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Protein channels conduct ions through a narrow tunnel of permanent and dielectric charge thereby acting as gatekeepers for cells and cell compartments. Hundreds of types of channels are studied every day in thousands of laboratories because of their biological, technological, and medical importance. 

The function of open channels can be described if the channel protein is described as an arrangement of permanent and dielectric charge—not as an invariant potential of mean force or set of rate constants—and the electric field and current flow are computed by the Poisson-Nernst-Planck (PNP) modified to include correlations produced by ion size and the channel protein. The PNP equations are nearly identical to the drift diffusion equations of semiconductor physics widely used to describe the diffusion and migration of quasi-particles, holes and electrons. 

The dramatic selectivity of the L-type Ca channel arises naturally if the ions and glutamic oxygens of the selectivity filter of the channel are described as charged spheres within a dielectric sheath. The four permanent charges of the selectivity filter EEEE forces the channel to hold four positive mobile charges, making a concentration of some 17 molar univalent charge! Four (monovalent) sodium ions occupy twice the volume of two (divalent) calciums; the resulting difference in excluded volume produces calcium selectivity, by changing ion specific entropy and energy, and the overall electrostatic potential. This model with little structural detail predicts many of the selectivity properties of the channel in a wide range of ions and conditions after two adjustable parameters are set to optimal (unchanging) values. 
The same parameters produce a highly selective Na+  channel if the selectivity filter is mutated to DEKA. The resulting channel is (charge) selective for Na+  vs. Ca2+  and also (size) selective for Na+  vs. K+  but for very different reasons. 
The selectivity of the RyR receptor can be understood in a similar way in some 120 different solutions (work of Gillespie and Meissner). IV relations of mutants that reduce permanent charge from ~ 13 M to zero are described quantitatively without changing parameters. The anomalous mole fraction effect, and its dependence on ion type and concentrations, was predicted in the RyR receptor before it was observed.
Taken together, these results suggest that open ionic channels are natural nanotubes—dominated by the enormous fixed charge lining their walls—in which atomic detail is unexpectedly unimportant. Physical treatments of simple models work well.
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