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Cellular excitability is determined by the
flowof different ions across the cellmem-
brane, which is in turn controlled by the
opening and closing of ion-permeable
pores, the ion channels (Hille, 2001).
For instance, in neurons, the opening
of voltage-gated sodium channels al-
lows the outward flow of intracellular
sodium ions, so that the membrane po-
tential is increased (depolarization) to
fire the action potential, which encodes
and delivers neuronal information. Upon
membrane depolarization, voltage-gated
potassium (Kv) channels are opened, so
that the extracellular potassium ions flow
into the cell to decrease the membrane
potential and terminate one firing of the
action potential (Sigworth, 1994). The
two-pore potassium (K2P) channels, un-
like Kv channels, are not activated by
the membrane potential but by mechan-
ical forces when the cell membrane is
stretched (Honore, 2007). Such ‘leaky’
K2P channels control cell excitability
by setting the resting potential in cells
(Gonzalez et al., 2012). Therefore, under-
standing how K2P channels are opened
or closed (gating) is critical.
The investigation of K2P channel gat-

ing mechanisms has been prompted by
studies on Kv channels. In Kv channels,
after channel opening by depolarization,
a part of the N terminus can block the
channel pore from the intracellular side,
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Figure 1 A schematic diagram of a TREK-1 channel pore in the conductive and nonconduc-
tive ‘C-type’ closed states. Dots in purple and the light gray box denote the permeating
potassium ions and cell membrane, respectively. SF, selectivity filter; PH, pore helix.

which is known as the ‘N-type’ inactiva-
tion (Hoshi et al., 1990). Another form
of Kv channel inactivation, which at first
appeared to involve the C terminus, is
known as the ‘C-type’ inactivation (Hoshi
et al., 1991). Later studies have demon-
strated that the ‘C-type’ inactivation in Kv
channels is actually caused by conforma-
tional changes in the selectivity filter and
pore helix, where ions can no longer pass
(Cordero-Morales et al., 2007; Cuello et
al., 2010). K2P channels share similar
structures in the pore region, including
the selectivity filter, to Kv channels. How-
ever, in the currently available structures
of K2P channels, the selectivity filter is
always in a conformation that allows ions
to pass. Therefore, whether the selectiv-
ity filter in K2P channels changes its con-
formation in a manner similar to the ‘C-
type’ inactivation in Kv channels to con-
trol ion permeation remains to be ex-
plored.
The study by Dr Huaiyu Yang’s group

has elegantly revealed a non-conducting
conformation of the selectivity filter in
the TREK-1 channel (Figure 1), which is
a prototypic member of the K2P chan-

nel family (Zhang et al., 2022). By per-
forming conventional full-atom molecu-
lar dynamic (MD) simulation and steered
MD simulation, they observed that the
movements in the M4 helix of TREK-1 led
to conformational rearrangements in the
selectivity filter, so the permeating ions
were not regularly coordinated by the
backbone carbonyl atoms in the residues
in the selectivity filter like I143, and thus
the channelwas in a ‘C-type’ closed state.
Such a ‘C-type’ gating mechanism of

TREK-1 in its selectivity filter satisfactorily
explains the effects of pointmutations on
TREK-1. In the wild-type TREK-1 channel,
M4 movements lead to the interaction
between T141 in the selectivity filter and
W275 in the M4 to disrupt the hydro-
gen bonding network around the selec-
tivity filter. In the gain-of-functionmutant
W275S, its side chain no longer interacts
with T141, so the hydrogen bonding net-
work is preserved to stabilize a conduc-
tive selectivity filter conformation.
Furthermore, the ‘C-type’ gating mech-

anism of TREK-1 underlies the pharma-
cology of ML335, an agonist of this chan-
nel. Based on MD simulations, ML335
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binds to the vicinity of the selectivity
filter and serves as a wedge between
P1 and M4 helix. In this way, ML335
limits the movements of M4 to keep
the selectivity filter in the conductive
state.
In summary, discoveries from this

study not only offer mechanistical
insights regarding the gating
mechanisms of K2P channels, but
also exert profound impact on drug
development in the future. Membrane
proteins, including ion channels and
G protein-coupled receptors, form the
largest superfamily of drug targets
(Santos et al., 2017). With the rapid
advancements in structural biology,
high-resolution three-dimensional
structures ofmore andmore ion channels
have been determined. To take full
advantage of protein structures, MD
simulation is expected to probe the
dynamic transitions in ion channels and

unveil cryptic binding sites of ligands.
Insights gained from carefully designed
and executed MD simulations, like this
study by Dr Yang’s group (Zhang et al.,
2022), will help reveal mechanisms of
action in known ligands and facilitate
virtual screening campaigns to discover
novel hit molecules binding to cryptic
pockets.
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