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Abstract

Voltage-gated ion channels play fundamental roles in neural excitability and
thus dysfunctional channels can cause disease. Understanding how the voltage-
sensor of these channels activate and inactivate could potentially be useful in
future drug design of compounds targeting neuronal excitability.

The opening and closing of the pore in voltage-gated ion channels is caused
by the arginine-rich S4 helix of the voltage sensor domain (VSD) moving in
response to an external potential. Exactly how this movement is accomplished
is not yet fully known and an area of hot debate. In this thesis I study how the
opening and closing in voltage-gated potassium (Kv) channels occurs.

Recently, both experimental and computational results have pointed to
the possibility of a secondary structure transition from α- to 3(10)-helix in
S4 being an important part of the gating. First, I show that the 3(10)-helix
structure in the S4 helix of a Kv1.2-2.1 chimera protein is significantly more
favorable compared to the α-helix in terms of a lower free energy barrier during
the gating motion. Additional I suggest a new gating model for S4, moving as
sliding 310-helix. Interestingly, the single most conserved residue in voltage-
gated ion channels is a phenylalanine located in the hydrophobic core and
directly facing S4 causing a barrier for the gating charges.

In a second study, I address the problem of the energy barrier and show that
mutations of the phenylalanine directly alter the free energy barrier of the open
to closed transition for S4. Mutations can either facilitate the relaxation of the
voltage-sensor or increase the free energy barrier, depending on the size of the
mutant. These results are confirmed by new experimental data that supports
that a rigid, cyclic ring at the phenylalanine position is the determining rate-
limiting factor for the voltage sensor gating process.
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