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Heteromerization – a way to expand regulatory possibilities of K2Ps

Investigation of gating and ion permeation mechanism in heteromeric two-pore domain K+ channels
using molecular dynamics simulations
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In Short

• Two-pore domain potassium (K2P) channels are
the major regulators of cell excitability and play
an important role in a wide range of physiological
functions

• Formation of heteromeric channels from different
intragroup and intergroup K2P subunits expands
the functional and regulatory diversity of K2Ps

• The gating properties, functional roles, and phar-
macological regulation of heteromeric K2P chan-
nels are so far poorly understood

• Using molecular dynamics simulations we investi-
gate ion permeation, gating, and pharmacological
regulation of K2Ps

Potassium channels are the most predominant
type of ion channels present in cell membranes that
control the resting potential and shape the action po-
tential waveform. They are a key therapeutic targets
for treatment of many diseases and pathophysiolog-
ical conditions. Potassium channels are grouped
into four families based on their structural and func-
tional properties. Among them is a family of 15
two-pore domain potassium (K2P) channels which,
unlike other tetrameric potassium channels, assem-
ble as dimers with each chain having two pore loops,
four transmembrane domains, and two extracellular
caps (Figure 1) [1]. The K2P channels are responsi-
ble for regulation of cell excitability and have a high
expression in the brain, peripheral nervous system,
heart, and muscles. They are regulated by a variety
of stimuli such as transmembrane voltage, pH level,
mechanical stretch, temperature, as well as by many
activators and inhibitors [3,4].

Common to all potassium channels is the signa-
ture sequence of amino acids: TV(I)GY(F)G. When
the chains assemble together, four pore loops each
with the signature sequence constitute a selectivity
filter, a narrow pore located at the extracellular side
of the channel. In the K2P channels the selectivity fil-
ter, apart from controlling the selective conduction of
potassium ions, also acts as a gate. Recent studies
of some homomeric K2P channels using physiologi-
cal studies combined with molecular dynamics (MD)

Figure 1: (Left) Phylogenetic tree of K2P channels. Multiple
sequence alignment and phylogenetic analysis for the 15 known
members of the human K2P family were generated using Clustal
Omega. (Right) TREK-2/TWIK-1 heteromeric structure predicted
by AlphaFold-Multimer [2].

simulations provided valuable results revealing the
mechanism of selectivity filter gating and conduction
at atomistic scales [4,5].

In addition to the formation of homomers, differ-
ent intragroup and intergroup K2P units can also
assemble together to create heteromeric channels
[6]. Heteromerization allows the channels to acquire
more functional and regulatory diversity, in some
cases completely different from their respective ho-
momeric counterparts. This diversity and flexibility
of heteromeric channels suggest that heteromeriza-
tion might be more favoured over homomerization
resulting to an increased importance of the K2P het-
eromeric channels [6].

At the moment, the selectivity filter gating prop-
erties, functional roles, as well as pharmacological
regulation of heteromeric channels are still unclear.
In our research we address these open questions
using combined physiological and MD studies. To
conduct computational part our research, a large-
scale all-atom MD simulations of the heteromeric
K2P channel systems are performed (Figure 2). We
investigate the gating and ion permeation mecha-
nism in heteromeric K2P channels, and elucidate the
differences between homomeric and heteromeric
types. Our research findings will contribute to the
understanding of these novel heteromers and for fur-
ther investigations in the field of rational drug design
that target K2P channels.
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Figure 2: Double bilayer system for MD simulations with com-
putational electrophysiology [7]. TREK-2/TWIK-1 heteromeric
structures are embedded into the membranes, potassium and
chloride ions are shown as purple and green balls, respectively.
The system is divided into compartments A and B with bound-
aries (dashed lines) passing through selectivity filters of channels.
Transmembrane voltage is generated by potassium charge imbal-
ance between comparments A and B.
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