

bules that are arranged parallel tO each Other and ex‐

tend into cell processes[14].Furthermore,overexpres―

sion oftau protein in insect ovarian Stt cellsinduces the

formation oflong,straight cell processes that resemble

l To whom correspOndence and reprint requests should be ad‐

dressed at Department ofNeurobiology andBehavior,Gunma Univer―
sity School ofMedicine,3-39-22 Showamachi,Maebashi,Gunma 371,
」apan.Fax:81-272-35-8669.e―mail:tshirao@sb.gunma―u.acsp.

neuronal axons[15,16].TheSe studies indicate that a

■licrotubule‐assOciated protein,tau,may play a role in

axonal elongation.

Drebrins、 vere flrst identilled in extracts ofembryonic

chicken brain,after two― diinensional gel electrophore―

sis,as deve10pmentally regulated acidic prOteins,and

their expression、 vas shown to be c10sely related to neu―

ronal development[17,18].Three isOforms,namely,

two embryonic types(El and E2)and an adulttype(A),

are generated by alternative RNA splicing froln a single

gene for drebrin in the chicken brain[19,20].In the rat
and human,only one type of embryonic drebrin(dre―

brin E)has been identined to date.Drebrin A is a neu―

ron―specinc protein and is 10calized in dendrites[21],

but embryonic types Of drebrin are expressed in non―

neuronaltissues as well asin the nervOus system [18].A

comparison of deduced alninO acid sequences of dre―

brins froln the chicken,rat,and human demonstrated

that drebrins are a novel faHlily of proteins,common to

both birds and mamHlals[19,20,22-24].The H101ecular

weight predicted frOm the cDNA for rat drebrin A is

77,471,but the apparent lnolecular lnass of drebrin A

indicated by its mobility during sodium dodecyl sulfate―

polyacrylamide gel electrophoresis(SDS― PAGE)is
about 140 kDa.A siinilar discrepancy is obsewed in the

case of the prOteins from the chicken and human.The

signincance of drebrins in cell lnorphogenesis was llrst

demonstrated by transfection of ibroblasts with c正 )NA
for drebrin A.Transient expression of neurOn― specillc
drebrin A in the ibroblasts induced the formation Of

highly branched,neurite-like cell processes[22].SinCe

iHllnunocytochenlical staining indiCated that the level

of expression of actin in the process― bearing transfec‐
tants increased slightly,we postulated that drebrin A

Hlight arect the formation of cell plocesses by regu‐

lating the formation of actin nlaments,However,be‐

cause of the lilnited ability ofthe avidin一biotin complex
method to reveal the ilnl■ unoreactivity of drebrin,the

association of drebrin with actin alaments cOuld not be

deter■lined.In the present study,usingilnmunonuores_
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cence staining,、ve exalnined the binding of drebrin A to

actin nlamentsけ れυjむrο and the efFect of drebrin A,ex―

pressed in transfected cells,on actin fllaments.

MATERIALS AND METHODS

Cん2初うcoた oル』 αれ所bο』J2s  Fluorescein isothiOcyanate(FITC)一

and perOxidase― co判ugated,afnnity_purined antibodies raised in goat

against E10uSe lgG and peroxidase― cottugated,attnity― purined anti_
bottes raised in goat against rabbit lgG、vere purchased from Cappel

(Durham,NC)Rhodamine― coniugated phalloidin was purchased

from NIolecular Probes,Inc.(Eugene,OR).Vectastain ABC kit for

the avidin―biotin―peroxidase complex method、 vas purchased from

Vector Laboratories,Inc。 (Burlingame,CA)。 F-12 nutrient mixture

was purchased ttom Gibco(Grand lsland,NY)Other CheIIIicals were

purchased fromヽ Vako(Osaka,Japan)WIonOC10nal antibody(MAb)

M2F6、 vas prepared previously as a drebrin― speciflc antibody[18ト

Antiserum DASl was raised in a rabbi by immunization with syn―

thetic peptides.The peptides synthesized were peptide l(residues

319-335:  Gly― Arg―Pro―Tyr―Cys―Pro―Phe―Ile―Lys―Ala―Ser―Asp一

Ser―G貯 ―Pr。一Ser_Ser),peptide 2(residues 342-353:Ser― Pro―Pro―

Arg―Thr―Pro―Phe―Pro―Tyr―Ile―Thr―Cys),and peptide 3(residues

354-363:His― Arg―Thr―Pro―Asn―Leu一Ser―Ser―Ser―Leu),whiCh are

unique to drebrin A[22]

Ass9y/Or ocと 'れ―bけれど,■g ac所りty Drebrin A was partially purined
from adutt rat brain as follows.Three― month― old adultヽVistar rats

were anesthetizedwith ether!The animals were sacrincedby decapita―

tion and the isolated brain tissues、vere homogenized in 5 vol ofbuFFer

A that contained 20 1ttИ Tris―HCl(pH 7.6),100■ 榎И KCl,1コ 越И

NIgC12,5 mnf EGTA,10翻 2-mercaptoethanol,0.5コ』イphenyl―
methylsufonyi nuOride, and O.5 μ g/ml leupeptin.The homogenate
、vas centrifuged at 100,000g for l h.Since drebrins are heat―stable,the

crude supernatant was then heated in a boiling― 、vater bath for 3 1■in,

cooled on ice for 20 min,and centrifuged at 100,000g for l h.The

supernatant fraction was used as partially purilled drebrin A.Actin

was puriFled from chicken skeletal inuscle as described by Attatsu一

mura and Lin[25ト

The partially purined preparation of drebrin A was mixed wih

actin fllaments(■■al concentration,0.5 1ng/ml)in 100■ ぜИ NaCland

20嗣 Tris―HCl(pH 7.6).After a 30-min incubation at room temper

ature,the mixture was centrifuged in an Airfuge(Beckman,Palo

Alto,CA)at 140,000b」 for 25 min.The pellet was resuspended in the

original volume,and equal volumes of the supernatant and the solu―

tion ofthe resuspended pellet were analyzedby SDS―PAGE ona10%

gel wtth subsequent iIImunoblotting,

IP4砲″れobわけ克ng.  Proteins on a gel were transferred to an lmmo―

bilo■―P membrane(Millipore,Bedford,MA)as deSCrmed prevlously

[18卜 For detection of speciflc proteins,the membrane、 vas probed

w i t h  M A b  M 2 F 6 ( d i l u t e d  l : 1 ) o r  w i t h  a n t i s e r u m  D A S l (血l u t e d  l : 5 0 0 ) .

Inimunoblots were then developed with peroxidase― cottugated anti

bodes against llouse or rabbit lgG and 3,3′ ―伍attlinObenzidine.

Cレル″rc oれ冴ιrαれs/CC"οれo/ccιな  取 IOuse L cells and Chinese ham―

ster ovary cells(CHOヽ Kl)were maintained in Dulbecco's modined

Eagle's medium(DMEM)supplemented wtth 10%fetal bovine serum

(FBS)and in F-12 nutrient l■ ixture supplemented with 10%FBS,

respectively,in an atmosphere of5%C02in air at 37° C Forimmun。 ―

cytochenlistr57,cells、vere plated on 60-mm tissue culture plates that

contained glass covershps、 vhich had been coated with poly― L-lysine

(0.l mg/ml).The cells were transfected with plasmid MIヽV―DA that

co■tained a Full length c正)NA for rat drebrin A,oriented in the sense

direction,and a β―actin promoter[22]by the Standard calciun■ phos―

p h a t e  p r e c i p i t a t i o n  m e t h o d [ 2 6 ] . A s  c o n t r o l s , L  c e l l s  w e r e  t r a n s f e c t e d
with plasmid MIヽ V―C that contained a drebrin cE)NA oriented in the

antisense direction relative to the promoter.After 18 h,the cells were

FIG. 1.  Cosedilnentation of drebrin A with actin fllaments.A

crtlde supernatant from adult rat brain was incubated without(lanes

l,2,5,and 6)and with(lanes 3,4,7,and 8)F― actin at room tempera―

t u r e  f o r  6 0  m i n  a n d  t h e n  t h e  m i x t u r e  w a s  c e n t r i f u g e d  a t  1 4 0 , 0 0 0 g  f o r

25 min The supernatant(lanes l,3,5,and 7)and the pellet(lanes 2,

4,6,and 8)were prOcessed for electrOphoresis and electrob10tted onto

an lmmobllon― P membrane.Proteins in lanes l-4 were stained、 vith

Coomassie brilliant bluc G 250 and proteins in lanes 5-8 werei■ lmu、

nostained with MAb M2F6.The single arrow and double arrOwsindi

cate drebrin A and actin, respectively, Triangles show molecular

weights of standards(212,170,116,76,and 53 kDa,from top to bot―

to■1).Note that the band oF drebrin A in lane 6 was more strongly

immunostained than that in lane 5.

rinsed with DMEM plus 10%FBS and they were maintained in the

same mettum for l further day Transfected cells were then flxed in

4%paraformaldehyde in O.l W sodum phosphate buFFer(pH 7.4)for

30■lin at room temperature

r″ァル″れ。宅レ殉Cん0カ'おけモッ  To label drebrin,flxed cells on coverslips
were permeabilized with O.1%Triton X-100 in 0 02舟 r sottum phos―

phate―buFFered saline(PBS),pH 74,for 15 min,blocked by PBS with

3%BSA for 60 min,and reacted with MAb M2F6 for 60 mino The

immunoreactivity 、 vas visualized by the avidn― biotin―peroxidase
complex method as described previously[18].After photographs of

the cells had been taken,the percentage ofilnmunostained cells was

determined For double-labeling of drebrin and actin fllaments,cells

were incubated with WIAb h/12F6and then with a mixture of FITC―

COttugated,aFnniけ ―purtted goat antibodes against mouse lgG(髄 ―

luted l:100)and rhodanline― co対ugated phalloidin (diluted l:2000)

To control for nuorescent“cross―bleed,''parallel coverslips,aFter in―

cubation with primary antお od57,were stained with the second anti一

body alone or with rhoda■ line―cottugated phalloidin alone,To con―

trol for second―antibody specincity,parallel coverslips、 vere stained

with each second antibo的 alone All procedures were performed at

room temperature.

RESULTS

A cけれ―Bれ抗露 Ac t tυヵ o/ D r 2 b r Jれム

Drebrin A froln the adult rat brain was recovered in

the crude supernatant after centrifugation of the ex―

tract at 100,000g and alI■ ost all the drebrin A in this

crude supernatant was pelleted by centrifugation of

140,000g(laneS 5 and 6in Fig.1).The crude supernatant

that contained drebrin A was boiled and recentrifuged

at 100,000b」.Drebrin A in the resultant supernatant did

8765432
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FIG.2.  Cosedimentation with actin nlaments of drebrin A after

heat treatment Partially purined drebrin A from adult rat brain was

incubated、 vithout(lanes l,2,5,and 6)and、 vith(lanes 3,4,7,and 8)

F―actin at room temperature for 60■ lin and then the inixture was

centrifuged at 140,000どfor 25 1nin.The supernatant(lanes l,3,5,and

7)and the pellet(lanes 2,4,6,and 8)were prOcessed for electrophore―

sis and electroblotted onto an lmmobilon― P membrane Proteins in

lanes l-4 were stained with Coomassie brilliant blue C 250 and pro―

teins in lanes 5-8 were immunostained with MAb N12F6.The single

arrow and double arrO、 vs l■dcate drebrin A and actin,respectively

Triangles inhcate l■ arker proteins(see legend to Fig.1).Note that

the band Of drebrin A was strongly immunostained in lanes 5 and 8

not sedilnent upon centrifugation at 140,000g(lanes 5

and 6 in Fig.2),and it Was used as partially purined

drebrin A for the analysis of actin_binding activity.As

sho、vll in lane 8 of Fig,2,aFter incubation of partially

purifled drebrin A with actin nlaments,drebrin A cO―
sedil■ented、vith actin alaments upon centrifugation at

140,000g.

コ■prcssサοれo/Dr2brれAれ L Cctts

When L cells、 vere transfected、vith plas11ld ttIIVヽ―

DA,ilnIIIunoreactivity of drebrin、 vas detected in 5 to

10%of the cells,as previously reported[22].Drebrin―

specinc iml.unoreactivity、 vas detected neither in non‐

transfected L cells nor in control cells that had been

transfected with plasmid MIヽ V―C(Fig.3d).The shapes

o f  m o s t  i m m u n o p o s i t i v e  c e l l s ( t y p e  l  t r a n s f e c t a n t s , i n‐

dicated by single arrOws in Fig.3)were silnilar to thOse

of contrOl cells,but about 5%of ilnl■ unopositive cells

(type II transfectants,indicated by double arro、vsin Fig.

3)formed highly branched cell processes,as described

previously [22]. All of the type II transfectants were
strongly ilnlnunostained for drebrin.They were often

distributed as single cells(Figs.3a and 3c)while type I

t r a n s f e c t a n t s  w e r e  u s u a l l y  s e e n  i n  g r o u p s . T h e  m a i o r i t y

of the cell processes of type II transfectants、vere not

very long(usually they、 vere not ionger than two cell

diameters).HOwever,some cells had 10ng cell processes

(Fig。3c).As shown in Fig.3,all■ Ost allthe type l trans‐
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fectants were less strOngly ilnl■unostained than type II

transfectants,but a very small fraction of the type I

transfectants(indiCated by a large arro、 v in Fig. 3b)

、vere as strongly i■llnunostained as type II transfec一

tants.

Drebrjれ αれどAc所 れゴサ″αれcれ偽 けれ Traれ s/CCけCどL Ccιゐ

Analysis by fluorescence lnicroscopy of type II trans―

fectants that had been double― stained、vith the drebrin‐

speciflc antibody MAb N12F6 and phalloidin revealed

that the patterns of staining of drebrin A and actin nla_

ments、 vere very sil■ilar and that both、 vere concen‐

trated in the cell processes(Figs.4a and 4d).We Ob―

served that thick bundles of actin nlaments,、 vhich were

strongly i■llnunostained、 vith the drebrin―specillc anti―

body,were present in the proxilnalthick portions ofthe

cell processes.Such thick bundles of actin were inost

prO■linent in the type l transfectants that expressed

drebrin A at high levels.Ho、 vever,the relative number

of these cells、vas very low.The thick bundles of actin

were usually curved and bifurcated and they sometilnes

even formed a circle. Their thickness changed from

place to place(Figs.4b and 4e).Nontransfected ibro―
blasts contained straight bundles of actin,kno、 vn as

stress ibers(arrowheads in Fig.4fl,but they did not

contain any curving or bifurcated bundles of actin.In

the type l transfectants that expressed drebrin A at lo、 v

levels,there were no thick,curving bundles of actin but

patchy dot― like aggregates of actin ilaments、 vere dis―

tributed difFusely in the cytoplasm. These aggregates

were immunostained with ttIAb N12F6(arrows in Figs.

4c and 4fl.Sometilnes actin ilaments at the periphery

of the type l transfectants 、 vere not inllnunostained

、vith ttIAb M12F6(double arrows in Fig.4).

Drcbrけれaれ冴Acけサれゴ,″aれθれけs,れ Traれs/cc姥冴CHO CeJね

IInlnunoblotting analysis revealed that One protein

band in an extract of CIIO cells could be ilnlnuno―

stained、vith NIAb tt12F6(lane 4 in Fig.5)although this

protein was not immunostained with antiserum DAsl,
w h i c h  w a s  s p e c i f l c  t o  d r e b r i n  A ( l a n e  7  i n  F i g . 5 ) . T h e

pattern of lnigration of this protein was siinilar to that
of rat drebrin E. Vヽhen CHO cells、 vere transfected、vith

plaslnid MIIヽヽ
/―DA and drebrin A、 vas expressed at high

levels,the cells formed cell prOcesses sil■1lar to those of

the type II transfectants of L cells,although the pro―

cesses、vere not as highly branched as those ofthe trans―

fected L cells.Figure 6 shows a range oF phenotypes of

transfected CIIO cells that expressed drebrins at high

levels. Vヽe frequently observed thick,curving bundles of

actin,even in the cell bodies ofthe type II transfectants

of CIIO cells,in contrast to those of L cells.Figures 7b

and 7e sho、 v high―Inagnincation nuorescence nlicro―

graphs of transfected CHO cells that had been double―

FORMATION OF THICK, CURVING BUNDLES OF ACTIN BY DREBRIN
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F I G . 3 .  L i g h t  m i c r O g r a p h s  o f t r a n s f e c t e d  L  c e l l s . L  c e l l s  w e r e  t r a n s f e c t e d  w i t h  p l a s m i d  M IヽV―DA . A f t e r  a x a t 1 0 n , c e l l s  w e r e  i n c u b a t e d  w i t h

drebrin―speciflc inonoclonal antibody M2F6.The ittlHlunOreactivity was visualized by the avittn―biotin―peroxidase complex lnethod and the
cells were photographed under an inverted llicroscope equぉped with Hofman Module optics Note that type II transfectants(indiCated by
d o u b l e  a r r o w s ) w e r e  m O r e  i n t e n s e l y V  i m m u n o s t a i n e d  t h a n  m O s t  o f  t h e  t y p e  l  t r a n s f e c t a n t s ( i n d i C a t e d  b y  s i n g l e  a r r o w s ) . S O m e  o f  t h e  c e l l

processes were very long(c).StrOng ilnmunoreactivity for drebrin was also present in a few of the type l transfectants[indiCated by a large
arrow in(b)].BarS,50 μ m.

stained with NltAb M2F6 and phalloidin.Thick,curving

bundles of actin together with drebrin are evident

、vithin the cells, Since control CHO cells were also

F a i n t l y  i m m u n o s t a i n e d  w i t h  M A b  t t 1 2 F 6 , w e  c o u l d  n o t

discriininate type l transfectants that expressed drebrin

A at low levels froHi nontransfected cells.取 Iany proHli―

nent stress ibers were frequently observed after stain―

ing with phallol(近 n oF cells that expressed drebrin at

control levels.These stress ibers in CHO cells were

not ilninunostained with MAb M2F6 but some of the

patchy dot―like aggregates ofactin ilaments wereilnmu―

nostained with this mOnoclonal antibody (Figs. 7c

and 70.

DISCUSSION

The results presented here demonstrate that drebrin

A bound to actin IIlaments and that the actin ilaments

that bound drebrin A(referred to as DB‐actin ila‐

ments)were COncentrated in the highly branched cell

processes of drebrin―exprbssing transfectants.Further―

more,we also observed that DB― actin fllaments formed

thick,curving bundles in the cell bodies and in the prox―

iinal thick portions of cell processes ofthe transfectants

that expressed drebrin A at high levels.The lilnitations

of the inllnunonuorescence l■ ethod prevented us from

deterlnining whether DB― actin ilaments also formed

thick,curving bundles in the highly branched thin ce止

processes of transfectants.
In a previous report we suggested that drebrin A had

actin‐binding activity since actin could be copurined

、vith drebrins by ilnlnunoattnity chromatography on a

column with bound drebrin― specinc antibodies.In the

present study,the actin― binding capacity of drebrin A

was demonstrated by cosedilnentation ofpartially puri―

Iled drebrin A with actin nlaments.Moreover,most of

the drebrin A in a crude supernatant from adult rat

brain was pelleted by centrifugation of 140,000g without

the addition of actin ilaments,while partially purined
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I「IG.4. Double― staining analysis of drebrin and actin in transfected L cells.L cells were transfected with plas■lid MI Vヽ―DA.Aier

nxatiOn,cells were incubated with drebrin speciac mOnoclonal antiboむ .The Cells then wereincubtted with FITC― cottugated goat antibottes

against l■ouse lgC to demonstrate the localization of drebrin and with rhOdamine― con3ugated phalloidin to demonstrate the actin fllaments.

Staining was visualized with nlters specinc fOr FITC(a,b,C)and rhodamine(d,c,fl Note thtt drebrin like immunoreactiviサwaS CO10calized

with actin lllaments,exceptin the case of actin IIlaments atthe periphery of a cell[double arrowsin(b)and(o)]The single arrowsin(c)and(fl

indicate examples of patchy dot-1lke aggregates of actin nlaments that were colocalized with drebrin like inlmunoreactivity.IPhe arro、 vheads

in(O indicate examples of stress ibers in normal cells.Bars,20 μ m.

drebrin A、vas not.This result suggests that lnost ofthe

drebrin A Inay originally have been bound to actin ila‐

ments'れ E/・サυo,We have recently succeeded in purifying

drebrin E froln embryonic rat brain and demonstrated

that drebrin E can bind directly to actin IIlaments(sub―

mitted for publication)。However,drebrin A in its native

form has not yet been purined to homogeneity.There―

fore,at present,it is not yet clear whether drebrin A
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FIG,5. The presence ofdrebrin E in control CHO cells.IIIIInuno―

blotting analysis was carried out using extracts of adult rat brain

(laneS l and 5),neonatal rat brain(lanes 2 and 6),CHO cells(laneS 3
and 7),and the brain Of an ll―day chick embryo(lanes 4 and 8).Each

extract(25 μg of protein in each case)was SutteCted to electrophore―
sis and processed for immunoblotting with MAb M2F6(lanes l-4)

and with antisel■ m DASl(lanes 5-3).A large arrowhead and an

arrow indcate rat drebrin E and drebrin A,respectively.Note that

the mobility of a i■1lmunostained band in the case of the CHO― cell

extract(lane 3)was silnilar to that ofrat drebrin E(lane 2)Triangles

indicate marker protel■ s(see legend to Pig,1).

binds to actin lnolecules directly or via some other cOHl―

ponent associated、vith actin fllaments.

In a previous study we demonstrated that high―level

expression of drebrin A in transfected L cells resulted in

the formation Of highly branched cell processes.In the

p r e s e n t  s t u d y  w e  u s e d  C H O  c e l l s  i n  a d d i t i o n  t o  L  c e l l s
since CIIO cells have a lnore homogeneous celllnorphol‐

Ogy than L cells and they contain well―developed stress

ibers.The changes in morphology of transfectants of

the two cell lines were siinilar,although the cell pro―

cesses from the type II transfectants of CHO cells、vere

not as highly branched as those from transfected L cells.

In a previous study[22]we shOWed that drebrin A,ex‐

pressed in type II transfectants of L cells,accumulated
in the submembranous region ofthe cel bodies.In the

present study, we demonstrated that thick, curving
bundles,visualized by immunostaining with a drebrin―

specinc antibOdy,were formed in the cell bodies oftype

II transfectants of CHO cells,while such bundles were

not formed in the cell bodies oftype II transfectants ofL

cells.Since ilninunocytoche■ lical and inllnunoblotting

analyses revealed that CIIO cells express drebrin回 ,in
contrast to L cells that do nOt express any detectable

level of any drebrin[221,the minOr diFerences in terms

ofthe I■orphology of cell processes lnight be explained

by the expression ofendogenous drebrin E in CIIO cells,

in addition to the expression of exogenous drebrin A.

Double staining of drebrin and actin lllaments in

transfected L cells and CHO cells demonstrated that

drebrin A was colocalized with actin ilaments.The ac,

tin‐binding activity of drebrin Aけれυjttrθ and the colocal‐

ization of drebrin A with actin lllaments in the transfec―

tants indicates strongly that drebrin A actually bound

to actin ilaments and formed DB― actin lllaments jれ

s,渉". In the transfectants that expressed drebrin A at

high levels,thick,curving bundles of actin nlaments

、vere formed,、 vhile the straight bundles of actin ila―

ments(stress ibers)had disappeared.By contrast,■ or―

mal cultured ibrOblasts contain stress ibers,but they

never contain thick,curving bundles of actin under our

culture conditions.These data suggest that the binding

of drebrin A to actin fllaments lnight be directly related

to the formation ofthick,curving bundles of actin.

Since the lo、v―level expression of drebrin A did not

induce the formation ofthick,curved bundles of DB― ac―

tin fllaments,a critical concentration of drebrin A may

be necessary for the formation of these bundles.In a

previous report、 ve suggested that a critical concentra―

tion of drebrin A seemed necessary for the formation of

highly branched cell processes[22]. SinCe actin ila―

ments that did not bind drebrin sometilnes remained at

the periphery of type l transfectants,it appeared that

cells did not form any highly branched cell processes

until all of the actin IIlaments in the cell had been con―

verted to DB‐ actin fllaments.Although,in a previous

study,we established several stable lines oftransformed

cells,all expressed drebrin A only at low levels.正 【igh―

level expression of drebrin A may block the prolifera―

tion ofcells.ThereFore,at present,possible quantitative

relationships between the level of expression of drebrin

and the formation ofthick bundles of actin and between

the level of expression of drebrin and the formation of

cell processes remain to be clarined.However,neither

thick bundles of actin nor highly branched cell prO―

cesses、vere ever observed in control ibroblasts,、 vhich

did nOt express drebrin A.

When cultured cells were exposed to a reagent that

dep01ymerizes actin fllaments,such as cytochalasin D

[27], each Cell had a few short retraction processes
around the collapsed cell body.These retraction pro―

cesses usually did not extend beyond the originaledge of

the cell and seldoHl bifurcated.In contrast to these re‐

traction processes,the cell processes froln drebrin― ex,

pressing transfectants、 vere longer and often bifurcated.

巾Ioreover,the distribution of actin lllaments in pro―

cess―bearing transfectants 、 vas completely difFerent

from that in cells that had been treated with cytochala―

sin D.The highly branched cell prOcesses of transfec―

tants、vere entirely f11led、vith】DB―actin lllaments、vhile

the retraction processes contained only patchy dot― like

aggregates of short actin ilaments,which were scat―

tered in the cytoplasm[28].TheSe data indicate that the

cell processes of transfectants were direrent froln re―

traction processes that are caused by the destruction of

actin fllaments.Using tilne-lapse video recording,、 ve

、vill deterlnine in future experil■ents whether drebrin―

1 2 3 4 5 6
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FIG.6. Double― staining analysis ofdrebrin and actin in transfected CHO cells,CHO cells were transfected and stained as described in the

legend to Fig.4.Staining was visualized with ttiters speciflc for FITC(a,b,c)and rhoda■line(d,e,fl.Note that drebrin―like ilnmunoreactivity
on thick,cuNed bundles was c01ocalized with actin nlaments.Bars,20 μm,

expressing transfectants actively extend cell processes

to achieve their novel morphology.

We have already demonstrated the high‐ level expres―
slo■of drebrin in developing neurons and its accumula―

tion in growing neurites by two― diIIlensional gel electro―

phoresis and ilninunohistochen■ istry[17,18].Fisher cむ

αtt recently reported detection of lnessenger RNA for

drebrin E in osteoblasts[24].OsteOCytes in bone exhibit

highly branched,dendrite,like cell processes that reside

in channels called canaliculi.Fisher eけαチdemonstrated)
using a cell culture system,that the level ofthe lnessen‐

ger RNA、 vas elevated、vhen osteoblasts were producing
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FIC.7.  High― magniflcation IIuorescence micrographs oftransfected and control CHO cells CHO cells transfected、 vith cDNA for drebrin
A(a,b,d,e)and control CH()cells(|,fl were nxed and incubated、 vith drebrin―specinc monOclOnal antibody.The cells were then incubated

with FITC― conJugated goat antibodies against mouse lgG and、 vith rhodanline―conJugated phalloidin,but the cells for control analysis of

fluorescence“ cross―bleed"(a,d)ヽ Vere incubated with FITC― cottugated goat antibohes againSt lnOuse lgG alone.Staining was visualized with

fllters specinc for FITC(a,b,c)and rhOdamine(d,e,fl The photograph in(c)ヽ Vas exposed longer than thOse in(a)and(b)tO reCOrd the weak

il■InunonuOrescence of drebrin in control cells.Note that drebrin llke immunoreactivity on thick,curved bulldles was colocalized■ ith actin
fllaments(b,e)Bars,20 μm
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cell processes and decreased when osteOblasts reduced

the rate of formation Of new cell processes in culture.

These data also indicate that cells may use DB― actin

ilaments in the formation ofcell processes.At present,

the nature oF DB-3ctin ilamentsis unknown.However,

our results suggest that lDB‐ actin nlaments llight be

considered a new class of actin fllaments and that this

novel class of actin nlaments might be directly related

t o  t h e  f o r m a t i o n  o f  h i g h l y  b r a n c h e d  c e l l  p r o c e s s e s  f r o m

drebrin A― expressing cells.It will be ofinterest to ana―

lyze]DB― actin fllaments bioche■ lically and to elucidate

their role in the I■ olecular lnechanisln ofthe outgrowth

of neurites from developing neurons.
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