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The rate of N-WASP exchange limits the extent of
ARP2/3-complex-dependent actin-based motility
Ina Weisswange1, Timothy P. Newsome1{, Sibylle Schleich1 & Michael Way1

Understanding cell motility will require detailed knowledge not
only of the localization of signalling networks regulating actin
polymerization, but also of their dynamics. Unfortunately, many
signalling networks are not amenable to such analysis, as they are
frequently transient and dispersed. By contrast, the signalling
pathways used by pathogens undergoing actin-based motility are
highly localized and operate in a constitutive fashion1–5. Taking
advantage of this, we have analysed the dynamics of neuronal
Wiskott–Aldrich syndrome protein (N-WASP), WASP-interacting protein (WIP), GRB2 and NCK, which are required to stimulate actin-related protein (ARP)2/3-complex-dependent actinbased motility of vaccinia virus6–9, using fluorescence recovery
after photobleaching. Here we show that all four proteins are
rapidly exchanging, albeit at different rates, and that the turnover
of N-WASP depends on its ability to stimulate ARP2/3-complexmediated actin polymerization. Conversely, disruption of the
interaction of N-WASP with GRB2 and/or the barbed ends of actin
filaments increases its exchange rate and results in a faster rate of
virus movement. We suggest that the exchange rate of N-WASP
controls the rate of ARP2/3-complex-dependent actin-based
motility by regulating the extent of actin polymerization by
antagonizing filament capping.
During infection, vaccinia virus enhances its cell-to-cell spread by
stimulating ARP2/3-complex-dependent actin polymerization
beneath the extracellular enveloped virus by locally activating Srcand Abl-dependent signalling cascades6,10–12 consisting of GRB2,
NCK, WIP and N-WASP6–9,13 (Fig. 1a). To obtain insights into the
dynamics of this signalling network, we examined the turnover rates
of green fluorescent protein (GFP)-tagged GRB2, NCK, WIP and
N-WASP recruited to the tips of virus-induced actin tails (Fig. 1b
and Supplementary Figs 1, 2), using fluorescence recovery after
photobleaching (FRAP). We found that all four GFP-tagged proteins
rapidly recover to nearly pre-bleach values, suggesting that they do
not form a stable complex beneath the virus (Fig. 1c and
Supplementary Fig. 3). Similar results were also observed for GFPtagged NCK and N-WASP in cell lines lacking endogenous NCK or
N-WASP (Supplementary Figs 2, 3). Unexpectedly, the recovery of
N-WASP is ,3.5 times slower than that of NCK and WIP, although
they are thought to be responsible for the recruitment of
N-WASP6–8,13. The similar recovery rates of NCK and WIP suggest
that these proteins may be functioning together as a complex.
However, NCK is still recruited by the virus independently of WIP
in N-WASP-null cells (Fig. 1d, e). Our data suggest that WIP and
N-WASP are recruited to the virus as a complex in a NCK-dependent
fashion.
Our previous observations indicate that the recruitment of GRB2,
which is dependent on phosphorylation of tyrosine 132 of A36R and
the presence of N-WASP (Fig. 1a, d), results in the formation of more

actin tails than in its absence9. To determine whether GRB2 promotes
actin tail formation by stabilizing the actin tail-nucleating complex,
we examined the exchange rate of NCK, WIP and N-WASP, which
are recruited to actin tails in the absence of tyrosine-132 phosphorylation (Fig. 2a). The A36R–Y132F virus, which does not recruit
GRB2, formed fewer actin tails than the Western Reserve (WR) strain
(Supplementary Fig. 4). Moreover, FRAP analyses reveal that
the absence of GRB2 results in a significant increase in the rate of
recovery, not only of N-WASP but also NCK and WIP (Fig. 2b, c and
Supplementary Figs 4, 5). A role for GRB2 in stabilization of the
complex is also consistent with the increased rate of recovery of
GFP–NCK in the absence of GRB2, WIP and N-WASP recruitment
in N-WASP-null cells (Fig. 1e and Supplementary Fig. 3).
To confirm our observations obtained using the A36R–Y132F
virus, we examined the effects of RNA interference (RNAi)-mediated
depletion of GRB2. FRAP analyses on RNAi-treated cells reveal that
loss of GRB2 also increases the rates of recovery for NCK, WIP and
N-WASP (Fig. 2d, e and Supplementary Fig. 5). These effects are
specific to the loss of GRB2, as expressing cyan fluorescent protein
(CFP)–GRB2-res, which is resistant to RNAi, results in NCK, WIP
and N-WASP exchange rates that are similar to the control values
(Fig. 2d, e and Supplementary Fig. 5). Taken together, our data show
that GRB2 is acting as a secondary adaptor to help stabilize the
vaccinia actin-tail-nucleating complex.
Even in the absence of GRB2, the rate of recovery of N-WASP did
not approach that of NCK or WIP. One possible explanation is that
N-WASP is stabilized by an additional interaction. Recent observations have shown that the WASP-homology 2 (WH2) domains of
N-WASP, or actin bound to these domains, can interact with free
barbed ends of growing actin filaments14. To test whether this interaction might explain why N-WASP turns over more slowly than NCK
and WIP, we expressed GFP-tagged N-WASP–R410A/R438A (RA/
RA), which has a 30-fold-lower affinity for actin monomers than the
wild-type protein14, in N-WASP-null cells (Fig. 3a and Supplementary Fig. 6). N-WASP-null cells expressing GFP–N-WASP–RA/
RA that were infected with WR or A36R–Y132F viruses had significantly fewer actin tails than those complemented with N-WASP
(Supplementary Fig. 6). The loss of GRB2 recruitment and/or
N-WASP–RA/RA also resulted in significantly shorter actin tails
(Fig. 3b and Supplementary Fig. 6). FRAP analysis revealed that
N-WASP–RA/RA has a faster exchange rate than N-WASP in WRinfected cells (Fig. 3c, d and Supplementary Fig. 6). Interactions
between WH2 and actin thus help to stabilize N-WASP during
ARP2/3-complex-mediated actin polymerization. However, this
interaction cannot explain why the dynamics of N-WASP–RA/RA
is slower than that of NCK and WIP even in the absence of GRB2.
We therefore wondered whether an interaction between N-WASP
and the ARP2/3 complex responsible for nucleating actin polymerization
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Figure 1 | Components of the vaccinia actin-nucleating complex are highly
dynamic. a, Sketch indicating the interactions between the proteins
recruited beneath extracellular virus particles that are responsible for
stimulating ARP2/3-mediated actin tail formation. Src- and Abl-family
kinases known to phosphorylate tyrosine 112 or 132 of A36R are indicated
together with motifs and domains. b, Immunofluorescence images
demonstrating that GFP-tagged NCK, GRB2, WIP and N-WASP (green) are
recruited to the tips of virus-induced actin tails (red) in infected HeLa cells.
Scale bar, 2.5 mm. c, The recovery kinetics of the indicated GFP-tagged
protein on the tips of actin tails after photobleaching. Error bars, s.e.m. with
n 5 52. The values for the percentage and half-time of recovery for each
protein are indicated. d, GFP-tagged NCK, but not GRB2 or WIP, is
recruited beneath extracellular virus particles (B5R, red) in N-WASP-null
cells. Scale bar, 2.5 mm. e, Values derived from 52 fitted recovery curves
together with the s.e.m. for the percentage and half-time of recovery of
GFP–NCK in N-WASP-null cells infected with the indicated virus.
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Figure 2 | GRB2 stabilizes the vaccinia actin-nucleating complex.
a, Immunofluorescence images demonstrating that GFP-tagged NCK, WIP
and N-WASP, but not GRB2, are recruited to the tips of actin tails induced
by the A36R–Y132F virus. Scale bar, 2.5 mm. b, The recovery kinetics of
GFP–NCK on the tips of actin tails after photobleaching in WR- and
A36R–Y132F-infected HeLa cells. Error bars, s.e.m.; n 5 52. c, Values
derived from 52 fitted recovery curves for the percentage and half-time of
recovery together with the s.e.m. of the indicated GFP-tagged protein in
HeLa cells infected with WR and A36R–Y132F viruses. d, The half-time of
recovery of GFP-tagged NCK, WIP and N-WASP on the tips of actin tails in
HeLa cells treated with the indicated RNAi, GRB2-specific or non-targeting
control (non-targ.), with or without expression of RNAi-resistant
CFP–GRB2. Error bars, s.e.m.; n 5 52. e, Values derived from 52 fitted
recovery curves together with the s.e.m. of the percentage and half-time of
recovery for the indicated GFP-tagged proteins in HeLa cells treated with the
indicated RNAi. ***P , 0.001.
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Figure 3 | WH2:actin filament interactions contribute to N-WASP
stability. a, Immunofluorescence images demonstrating that GFP-tagged
wild-type (WT), RA/RA, DCA and DVVCA N-WASP are recruited beneath
extracellular virus particles (B5R, blue) in the N-WASP-null cells. Only GFPtagged N-WASP and RA/RA mutant are able to rescue actin tail formation
(red) in the N-WASP-null cells. Scale bar, 2.5 mm. b, The length of actin tails
induced by WR and A36R–Y132F viruses in rescued N-WASP-null cells
expressing GFP-tagged N-WASP or N-WASP–RA/RA. Error bars, s.e.m.
with n 5 450. c, The half-time of recovery of GFP-tagged N-WASP and
N-WASP–RA/RA in WR- and A36R–Y132F-infected cells. Error bars, s.e.m.
with n 5 52. d, Values derived from 52 fitted recovery curves together with
the s.e.m. for GFP-tagged N-WASP or N-WASP–RA/RA in N-WASP-null
cells infected with the indicated virus. ***P , 0.001.

might also contribute to its stability. The turnover rate of N-WASP with
WH2, central and acidic regions deleted, N-WASP–DVVCA, which is
unable to promote ARP2/3-complex-dependent actin tail formation,
was examined (Fig. 1a)7. GFP–N-WASP–DVVCA was recruited beneath
virus particles but was unable to promote their movement, as it cannot
stimulate actin tail formation in N-WASP-null cells (Fig. 3a and
Supplementary Fig. 6). Unexpectedly, we found that after bleaching,
GFP–N-WASP–DVVCA did not recover (Fig. 4a and Supplementary
Fig. 7). GFP–N-WASP with central and acidic regions deleted, GFP–NWASP–DCA, which can still bind actin monomers but is unable to
interact with the ARP2/3 complex, was also recruited beneath the virus
and did not turn over (Figs 3a and 4a).

The lack of recovery of these mutants would suggest that the turnover of N-WASP is dependent on active actin polymerization. We
therefore examined the turnover rate of N-WASP in the presence of
cytochalasin D, a potent inhibitor of actin polymerization15.
Cytochalasin D inhibited actin tail formation and virus movement,
although GRB2, NCK, WIP and N-WASP were still recruited (Fig. 4b,
data not shown and Supplementary Fig. 8). The ARP2/3 complex
(anti-ARPC5) and actin were also still recruited to the virus, albeit at
reduced levels in the presence of the drug (Supplementary Fig. 9).
Moreover, the recovery of GFP-tagged N-WASP and WIP was
severely reduced (Fig. 4c and Supplementary Fig. 8). By contrast,
NCK was able to recover, albeit at a slower rate, consistent with its
ability to be recruited independently of WIP and N-WASP. The
turnover rate of GRB2 remained essentially unchanged (Fig. 4c).
One possible explanation for our observations is that interaction of
N-WASP with the ARP2/3 complex and stimulation of actin polymerization promotes its dissociation from WIP. This dissociation
would allow both proteins to act independently of each other, consistent with their different rates of exchange.
An actin filament nucleated by the ARP2/3 complex will polymerize
until a capping protein blocks the growing barbed end. An interaction
of the growing barbed end with the WH2 domains of N-WASP would
also effectively limit filament extension. The association of N-WASP
with the barbed end of a growing actin filament as well as the ARP2/3
complex nucleating a new actin filament could explain why N-WASP
has a slower exchange rate than NCK and WIP. Ultimately however,
this interaction may limit the overall rate of virus movement, as it
competes with the addition of actin monomers to the growing barbed
end of filaments beneath the virus. The turnover of N-WASP is therefore required for actin-based motility of the virus, and at the same
time active actin polymerization is required to promote turnover of
the molecule. This hypothesis is consistent with recent observations
demonstrating that release of N-WASP from actin and the ARP2/3
complex is required for actin-based motility of functionalized giant
unilamellar vesicles16.
Our model predicts that the stability of N-WASP beneath the
virus, which is dependent on GRB2 and active actin polymerization,
will determine how fast the virus moves, as it will regulate the overall
rate of actin polymerization in the actin tail. To examine if this is the
case, we measured the rate of actin-based virus movement in the
absence of GRB2 and in cells only expressing N-WASP–RA/RA
(Fig. 4d). We found that loss of the stabilizing influence of GRB2
on N-WASP results in significantly faster rate of movement for the
A36R–Y132F virus (0.33 6 0.01 mm s21 versus 0.28 6 0.01 mm s21).
Disruption of the interaction of N-WASP with the barbed end of
actin filaments also promoted a similar increase in speed
(0.34 6 0.01 mm s21). An increase in the rate of movement of lipidcoated beads is also observed in in vitro motility assays when the
WH2 domains of N-WASP are disrupted14. The fastest rate of virus
movement (0.37 6 0.01 mm s21) was observed in A36R–Y132Finfected cells only expressing N-WASP–RA/RA (Fig. 4d).
Our results indicate that the reduced stability of N-WASP
enhances virus motility even though the actin tails get shorter
(Fig. 3b). The formation of shorter tails suggests that reducing
N-WASP-barbed end interactions does not actually lead to more
extensive growth of individual actin filaments. It could, however,
result in increased capping of barbed ends by capping proteins
because of reduced competition with N-WASP beneath the virus.
Consistent with this, previous observations in reconstituted in vitro
motility assays have shown that increased capping of barbed ends also
increases the rate of Listeria motility, although actin tail lengths get
shorter17. Our suggestion is further supported by recent observations
demonstrating that capping protein enhances actin-based motility by
promoting actin filament nucleation by the ARP2/3 complex18.
In conclusion, we suggest that in the steady state, it is the stability
of N-WASP association beneath the extracellular virus that determines how fast it moves, by virtue of its ability to regulate actin
89

©2009 Macmillan Publishers Limited. All rights reserved

LETTERS

a

NATURE | Vol 458 | 5 March 2009

Normalized fluorescence intensity

1.1

filament growth by antagonizing capping proteins. Furthermore, the
inverse relationship between the rate of N-WASP exchange and the
number of actin tails suggests that there is also a critical balance
between the stability of N-WASP, barbed-end capping and ARP2/
3-complex-dependent actin filament nucleation. Future studies will
be aimed at understanding the relationship between these parameters
as well as the organization of filaments within virus-induced actin
tails.
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Cell lines, infection and immunofluorescence. Stable cell lines expressing GFPtagged GRB2, NCK1, WIP, N-WASP and N-WASP mutants were created using
recombinant lentiviruses and isolated by fluorescence-activated cell sorting
(FACS) as described previously19. Cells were infected with WR and A36R–
Y132F strains of vaccinia virus and processed for immunofluorescence analysis
to reveal extracellular virus particles, the actin cytoskeleton and GFP signals as
described previously20. Actin tail formation was quantified as previously
described9.
Live cell imaging and FRAP analysis. Live cell imaging of vaccinia-infected cells
at 37 uC was performed using a Plan-Apochromat 363/1.4 objective on a Zeiss
Axiovert 200 equipped with a Photometrics Cascade II camera controlled by
Metamorph. The motion of the GFP–N-WASP signal associated with 120–150
red fluorescent protein (RFP)-tagged viruses at the tip of actin tails was tracked
for 1 min using Metamorph to calculate the average speed in micrometres per
second.
All FRAP experiments were performed using a Zeiss LSM 510 META system with
a Plan-Apochromat 363/1.4 objective at 37 uC. The GFP signal associated with
moving virus particles was bleached using two iterations of the 488-nm laser at 80%
power followed by image acquisition every 300 ms (except in the case of GRB2,
where there was no delay) with laser power settings of 4% for 488 nm (GFP) and 8%
for 568 nm (RFP) using an open pinhole. The recovery of the GFP signal associated
with the virus was measured using Metamorph. The resulting backgroundsubtracted data was then normalized to the first pre-bleached image and fitted using
the Prism software and the equation Y(t) 5 (Ymax 2 Ymin)(1 2 e2kt) 1 Ymin (ref.
21), where Y(t) is the intensity of fluorescence at time t, Ymax and Ymin are respectively the maximum and minimum intensities of fluorescence post-bleaching and k
is the rate constant of recovery. In all cases, the percentage, the rate constant and the
half-time of recovery were derived from 52 fitted recovery curves together with the
s.e.m. and significance where appropriate.
Full Methods and any associated references are available in the online version of
the paper at www.nature.com/nature.
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METHODS
Generation of stable GFP cell lines and western-blot analysis. NCK 1/22/2
(ref. 22) and N-WASP2/2 (ref. 8) cells were provided by T. Pawson and S.
Snapper, respectively. Inserts corresponding to GRB2, NCK, WIP, N-WASP
and N-WASP–DVVCA were isolated from previously described vectors6,7,9 and
cloned into the Not1/EcoR1 site of a modified pLL3.7–GFP vector19,23.
N-WASP–RA/RA and N-WASP-DCA mutants were created by PCR using
GFP–N-WASP as a template. N-WASP–RA/RA and N-WASP–DCA were cloned
into the Not1/EcoR1 sites of the pE/L–GFP and pLL3.7–GFP vectors. The fidelity
of all clones was confirmed by sequencing.
Lentiviruses for each of the GFP-tagged proteins were produced using the
Lentivirus system19,23. Cells were infected with lentiviruses and stable lines
expressing the various GFP-tagged proteins isolated using FACS. The following
cell lines expressing the indicated GFP-tagged protein were created: HeLa
(GRB2, NCK, WIP and N-WASP); N-WASP2/2 (N-WASP, N-WASP–
DVVCA and N-WASP–DCA, and N-WASP–RA/RA) and NCK 1/22/2 (NCK1).
Western-blot analysis of GFP-stable cell lines and short interfering RNA
(siRNA)-treated cells was performed using the following primary antibodies:
GFP 3E1 (Cancer Research UK); actin (Ac74), a-actinin (BM 7.52) and a-tubulin
(DM14) (Sigma-Aldrich); NCK rabbit polyclonal (Upstate Biotech), GRB2 (81)
(Transduction Laboratories); WIP (H224) (Santa Cruz) and N-WASP7. The
following secondary antibodies were used: goat HRP conjugates to rabbit, rat
and mouse IgG (Bio-Rad Laboratories).
Infections, immunofluorescence and actin tails. Cells were infected with WR
or A36R–Y132F viruses at a multiplicity of infection of 0.5 and immunofluorescence analyses performed at 8 h post-infection for HeLa cells and 10 h postinfection for knockout cells as previously described9,20. Virus particles were
labelled with an antibody against B5R (19C2 rat monoclonal)24 and F-actin
was stained using Alexa 568- or Alexa 488-phalloidin (Molecular Probes). The
ARP2/3 complex was detected using anti-ARPC5 (p16-Arc) (323H3 mouse
monoclonal, Synaptic Systems). Actin tail formation was quantified by counting
100 cells on three independent days as previously described9. Only B5R positive,
that is, infected cells where virus particles had reached the cell periphery, were
analysed. Actin tail length was assessed in N-WASP2/2 cells stably expressing
GFP–N-WASP or GFP–N-WASP–RA/RA 10 h after infection with WR or
A36R–Y132F. The lengths of actin tails was determined from fixed images of
ten individual cells in three independent experiments. For each of the four
conditions, at least 450 actin tails were measured.
Construction of recombinant RFP–A3L vaccinia virus. A fragment of genomic
WR DNA corresponding to 200 base pairs upstream of A3L was amplified by
PCR and cloned into the KpnI site of pEL–RFP–A3L to create the targeting LA–
RFP–A3L in pBS SKII. The RFP–A3L targeting vector was transfected into WRand A36R–Y132F-infected cells. The viruses encoding RFP–A3L were isolated by
successive rounds of plaque purification and the fidelity of the final recombinant
viruses was confirmed by sequencing, immunofluorescence, plaque size comparison and re-infection assays as described previously20.
Live-cell imaging, FRAP and data analysis. All live-cell imaging was performed
on cells infected with WR and A36R–Y132F viruses that also encode RFP–A3L
within their genome to ensure that the analysed GFP signal corresponds to a
virus particle. Virus particle motility was analysed in N-WASP2/2 cells stably
expressing GFP-tagged N-WASP or N-WASP–RA/RA 10 h post-infection. The
GFP signal was recorded every 5 s for a period of 3 min using a Plan-Apochromat
63/1.40 Oil Ph3 lens on a Zeiss Axiovert 200 equipped with a Cascade II
(Photometrics) under the control of Metamorph (Molecular Devices). The
motion of the GFP signal, which corresponds to the tip of an actin tail, was
tracked using Metamorph over a period of 1 min to calculate the speed in
micrometres per second. Imaging was performed on three independent days
and more than 40 virus particles in at least ten different cells were analysed on
each day.
All FRAP experiments were performed on a LSM 510 META system using a
Plan-Apochromat 63/1.40 Oil Ph3 lens (Zeiss). Infected cells to be imaged were
first identified under low-light fluorescence using the eyepiece. The particle to

bleach was aligned live on the computer screen to a saved region of interest (ROI)
for bleaching. Two pre-bleached images were acquired before the GFP signal was
bleached using two iterations of the 488-nm laser at 80% power followed by
acquisition of images with laser powers described above. Images were recorded
with laser power settings of 4% for 488 nm (GFP) and 8% for 568 nm (RFP)
using an open pinhole. The time interval between acquisitions was set to 300 ms,
except in the case of GRB2, where there was no delay.
The fluorescence intensity of the bleached virus particle was determined using
a fixed-size ROI, which was moved by hand to ensure it always remained centred
over the moving virus particle, with Metamorph. The fluorescence intensity in a
fixed ROI immediately adjacent to the virus was measured and an average value
for the whole movie was subtracted from the virus signal to correct for background fluorescence. As the area imaged was small and virus particles were
moving, it was not possible to correct for photo-damage because a reference
non-bleached particle was not available in each movie. The resulting background-subtracted data was then normalized to the first pre-bleached image.
Kinetic modelling was performed using the Prism software and the equation
Y(t) 5 (Ymax 2 Ymin)(1 2 e2kt) 1 Ymin (ref. 21). The rate constant of recovery (k)
and the maximum recovery compared with the first pre-bleached image (percentage
recovery) were calculated from the fitted curves. The rate constant of recovery was
used to calculate the half-time (t1/2 5 ln 2/k). Each curve represents an average of 52
virus particles that were acquired over three consecutive days in which between 15
and 20 viruses were bleached in at least five different cells. Data in the graphs are
presented as mean and standard error of the mean.
RNAi treatments. HeLa cells were transfected with 20 pmol of a SMARTpool of
four oligonucleotide duplexes against GRB2 (UGAAUGAGCUGGUGGAUUA
UU, AGGCAGAGCUUAAUGGAAAUU, CGAAGAAUGUGAUCAGAACUU,
GAAAGGAGCUUGCCACGGGUU) or the non-targeting SMARTpool 2
(Dharmacon) using the Lipofectamine RNAi Max kit (Invitrogen) according
to the manufacturer’s protocol. Two days post-transfection, cells were infected
with WR and processed for FRAP analysis, immunofluorescence or western-blot
analysis 8 h later. To rescue the RNAi effect on GRB2, an RNAi-resistant GRB2
was cloned Not/EcoR1 into the pE/L–CFP vector. The following primers were
used to introduce silent mutations into the codons encoding the indicated amino
acids in GRB2: Glu 30, Cys 32, Gln 34; Ala 39, Leu 41, Gly 43; Asn 129, Leu 131,
Asp 133; Gly 196, Cys 198, His 199. The clone was verified by sequence analysis.
RNAi-treated HeLa cells were infected with WR and transfected with the CFP–
GRB2-res, which is resistant to RNAi, 4 h later using Effectine (Qiagen) according the manufacturer’s protocol. Two hours post-transfection, cells were washed
and allowed to recover for 2 h before imaging was started. Before analysing a cell
the expression of CFP–GRB2-res in each cell was checked.
Cytochalasin D treatments. Cells were plated on fibronectin-coated coverslips
or MatTek dishes to a confluency of around 70% the day before the experiment.
Cells were infected for 8 h before cytochalasin D (Sigma-Aldrich) was added to
the medium at a final concentration of 1 mM as described previously20. Cells were
treated for 30 min before fixation or directly used for FRAP experiments.
Statistical analysis. The data in the graphs are presented as mean and standard
error of the mean. The data were analysed by analysis of variance followed by
Newman–Keuls multiple comparison test or Student’s t-test using Prism 5.0
(GraphPad Software). Statistical analysis of fitted FRAP data was performed
using the ‘‘Do the best fit values of selected parameters differ between data sets’’
function in Prism 5.0. A P value of ,0.05 is considered statistically significant. A
single asterisk indicates P , 0.05, a double asterisk indicates P , 0.01 and a triple
asterisk indicates P , 0.001.
22. Bladt, F. et al. The murine Nck SH2/SH3 adaptors are important for the
development of mesoderm-derived embryonic structures and for regulating the
cellular actin network. Mol. Cell. Biol. 23, 4586–4597 (2003).
23. Rubinson, D. A. et al. A lentivirus-based system to functionally silence genes in
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