K* ION CHANNEL KCSA

Biological ion channels are transmembrane
proteins that enables ions to flow rapidly accord-
ing to the electrochemical gradient. They are re-
sponsible for setting membrane potential, modu-
lation and spread of the electrical signals.

KcsA is a K' ion channel found in strepto-
myces lividans with a strong sequence similarity
to eukaryotic K™ channels [1] that shows a com-
plicated time-dependence for current [2] which
arises from a superposition of

1. Activation opening, opening of an inner
gate;
2. C-type Inactivation, @ Conformational

changes in the region of the selectivity filter
(SF).

Several lines of evidence have also identi-
fied a key role for the E71-D80 hydrogen bond
In selectivity filter conformational changes [2].
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In a recent X-ray crystallography study [3]
on a mutant channel (tKcsA-OM) undergoing the
opening of the inner gate, Cuello et al. [3] pro-
posed a set of structures representative of the
steps of a proposed mechanism for inactivation
induced by the opening of the inner gate.
However a dynamical picture able to link
them together is lacking.

CONTRIBUTIONS

We present Molecular Dynamics (MD) sim-
ulations that provide a mechanistic connection
among the recent studies on C-type inactivation.

We propose:

e A possible mechanism for C-type inactiva-
tion;

e The importance of the disruption of the
E71-D80 bridge, through a deprotona-
tion, as a necessary step towards inacti-
vation.

Furthermore we demonstrated that the
stages proposed by Cuello et al. [3] are con-
nected by a coherent dynamical pathway, al-
though the concurrent opening of the intracel-
lular gate is not necessary to undergo an in-
activation.
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METHODS

The MD simulations on KcsA with the selec-
tivity filter in the conductive state, show:

e Water molecules diffusing into the protein
and breaking E71-D80 temporarily;

e A correlation between the ion mobillity in the
SF and the formation of inter-subunit D80—
R89 H-bonds, where arginine was shown
to to promote proton exchange [4].

We suggest that a deprotonation of E71-D80
pair is possible.

The force-fields commonly used in biomolec-
ular simulations do not permit proton transfer
events. Starting from the structure with the SF
In the conductive state [1], Various simulations
of the protein Iin different protonation states
of the E71/D80 pair have been performed.

RESULTS
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INACTIVE CONFORMATION

Starting from the X-ray structure of KcsA with
the SF in conductive state (white), a conforma-
tion (coloured) that overlays with the known inac-
tive conformation is reached.
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The simulations shows a series of different
configurations:

1. C, is considered the conductive state for the
SF.

2. C;1 I1s obtained by the disruption of the
E/71-D80 bridge through the deprotona-
tion. It overlays on a proposed intermediate
structure identified by Cuello et al. [3].

PROPOSED MECHANISM

Summarizing the results of the simulations, it
IS possible to draw a mechanism for the C-type
inactivation that relates to deprotonation of the
E71-D80 H-bond:
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3. C,4o Is a new conformation caused by the
net negative charges behind the filter, ex-
posed as a consequence of the deproto-
nation, strongly interacting with the amino
groups of SF.

4. 1, Is obtained re-establishing the E71-D80
bridge in C,. It overlays on the putative in-
active structure [1, 3]
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