Proteins in general: energy landscapes. The spatial distribution (i.e., profile) of both electrical and chemical free energy in our calculations of the selectivity filter varies with experimental conditions imposed on the bulk solution (bulk electrolyte composition, temperature, pressure) and with the charge, composition, and assumed structure of the channel protein itself (e.g., DEKA vs. DEEA). The biologically relevant conformation of any protein is usually its ‘energy landscape’, i.e., its profile of free energy. The conformation of the energy landscape in our model varies with boundary conditions imposed by nature or the experiment and thus the conformation of our channel varies too, if conformation is defined by the energy landscape. The energy landscape is not simply a property of the channel protein.

Binding sites in solids can have a single location independent of the ion bound, or the concentration of other species or temperature, but binding sites in liquids are more likely to be fluid than solid. Our selectivity filters are liquid like systems in which the locations of binding sites vary with ionic species, concentration, and temperature. Numerical estimates suggest that free energies are very different at 100 K and 300 K (2). Thus, it is not surprising that binding sites in crystal structures of proteins depend on the temperature (see Appendix) of observations (96) and also on the ions present in the solution from which the protein crystallizes.

Binding sites found in crystal structures are extraordinarily important constraints to theoretical models. Models must agree with the measured crystal structures when the models are computed under the conditions of crystallization. But the structures and binding should not be assumed to have the same location under other conditions (96) as is obvious from the most simple minded comparison of T(S at the temperature at which the channel functions and at which its diffraction pattern is measured (2). (T is typically 200 K. Diffraction patterns are measured in the cold in part because patterns are significantly better defined in the cold. Diffraction patterns are better ordered in the cold because structures have less entropy and less disorder. 

Most models of protein function—including enzymatic and channel function, binding, protein folding, and so on—assume energy landscapes that do not vary with experimental conditions (97) and do not attempt to compute changes in the conformation of the protein. In our model, the conformation of the selectivity filter is an output of the model, computed by the model, and the conformation changes when conditions change. The energy landscape in our model describes a land of rubber, in which the walker changes the landscape: in less fanciful language, the energy landscape in most models of protein function is independent of the location and properties of the substrate and ‘allosteric effectors’. In our model, the energy landscape is a sensitive and significant function of the location and properties of the substrate and allosteric effectors. Because of this sensitivity, our model is able to fit the main qualitative properties of Na and Ca channels over a wide range of concentrations. If the energy landscape were invariant, the model would not fit properties measured over a wide range of concentrations. Whenever the energy of interaction of substrate, background ions, or allosteric effectors with a protein is comparable to the energy maintaining the shape of the protein, the energy landscape must be computed for each concentration of substrate, ion, or effector.

