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Scar/WAVE proteins, members of the conserved Wiskott-Aldrich syndrome (WAS) family, promote actin polymerization
by activating the Arp2/3 complex. A number of proteins, including a complex containing Nap1, PIR121, Abi1/2, and
HSPC300, interact with Scar/WAVE, though the role of this complex in regulating Scar function remains unclear. Here we
identify a short N-terminal region of Dictyostelium Scar that is necessary and sufficient for interaction with HSPC300 and
Abi in vitro. Cells expressing Scar lacking this N-terminal region show abnormalities in F-actin distribution, cell
morphology, movement, and cytokinesis. This is true even in the presence of wild-type Scar. The data suggest that the first
96 amino acids of Scar are necessary for participation in a large-molecular-weight protein complex, and that this
Scar-containing complex is responsible for the proper localization and regulation of Scar. The presence of mis-regulated
or unregulated Scar has significant deleterious effects on cells and may explain the need to keep Scar activity tightly
controlled in vivo either by assembly in a complex or by rapid degradation.

INTRODUCTION

Changes in the actin cytoskeleton are necessary for a variety
of eukaryotic cellular functions such as cell migration, che-
motaxis, morphogenesis, endocytosis, and cytokinesis. Ex-
pansion and protrusion of a cell’s leading edge is driven by
a force generated by cycles of actin polymerization and
depolymerization (reviewed in (Lauffenburger and Horwitz,
1996; Borisy and Svitkina, 2000; Pollard and Borisy, 2003). A
major component of the molecular machinery involved in
actin polymerization is the Arp2/3 complex, a highly con-
served set of proteins (Machesky et al., 1994) that catalyze
the nucleation of actin filaments (Welch et al., 1997; Mullins
et al., 1998). Purified Arp2/3 complex itself is essentially
inactive in vitro and requires extrinsic activators. The best
studied activators are Wiskott-Aldrich syndrome protein
(WASp) family members, which bind and activate the com-
plex via a conserved carboxyl terminal region (Machesky
and Insall, 1998; Rohatgi et al., 1999; Winter et al., 1999; Yarar
et al., 1999; Marchand et al., 2001; Zalevsky et al., 2001).

The WASp protein family has two subgroups, the WASps
and the Scar/WAVEs. The protein family is highly con-
served; every eukaryote examined has at least one ortholog.

The proteins share a high degree of sequence similarity at
the carboxy terminus that include conserved regions that
interact with actin and the Arp2/3 complex. The amino
terminal region of WASp family proteins is, however, highly
divergent (Bear et al., 1998; Saxe, 2003; Bompard and Caron,
2004). WASp has a unique GTPase binding region (GBD)
and WH1 domain, whereas SCAR has a unique Scar homol-
ogy domain (SHD) and basic region. Vertebrates have mul-
tiple isoforms of each subgroup: WASp, N-WASp, Scar1-3
(also called WAVE1-3), whereas animals such as C. elegans,
Drosophila melanogaster, and the amoeba Dictyostelium discoi-
deum have single WASp and Scar genes. Dictyostelium Scar
null cells are reduced in size, have aberrant actin distribu-
tion and impaired motility, and proceed more quickly
through development culminating in smaller multicellular
fruiting bodies compared with wild-type cells (Bear, 1998;
Bear et al., 1998; Blagg et al., 2003b). Subsequent studies
showed Scar to be crucial for the integrity of actin dependent
structures in Drosophila development (Zallen et al., 2002), as
well as murine and Arabidopsis development (Dahl et al.,
2003; Soderling et al., 2003; Yamazaki et al., 2003; Yan et al.,
2003; Frank et al., 2004).

WASp family proteins are downstream effectors of Rho
family GTPases (Miki et al., 1998; Bishop and Hall, 2000;
Mullins, 2000; Hufner et al., 2002; Vartiainen and Machesky,
2004). WASp binds directly to Cdc42 via a conserved 21-
amino acid GTPase binding domain (Symons et al., 1996),
but there is no obvious GTPase binding domain present in
Scar, nor any reported evidence for Scar binding directly to
small G-proteins. Studies of WASp and N-WASp reported
the proteins to exist in an autoinhibited conformation in
vitro until activated (Miki and Takenawa, 1998; Kim et al.,
2000). Recent data, however, suggest that WASp may also be
physiologically regulated by a multiprotein complex (Ho et
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al., 2004). Scar also appears to be regulated by a large-
molecular-weight protein complex. Mammalian Scar1/
WAVE1 (and more recently Scar2/WAVE2) was copurified
with four other proteins: HSPC300, PIR121 (a Rac-interact-
ing protein), Nap1 (a Nck-associated protein), and Abi1/2
(abelson tyrosine kinase–interacting protein). Data indicate
this protein complex regulates Scar (Eden et al., 2002; Blagg
et al., 2003a; Kunda et al., 2003; Rogers et al., 2003; Innocenti
et al., 2004), but the precise nature of molecular mechanisms
underlying this regulation or the biological significance of
the complex is not understood.

Here we show that D. discoideum Scar does exist in a large
protein complex in vivo and binds to Abi and HSPC300 in
vitro and that the binding site is contained within the ex-
treme N-terminus of Scar. We show that cells expressing
Scar lacking this binding region produce a stable protein
that is not properly localized or degraded and results in cells
with motility defects and are unable to chemotax in a spatial
gradient of the chemoattractant cAMP. The cells have poorly
defined leading edges, lack normal F-actin distribution and
cell polarity, are unusually adherent to the underlying sub-
strate, and become multinucleate, all even in the presence of
endogenous Scar.

MATERIALS AND METHODS

Cells and Reagents
Cells of the Ax3-derived parental HPS400 strain were cultured in HL-5
medium either on 100 � 15-mm Petri dishes or in suspension. Mutant strains
were maintained in HL-5 medium supplemented with 10 �g of G418/ml.

PCR
All PCR reactions (100 �l volume) contained 50 ng template DNA, 10 nM
primers (Scar) or 250 nM primers (HSPC300 and Abi), 1.0 U VentR polymerase
(New England Biolabs, Beverly, MA) for Scar or 1 U Recombinant Taq
polymerase (Invitrogen, Carlsbad, CA) for HSPC300 and Abi, MgCl2-contain-
ing buffer, and 250 �M dNTPs. Reactions were 30 cycles of denaturing for 45 s
at 94°C, annealing for 60 s at 50°C (Scar and HSPC300) or 55°C (Abi), 2-min
extension at 72°C (Scar) or 65°C (Abi) or 60-s extension at 65°C (HSPC300). All
templates were full-length cDNAs including pScar9 (Scar), SSL226
(HSPC300), and FC-AN22 (Abi). Primers are listed in the Supplementary
Materials.

In Vitro Transcription and Translation
In vitro translation reactions were performed using TNT T7 Quick for PCR
(Promega, Madison, WI), following the manufacturer’s instructions. Briefly,
�1 �g of PCR-generated DNA, 10–20 �Ci [35S]methionine (Amersham Bio-
sciences, Piscataway, NJ) and 1� Complete protease inhibitors (Roche, Indi-
anapolis, IN) were added to each reaction. KCl and MgCl2 were added to a
final concentration for 30 and 35 mM, respectively. The reactions were incu-
bated at 30°C for 1.5 h and then placed on ice until used for immunoprecipi-
tation reactions.

Binding Assay
Anti-T7 agarose-coupled beads were purchased from Bethyl Laboratories
(Montgomery, TX), and used according to the manufacturer’s instructions.
Protein G Plus Agarose beads (Santa Cruz Biotechnology, Santa Cruz, CA)
were coupled to either anti-hemagglutinin (HA) high-affinity rat monoclonal
antibody 3F10 (Roche) or anti-Myc monoclonal antibody 9B11 (Cell Signaling,
Beverly, MA) by end-over-end mixing overnight at 4°C. Antibody, 0.5 �g,
was added to 500 �l 50% bead slurry. Unbound antibody was removed by
washing beads three times with buffer 1 (PBS with 0.01% Triton X-100 and
Complete protease inhibitors; Roche), with gentle shaking for 10 min. For
binding assay, 300 �l buffer 1, 50 �l antibody coupled beads, and a 10-�l
aliquot of appropriate TNT reaction mixture, representing 20% of the total
reaction, were added to a 1.5-ml tube, sealed with parafilm, and mixed
end-over-end overnight at 4°C. Beads were collected by centrifugation, 1500
rpm for 1 min at 4°C. Beads were washed three times with 500 �l buffer 1, 15
min per wash with gentle shaking at 4°C. Beads were then resuspended in 50
�l 1� solubilization buffer, placed at 65°C for 15 min, and then loaded 20
�l/lane onto 4–20% SDS–PAGE gel (Bio-Rad, Hercules, CA). Electrophoresis
was performed at 150 V. For autoradiography, gel was soaked in 16% siali-
cylic acid for 20 min, fixed with a 7% acetic acid, 7% methanol, 2% glycerol
solution, and dried. Signal was detected using Hyperfilm ECL (Amersham
Biosciences). For Western analysis, proteins were transferred to nitrocellulose,

blocked for nonspecific binding overnight with nonfat milk (5%) in PBS/
Tween (0.05%). After incubation with antibody, the blots were washed three
times with PBS/Tween and further incubated with horseradish peroxidase–
conjugated secondary antibody. After washing, ECL Western Detection Re-
agent (Amersham Biosciences) was used to develop the chemiluminescent
signal, which was detected using Hyperfilm ECL (Amersham Biosciences).

Chemotaxis Assays
Cells were polarized by shaking a 50-ml flask with �1 � 107 cells/ml at 225
rpm while pulsing cells with cAMP at 6-min intervals to a final concentration
of 10 nM for 4–6 h. After cells were polarized, they were diluted and placed
on a no. 1.5 glass-bottomed microscope slide (Lab-Tek II/Nalge Nunc, Na-
perville, IL) and allowed to adhere to the slide for �10 min. A micropipette
(Femtotips, Eppendorf, Fremont, CA) containing 100 �M cAMP solution was
brought into the field of view and introduced to cells using a micromanipu-
lator (Eppendorf), and a gradient was created using an Eppendorf FemtoJet
Microinjector. Cells were exposed to the cAMP gradient, and cellular re-
sponses were recorded by time-lapse videomicroscopy. Cells were imaged
every 12 s for 20 min.

Actin Assay
To assess the basal level of F-actin within cells, a modified assay based on the
cAMP-stimulated actin polymerization assay (Condeelis et al., 1990) was
performed. Vegetatively growing cells were collected into 15-ml conical tubes
(Corning Glass Works, Corning, NY), counted, and then pelleted in a clinical
centrifuge (International Equipment, Needham Heights, MA) for 3 min. Cells
were washed twice with DB (5 mM Na2PO4, 5 mM KH2PO4, 2 mM MgSO4, 0.2
mM CaCl2), resuspended in 5 ml DB, and counted again to correct for losses
during washes. Volumes were adjusted so that cells were at a density of 2 �
107 cells/ml. Aliquots of cells, 100 �l, were pipetted into 400 �l of fixative
(0.1% Triton X-100, 10 mM K2PO4, 10 mM Pipes, 5 mM EGTA, 2 mM MgSO4,
0.1% saponin, 3% formaldehyde) containing 5 �M tetramethylrhodamine B
isothiocyanate (TRITC)-phalloidin. Samples were wrapped in foil to protect
from light and placed on a platform shaker for 1 h at room temperature to
allow the TRITC-phalloidin to bind to the cellular actin. Samples were cen-
trifuged in an Eppendorf microfuge for 2 min at 14K rpm. Pellets were
washed twice with 200 �l of saponin buffer (10 mM K2PO4, 10 mM KH2PO4,
10 mM Pipes, 5 mM EGTA, 2 mM MgSO4, 0.1% saponin), resuspended in 500
�l 100% methanol, and placed on a platform shaker overnight at 4°C. Cellular
material was pelleted by centrifugation in an Eppendorf microfuge at 14K
rpm for 2 min. The supernatant containing the TRITC-phalloidin–bound
F-actin was collected, placed in cuvettes (Bio-Rad), and the fluorescence was
measured using a fluorimeter set at an excitation of 554 nm and emission of
573 nm. Relative F-actin was calculated as a ratio of measured fluorescence of
mutant strain to measured fluorescence of the HPS400 strain.

Imaging
Axenically grown parental (HPS400) and scar� cells expressing the empty
vector, parental, and scar� cells expressing Scar�96-GFP (green fluorescent
protein) were allowed to adhere to glass coverslips and were observed with
Nomarski differential interference contrast (DIC). For live cell imaging, a
Nikon Eclipse TE2000 with a 60� objective was used (Melville, NY). Images
were recorded using IPLab3 software. Movies are 10 min in length, with 12-s
intervals. For fixed cells analysis, cells were fixed in 2% formaldehyde/DB for
20 min, washed twice with DB, permeabilized with 0.02% Triton X-100
(Sigma, St. Louis, MO)/DB for 5 min, and washed twice with DB. Cell were
blocked overnight at 4°C with 3% BSA/DB. F-actin was visualized with 50
nM TRITC-phalloidin and imaged using a Zeiss LSM510/Axiovert 100M laser
scanning confocal microscope.

Cell Extract
Cells, 5 � 107, were collected and resuspended in 750 �l buffer 2 (50 mM Tris,
20 mM KCl, 1 mM MgCl2, 1 mM DTT, pH 7.4) containing 0.5 mM ATP and
Complete protease inhibitors (Roche). All manipulations were done on ice or
at 4°6 C. Cells were mechanically lysed using polycarbonate, 5-�m, 25-mm
membranes (Osmonics, Minnetonka, MN) The extract was cleared by centrif-
ugation (14,000 rpm for 30 min).

Sucrose Gradient
Eleven-milliliter 7–20% sucrose gradients were generated in buffer 2 (50 mM
Tris, pH 7.4, 20 mM KCl, 1 mM MgCl2, 1 mM DTT) containing 0.5 mM ATP
and Complete protease inhibitors (Roche). Markers of 1 �g/ml (thyroglobin
669 kDa, apoferritin 443 kDa, bovine serum albumin 66 kDa, and carbonic
Anhydrase 29 kDa; Sigma) or 400–500 �l clarified cell extract was loaded on
to the top of a sucrose gradient. The gradients were run for 16 h at 36,000 rpm
in a SW41 rotor in a Beckman Optima LE-80K Ultracentifuge (Fullerton, CA).
Fractions of 0.5-ml were collected from the bottom of the gradient. A 15-�l
fraction was mixed with 5 �l 4� sample buffer and loaded onto a 10%
SDS-PAGE gel, and electrophoresis, protein transfer, and immunoblotting
were carried out as described above.
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RESULTS

Dictyostelium Scar Is Present in a
Large-Molecular-Weight Complex
Mammalian Scar/WAVE proteins are reported to exist in a
large-molecular-weight complex containing the proteins
Abi, HSPC300, PIR121, and Nap1 (Eden et al., 2002; Innocenti et
al., 2004). To determine whether Dictyostelium Scar is found
in a similar multiprotein complex, we fractionated clarified
Dictyostelium cell lysates on 7–20% sucrose gradients and
analyzed the fractions via Western immunoblots using anti-
Scar and anti-PIR121 antibodies. We found the majority of
endogenous Scar and PIR121 in fractions 9–14, correspond-
ing to protein complexes of 400–600 kDa (Figure 1, A and B).
These results suggest that both endogenous Scar and PIR121
reside in large protein complexes of similar molecular
weights, although it does not directly prove that Scar and
PIR121 exist in the same complex.

Scar Binds to HSPC300 and Abi In Vitro
Having found Scar in a large-molecular-weight complex, we
sought to determine if any of the Dictyostelium orthologues
of the mammalian complex associate with Scar. In mamma-
lian cells two members of the complex, HSPC300 and Abi,
bind directly to Scar (Eden et al., 2002; Gautreau et al., 2004).
To determine if similar interactions exist in Dictyostelium,
Scar and the Dictyostelium genes encoding HSPC300 and Abi
were transcribed and translated in vitro with C-terminal
peptide tags added (Figure 2A), and their interactions were
assessed by coimmunoprecipitation assays. The in vitro
translation of Scar-HA routinely generated three polypep-
tide products ranging in size from �66 to 48 kDa (Figure 2B,
lane 4). As confirmed below, these products represent full-
length Scar (66 kDa) as well as two truncated forms, initiated
from internal methionines at amino acid 45 (56 kDa) and
amino acid 97 (48 kDa). In vitro interactions were found to
exist between HA-tagged full-length Scar and myc-tagged
HSPC300 (11 kDa, Figure 2B, lane 10). The �-HA antibody
immunoprecipitated HSPC300-myc only when Scar-HA was
present (Figure 2B, compare lanes 5 and 6). Conversely,
full-length Scar-HA was immunoprecipitated with the
�-myc antibody only when HSPC300-myc was present in
the reaction (Figure 2B, compare lanes 11 and 12).

In Dictyostelium, an Abi ortholog exists that has significant
homology to the N-terminal region of mammalian Abi1/2
proteins, but does not contain the C-terminal poly-proline or
SH3 domains (our observations; Blagg et al., 2003a). We
found Scar-HA bound T7-tagged Abi when both proteins
were present in the in vitro reaction (Figure 2C, lanes 8 and
9), and full-length Scar appears to be the predominant Scar
protein binding to Abi. Adding HSPC300 to the reaction

cocktail may have slightly enhanced the binding of Scar to
Abi (Figure 2C, compare lanes 5, and 7–9), although the
effect, if real, is small. Although every attempt was made to
add equivalent amounts of DNA to each reaction, the dif-
ferences seen whether HSPC300 was added may reflect the
nonquantitative nature of both the TNT reactions and the
immunoprecipitations. We found no evidence for Abi and
HSPC300 binding directly to one another (Figure 2C, lanes 2
and 3).

No interactions were detected between Scar and either
Nap1 or PIR121 (data not shown).

Amino Acids 1–44 of Scar Are Necessary and Amino Acids
1–96 Are Sufficient To Bind to HSPC300
To further test the requirement of the N-terminus of Scar for
these interactions, epitope-tagged, truncated Scar proteins
were generated utilizing the internal methionine residues at
amino acid (aa) 45 (Scar-SHD�44 HA; 28 kDa) and aa97
(Scar-SHD�96 HA; 23 kDa). As controls, PCR oligos were
used to generate in vitro truncated proteins encompassing
the entire SHD and basic domain, referred to as Scar-SHD
HA (35 kDa), or only the C-terminus of Scar beginning at the
poly-proline region, referred to as Scar-PWA HA (32 kDa;
Figure 2A). When the different Scar truncations were com-
bined in vitro with HSPC300 and immunoprecipitated using
the �-HA antibody, only proteins containing aa1-44 of Scar
bound to HSPC300 (Figure 2D, lanes 8 and 9); truncations
lacking this region were unable to bind HSPC300 (Figure
2D, lanes 10–12). The same binding specificity was found
when the reaction was immunoprecipitated for HSPC300
(Figure 2D, lanes 1–6), demonstrating that aa1-44 of Scar are
necessary to bind HSPC300.

Because it proved beyond the technical limits of the in
vitro system to stably produce the Scar 1-44 peptide, a Scar
peptide encompassing only the first 96 amino acids of Scar
tagged with HA (Scar 1-96 HA, 13 kDa, Figure 2E) was
generated. When incubated with HSPC300-myc and immu-
noprecipitated using the �-HA antibody, a small amount of
HSPC300-myc (11 kDa) coprecipitated (Figure 2E, lane 4,
left). When Scar 1-96 HA and HSPC300-myc are immuno-
precipitated with �-myc, a more extensive interaction be-
tween Scar 1-96 HA and HSPC300 myc was detected (Figure
2E, lane 4, right). The 13 kDa band was confirmed to be Scar
1-96 HA via immunoblotting with the monoclonal �-HA
antibody (Figure 2E, bottom panels). These data indicate
that the first 96 amino acids of Scar alone are sufficient to
bind to HSPC300.

The Amino Terminus of Scar Interacts with Abi
Data presented in Figure 2F show that the first 44 amino
acids of Scar are also necessary to bind Abi in vitro. Abi does

Figure 1. Endogenous Scar is present in a
large-molecular-weight complex. Clarified cell
lysate from growing HPS400 cells was loaded
onto a 7–20% sucrose gradient. Fractions of 0.5
ml were collected and immunoblotted for Scar
(A) or PIR121 (B). Numbers above blots indi-
cate fraction number with the bottom of the
gradient on the left. The majority of endoge-
nous Scar is present in fractions 9–14 (A),
which contain protein complexes of �400–
600 kDa. The majority of PIR121 protein was
detected in the same fractions (B).

Scar N-Terminus Is Functionally Required

Vol. 18, May 2007 1611



Figure 2. The N-terminus of Scar binds HSPC300 and Abi in vitro. (a) Constructs used in these experiments. Numbers represent position
of amino acids relative to the N-terminus. Relative molecular weights are indicated on the right. All Scar constructs contain C-terminal HA
tag. FL, full-length Scar; SHD, construct containing the Scar homology domain (SHD) and Basic (B) regions; PWA, construct containing the
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not bind to Scar missing the first 44 amino acids, whether or
not HSPC300 is present in the reaction (compare lanes 1 and
2 with lanes 4 and 5). In the presence of HSPC300, in vitro
generated Scar 1-96-HA detectably binds Abi (Figure 2G,
lanes 3–5); however, there is little apparent interaction be-
tween Abi and Scar 1-96 in the absence of HSPC300 (Figure
2G, lanes 1 and 2). This suggests that Abi may interact with
a region between amino acids 44–97 of Scar and that
HSPC300 may facilitate efficient binding.

Absence of Amino Acids 1–96 of Scar Has In Vivo
Consequences
To determine if deleting the first 96 amino acids of Scar
affected the protein’s ability to interact in vivo with the large

multiprotein complex, we expressed an inducible Scar�96-
GFP construct in both parental and Scar null cells. Expres-
sion was confirmed by Western blot analysis using both an
anti-Scar antibody (Figure 3A) and a monoclonal GFP anti-
body (data not shown). Scar�96-GFP–expressing cells were
subsequently fractionated on 7–20% sucrose gradients. In
parental cells expressing Scar�96-GFP, the endogenous, full-
length, Scar fractionation profile on sucrose gradients re-
mained unchanged (Figure 3B). However, the majority of
truncated Scar�96-GFP was shifted to later fractions (frac-
tions 14–18), representing smaller protein complexes of
�150–250 kDa. Notably, little or no Scar�96-GFP is found in
the same sucrose gradient fractions as endogenous full-
length Scar (Figure 3B) and also does not migrate as a
monomer. The fractionation profile for PIR121 remained
unaffected in parental cells expressing Scar�96-GFP (com-
pare 1B to 3C), consistent with PIR121 being unable to
interact with Scar in the absence of abi and/or HSPC300
binding to Scar. Therefore the first 96 amino acids of Scar
appears to be essential for Scar’s ability to interact with the
large-molecular-weight complex that is presumed to also
contain PIR121 (and Nap1). It should be noted that despite
being absent from the pentameric complex, Scar�96-GFP
was stably expressed in both parental and scar null genetic
backgrounds (Figure 3A). In other systems full-length Scar is
unstable when any single member of the complex is missing
(Rogers et al., 2003). We expressed Scar�96-GFP in genetic
backgrounds missing PIR121, Nap1, or HSPC300 and found
the truncated, but not full-length Scar protein to be stable in
each case (Figure 3D). The N-terminus and/or its interac-
tions with HSPC300 and abi, therefore, are critical for regu-
lating Scar stability.

Expression of Scar�96-GFP Results in an Abnormal
Cellular Morphology
Vegetatively growing cells expressing Scar�96-GFP have an
unusually flattened appearance, adhere more tightly to plas-
tic and glass surfaces, have an increased number of visible
vesicles, and extend long, thin protrusions when compared
with parental controls (Figure 4, Supplementary Figure S1,
Supplementary Movies 1–4). This abnormal phenotype is
dominant being equally evident both in parental and Scar
null cells (Figure 4A). The morphological phenotype, and
the rest of the characteristics described below, was not at-
tributed to the presence of the GFP tag because cells express-
ing Scar�96 without the tag exhibited identical alterations
(data not shown). Expression of full-length Scar or the C-
terminal, potentially Arp2/3-activating, PWA fragment also
did not recreate the Scar�96-GFP phenotype (Supplemen-
tary Figure S1).

In both parental and scar null backgrounds Scar�96-GFP
affected cell size and the number of pseudopods extended
over time. Cells expressing Scar�96-GFP had a significantly
larger cell area when compared with their parent and ex-
tended fewer pseudopods per minute (Table 1). Parental and
scar null cells growing vegetatively extend an average of 6–7
psedopods/10 min, which is in agreement with previous
studies (Wessels et al., 2000). Parental cells expressing
Scar�96-GFP extend fewer pseudopods, 3.1 pseudopods/10
min (Table 1). Scar null cells expressing Scar�96-GFP exhibit
a significantly increased cell area, and although there was a
trend toward fewer pseudopods, the reduction was not sta-
tistically significant (Table 1). Expressing full-length Scar in
a scar null background affected neither psuedopod number
nor cell area (Table 1).

Figure 2 (cont). poly-proline region, WH2, connecting (C), and
acidic (A) regions; SHD�44, SHD construct lacking the first 44
amino acids; SHD�96, SHD construct lacking the first 96 amino
acids. SHD1-96, Scar construct containing only amino acids 1–96;
HSPC300, HSPC300 protein with C-terminal myc tag; Abi protein,
amino acids 1–333 with C-terminal T7 peptide tag. (b) SDS-PAGE of
in vitro binding and coimmunoprecipitation assays. Scar constructs
with a C-terminal HA tag and HSPC300 with C-terminal myc tag
were separately transcribed and translated in vitro, mixed, and then
immunoprecipitated with protein G agarose beads conjugated to
anti-HA (lanes 1–6) or anti-myc antibodies (lanes 7–12). Bead only
controls representing lysates mixed with agarose beads are shown
in lanes 1 and 7. Immunoprecipitates of lysate containing no added
DNA are shown in lanes 2 and 8. Lysates containing PCR-generated
DNAs of untagged Scar (lane 3) or untagged HSPC300 (lane 9)
immunoprecipitated with anti-HA or anti-myc–conjugated beads,
respectively, are shown. Transcription and translation of untagged
proteins was verified (data not shown). Lysates containing both
Scar-HA and HSPC300-myc immunoprecipitated with anti-HA
(lane 5) or anti-myc (lane 11) are shown. FL Scar-HA migrates at
�66 kDa; HSPC300 migrates at �11 kDa. Controls for anti-HA bead
specificity are shown in lanes 4 and 6. Controls for anti-myc bead
specificity are shown in lanes 10 and 12. (c) Scar-HA, Abi-T7, and
HSPC300-myc were cotranslated and immunoprecipitated in vari-
ous combinations. Lysates immunoprecipitated with anti-T7 (Abi),
anti-HA (Scar), or anti-myc–conjugated agarose beads are shown.
Assays were done as described in b. Molecular-weight marker sizes
are indicated on the left. (d) Amino acids 1–44 of Scar are necessary
to bind HSPC300 in vitro. Assay was done as described in b.
Proteins added in binding assay are indicated for each lane. Lysates
immunoprecipitated for HSPC300 using anti-myc–conjugated aga-
rose beads (lanes 1–6) or for Scar using anti-HA–conjugated aga-
rose beads (lanes 7–12) are shown. (e) Amino acids 1–96 of Scar are
sufficient to bind HSPC300 in vitro. Assays were as in b. Lysates
were immunoprecipitated for Scar using anti-HA bound agarose
beads. The gels were either detected for 35S-Met (top panels) or
immunoblotted with anti-HA antibody (bottom panels). Control
lysate containing no added DNA is shown in lane 1. HSCP300
control is shown in lane 2. Lane 3 represents lysate containing both
SHD-HA and HSPC300-myc proteins. Lane 4 represents lysate con-
taining 1–96 fragment of SHD domain and HSPC300. (f) Amino
acids 1–44 of Scar are necessary to bind to Abi. Scar�44-HA (full-
length Scar minus the first 44 amino acids), Abi-T7, and HSPC300-
myc were cotranslated and immunoprecipitated with anti-T7–
conjugated agarose beads (lane 1), anti-HA–conjugated agarose
beads (lane 2), or anti-myc–conjugated agarose beads (lane 3).
Scar�44-HA (full-length Scar minus the first 44 amino acids) and
Abi-T7 were cotranslated and immunoprecipitated with anti-HA–
conjugated agarose beads (lane 4) or anti-T–conjugated agarose
beads (lane 5). (g) Amino acids 1–96 of Scar are sufficient to bind Abi
in the presence of HSPC300. Scar SHD1-96-HA and Abi-T7 were
cotranslated and immunoprecipitated with anti-HA–conjugated
agarose beads (lane 1) or anti-T7–conjugated agarose beads (lane 2).
Scar SHD1-96-HA, Abi-T7, and HSPC300-myc were cotranslated
and immunoprecipitated with anti-T7–conjugated agarose beads
(lane 3), anti-HA–conjugated agarose beads (lane 4), or anti-myc–
conjugated agarose beads (lane 5).
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Amino Acids 1–96 of Scar Are Necessary for Proper
Localization
The aberrant morphology of cells expressing Scar�96-GFP
suggested there might be a misregulation and/or mislocal-
ization of the truncated Scar protein. We found full-length
Scar-GFP expressed in Scar null cells transiently localize to
the leading edges of newly forming pseudopods (Figure 4B,
white arrow; Steiner, 2000) which is corroborated in other
systems (Nakagawa et al., 2001; Kunda et al., 2003; Echarri et
al., 2004; Leng et al., 2005). In contrast, Scar�96-GFP protein
appears to be ubiquitously expressed within both parental
and Scar null cells, with no visible enrichment to newly
forming pseudopods or membranes whether observed by
confocal or epifluorescence microscopy (Figure 4B). Thus,
maintenance of Scar in the complex appears to play an
important role in the proper localization of Scar.

Cells Expressing Scar�96-GFP Have Aberrant F-Actin
Distribution
Because of the known relationship between Scar, Arp2/3,
and actin polymerization, we examined the integrity of the
actin cytoskeleton in cells expressing Scar�96-GFP by stain-
ing filamentous actin (F-actin) with TRITC-phalloidin. Wild-
type Dictyostelium cells are enriched for F-actin in lamellae
and pseudopods as well as at the uropod (Fukui and Inoue,

1997; Noegel and Schleicher, 2000). Developing scar null
cells, however, have a diminished actin meshwork at the
front and rear of the cells and display an increased cortical
staining when compared with parental cells (Bear et al.,
1998). In similar cells expressing Scar�96-GFP, regardless of
background, there is no enrichment of actin that would
distinguish the front or rear of the cell (Figure 4C, arrows).
Instead, there appears to be sporadic enrichments of actin
around the cell periphery at areas where there are irregular
shaped protrusions (but not defined lamellae) and around
crown structures.

The overall F-actin levels of growing cells expressing
Scar�96-GFP were measured and compared with levels in
parental cells with no statistical difference found in any of
the strains tested. In contrast, the Scar PWA-GFP construct
that contains only the polyproline, actin binding, and Arp2/
3-activating regions does show an increase in basal F-actin
content (Figure 5). Minimal differences from controls were
also seen when developmentally competent cells were stim-
ulated with cAMP (data not shown). Therefore, the differ-
ences seen in the F-actin–staining patterns of cells expressing
Scar�96-GFP and their parental counterparts cannot be at-
tributed to global changes in F-actin levels. Rather the data
suggest that expression of Scar missing the first 96 amino
acids has a disruptive effect on the proper regulation of

Figure 3. Scar�96-GFP is stably expressed
and complexes differently than wild-type
Scar. (A) Growing HPS400 cells expressing
Scar (�66 kDa) and/or Scar�96-GFP (�75
kDa) were collected and Western blotted for
Scar. Scar�96-GFP is stably expressed in both
backgrounds. Control cells are HPS400 and
Scar null cells expressing empty vector. Clar-
ified cell lysate from parental cells expressing
Scar�96-GFP was loaded onto a 7–20% su-
crose gradient. Fractions of 0.5 ml, were col-
lected and immunoblotted for Scar (B) or
PIR121 (C). Numbers above blots indicate
fraction number. The majority of endogenous
Scar is present in fractions 9–12 as in Figure 1.
Scar�96-GFP is present in fractions 14–18 (B),
which contain protein complexes of �150–300
kDa. PIR121 protein is not detected in the
fractions containing Scar�96-GFP but contin-
ues to track with wild-type Scar (C). (D) Cells
null for each of the Scar complex members
with or without expressed Scar�96-GFP were
collected and Western blotted as in A.
Scar�96-GFP is stably expressed in each back-
ground.
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F-actin assembly and the establishment of cell polarity but
does not lead to constitutive activation of Arp2/3 via un-
regulated Scar activity.

Expressing Truncated Scar Affects Motility
and Chemotaxis
WASp family proteins are known to be required for specific
actin-based cellular responses to chemoattractants (Ochs et
al., 1980; Zicha et al., 1998; Baba et al., 1999; Haddad et al.,
2001; Jones et al., 2002; Myers et al., 2005). Dictyostelium cells

chemotax toward a point source of cAMP via intracellular
signaling (see Figure 6 and Supplementary Movies 5–9; re-
viewed in van Haastert and Devreotes, 2004). Scar is neces-
sary for proper cellular response to cyclic AMP in D. discoi-
deum (Steiner, 2000; Blagg et al., 2003b); scar null cells fail to
chemotax as efficiently as parental cells in response to a
cAMP spatial gradient (Figure 6, compare Supplementary
Movies 5 and 6; Steiner, 2000; unpublished results; Blagg et
al., 2003). Expressing full-length Scar-GFP in a Scar null
background fully restores the ability of cells to chemotax
(Supplementary Movie 7; Steiner, 2000). To determine if the
interaction of Scar with HSPC300 and/or Abi is critical for
an appropriate cellular response to cAMP, parental and Scar
null cells expressing Scar�96-GFP were challenged with a
spatial gradient of cAMP (Figure 6, Supplementary Movies
8 and 9). Unlike results for full-length Scar, expressing

Figure 5. Cells expressing Scar�96 show no dramatic increases in
F-actin levels. Cellular F-actin levels were measured as described in
Materials and Methods. Basal F-actin levels in all Scar�96-GFP–ex-
pressing cells measured were not statistically different from levels in
wild-type cells. The difference between scar null and scar null/Scar
PWA-GFP was statistically significant. The Y-axis is fold change in
F-actin polymerization relative to parental control. Data represent
results from three separate experiments.

Table 1. Morphometrics

Cell type

Average no. of
pseudopods

extended/10 min
Average
cell area

Parental (HPS400) � empty
vector

6.9 71.2

scar� � empty vector 6.4 78.2
HPS400 � Scar�96-GFP 3.1* 118*
scar� � Scar�96-GFP 5.2 103*
scar� � full length Scar 6.5 76.6

Wild-type (HPS400), scar null, Parental cells expressing Scar�96-
GFP, and scar null cells expressing Scar�96-GFP or full-length Scar
were filmed under Nomarski differential interference contrast, and
the number of pseudopods extended over a 10-min period was
scored. Values represent averages of �50 cells. The number of
pseudopods extended by parental cells expressing Scar�96-GFP
over a 10-min period was found to be significantly lower (p � 0.01)
than in wild-type cells, scar null cells, and scar null cells expressing
Scar�96-GFP or full-length Scar. Average cell area was measured
using NIH ImageJ Software. Values represent average of �40 cells.
Cells expressing Scar�96-GFP were found to have a significantly
larger cell area (p � 0.01) than the parental counterparts. Asterisks
indicate values statistically different than control.

Figure 4. Expression of Scar�96-GFP results in an abnormal mor-
phology. (A) Axenically grown parental (HPS400) and scar null cells
expressing empty vector or Scar�96-GFP were allowed to adhere to
glass coverslips and observed with Nomarski differential interfer-
ence contrast. Movies of cells are available in the Supplementary
Material. (B) Scar�96-GFP does not localize to leading edges of
newly forming pseudopods. Full-length Scar-GFP was expressed in
scar null cells developed for 6 h (leftmost panels) and Scar�96-GFP
was expressed in similarly developed parental (middle panels), and
scar null backgrounds (right panels). The GFP in the cells was
visualized using confocal microscopy (top panels) and epifluores-
cence microscopy (bottom panels). Scale bar, 10 �m. (C) Cells ex-
pressing Scar�96-GFP have aberrant actin staining. Six-hour devel-
oped parental and scar� cells expressing Scar�96-GFP were stained
with TRITC-phalloidin. DIC images of cells are also shown. Bar,
10 �m.
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Scar�96-GFP in scar null cells does not restore wild-type
chemotaxis (Figure 6, Supplementary Movies 6 and 9). Many
of the cells are flattened, tightly adherent and move only
sporadically toward the chemoattractant source. Signifi-
cantly, chemotaxis and basic motility are similarly impaired
when Scar�96-GFP is expressed in parental cells (Figure 6,
compare Supplementary Movies 5 and 8). Individual cells
expressing Scar�96-GFP, whether in the wild-type or scar
null backgrounds, displayed chemotactic responses ranging
from a slight delay to having movement completely blocked
(Figure 6, Supplementary Movie 8). Therefore, Scar�96-GFP
could not rescue chemotaxis in Scar null cells and has a
dominant inhibitory effect on normal cell movement and
chemotaxis in parental cells.

Expressing Truncated Scar Affects Cytokinesis
With extended periods of induction, growing cells express-
ing Scar�96-GFP became enlarged and adherent (Figure 7,
A–F) and were multinucleate (Figure 7, G–J). Cells with 4 to
more than 20 nuclei were observed, with no evidence of
cleavage furrows. Multinucleate cells were observed after
10–12 h of induction and by �72 h virtually every cell was
converted to the large, multinucleate phenotype. There was
no significant change in Scar�96-GFP protein levels during
that time. The phenotype was roughly equivalent in both
parental and Scar null backgrounds and appears to be a
dominant consequence of expressing Scar�96-GFP. There
was no similar cytokinesis effect when full-length Scar was
expressed (data not shown).

DISCUSSION

The data presented in this article show that Dictyostelium
Scar is present in a large-molecular-weight complex and
interacts with Abi and HSPC300 and that the N-terminal 96
amino acids are necessary and sufficient for this interaction.
The physiological consequences of removing the Abi and
HSPC300 binding site(s) of Scar leads to disruption of the
Scar containing complex, loss of Scar localization, increased
stability of the truncated protein, abnormal cellular actin
dynamics, aberrant cell adhesion and motility, and failure of
normal cytokinesis.

We determined that the first 44 amino acids of Scar are
necessary for binding to both HSPC300 and Abi, and the first
96 amino acids were sufficient for this binding in vitro. It is
quite possible that the first 44 amino acids of Scar are also
sufficient for binding to Abi and HSPC300, but for technical
reasons we were unable to establish that unequivocally.
Consistent with that idea, the phenotype of cells expressing
Scar�44-GFP is virtually identical to that of Scar�96-GFP–
expressing cells (data not shown). We observed that the in
vitro binding of Scar to Abi may be subtly enhanced in the
presence of HSPC300. Although our data are only sugges-
tive, others have also reported an enhanced recruitment of
Scar to the complex when HSPC300 and Abi are present
(Gautreau et al., 2004). In contrast, the presence or absence of
Abi had no effect on the binding between Scar and HSPC300.

The first 96 amino acids of Scar are contained within the
SHD (Bear et al., 1998). The SHD region has been implicated

Figure 6. Cells expressing Scar�96-GFP
have motility and chemotaxis defects. Chemo-
taxis assays were performed on 8-h developed
HPS400, Scar null, and HPS400 and Scar null
cells expressing Scar�96-GFP and Scar null
cells expressing full-length Scar-GFP. Times of
exposure to a cAMP gradient are shown at the
top of the figure.
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in binding to Abi (Echarri et al., 2004; Innocenti et al., 2004;
Leng et al., 2005), and overexpression studies in Cos-7 cells
indicate that amino acids 32–66 of Scar2/WAVE2 are nec-
essary for Abi binding (Leng et al., 2005). In addition, ex-
pressing Scar/WAVE in cultured cells depleted for Abi re-
sult in loss of Scar/WAVE localization (Kunda et al., 2003;
Rogers et al., 2003). Our data show that the first 96 amino
acids of Scar are not only necessary to bind Abi, consistent
with Leng et al. (2005), but are sufficient for that binding. The
SHD region also appears to play a role in the localization of
Scar2/WAVE2 to lamellipodia and filopodia (Nakagawa et al.,
2001, 2003; Nozumi et al., 2003; Leng et al., 2005; Mitsushima et
al., 2006). When overexpressed in NG108 neuroblastoma
cells Scar2/WAVE2 fragments containing only amino acids
1–83 localize to filopodial tips, but fragments containing
amino acids 1–54 do not (Nozumi et al., 2003). We report
here that Scar missing the first 96 amino is unable to localize
properly. This is consistent if Abi binding is required for
proper Scar localization (Leng et al., 2005). An iso/leucine-
rich region is present in the conserved SHD region of Scar
family members (Bear et al., 1998) and may play a role in
protein-protein interactions (Miki et al., 1998; Tu et al., 2004).
In Dictyostelium the iso/leucine-rich region spans approxi-
mately amino acids 28–90, overlapping the region that we
find critical for binding to HSPC300 and Abi. There is no
direct evidence linking any of the hydrophobic residues to
Scar interactions and/or localization, but it is quite possible.
More specific mutagenesis studies are needed to establish
involvement of these residues in interactions between Scar,
Abi, and HSPC300.

Endogenous Dictyostelium Scar and PIR121 are found in
complexes of �400–600 kDa, consistent with the existing
model of Scar/WAVE regulation and with the Insall labo-

ratory’s demonstration of coimmunoprecipitation of endog-
enous Scar and PIR121 (Ibarra et al., 2006; Stradal and Scita,
2006). Scar�96-GFP is found in a smaller sized complex(es).
Neither full-length Scar nor PIR121 comigrate with Scar�96-
GFP in the smaller complex(es), arguing that there is no
interaction in vivo. The other components of the Scar�96-
GFP–containing complex(es) are unknown and are pres-
ently being pursued. Suetsugu et al. (2006) reported that
overexpression of full-length tagged WAVE2, in the pres-
ence of endogenous WAVE2, remains largely as monomers,
though they did not directly establish that the WAVE in
lower fractions was monomeric (Suetsugu et al., 2006). The
same, tagged, WAVE2 is found in the high-molecular-
weight complex when expressed in cells devoid of endoge-
nous WAVE2. Consistent with their observations, and with
our Scar null rescue data, we find full-length Scar-GFP,
expressed in Scar null cells, present in fractions representing
the high-molecular-weight complex (not shown). We have
been unable to stably express full-length Scar-GFP in cells
expressing endogenous Scar. Transient expression has been
detected, but only at very low levels and for short periods of
time. This is consistent with the idea that this protein is more
unstable that Scar�96. The presence in cells of Scar�96-GFP
does not interfere with the ability of endogenous Scar or
PIR121 to participate in a high-molecular-weight complex.
This is consistent with the in vitro data that amino acids 1–96
of Scar are needed to bind Abi and HSPC300 and that Abi is
necessary for the assembly of the Scar-containing macromo-
lecular protein complex (Gautreau et al., 2004; Innocenti et
al., 2004).

Expression of Scar�96-GFP has a dramatic effect on cell
morphology, cytoskeletal organization, substrate adhesion,
motility, and cytokinesis. This is true whether it is expressed

Figure 7. Induction of cytokinesis defect by
extended induction of �96 constructs. (A–C, I,
and J) Axenically growing strains with the
Scar�96-GFP construct uninduced; (D–H)
each strain after 72 h of Scar�96 induction.
A–F, DIC images; G–J, epifluorescent images
with nuclei stained with DAPI and cells out-
lined with TRITC-phalloidin.
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in the presence (HPS400) or absence (scar�) of the normal
Scar-containing complex and is likely to reflect inability of
Scar�96-GFP to respond to normal Scar regulation. Al-
though Scar�96-GFP does not associate with the pentapep-
tide complex, it is expected to still bind actin and Arp2/3
and stimulate F-actin production, potentially with little or
no regulation. It was, therefore, somewhat surprising to see
the overall level of F-actin in Scar�96-GFP–expressing cells
to be the same as in control cells. This is in contrast to
expression of a construct, Scar PWA-GFP, which does result
in cells having an increased basal level of F-actin. Those
same Scar PWA-GFP cells do not produce a phenotype at all
like Scar�96-GFP (Figure 5 and Supplementary Figure S1).
The data suggest that Scar�96-GFP does not act like a con-
stitutively active Arp2/3 activator. It may be that there is
transient, localized activation of Arp2/3 and F-actin produc-
tion but not enough to be detected on a cell-wide basis.
Consistent with that is the abnormal distribution of F-actin
into patches around the periphery of the cell, a different
pattern from that seen in either parental or scar null cells.
Whether the control of Scar�96-GFP is through the protein
complex(es) seen in the sucrose gradients or by some other
means awaits further characterization of Scar�96-GFP.
There is also an increase in the number of vesicles present in
Scar�96-GFP cells. Dictyostelium scar null cells are known to
have defects in vesicle maturation and export (Seastone et
al., 2001) and the phenotype of Scar�96-GFP–expressing
cells may reflect a misregulation of a normal role for Scar in
vesicle morphogenesis or trafficking. Excessive formation of
long, thin protrusions is seen in Drosophila S2 cells when
Scar, Abi, Nap1, or PIR121 are RNA interference depleted
(Kunda et al., 2003; Rogers et al., 2003). A similar increase is
seen when Scar�96-GFP is expressed. In both systems this
increase occurs when one or more of the complex members
is absent. In the absence of PIR121, Abi, or Nap1 there is a
decrease in the level of wild-type Scar within the cells (Blagg
et al., 2003a; Kunda et al., 2003; Rogers et al., 2003; Ibarra et al.,
2006). This is likely to be, at least in part, proteasome-
mediated degradation (Rogers et al., 2003; Mitsushima et al.,
2006). In contrast to wild-type Scar, Scar�96-GFP is not
rapidly degraded. This is true in parental as well as in null
backgrounds for Scar, PIR121, Nap1, and HSPC300. This
strongly suggests that in addition to Scar�96-GFP being
resistant to regulation by the pentapeptide complex, it is
resistant to degradation. It is possible that the N-terminal 96
amino acids of Scar contain a targeting site for degradation
or is important for masking such a site. It was recently
reported that an Arabidopsis ortholog of HSPC300, BRICK1,
plays a role in stabilizing SCAR2 in that organism (Le et al.,
2006). They suggest that BRICK1 binds Scar and contributes
to the masking of a degradation sequence. It is also possible
that regulated degradation of Scar is dependent on proper
localization. It may be that the presence of Scar in the pep-
tapeptide complex not only targets it to sites of new F-actin
assembly, but is responsible for presenting Scar to the deg-
radation machinery. It is also possible that the deletion of the
first 44 or 96 amino acids of Scar changes the conformation
of the protein such that abi and/or HSPC300 no longer have
an intact recognition site. Although the experiments show-
ing amino acids 1–96 of Scar are sufficient to bind HSPC300,
we cannot rule out that possibility for abi.

Expression of Scar�96-GFP has a dominant, gain-of-func-
tion effect on cell motility. Chemotaxis is not rescued in Scar
null cells by expression of Scar�96-GFP, and chemotaxis of
parental cells is severely compromised. The effects do not
seem to be on the ability of the cells to detect the chemoat-
tractant, because movies show that cells are able to identify

the direction of the source. Rather the defect in motility may
be an indirect consequence of enhanced substrate adhesion
and an inability of cells to polarize properly. Movies show
many cells expressing Scar�96-GFP adhering to the sub-
strate, flattening out, and moving very little. These cells can
convert back to less adherent cells but still extend multiple,
poorly directed protrusion resulting in inefficient directed
motion. The lack of chemotactic response appears to reflect
more on the cell’s general inability to organize its actin
cytoskeleton, as seen by phalloidin F-actin staining, rather
than on its ability to orient correctly. It is possible that
Scar�96-GFP is affecting the Phg2-Adrm pathway and/or
SadA-mediated adhesion as both play prominent roles in
regulating F-actin organization, adhesion, and motility (Fey
et al., 2002; Gebbie et al., 2004; Cherix et al., 2006). Further
studies are underway to investigate these possibilities.

Perhaps the most surprising effect of expressing Scar�96-
GFP was on cytokinesis. Unlike myosin II null mutants that
are multinucleate in suspension but can recover a form of
cell division when returned to a solid surface (De Lozanne
and Spudich, 1987; Knecht and Loomis, 1987; Fukui et al.,
1990), Scar�96-GFP–expressing cells become highly multinu-
cleate on solid support. In that sense the Scar�96-GFP–
expressing cells are more reminiscent of null mutants in coro-
nin (de Hostos et al., 1993), SAPK� (Sun et al., 2003), or the
multiple mutants in PI3-kinase and PTEN involved in the
phosphatidyl 4,5-bisphosphate synthetic pathway (Janetopoulos
et al., 2005). The latter connection is particularly interesting
given the proposed relationship between phophoinositide
signaling and members of the Scar/WASp family of proteins
(e.g., Oikawa et al., 2004; Weiner et al., 2006). Janetopoulos et
al. (2005) and others have suggested a connection between
G-protein–coupled receptor (GPCR) signaling, PI3K/PTEN
and cytokinesis. Because Scar was originally identified as a
suppressor of GPCR signaling, it is possible that expression
of the truncated Scar is interfering with that normal regula-
tion. It is also possible that the cytokinesis defect is due to
the abnormal substrate adhesion seen in Scar�96-GFP–
expressing cells. This could result in new cells being unable
to effectively make a division furrow and move apart. SadA
mutants also show a cytokinesis defect, again suggesting a
possible connection between the abnormal actin regulation
of Scar�96-GFP– expressing cells and SadA-mediated ad-
hesion.

Expression of N-terminally truncated Scar results in a
wide array of deleterious consequences including effects on
cell morphology, substrate adhesion, motility, and cytokine-
sis. This protein is defective in at least two different ways: it
is not regulated by the normal involvement in a large mul-
tiprotein complex and it is unusually stable. These two
things may be related as targeting to the plasma membrane
by the complex may be required for both activation and
degradation of Scar. The findings reported here underline
the importance of maintaining strict regulation over Arp2/3
activators like Scar and WASp. Localized activation and
rapid degradation of Scar/WASp proteins provide mecha-
nisms for both spatial and temporal regulation of Arp2/3-
mediated actin polymerization. Our data suggest that nec-
essary and perhaps sufficient components of that regulation
are contained within the first 100 amino acids of Scar. The
ability to perform site-directed mutagenesis on the N-termi-
nus of Scar and return it to an in vivo context provides us
with a means to more precisely define the role of the N-
terminus of Scar provide insight into its regulation.
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