Appendix to “Adhesion of Membranes with Active Stickers”
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In our simulations, the interaction energy for a Monte
Carlo step at time ¢ and site 7 with rescaled separation
zi s (V(2;)/7) ftt_T n(t')dt’. This interaction energy in-
cludes an average over the sticker switching process n(t')
in the time interval from ¢t — 7 to t. To understand the
resonance in the membrane separation observed in our
simulations, it is instructive to consider the escape of a
single sticker, or single particle, from the dimensionless
stochastic potential v = (u/7) fot n(t')dt’ with binding
energy u = U/kgT and 0 < v < co. At t = 0, the sticker
is ‘on’. To determine the average escape rate k = (e~") at
time ¢t = 7, we consider the stochastic differential equa-
tion dv/dt = (u/7)n(t) and construct the corresponding
Fokker-Planck equations [1]

OP,

aitOZW_Pl—OJ_;,_PO (1)
8P1 - u8P1
T Twrbmwe-Pi=25 @)

Here, P;(v,t) and Py(v,t) are the probability distribu-
tions for n(t) = 1 and n(t) = 0, respectively. Multiplying
each of these equations with e™ and integrating over v
leads to the ordinary first-order differential equations

i)l = w+b0 — (w_ + U/T)bl , i)o =w_b; — w+b0 (3)

for the two auxiliary variables by(t) = [e "Pi(v,t)dv
and by(t) = [e UFPy(v,t)dv. In terms of these auxil-
iary variables, the average escape rate is k = (e77) =
b1(7) + bo(7). For the initial condition n(0) = 1, and
thus b1(0) = 1 and bp(0) = 0, we obtain

u — 2WT
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k= (coshA — sinh A) exp {—UBQWT} (4)

with A = 21/(u + 2wT)? — uwr X.

For the fraction X = 0.5, the escape rate k as a func-
tion of w is shown in Fig. 4. In the asymptotic limit of
slow switching or small w, the sticker has a high prob-
ability to be still in the initial on state. The average
potential of the sticker then is identical with its binding
energy u, and the escape rate simply is e™*. In the limit
of fast switching or large w, the sticker will switch very

often between the states. The average potential then is
Xu = u/2, and the escape rate e~ X% = ¢~%/2, But at
the intermediate switching rates, the average potential
depends on the switching process and can vary from val-
ues close to zero (if the sticker is switched off early in the
interval 7 and remains off) to the value w (if the sticker
remains in the on state). The resonance effect at the in-
termediate switching rates can be understood from the
contribution of switching processes with small average
potential v to the escape rate k = (e7?). The effect is
closely related to the ‘resonant activation’ of particles in
potentials with a fluctuating barrier [2].
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FIG. 1: Escape rate k for a single sticker as a function of the
mean switching rate w at the average fraction X = 0.5 of the
on state and several values of the sticker binding energy U,
as given by eq. (4).
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