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A commentary on

Gating transitions in the selectivity filter
region of a sodium channel are coupled to
the domain IV voltage sensor

by Capes, D. L., Arcisio-Miranda, M., Jarecki,
B. W,, French, R. ]., and Chanda, B. (2012).
Proc. Natl. Acad. Sci. U.S.A. 109, 2648-2653

In PNAS, Capesetal. (2012) showed that the
voltage sensor of domain IV in the skeletal
muscle voltage-dependent sodium chan-
nel is energetically coupled to the channel
gate located at the outer side of the pore.
For this, the authors elicited gating pore
currents, also known as omega currents,
through each of the channel’s four volt-
age sensors, one at a time. They inventively
showed that sodium channel blockers TTX
and p-CTX, which bind to the outer pore
in the selectivity filter region of the chan-
nel, affect the gating pore currents through
domain IV, suggesting a coupling between
conformational transitions in the selectivity
filter and the movement of S4 in the voltage
sensor of domain IV.

The authors did not refer to two impor-
tant aspects, which are tightly related to
their experimental approach. The first is
that neutralization of arginines on S4 (by R
to Q substitutions) used to elicit gating pore
currents through each of the voltage sensor
mutants, may abolish the voltage sensitiv-
ity of the voltage sensor (Bao et al., 1999),
and position it in the activated or partial
activated state (Gagnon and Bezanilla,
2009). The second aspect relates to the
predominant role that domain IV voltage
sensor plays in coupling activation with
fast inactivation in sodium channels. The

voltage sensor of domain 1V is specialized
in energizing a cytoplasmic inactivation
element (IFM), connecting the third and
fourth homologous domains, into the inner
mouth of the pore via a mechanism known
as “ball and chain” fast inactivation. Further,
it was shown that a neutralizing mutation
at the outermost S4 arginine in domain IV,
which is associated with the paramyotonia
congenital disease, greatly affects the cou-
pling between activation and inactivation in
the rat and human skeletal muscle sodium
channels (Chahine et al., 1994).

It is therefore likely that activation of the
voltage sensor of domain IV by the neu-
tralizing mutations shifts the channel into
a closed-state inactivation (Armstrong,
2006), which is associated with gating tran-
sitions that favor TTX binding to the outer
pore (Patton and Goldin, 1991). If this is
indeed the case, it points out to coupling
between closed-state gating transitions at
the outer pore gates with virtually all of
the four voltage sensors, and not only with
that of domain IV. Accelerated transitions
in the selectivity filter at the outer gate due
to occlusion of the cytoplasmic side of the
pore by N-type inactivation particles is well
established in homotetrameric K* channels,
though the parallel process in eukaryotic
sodium channels is still under debate.

The technical limitation arises by
channel entrance into a closed-state gat-
ing transitions due to neutralization of S4
arginines should be addressed to refine
the experimental approach used by Capes
et al. in order to make it more reliable. For
example, it is possible to bring each of the
mutant channels into a uniform gating
state using a conditioning protocol that

imposes channel entrance into a closed-
state inactivation prior to recording of
the gating pore currents, or use a mutant
channel in which its fast inactivation
is removed by mutating the IFM motif
between domains III to IV.

REFERENCES

Armstrong, C. M. (2006). Na channel inactivation from
open and closed states. Proc. Natl. Acad. Sci. U.S.A.
103, 17991-17996.

Bao, H., Hakeem, A., Henteleff, M., Starkus, J. G., and
Rayner, M. D. (1999). Voltage-insensitive gating after
charge-neutralizing mutations in the S4 segment of
Shaker channels. J. Gen. Physiol. 113, 139-151.

Capes, D. L., Arcisio-Miranda, M., Jarecki, B. W., French,
R.J., and Chanda, B. (2012). Gating transitions in
the selectivity filter region of a sodium channel are
coupled to the domain IV voltage sensor. Proc. Natl.
Acad. Sci. U.S.A. 109, 2648-2653.

Chahine, M., George, A. L. Jr., Zhou, M., Ji, S., Sun, W.,
Barchi, R. L., and Horn, R. (1994). Sodium channel
mutations in paramyotonia congenita uncouple inac-
tivation from activation. Neuron 12,281-294.

Gagnon, D. G.,and Bezanilla, . (2009). A single charged
voltage sensor is capable of gating the Shaker K* chan-
nel. J. Gen. Physiol. 133, 467—483.

Patton, D.E.,and Goldin, A. L. (1991). A voltage-depend-
ent gating transition induces use-dependent block by
tetrodotoxin of rat ITA sodium channels expressed in
Xenopus oocytes. Neuron 7, 637—-647.

Received: 19 June 2012; accepted: 03 July 2012; published
online: 18 July 2012.

Citation: Paldi T (2012) Enhancement of closed-state inac-
tivation by neutralization of S4 arginines in domain IV of
a sodium channel. Front. Pharmacol. 3:143. doi: 10.3389/
fphar.2012.00143

This article was submitted to Frontiers in Pharmacology of
ITon Channels and Channelopathies, a specialty of Frontiers
in Pharmacology.

Copyright ©2012 Paldi. This is an open-access article
distributed under the terms of the Creative Commons
Attribution License, which permits use, distribution and
reproduction in other forums, provided the original authors
and source are credited and subject to any copyright notices
concerning any third-party graphics etc.

www.frontiersin.org

July 2012 | Volume 3 | Article 143 | 1


http://www.frontiersin.org/Pharmacology/
http://www.frontiersin.org/Pharmacology/about
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org/
http://www.frontiersin.org/Pharmacology/editorialboard
http://www.frontiersin.org/Pharmacology_of_Ion_Channels_and_Channelopathies/10.3389/fphar.2012.00143/full
http://www.frontiersin.org/Pharmacology_of_Ion_Channels_and_Channelopathies/archive
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=TzurPaldi&UID=56288

	Enhancement of closed-state inactivation by neutralization of S4 arginines in domain IV of a sodium channel
	References


