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1. Description of equipment and evaluation procedure
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(a)
-

Figure S1. Tension test apparatus with stepper motor and two ways to determine the position
(step counter and linear variable differential transducer). (a) Built into SAXS equipment (Nanostar,
Bruker AXS), (b) with strained hair bundle, (c) with relaxed hair bundle as in the waiting period.



Figure S2 shows a typical 2D image with the integration sectors of + 15 degrees
around horizontal and vertical axes. The integration sectors are fixed and not variable as
in [1], because the hair bundles are carefully aligned in the tension test equipment, which
is in a fixed position in the SAXS equipment. Azimuthal integration was performed in
each sector to obtain the scattering intensities in dependence on scattering vector q. Each
of the sectors was then evaluated and the horizontal (perpendicular to load direction) and
the vertical (in load direction) fit parameters were averaged.

Figure S2. Showing a typical 2D image with the integration sectors.

The background was subtracted with a power law function Ivg=Io g9 for each sector. The
mean value of the exponent was d=2.56+0.10, in accordance with the literature (d=2.55 in
[2], d=2.33 in [3]).
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Figure S3. (a) Integrated data from vertical sector and power law subtraction. (b) Vertical sector,
subtracted intensity with meridional and lipid ring peak. (c) Integrated data from horizontal sector
and power law subtraction. (d) Horizontal sector, subtracted intensity with IF peak and ring peak.

2. Description of fit procedure

To take the specific shape of each peak into account and to increase the precision, a separate
fit function or procedure was used for each peak. The IF peak was fitted with eq (S1), a
skew normal distribution f(q) with a constant yo, an amplitude A, a location parameter qc,
a scale parameter ® and a shape parameter a. The fit interval were all datapoints around
the intensity maximum Io with an intensity I > Io/4. The maximum of the curve was then
determined numerically from the fit. Figures S4a and S4b show an unstrained and strained

hair bundle with the fit curves.
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The lipid ring peaks were fitted with a Lorentzian function, eq. (S2), with a constant yo, an

amplitude A, a location parameter g, and a width parameter w, the half-width at half-

maximum. The fit interval were all datapoints around the intensity maximum lo with an



intensity I > Io/3. The maximum of the curve is the location parameter g.. Figures S5a and
S5b show an unstrained and strained hair bundle with the fit curves for the lipid ring in
load direction, Figures S5c and S5d show the respective figures for the unstrained and

strained hair bundle perpendicular to load direction

2A w

f(Q)=y0+?4(q_qc)z+W2

(S2)

The meridional arc peaks were calculated from eq. (S3), the center of gravity, for a
symmetric interval around the intensity maximum (+ 10 points, in total 21 points). Figures

S4c and 54d show the figures for an unstrained and strained hair bundle with the points
in blue were taken for the calculation.
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Figure S4. Fit with a skew normal function of IF peak of a hair bundle, (a) unstrained, (b) strained,
with a shift towards larger g-values, i.e. smaller distances in real space. Center of gravity of a

meridional arc peak, (c) unstrained, (d) strained, with a shift towards smaller g-values, i.e. larger
distances in real space.
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Figure S5. Fit with a Lorentzian function of lipid ring peaks of a hair bundle in load direction, (a)
unstrained, (b) strained, with a shift towards smaller g-values, i.e. larger distances in real space,

and perpendicular to load direction, (c) unstrained, (d) strained, with a shift towards larger g-
values, i.e. smaller distances in real space.

3. Deformation at 2% macrostrain

Figures S6 to 58 show the data for 2% macroscopic strain, Figure S6 for the distance
of the intermediate filaments (IFs), Figure S7 for the distance from axially staggered
molecules along the length direction of the IFs, evaluated from the meridional arc, and
Figure S8 for the lipid bilayer distance in and perpendicular to load direction. The sample
was subjected to multiple load/strain cycles with 2% strain and varying the waiting period

between the load cycles (10 min, 102 min, 10° min, 10 min) to study strain recovery at the
nanoscale
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Figure S6. Change of distances between IFs, normalized to initial value, at 2%macrostrain. One
sample was strained multiple times, with the number indicating the load/strain cycle and the



index the moments, when SAXS patterns were recorded to measure the IF distance: _in, initial
distance, _str, distance at maximum strain, _rel, distance after strain release to zero. The waiting
period was 10 min for cycle 2, 102 min for cycle 3, 10° min for cycle 4 and 10* min for cycle 5. The
dashed lines are for better visualization of the strain cycles.
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Figure S7. Change of distances from molecule staggering along the IFs, normalized to initial value,
at 2% macrostrain. One sample was strained multiple times, with the number indicating the
load/strain cycle and the index the moments, when SAXS patterns were recorded to measure the
molecule staggering distance: _in, initial distance, _str, distance at maximum strain, _rel, distance
after strain release to zero. The waiting period was 10 min for cycle 2, 102 min for cycle 3, 10° min
for cycle 4 and 10* min for cycle 5. The dashed lines are for better visualization of the strain cycles.
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Figure S8. Change of lipid bilayer distance in load direction (upper figure) and perpendicular to
load direction (lower figure) for 2% macrostrain. Both distances are normalized to initial value.
One sample was strained multiple times, with the number indicating the load/strain cycle and the
index the moments, when SAXS patterns were recorded to measure the lipid bilayer distance: _in,
initial distance, _str, distance at maximum strain, _rel, distance after strain release to zero. The
waiting period was 10 min for cycle 2, 102 min for cycle 3, 10° min for cycle 4 and 10* min for cycle
5. The dashed lines are for better visualization of the strain cycles.



4. Deformation of lipid peak for multiple strain cycles at 10% macrostrain

Figure S9 is similar to Figure S8 and shows the lipid bilayer distance for the strain
cycles with different waiting times in and perpendicular to load direction, but for a
macroscopic strain of 10%.
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Figure S9. Change of lipid bilayer distance in load direction (upper figure) and perpendicular to
load direction (lower figure) for 10% macrostrain. Both distances are normalized to initial value.
One sample was strained multiple times, with the number indicating the load/strain cycle and the
index the moments, when SAXS patterns were recorded to measure the lipid bilayer distance: _in,
initial distance, _str, distance at maximum strain, _rel, distance after strain release to zero. The
waiting period was 10 min for cycle 2, 102 min for cycle 3, 10° min for cycle 4 and 10* min for cycle
5. The dashed lines are for better visualization of the strain cycles.



5. SEM micrographs for unstrained initial state, at 10% macrostrain and unstrained
after 100 min

Figure S10 shows SEM micrographs of the first strain cycle: (a) unstrained initial
state, (b) with 10% strain, (c) unstrained after strain relief and a waiting period of 100 min.
The original surface structure of (a) is nearly recovered in (c), with some small protrusions
of scales from the surface.

Figure S10. SEM micrographs of the first strain cycle: (a) unstrained initial state, (b) with
10% strain, (c) unstrained after strain relief and a waiting period of 100 min.



Figure S11 shows SEM micrographs of the second strain cycle in the 10% strained
state after a waiting period of 100 min between the strain cycles, visualizing the strongly
deformed and partly detached scales, (a) an overview, (b) in detail.

Figure S11. SEM micrographs of the second strain cycle after a waiting period of 100 min
between the strain cycles in the 10% strained state. (a) overview, (b) detail, both visualizing
strongly deformed scales, which are protruding from the surface and have shifted, as the
cortex deforms significantly more than the cuticle and the scales.
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