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While Src plays crucial roles in shear stress-induced cellular processes, little is known on the spatiotemporal
pattern of high shear stress (HSS)-induced Src activation. HSS (65 dyn/cm2) was applied on bovine aortic
endothelial cells to visualize the dynamic Src activation at subcellular levels utilizing a membrane-targeted
Src biosensor (Kras-Src) based on fluorescence resonance energy transfer (FRET). A polarized Src activation
was observed with higher activity at the side facing the flow, which was enhanced by a cytochalasin
D-mediated disruption of actin filaments but inhibited by a benzyl alcohol-mediated enhancement of
membrane fluidity. Further experiments revealed that HSS decreased RhoA activity, with a constitutively
active RhoA mutant inhibiting while a negative RhoA mutant enhancing the HSS-induced Src polarity.
Cytochalasin D can restore the polarity in cells expressing the active RhoA mutant. Further results indicate
that HSS stimulates FAK activation with a spatial polarity similar to Src. The inhibition of Src by PP1, as well
as the perturbation of RhoA activity and membrane fluidity, can block this HSS-induced FAK polarity.
These results indicate that the HSS-induced Src and subsequently FAK polarity depends on the coordination
between intracellular tension distribution regulated by RhoA, its related actin structures and the plasma
membrane fluidity.

S
rc is a 60-kDa non-receptor kinase consisting of a Myristylation site (M), Src Homology (SH) domains, a
catalytic domain, a unique domain, and a negative regulatory tyrosine residue. When integrin is activated, it
can associate with Src via the SH3 domain, thus unmasking the Src kinase domain and activating Src1–3. The

activated Src affects integrin–cytoskeleton interface to cause dissolution of actin stress fibers and the release of
mechanical tensile stress4, which ultimately regulates cell spreading and migration5. Src can also bind to active
focal adhesion kinase (FAK) at tyrosine 397 through its SH2 domain to cause further phosphorylation of FAK6.
The Src-FAK complex can stimulate Rac1 activation through the recruitment and phosphorylation of the
scaffolding protein p130Cas7. This complex can also phosphorylate paxillin and subsequently regulate small
GTPases Cdc42 and Rac1, following integrin ligation8.

Shear stress has been shown to activate many signaling proteins in vascular cells9–11, including Src and FAK12,13.
10 or 12 dyn/cm2 of fluid shear stress for 60 minutes caused a significant increase in the phosphorylation of Src on
Tyr416 in human endothelial cells (ECs), a residue in the enzymatic activation loop reflecting the kinase activa-
tion14,15, and also increased the tyrosine phosphorylation and the kinase activity of FAK in a rapid and transient
manner in bovine aortic endothelial cells (BAECs)13. This shear stress-induced Src activation may be mediated by
the binding of PECAM-1, since PECAM-1 can bind to Src via its cytoplasmic domain, and no activation of Src
family kinases could be observed upon shear stress application in PECAM-12/2 endothelial cells16. The shear
stress-induced Src activation may result in the activation of various signaling pathways and events such as
caveolin-1 tyrosine phosphorylation15, MAPK pathways and transcription activities involving AP-1/TRE and
Elk-1/SRE in ECs12, while the shear stress-activated FAK plays critical roles in dual activation of ERK and JNK13.

Upon continuous laminar shear stress application, ECs will change the alignment of actin filaments and
microtubules to cause the alteration of cell shape and directional migration17,18. This process appears to be
regulated by the Rac1-mediated signaling19, supported by the evidence that Rac1 was activated to promote the
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lamellipodia formation at the downstream side of the cell along the
flow direction20. The small GTPase Cdc42 may also be involved in
this polarization process as Cdc42 activity was polarized in the dir-
ection of flow observed by a biosensor based on fluorescence res-
onance energy transfer (FRET). This localized activation of Cdc42
can then establish and maintain the polarity by promoting PAR6/
PKC-dependent reorientation of the microtubule organizing center
(MTOC) in the direction of flow21. Therefore, the cell polarity upon
shear stress stimulation may be based on the spatially restricted
activation of signal proteins such as Rac and Cdc42. Since Src can
phosphorylate p130Cas to regulate both Rac1 and Cdc427, Src activ-
ity and its subcellular distribution may play an important role in
regulating the shear stress induced cell polarity. However, the spatial
distribution of shear stress-induced Src activation remains unclear.

While relatively understudied, high shear stress (HSS) can occur
under various pathophysiological conditions such as in compens-
atory flows inside of collateral arteries (65–85 dyn/cm2) where local
arterial blockage occurs22. HSS can also have significant impact on
angiogenesis and atherosclerosis in collateral arteries near the
bifurcation and high curvature regions23–26. We have recently
reported that HSS can induce intracellular Ca21 increase in two
well-coordinated phases mediated by extracellular calcium influx
and ER calcium release27. In the present study, we investigated the
HSS-induced Src activation at subcellular levels utilizing a mem-
brane-bound Src FRET biosensor. Our results indicate that HSS
stimulates a polarized Src activation, which is dependent on the
RhoA-mediated actin cytoskeleton and the plasma membrane flu-
idity. This Src polarization further controls the polarized FAK activa-
tion upon HSS application.

Results
Laminar HSS causes Src activation and polarization. Since Src can
be activated at the plasma membrane and plays a crucial role in
mechanotransduction of endothelial cells upon mechanical force
application4,28, we studied the spatiotemporal characteristics of Src
activation under HSS with a membrane-bound Src FRET biosensor
(Kras-Src)29, based on the defined polarity of a cell image
(Supplemental Methods, supplemental Fig. 1). In BAECs, the Src
activity measured by Kras-Src biosensor was observed to increase
gradually upon the stimulation of 65 dyn/cm2 shear stress, and have
achieved a clear increase from baseline after 30 min of this HSS
application, with distinct elevations found at different subcellular
regions of the representative cell (Fig. 1A, Movie 1). The HSS-
induced Src activation, averaged from multiple cells of each group,
appeared in a polarized manner with a higher activity concentrated at
the side facing the flow (upstream) (Fig. 1B). This HSS-induced
FRET response can be eliminated if the biosensor SH2 domain is
mutated to disable the FRET function but leave the fluorescent
proteins intact (Src-RV)4 (Fig. 1C), or if the cells were pretreated
with 50 mmol/l of a Src inhibitor PP1 as previous report27. These
results suggest that the FRET responses observed with the wild-
type biosensor are specifically due to the Src activation, but not to
non-specific signals such as those originated from the morphological
changes of the cells upon mechanical loading. No significant
alternation in intensity of a GFP-fused Src kinase was observed
upon HSS application (Fig. 1C), suggesting that the polarized Src
activation induced by HSS is due to differentially localized
enzymatic activation, but not to the translocation or local
accumulation of Src kinase.

Figure 1 | Laminar HSS caused a polarized Src activation and cell membrane fluidity. (A) The representative ECFP/YPet emission ratio images (upper

panel) and its time courses (lower panel) of the Kras-Src FRET biosensor to represent the Src activation in different cell areas under HSS as indicated. (B)

Bar graphs (mean 6 S.E.M.) represent the averaged values of YPet/ECFP emission ratios of the Kras-Src FRET biosensor in the upstream and downstream

sides of BAECs upon 30 min of HSS application (n 5 17). * represents a statistically significant P , 0.05 when comparing the two groups. (C) The

representative YPet/ECFP emission ratio images of Src-RV mutant biosensor under HSS (upper panel) and the representative GFP intensity images of

Src-GFP in pseudo color after 30 min of HSS application(lower panel). (D) Bar graphs (mean 6 S.E.M.) represent the averaged values of the lateral

diffusion coefficient of DiI in the plasma membrane after HSS application estimated by FRAP and FE-based diffusion model. * represents a statistically

significant P , 0.05 when compared between upstream and downstream groups.

www.nature.com/scientificreports

SCIENTIFIC REPORTS | 4 : 7008 | DOI: 10.1038/srep07008 2



Cell membrane fluidity participates in HSS-induced Src activa-
tion and polarity. Src is activated at the plasma membrane and
membrane fluidity has been reported to show a polarity upon
shear stress application30. We hence examined whether the cell
membrane and its fluidity play a role in regulating the polarized
Src activation upon HSS stimulation. Indeed, BAECs under HSS
also showed a polarized distribution of membrane fluidity, which
is represented by the lateral diffusion rate of DiI as determined by
fluorescence recovery after photobleaching (FRAP) and a diffusion
model31,32. In 5–30 min after the application of HSS on BAECs, the
diffusion coefficient at the upstream side (8.96 6 2.20 mm2/sec) of
the cell was significantly higher than that at the downstream side
(1.20 6 0.43 mm2/sec, Fig. 1D). BAECs expressing the Kras-Src
biosensor were pretreated with 0.1 mmol/l of Cholesterol (Cho)
for 3 hr or 45 mmol/l benzyl alcohol (BA) for 15 min to reduce or
enhance the fluidity of cell membrane, respectively30. Cho had no
significant effect on the overall Src activation level, nor the Src
polarity upon HSS application (Fig. 2). While the BA treatment
affected the overall basal Src activity slightly(Fig. 2B), it has no
effect on the Src polarity before the HSS application. Interestingly,
the BA treatment drastically inhibited the HSS-induced Src polarity
(Fig. 2A and 2C, Movie 2). These results indicate that BAECs
displayed polarized membrane fluidity under HSS, and that cell
membrane fluidity plays an important role in the HSS-induced Src
polarity.

Cytoskeleton participates in regulating the HSS-induced Src
activation and polarity. Cytoskeleton has been shown to provide
critical mechanical support for the plasma membrane33, serving as a
primary integrator to sense shear stress and mediate
mechanotransduction34,35. We hence further explored the role of
cytoskeletal structure in mediating the HSS-induced Src polarity.
BAECs expressing the Kras-Src biosensor were pretreated with
1 mmol/l of nocodazole (Noco) or 2 mmol/l of Cytochalasin D
(CytoD) for 1 hr before HSS application. Significant suppression
of the overall HSS-induced Src activation level was observed by

either Noco or CytoD application, while the HSS-induced Src
polarity were surprisingly enhanced by CytoD but not affected
by Noco (Fig. 2, Movie 3). An inhibitor of myosin light chain
kinase (MLCK) ML-7 had similar effects as those of Noco (Fig. 2).
The actin-GFP transfected BAECs were also exposed to HSS, and
the decrease of the stress fibers can be observed within 30 min of
flow application (Supplemental Fig. 2), consistent with previous
observations that a rapid depolymerization of F-actin occurs upon
shear stress36. These results suggest that the overall activation level of
HSS-induced Src is dependent on the cytoskeletal integrity and
intracellular acto-myosin contractility. However, the HSS-induced
Src polarity is mainly mediated by actin cytoskeleton.

RhoA, but not Rac, abolishes the HSS-induced Src polarity. RhoA
has been shown to play critical roles in regulating actin cytoskeleton
and the translocation/activation of Src37,38. It has also been shown
that RhoA activity changed prior to the activation of several other
signaling molecules induced by shear stress39. We hence examined
the effects of HSS on RhoA activity and its role in regulating the Src
polarity. BAECs expressing a RhoA FRET biosensor were exposed to
HSS. A decrease of RhoA activity can be clearly observed upon HSS
application (Fig. 3A–C, Movie 4). This HSS-induced RhoA decrease
was not suppressed by 50 mM PP1 pretreatment (Fig. 3B–C),
indicating that RhoA may indeed act upstream to Src activation
under flow. Consistently, an active RhoA mutant (V14-RhoA)
blocked and a negative mutant (N19-RhoA) enhanced the HSS-
induced Src polarity (Fig. 3C and 3E, Movie 5). The HSS-induced
Src polarity was also blocked by pretreatment for 1 hr with 4 mM
lysophosphatidic acid (LPA), a RhoA activator (Fig. 3C–E).
Interestingly, neither V14-RhoA nor N19-RhoA affected the
overall HSS-induced Src activation level (Fig. 3C–D). These results
indicate that HSS may regulate the RhoA activity to control Src
polarity, but not overall level of Src activation. Because RhoA has
been shown to regulate the stress fibers formation, it may regulate the
HSS-induced Src activation via actin stress fiber formation. Indeed,
more F-actin was observed when the actin-GFP was co-transfected

Figure 2 | The HSS-induced Src polarity is regulated by the cytoskeleton and plasma membrane fluidity. (A) The representative ECFP/YPet emission

ratio images of Kras-Src biosensor in BAECs pre-treated for 1 hr with 2 mmol/l CytoD (n 5 12), 5 mmol/l ML-7 (n 5 10), 1 mmol/l Noco (n 5 8), 3 hr

with 0.1 mmol/l Cho (n 5 9), or 15 min with 45 mmol/l BA (n 5 6) before 30 min of HSS application. Bar graphs (mean 6 S.E.M.) represent the

averaged values of ECFP/YPet emission ratios measuring (B) the overall Src activation in the whole cell and (C) Src polarity (ratio of the averaged FRET

signals from upstream and downstream sides) in BAECs with different pretreatments as indicated. * represents a statistically significant P , 0.05 when

comparing to the control group.
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with V14-RhoA into BAECs (Supplemental Fig. 2), which is also
consistent with previous reports40,41.

The disruption of actin stress fibers with CytoD can restore the
HSS-induced Src polarity in cells expressing V14-RhoA (Fig. 3C and
3E, Movie 6), although a minor suppression of the HSS-induced Src
activation was observed (Fig. 3D). These results indicate that RhoA
activity may play a pivotal role in regulating the HSS-induced Src
polarity, possibly via the intracellular tension distribution based on
the acto-myosin contractility.

Rac1 has been shown to affect PDGF-induced Src activation29.
While a negative mutant of Rac1 (N17-Rac) suppressed the HSS-
induced Src activation (Fig. 4A–B), neither N17-Rac nor an active
mutant of Rac1 (V12-Rac) affected the HSS-induced Src polarity
(Fig. 4), indicating that Rac1 does not mediate the HSS-induced
Src polarity although it may affect the HSS-induced overall Src
activation.

Laminar HSS causes the FAK activation and polarity. Since Src can
form a complex with and indeed recruit FAK to regulate downstream
signaling cascades and cellular functions8, the HSS-induced FAK
activity was also examined with a membrane-bound FAK FRET
biosensor (Lyn-FAK). Averaged from multiple cells of each group,
5 min of HSS application can induce a significant increase of FAK
activity with a clear polarity, higher at the upstream part of the cell
(Fig. 5, Movie 7). In contrast, no significant change can be observed
when the FAK biosensor was mutated to eliminate the FRET

function or co-expressed with a FAK negative mutant FAK-related
nonkinase (FRNK), or the FAK biosensor is mutated to disable the
FRET function but leave the fluorescent proteins intact (FAK-YF)
(Supplementary Fig. 3A). These results suggest that HSS can
specifically induce a polarized FAK activation to cause the
observed FRET signals. A FAK-GFP further revealed that HSS did
not cause significant change of distribution in FAK intensity,
suggesting that the FAK polarity induced by HSS is due to the
differentially localized enzymatic activation of FAK, but not to the
FAK translocation (Supplementary Fig. 3B).

HSS induces the FAK polarity through Src. When BAECs were pre-
incubated with 50 mmol/l of the Src inhibitor PP1, no FAK polarity
could be observed anymore upon HSS application although the
overall FAK activation was surprisingly enhanced (Fig. 6, Movie
8). In contrast, neither a FAK inhibitor PF271 nor a negative
mutant of FAK (FRNK) affected the HSS-induced Src polarity and
the overall Src activation (Supplementary Fig. 4). These results
indicated that Src plays a role upstream in regulating the HSS-
induced FAK polarity.

RhoA and cell membrane fluidity also affect the HSS-induced
FAK polarity. We then examined the role of RhoA and membrane
fluidity in regulating the HSS-induced FAK polarity. Both V14-
RhoA and BA can significantly inhibit the HSS-induced FAK
polarity and overall FAK activation level (Fig. 6, Movie 9 and 10).

Figure 3 | RhoA mediates the HSS-induced Src polarity, but not overall activation. (A)The averaged time courses of representative YFP/CFP emission

ratios of the RhoA FRET biosensor to represent the RhoA activity in different cell areas under HSS application (n 5 17). (B) Bar graphs (mean 6 S.E.M.)

represent the averaged values of YFP/CFP emission ratios measuring the RhoA activity in the upstream and the downstream sides of BAECs pretreated

with or without 50 mmol/l of PP1 before 30 min of HSS application (n 5 14). (C) The representative YFP/CFP emission ratio images of (left panels) the

RhoA FRET biosensors in BAECs pretreated with or without PP1, or (right panels) pretreated with 4 mmol/l of LPA (N 5 7), Kras-Src FRET biosensors

co-transfected with V14-RhoA (n 5 11) or N19-RhoA (n 5 11), or CytoD in V14-RhoA co-expressing BAECs (n 5 4) as indicated. (D–E): Bar graphs

(mean 6 S.E.M.) represent the averaged values of YFP/CFP emission ratios measuring (D) the overall Src activation or (E) the Src polarity in BEACs with

different pretreatments as indicated. * represents a statistically significant P , 0.05 when comparing to the control group; # represents a statistically

significant P , 0.05 when comparing to the V14-RhoA co-transfected group.
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These results indicate that RhoA and membrane fluidity can also
regulate the HSS-induced FAK polarity by affecting the Src polarity.

Discussion
Our results indicate that HSS may create an asymmetric distribution
of the cell membrane fluidity, higher at the upstream side of the cell.
This membrane fluidity polarity can be coupled to the subcellular
unevenness of the intracellular tension, which leads to a polarized Src
activity distribution followed by that of FAK. RhoA activity and actin
stress fibers may facilitate the homogeneous dissipation and distri-
bution of intracellular tension, hence antagonizing the polarizing
effect of shear stress on the distribution of Src and FAK activities
(Fig. 7).

With FRET technology, a rapid distal Src activation and a slower
directional wave propagation of Src activation along the plasma
membrane were observed by applying laser-tweezer traction on
fibronectin-coated beads adhering to the cells. This Src activation
is a dynamic process that directs signals via the cytoskeleton to spatial
destinations4. Sungsoo Na et al also showed that the local stress
induced rapid activation of Src at remote cytoplasmic sites, which
is dependent on the cytoskeleton related intracellular tension28.
These findings indicate that cytoskeleton and its related intracellular
tension may play important roles in regulating the spatial local-
ization of Src activation. Consistently, our current paper also showed
that cytoskeleton disruption can inhibit the overall HSS-induced Src
activation. It was initially surprising to us that the actin disruption
enhanced the HSS-induced Src polarity. It has been shown that actin

Figure 4 | Rac1 does not mediate the HSS-induced Src polarity. (A) The representative images of Kras-Src biosensor in BAECs co-transfected with

V12-Rac (n 5 8) or N17-Rac (n 5 9). Bar graphs (mean 6 S.E.M.) represent the averaged values of ECFP/YPet emission ratios measuring (B) the Src

activity or (C) Src polarity in BAECs upon 30 min of HSS application with different pretreatments as indicated. *represents a statistically significant P ,

0.05 when comparing to the control group.

Figure 5 | Laminar HSS caused a polarized FAK activation. (A) The representative ECFP/YPet emission ratio images (left panels), (B) averaged

time courses and (C) bar graphs (mean 6 S.E.M.) represent the averaged values of the Lyn-FAK FRET biosensor to represent the FAK activation in

different cell areas upon 30 min of HSS application (n 5 20). * represents a statistically significant P , 0.05 when comparing the upstream and

downstream area at the same point.
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filaments can be coupled to the plasma membrane and adhesion sites
via actinin and membrane proteins/receptors such as integrins42. F-
actin system is also one of the key elements for maintaining the
intracellular tension33. Actin filaments may hence perceive the mech-
anical loading on the plasma membrane, and facilitate the rearrange-
ment of the intracellular tension to distribute the external

mechanical loading into the cells more uniformly at the global level.
It makes sense then, when actin filaments are disrupted, the spatially
heterogeneous mechanical loading cannot be sufficiently rebalanced
and distributed across the whole cells. This may have caused the
enhancement of the Src polarity when actin filaments were destroyed
by CytoD.

RhoA can increase the stress fibers formation and is a key signaling
molecule regulating cellular functions in cells40,41. Indeed, dominant
negative mutants of RhoA and the inhibition of its downstream
target Rho-kinase/ROCK have been shown to inhibit the shear
stress–induced cell alignment and stress fiber formation in confluent
BAECs43. Constitutively active mutant of RhoA also inhibited the
shear stress–induced alignment of BAECs, indicating that a balanced
level of RhoA activity is important for the regulation of stress fiber
alignment and cell shape20,44. Shear stress can also cause the decrease
of RhoA activity accompanied by actin de-polymerization in
BAECs44. As such, shear stress may affect RhoA activity and subse-
quently stress fibers, which regulate the distribution of the intracel-
lular tension to result in the polarized localization of Src activities.
Indeed, the constitutively active V14-RhoA and the induction of
stress fiber formation by LPA inhibited the HSS-induced Src polarity,
which can be restored if stress fibers or intracellular tension are
disrupted. Therefore, RhoA may serve as a master signaling molecule
in regulating the HSS-induced Src polarity by controlling the stress
fiber formation and mediating the subcellular distribution of the
intracellular tension under mechanical stimulations.

It has been reported that the plasma membrane fluidity mediates
the shear-induced modulation of signaling molecules such as
MAPK30. Our results also indicate that the modulation of membrane
fluidity by BA can inhibit the HSS-induced Src polarity. It is possible
that the plasma membrane and its fluidity may perceive the spatial
distribution of the mechanical loading and transmit it into the activa-
tion polarity of intracellular signaling molecules, such as Src. Fluid
shear stress may cause cell deformation in the direction of flow, thus
leading to temporally varying and spatially heterogeneous stresses in
the cell membrane to increase the cell membrane fluidity in a polar
manner31. The higher cell membrane fluidity at upstream under flow

Figure 6 | The HSS-induced FAK polarity is mediated by Src, RhoA, and membrane fluidity. (A) The representative images of Lyn-FAK

biosensor in BAECs co-transfected with V14-RhoA (n 5 13), pre-treated for 15 min with 45 mmol/l BA (n 5 5) or 1 hr with 50 mmol/l PP1 (n 5 14)

before 30 min of HSS application. (B–C) Bar graphs (mean 6 S.E.M.) represent the averaged values of ECFP/YPet emission ratios measuring (B) the

overall FAK activity or (C) the FAK polarity in BEACs with different pretreatments as indicated. * represents a statistically significant P , 0.05 when

comparing to the control group.

Figure 7 | A hypothesized model of the mechanotransduction pathways
involved in the HSS-induced Src/FAK polarity in BAECs. The cell

membrane fluidity can perceive the spatial distribution of mechanical cues

to cause a polarized intracellular tension distribution with subcellular

difference. This polarized intracellular tension may have caused the Src and

subsequently FAK polarity. These polarities can be attenuated by RhoA

activity and actin stress fibers.
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may allow more deformation and force transmission to the cytoske-
leton than the downstream, and helps to result in the polarized
activation of Src. Therefore, the membrane fluidity may couple with
RhoA/actin stress fibers to perceive the external mechanical loading
and convert them into intracellular tension and signaling activities at
subcellular levels.

The autophosphorylation of FAK at tyrosine 397 mediated by
integrin can create a binding site for the SH2 domain of Src. The
recruited Src can then phosphorylate other tyrosine residues in FAK
and promote its maximal kinase activity6. It was reported that a
hyper-osmotic stress stimulated FAK phosphorylation at Tyr-397
in a Src-independent manner, whereas the Tyr-577 phosphorylation
of FAK can be blocked by the Src family kinase inhibitor PP245. It is
hence possible that shear stress induces the initial activation of FAK
independent of Src, but may involve Src to regulate the full activation
of FAK. It is intriguing that the inhibition of Src by PP1 enhanced the
overall FAK activation under HSS. While the Src inhibition may have
triggered other signaling cascades to promote the FAK activation
under HSS, the mechanism remains largely unclear. However, the
Src activity is clearly involved in regulating the polarized distribution
of FAK activity. Indeed, the inhibition of Src with PP1 blocked the
HSS-induced FAK polarity. In contrast, the manipulation of FAK
activity by FRNK or PF271 did not affect the HSS-induced Src polar-
ity, suggesting a role of Src activity upstream of FAK polarity.
Consistently, V14RhoA and BA, which inhibited the HSS-induced
Src polarity, also suppressed the FAK polarity. Therefore, HSS reg-
ulates the FAK polarity by modulating the subcellular distribution of
Src activity.

Rac1 has no effect on the HSS-induced Src polarity. Rac1 has been
shown to play critical roles in regulating actin network via Arp2/346.
Shear stress was also demonstrated to induce a polarized Rac1
activity distribution in endothelial cells20,39,47,48. However, Rac1 is
apparently not involved in regulating the HSS-induced Src polarity
as neither active or negative mutants of Rac1 had significant effect on
the polarized distribution of Src activity. Therefore, the Rac1 and Src
polarity under HSS stimulation may have different regulation
mechanisms. This is also consistent with a recent report that Rac1
can be activated at the cell periphery under mechanical twisting,
independent of Src activation49. Given that Rac1 could be activated
at the downstream to promote the lamellipodia formation along the
flow direction20, the HSS-induced polarity of Src-FAK complex may
coordinate with Rac1 activation in regulating the cell shape and
alignment along the flow.

Methods
BAECs transfected with various FRET biosensors or DNA plasmids were starved with
0.5% FBS of Dulbecco’s Modified Eagle Medium(DMEM) for 24 hr before 65 dyn/
cm2 of HSS application. All images were obtained only on isolated single cell by using
Zeiss Axiovert inverted microscope equipped with FRET system. Time lapse fluor-
escence images were acquired and quantified by MetaFluor 6.2 software (Universal
Imaging) and the data of FRET efficiency was analysis by Excel (Microsoft).

Additional details are available in the Supplement.
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