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Suppression of Cofilin Phosphorylation in Insulin-Stimulated Ruffling Membrane 
Formation in KB Cells
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ABSTRACT.  Various cellular events such as cell motility and division are directed by the actin cytoskeleton under
the control of its regulatory system. Cofilin is a low molecular weight actin-modulating protein that severs and
depolymerizes F-actin and is shown to enhance actin filament dynamics. The activity of cofilin is negatively
regulated by phosphorylation at Ser-3. In human epidermoid carcinoma KB cells, insulin treatment induces
characteristic ruffling membranes, and it was reported that LIMK1, a cofilin kinase, was activated in these cells
treated with insulin. Since cofilin is a key protein responsible for establishing the rapid turnover of actin filaments,
it appears to be contradictory that cofilin is phosphorylated (inactivated) by a stimulus that is known to induce the
highly dynamic actin structure, ruffling membranes. Therefore, we examined the phosphorylation state
of endogenous cofilin in KB cells treated with insulin. The dephosphorylated form of cofilin increased with
insulin treatment, as analyzed by nonequilibrium pH gradient gel electrophoresis (NEpHGE)-immunoblotting.
Cell labeling with 32P orthophosphate indicated that cofilin was being continuously phosphorylated and
dephosphorylated, and that the apparent insulin-induced dephosphorylation was due to suppression of continuous
phosphorylation and not to enhanced dephosphorylation. Further, we examined the localization of the
phosphorylated form of cofilin using phospho-specific antibody raised against phosphorylated cofilin.
Surprisingly, phosphorylated cofilin was concentrated in the ruffling membranes induced by insulin. These results
suggest that the examination of the kinetics and spatial regulation of phosphorylation is critical for the elucidation
of the role of cofilin and upstream kinases in actin reorganization.
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Various cellular events such as cell motility and division are
directed by the actin cytoskeleton under the control of its
regulatory system. Cofilin is a low molecular weight actin-
modulating protein of the cofilin/actin depolymerizing fac-
tor (ADF; also known as destrin) family that was originally
isolated from porcine brain (Nishida et al., 1984) and is
ubiquitously distributed in eucaryotes from budding yeast to
mammals (Aizawa et al., 1995; Iida et al., 1993; Moon et
al., 1993). Cofilin binds to actin in both monomeric and
polymerized forms in a 1:1 molar ratio and depolymerizes

F-actin in a pH dependent manner (Nishida et al., 1984;
Yonezawa et al., 1985). Recently, cofilin was reported to
enhance actin filament dynamics (Theriot, 1997). It was
shown that cofilin is a critical protein for the turnover of
actin filament (Rosenblatt et al., 1997, Lappalainen and
Drubin, 1997). The effect of cofilin on actin filament
dynamics could be attributable either to the severing of
filamentous actin (Moriyama and Yahara, 1999) or to the
acceleration of actin treadmilling (Carlier et al., 1997) or to
both.

Confocal microscopic dissection of Dictyostelium
discoideum cells immunofluorescently labeled with anti-
cofilin antibodies revealed that cofilin is codistributed with
actin on ruffling membranes but not on adhesion plaques
(Aizawa et al., 1995). Overexpression of cofilin in these cells
stimulates membrane ruffling and cell motility (Aizawa
et al., 1996). The condensation of cofilin in ruffling areas was
also observed in other cell types (Heyworth et al., 1997;
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Nagaoka et al., 1996). These observations, together with the
effect of cofilin on actin filament dynamics, suggested that
cofilin might be involved in the formation of dynamic,
rather than static, actin-based structures like ruffling
membranes. The activity of cofilin is regulated by phospho-
rylation at Ser-3 (Agnew et al., 1995; Moriyama et al.,
1996). Phosphorylation of cofilin abolishes essentially all its
activities towards actin. Cofilin is rapidly dephosphorylated
upon stimulation in various cell types including platelets,
neutrophils, thyroid cells, T-cells, parotid gland cells,
astrocytes and oocytes (Davidson and Haslam, 1994;
Djafarzadeh and Niggli, 1997; Heyworth et al., 1997;
Suzuki et al., 1995; Okada et al., 1996; Saito et al., 1994;
Samstag et al., 1994; Kanamori et al, 1995; Takuma et al.,
1996; Baorto et al., 1992; Abe et al., 1996). These activation
processes are well correlated with changes in cytoskeletal
organization and assembly.

The kinases responsible for phosphorylating cofilin
reported so far are LIM kinases, LIMK1 and LIMK2,
closely related serine/threonine kinases (Lawler 1999) and
testicular protein kinases (TESKs), TESK1 and TESK2,
which have a kinase domain related to those of LIMKs
(Toshima et al., 2001a, Toshima et al., 2001b). Arber et al.
and Yang et al. (Arber et al., 1998, Yang et al., 1998) first
reported that LIMK1 specifically phosphorylated cofilin
under the control of Rac, a Rho family small GTPase that is
central regulator of formation of ruffling membranes/lamel-
lipodia. These reports suggest that activation of LIMK1 by
Rac results in the phosphorylation and inactivation of cofi-
lin, leading to stabilization of actin filaments and formation
of ruffling membranes. This model of formation of ruffl-
ing membranes is not consistent with the fact that such
membranes are not static structures; rather, actin filaments
are being rapidly turned over in these ruffling areas. Since
cofilin is a key protein for establishing highly dynamic
actin cytoskeleton and cofilin localizes in ruffling areas in
many cell types, it is likely that cofilin activity is required
for the formation of ruffling membranes. Cofilin might be
activated in the cells stimulated by ruffling-inducing
stimuli. We therefore attempted to examine the state of cofilin
phosphorylation and phosphorylation/dephosphorylation
kinetics in cells treated with ruffling-inducing agents. We
also examined the localization of phophorylated cofilin in
cells that were induced to form ruffling membranes.

Materials and Methods

Cell Culture

Human epidermoid carcinoma KB cells were maintained in
Dulbecco’s Modified Eagle Medium (DMEM) supplemented with
10% fetal calf serum (FCS) and 60 mg/l kanamycin sulfate (Banyu
Pharmaceutical Co., Ltd.) in 5% CO2.

Non-equilibrium pH gradient electrophoresis
(NEpHGE) and immunoblotting

KB cells were plated at a density of 1.5×105 cells per 60 mm cul-
ture dish. The day following plating, the medium was changed to
serum-free DMEM and cells were maintained in this medium for
36–44 h (serum-starved condition). The cells were stimulated with
5 µg/ml insulin (Sigma Chemical Co.) and harvested at various
time points. The cells were washed twice with ice-cold PBS and
lysed in 300 µl of lysis buffer (20 mM Tris-HCl (pH 7.6), 0.5%
TritonX-100, 10 mM NaF, 10 µg/ml aprotinin, 1 mM PMSF). The
lysate was centrifuged for 15 min at 15,000 rpm at 4°C. Proteins
were precipitated with 10% trichloroacetic acid (TCA) and washed
twice with ice-cold acetone. Protein pellets were dissolved in
NEpHGE sample buffer (8.5 M urea, 5% (w/v) CHAPS, 2% (v/v)
ampholine, 5% (v/v) 2-mercaptoethanol). The composition of
NEpHGE was 4% (w/v) acrylamide (4% T, 5.4% C), 8.5 M urea,
2% (w/v) CHAPS, and 2% (v/v) ampholine. Ten microliters of the
sample was loaded and the same volume of overlay solution (5 M
urea, 1% (v/v) ampholine) was laid over the sample. The lower and
upper reservoirs were filled with 10 mM NaOH and 40 mM
H3PO4, respectively. Electrophoresis was conducted initially at 200
V for 10 min, and at 400 V for 75 min. To remove urea from the
gel and to bind SDS to the proteins in the gel, the gel was washed
for 50 min with buffer (5 mM Tris-HCl (pH 8.0), 1% (w/v) SDS,
50% (w/w) methanol) during which the buffer was changed every
10 min and the gel was left in this buffer for an additional 70 min.
Prior to transfer to PVDF membrane, the gel was equilibrated
with transfer buffer (25 mM Tris, 250 mM glycine, 10% (v/v)
methanol) for 20 min, and electrotransfer was then conducted at 8
V/cm for 2 h. The membrane was blocked with 5% (w/v) skimmed
milk in TBS overnight at 4°C, and incubated for 1 h at room tem-
perature with primary antibody (rabbit polyclonal anti-cofilin anti-
body (Moriyama et al., 1996)) at 1:250 dilution in antibody diluent
(1% (v/v) FCS in TBS). Secondary antibody (sheep anti-rabbit Ig;
Amersham Pharmacia Biotech AB, Uppsala, Sweden) was used at
1:1000 dilution (40 min at room temperature). The immunoblot
was visualized with ECL system (Amersham Pharmacia Biotech
AB).

Determination of kinetics of phosphorylation and
dephosphorylation of cofilin

Changes in the phosphorylation rate of cofilin in response to insu-
lin were determined as follows. KB cells were seeded and serum-
starved as described above. They were then washed three times
with phosphate-free DMEM, and incubated in 1–1.5 ml of the
same medium containing 32P orthophosphate (NEN Life Science
Products, 7.4 MBq/ml) for 5 min before stimulation. Insulin was
added at 5 µg/ml, and control cells were treated with HBS (20 mM
HEPES-NaOH (pH 7.4), 150 mM NaCl). At various time points,
cells were washed twice with ice-cold HBS, and lysed with 300 µl
of lysis buffer and the lysates were stored frozen at –80°C until
immunoprecipitation. The dephosphorylation rate of cofilin was
determined as follows. KB cells were seeded and serum starved as
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described above. After serum-starvation for 36–44 h, the medium
was changed to phosphate-free DMEM, in which 3.7 MBq/ml 32P
orthophosphate was added. Cells were labeled in this medium for 2
hours, washed three times with DMEM containing non-radioactive
H3PO4 at the same concentration. The cells were maintained in 1
ml of this medium for 10 min and then stimulated with insulin. For
controls, cells were treated with HBS.

For immunoprecipitation, the cell lysates were thawed and centri-
fuged for 15 min at 15,000 rpm at 4°C. Protein concentrations of
the supernatants were determined, after which they were adjusted
to the same concentrations among samples. Protein A-Sepharose
(Pharmacia) was added to the supernatants and rocked for 1 h in
ice. After pelleting the beads, anti-cofilin antibody (Moriyama et
al., 1996) was added to the pretreated supernatants and rocked for
1 h in ice. The mixtures then received fresh protein A-Sepharose
and were further rocked for 1 h in ice. Immune complex was
washed 4 times with lysis buffer, and suspended in 2× SDS-PAGE
sample buffer. The samples were boiled for 5 min, and subjected to
SDS-PAGE. The gel was silver-stained and exposed to an imaging
plate overnight. The image of the gel was captured with optical
scanner and the radioactivity of each band was analyzed using a
BAS-2500 system (Fujifilm, Tokyo, Japan). Radioactivity was
normalized to the optical density of silver-stained bands as ana-
lyzed by NIH-Image.

Immunofluorescence

KB cells were plated on 14 mm coverslips coated with poly-L-
lysine at a density of 5×103 cells per 22 mm well. After 24 h, the
medium was changed to serum-free DMEM and left in this
medium for a further 36–48 h. The cells were stimulated with 5 µg/
ml insulin. After 5 min, cells were fixed with 3.7% formaldehyde-
PBS for 15 min, washed with PBS, and then permeabilized with
0.2% TritonX-100-PBS for 15 min. The coverslips were double-
stained with anti-cofilin monoclonal antibody (MAB22; a gener-
ous gift from Drs. T. Obinata and H. Abe, Chiba University; Abe et
al., 1989) and anti-phosphorylated cofilin polyclonal antibody
(Aizawa et al., 2001). Secondary antibodies were goat anti-mouse
IgG-Cy3 (Amersham) and goat anti-rabbit IgG-FITC (Jackson
ImmunoLaboratory). The fluorescent image was enhanced using
Photoshop software to clearly visualize the ruffling membrane
areas. Therefore, the fluorescent intensity may not be proportional
to the amount of specific antigen in these images.

Results

Phosphorylation state of cofilin in insulin-treated KB
cells

Human epidermoid carcinoma KB cells were reported to
show characteristic ruffling membranes in response to vari-
ous stimuli (Kadowaki et al., 1986). Insulin induces ruffling
membranes in these cells and it was reported that the kinase
activity of endogenous LIMK1 immunoprecipitated from
insulin-treated KB cells was about 1.4 fold higher than rest-

ing cells. Since phosphorylation level of cofilin may not be
determined solely by LIMK1 kinase activity, we attempted
to determine the phosphorylation state and the phosphory-
lation/dephosphorylation kinetics of endogenous cofilin in
vivo using KB cells.

First, we investigated the net phosphorylation level of
cofilin in insulin-treated KB cells using NEpHGE followed
by immunoblotting (Fig. 1A). As shown in Figure. 1B,
about 40% of cofilin is the phosphorylated (inactive) form
and about 60% is the dephosphorylated (active) form in
serum-starved KB cells. Insulin treatment decreased the
phosphorylated form to 15% after 5 min of treatment, after
which the phosphorylated form gradually increased. Insulin

Fig. 1. Changes of phosphorylation level of cofilin in insulin-stimulated
KB cells. A. Time-course changes of phosphorylation level of cofilin in
KB cells treated with insulin. KB cells were treated with 5 µg/ml insulin
and the cells were harvested at indicated times. Cellular proteins were
resolved with non-equilibrium pH gradient gel electrophoresis and
subjected to immunoblot using anti-cofilin antibody. B. The upper and
lower bands represent phosphorylated and dephosphorylated cofilin,
respectively. p-cofilin denotes phosphorylated cofilin. The optical density
of the bands in A was quantified and the ratio of upper band to total was
calculated. The mean value and the standard deviation of three independent
experiments were plotted.
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treatment transiently increased the active, dephosphorylated
form, and decreased the inactive, phosphorylated form of
cofilin. It should be noted that the dephosphorylation was
transient and the ratio of phosphorylated form gradually
recovered in the prolonged insulin exposure. In contrast to
the activation of kinase activity of LIMK1 as reported by
Yang et al., the net phosphorylation level of endogenous
cofilin decreased in insulin-treated KB cells. As the net
phosphorylation state of cofilin must be determined from
the functions of two antagonizing biochemical events, the
phosphorylation and dephosphorylation of the protein, these
two events were determined separately using 32P-labeling.

Since a significant portion of cofilin in resting cells
is phosphorylated, prolonged prelabeling with 32P-ortho-
phosphate before insulin stimulation may increase the
background of radiolabeled cofilin. Thus, KB cells were
briefly prelabeled with 7.4 MBq/ml 32P orthophosphate for
5 min before stimulation and then stimulated with insulin.
After 5 and 10 min, the cells were lysed and cofilin in the
lysates was immunoprecipitated. Incorporation of 32P into
cofilin increased in untreated control cells as a function
of time (Fig. 2A, B). In contrast, 32P incorporation in insulin-
treated cells was significantly less than that in untreated
cells after 5 min (P<0.05). Incorporation of radiolabel into
cofilin at 10 min after stimulation was not significantly
different. These findings indicate that insulin treatment of
KB cells transiently inhibited cofilin phosphorylation. As it
was possible that the lack of increase in cofilin phosphory-
lation in insulin-stimulated cells was a result of enhanced
dephosphorylation, the dephosphorylation kinetics of cofilin
was determined.

Cells were prelabeled with 3.7 MBq/ml 32P ortho-
phosphate for a more prolonged period (2 hours) to
equilibrate phosphate turnover of phosphorylated cofilin. The
medium was then shifted to DMEM without radioac-
tive orthophosphate. The cells were maintained in this
medium for an additional 10 min and then treated with
insulin or left untreated. Cofilin in the lysates was immuno-
precipitated. The results clearly showed that insulin treat-
ment had almost no effect on the dephosphorylation kinetics
of cofilin (Fig. 3A, B).

From these findings, it is concluded that cofilin is contin-
uously being phosphorylated and dephosphorylated even in
resting cells, and that insulin treatment suppresses cofilin
phosphorylation but has little effect on cofilin dephosphory-
lation. As a result, the net phosphorylation level of cofilin
decreases transiently after insulin treatment in KB cells.

Localization of phosphorylated cofilin in
insulin-stimulated KB cells

Next, the localization of the phosphorylated form of cofilin
in KB cells was examined. Anti-phosphorylated cofilin-spe-
cific antibody was produced (Aizawa et al., 2001) and
checked for the specificity with immunoblot after both

SDS-PAGE and NEpHGE. As shown in Figure 4A, this
antibody specifically recognizes phosphorylated cofilin in
KB cell extract. Using this antibody, the localization of

Fig. 2. Phosphorylation kinetics of cofilin in KB cells treated with insu-
lin. A. KB cells were labeled with 32P-orthophosphate and treated with
insulin or untreated (control). Cofilin was immunoprecipitated from cell
lysate, subjected to SDS-PAGE, followed by silver-staining and radioactivity
was analyzed with BAS-2500 (32P). B. Radioactivity of bands was
normalized to optical density of silver-stained bands. Mean values and
standard deviation of three independent experiments were plotted for insu-
lin-treated (closed circles) and control cells (open circles). Asterisk denotes
significant difference (P<0.05) between control and insulin treated cells.
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phosphorylated cofilin in KB cells treated with insulin was
examined. For double-staining, anti-cofilin monoclonal
antibody (MAB22; Abe et al., 1989) was used together with
anti-phosphorylated cofilin polyclonal antibody. Phospho-
rylated cofilin in non-stimulated cells was found to be dif-
fusely distributed in the cytoplasm just as in the case of total
cofilin (Fig. 4B b, c). When stimulated with insulin, the
phosphorylated form of cofilin was also concentrated in the
ruffling membranes as total cofilin (Fig. 4B e, f).

Discussion
The kinases responsible for phosphorylating cofilin reported
are LIMKs, LIMK1 and LIMK2, closely related serine/thre-

onine kinases (Lawler, 1999), and testicular protein kinases,
TESK1 and TESK2, which have a kinase domain related to
those of LIMKs (Toshima et al., 2001a, Toshima et al.,
2001b). Since the finding that LIMK1 phosphorylates cofi-
lin downstream of Rac, the regulation of LIMKs has been
extensively studied, especially with regard to Rho family
GTPases (Lawler 1999). Rho family GTPases centrally reg-
ulate actin cytoskeleton and each family members induces
specific actin structures: Rho induces stress fibers and focal
adhesions; Rac induces membrane rufflings/lamellipodia;
Cdc42 induces filopodia; and both Rac and Cdc42 induce
focal complexes (Nobes and Hall, 1995, Ridley and Hall,
1992, Ridley et al., 1992). Edwards et al. reported Rac acti-
vates LIMK1, partly through PAK activation (Edwards et
al., 1999). Rho and Cdc42 activate LIMK2 (Sumi et al.,
1999), and in the case of Rho, this activation is partly
through ROCK activation (Maekawa et al., 1999). These
results suggest cofilin is equally inactivated in any actin
reorganization process, whatever the upstream GTPases
involved. In fact, cofilin activation (dephosphorylation) was
observed in many cell types after cell stimulation that is
accompanied by cytoskeletal rearrangement. This apparent
discrepancy may come from the differences in the dynamic
nature of the actin structures in question. The actin struc-
tures typically induced by each Rho family member are dis-
tinct with regard to actin cytoskeleton dynamics. In contrast
to the stress fibers that are relatively static, ruffling mem-
branes/lamellipodia are highly dynamic structures, which
may require cofilin activity to form. Our finding clearly
shows that cofilin is dephosphorylated (activated) in the for-
mation of these structures. In support of this, Zebda et al.
showed that inhibition of ADF/cofilin function by expres-
sion of kinase domain of LIMK1 did not stimulate, but
rather inhibited EGF-induced barbed end formation and
subsequent lamellipod extension (Zebda et al., 2000).

The finding that LIMK1 was activated in KB cells by
insulin treatment was obtained using in vitro kinase assay
(Yang et al., 1998). This assay was performed in vitro with
immunoprecipitated LIMK1 from insulin-treated KB cells
using (His)6-cofilin as a substrate. The kinetics of LIMK1
activation after insulin treatment showed that its peak
resides at 5 min after treatment. Our present study shows
that net phosphorylation level decreased rapidly until 5 min
treatment and after that, the phosphorylation level gradually
increased. This indicates that cofilin dephosphorylation was
restricted to the very short period at the beginning of the
insulin action and that cofilin phosphorylation actually took
place at prolonged insulin exposure. Although the identity
of the kinase(s) which continuously phosphorylate cofilin
and is suppressed shortly after insulin treatment remains to
be elucidated, it is also possible that subsequent phosphory-
lation was responsible for LIMKs. Since dominant-negative
LIMK1 was shown to inhibit insulin-induced membrane
ruffling in KB cells, cofilin inactivation may also be essen-
tial in the somewhat later phase for ruffle formation, proba-

Fig. 3. Dephosphorylation kinetics of cofilin in KB cells treated with
insulin. A. KB cells were prelabeled with 32P-orthophosphate, then medium
was changed to that not containing radiolabel. After 10 min, cells were
treated with insulin or untreated (control). Cofilin was immunoprecipitated
from cell lysate, subjected to SDS-PAGE, followed by silver-staining and
radioactivity was analyzed with BAS-2500 (32P). B. Radioactivity of bands
was normalized to optical density of silver-stained bands and plotted as a
function of time and plotted for insulin-treated (closed circles) and control
cells (open circles).
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Fig. 4. Localization of total cofilin and phosphorylated cofilin in KB cells. A. Characterization of anti-phosphorylated cofilin antibody used for immuno-
staining. KB cell extract was resolved both by NEpHGE and SDS-PAGE, followed by immunoblotting using anti-cofilin antibody (Moriyama et al., 1996)
and anti-phosphorylated cofilin antibody (Aizawa et al., 2001). The anti-phosphorylated cofilin antibody specifically recognizes phosphorylated form of
cofilin. p-cofilin and anti-p-cofilin denote phosphorylated cofilin and anti-phosphorylated cofilin, respectively. B. Localization of phosphorylated cofilin in
insulin-stimulated KB cells. Control KB cells (a, b, and c) and insulin-treated cells (d, e, and f) were observed with phase contrast microscopy (a and d), and
double-stained with anti-cofilin antibody (MAB22; b and e) and with anti-phosphorylated-cofilin antibody (c and f). Insulin treatment induces characteristic
ruffling membranes at 5 min (arrowheads). Total cofilin as well as phosphorylated form was concentrated at ruffling membrane areas. The images were
processed so that ruffling membrane areas were clearly visible. Therefore, the fluorescent intensity may not be proportional to the amount of a specific
antigen in these images. Bar represents 20 µm.
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bly through the stabilization of actin filaments that should
be static in ruffle maintenance. Analyses of temporal regu-
lation of cofilin phosphorylation thus may be crucial for the
elucidation of regulation by upstream kinases.

The phosphatase(s) for continuous dephosphorylation
need to be determined. Ambach et al. reported that Protein
Phosphatase 1 (PP1) and Protein Phosphatase 2A (PP2A)
are physically associated with cofilin in T-cells and that PP1
and PP2A dephosphorylated phosphorylated cofilin in vitro
(Ambach et al., 2000). In a preliminary experiment to
clarify the identity of the phosphatase(s) involved in the
continuous dephosphorylation of cofilin, we used several
phosphatase inhibitors, okadaic acid, calyculin A (both for
PP1 and PP2A), and cyclosporin A (for PP2B). In contrast to
the results of Ambach et al., we did not observe inhibition
of cofilin dephosphorylation in KB cells with any of the
phosphatase inhibitors we have used. Thus, the identity of
the phosphatase(s) also remains to be elucidated.

The phosphate turnover observed on cofilin in resting
cells, i.e., cofilin was being continuously phosphorylated
and dephosphorylated, constitutes the so-called futile cycle.
Continuous phosphorylation/dephosphorylation of cofilin
does not produce any apparent effects on actin cytoskeleton
and as a result, ATP in the cells is being continuously
and vacantly consumed. Insulin treatment suppressed only
the phosphorylation reaction of this cycle. Many reports
describing cofilin dephosphorylation in response to cell
stimulation assume the activation of phosphatase(s), but this
may not always be the case. If the phosphate turnover on a
given protein is relatively high, then the suppression of
phosphorylation reaction may result in rapid dephosphory-
lation. The energy consumed by the continuous phosphory-
lation/dephosphorylation cycle may be used to maintain the
high reactivity of the actin cytoskeleton to environmental
cues. Repeated cycles of phosphorylation and dephosphory-
lation may also provide cells with ample chances to regulate
each reaction separately and sophisticatedly.

Phosphorylated cofilin was localized to ruffling
membranes in KB cells treated with insulin. The fluorescent
signal in ruffling membranes using phospho-specific anti-
body may just be residual phosphorylated cofilin waiting
to be dephosphorylated, which may be consistent with the
labeling experiments in this study. Alternatively, the ratio
of phosphorylated cofilin to total cofilin may actually
remain unchanged in the ruffling areas, which opens up two
possibilities: 1) phosphorylated cofilin is being recruited
to the ruffling areas, and 2) cofilin is being phosphorylat-
ed de novo in the ruffling areas. The first possibility
suggests additional factor(s) that brings cofilin to the ruffling
areas, for which phosphoinositides are a prime candidate.
Cofilin binds to both F/G-actin and phosphoinositides, and
when phosphorylated, binds only to phosphoinositides.
Thus, if a mechanism exists that affects the distribution of
phosphoinositides, it may also affect the distribution of
cofilin. The second possibility is more consistent with the

models previously suggested from the actin-binding pro-
perty of cofilin (Moriyama et al., 1996, Meberg et al., 1998).
Since dephosphorylated cofilin may bind to either F- or G-
actin, cofilin must be reactivated in the actin-free form
before severing F-actin. This reactivation may be achieved
from the cycle of phosphorylation and dephosphorylation. In
other words, the phosphate turnover on cofilin may actually
be enhanced in ruffling areas. Further analyses of the distri-
bution of cofilin and the assessment of the localization of
phosphorylation reaction may be crucial for elucidating the
roles of cofilin in actin reorganizaion.
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