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Summary

The insulin receptor tyrosine kinase substrate p53
(IRSp53) links Rac and WAVE2 and has been implicated
in lamellipodia protrusion. Recently, however, IRSp53 has
been reported to bind to both Cdc42 and Mena to induce
filopodia. To shed independent light on IRSp53 function we
determined the localisations and dynamics of IRSp53 and
WAVE?2 in B16 melanoma cells. In cells spread well on
a laminin substrate, IRSp53 was localised by antibody
labelling at the tips of both lamellipodia and filopodia. The

same localisation was observed in living cells with IRSp53

regulate filopodia formation with Mena, EGFP-IRSp53

showed the same localisation in MY’ Ena/VASP

(vasodilator stimulated phosphoprotein) family deficient

cells. WAVE?2 tagged with DsRed1 colocalised with EGFP-
IRSp53 at the tips of protruding lamellipodia and filopodia

and, in double-transfected cells, the IRSp53 signal in
filopodia decreased before that of WAVE2 during

retraction. These results suggest an alternative modulatory
role for IRSp53 in the extension of both filopodia and
lamellipodia, through WAVE?2.

tagged with enhanced green florescence protein (EGFP-
IRSp53), but only during protrusion. From the transfection
of deletion mutants the N-terminal region of IRSp53, which
binds active Rac, was shown to be responsible for its
localisation. Although IRSp53 has been reported to

Movies available online
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Introduction 2001; Nakagawa et al., 2001), VASP/Mena family members

The protrusion of lamellipodia and filopodia is signalled via(Rottner et al., 1999; Bear et al., 2000) and profilin (Geese et
the Rho family small G-proteins, Rac and Cdc42, respectivelgl., 2000).

(Machesky and Hall, 1997; Nobes and Hall, 1995; Ridley, Ena/VASP family proteins, including Mena, localise to
2001). Insight into the players downstream of Rac and Cdc4e tips of lamellipodia and filopodia (Lanier et al., 1999;
involved in mediating protrusion is now beginning to emergdNakagawa et al., 2001; Rottner et al., 1999a; Rottner et al.,
from collected information on protein complexes influencing2001), as well as to the head of the actin comet tailstéria
actin polymerisation in vitro (Higgs and Pollard, 2001;monocytogenes infected cytoplasm (Laurent et al., 1999),
Pantaloni et al., 2001) and on the molecular determinants @hd are thought to participate in the regulation of actin
actin-based pathogen motility (Frischknecht and Way, 2001fjlament dynamics (Bear et al., 2000; Bear et al., 2002;
Pantaloni et al., 2001), as well as on localisations of proteirfgertler et al., 1996; Loisel et al., 1999; Rottner et al., 1999a).
in lamellipodia and filopodia in living cells (Small et al., The WASP-related, WAVE/Scar family is represented by
2002). An understanding of the regulation of actin dynamicghree isoforms in human tissues, WAVE1-WAVE3 (Suetsugu
during cell motility requires characterisation of theet al., 1999). All isoforms share a C-terminal acidic region
complexes of proteins involved at sites of actin nucleation anthat stimulates the actin filament nucleation activity of
turnover. Particularly relevant to the present report is théhe Arp2/3 complex (Machesky et al., 1999; Miki et al.,
finding that several candidate proteins implicated in actir?000), and the conserved N-terminal WAVE/Scar homology
polymerisation dynamics in vitro are specifically recruiteddomain (WHD) possesses lamellipodia localisation activity
to the tips of lamellipodia and filopodia, where actin(Nakagawa et al., 2001; Nozumi et al., 2003). Profilin
polymerisation for protrusion is initiated and controlled.provides monomeric actin molecules to the elongating
These proteins include WAVE, a submember of the Wiskotactin filaments near the cell membrane (reviewed by Miller,
Aldrich Syndrome Protein (WASP) family (Hahne et al.,2002).
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Recently, the insulin receptor tyrosine kinase substrateideo microscopy of living cells

IRSpP53 (Yeh et al.,, 1996) was proposed as an adapt@ransfected cells cultured on laminin-coated cover glass were
molecule involved in events downstream of Rac and/or Cdc42ounted in an open heating chamber (Warner Instruments, Hamden,
(Govind et al., 2001; Krugmann et al., 2001; Miki et al., 2000)CT) operating at 32°C and 37°C for MV cells and B16 cells,
IRSp53 was originally identified as the substrate of the insulifespectively. The treatment with aluminium fluoride was carried out
receptor tyrosine kinase, although a corresponding functiofccording to the method of Hahne et al. (Hahne et al., 2001). The
remains outstanding (Yeh et al., 1996). Miki et al. (Miki et al.,chamber was mounted on an inverted microscope (Axiovert S100TV,
2000) found that IRSpP53 linked Rac to WAVE2, theZelss, Austria) equipped for epifluorescence and phase contrast

e . microscopy. Data were acquired with a back-illuminated CCD camera
ubiquitous member of the WAVE family (Suetsugu et al"(Roper Scientific, Trenton, NJ). The interval time between video

1999). IRSp53 binds to Rac through its N-terminal regionames was set at 7 seconds (Supplemental movie) or 17 seconds. For
named the Rac binding region (RCB) (Miki et al., 2000; Mikithe double transfections of EGFP-tagged IRSp53 and DsRed1-tagged
and Takenawa, 2002). In a later study, Govind et al. (Govin/AVE2, the time between sequential frames in the two fluorescent
et al., 2001) reported that IRS-58, a C-terminal alternativehannels was 1.5 seconds.

splicing variant of IRSp53 (Alvarez et al., 2002), bound to
Cdc42 at its centre part. Furthermore, Krugmann et ai;‘ﬂheasurement of fluorescence intensity
(Krugmann et al., 2001) identified IRSp53 as a Rac and Cdc ! : _ ) . N
binding protein using the yeast two-hybrid method. Theg e fluorescence intensity of the tips of filopodia and lamellipodia

[

. 2 . L ere measured using Scion Image 1.62c (Scion Corporation,
defined the Cdc42 binding region as that containing a part rederick, MD). The fluorescence intensity profiles were obtained

CRIB motif (Cdc42 and Rac binding motif) (reviewed by yjthin a frame of 0.5um width along filopodia or of 1im width
Hoffman and Cerione, 2000) at the same position as reporte@ross lamellipodia. The specific fluorescence at the tip was obtained
by Govind et al. (Govind et al., 2001). IRSp53 binds to thay subtracting the mean background fluorescence on both sides of the
proline-rich regions of both WAVE2 and Mena through itstip (see Fig. 7d).
SH3 domain (Krugmann et al., 2001; Miki et al., 2000). From
their recent studies, Krugmann et al. (Krugmann et al., 200
concluded that IRSp53 acts synergistically with Mena inf<eSults _ _ _ o
filopodia induction, rather than as a link between Rac antRSp53 is recruited to the tips of protruding lamellipodia
WAVE 2 in signalling lamellipodia formation (Miki et al., and filopodia through its N-terminal region
2000). IRSp53 has thus been attributed with apparentlyo establish IRSp53 localisation, we first transfected B16
alternative roles in the formation of either lamellipodia ormelanoma cells with myc-tagged IRSp53 (myc-IRSp53),
filopodia. To gain more insight into IRSp53 function, wewhich preserves the binding activity to Cdc42, Rac, Mena
investigated the localisation and dynamics of IRSp53 and itand WAVE2 (Krugmann et al., 2001; Miki et al., 2000)
target proteins in living cells. and employed immunofluorescence (Fig. 1a-d) and confocal
microscopy. Highly expressing cells formed many branched
. extensions without clear localisation of myc-IRSp53, as
Materials and Methods previously reported (Fig. 1a,b, arrowheads) (Govind et al.,
Expression contracts and transfection
pEGFP-C1, -N1 and pDsRed1-N1 were purchased from Clontec
(Palo Alto, CA). cDNA of full-length IRSp53 was inserted into the
BarHI site of pEGFP-C1. The central region of IRSp53 [CNT; 230
to 364 amino acids (aa)] was amplified by PCR and inserted into tt
BanH1 site of pEGFP-N1. A cDNA fragment encoding the Rac
binding (RCB; 1 to 229 aa) region was cut out from pEGFP-IRSp5:
by Sad and Std, and inserted between tt&ad and Sma sites of
pEGFP-C1. WAVE2 cDNA lacking the stop codon was amplified by
PCR and inserted betweethd and Agd sites of pDsRed1-N1.
IRSp53, SH3 and RCB tagged with myc were as reported previous
(Miki et al., 2000; Miki and Takenawa, 2002). These constructs wer
transfected with SuperFect (QIAGEN K.K., Tokyo, Japan) according
to the manufacturer’s guide.

Antibodies and immunofluorescence microscopy

Affinity purified polyclonal antibodies against WAVE were 5
characterised as described previously (Miki et al., 1998b; Nakagaw £

et al.,, 2001). Rabbit aniserum against green fluorescence prote F&

was purchased from Molecular Probes (Eugene, OR). Monoclon:

antibody against myc-tag (clone no. 9E10), FITC-conjugated antiFig. 1.Localisation of IRSp53 in B16 melanoma cells. (a-d) Cells
mouse immunoglobulin G (IgG) goat IgG and rhodamine-phalloidirtransfected with myc-IRSp53 were cultured on laminin and

were obtained from Sigma-Aldrich Japan K.K. (Tokyo, Japan). Thémmunolabelled with monoclonal anti-myc antibody 9E10 (a,c) and
immunofluorescence microscopy was performed using a confocrhodamine-phalloidin (b,d). Arrows in (a,b) indicate the

laser scaning microscope (LSM510, Zeiss, Japan) as previouslamellipodium extending from the cell moderately expressing
described (Nakagawa et al., 2001). The pinhole of LSM510 walRSp53. Arrowheads in (a,b) indicate an overexpressing cell with
set to adjust the thickness of focal planes at QW for branched filopodial extensions. Double-arrowheads point to the non-
immunofluorescence microscopy. lamellipodium cell membrane. Bars, fifh.
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2001; Krugmann et al., 2001). However, cells expressingrrowheads). EGFP-IRSp53 was retained in membrane ruffles
moderate levels of myc-IRSp53 extended lamellipodia andt the edge of Rac1V12 cotransfected cells (Fig. 2c,d), as also
filopodia normally. As shown in Fig. 1c,d, IRSp53 was therearlier observed with EGFP-VASP (Rottner et al., 1999a), and
more concentrated towards the tip of the actin meshwork iwas also concentrated at the tips of elongating filopodia
lamellipodia and was present at the tips of filopodia. (Fig. 6; Supplemental movie). These observations suggest that
To analyse how the localisation of IRSp53 was related ttRSp53 could function downstream of both Rac and Cdc42.
cell movement, we observed the dynamics of IRSp53 taggethe localisation of EGFP-IRSp53 in living cells was consistent
with EGFP (EGFP-IRSp53) in living B16 cells. In general,with the immunofluorescence localisation of myc-IRSp53.
transfected cells were reluctant to spread, so cells were IRSp53 binds to both Rac and Cdc42 through its RCB region
cotransfected with dominant active Racl (RaclV12) tand CRIB motif, respectively, (Govind et al., 2001; Krugmann
promote cell spreading. As shown in Fig. 2a-d, EGFP-IRSp58t al., 2001; Miki et al., 2000; Miki and Takenawa, 2002). The
was concentrated at the lamellipodium tip similar to myc-SH3 domain of IRSp53 is reported to interact with WAVE2 and
IRSp53. In cell edges undergoing retraction, EGFP-IRSp58lena to form lamellipodia and/or filopodia (Krugmann et al.,
was absent but relocated to the tips following extension d2001; Miki et al., 2000). To clarify which regions of IRSp53
lamellipodia (Fig. 2c,d, white lines), as formerly found forregulate its localisation, we expressed deletion constructs of
other tip proteins (Geese et al., 2000; Hahne et al., 200IRSp53 in B16 melanoma cells tagged with myc, which does
Rottner et al., 1999a; Stradal et al., 2001). The same dynamigst affect the interaction with Rac (Miki et al., 2000).
of IRSp53 were observed in B16 cells stimulated withmyc-ASH3 and myc-RCB fragments showed the same
aluminium fluoride (Fig. 2e,f). In these cells, EGFP-IRSp53ocalisation as the full-length IRSp53, but the SH3 domain
localised at the protruding tips of lamellipodia and was absent
from retracting tips, as well as from retraction fibres (Fig. 2e,f a

-

1
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Fig. 2. Dynamics of IRSp53 in B16 melanoma cells. (a-d) B16
melanoma cell cotransfected with EGFP-IRSp53 and dominant
active Rac1V12. The dynamics of bracketed areas in (a,b) are Fig. 3. Localisation of myc-tagged IRSp53 constructs in B16 cells.
represented as (c,d), respectively. In (c,d) white lines indicate a (a) Myc-tagged IRSp53 constructs. RCB, CRIB and SH3 indicate
region of protrusion (arrows) preceded by ruffling (asterisks). PhaseRac binding region, CRIB motif and SH3 domain, respectively.
dense area corresponding to the lamellipodium region extending  Number indicates the position of corresponding amino acid residue.
parallel to the substrate is indicated by brackets in (c,d). (e,f) B16 (b-i) Cells transfected with myaSH3, myc-SH3 or myc-RCB , as

cell expressed EGFP-IRSp53 and stimulated by treatment with indicated, and immunolabelled with monoclonal anti-myc antibody
aluminium fluoride 15 minutes before image acquisition. IRSp53  9E10 (b,d,f,h) and rhodamine-phalloidin (c,e,g,i). Arrows and

was not retained in retraction fibres (arrowheads) and retracting  arrowheads indicate the tips of filopodia and lamellipodia,

ruffle (arrows). Time is given in minutes and seconds. Bargjii.0 respectively. Bars, 1Am.



2580 Journal of Cell Science 116 (12)

alone (myc-SH3) failed to localise (Fig. 3d,e). These resultgwestigate this possibility, we determined the localisation of
indicate that the localisation of IRSp53 could be regulatetlVAVE2 and compared its dynamics with that of IRSp53 in B16
independently from the interaction with WAVE2 and/or Mena,cells. Before the living cell observation, we localised
which are both mediated by the SH3 domain. They also suggestdogenous WAVE in B16 cell using an anti-WAVE antibody
that the N-terminal sequence in the RCB region could tethahat recognises all three WAVE isoforms. The antibody labelled
IRSp53 to the tips of both lamellipodia and filopodia the tips of both lamellipodia and filopodia (Fig. 5a,b), in
contrast to WAVE1L, which localises only at the lamellipodium
tip (Hahne et al., 2001) when expressed in B16 cells. In the

IRSP53 is localised at the tips of lamellipodia and neural growth cone, WAVE2 and 3 localise to both tips of
filopodia protruding from Mena/VASP double-knockout lamellipodia and filopodia but only WAVE1 localises to the
cells lamellipodium tip (Nozumi et al., 2003). Because WAVE1 and

Because overexpression of IRSp53 induced filopodiaB are expressed mainly in neural tissues (Suetsugu et al., 1999;
extensions, it was suggested that the complex of IRSp53 al®nachenhou et al., 2002), the tip label observed by antibody
Mena regulates filopodia elongation (Krugmann et al., 2001)abelling in untransfected B16 cells is most likely to be
This conclusion is inconsistent, however, with the recruitmenattributed to the ubiquitously expressing WAVE?2 isoform. The
of both IRSp53 (Figs 1, 2) and Mena (Gerlter et al., 1996localisation of DsRedl-tagged WAVE2 (WAVE2-DsRed)
Nakagawa et al., 2001; Rottner et al., 1999a; Rottner et atpnfirmed this possibility (Fig. 5c,d). WAVE2-DsRed-
2001) to lamellipodia, as well as filopodia. To provide furthertransfected B16 cells were stimulated with aluminium fluoride
insight into the in vivo relationship between IRSp53 and Menao enhance lamellipodia formation (Hahne et al., 2001). As
we analysed the localisation of EGFP-IRSp53 in MV shown in Fig. 5¢,d, WAVE2-DsRed localised to the edge of
Ena/VASP family deficient cells (Bear et al., 2000). Whenextending lamellipodium and the tips of filopodia similar to the
cotransfected with Rac1V12 and EGFP-IRSp53,Mwells  immunolabelling with anti-WAVE antibody.

plated on laminin extended lamellipodia and filopodia with

EGFP-IRSp53 localised to their tips (Fig. 4). This result ) )

showed that the IRSp53:Mena complex is not essential fdpifferent dynamics of IRSp53 and WAVE?2 at the tip of
filopodia elongation, and that IRSp53 may interact withretracting filopodia

WAVE? rather than with Mena at these tips. By observing the dynamics of IRSp53 and WAVE2 in the

WAVEZ2, but not WAVEL, localises to filopodia tips with
IRSpP53

Significantly, IRSp53 binds only WAVE2 of the three WAVE
isoforms and specifically enhances WAVE?2 activity to induce
Arp2/3 complex activation (Miki et al, 2000). These results
suggested that WAVE2 might be localised at the tips o
both lamellipodia and filopodia, together with IRSp53. To

Fig. 5.Localisation of WAVEZ2 in B16 cells plated on laminin.
(a,b) A cell immunolabelled with an anti-WAVE antibody that
recognises all three WAVE isoforms (a) and with rhodamine-

: ' phalloidin (b). (c,d) Sequential video frames taken in fluorescence (c)
and phase contrast (d) of a cell that was transfected with WAVE2-
Fig. 4.Localisation of IRSp53 in MY at the tips of lamellipodia DsRed. For living cell observation, lamellipodia protrusion was

and filopodia of Ena/VASP family deficient cells. The cells were stimulated by treatment with aluminium fluoride 15 minutes before
cotransfected with EGFP-IRSp53 and Rac1V12 were cultured on image acquisition. White line indicates region of retraction followed
laminin and visualised in fluorescence (a,c) and phase contrast (b,dby lamellipodium protrusion; arrows and arrowheads indicate
Bars, 5um. filopodia. Time is in seconds. Bars, [18.



IRSp53 dynamics with WAVE2 2581

Y

Tip

3
SN

Fluorescence
Intensity

a— Background

Trace Axis

b9 Iz = Tovi/In x 100 (%)

Fig. 6. Relative dynamics of IRSp53 and WAVEZ2 in
lamellipodia and filopodia. Panels show video
frames of a B16 cell that was cotransfected with
EGFP-IRSp53 and WAVE2-DsRed. Lamellipodium
formation was induced by microinjection of
constitutively active Rac1L61 a few minutes before
imaging. (a) Fluorescence channel for EGFP-
IRSpP53; (b) fluorescence channel for WAVE2-
DsRed; (c) phase contrast. Arrowheads indicate
filopodium tip. Fluorescence intensity was
measured between white and black brackets. The profiles of fluorescence intensity of the filopodium and lamellipodium deel iepttesen
corresponding image as fil and lam, respectively. Arrow in the profile indicates the axis of fluorescence intensity. Thedtuimtessiy of
EGFP-IRSp53 at the filopodium tip decreases before retraction and for DsRed-WAVE2 only during retraction. Double arromieeh@4t ti
indicates the tip position at 0:49. (d) The specific fluorescence intefsatytiie tip was obtained by the subtraction of background
fluorescence from the tip fluorescence. IR corresponds to the ratio between fluorescence intensities at n seconds (ltgrarsi tuamcksf
(In+i). Time is in minutes and seconds. Barut9. See supplementary video.

same cell, we could compare the dynamics of thessuggest that EGFP-IRSp53 delocalises from the filopodia tip
two proteins. B16 cells were cotransfected with EGFPbefore WAVE2-DsRed, during retraction.
IRSp53 and WAVE2-DsRed and were microinjected with
constitutively active Rac1L61 to promote cell spreading (Fig. )
6). Consistent with the single label experiments, EGFPDiscussion
IRSp53 and WAVE2-DsRed were colocalised at the tips oAlthough Krugmann et al. (Krugmann et al., 2001) reported
lamellipodia. that IRSp53 bound to Rac and WAVEZ2 in addition to Cdc42
The fluorescence intensity of EGFP-IRSp53 at theand Mena, they concluded that IRSp53 regulated filopodia
filopodium tip was decreased concomitant with retractionformation as its overexpression induced filopodia. Likewise,
whereas WAVE2-DsRed was retained at the tip during the earlgovind et al. (Govind et al., 2001) showed that the
retraction phase (see fluorescent intensity profiles in Fig. 6pverexpression of IRS-58, a C-terminal alternative splicing
As shown in the bottom frame of Fig. 6, when the filopodiumvariant of IRSp53 (Alvarez et al., 2002), induced filopodia
was fully retracted, the fluorescence intensity of both EGFRormation in various cell lines. They observed that
and DsRed at the tip was decreased to the same level. @&adogenous IRS-58 was generally localised in filopodia. We
analyse the difference of EGFP-IRSp53 and WAVE2-DsRedlso observed that the overexpression of myc-IRSp53 in B16
dynamics at the filopodia tips, we measured their fluorescencells induced long, multibranched filopodia. Considering that
intensities during retraction. Because the expression timB16 cells express endogenous IRSp53 (H.N. and J.V.S.,
course was different between EGFP and DsRed1 vectors, it wagpublished), our result suggests that IRSp53 normally
difficult to find cells with moderate fluorescence of both EGFHocalises to the tips of both lamellipodia and filopodia.
and DsRed1. Fig. 6 shows an example of three filopodia who®ecause the cotransfection of RaclV12 recovered
tips could be traced over at least six video frames (35 secondgjmellipodium formation of B16 cells on laminin substrata,
sequentially before disappearing in lamellipodia. Thes¢he predominance of filopodia-like projections in cells
filopodia elongated at a rate of 0£0001um/min and retracted overexpressing IRSp53 or the RCB region may be due to the
at a rate of 0.080.07 um/min. The fluorescence intensity of sequestration of Rac by IRSp53 at high expression levels,
EGFP-IRSp53 decreased to nearly hdlg=45.2£11.3%) leading to Rac inhibition.
within 35 seconds, whereas that of WAVE2-DsRed was The observation of Krugmann et al. (Krugmann et al., 2001)
preserved|g=88.1£11.2%) in this period. The fluorescence atthat the overexpression of IRSp53 induced the atypical
lamellipodia edges in the same video frames did not change iatraction of cell edges, and is dependent on incubation time,
the same period; the values of EGFP-IRSp53 and WAVE2- is consistent with the onset of deleterious effects at high
DsRed were 8b16.3% and 95:618.1%, respectively. To expression levels. We show here that the N-terminal RCB
compensate for photobleaching, we estimated the ratiaggion of IRSp53 is recruited to the tips of both lamellipodia
between thdr of filopodia and lamellipodia. The ratios of and filopodia, whereas the central region including the CRIB
EGFP-IRSp53 and WAVEZ2-DsRed were 53% and 92%motif is not responsible for the localisation. Although this N-
respectively. EGFP-IRSp53 and WAVE2-DsRed showederminal region has been reported to be essential for Rac
essentially the same dynamics in other filopodia. These resuliinding (Miki et al., 2000; Miki and Takenawa, 2002), it also
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recruits IRSp53 to the tips of filopodia, suggesting theas absent from filopodia (Svitkina and Borisy, 1999), WAVE2
involvement of other adaptors determining filopodiamay regulate actin polymerisation there through the
localisation. Alternatively, localisation in filopodia could recruitment of actin molecules to filopodia tips by the
reflect the derivation of filopodia from lamellipodia networksinteraction of its proline-rich region with profilactin (Miki et
signalled via Rac (see Small et al., 2002). Further exploratioal., 1998b). IRSp53 localisation is not dependent on WAVE2
of proteins interacting with the IRSp53 N-terminal regionor Mena. This is indicated by the observation that IRSp53
should provide information about the additional adaptors odisappeared from the filopodia tips before WAVE2 (Fig. 6) and
complexes involved. by the peripheral tip localisation of IRSp53 in the absence of
We show here that IRSp53 colocalises with WAVE2 atMena. Therefore, IRSp53 may be involved in recruiting
the tips of both protruding lamellipodia and filopodia, WAVE2 and Mena in lamellipodia and filopodia via Rac and
independently of Mena. From these results we propose @dc42, respectively.
schematic model of IRSp53 function (Fig. 7) that could explain The localisation of Ena/VASP family proteins to the
the two different models of its role in cell movement (Govindlamellipodium tip is highly correlated with the protrusion rate
et al., 2001; Krugmann et al., 2001; Miki et al., 2000). Like(Rottner et al., 1999a), but the roles of these proteins are still
WAVE1, WAVE? is recruited to the tips of both lamellipodia controversial (Arguinzonis et al., 2002; Bear et al., 2000; Bear
and filopodia through its WHD domain (Nakagawa et al.et al., 2002; Nakagawa et al., 2001; Rottner et al., 1999a). It
2001; Nozumi et al., 2003). Mena localisation is regulatedemains to be shown whether the interaction of IRSp53 with
synergistically through both the EVH (Ena VASP homology)Mena influences actin polymerisation dynamics, either in vitro
1 and EVH2 domains (Bear et al., 2002). Considering ther in vivo. Although N-WASP plays an important role in
binding of IRSp53 with both WAVE2 and Mena through its Cdc42-induced filopodia elongation (Miki et al.,, 1998;
SH3 domain (Fig. 7, solid double-ended arrows) and theiBuetsugu et al., 1998), filopodia can also be induced in N-
colocalisation at the tips of lamellipodia and filopodia, IRSp53NVASP-deficient fibroblastic cells (Lommel et al., 2001,
could tie WAVE2 and Mena into a complex. This complexSnapper et al., 2001). These results suggest that, in the process
could contribute to the regulation of actin polymerisation at thef filopodia formation, N-WASP functions as a modulator of
cell membrane, in an alternative pathway, analogous to theectin cytoskeleton reorganisation, but is not essential. From our
complex of ActA and VASP at the surfaceLoimonocytogenes present observation, WAVE?2 represents an alternative regulator
(Lanier et al., 1999). As previously reported (Miki et al., 2000)0f actin polymerisation in filopodia. Recent studies have shown
IRSp53 should also enhance WAVEZ2 activity to promotehat WAVEL exists in an inactive form in a heterotetrameric
Arp2/3 complex-induced actin filament polymerisation inprotein complex, and becomes accessible to Rac activation in
lamellipodia (Fig. 7, solid arrow). Because the Arp2/3 complexhe presence of Nck, whereby both Rac and Nck become
involved in complex disassembly (Eden et al., 2002; Takenawa
and Miki, 2001; Westphal et al., 2002). Because neither Nck
nor Rac are present at lamelliopodia tips, this activation may
precede the engagement of WAVE with IRSp53. Further
analysis of the temporal localisation of WAVE-interacting
proteins should shed light on the differential regulation of
lamellipodia and filopodia protrusion.
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