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RNA interference silencing of up to 90% of Arp3 protein expres-
sion, a major subunit of the Arp2!3 complex, proportionately
decreases the intracellular motility of Listeria monocytogenes and
actin nucleation activity ascribable to the Arp2!3 complex in mouse
embryonic fibroblasts. However, the Arp2!3-deficient cells exhibit
unimpaired lamellipodial actin network structure, translational
locomotion, spreading, actin assembly, and ruffling responses. In
addition, Arp3-silenced cells expressing neural Wiskott–Aldrich
syndrome protein-derived peptides that inhibit Arp2!3 complex
function in wild-type cells retained normal PDGF-induced ruffling.
The Arp2!3 complex can be dispensable for leading-edge actin
remodeling.

RNA interference " motility " ruffling

Activation of the seven-subunit Arp2!3 protein complex
causes Listeria monocytogenes and other intracellular patho-

gens to form actin ‘‘rocket tails’’ (1) and generates certain actin
filament morphologies in yeast (2), Drosophila (3), and Caeno-
rhabditis elegans (4) as well as in podosomes (5) and integrin
adhesion sites (6) of mammalian cells. A prevalent theory holds
that the Arp2!3 complex assembles actin into an expanding array
of actin filaments branching off one another at a 70° angle that
radially pushes out the plasma membrane to extend actin-rich
protrusions such as lamellipodia and ruffles at the leading edges
of migrating cell (7). If this mechanism is responsible for
leading-edge membrane protrusion, reducing the cellular con-
tent of the Arp2!3 complex ought to have an adverse effect on
cell morphology and motility. We tested this prediction by
suppressing Arp2!3 complex expression and by combining this
suppression with the introduction of Arp2!3 function-inhibitory
polypeptides in fibroblasts.

Materials and Methods
Construction of RNA Interference Vectors. A BLAST search, using the
human Arp3 cDNA sequence (AF006083 chr.2 Homo sapiens),
retrieved the Mus musculus Arp3 gene sequence (clone
MGC:7062) on the Celera database (www.ensembl.org!
Mus!musculus). Short hairpin RNAs (shRNAs) were directed
against exon 3, exon 9, and the 3! UTR of mouse Arp3 mRNA.
Expression of the shRNAs was driven by RNA polymerase III,
by amplifying the corresponding DNA hairpins under the control
of the U6 promoter with a PCR-SHAGging strategy (8). The last
21 nt of the oligonucleotides corresponded to the U6 promoter,
and the sequences directed against exon 3, exon 9, and the 3!
UTR, respectively, are 5!-AAAAAAGCTCCACCACCAAT-
GAAGAAGCCTAGGCCCAAGCTTCGACCTAGACTT-
CTTCATTGGTGATGAAGCGGTGTTTCGTCCTTTC-
CACAA-3!, 5!-AAAAAAGCAATTCTGAATAACCTCATC-
CACAACCTC AAGCTTCAAGTTGTAGATGAAGTCAT-
TCAGAATTGCG GTGTTTCGTCCTTTCCACAA-3!, and
5!-AAAAAAGCTCTCCTCCACATCCGCATGCTGACA-
CACAAGCTTCTGTGTCAACATGCAGATGTAGAAG-
AGAGCGGTGTTTCGTCCTTTCCACAA-3!.

The synthesized oligonucleotides (Invitrogen) were used in a
PCR reaction in combination with the pENTR!D-Topo SP6
primer (5!-CACCGATTTAGGTGACACTATAG-3!) with a
pGEM!U6 (PCR-SHAG, Promega) plasmid as template (8).
The amplified product was placed in the pENTR!D-Topo
(Invitrogen) plasmid by TOPO cloning. The vectors were
subsequently shuffled into the mammalian expression vector
pMSCV puro, HpaI-Gateway (Clontech).

A mutant DNA oligonucleotide (5!-AAAAAAGCACTA-
GAGACGTGGGACAAGCCCGCAAGCTTCCAGGCT-
TGTCCCCATCACGCCTCTAATGCGGTGTTTCGTCC-
TTTCCACAA-3!) was expressed as a control plasmid (pMh
vector) for specificity of silencing. All of the construct sequences
were verified, using forward (5!-CCCTTGAACCTCCTCGT-
TCGAC-3!) and reverse (5!-GAGACGTGCTACTTCCATT-
TGT-3!) pMSCV oligonucleotide primers.

Cell Culture and Transfection. Immortalized mouse embryonic
fibroblasts were cultured in DMEM, supplemented with 10%
bovine serum (FBS), 10 mM Hepes, 1 mM MEM nonessential
amino acids, 100 units!ml penicillin, and 100 mg!ml streptomy-
cin (Gibco!Invitrogen). Transfections were carried out by using
Lipofectamine 2000 (Invitrogen) according to the manufactur-
er’s instructions. After 8–10 days of selection in 1 !g!ml
puromycin, clones were picked. Mock transfections were carried
out with pMSCV and pMh vectors.

Antibodies and Reagents. For immunoblot and immunofluores-
cence analyses, we used rabbit polyclonal anti-gelsolin (9);
anti-p34 from Upstate Biotechnology (Lake Placid, NY) and
anti-p21 from M. Welch (University of California, Berkeley);
mouse monoclonal anti-"-tubulin from Sigma; and goat anti-
Arp3, rabbit polyclonal anti-Arp2, goat anti-actin, and secondary
HRP-conjugated antibodies from Santa Cruz Biotechnology.

Cell Extract Actin Assay. Cells (3.5 " 105) were harvested by
trypsinization in 0.1 ml and, after washing with PBS, permeabilized
by adding 0.1 vol of PHEM buffer (60 mM Pipes!25 mM Hepes!10
mM EGTA!2 mM MgCl2, pH 6.9) containing 1% Triton X-100 and
a protease inhibitor mixture (Roche Diagnostics). The number of
F-actin pointed and barbed ends per cell were calculated from
pyrene-actin polymerization rates in the presence or absence of the
neural Wiskott–Aldrich syndrome protein (N-WASP) peptide and
2 !M cytochalasin B (Sigma) (10).

L. monocytogenes Analyses. Cells, plated on 25-mm glass coverslips,
were infected for 3 h with a 1:10 dilution of an overnight Listeria
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culture (strain 10403S; provided by F. Southwick, University of
Florida, Gainesville). Listeria, grown in brain infusion medium
(Difco), were centrifuged at 2,000 " g for 2 min and rinsed twice
in DMEM before adding to the cells. Extracellular bacteria were
killed by replacing the media with fresh DMEM supplemented with
5 !g!ml gentamicin and 20 mM Hepes for 4 h. Cells were then fixed
and processed for imaging of bacteria associated with F-actin.
Infection rates were assessed by counting cells with internalized
bacteria (100 cells per experiment). Pathogens were visualized by
rabbit anti-Listeria O Antiserum Poly types 1 and 4 (Difco)
antibody or by Hoechst 33342 (Molecular Probes) staining of the
DNA. The number of bacteria with actin comet tails was scored in
three independent experiments by counting 100–130 pathogens
after TRITC-phalloidin staining. Lengths of the actin comet tails
were measured by using the IMAGEJ software (http:!!rsb.info.nih.
gov!ij) line function.

Wound Healing, PDGF Stimulation, and Video Microscopy. Cells were
seeded in six-well plates and grown to confluence. After overnight
serum starvation, a wound scratch was applied and healing was
monitored every 4 h over a period of 12 h in three different wounds
in the presence of 10 ng!ml of PDGF (Sigma). Wound area was
measured by using the selection tool of the IMAGEJ software, and
healing was expressed as closure per hour. For PDGF stimulation,
after overnight serum-starvation in DMEM, cells were treated with
10 ng!ml PDGF for 8 min and processed for immunofluorescence.
F-actin structures were visualized by staining with TRITC-
phalloidin. Quantification of cells with dorsal ruffles was done from
time-lapse images in the bright field from a charge-coupled device
camera (CCD-1300-Y, Roper Scientific, Trenton, NJ) for 20 min at
15-s intervals with a "10 objective. For the quantification of total
F-actin increase, serum-starved and PDGF-stimulated cells were
fixed and stained with TRITC-phalloidin. F-actin content was
quantified by measuring the total pixel intensity of single cells
tracked with IMAGEJ software.

Electron Microscopy. Cells, seeded onto 5-mm round coverslips as
above, were serum-starved overnight, stimulated with 10 ng!ml
PDGF for 8 min, and permeabilized in Triton-PHEM, and the
cytoskeletons were fixed, washed, rapidly frozen, metal-coated, and
examined with an electron microscope as described in ref. 11.

Cloning of N-WASP CA and VCA Domains and Expression in Cells. CA
(residues 450–505) and VCA (residues 392–505) domains of
N-WASP that, respectively, inhibit or activate the Arp2!3 com-
plex were PCR amplified from bovine GST-CA and GST-VCA
plasmids (12). The same reverse primer was used for the
amplification of both CA and VCA (5!-GTCAGTCAGTCAC-
GATGAATTCC-3!), and the following 5! primers were used as
forward primers for the CA and the VCA, respectively: 5!-
GCTAGATCTGTAACTGATGCCCCAGAGTC-3! and 5!-
GCTAGATCTCTCCCTTCTGATGGTGACC-3!. The PCR
products were digested with BglII and EcoRI, gel-purified, and
cloned in the pECFP-C1 vector (Clontech) to generate plasmids
CFP-CA and CFP-UCA. Constructs were sequence-verified.

Cells were seeded on 35-mm glass-bottom dishes (MatTek,
Ashland, MA) and microinjected with #1 pg of CFP-CA or
CFP-VCA vector DNA by using a MO-150 micromanipulator
and an IM200 pressure injector (Narishige, Tokyo). Protein
expression was allowed to occur for 30 min followed by 2 h of
serum-starvation. Ruffling responses were assessed by time-
lapse videos of cells stimulated with PDGF (17 ng!ml) for 8 min
followed by immunofluorescence with TRITC-phalloidin.

Results
RNA Interference of Arp3 Expression. We engineered three stable
cell lines with reduced Arp3 expression (hereafter denoted
Arp3-si cells): cl.4-3 (with construct si-ex9) and cl.7-4 and cl.7-14

(with si-ex3, si-ex9, and si-3! UTR). Western blot analysis
showed markedly reduced Arp3 expression compared with un-
transfected and mock-transfected cells (Fig. 1A). As shown in
Fig. 6, and described in Supporting Materials and Methods, which
are published as supporting information on the PNAS web site,
Arp3 protein levels, quantified by densitometric scanning of
Western blots, were reduced by 75%, 85%, and 90% in lines
cl.4-3, cl.7-4, and cl.7-14, respectively. A relative decrease in the
expression of other subunits of the Arp2!3 complex, Arp2, p34,
and p21, correlated with the extent of interference of Arp3
expression, suggesting that reduction in the production of one
component compromises the stability of the complex as a whole.
Immunostaining with p34 antibody was markedly reduced in the
Arp3-si cells (see Fig. 7, which is published as supporting
information on the PNAS web site). Residual stain is mainly
cytoplasmic, similar to controls, and nearly absent from the
leading edges. At lower magnification, this subunit appears to be
homogeneously reduced in all Arp3-si cells (see Fig. 8, which is
published as supporting information on the PNAS web site).

Silencing of the Arp3 Gene Interferes with Established Arp2!3 Com-
plex Functions in Vitro and in Vivo. The VCA domain of N-WASP
activates the Arp2!3 complex, and its CA domain inhibits the
stimulation of actin polymerization by the activated Arp2!3
complex (12). VCA induced actin polymerization in control cell
lysates with an increase of 20–25,000 barbed ends per cell (Fig.
1B). In contrast, the actin polymerization response to VCA in
lysates of Arp3-si cells was 10% of the control cells (increase of
2–5,000 barbed ends), concordant with the reduction in the
expression of Arp3 protein. To examine Arp2!3 complex func-
tion in vivo, we monitored the formation of actin comet tails
induced by L. monocytogenes in control and Arp3-si cells. As
shown in Fig. 1C, numerous Listeria organisms with actin tails
reside within wild-type, pMSCV, and pMh cell lines. The infec-
tion rate of Arp3-si cells was comparable to that of the control
lines (Table 1). However, the number of Listeria with an actin tail
was markedly reduced in the Arp3-si cells compared with the
control lines (11–23% vs. 42–58%, respectively; pairwise com-
parisons, P # 0.04), and this reduction was more pronounced in
cl.7-4 and cl.7-14 with lower Arp3 expression. The lengths of
comet tails in the Arp3-si cells were significantly reduced
compared with controls (4.1–5.9 !m vs. 7.8–10.7 !m, respec-
tively; all pairwise, P $ 0.0001). Compared with control cells, the
total F-actin content associated with Listeria was reduced in
Arp3-si cl.4-3 by 71% and in Arp3-si cl.7-4 and cl.7-14 by 90%.

Arp3-si Cells Have Normal Actin Structures and Respond to PDGF by
Migrating and Ruffling. Despite marked reductions in Arp2!3
complex protein content and function, F-actin-rich structures
such as stress fibers and lamellipodia appeared to be identical
in Arp3-si and control cells (Fig. 2A). Cell perimeters and
areas were comparable in all lines (Table 2, which is published
as supporting information on the PNAS web site). The total
F-actin content and the lamellipodia index [percentage of the
cell perimeter occupied by lamellipodia (13)] were also similar
among these cells. The number of filopodia per cell was slightly
higher in the Arp3-si lines in comparison with control lines.
The leading edges of control and the Arp3-si cells had similar
actin-filament networks visualized by electron microscopy
(Fig. 2B).

Wound healing rates of Arp3-si cells in the presence of 10
ng!ml PDGF were comparable to those of the representative
control cell line pMSCV (Fig. 3 A and B). Serum-starved Arp3-si
and control cells both responded to PDGF stimulation with
formation of large dynamic dorsal ruff les (Fig. 4A). The actin
filament ultrastructure of ruffles and lamellipodia of wild-type
and Arp3-si cells was indistinguishable (Fig. 4B). Movies 1 and
2, which are published as supporting information on the PNAS
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web site, show that apart from a slight reduction in speed in the
remodeling of the leading edge of the Arp3-si cl.7-4, overall
the response to PDGF stimulation is comparable to that in the
control line pMSCV. Quantification of the fraction of cells with
dorsal ruff les in response to PDGF shows a slight reduction
(#52–65% in controls vs. 42–46% in the Arp3-si lines) in the two
lowest-expressing Arp3-si cells (Fig. 4C). However, the total
F-actin content in the presence of PDGF increased to the same
extent in Arp3-si and control cells (Fig. 4D). Extents and rates
of spreading of control and Arp3-si cells on fibronectin substrate

varied by #2-fold but did not correlate with Arp2!3 expression
(see Fig. 9, which is published as supporting information on the
PNAS web site). Cell migration toward PDGF (50 ng!ml) as
chemoattractant was also assessed by using a modified Boyden
chamber assay, and comparable migration rates were observed
in control line pMSCV and pMh and Arp3-si cells cl.7-4 and
cl.7-14 (data not shown).

Expression of CA and VCA Domains of N-WASP in Arp3-si Cells Does
Not Alter the Ruffling Responses. To suppress residual Arp2!3
complex activity further, we expressed VCA and CA fusion

Fig. 1. Arp3 expression levels, nucleation activity, and Listeria movement in Arp3-si cells. (A) Immunoblot analysis of total cell lysates containing identical
protein amounts for Arp3 and several controls (gelsolin, actin, tubulin, and Akt) from control lines wild-type (WT), pMSCV (line expressing the empty vector),
and pMh (line expressing a vector harboring a mutated siRNA-hairpin), and from Arp3-si cells: cl.4-3 (si-ex9), cl.7-4, and cl.7-14 (si-ex3, si-ex9, and si-3! UTR). (B)
Actin barbed-end nucleation sites in permeabilized control and Arp3-si cells in the absence or in the presence of VCA peptide (means % SD of three experiments).
(C) Listeria motility in Arp3-si cell lines shows a striking reduction in the number of Listeria with actin comet tails and in the length of the tails (Table 1). The boxes
show enlarged frames of intracellular bacteria. All images are at the same magnification. (Scale bar: 10 !m.)

Table 1. Listeria-induced actin assembly

Cell line Infection rate, %
Bacteria with
actin tail, % Tail length, !m

Total Listeria
associated F-actin

WT 45 % 1.4 42 % 2.9 9.7 % 0.3 407.4
pMSCV 46 % 6.8 48.3 % 4.2 10.7 % 0.4 516.8
pMh 59 % 3 58 % 6 7.8 % 0.3 452.4
cl.4-3 59 % 6.8 22.5 % 6.5 5.9 % 0.2 132.75
cl.7-4 27.6 % 2.8 9.8 % 1 4.4 % 0.2 43.1
cl.7-14 42.5 % 3.5 11 % 0.6 4.1 % 0.3 45.1

Quantification of Listeria infection rates (means % SD of three experiments, 100 cells counted per experiment),
percentage of bacteria with actin tails (100–130 bacteria counted per experiment), and lengths of the actin comet
tails (110–190 bacteria counted per experiment). Total F-actin associated with Listeria was estimated in arbitrary
units in each cell line by multiplying the average number of bacteria with an actin comet tail and the average tail
length. There was a 71% (cl.4-3) and a 90% (cl.7-4 and cl.7-14) reduction in F-actin associated with Listeria in
comparison with the control cell lines.
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proteins in Arp3-si cells. As expected (14), actin tail formation
was reduced by 70% in Listeria-infected wild-type cells tran-
siently expressing a CFP-CA in comparison with cells express-
ing CFP alone (Fig. 10 A and B, which is published as
supporting information on the PNAS web site). Control and
Arp3-si cells transiently expressing CFP-CA responded to
PDGF stimulation by making dorsal actin ruff les (Fig. 5A).
Silencing 75–90% of Arp3 subunit expression did not interfere
with recruitment of residual p34 to actin-rich structures. This
finding is consistent with the observation that a partial com-
plex consisting of a p34!p20 heterodimer retains the ability to
bind F-actin, although this association is not functional for
promotion of actin assembly (15). CFP-CA distributed widely
through these cells, with enrichment in the ruff les. Expression
of CA had no detectable effect on the ruff ling response to
PDGF of either control line pMSCV (9 of 11 injected cells
ruff led) or Arp3-si cl.4-3 (19 of 21 injected cells ruff led) and
cl.7-4 cells (16 of 20 injected cells ruff led). In contrast, when
CFP-VCA was expressed, neither CFP-VCA nor the p34
Arp2!3 subunit localized to actin-rich structures (Fig. 5B).
VCA expression did decrease ruff ling in comparison with
uninjected cells, but it was not abolished and was comparable
in control and Arp3-si cells [wild type, 11!39; pMSCV, 6!21;

pMh, 6!14; Arp3-si cl.4-3, 36!96; cl.7-4, 11!36; cl.7-14, 20!55
(ruff ling!total number of injected cells for all)]. The dimin-
ished ruff ling in all cells is probably a result of competitive
sequestration of actin monomers by VCA-induced Arp2!3
activation leading to unregulated actin polymerization.

Discussion
Marked reduction in Arp2!3 complex content and functional
activity in fibroblasts by RNA interference silencing had no
detectable effects on the surface motility and locomotion of
the depleted cells. Even challenging the silenced cells with
N-WASP peptides that inhibit or delocalize Arp2!3 actin
polymerization activity failed to inhibit PDGF-mediated ruf-
f ling activity. These cells, deficient in Arp2!3 complex func-
tion, might possibly have impaired protrusive responses to
agonists not tested here. In addition, other cell types might lack
compensatory actin-assembly mechanisms possessed by the
silenced cells we tested and exhibit obvious abnormalities.
These explanations might account for abnormalities described
in previous reports of Arp2!3 complex component-depleted
cell lines. Drosophila S2 cells depleted of the p20-Arc subunit
of the Arp2!3 complex as part of an extensive screen of
cytoskeletal proteins had abnormal shapes and defects in

Fig. 2. F-actin organization in control and Arp3-si cells. (A) Actin filament structures were visualized by staining with TRITC-phalloidin. (Scale bar: 10 !m.) (B)
Organization of F-actin in lamellipodia visualized by electron microscopy from a representative control and Arp3-si cl.7-4 cytoskeleton. (Scale bar: 0.1 !m.)

Fig. 3. Wound healing by Arp3-si and control cells. (A) Time-lapse phase contrast images of cells grown at times 0, 4, 8, and 12 h after wounding in the presence
of 10 ng!ml PDGF. (Scale bar: 100 !m.) The boxes display individual migrating cells. (B) Wound closure plotted as area closed per hour. Values are means % SD
of three wounds.
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spreading (16). Cultured carcinoma cells depleted by RNA
interference of the p34-Arc subunit of the Arp2!3 complex,
although generally normal in appearance, had impaired pro-
trusion of actin-rich nodules (‘‘invadopodia’’) associated with
metastatic behavior (17). HeLa cells depleted of the p21-Arc
subunit of the Arp2!3 demonstrated defective cell growth (18).
Apart from a slight reduction in the percentage of the mostly

depleted Arp3-si cells with dorsal ruff les in response to PDGF
stimulation, overall actin remodeling appears to be preserved.
The silenced gene, Arp3, is the major subunit of the Arp2!3
complex. Although there is a second Arp3 isoform, it is
expressed only in neuronal cells (19). Therefore, the findings
we report here, taken together with our previous observations
in platelets and melanoma cells (20, 21) suggest that the

Fig. 4. Ruffling responses of cells serum starved for 12 h and stimulated with 10 ng!ml PDGF. (A) TRITC-phalloidin staining of F-actin. (Scale bar: 20 !m.) (B)
Ultra structure of F-actin in ruffles and lamellipodia from representative control and Arp3-si cell. (Scale bar: 5 !m.) (C) Percent of cells with ruffles 20 min after
PDGF addition. Values represent the average % SD of three experiments (100 cells counted per experiment). The percentage of Arp3-si cells with dorsal ruffles
is only slightly reduced in comparison with control cell lines. (D) F-actin content of cells before and after 8 min of PDGF stimulation. The value are means % SD
of three experiments (50 cells per experiment).

Fig. 5. Control and Arp3-si cell lines still ruffle after microinjection with CFP-CA or CFP-VCA DNA. (A) Triplicate images illustrate CFP-CA expression (cyan panel),
F-actin (TRITC-phalloidin staining), and p34 distribution in cells microinjected with CFP-CA and stimulated with 10 ng!ml PDGF. Localization of p34 in ruffles
indicates that CFP-CA does not interfere with recruitment of the Arp2!3 complex to the actin structures (white arrow). All images are at the same magnification.
(Scale bar: 10 !m.) (B) Cells injected with the CFP-VCA DNA show displacement of p34 from actin-rich structures (white arrow) although actin ruffles still form
in response to PDGF in both control and Arp3-si cells. All images are the same magnification. (Scale bar: 10 !m.)
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Arp2!3 complex might contribute by enhancing actin assembly
but is not essential for leading-edge protrusion.

For example, the Arp2!3 complex does not localize at the
leading edge of advancing nerve growth cones or of migrating
fibroblasts overexpressing tropomyosin, and inhibition of
Arp2!3 complex function stimulates rather than inhibits growth-
cone protrusion (14, 22). Introduced into intact cells by micro-
injection or genetic transfection, the N-WASP-derived Arp2!3
complex-activating peptide VCA inhibits intracellular motility of
Listeria (23), leading-edge protrusion (24), and phagocytosis
(25). However, this reagent induces massive intracellular actin
assembly, thereby causing generalized cytoplasmic disruption
and delocalization of more components than just the Arp2!3
complex from sites of normal actin elongation. Therefore, in
contrast to previous reports (24), the effect of VCA expression
was analyzed within 2 1!2 h of microinjection. VCA depleted p34
from the leading edge of Arp2!3-silenced cells but still failed to
inhibit PDGF-mediated ruffling activity. Introduction into cells
of the more specifically targeted CA peptide, which also inhibits
Listeria motility (ref. 14 and this work), had no effect on
leading-edge function in this study or in a previous one (24).

Arp2!3 complex silencing does not appear to affect leading-
edge actin ultrastructure. The appearance of actin filaments in
electron micrographs of leading edges of spreading or translo-
cating cells depends in part on preparative methods, but leading-
edge actin networks are highly complex, exhibiting many vari-

eties of interfilament interactions. The possibility that the
Y-shaped actin filament branch structures generated by acti-
vated Arp2!3 complexes in vitro are accurate representations of
actin networks within the leading lamellae of migrating cells or
have the mechanical capacity to extend leading-edge membranes
have been questioned previously (21, 26, 27).

Arp2!3-mediated de novo nucleation or branching amplifica-
tion of actin filament assembly is the most recent of multiple
mechanisms proposed for regulating leading-edge actin assem-
bly. These mechanisms, including removal at the plasma mem-
brane of barbed-end actin-capping proteins from preexisting
actin filaments, exposure of free barbed ends by actin-filament
severing, uncapping of actin oligomers, and de novo assembly of
actin filaments from sequestered monomers, are not mutually
exclusive, and all have experimental support (28, 29). The fact
that cells seem capable of withstanding, without obvious impair-
ments, the absence or near absence of proteins with powerful
actions on actin remodeling (30, 31) is a testimony to the
importance of this physiological process to cell survival and the
richness of the strategies cells use to sustain actin remodeling
under widely different environmental conditions.
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