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Understanding transport of charged solutes across the
cell membrane is a problem of paramount importance
in biophysics, since it is crucial to regulate many cell
functions1. This task is undertaken by transmembrane
channels, so the characterization of the permeation of
charged particles, ions in particular, is essential. In ad-
dition, recently there has been a renewed interest to
comprehend transport through biological nanochannels
for possible applications in biotechnology2. Bacterial
porins are macromolecular proteins located at the outer
membrane that enable the diffusion of small molecules
through the lipid bilayer. As porins are well charac-
terized, both structurally and functionally, they repre-
sent model systems to study transport through biological
nanochannels. In particular, the ionic transport proper-
ties of the OmpF porin, a transmembrane nanochannel
located at the outer membrane of Escherichia coli, have
been extensively studied since the determination of its
X-ray structure3.

In this work, we study the transport of potassium and
chloride ions and of water through the OmpF porin5.
Using the results of extensive all-atom molecular dynam-
ics simulations of the system4, we employ a first time
passage analysis to understand the transport of ions and
water through the channel in terms of a one dimensional
biased diffusion model. We explore the applicability of
such a description and extract the diffusion coefficients
and effective forces characterizing the dynamics of the
particles in different regions of the channel. These re-
sults can be used to describe the ionic transport through
the channel with the help of classical 1D models (such
as the Piosson-Nernst-Planck approach) with coefficients
obtained taking into account all the complexity of the
structure of the channel. From our analysis we recog-
nize the appearance and quantify the magnitude of ef-
fective entropic forces, which are compared with existing
theories6 on the transport of particles through channels
of varying cross section.

Figura 1. Flux of ions through the OmpF porin, as ob-
tained from molecular dynamics simulations. The inset shows
a diagram of the channel, where the directions of the external
electric field and of the flux of Cl− and K+ ions are repre-
sented.
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