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The modeling of molecular transport through channel proteins requires to follow the dynamics of the system with almost atomic spatial resolution on a macroscopic time scale, which is beyond the reach of current all atom molecular dynamics (MD) simulations. A practical approach to this inherently multiscale problem is to model the transported molecule as an overdamped Brownian particle that diffuses along the axis of the channel in the presence of an effective potential of mean force (PMF) that describes its interaction with the rest of the system. It is shown that both the PMF and the corresponding diffusion coefficient can be determined from the sole knowledge of the crystal structure of the channel protein by employing a small number of fast non-equilibrium MD pullings in both forward and time reverse directions. As a biological application, it is predicted that, contrary to the general belief, in active cell membranes passive and spatially asymmetric channel proteins can act as active transporters by consuming energy from nonequilibrium fluctuations fueled by cell metabolism. By calculating the glycerol flux through the aquaglyceroporin GlpF, it is demonstrated that (1) glycerol uptake driven by a concentration gradient is enhanced significantly in the presence of non-equilibrium fluctuations, and (2) the enhancement caused by a ratchet-like mechanism is larger for the outward (i.e., from the cytoplasm to the periplasm) flux than for the inward one, suggesting that the same non-equilibrium fluctuations also protect the cell against poisoning by excess accumulation of glycerol.
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