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Actin crosslinking by a-actinin averts viscous
dissipation of myosin force transmission in stress fibers
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1 SFs are fluidized by inhibiting a-actinin crosslinks.

(A)

(B

Time-lapse images of LifeAct-mCherry in non-target (control) and a-actinin KD cells. Elapsed time is shown as
h:min. Scale bars; 10 pm.

Representative time-lapse fluorescence images and kymographs of myosin IIA-GFP on SFs in a-actinin KD and
non-target cells. Scale bars of distance; 3 um. Scale bars of time in kymographs; 5 min.

(C) (D) Velocities of myosin IIA-GFP (C) and LifeAct-mCherry (D) along SFs in non-target and a-actinin KD cells.

(E)

()

The velocity was quantified from time lapse measurements longer than 5 min. Horizontal bars represent
means. ****p < 0.0001; Welch’s t-test (N = 30-35 SFs in 10-12 cells).
The velocity of LifeAct-mCherry along SFs was plotted against the fluorescence intensity of GFP for each cell
expressing AABD-GFP (a GFP-tagged, deleted form of a-actinin lacking the actin binding domain) (N =31 cells)
or GFP (N =22 cells). The velocity value of each dot represents the averaged velocity of LifeAct-mCherry along
3 SFs. Regression lines of linear fitting and Spearman’s correlation coefficients (RZ) are also shown.
Averaged maximum velocity of actin filaments along a SF is plotted against the a-actinin concentration in the SF
under different myosin II concentrations.
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X 2 Fluidized SFs are less elastic.

(A) Phase contrast images of non-target and a-actinin KD cells, and elastic modulus maps of the boxed regions in the
phase contrast images. The elastic modulus at each point in 20 pm x 20 um area (128 x 128 points) was derived
from a force-indentation curve obtained at that point. Scale bars in phase contrast images; 20 pm.

(B) Elastic moduli of SFs in a-actinin KD cells and non-target (control) cells. Horizontal bars represent means.
**F%p < 0.0001; unpaired Student’s ¢-test (N = 30 cells).
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X 3 Miyosin II-generated force is dissipated in fluidized SFs.

(A) Phase contrast (upper panels) and traction stress (lower panels) images of a-actinin KD and non-target C2C12
cells on fibronectin-coated 16.3 kPa polyacrylamide gel substrates. Yellow lines indicate outlines of cells. The
heatmap scale of traction stress is common between non-target and a-actinin KD cells. Scale bars; 10 um.

(B) Traction stress exerted by non-target (N = 25) and a-actinin KD (N = 22) cells. Horizontal bars represent means.
**p < 0.01; unpaired Student’s t-test.

(C) Traction stress exerted by a-actinin KD and non-target cells treated with either calyculin A (1 nM) or vehicle
(DMSO). Traction stress was measured 10 min after calyculin A or DMSO was added. Horizontal bars represent
means. n.s. no significant difference, **p< 0.01; unpaired Student’s t-test (N = 24-28 cells each).

(D) Traction force acting on FAs at the ends of a SF was simulated in our mathematical model and plotted against the
a-actinin concentration in the SF under different myosin II concentrations.
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(A) Non-target (control) and a-actinin KD C2C12 cells were stained for vinculin and F-actin (with phalloidin) after
rhodamine-actin incorporation in the actin polymerization assay. Scale bars; 10 pm.

Line profiles of fluorescence intensities of vinculin (black) and rhodamine-actin (red) along SFs in non-target
(control) and a-actinin KD cells. The left and right scales are for vinculin and rhodamine-actin intensities,
respectively. Fluorescence intensities were measured along SFs indicated by yellow lines in the inset images of
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(D)

rhodamine-actin. Arrows show high fluorescence intensities of vinculin at FAs.

Time-dependent changes of fluorescence intensities of GFP-actin in photobleached regions on SFs in non-target
(black) and a-actinin KD (red) cells. Data are shown as mean = SEM. Regression curves fitted with FRAP fitting

equation are also shown. (N =40 SFs from 15-17 cells).

Mobile fraction of GFP-actin FRAP on SFs in non-target and a-actinin KD cells. Horizontal bars represent means.
n.s. no significant difference, **p< 0.01; unpaired Student’s t-test (N = 38-40 SFs from 15-17 cells).
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B 5 Role of a-actinin in rigidity-dependent regulation of cell migration speed.
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(A) Rose plots depicting migration trajectories of individual non-target and o-actinin KD cells for 240 min on
fibronectin-coated glass (upper panels) or 2.3 kPa polyacrylamide gel (lower panels) substrates (N = 31-34 cells).

Magnified views of the cell trajectories on glass are also shown.
The migration velocity of non-target and a-actinin KD cells on fibronectin-coated glass and 2.3 kPa

B

polyacrylamide gel substrates. Horizontal bars represent means. **p< 0.01, ****p< 0.0001; Welch’s t-test

(N =31-38 cells

).





