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Protein channels conduct ions through a narrow tunnel of fixed charge thereby acting as gatekeepers for cells and cell compartments. Hundreds of types of channels are studied everyday in thousands of laboratories because of their biological and medical importance: a substantial fraction of all drugs used by physicians act directly or indirectly on channels. 

The function of open channels can be described if the electric field and current flow are computed by the Poisson-Nernst-Planck (PNP) equations and the channel protein is described as an invariant arrangement of fixed charges—not as an invariant potential of mean force or set of rate constants. The PNP equations describe the flux of ions (each moving randomly in the Langevin trajectories of Brownian motion) in the mean electric field specified in traditional (nonlinear) Gouy-Chapman/Debye-Hückel/Poisson-Boltzmann theories of electrolyte solutions and proteins. 

PNP, in its one dimensional version, fits a wide range of current voltage (I-V )relations—whether sublinear, linear or superlinear—from 6 types of channels, over (180 mV of membrane potential, in symmetrical and asymmetrical solutions of 20 mM to 2 M salt. Selectivity has been studied extensively in the calcium release channel: I-V relations in Li+, K+, Na+, Rb+, and Cs+ and their mixtures can be explained with a few invariant parameters (of reasonable value) over the full range of concentrations and potentials. Selectivity the L-type Ca channel of clinical fame arises naturally if the ions are described as charged spheres, using the Mean Spherical Approximation of bulk solutions. The anomalous mole fraction effect) in K+ and L-type calcium channels is easily explained. Porins with known structure have been studied, and parameter estimates (in mutations of known structure) are surprisingly close to those predicted (i.e., within 7%). Using a three dimensional version of PNP, we are able to predict the I-V relations of the channel gramicidin within some 10% over a range of conditions, using the nmr structure, partial charges from standard molecular dynamics programs, and an estimate of the diffusion coefficient of Na+, made from separate data sets, using the one dimensional theory.

Taken together, these results suggest that open ionic channels are natural nanotubes, dominated by the enormous fixed charge lining their walls (~5 m, arising from 1 charge in 7(10Å). Highly charged nonequilibrium systems of this sort cannot be described by existing simulations of molecular dynamics because those simulations ignore ions and their flux and so compute the electric field and ionic current incorrectly. Mean field theories that compute the electric field and the effects of the finite volume of ions seem to do very well, but the absence of correlation terms (e.g., special properties of single file systems) is a worry. Henderson, Blum, and Lebowitz, 1979, J. Electronal. Chem. 102: 315 have shown that highly charged systems are dominated by their mean electric field. In those systems, atomic detail is unexpectedly unimportant because correlation effects are small. Perhaps channels fall into this class.
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