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The best example of my translational work is on gating (here the spontaneous opening and closing of single channels). As I do not have to tell you, the majority even great majority of drugs and diseases modify gating and not permeation. Yet no one knows the physical basis of a sudden (less than one microsecond as established by Rick Levis and me, and separately by Wolfgang Nonner et al) opening TO A LEVEL INDEPENDENT OF TIME AND DURATION.

Proteins are very flexible on a millisecond time scale, and channel proteins have a large number of  permanent (i.e., fixed) charges in their wall, often 1 Angstrom or less distance from permeating ions. ANY theory of permeation would predict huge (factors of two or MUCH more)  change in current flow as the location of fixed charges fluctuates in its unavoidable thermal fluctuations. ALL molecular dynamics simulations, and measurements of temperature factors (in x ray crystallography at different temperatures) shows that these motions should be large (i.e. more than 1 Angstrom) and prolonged (no one knows the numbers for sure but estimates are milliseconds and longer because all proteins have structural fluctuations on these time scales) . Thus, LARGE fluctuations of single channel current are expected. Yet they are not found. 

I suggested a long time ago (~1995) that the open state of an ion channel was a rare selected state conditional on having the right spatial distribution of permanent charge and the right occupancy. I postulated that (as in semiconductor switches) the wrong occupancy would produce large barriers and an OFF conductance (i.e., small or zero current through the channel) and that only particular combinations of occupancy (by permeating ions) and distribution of permeant ions would produce the barrier less state of an OPEN conductance and large current.

Recent simulations by the Lancaster group (citations below) demonstrate this phenomena. Indeed, they show that closed channels have properties closely related to the extensively studied Coulomb blockade of semiconductor channels and quantum dots, and that open channels are a kind of eigenstate, an example of multiple solutions of a single equation (familiar from the  wave equation). Mathematics shows that such multiple solutions can occur. Citations given.

The translational significance of this is clear. If one seeks modification of spontaneous gating by modification LARGE conformational changes, as nearly everyone studying channels does, one will be frustrated, if the mechanism is fundamentally electrical, as I proposed a long time ago. 

If the mechanism of spontaneous gating is fundamentally electrical, one should seek modifiers of the permanent charge in the protein or on the protein surface (NOT necessarily or optimally on the wall of the channel) to allow modification and control of gating.

This is the way translational science works. Basic science shows what to modify. Then medicinal chemistry and biochemical sciences perform the modification and make the drug.

If the drug designer does not know where to start, they get nowhere. Hence the remarkably unsuccessful efforts to modify the L type calcium channel despite is evident clinical importance, and enormous sums of money spent to try to modify it.
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