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In cells, many biomolecules diffuse and many biological reactions occur by binding the biomolecules
with proteins diffusing on the membrane surface. Recently, water molecules on the membrane surface show
subdiffusion, where the mean square displacement (MSD) shows sub-linear growth. It is considered that
such a subdiffusion provides an enhancement of biological reactions on the membrane surface with the
aid of slower diffusion than in bulk. Therefore, it is important to investigate such a diffusion process
where there are two different diffusion coefficients, i.e., bulk and surface diffusivity.
To consider an analytical solvable model of diffusion in cells, we consider continuous time random walk
with two confinements (membrane surface) in z direction, where the diffusion coefficients can be
characterized by the mean waiting time of a random walker and the diffusion coefficient on the surface
is different from that in bulk and the waiting time distribution is assumed to be the exponential
distribution in bulk while we consider the exponential distribution and a power—law distribution on
the surface. Here, we show the (ensemble-averaged) MSD and the fluctuation of time—averaged MSD (TAMSD)
as a function of the measurement time

Main results are summarized as the fol lowings:

1) Lateral ensemble-averaged MSD increases linearly with time if the mean dissociation time from the
surface is finite. Even when diffusion on the surface is anomalous (subdiffusion), the MSD shows
normal diffusion. We provide an effective diffusion coefficient analytically.

2) We show the fluctuation of TAMSDs (standard deviation divided by the mean) as a function of the
measurement time. For small measurement times compared to the characteristic time in the system
(the mean recurrence times frombulk to the surface and vice versa), the fluctuation remains constant,
while it decays as the increase of the measurement time for large measurement times. Moreover, we
provide a novel method to estimate unknown surface diffusivity by the analysis.




