








Fig. S2. Traction forces for vinculin-expressing cell lines in the presence or absence of blebbistatin (20 μM). (A) (Upper) Fluorescence images for FN-coated posts
(red) and eGFP-vinculin (green), with cell outlined in yellow. (Lower) Calculated force vectors. (B) Linear regression fits (lines) and parameters (table, mean ± SEM)
demonstrating significant differences among vinculin variants. (C) Plots of traction force vs. cell area for vinculin mutants, demonstrating that blebbistatin
treatment does not disrupt traction force–cell area coupling. Linear fits shown as solid (control) and dashed (blebbistatin) lines.
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Fig. S3. Cell adhesion strength for vinculin-expressing cell lines. (A) Cell detachment profile showing fraction of adherent cells (f) as a function of shear
stress (τ) for a single experiment. Experimental cell counts (gray triangles) are fit to a sigmoid (line, black square) to obtain the shear stress for 50% detachment
(τ50), which represents the mean adhesive strength. For the experiment shown (T12), the adhesion strength is 516 dyne/cm2 (R2 = 0.95). (B) Adhesion of MEFs
on FN coated substrates is α5β1 integrin specific. Cells were trypsinized from dish, quenched in serum containing media, pelleted, and resuspended in ap-
propriate antibody for 15 min with shaking. Blocking α5β1 integrin binding to fibronectin-coated islands eliminated cell attachment to micropatterned
islands compared with isotype control. (Scale bar, 200 μm.) (C) No differences in adhesion strength (mean ± SEM) were observed upon expression of full-length,
talin-binding deficient mutant A50I.
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Fig. S4. Physical linkage between the head and tail domains of vinculin is required for maximal adhesion strength. (A) VH and T12 constructs transiently
transfected into vinculin-null cells and seeded on micropatterned islands revealed vinculin localization patterns consistent with previous results using retroviral
expression of vinculin constructs. (Scale bar, 10 μm.) (B) Expression plasmids encoding VH (VH-CFP) and VT (VT-YFP) were cotransfected into MEF1 cells and
seeded on micropatterned islands. (Scale bar, 10 μm.) Cartoon representation of the lack of physical connection between VH and VT. Line profile of VH-CFP and
VT-YFP overlay demonstrates that VT does not strongly colocalize with FA-associated VH. (C) Adhesion strength (mean ± SEM) of indicated constructs trans-
fected into vinculin-null cells. ANOVA P < 0.02, *P < 0.05 vs. all groups.

Fig. S5. Effects of blebbistatin treatment on integrin–FN complexes and focal adhesion assembly. (A) Immunostaining for β1 integrin in cells adhering to FN
islands in the presence or absence of blebbistatin (20 μM). (Scale bar, 5 μm.) Staining is shown as grayscale on white background. Bar graph shows fraction of
adhesive area occupied by integrin–FN complexes, normalized to untreated control. (B) Immunostaining for talin (Upper) and vinculin (Lower) in vinculin cell
lines adhering to FN islands in the presence or absence of blebbistatin (20 μM). Staining is shown as grayscale on white background. Graphs present fraction of
adhesive area occupied by talin and vinculin.
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Fig. S6. Vinculin residence time at FAs depends on applied force. FRAP was performed on FAs on mPAD posts with known applied forces. (A) Time frames of
WT-containing FA on mPADs before and after photobleaching. The yellow arrow in the prephotobleaching frame indicates the direction and magnitude of
applied force, and the photobleached FA is marked with a yellow circle. (Scale bar, 4 μm.) (B) Force traces during FRAP experiment for WT-expressing cells in the
presence and absence of blebbistatin showing constant force at FAs. (C) Force traces during FRAP experiment for T12- and VH-expressing cells showing constant
force at FAs.

Fig. S7. Model for vinculin regulation of adhesive forces. (A) Vinculin differentially regulates adhesive forces. In the absence of vinculin, basal levels of
adhesive forces (Fbasal) and cytoskeletal tension (Factin) are applied to integrin–ECM complexes presumably via talin. VH increases integrin–ECM complexes and
recruitment of talin and vinculin to FAs, thereby enhancing adhesive forces (FFA) without influencing cytoskeletal tension. Full-length vinculin significantly
enhances adhesive forces (FFA+CSK) via (i) increasing integrin–FN complexes and talin and vinculin recruitment to FAs via VH, and (ii) mechanical coupling these
adhesive plaque complexes to the actin CSK. Mechanical coupling to CSK also enhances CSK tension. (B) Model for force-stabilized vinculin conformation. The
vinculin molecule is maintained in its autoinhibited conformation via high-affinity head–tail interactions. Vinculin is activated into its open, active confor-
mation by binding talin and actin. Force applied across the vinculin molecule stabilizes the open conformation of the molecule.

Dumbauld et al. www.pnas.org/cgi/content/short/1216209110 7 of 9

www.pnas.org/cgi/content/short/1216209110


Movie S1. FRAP for WT vinculin at FAs under low applied force (FRAP-WT-3nN.avi). Movie shows fluorescence imaging of eGFP-WT expressing cells cultured
on mPADs. A yellow arrow in the initial frame indicates magnitude and direction of force applied at FA (2.8 nN). A yellow circle indicates photobleached area.

Movie S1

Movie S2. FRAP for WT vinculin at FAs under high applied force (FRAP-WT-29nN.avi). Movie shows fluorescence imaging of eGFP-WT expressing cells cultured
on mPADs. A yellow arrow in the initial frame indicates magnitude and direction of force applied at FA (29 nN). A yellow circle indicates photobleached area.

Movie S2
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Movie S3. FRAP for T12 vinculin at FAs under high applied force (FRAP-T12-28nN.avi). Movie shows fluorescence imaging of eGFP-T12 expressing cells
cultured on mPADs. A yellow arrow in the initial frame indicates magnitude and direction of force applied at FA (28.5 nN). A yellow circle indicates
photobleached area.

Movie S3

Movie S4. FRAP for VH vinculin at FAs under high applied force (FRAP-VH-27nN.avi). Movie shows fluorescence imaging of eGFP-VH expressing cells cultured
on mPADs. A yellow arrow in the initial frame indicates magnitude and direction of force applied at FA (26.8 nN). A yellow circle indicates photobleached area.

Movie S4
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