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1 Movies

Four movies showing the loading-relaxation simulations for all three kinds of mechanical loads simulated are available.
We report here their name and a short description:

s STS: stretching simulation with ' = 50 x 107!2 N and pi, = 3.18 x 1077 m Pa s (see Sec. 3.1 in main
paper).
* SHS: shear simulation with ¥ = 123 s~! and ji,, = 3.18 x 10~7 m Pa s (see Sec. 3.2 in main paper).

+ SHS_mumO: shear simulation with 4 = 123 s~! and yi;, = 0 m Pa s (see Sec. 3.2 in main paper).

» FRMS: four-roll mill simulation with 4prms = 10 s~1 and Um = 3.18 X 10~7 m Pa s (see Sec. 3.3 in main
paper).

2 Shear simulation (SHS): characteristic time ¢

In Fig. [T} values of {** are reported (see Eq. (I3) in main paper) as a function of the shear rate  for different values of
membrane viscosity pn,. While ¢, measures the time the membrane takes to reach the average deformation D,,, the
characteristic time #;°* measures the period of the oscillations.

3 Characteristic times as a function of the average deformation

In Fig. we report the characteristic times #; and ty (see Eqs. (12)-(T4) in main paper) as well as the ratio t = ¢, /ty as
a function of the average deformation D,,.

4 ) parameter

In Fig. 3| we report the values of the parameter &, and dx used to interpolate ¢, and tg, respectively (see Eqs. (12)-(14)
in main paper).

S Multiple time scales

We inspected the presence of multiple loading and relaxation times for all three simulations performed (STS, SHS and

FRMS). We consider two values of the membrane viscosity (that is i, = 0 m Pa s and pi, = 1.59 x 107 m Pa s)

and for each value of ;1,, we consider two values of the external mechanical load: in particular, for the STS (Fig. §),

we report F' = 5 x 10712 N (panels (a-c)) and F = 70 x 10712 N (panels (b-d)); for the SHS (Fig.[3), ¥ = 1.23 s~

(panels (a-c)) and 4 = 123 s~ (panels (b-d)); for the FRMS (Fig.[6), Frums = 5 s~ (panels (a-c)) and Fpgys = 120 s~
D(t)

(panels (b-d)). For all three cases, to better compare the loading and relaxation dynamics, we report 1 — 5= for the

loading (red-shaped points) and % for the relaxation (blue-shaped points), so that both curves start from 1 and go to
0; moreover, we report the two functions exp(—t/t)° (red line) and exp(—t/tg)°® (blue line).

In Fig. values of 1 — DDL;V) (loading) and %—(;v) (relaxation) are reported for the FRMS with 4prys = 5 s71; the value
of membrane viscosity is fim = 0.64 x 10~ m Pas.

6 Table of physical and dimensionless parameters

In Tab.[I] we report all parameters used in the simulations in both physical and lattice units.

7 Table of fitting coefficients

In Tab. [2| we report the values of the coefficients ay, ag, by, and b used to fit ¢, () and tg (i) for the STS, SHS and
FRMS at some fixed values of the stress 0. We use linear fits, t''T = a; + by, and t5'T = ag + bg i, respectively
(see Fig. in main paper). Values of a are expressed in [10~2 s], while values of b are expressed in [10* m—! Pa=—1].
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8 Supplementary figures and tables
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Figure 1: Values of ¢ as a function of the shear rate 4 (see Eq. (I3 in main paper) for different values of membrane

viscosity p, (from lightest to darkest color): pm, = O mPas (D), pum = 0.64 % 10~ " mPas (Q), tm = 1.59 % 10" mPas
(A), i = 3.18 x 107" m Pa s (A).
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Figure 2: Comparison between the characteristic times ¢, (panel (a)), ¢tz (panel (b)) and the ratio t=1. /tr (panel
(c)) as a function of the average deformation D,, (see Sec.[]in main paper) for the three simulations performed, i.e.,
stretching simulation (STS, O), shear simulation (SHS, A), four-roll mill simulation (FRMS, 0), for different values of
membrane viscosity pn, (from lightest to darkest color): puy, = 0m Pas (0, A, O), py = 0.64 % 107" mPas @, A, 0),
fm = 1.59 x 107" mPas (8, A,0), i, = 3.18 x 107" mPas (m, A, @),
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Figure 3: Values of the parameters d; and &y used to interpolate ¢, #* and tx (see Eqs. (I2)-(T4) in main paper) are
reported for the three simulations performed, i.e., stretching simulation (STS, O, panels (a-b), Sec. @ shear simulation
(SHS, A, panels (c-d), Sec. [3.2)), four-roll mill simulation (FRMS, O, panels (e-f), Sec.[3.3), for different values of
membrane Viscosity /i, (from lightest to darkest color): y, = 0mPas (T, A, 0), im = 0.64 x 107" m Pas (@, A, 0),
fm = 1.59 x 107" mPas (8 A, 0), i, = 3.18 x 107" mPas (m, A, @).
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Figure 4: STS: we report the functions 1 — %(t) for the loading (O M) and D(t) for the relaxation (O ®). Two values of
external force are reported (i.e., ' =5 x 10~ 2 (panels (a-c)) and F = 70 x 10712 N (panels (b-d)); two values of
membrane viscosity py, are reported (p, = 0 m Pa s (O 0) (panels (a-b)) and py, = 1.59 x 10~ "mPas (mm) (panels
(c-d))). For both loading and relaxation, data are fitted with exp(—t/t,)°. (red line) and exp(—t/tz)® (blue line),
respectively.
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Figure 5: SHS: we report the functions 1 — %3 for the loading (A A) and % for the relaxation (A A. Two values of
external force are reported (i.e., ¥ = 1.23 s~! (panels (a-c)) and 4 = 123 s~! (panels (b-d)); two values of membrane
viscosity puy are reported (jm = 0 m Pa's (A A) (panels (a-b)) and g, = 1.59 x 107 m Pa s (A A) (panels (c-d))). For
both loading and relaxation, data are fitted with exp(—t/#, )°L (red line) and exp(—t/tz)°® (blue line), respectively.
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Figure 6: FRMS: we report the functions 1 — %3 for the loading (O @) and %3 for the relaxation (O @). Two values

of external force are reported (i.e., Yprys = 5 s~ (panels (a-c)) and Aprys = 120 s~ (panels (b-d)); two values of
membrane viscosity p, are reported (i, = 0 m Pa s (0 0) (panels (a-b)) and i, = 1.59 x 10~7 m Pa s (@ @) (panels
(c-d))). For both loading and relaxation, data are fitted with exp(—t/t,)°. (red line) and exp(—t/tz)® (blue line),
respectively.
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Figure 7: FRMS: we report the functions 1 — %fv) for the loading (©) and %3 for the relaxation (©). The value of

external force is Ymrms = 5 s 1; the value of membrane viscosity is py, = 0.64 x 10~7 m Pa s. For both loading and
relaxation, data are fitted with exp(—t/t. )L (red line) and exp(—t/tg)°® (blue line), respectively.



Physical Units Lattice Units

Radius r 3.91 x 1075 m [1] 9.78

Area A 133 x 10712 m? 831

Volume V/ 93 x 10718 m? 1453

Elastic shear modulus ks (range) [5.3,530] x 1075 Nm™' [2] [4.6,460] x 1075
Elastic dilatational modulus k,, (range) [26.5,2650] x 107> Nm~! [1]  [2.30,230] x 10~
Bending modulus kg 2 x 10719 Nm [3]] 1.9 x10°°
Plasma viscosity fou 1.2 x 1073 Pas [T 0.17

Cytoplasm viscosity fiin 6 x 1073 Pas [1] 0.83

Membrane viscosity p, (range) [0,3.18] x 10" m Pas [0, 50]

Stretching force F' used in the STS (range) [5,70] x 10712 N 1,14] x 1074

[ [
Shear rate 4 used in the SHS (range) [1.23,123] s71 [3.09,309] x 10~8
Shear rate 4prys used in the FRMS (range)  [1,30] s~! [2.52,75.6] x 1078

Table 1: Parameters used in the simulations are reported in both physical and lattice units.

STS SHS FRMS

L R L R L R
o — 0.001 Pa 2 10.7£1.3|102+04| 59+1.1 | 6.7+15 | 109+1.1 | 94+£1.1
b | 375+£0.7 | 40.0£0.2 | 424+0.6 | 41.6£0.8 | 43.4+0.6 | 47.9+ 0.6
o —0.0lPa 2 99+08 | 102+£06 | 98+46 | 6.3+14 | 10.5£1.0 | 9.2+0.6
b|3.3£04]396+£03]294+£25|414£0.7 | 422+£0.5 | 44.1£0.3
o — 0.025Pa L2 88+£0.2 | 99£08 | 94+£40 | 7.3+£2.0 | 98£08 | 9.0£0.6
b|33.8£0.1|391+£04 | 23.8+20|346+£1.1|40.0£0.5 | 38.0+0.4
o —0.05Pa 2 6.8+£0.2 | 98£10 | 6.6+22 | 81+3.0 | 89£1.7 | 9.7+22
b|281+£01]381+£06]236£1.0]333£1.7|334£09]339£1.2
o — 0.075Pa L2 9.6+02 | 94+£08 | 54£09 | 9640 | 9.6£23 | 109£2.6
) b|234+£0.1|373£05|234+05]29.1+£20|279+1.2 | 31.0+15
o —01Pa L2 5.0+0.2 | 89+£0.5 | 44£03 | 10.0£5.0 | 10.0+£2.7 | 12.0£ 3.1
’ b|195+£0.1|364£03 | 23702 | 28.0£3.0 | 228=£1.5 | 286+1.7
o —0.125 Pa 2 45+02 | 86£02 | 46+0.7 | 96+45 | 8726 | 12.1+34
) b|17.0£0.1 | 354£0.1 | 23.24+04 | 279+£24 | 19.7+14 | 28.1+ 1.8

Table 2: Coefficients ar, ag, b, and b used to fit ¢, (1) and tg () for the STS, SHS and FRMS at some fixed values
of the stress 0. We use linear fits, tF'7 = ay, + by iy and tX7 = ag + brjim, respectively (see Fig.[5in main paper).
Values of a are expressed in [10~2 s], while values of b are expressed in [10* m~! Pa—!].
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