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Voltage-Dependent Ion Selectivity of Shaker Potassium Channels: Is C-Type Inactivation Cause or Effect?

M.D. Rayner1, J.G. Starkus1,  S.H. Heinemann2
1 Bèkèsy Laboratory of Neurobiology, Univ. of Hawaii, Honolulu, Hawaii; 

2 Max-Planck-Gesellschaft, AG Molekulare & zelluläre Biophysik Jena, Germany

In biionic intracellular solutions containing both potassium (K+) and sodium (Na+) ions, delayed rectifier channels display N-shaped current-voltage (I-V) relationships (French & Wells, JGP, 1977): The initial rise is mediated by K+ current which is progressively blocked by Na+ at higher voltages. At >100 mV, Na+ contributes to outward currents. This phenomenon provides arguments against the independence of ion fluxes in potassium channels as well as suggesting a voltage-dependence of ion selectivity. The N-shaped I-V curve also occurs in Shaker channels, which are known to change from selective K+ permeation to Na+ permeation when they enter C-type inactivated states (Starkus et al., JGP, 1997). Thus, the question arises whether C-type inactivation is the cause of the Na+ selection seen at >100 mV, or whether voltage-dependent favoring of Na+ ion permeation at >100 mV triggers conformational changes leading to C-type inactivation. We assessed this question by measuring K+ and Na+ currents through Shaker channels, expressed in Xenopus oocytes. Using the macro-patch method to obtain high time resolution, we employed a combination of voltage step and rapid voltage ramp protocols. With these protocols, faithful instantaneous current-voltage relationships were obtained, which are not contaminated by conformational changes of the channel. Our results show that, under the conditions of these experiments, voltage-dependent changes in channel selectivity precede the conformational changes leading to C-type inactivation. 
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