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Adhesions of cells to extracellular matrix and adjacent cells are
mediated by integrins and VE-cadherin, respectively. Although
these adhesion processes play crucial roles in vascular cell migra-
tion and angiogenesis, it remains unclear as to how they are
coordinated to regulate cellular functions. We report here that
integrin engagement by treating bovine endothelial aortic cell
monolayers with beads coated with fibronectin (Fn) led to disrup-
tion of the VE-cadherin-containing adherens junctions. This dis-
ruption was accompanied by increases of tyrosine phosphorylation
of �-catenin, �-catenin, and p120ctn, as well as the dissociation of
�-catenin and �-catenin from VE-cadherin. We applied a mem-
brane-targeted Src reporter based on the fluorescence resonance
energy transfer technique to visualize the dynamic Src activation at
subcellular levels in live cells. The integrin engagement induced by
Fn-coated beads caused the activation of Src around the beads and
at adherens junctions, which are subsequently disrupted. The
inhibition of Src with PP1 blocked the effects of integrin engage-
ment on adherens junctions. Although Ras can also modulate
adherens junctions, the resulting patterns of phosphorylation and
association of junction proteins were distinct from those induced
by integrin engagement. The inhibition of Ras by RasN17 did not
rescue the disruption of adherens junctions induced by integrin
engagement or by Src activation. Integrin engagement by Fn-
coated beads also induced a significant alteration of cortical actin
filaments at adherens junctions. The results indicate that integrin
engagement disrupts VE-cadherin-containing adherens junctions
via the activation of Src, but not Ras, possibly as a result of
modulation of the actin network.

adherens junctions � cell–matrix interaction � endothelial cells

Cell–matrix and cell–cell interactions are fundamental pro-
cesses that regulate cellular functions in relation to the

environment. The adhesion of cells to extracellular matrix
(ECM) is mainly mediated by integrins, which undergo a con-
formational change upon activation to recruit structural and
signaling molecules (1, 2). Thus, integrins not only mechanically
couple the cytoskeleton to the ECM but also transmit molecular
signaling cascades to regulate cellular functions in response to
extracellular cues.

The adherens junctions between endothelial cells are mainly
comprised of VE-cadherin, a single-chain transmembrane pro-
tein forming homophilic intercellular adhesion. The extracellu-
lar domain of VE-cadherin consists of five homologous repeats,
and its intracellular domain is functionally separated into two
parts: the juxtamembrane domain (JMD), which is proximal to
the membrane, and the catenin-binding domain (CBD), which is
located at the distal end. The JMD domain provides putative
docking sites for p120ctn, a substrate for Src, and a regulatory
protein for adherens junctions (3). The CBD domain binds
directly to �-catenin and �-catenin (also called plakoglobin),
that, in turn, associate with �-catenin. �-catenin, by binding to
vinculin and �-actinin, bridges the VE-cadherin complex to
actin-based cytoskeleton (4, 5).

Because both integrins and cadherins associate with the
cytoskeleton and many common signaling molecules (6), it is

likely that the cell–ECM and cell–cell adhesion processes me-
diated by these two types of receptors act in a coordinated
manner in regulating cellular functions. Indeed, activation of
integrins by plating preaggregated cells on ECM results in a
scattering of cells and the loss of adherens junctions in several
carcinoma cell lines (7, 8). These reports suggest that integrin
expression and its activation may negatively regulate the cad-
herin-mediated cell–cell adhesion. However, the molecular
mechanism by which integrin engagement modulates VE-
cadherin-containing adherens junctions remains to be eluci-
dated.

Src plays a critical role in a variety of cellular processes (9) and
can be activated by integrins directly or indirectly through FAK
or RPTP� (10–12). There is evidence that activated Src perturbs
the cadherin-mediated cell–cell adhesion. For example, consti-
tutively active Src protein causes the tyrosine phosphorylation of
E-cadherin and a concurrent loss of cell–cell contact (13).

The small GTPase Ras, specifically H-Ras in this context, has
a well characterized role in regulating the Raf�ERK signaling
pathway (14). Ras can be activated by integrin engagement (15)
and is known to modulate adherens junctions (16, 17). Recent
studies indicate that Ras is also involved in the regulation of
adherens junctions by growth factors (18).

In the current study, we investigated the interaction of inte-
grins and VE-cadherin in bovine endothelial aortic cells
(BAECs). The engagement of integrin by beads coated with the
integrin-ligand fibronectin (Fn) induced a significant disassem-
bly of VE-cadherin-containing adherens junctions, mainly
through the perturbation on �-catenin-mediated linkage of
VE-cadherin complex to actin-based cytoskeleton. This effect of
integrin engagement on adherens junctions depends on Src, but
not Ras.

Results
The Engagement of Integrins by Ligand-Coated Beads Induces the
Disruption of VE-Cadherin-Mediated Adherens Junctions. We applied
the ECM-coated beads onto monolayers of BAECs to assess
the roles of integrin engagement in regulating the adherens
junction (19). Fn-coated beads induced a significant focal
clustering pattern of integrin �v�3 on the basal side and a
disruption of the �-catenin staining at the cell–cell junctions
(Fig. 1A). Microscopic observation focused on the equator of
the beads showed remarkable accumulation of integrin �v�3
around the beads in cells treated with Fn-coated beads but not
in cells treated with control beads coated with polylysine (Pl)
(Fig. 1B). Treatments with beads coated with Fn or vitronectin
(Vn), but not Pl, induced a significant loss of �-catenin from
cell–cell contact in BAEC monolayers. Beads coated with
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collagen type I (Col) also caused some discontinuity of �-cate-
nin staining, but to an extent much less than those seen in the
Fn and Vn groups (Fig. 1C). Because Fn (ligands for integrin
�5�1 and �v�3), Vn (ligand for �v�3), and Col (ligands for
�1�1 and �2�1) bind to distinct integrin subtypes, the activa-
tions of these integrin subtypes may have different degrees of
disruption effect on adherens junctions. Fn-coated beads also
induced a significant decrease of the staining of VE-cadherin
(Fig. 1D) and P120ctn (Fig. 1E) at cell–cell contacts.

We further investigated the role of integrin engagement on
adherens junctions with biochemical approaches. Fn-coated
beads caused a strong tyrosine phosphorylation of �-catenin,
�-catenin, and p120ctn (Fig. 1F). Cadherins and �-catenin did not
show detectable tyrosine phosphorylation in response to integrin
engagement (data not shown).

In addition to �-, �-, �-catenin, and P120ctn, Src, Shc, and a
tyrosine phosphatase SH-PTP2 also associate with cadherins

and regulate adherens junctions (20–22). Therefore, we studied
the presence of �-, �-, �-catenin, p120ctn, Src, Shc, and SH-PTP2
in the VE-cadherin complex. As shown in Fig. 1G, Fn-coated
beads induced marked decreases of �-catenin and �-catenin in
the VE-cadherin complex but no significant change of �-catenin,
p120ctn, Src, Shc, and SH-PTP2. These results indicate that
integrin engagement selectively induced the disassociation of
certain adherens junction proteins from VE-cadherin, particu-
larly �-catenin and its cytoskeletal-linkage partner, �-catenin.

We then directly assessed the connections of �-catenin to the
cytoskeleton. Proteins in whole cells were separated into cyto-
plasmic and cytoskeletal fractions (Supporting Text, which is
published as supporting information on the PNAS web site).
Fn-coated beads induced a marked decrease of �-catenin in the
cytoskeletal portion in comparison to the results with Pl-coated
beads (Fig. 1H), suggesting that integrin engagement caused the
dissociation of �-catenin from the cytoskeletal network.

Fig. 1. The engagement of integrins by ECM-coated beads induced the disruption of VE-cadherin-containing adherens junctions. Polystyrene beads were
coated with polylysine (Beads � Pl; 100 �g�ml), fibronectin (Beads � Fn; 50 �g�ml), collagen (Beads � Col; 50 �g�ml), or vitronectin (Beads � Vn; 50 �g�ml).
Beads assays were performed as described in Experimental Procedures. Blue dots represent the beads attached on the BAECs in monolayer. (A) Immunostaining
images of �-cadherin (red) and integrin-�v�3 (green) collected at the basal side of cells with a confocal microscope. (B) Immunostaining images of integrin-�v�3
with a view focusing on the equator of the beads. (C) Immunostaining images of �-catenin (red). (C Right) Results of the percentages of cells with intact �-catenin
staining at cell borders (mean � SD from three separate experiments). (D and E) Immunostaining images of VE-cadherin (red) (D) and P120ctn (red) (E). (F–H) Cell
lysates from monolayers of BAECs treated with Beads � Pl or Beads � Fn were subjected to IP with anti-phosphotyrosine (4G10) (F) or anti-VE-cadherin antibody
(G), or were separated into detergent-soluble (Cytoplasmic) and detergent-insoluble (Cytoskeletal) fractions, followed by IB with various antibodies as indicated
in H. The results are representative of more than three separate experiments.
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The Engagement of Integrins by Fn-Coated Beads Induces the Acti-
vation of Src. We conducted studies to elucidate the role of Src
in the regulation of adherens junctions by integrin engagement.
Src formed ring structures around the Fn-coated beads, in
contrast to the uniform distribution in control cells treated by
Pl-coated beads (Fig. 2A). Active Src was also concentrated in
these ring structures (Fig. 2B). These results demonstrate the
local recruitment and activation of Src by integrin engagement.
A newly developed membrane-targeted fluorescence resonance
energy transfer reporter for Src enabled us to visualize the
dynamic Src activation upon integrin engagement at subcellular
levels. As shown in Fig. 2C (see also Movie 1), a strong Src
activation was initiated around the Fn-coated beads and ex-
tended to cell–cell contact areas that are subsequently disen-
gaged. Western blots revealed that Fn-coated beads induced a
significant phosphorylation at tyrosine-416, indicating elevated
Src activities. This effect of the Fn-coated beads was blocked by
PP1, a selective inhibitor of Src (Fig. 2D).

Src Mediates the Integrin-Induced Disassembly of Adherens Junctions.
We addressed the question whether Src mediates the effects of
integrin engagement on adherens junctions by using its inhibitor
PP1. PP1 rescued the Fn-induced disappearance of �-catenin
(Fig. 3A), VE-cadherin, and p120ctn (data not shown) at the
cell–cell border. SU6656, another inhibitor of Src, also rescued
the Fn-induced disappearance of �-catenin at junction areas
(Fig. 6, which is published as supporting information on the
PNAS web site), suggesting the specificity of Src in mediating this
process. PP1 also inhibited the integrin engagement-induced
tyrosine phosphorylation of �-catenin, �-catenin, and p120ctn

(Fig. 3B) and the dissociation of �-catenin and �-catenin from
VE-cadherin (Fig. 3C). These results indicate that Src plays a
crucial role in mediating the integrin regulation of adherens
junctions.

Ras Is Not Essential for the Disassembly of Adherens Junctions Induced
by Integrin Engagement. We examined the roles of Ras in medi-
ating the integrin engagement-induced disruption of adherens
junctions in BAECs. Affinity precipitation of active Ras (GTP-
bound Ras) revealed that Fn-coated beads induced a significant
activation of Ras, which was blocked by PP1 (Fig. 4A). These
results suggest that, consistent with previous reports (9, 23), Ras
is a downstream molecule of Src in response to integrin engage-
ment. We further showed that Ras can modulate adherens
junctions in BAECs. An active mutant of Ras (RasV12), but not
a negative mutant of Ras (RasN17), disrupted adherens junc-
tions (Fig. 4B). �-, �-, and �-catenins did not change their
associations with VE-cadherin in response to either Ad�RasV12
or Ad�RasN17. But p120ctn, Shc, Src, and SH-PTP2 increased
significantly in the VE-cadherin complex in cells overexpressed
with Ad�RasN17 and decreased slightly with Ad�RasV12 (Fig.
4C), suggesting that Ras may regulate adherens junctions via the
association of these noncatenin signaling molecules with VE-
cadherin. RasN17 did not prevent the integrin engagement-
induced disappearance of �-catenin from cell–cell junctions
(Fig. 4D), nor did it have any detectable effects on the Src-
induced disruptions of adherens junctions (Fig. 4E). Interest-
ingly, inhibition of either Src or Ras blocked or attenuated the
integrin engagement-induced ERK activation (Fig. 4F). These
results indicate that Ras may act separately from the integrin�
Src��-catenin pathway in regulating adherens junctions while
mediating the integrin engagement-induced ERK activation
together with Src.

Integrin Engagement Causes Alteration in Cortical Actin Structure.
Because Src regulates cortical actin network, which has been
shown to be critical for stable junction formation (24–26), we
examined whether integrin engagement alters the cortical actin
cytoskeleton via Src. As shown in Fig. 5, in contrast to the thick

Fig. 2. The engagement of integrins by Fn-coated beads induced the activation of Src. (A) Immunostaining images of �-cadherin (red) and Src (green). Blue
dots indicate the presence of beads. (B) Immunostaining images of active Src. The pink arrows point to the ring structures around beads in A and B. (C) BAECs
were transfected with the membrane-targeted Src reporter and subjected to the addition of Beads � Fn for various time periods. The overlay of images of
CFP-only fluorescence and beads phase contrast is shown in black and white and the CFP�YFP emission ratio images are shown in color. The pink arrows point
to the cell–cell junction areas disrupted by integrin engagement at later time points (Movie 1, which is published as supporting information on the PNAS web
site). (D) BAEC monolayers were incubated for 20 min with control medium (control), Beads � Pl, Beads � Fn, or Beads � Fn after 1 h of preincubation with 10
�M PP1 (Beads � Fn � PP1). (D Upper) The Src activities (phospho-416). (D Lower) The Src protein levels. The results are representative of three separate
experiments.
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actin belts that run along (parallel to) the cortical cell–cell
contact seen with Pl-coated beads, Fn-coated beads induced thin
bundles of actin filaments perpendicular to the cell–cell contact
line. Pretreating the cells with PP1 prevented this action of
integrin engagement. These results suggest that integrin engage-
ment and its subsequent Src activation modulate actin organi-
zation at cell–cell contacts.

Discussion
Cell adhesion is critical for cell migration, formation of tissue
architecture, and angiogenesis (4, 27, 28). These physiological
processes require an intimate cooperation between cell–ECM
and cell–cell adhesions. Little is known about the regulatory
mechanisms by which cells coordinate signaling events spatially
and temporally to achieve such cooperation. In our study using
the fluorescence resonance energy transfer-based Src reporter,
the activation of integrins by treating cells with ECM-coated
beads induced an activation of Src around the beads and at
cell–cell contact. This activation of Src is accompanied by the
disassembly of adherens junctions. Although both constitutively

active Src and Ras can cause disruption of the adherens junc-
tions, only Src and its downstream cytoskeletal reorganization,
but not Ras, are involved in this integrin-induced disassembly of
adherens junctions.

ECM-coated beads cause the aggregation and ligand-
occupancy of integrins, which lead to activation of the signaling
events involving integrins and cytoskeleton (19). In our study,
upon placement of Fn-coated beads on the apical side of the
cells, integrin �v�3 accumulated around the beads and formed
a strong focal contact pattern on the basal side, demonstrating
both local and global activations of integrins.

Integrin activations are accompanied by the disassembly of
adherens junctions, as well as the tyrosine phosphorylation of
�-catenin, �-catenin, and p120ctn, which were previously shown
to correlate with the decrease of adherens junctions. Interest-
ingly, among them, only �-catenin is found to have a decreased
association with VE-cadherin upon integrin activation, and the
tyrosine phosphorylation of �-catenin and p120ctn does not alter
their association with VE-cadherin. Our findings suggest a
hierarchy by which modulations of catenins cause junction
disassembly upon integrin activation, i.e., the phosphorylation of
�-catenin is followed by the dissociation of �- and �- catenins
from the VE-cadherin complex and, finally, the possible disso-
ciation of �-catenin and p120ctn from the complex at a later time,
thus disrupting the cell–cell junctions.

With the use of fluorescence resonance energy transfer, we
observed Src activation locally around the beads and distally at
cell–cell adhesion sites. It is possible that Src directly binds to
integrins upon integrin engagement (10) and becomes activated
locally. The integrin-mediated adhesions may also induce an
increase in mechanical tension across the BAEC monolayer.
This tension may then accumulate at the anchoring cell–cell
adhesion sites and activate Src, which, in turn, induces the
cytoskeleton remodeling at the cell–cell contact. This scenario
may explain our observations of the actin-based filopodia-like
formation at the cell–cell contact and the concomitant disrup-
tion of adherens junctions (Fig. 5 and Movie 1). Interestingly,
inactive Src is abundant at junction areas in cells before integrin
engagement (Fig. 7, which is published as supporting informa-
tion on the PNAS web site), suggesting that inactive Src may
function as an adaptor protein through its SH2 and SH3 domains
to provide structural support for cell–cell adhesions, which are
disrupted when Src is activated. This hypothesis is supported by
the finding that the catalytic activity of Src is essential for the
disruption of E-cadherin-containing adherens junctions (29).

The size and density of focal contact spots stained by the
anti-phospho-FAK397 antibody did not change upon integrin
engagement (Fig. 8, which is published as supporting informa-
tion on the PNAS web site), suggesting that the phosphorylation
of FAK Y397 may not be involved in recruiting and activating Src
upon integrin engagement.

Recent reports suggest that Src regulates the adherens junc-
tions in epithelial cancer cells via the Ras-ERK pathway and its
downstream molecule MLCK, which leads to the myosin-based
increase in contractility at cell–cell contacts and the breakage of
adherens junctions (9, 15, 30–33). However, blockage of Ras, the
main upstream regulator of ERK, by Ad�RasN17 did not inhibit
the disassembly of adherens junctions induced by either Fn-
coated beads or constitutively active Src protein. Therefore, Ras
may not be involved in the integrin-regulated disassembly of
adherens junctions. This view is supported by the findings that
integrin engagement and Ras-transformation caused different
patterns of association of adherens junction proteins with VE-
cadherin. As shown in Table 1, which is published as supporting
information on the PNAS web site, integrin engagement only
regulated the association of �-catenin and �-catenin with VE-
cadherin, whereas Ras transformation altered the association of
p120ctn, Src, Shc, and SHPTP-2 with VE-cadherin. Therefore,

Fig. 3. Src mediated the integrin-induced disassembly of adherens junctions.
(A) BAEC monolayers were incubated with 10 �M PP1 for 1 h before being
subjected to Beads � Pl or Beads � Fn. �-catenin is shown in red, and blue dots
represent the beads. (B and C) BAEC monolayers were incubated with DMSO
(0.1%) or PP1 (10 �M) for 1 h before being subjected to Beads � Pl or Beads
� Fn for 20 min. Cell lysates from various samples were subjected to IP with
anti-phosphotyrosine (4G10) antibody in B or anti-VE-cadherin antibody in C,
followed by IB with various antibodies as indicated. The results are represen-
tative of three separate experiments.
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Ras, unlike integrin engagement, may not target the VE-
cadherin�catenin linkage to regulate adherens junctions.
Rather, Ras may control adherens junctions through the regu-
lation of noncatenin junction proteins, including SHPTP2 and
p120ctn, which are known to maintain the dephosphorylation
status of junction proteins and the stability of VE-cadherin at
plasma membrane (34, 35). The association between �-catenin
and VE-cadherin was not perturbed either by integrin engage-
ment or by Ras, consistent with previous reports that �-catenin
may be dispensable for a strong-to-weak shift of adherens
junctions (36).

Src is closely related to the cytoskeleton and associates with
cortactin, a cortical actin-binding protein (21, 37). Because the
cadherin–catenin complex connects to an actin-based cytoskel-
eton (4), the Src activation by integrin engagement may exert its
effects on adherens junctions via the cytoskeletal network. In our
study, integrin engagement induced a marked modulation of the

cortical actin network at cell–cell contacts (Fig. 5). Modulation
of the dynamic equilibrium of actin polymerization�depolymer-
ization by either cytochalasin D or Jasplakinolide disrupts the
adherens junctions in human keratinocytes (29) and BAECs
(data not shown). These results indicate that actin cytoskeleton
is critical in mediating the integrin regulation of adherens
junctions. Although active Src colocalizes with microtubules
(Fig. 9, which is published as supporting information on the
PNAS web site), stabilization of microtubules by Taxol (1.0 �M)
(38) does not have any detectable effect on adherens junctions
in control or beads-treated cells (data not shown). Hence, it
appears that microtubules are not involved in the integrin
regulation of adherens junctions.

Both integrins and VE-cadherin in endothelial cells play impor-
tant roles in angiogenesis, cell migration, and wound healing (4, 27,
39). The angiogenesis inhibitors endostatin, tumstatin, and an-
giostatin mainly interact with integrins as targets (39, 40). The

Fig. 4. Ras was not essential for the disassembly of adherens junctions induced by integrin engagement. (A) BAEC monolayers were incubated for 5 min with
control medium (control), Beads � Pl, Beads � Fn, or Beads � Fn � PP1. Ras activity was assayed as described in Experimental Procedures. (A Upper) Active Ras
shows the Ras activities. (A Lower) Total Ras shows the Ras protein levels. (B and C) BAEC monolayers were infected by control vector Ad5, Ad�RasV12, or
Ad�RasN17. After a 4-h incubation with serum-free medium, the cells were stained with anti-�-catenin antibody (B) or subjected to IP with anti-VE-cadherin
antibody and IB with appropriate antibodies to detect the association of VE-cadherin and adherens junction proteins (C). (D) BAEC monolayers were infected
by Ad�RasN17 before being subjected to Beads � Pl or Beads � Fn for 20 min. �-catenin is shown in red and beads in blue. (E) BAEC monolayers were infected
by Ad5 or Ad�RasN17 before being subjected to the transfection of BSA or active Src proteins. The images show the �-catenin staining. (F) BAEC monolayers
treated with PP1 (10 �M), Ad�RasN17, or kept as control were treated with Beads � Pl or Beads � Fn. Cell lysates from various samples were probed for
phospho-ERK (Upper) and ERK2 (to show comparable protein loading among various samples, Lower). The results are representative of three separate
experiments.

Fig. 5. Integrin engagement caused significant alteration in cortical actin structure. BAEC monolayers were subjected to Beads � Pl, Beads � Fn, or Beads �
Fn � PP1 for 20 min. Actin filaments were stained with FITC-phalloidin. The results are representative of three separate experiments.
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disruption of the VE-cadherin-mediated cell–cell adhesion en-
hances angiogenesis (41). Hence, the decrease of VE-cadherin-
mediated cell–cell adhesion as a result of integrin activation may
provide a molecular basis for the coordination of different adhesion
processes to regulate angiogenesis.

Experimental Procedures
Immunoprecipitation (IP) and Immunoblotting (IB). The antibodies
used were monoclonal anti-SHPTP-2, polyclonal anti-Src (Santa
Cruz Biotechnology), polyclonal anti-VE-cadherin (Research
Diagnostics , Flanders, NJ), monoclonal anti-�-catenin, anti-�-
catenin, anti-�-catenin, anti-p120ctn, anti-p-FAK397, polyclonal
anti-Shc (Transduction Laboratories), monoclonal anti-�v�3
LM609 (Chemicon), polyclonal anti-p-Src416 (BioSource Inter-
national, Carmarillo, CA), monoclonal anti-phosphotyrosine
4G10, and polyclonal anti-Ras (Upstate Biotechnology). IP and
IB were conducted as described in ref. 42.

Beads Assays. Polystyrene microspheres (mean diameter 9.7 �m;
Bangs Laboratories, Fishers, IN) were coated with polylysine or
various ligands of integrins as described in ref. 19. Coating
conditions were chosen to yield comparable binding of these
proteins to beads (19). A monolayer of BAECs on a 22 � 22-mm
cover slide were incubated for 20 min with 2 � 106 polylysine-
or ECM-coated beads before being subjected to IB analysis.

Recombinant Adenovirus Infection of BAEC Monolayers. The recom-
binant adenoviruses expressing a control adenovirus type 5
(Ad5), a constitutively active Ras mutant with Gly-12-to-Val
substitution linked to Ad5 (Ad�RasV12), or a dominant negative
Ras mutant with Ser-17-to-Asn substitution linked to Ad5

(Ad�RasN17) were described in ref. 43. Monolayers of BAECs
were infected in DMEM supplemented with 2% FBS for 24 h
before being subjected to further experimental procedures as
indicated.

Transfection of Src proteins. The transfection of proteins with the
lipofectamine method (Invitrogen) was described in ref. 44. In brief,
monolayers of BAECs were transfected with lipofectamine and
constitutively active Src enzyme (Upstate Biotechnology), or with
BSA as control. After incubation for 3 h in serum-free DMEM, the
transfected cells were washed and fixed for IP and IB.

The Membrane-Targeted Src Reporter and Fluorescence Resonance
Energy Transfer Image Acquisition. The membrane-targeted Src
reporter was described in ref. 45. BAECs expressing the mem-
brane-targeted Src reporter were starved with 0.5% FBS for 24 h
before being subjected to Fn-coated beads. During imaging, the
cells were maintained in CO2-independent medium without
serum (GIBCO�BRL) at 37°C in a thermostatic chamber.
Images were collected by using METAFLUOR 6.2 software (Uni-
versal Imaging, Downingtown, PA) with a 440DF20 excitation
filter, a 455DRLP dichroic mirror, and two emission filters
controlled by a filter changer (480DF30 for CFP and 535DF25
for YFP).
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