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Supplementary table

Parameters of the analysed system used in simulations

Parameter
Dimensionless values Dimensional

values for
c0 = 10/s,
ℓ = 0.01 μm

On-lattice KMC Gillespie KMC PDEs On-lattice KMC

c0 1.667 10/V 1 10/s

c1 0.008333 0.05/V 0.02 0.05/s

c2 {0.025,
0.0625,
0.08333}

{0.15/V ,
0.375/V ,
0.5/V }

{0.06,
0.15,
0.2}

{0.15/s,
0.375/s,
0.5/s}

c3 1.667 10/V 4 10/s

M 18 to 6000 ∞ 18 to 6000 300 to 10 000/s

D 2.25 to 750 ∞ 2.25 to 750 3.75×10−3 to
1.25 μm2/s

l 1 — 1 0.01 μm

ρK 0.4 — — 4619/μm2

ρP 0.1 — — 1155/μm2

Table S1: Parameters of the analysed system. Parameters are described in the main text.
Only c2 and M (and D) vary between simulations; other parameters, referred to as default
parameters in the main text, are the same in all simulations.
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Physiological relevance of parameter values used in simulations:

• Rate constants of reactions on the membrane can be as fast as 100/s [S1]; the relation
c1 < c2 < c3 reflects the strong boost to the catalytic activity of a kinase resulting from
the increase in the number of its phosphorylated sites [S2].

• Diffusion coefficients of membrane proteins lie in the range of 10−2 to 10−1 μm2/s (which
is at least an order of magnitude lower than in the cytoplasm) [S3, S4].

• The lattice constant ℓ is assumed to correspond exactly to the average centre-to-centre
spacing of neighbouring membrane proteins [S5]. At ℓ = 10 nm compartment volumes
analysed in simulations correspond well to sizes of plasma membrane confinement zones,
which e.g. in NRK cells have the mean diameter of about 230 nm as revealed by single-
particle tracking experiments [S6]; on the other hand, as we consider isolated chambers,
transient trapping of proteins in zones of confinement is not reflected in simulations.

• A significant fraction of the membrane surface can be covered by proteins [S7]. The
surface density of membrane proteins is of order of 100/μm2, but in some cases can be
even as high as 10 000/μm2 [S8]. (The calculation of dimensional densities of molecules

involves the formula for the surface of a hexagon: A =
√
3
2
ℓ2.)
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Supplementary figures

Gillespie algorithm versus on-lattice KMC for large motility

(a) Inactive state Transition Active state

Gillespie KMC simulation (M = ∞) On-lattice KMC simulation (M =      )
(b)

(c)
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Figure S1: Comparison of KMC on the lattice simulations for large motility coefficient

M = 104 and the corresponding spatially homogeneous Markov process simulated with Gillespie

algorithm. Domain size: 20 × 20, periodic boundary conditions; parameters: (c1 = 0.02,
c2 = 0.2). (a) Three snapshots from on-lattice KMC simulations (dephosphorylated kinases
– orange, monophosphorylated – red, bisphosphorylated – brown; phosphatases – pale green,
marked with a dot). (b) Trajectories of the fraction of phosphorylated kinases kp + kpp from
the Gillespie algorithm and on-lattice KMC simulations. (c) Bimodal stationary probability
distribution of kp + kpp calculated from long on-lattice (boxes) and Gillespie algorithm (thick
black overlay) KMC simulations. MFPTs τon and τoff are shown for both methods.
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Propagation of induced travelling waves in the semi-1-D reactor
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Figure S2: Fraction of phosphorylated kinases kp + kpp averaged over the whole reactor 30 ×
1100 during the induced wave propagation. Travelling wave velocities shown in figure S3 were
estimated from linear fits to these trajectories. When the “seed” had become deactivated, so
that the travelling wave did not form, the corresponding trajectory was not taken into account
in fitting (dashed pale lines). At higher diffusivities the probability that the initially active
area (“seed”) is swept away and cannot induce the wave is larger.
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Figure S3: Travelling wave velocity as a function of motility.
Velocities were calculated from simulations of PDEs and estimated
in on-lattice KMC simulations for (c1 = 0.02, c2 = 0.15) (figure S2).
Error bars – SD.
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Coinciding stochastically and deterministically preferred steady states
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Figure S4: Simultaneous spontaneous activation on the long toroidal domain 30 × 1000.
Parameters: (c1 = 0.02, c2 = 0.2) and M = 300. (a) Snapshots from the on-lattice KMC
simulation, (b) five example time profiles of phosphorylated kinases kp + kpp. Snapshots in (a)
correspond to the trajectory represented by the solid black line in (b).
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Figure S5: Self-sustaining transient patches of activity in a toroidal domain 30 × 1000.
Parameters: (c1 = 0.02, c2 = 0.06) and M = 300. (a) Snapshots from the on-lattice KMC
simulation, (b) time profiles of 10 + 10 trajectories starting from the spatially homogeneous
active and inactive steady states (horizontal dashed lines). Snapshots in (a) correspond to the
trajectory represented by the solid black line in (b).
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Figure S6: Kinase inactivity wave propagation on the cylindrical

domain 50 × 1000 for very large motility M = 10 000. Three snapshots
from an on-lattice KMC simulation. Parameters: (c1 = 0.02, c2 = 0.06).
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Activation due to a locally reduced motility
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Figure S7: Dependence of the expected time to activation τon

on the radius of the patch of lowered motility Mpatch = 100 with

the overall motility M = 1000 obtained from on-lattice KMC

simulations. Parameters: (c1 = 0.02, c2 = 0.06) as in figure 8 in
the main text. The expected τon is estimated based on non observed
switches given in square brackets.

Supplementary movies
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Movies are available on-line at:

http://pmbm.ippt.gov.pl/publications/supplementary/

Kochanczyk-2013-JRSocInterface-Movies.zip

Movie S1: Activity wave initiation on the square domain due to the

locally reduced motility coefficient. System parameters as in figure 8
in the main text.

Movie S2: Self-sustaining transient patches of activity in a toroidal

domain. All parameters as in figure S5.
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