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Supplementary Figure 1. Verification of stretch-induced cellular responses. a. Schematic of the substrate
stretcher. b-c. Stretch-induced actin organization. In panels b and ¢, >150 cells were examined per condition to
assess the formation of an actin cap (b) and basal actin stress fibers (c). Error bars represent the S.E.M. of averaged
values. Statistical differences were calculated by unpaired t-test between unstretched control cells (Omin) and
fully stretched cells (60min). ***: p<0.0001, NS: not significant (p>0.05). Refer to Figure 3, Supplementary
Figure 2, and Supplementary Note 1 for the detailed information for the formation of actin cap and basal actin
structure. d-h. Cell re-orientation under uniaxial cyclic stretching of the substrate. Randomly seeded mouse
embryonic fibroblasts (MEFs) on the stretchable PDMS thin film were re-oriented in response to the substrate
stretching by the realignment of cell body perpendicular to the substrate stretching direction (d, e, f). The
distribution of cell-orientation angles better followed Gaussian statistics after substrate stretching (g, h). Statistical
comparison of cell orientation angle between unstretched control cells and stretched cells represents the
significant reorientation of the cells perpendicular to the stretching direction, where error bars indicate S.E.M.,
statistical differences were calculated using the unpaired t test (p<0.0001), and coefficients of determination (r?)
of color-coded Gaussian fits are shown in each plot (g-h).
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Supplementary Figure 2. F-actin organization and nuclear morphology in WT and Lmna’ MEFs. a-f.
Effects of PDMS substrates, lamin A/C, and stretching duration on the formation of an actin cap. In panels a-f,
proportions of cells corresponding to organized (black) and disorganized (white) organization of the actin cap (a,
b, d, e) or basal actin stress fibers (c, f) were quantified in WT (a-c) and Lmna’ (d-f) MEFs. In panel a-f, >150
cells were examined per condition and error bars represent S.E.M. of averaged values. In panels b, c, e, and f, 1-
way ANOVA using Dunnett’s post test was applied based on the values in the unstretched control (marked by an
inverted triangle) for the multiple comparisons of the fraction of cells forming an organized actin cap or an

organized basal actin structure; ***: p<0.0001, NS: not significant (p>0.05).

g-k. Comparision of nuclear

morphology between WT and Lmna’" MEFs in response to substrate stretching. Nuclear lateral bumpiness of
Lmna’ MEFs is larger than WT before and after substrate stretching. In panels g-k, >30 cells were analyzed per
condition; ***: p<0.0001.
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Supplementary Figure 3. Details of indentation marks formed on the nuclear lamin A/C. An apically
polarized dorm structured lamin A/C was organized after 60 min of substrate stretching and the enhanced
cytoskeletal tension due to the actin cap forms indented marks along the actin cap in the apical side of the lamin
A/C stained nucleus. Scanning of fluorescence intensity of F-actin (green) and lamin A/C (red) along the fixed
line (white broken lines) demonstrates the actin-cap-induced lamin A/C indentation.



Supplementary Table 1.

Mechanical properties and dimensions used in finite element model

Description Value Reference
Shear modulus of the cytoplasm (Gc) 85 Pa !
Shear modulus of the nucleus (Gn) 50 Pa 2
Shear modulus of the nuclear lamina (G) 50 Pa 2
Elastic modulus of actin-cap fibers (Er) 10 kPa 3
Poisson's ratio of the cytoplasm (vc) # 0.4 245
Poisson's ratio of the nucleus (vn) # 0.4 245
Poisson's ratio of the nuclear lamina (vi) * 0.4 245
Approximate dimension of the nucleus 30x20x5um 6
Approximate dimension of the cytoplasm 90x60x7um !
Radius of actin cap stress fibers 100 nm 8

#: Fixed Poisson ratio of cellular components was used for simplicity




Supplementary Table 2.

Simulated nuclear deformation

Nuclear Stretch-induced nuclear deformation
dimensional - - N
changes Actin cap absent Actin cap present 4
Lateral 1.328m 0.856(m - 36%
(X' —X) ' -
Vertical 0
r'-Y) 0.110um 0.031pm -72%

*: 4 = % change of nuclear deformation in the presence of actin cap




Supplementary Note 1

(1) A microscope-mounted substrate stretcher and its working principle. A circular hole in the center of
the device was sealed with a cover glass through which cells were visualized on top of the microscope
object lens. Stretching of cells seeded on the PDMS film was controlled by switching the vacuum pump.
To find the optimum frequency of substrate stretching in a fixed strain ratio (i.e., 8%), actin organization
was monitored in different stretching frequencies (OHz, 1Hz, and 2Hz). While increasing the stretching
frequency tended to promote the formation of an organized apical actin stress fibers (from 0.5Hz to 1Hz),
this change was not maintained until 2Hz of stretching. This behavior was attributed to the cell detachment
or cell death in such a high frequency and accordingly, the population of cells that formed organized basal
actin structure was significantly reduced in the 2Hz of highly stretched condition. Therefore, all the
experiments in this work were performed in the 8%, 1Hz of substrate stretching condition.

(2) Additional observation of cell re-orientation under uniaxial cyclic stretching of the substrate.
Randomly seeded mouse embryonic fibroblasts (MEFs) on the stretchable PDMS thin film were re-
oriented in response to the substrate stretching by the realignment of cell body perpendicular to the
substrate stretching direction (Supplementary Figure 1D, E). Cell orientation angle (8) was defined as the
acute-angle between the longest chord through the cell (marked by a dashed line) and the substrate
stretching direction (marked by an arrow), approaching O for parallel-aligned cells and 90" for cells
perpendicularly aligned to the substrate stretching direction. The distribution of cell-orientation angles
better followed Gaussian statistics after substrate stretching (see the color-coded regression curves and
corresponding r? values, Supplementary Figure 1 G, H), which further indicated that stretched cells were
realigned more uniformly perpendicular to the substrate stretching direction.
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