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1 Additional Phase Diagrams and time evolutions

All the simulations are performed at a fixed bending modulus κ̃ = 25, attachment rate
k̃on = 3 × 104, detachment rate k̃0 = 10, and spread parameter of myosin pull α = 0.001.
In Fig.1 in this ESI, we explore the impact of changing active parameter f̃r and the passive
stabilizing factor of surface tension σ̃ keeping f̃p fixed. Due to the positive H̃ = 1, clustering
of APs pull in the membrane locally. The active reaction f̃r due to F-actin polymerization,
on the other hand, pushes the membrane outward. The surface tension σ̃ acts as a stabilizing
factor.

Fig. 2 of ESI shows localized pulsation corresponding to the excitation of l = 3 mode
at f̃r = 94.5, σ̃ = 113 corresponding to region (iii) of Fig.3(a) in the main text. The
corresponding kymograph in Fig. 3 of ESI shows the evolution of u and ψ along the polar
angle θ at a fixed φ = π/2.

In the main text, we have shown a kymograph of running pulsation at φ = π/2 in Fig. 7.
In Fig. 4 of ESI, we complement it with the kymograph at φ = π corresponding to the same
set of parameter values, displaying the connected running pulsations. Along with Fig. 7 of
the main text, Fig. 4 shows that the local flux corresponding to the traveling wave depends
on the location (θ, φ).

Fig. 5 of ESI shows parametric plots comprising of deformation field u and local AP
density field ψ corresponding to running pulsation at a fixed set of θ and φ locations on top
of the sphere. The parameter values are listed in figure caption, and correspond to Fig.7 in
the main text. We note the existence of multiple periodicity at different locations, and the
difference in amplitude of the oscillations in r and ψ at various (θ,φ) points.

The l-mode dependence of real and imaginary parts of eigenvalues λ2,3 distinguish the
nature of stable, linearly unstable, and unstable spiral phases. This is shown in Fig. 6 of
ESI, corresponding to the running pulsation at parameter values corresponding to Fig.s 7
and 11 of the main text.
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Figure 1: Phase diagram for spherical membrane, using valley preferring APs with H̃> 0
in σ̃− f̃p plane showing dynamical transition form linearly stable (s) to unstable (u) phase
indicating pattern formation. As the actomyosin pull gets coupled with inward curvature
producing APs, it brings about linear instability in the system through a positive feedback.
Parameter values are, H̃ = 1, and a fixed f̃p = 10, µ̃ = 0.02, K̃t = 2000. All other
parameters are fixed as in Table-1 of the main text. Each line corresponds to a s-u boundary
for a specific l-mode as indicated in the figure legend. In the region above these lines the
system is stable corresponding to the particular l-mode. The shaded region is linearly stable
for all l modes.

Finally in Fig. 7 of ESI we depict conformational changes due to linear instability cor-
responding to the phase diagram Fig.8 of the main text, at σ̃ = 530, f̃p = 5.0, where l = 2
mode is unstable. The corresponding evolution is qualitatively similar to the deformations
of a cell at cytokinesis.

2 Choice of parameters

The cell can change its size and shape by regulating the osmotic pressure and effective
surface tension. The bare surface tension σ of such membranes can be ∼ 1 pN/µm [1]. This
is tunable, e.g., the surface tension can be reduced incorporating more cholesterol in the
membrane.

The actin polymerization rate at barbed end is ∼ 7.4µM−1s−1. With changing actin
concentration from zero to 4µM it varies between ≈ 2 − 30 subunit/s [4]. Considering
subunit size ∼ 2.76 nm the actin growth rate gives a velocity vg = 5.52 to 82.8 nm/s. To
directly translate it to protrusion of spherical membrane of radius r0 = 10µm, the relative
growth rate fr = vg/r0 is ∼ 5×10−4−8×10−3 s−1. A myosin drive of F-actin with velocity
vp ∼ 1µm/s [5], leads to fp = vp/r0 ∼ 0.1 s−1.

The viscosity of cytoplasmic extract is η ∼ 10 mPa-s [6]. the viscous friction coefficient
turns out to be γ ≈ 3πηξ ≈ 2.8× 10−9 N s/m= 2.8× 10−3 pN-s/µm assuming the thickness
of actin cortex ξ ≈ 30 nm [7]. Using the radius of spherical membrane r0 = 10µm we get
the membrane mobility coefficient Γ = 1/γr20 ≈ 3.57 (pNµm s)−1.

The two dimensional diffusivity of AP is ∼ 1µm2/s [8, 9]. Considering a vesicle of radius
r0 ≈ 10µm this gives the angular diffusivity D = 1µm2s−1/r20 = 10−2 s−1. Table-1 gives
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Figure 2: Plots showing localized pulsations corresponding to l = 3 mode for a spherical
membrane in which the APs prefer hills. The color code on the deforming spherical shapes
denotes the local AP concentration ψ. The parameter values used are H̃ = −1, µ̃ = 0.15,
K̃t = 1000, σ̃ = 113, f̃r = 94.5, f̃p = 50.

Figure 3: Kymographs depicting the time evolution over azimuthal angle θ at φ = π
2 . The

parameter values used are H̃ = −1, µ̃ = 0.15, K̃t = 1000, σ̃ = 113, f̃r = 94.5, f̃p = 50.

the list of parameter values used in the numerical calculations in this paper.
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Figure 4: Kymographs of running pulsation corresponds to Fig. 7 of main text. It shows
evolutions of membrane deformation r = r0(1 + u) and change in AP concentration ψ over
the polar angle θ at a fixed φ = π. A running pulsation is generated with superposition of
l = 2, 3 modes. The parameter values used here are H̃ = −1, µ̃ = 0.15, K̃t = 103, f̃p = 50,
σ̃ = 60 and f̃r = 75 corresponding to Fig. 7 and 11 of the main text. The connected nature
of deformations is due to the traveling wave, and their slopes with respect to time indicate
the velocities.
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Figure 5: Parametric plots of the field variables r = r0(1 + u) and ψ showing oscillations
with multiple periodicity as the system displays traveling waves on the membrane surface.
The plots display the behavior at azimuthal angles (a) θ = 0, (b) θ = π

6 , (c) θ = π
3 and (d)

θ = π
2 . The parameter values used are H̃ = −1, µ̃ = 0.15, K̃t = 103, f̃p = 50, σ̃ = 60 and

f̃r = 75, as in Fig. 7 of the main text. The filled black # in each plot indicates the initial
state.
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Figure 6: The eigenvalues corresponding to running pulsation in Fig. 7 of main text. The
parameter values used are H̃ = −1, µ̃ = 0.15, K̃t = 103, f̃p = 50, σ̃ = 60 and f̃r = 75. λ2,3
are purely real and negative for l = 1 and are denoted by the filled symbols D (λ2) and #
(λ3). They have complex conjugate values with real part shown in (a) and the imaginary
part in (b) using the filled 3 symbol. λ1 < 0 for all l.

Figure 7: Plots showing pattern formation on a spherical membrane due to linear instability
in l = 2 mode with H̃ = 1, i.e., when the APs prefer local valleys. The color code on the
deforming spherical shapes denotes the local AP concentration ψ. The parameter values
used are µ̃ = 0.02, K̃t = 2000, f̃r = 10, as in Fig.8 of main text, with σ̃ = 530, f̃p = 5.0.

3 Description of videos

The three video in the ESI depict the time evolution in the three distinct dynamical regimes
of the spherical membrane predicted by our model. The consecutive frames in localized pul-
sation (local pulse.avi), and the running pulsation (run puls.avi) are separated by dimen-
sionless time gaps ∆τ = 10−4 and ∆τ = 2× 10−4, respectively. In the main text, snapshots
from these movies are depicted in Fig.s 5, 6 and Fig.s 7, 11 respectively. The figure captions
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Parameters Definition Values Scaled parameters Scaled values

D [s−1] angular diffusivity 10−2 unit
r0 [µm] radius 10 unit
Γ [(pNµm s)−1] membrane mobility 1.0 unit

H̄ [µm−1] AP induced curvature ±0.1 [8] H̃ = H̄r0 ±1
µ[(pNµm s)−1] AP mobility 0.5, 0.07 µ̃ = µ

Γ 0.15, 0.02

σ [pN/µm] bare surface tension 0 – 2 [1] σ̃ =
σr20Γ
D 0 – 2× 104

κ [ kBT ] bending modulus 60 [10] κ̃ = κΓ
D 25

Kt [pN/µm3] tether 0.001, 0.002 [11] K̃t =
Ktr

4
0Γ

D 1000, 2000

fr [s−1] actin polymerization 0 – 1 [4] f̃r = fr
D 0 – 100

fp [s−1] myosin contraction 0 – 1 (O[fr] ) f̃p =
fp
D 0 – 100

kon [s−1] attachment rate 300 [8] k̃on = kon
D 3× 104

k0 [s−1] bare detachment rate 0.1 [8] k̃0 = k0
D 10

Table 1: The table lists all the parameters and their typical values used in the numerical
calculations. r0, D, and Γ set the units of length, time and force in the calculations.

mention the values of the parameters used.
On the other hand, the consecutive frames in the movie of pattern formation due to

linear instability (pattern.avi) is separated by ∆τ = 5 × 10−3. The snapshots from this
movie and corresponding parameter values are shown in Fig.9 of the main text.
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