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Drebrin is a  development-associated  neuroprotein 
whose  cDNA into  fibroblasts  causes  the  formation  of 
dendrite-like  structures  (Shirao, T., Kojima, N., and 
Obata, K. (1992) Neuroreport 3, 109-112). To explore mo- 
lecular  functions of drebrin  during  brain  development, 
we  purified  drebrin from brains of  rat  embryos.  Drebrin 
bound  to  actin  filaments  at  a  stoichiometry of 1:5 with  a 
dissociation  constant (K,) of 1.2 x lo” M. It strongly in- 
hibited  the  actin  binding  activity of  tropomyosin.  Ex- 
cess amounts  of  tropomyosin also  inhibited  the  drebrin 
binding  to  actin  filaments,  suggesting  that  drebrin  and 
tropomyosin  competitively  bind  to  actin  filaments.  Fur- 
ther,  drebrin  inhibited  not  only  the  actin  binding  activ- 
ity of a-actinin  but  also  the  actin  cross-linking  activity 
of a-actinin. Gene transfection  experiments  revealed 
that  tropomyosin  was  dissociated from actin  filaments 
in  drebrin-overexpressing  fibroblasts.  Thus we hypoth- 
esize  that  drebrin may destabilize  actin  filaments by 
dissociating  tropomyosin  and  a-actinin from actin fila- 
ments,  resulting  in  the  formation  of  axon  and  dendrites 
during  neuronal  development. 

Axon and dendrite  formations are the  most  characteristic 
feature of nerve  cells.  Many  proteins that specifically  express  in 
association  with  outgrowth of axon and dendrites have been 
reported (1-6) (see  also Ref. 7 for  review).  Among them, some 
proteins are suggested  to  play an important  role in the  forma- 
tion of axon and dendrites. For example,  gene  transfection of 
GAP-43 to  non-neuronal  cells results in cell  process  formation 
(8). Little is known,  however,  about  the  molecular bases of the 
functions of these proteins. 

Drebrins were first identified  from chicken brain as 95- and 
100-kDa  proteins  on SDS-polyacrylamide gel  electrophoresis 
(PAGE)’ whose  expression was closely related to the development 
of brain (9). It is classified into two types of isoforms, embryonic 
type  (drebrin E) that exists in large  amount in whole cell bodies of 
developing neurons and adult type  (drebrin A) that exists  mainly 
in dendrites in adult brain (10,ll). In chicken, these isoforms are 
produced from a single  gene  by  alternative splicing (12). A func- 
tional difference of drebrin E and  drebrin A, however, has not  been 
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found. Transfection of cDNA for drebrin A into fibroblasts induced 
dendrite-like structures, suggesting that drebrin may be respon- 
sible  for outgrowth of axon and dendrites (13). Drebrin is also 
suggested to have actin binding  activity  because i t  is colocalized 
with actin  filaments in drebrin-transfected cells (14). 

In this report, we describe the purification of drebrin in na- 
tive form  from brains of rat embryos.  Furthermore,  we  show 
that drebrin had actin  binding  activity and strongly  inhibited 
the actin binding of tropomyosin and a-actinin.  These results 
were  discussed in terms of the  possible  role of drebrin in the 
organization of actin  filaments  in  the  outgrowth of axon and 
dendrites. 

EXPERIMENTAL  PROCEDURES 
Proteins-Drebrin  was purified from rat embryonic brain as follows. 

18-19-day-old rat embryos  were dissected, and  the brain was removed, 
rinsed in PBS,  frozen, and stored in liquid nitrogen until use. 20 g of 
frozen brains were  homogenized in  a Teflon homogenizer in buffer A 
that contained 100 mM KCl, 1 nw MgCl,, 5 mM EGTA,  10 mM 2-mer- 
captoethanol, 0.1 mM phenylmethlsulfonyl fluoride, 1 pg/ml leupeptin, 
and 20 mM Tris-HC1 (pH 7.6). The homogenate  was centrifuged at 
100,000 x g for 1 h, and  the  supernatant (Fig. 1, lane 1 )  was heated in 
a boiling water bath for 3 min, cooled  on  ice for 20 min, and centrifuged 
at 100,000 x g for 1 h. The supernatant (Fig. 1, lane 2 )  was  mixed with 
solid  ammonium sulfate to 34% saturation. The mixture was centri- 
fuged at 12,000 x g for 20 min, and the pellet  was suspended in and 
dialyzed against 500 ml of buffer B that contained 10 m 2-mercapto- 
ethanol and 20 mM Tris-HC1 (pH 7.6). The solution (Fig. 1, lane 3) was 
clarified by centrifugation at 16,000 x g for  10  min and applied to a 
column of DEAE-Toyopearl 650s (1-cm inside diameter x 5 cm;  Toyo 
Soda, Tokyo, Japan), which had been incorporated into an high per- 
formance liquid chromatography system (655A type; Hitachi, Tokyo, 
Japan)  and equilibrated with buffer B. The column  was  washed with 
two  column  volumes of buffer B and eluted with a  linear gradient of 
NaCl (0-500 mM) in buffer B. Column fractions were  examined by 
SDS-PAGE, and the fractions that contained a 140-kDa protein (Fig. 1, 
lane 4 ) were concentrated by ultrafiltration with  centricon 30  (Amicon, 
Denvers, MA). The concentrate was applied to a column of Superose 
6HR (1 cm inside diameter x 30 cm; Pharmacia Biotech Inc.) that had 
been equilibrated with buffer B plus 100 mM NaCl. The fractions con- 
taining the 140-kDa protein were concentrated by Centricon 30 and 
used as purified drebrin (Fig. 1, lane 5). 

Non-muscle  tropomyosin was purified from  bovine brain by the 
method of Matsumura and Yamashiro-Matsumura (15) with an addi- 
tional purification step of Superose 6HR  column  chromatography. Tro- 
pomyosin fractions in each steps were  confirmed by Western blotting 
stained with anti-tropomyosin antibody lV15 (16).  Smooth  muscle tro- 
pomyosin was purified from  chicken gizzard by the method of Feramisco 
and Burridge (18). Non-muscle  caldesmon  was purified from  bovine 
brain as described  previously (19). Actin  was  purified  from  chicken 
skeletal muscle as described elsewhere (20). 

The following  molecular masses were used for calculating the molar 
concentration of protein. Drebrin, 77,000 (derived from its cDNA) (13); 
actin, 42,000; brain tropomyosin,  58,000;  smooth  muscle  tropomyosin, 
66,000; a-actinin, 220,000. 

Assay for Actin Binding Actiuity-Various concentrations of drebrin 
(0-3.9 m) were  mixed with 7.1 p actin filaments in 100 mM NaCl and 
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FIG. 1. Purification of drebrin from brains of rat embryo. 
Purification  steps  characterized by SDS-PAGE. Lane 1, supernatant of 
brain  extract  after  ultracentrifugation;  lane 2, heat-resistant  fraction; 
lane 3, ammonium  sulfate  fractionation  (0-346  saturation);  lane 4, 
drebrin  fraction  after DEAE-Toyopearl column; lane 5, purified  drebrin 
after  Superose  6HR column. 

20 mM Tris-HC1 (pH 7.6). In some  experiments,  brain  tropomyosin  (1.7 
p~), smooth  muscle  tropomyosin (1.5-7.5 PM), or  a-actinin (0.46 or 0.91 
PM) were  added.  After  30-min  incubation a t  room temperature,  the 
reaction  mixtures  were  centrifuged  in an  Airfuge (Beckman  Instru- 
ments) a t  140,000 x g for 25 min. Levels of protein  in  supernatants  and 
precipitates  were  determined by SDS-PAGE and  subsequent  densitom- 
etry  as described previously (21). 

Assay for Actin Cross-linking Activity-Actin cross-linking  activity 
was  measured by  low speed  centrifugation  assay as  described  previ- 
ously (22). Various concentration (0-0.68 p ~ )  of a-actinin  were  incu- 
bated  with 7.1 PM actin  filaments  in  100 mM NaCl  and  20 mM Tris-HCl 
(pH  7.6)  in  the  absence  or  presence of 3.9 PM drebrin for 30 min at room 
temperature,  and  mixtures  were  then  centrifuged a t  8,000 x g for 20 
min.  The  amount of actin  in  both  supernatants  and  precipitates  was 
determined by SDS-PAGE and  subsequent  densitometry. 

Gene Dansfection-Chinese hamster  ovary cells (CHO-K1) were 
maintained  in F-12 nutrient  mixture (Life Technologies, Inc.)  contain- 
ing  10%  fetal  calf  serum  in an atmosphere of  5%  CO,. CHO-K1 cells 
were  transfected by the  standard calcium phosphate  coprecipitation 
method  (23)  with  plasmid MIW-DA which included cDNA for rat drebrin 
A  and a p-actin  promotor  (13).  Transfected cells were  cultured for 48  h, 
fixed in 3.7% formaldehyde for 30 min at 37 “C, and permeabilized  with 
0.1% Triton X-100 in  phosphate-buffered  saline.  Immunofluorescence 
labeling  was performed as described previously (13). 

Other Procedures-Protein concentrations  were  determined by the 
method of Bradford  (24),  with bovine serum  albumin  as a standard. 
SDS-PAGE was performed as described previously (25) by modifying 
the method of Laemmli  (26).  Western  blots  were preformed as described 
elsewhere (27). Limited  digestion of drebrin  was performed with V8 
protease,  separated by SDS-PAGE by the method of Cleveland  et al. 
(28),  and  blotted on a poly(viny1idene fluoride)  membrane  (Millipore, 
Bedford, MA). The 30-kDa band  was cut  and  sequenced  with a 477 
protein  sequencer  on  lined  with  a 120A phenylhydantoin-derivative 
analyzer (Applied Biosystems,  Foster City, CA). 

RESULTS 
Purification of Drebrin-Immunoblot analysis revealed that 

the level of drebrin  in embryonic rat brain  was much higher 
than  that  in  adult  brain (29). Thus, we chose the  brain of rat  
embryos as the  starting  material for the purification of drebrin. 

A  protein of 140-kDa on  SDS-PAGE was recovered from the 
supernatant  after centrifugation of a brain  extract  that  had 
been boiled for 3 min (Fig. 1,  lane 2). After conventional column 
chromatography, this protein was purified to homogeneity (Fig. 
1, lune 5). The yield was 0.05 mg/20 g of embryonic rat brain. 
The  partial  amino acid sequence of this protein  digested  with 
V8 protease  was LSGHFENQKVMYGF, which matched the 
deduced amino acid sequence of rat drebrin (from residue  54 to 
67) (13). Monoclonal antibody raised  against chicken drebrin 
(M2F6) (10) also  reacted  with this protein. Thus, we concluded 
that  this protein was rat drebrin E. 

Actin Binding Activity of Drebrin-Drebrin is colocalized 
with  actin  filaments  in cells transfected  with cDNA for drebrin 
(referred to as drebrin-transfected cells), suggesting that dre- 
brin  has  actin binding  activity (14). We examined  whether pu- 
rified drebrin also had  actin binding  activity  in vitro. In  the 
absence of actin filaments, drebrin was recovered in  superna- 
tant  after ultracentrifugation  (Fig. 2, lane l), whereas it pre- 
cipitated in  the presence of actin filaments (Fig. 2,  lane 41, 
indicating  that  drebrin  has  actin binding activity. To examine 
the binding profile in  detail, we measured actin binding activity 
of drebrin at various  concentrations of drebrin (Fig. 3). The 
binding was  saturated  at a molar ratio of 5 actin molecules to 
1 drebrin molecule. The free  drebrin  concentration under which 
half-maximum  binding was obtained,  namely dissociation 
constant, was 1.2 x 10” M. 

We also  examined the action of drebrin  in vitro. Pyrene- 
labeled actin polymerization experiments  revealed that drebrin 
did not have  actin nucleating,  actin  severing, or actin capping 
activity. Nor did it cross-link actin filaments, which was exam- 
ined by  low speed  centrifugation assay. These results were 
confirmed by electron microscopy (Fig. 2 0 .  However, control 
actin  filaments  stained with uranyl  acetate were  kinky and 
folded (Fig. 2B). This is attributable to the absence of phos- 
phate buffer or ATP in  the solution in which actin filaments 
were  suspended. When side-binding  protein such as tropomyo- 
sin or caldesmon bound to  the  actin filament, actin filaments 
became straight (25, 30). As shown in Fig. 2C, drebrin-bound 
actin  filaments were straight.  It  is probable that drebrin may 
bind to the side of actin filaments. 

Drebrin Inhibited the Binding of Dopomyosin to  Actin 
Filaments-We examined the effects of drebrin on the activity 
of other actin-binding  proteins.  Drebrin did not affect the ac- 
tivity of gelsolin, filamin, or caldesmon (data not shown), but  it 
inhibited the  actin binding of tropomyosin (Fig. 2A, lanes 5-8, 
Fig. 4). Brain tropomyosin bound to  actin filaments a t  a molar 
ratio of 0.11 when we mixed 7.1 VM actin  filaments with 1.7 J ~ M  

tropomyosin. This value dropped to 0.007 in  the presence of 1.1 
p~ drebrin (Fig. 4A, close circles), indicating that drebrin  in- 
hibited the binding of tropomyosin to  actin filaments.  Similar 
results were  obtained when smooth muscle tropomyosin was 
used  (Fig. 4A, open circles). 

To determine  whether tropomyosin and drebrin compete for 
binding to  actin filaments, we examined the binding of drebrin 
in  the presence of excess amounts of smooth muscle tropomyo- 
sin (Fig. 4B). When we mixed 0.65 PM drebrin  with 7.1 1.1~ actin 
filaments, drebrin bound to  actin filaments at a molar ratio of 
0.097 in the absence of tropomyosin. In  the presence of tropo- 
myosin, the molar ratio gradually  decrease to 0.031. These 
results suggest that  drebrin binds to  actin filaments a t  the 
same  site as tropomyosin. However, reduction of the binding of 
drebrin by tropomyosin was only by 70%. At present, we sug- 
gest  the following two possibilities. (i) The  amount of tropomyo- 
sin  is not  enough to  inhibit  the binding of drebrin completely in 
our experimental conditions, or (ii)  drebrin  has two actin bind- 
ing  sites, one of which is tropomyosin-sensitive and  the  other  is 
tropomyosin-insensitive. 

Inhibition by Drebrin ofActin Binding  and Actin Cross-link- 
ing Activities of a-Actinin-Effects of drebrin on the actin bind- 
ing activity of a-actinin were  also  examined (Fig. 5A). a-Actinin 
bound to  actin  filaments at a molar ratio of 0.038 in  the absence 
of drebrin. This value  gradually  decreased to 0.014 when we 
increased the concentration of drebrin  to 2.6 w, indicating that 
drebrin inhibited the binding of a-actinin to actin filaments. 

Because a-actinin cross-links actin filaments, we examined 
whether  drebrin affected its actin-cross-linking activity by a 
low speed  centrifugation assay. As shown in Fig. 5B, the 
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FIG. 2. Co-sedimentation of drebrin 
with actin filaments in the absence or 
presence of tropomyosin (A) and 
electron microscopy of actin fila- 
ments in the absence ( B )  or presence 
(C) of drebrin. Panel A, 0.52 pxr drebrin 
was  incubated  with  7.1 p~ actin  filaments 
in  the absence or presence of 1.2 phi 
smooth  muscle  tropomyosin for 30 min a t  
room temperature,  and  then  the  reaction 
mixtures  were  centrifuged  in an  Airfuge 
(140,000 x g, 25  rnin).  Supernatants  and 
precipitates  were  analyzed by SDS- 
PAGE. Lanes 1 and 2, supernatant  and 
precipitate, respectively, of drebrin solu- 
tion  without  actin  filaments or tropomyo- 
sin; lanes 3 and 4,  supernatant  and pre- 
cipitate, respectively, in  the presence of 
drebrin  and  actin  filaments; lanes 5 and 6, 
supernatant  and  precipitate, respectively, 
in  the presence of drebrin, tropomyosin, 
and  actin  filaments; lanes 7 and 8, super- 
natant  and  precipitate, respectively, in 
the presence of tropomyosin  and  actin 
filaments; lanes 9 and 10, supernatant 
and precipitate, respectively, of tropomyo- 
sin  solution  without  drebrin  or  actin fila- 
ments. Panels B and C, 7.1 PM actin  fila- 
ments  was  incubated  in  the  absence ( B )  
or presence (C) of 3.9 PM drebrin for 30 
min a t  room temperature  in  100 mM KC1 
and 20 mM Tris-C1 (pH 7.5). The  solution 
was fixed and  stained  with 1% uranyl 
acetate  and observed with  electron mi- 
croscopy. Bars, l pm. 
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FIG. 3. Binding of drebrin to actin filaments. Drebrin a t  various 

concentration (0-3.9 p ~ )  was  incubated  with  7.1 p~ actin  filaments for 
30 min a t  room temperature,  and  then  the  reaction  mixture  was  cen- 
trifuged  in an Airfuge (140,000 x g, 25 rnin). Levels of protein  in  super- 
natants  and  precipitates  were  determined by SDS-PAGE and  subse- 
quent  densitometry.  The  amount of drebrin bound to  actin  filaments 
was  plotted  against  the  concentration of free  drebrin. 

amount of precipitated actin  was  less  than 10% in  the absence 
of a-actinin. I t  gradually increased with  increasing concentra- 
tions of a-actinin.  61% of actin precipitated in  the presence of 
0.68 VM a-actinin, indicating that  a-actinin cross-linked actin 
filaments. On the  other  hand,  the  amount of precipitated actin 
remained low in  the presence of drebrin (Fig. 5B, close circles). 
These results suggest that  drebrin  inhibits  the  actin cross- 

linking activity of a-actinin. Note that 3.9 p~ drebrin com- 
pletely inhibited the  actin bundling  activity of a-actinin (Fig. 
5B),  whereas  the  same  amount of drebrin reduced the  actin 
binding of a-actinin by 40% (Fig. 5A). We suggest the following 
two possibilities. (i) Inhibition of actin binding a t  one of two 
actin binding sites allows drebrin  to  inhibit  actin cross-linking 
activity, whereas  drebrin  must  act a t  two actin binding sites  to 
inhibit  actin binding activity. (ii) Drebrin  may  directly bind to 
a-actinin  to  cause conformational changes or break  the dimer 
form of a-actinin, resulting  in loss of actin bundling  activity of 
a-actinin. 

Dissociation of  Popomyosin  from Microfilaments in  Drebrin- 
transfected Cells-Does drebrin compete with tropomyosin in 
living cells for binding to  actin filaments? As shown in Fig. 6, 
drebrin-transfected cells developed highly branched  exten- 
sions, confirming our previous results (13, 14). All of the highly 
branched cells were drebrin-positive. In  these cells, actin fila- 
ments were well developed, and  drebrin  was colocalized with 
actin filaments. 

Tropomyosin was colocalized with actin  filaments  in nor- 
mally shaped cells (Fig. 7). On the  other  hand,  staining for 
tropomyosin was  faint  and diffuse in highly branched cells. 
Tropomyosin was  not colocalized with  actin filaments (Fig. 7, B 
and D), although  actin  filaments were well developed (Fig. 7, A 
and C ) .  To confirm the expression of drebrin  in  the cells whose 
tropomyosin staining is diffuse, we double-stained cells with 
tropomyosin- and drebrin-specific antibodies (Fig. 8). Staining 
for tropomyosin was  faint  and diffuse in  these cells, and drebrin 
was  not colocalized with tropomyosin. I t  appeared  that expres- 
sion of drebrin caused tropomyosin to dissociate from actin 
filaments  in living cells, a result  that  is  quite compatible with 
that of experiments in  vitro. 
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FIG. 4. Drebrin  and  tropomyosin  competed  for  binding  to  actin 

was incubated with 7.1 p~ actin filaments and various concentrations 
(0-3.3 p) of drebrin (DR) for 30 min at room temperature. Subsequent 
procedures were the same as those described in the legend  to  Fig. 3. 
Binding of tropomyosin was plotted against concentration of drebrin in 
the presence of brain tropomyosin (0) and in  the presence of smooth 
muscle  tropomyosin (0). Panel B, 0.65 PM drebrin (DR) was incubated 
with 7.1 p~ actin filaments and various concentration (0-7.6 p ~ )  of 
smooth  muscle  tropomyosin  for 30 min at room temperature. Subse- 
quent procedures were the same as those described in  the legend  to Fig. 
3. Binding of drebrin to actin filaments was plotted against  the concen- 
tration of smooth  muscle  tropomyosin. 

DISCUSSION 

We purified the 140-kDa protein from the  brain of ra t  embryo 
(Fig. 1). Following three  criteria, we conclude that this protein 
was rat embryonic type  drebrin.  (i)  It  was expressed in  large 
amounts at the embryonic stage  but  not  in  the  adult  stage.  (ii) 
Partial amino acid  sequence of this protein  matched rat  dre- 
brin.  (iii) Antibody raised  against chicken drebrin cross-reacted 
with  this  protein. 

Heat  treatment  has  been  used successfully to purify several 
proteins  with  high  a-helix  content (17, 19). Drebrin  also has 
high  a-helix  content (12, 13). Thus, we believe that this is the 
first  report of purification of drebrin  in  the  native form, al- 
though we cannot exclude the possibility that some effects were 
lost by heat  treatment.  Maekawa  and  Sakai (31) reported  the 
purification of 110-kDa actin-binding  protein from rat  brain. 
Like drebrin,  this  protein  was  heat-stable,  and its actin  binding 
was  inhibited by tropomyosin. Unlike  drebrin, however, the 
110-kDa protein  was insoluble in a physiological salt solution. 
At this point, it  is not  clear  whether this protein  is  the isoform 
or degradation  product of drebrin. 

Modulatory effects of drebrin on the  activities of other  actin- 
binding  proteins  were  examined. I t  did not affect the  activity of 
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FIG. 5. Inhibition by  drebrin of the  actin  binding (Panel A)  and 

actin  cross  linking (Panel E )  activities of a-actinin. Panel A, 0.46 
or 0.91 p~ of a-actinin (d) was incubated with 7.1 p actin filaments 

temperature. Other procedures were the same as those described in the 
and various concentration (0-3.9 p ~ )  of drebrin for 30 min at room 

legend to Fig. 3. Binding of a-actinin to actin filaments was plotted 
against  the concentration of drebrin in the presence of 0.46 PM (A) and 
0.91 p~ (0) a-actinin. Panel B ,  various concentrations (0-0.68 PM) of 
a-actinin were incubated with 7.1 p~ actin filaments in the absence or 
presence of 3.9 p~ drebrin for 30 min at room temperature,  and mix- 
tures were then centrifuged at 8,000 x g for 20 min. The amount of actin 
in both supernatants and precipitates was determined by SDS-PAGE 
and subsequent densitometry. The amount of actin precipitated after 
low speed centrifugation was plotted against the concentration of a- 
actinin in  the absence (0) and  the presence (0) of drebrin. 

gelsolin or actin  binding  activity of caldesmon or filamin,  but 
strongly  inhibited  the  actin  binding activity of tropomyosin 
(Figs. 2 and 4A) and  actin  binding (Fig. 5 A )  and  actin 
cross-linking  (Fig. 5 B )  activities of a-actinin. 

Inhibition by drebrin of actin  binding  activity of tropomyosin 
was also examined by transfection of the  drebrin  gene  into 
fibroblasts. In normal fibroblasts, the level of drebrin  was low, 
and tropomyosin localized in  actin  stress fibers  (Fig. 6).  In 
drebrin-transfected cells, staining of tropomyosin  became dif- 
fuse  and  faint  and  was  not colocalized with  actin  filaments 
(Figs. 7 and 81, suggesting  that expression of drebrin  causes 
tropomyosin to dissociate  from actin  filaments  in  these cells. 
However, actin  filaments seemed to increase  in  drebrin-trans- 
fected cells. Thus,  another  interpretation of our  results  is  that 
the  amount of tropomyosin in  these cell is limiting so that the 
relative  ratio of tropomyosin per  actin  filaments becomes low. 
Construction of a stable  transformant  and  examination of the 
levels of actin  filaments, tropomyosin, and  drebrin  remain  to be 
demonstrated. 

What is  the physiological function of drebrin  in  the develop- 
ment of nerve cells? Tropomyosin and  a-actinin  are colocalized 
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I.'[(;. 6. Comparison  of  the  localization of drehrin  with  act in   in  
drebrin-transfected  cells. Fluorescvnt micrographs of t l o u h l c  I;thrl- 
ing  with  rhodnminc-phalloidin (A and Ci  and \ v i t h  drehrin-specific 
monoclonal antibody M2F6 ( I 3  and Dl. Arrous indicate  the  drebrin- 
transfected  cells. Bnr, 20 pm. Note that typical  drebrin-transfected cells 
are highly branched.  Drebrin  is colocalized with  actin  filaments  in  these 
cells. 

F I ~ ; .  7. Comparison  of  the  localization  of  tropomyosin  with 
actin  in  drehrin-transfected  cells .  Fluorescent  micrographs of dou- 
ble labeling \vith rhotlamine-phalloidin ( A  and C )  and a i th  tropomyo- 
sin-specific monoclonal antibody IVl5 ( I 3  and Dl. Bar, 20 pm. Note that 
tropomyosin is not colocalized with  actin in highly  branched cells 
(nrrows), whereas i t  is colocalized with actin  stress  fibers  in  normally 
shaped cells. 

with actin  stress fibers but not with  actin  filaments  in ruffling 
membranes or  microspikes (32,  33). Since turnover of actin 
filaments  in microspikes  or  ruffling membranes  is much more 
rapid  than  that of actin  stress fibers (34), tropomyosin and 
a-actinin  may be involved in  the  stability of actin  filaments in 
viva. We and  others previously showed that tropomyosin sta- 
bilizes actin  filaments by protecting them from actin-destabi- 
lizing proteins, such as gelsolin (25,30,35), fragmin (36), villin 
(37,  38), actin-depolymerizing  factor (39), and DNase I (40). 
Gelsolin (41) and actin-depolymerizing  factor (39) are found in 
brain  tissue.  Judged from staining  with Coomassie Blue of the 
fraction of embryonic brain  extract  that coprecipitated with 
actin  filaments,  the level of drebrin  was  higher  than  that of 
tropomyosin or a-actinin  (data  not shown). Thus, only a small 
fraction of actin  filaments  is associated  with tropomyosin or 

1;~;. 8. Double-staining  images  of  drebrin  and  tropomyosin  in 
drebrin-transfected  cells. Fluorescent microkwaphs o f  douhlc Iahrl- 
ing with drchrin-specific polyclonal antibodies  RDEl (A  and C )  and 
with tropom.vosin-specific antibody IV15 ( B  and D ). Bar, 20 pm. Note 
that tropomyosin staining  is  faint  and diffuse in drebrin-transfected 
cells and  is  not colocalized with drebrin. 

a-actinin  in growing nerve cells. 
It is tempting to speculate  that,  in growing neurons,  the level 

of drebrin  is high  enough to  cause tropomyosin to dissociate 
from actin  filaments.  Then  actin  filaments  are easily attacked 
by actin-destabilizing  proteins,  such as gelsolin or actin-depo- 
lymerizing factor, remaining  in  an  unstable  and dynamic form, 
suitable for cell migration or the vigorous growth of axon and 
dendrites.  In  mature  neurons, levels of drebrin  are low, and 
tropomyosin can  bind to  actin  filaments to protect them from 
actin-destabilizing  proteins.  Cross-linking of actin  filaments by 
a-actinin  enhances  the  stability of actin  filaments, which can 
then  maintain cell shape. 
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