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Abstract:

Transduction of a change in transmembrane potential into the opening of a voltage-dependent ion channel is an indispensable process in excitable tissues such as the heart. This study addresses the extent to which the voltage sensor of the Shaker K+ channel moves during the gating cycle. Shaker is a homotetramer of 

6-transmembrane-domain subunits. TMs S1-S4 comprise the voltage-sensing apparatus, while TMs S5-S6 make up the conductive pore. The more conventional gating model posits that upon activation the positively-charged S4 helix rotates outwardly through a proteinaceous pore. A new model, based on X-ray crystallography of an archebacterial voltage-sensitive K+ channel, proposes that the S3b-S4 region of the voltage-sensing domain forms a “paddle” that strokes through the plane of the membrane in response to depolarization. To test these models, I compared solvent accessibility of amino acids comprising the Shaker voltage sensor during the open and closed states of the channel. I substituted cysteines for selected residues in the S3b-S4 region and expressed the mutants in Xenopus oocytes. The channels were biotinylated, exposed to streptavidin, a specific, high-affinity biotin-binding protein, and the effect on K+ currents assessed using the two-electrode voltage clamp technique. Streptavidin effectively inhibited the currents of Shaker channels biotinylated at D336C, a residue at the tip of S3b-S4 loop. However, the rate of streptavidin inhibition was barely faster when the channels spent more time in the open state than in the closed state, suggesting little state dependence in accessibility of residues at the tip of S3 and arguing against the “paddle” model. The data presented show that the high affinity biotin-streptavidin interaction can be exploited to probe residues of the voltage sensor in Shaker expressed in Xenopus oocytes.
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