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Figure 1: Quadratic fits to the minimum and maximum values of the electrostatic free energy
barrier for use in activation time calculations. a) Lipid-exposed model profile from Fig. 3a of the
main text (blue curve). The red curve is a quadratic approximation to the profile at the barrier
crossing: φmax(z) ≈ 440 − 1.5 (z + 1)2. b) Translation model electrostatic energy profile from Fig.
3b of the main text (blue curve). The red curve is a quadratic approximation to the profile at the
barrier crossing: φmax(z) ≈ 52− 0.3 (z + 1)2. The green curve is a quadratic approximation to the
profile at the minimum value of the energy profile: φmin(z) ≈ 40 + 1.0 (z + 9)2. This is a poor fit,
as discussed in the present text.

respectively [5]. In our case, min refers to the down state. The reduced activation energy is
∆G = φmax − φmin, and generally, this term dominates the kinetics. However, the shape of the
energy profile influences the reaction time through the curvature of the profile both at the barrier
crossing, φ′′

max, and at the initial resting position, φ′′
min.

The activation barrier, ∆G, is a combination of the non-polar and electrostatic energies. From the
curves in Fig. 3a,b of the main text (redrawn here in Fig. 1) and the non-polar energies from the
last section, we arrive at barrier heights. For both models we have:

∆G = (440)max − (320)min
︸ ︷︷ ︸

electrostatic

+ (−120)max − (−100)min
︸ ︷︷ ︸

non−polar

= 100 kBT (lipid − exposed)

∆G = (52)max − (40)min
︸ ︷︷ ︸

electrostatic

+ (−30)max − (−30)min
︸ ︷︷ ︸

non−polar

= 12 kBT (translation).
(9)

Secondly, we must estimate the curvature of the solvation energy profiles at the maximum and
minimum values. We have done this in Fig. 1, where we fit quadratic approximations to the
electrostatic free energy profiles at the relevant positions. We ignored the influence of the non-
polar component to the solvation free energy on the curvature for the lipid-exposed model in doing
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