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The dramatic selectivity of the L-type Ca channel of biological and clinical fame arises naturally if the ions and glutamic oxygens of the selectivity filter of the channel are treated as charged spheres using representations of concentrated salt solutions well developed and tested in physical chemistry in the last ten years. This seems a reasonable, even inescapable approach, although, of course, more atomic detail will be needed as we ask more and more detailed questions of channels. The fixed charge of the selectivity glutamates forces the channel to hold some four positive mobile charges, making a concentration of univalent charge of ~17 molar! 

Selectivity arises from the interplay of crowding and electrostatics, in this view of the channel. Electrostatics demands that the channel contain (nearly) four mobile positive charges. Four (monovalent) sodium ions occupy twice the volume of two (divalent) calciums; the extra crowding of the sodium ions takes (free) energy, so the channel prefers calcium. 

Selectivity at basic pH is quantitatively predicted by the competition between crowding and electrostatics, in a wide range of ions and conditions after two adjustable parameters are set to optimal (unchanging) values. The resulting ion specific entropies and energies of a crowded solution—and the electrostatic potential—are enough to explain selectivity without assuming other chemical sources of binding energy. The atomic structure of the binding site is the result of these entropies and energies (in this model); it is not the source of selectivity. 

The role of the channel protein is very specific in this view of selectivity: the protein contributes the fixed charge, dielectric environment (i.e., polarization charge), and the mechanical strength needed to allow a productive competition between crowding and electrostatics. Other properties of the protein, e.g., its specific conformation of atoms, are not needed to explain selectivity under these conditions. Of course, atomic detail may be more important under other conditions, e.g., neutral pH and in other channels.
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