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Exploiting natural regulation

Using a short peptide to regulate the activity of HCN ion channels

illustrates how physiological modulators could inspire new drugs.
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rom the brain to the heart to the bladder,

electrical potentials across cell mem-

branes ensure that nerves and muscles
work properly. These potentials emerge as ions
go into and out of cells, crossing the membrane
through proteins known as ion channels. The
structures open and close their ion-conducting
pores in response to voltage changes, the bind-
ing of ligands, or both.

Mutations in ion channels can lead to condi-
tions like epilepsy or abnormal cardiac rhythms,
which are caused by faulty electric signals in the
brain or the heart. Drugs that target these pro-
teins can help to treat the diseases, but they
often act by blocking the pore. This means that
they can inhibit but not increase the activity of
the channel. Moreover, given the similarities
between the pores of different types of ion
channels, it is challenging to create blockers that
are specific to just one type.

Nature regulates ion channels too, of course.
For example, our heart beats faster during a
fight-or-flight response because the body subtly
alters the properties of ion channels in the pace-
maker cells that set the heart rate. However,

nature does not typically block pores: rather, it
relies on molecules that act indirectly, via other
domains of the channels. This ‘allosteric modula-
tion’ can either activate or inhibit ion channels; it
can also be more specific than pore blockade
because these other domains vary considerably
between different types of channels. Designing
new categories of drugs with sites of action that
mimic the ones found in natural allosteric regula-
tors could help to target ion channels more
accurately, and control their activity more finely.

Now, in eLife, Anna Moroni of the University
of Milan, Bina Santoro at Columbia University,
and colleagues at institutes in Italy, Germany
and France - including Andrea Saponaro as
first author — report what may constitute a
first step towards developing such drugs
(Saponaro et al., 2018).

Their work focuses on HCN (short for hyper-
polarization-activated cyclic nucleotide-sensitive)
channels, which are present both in neurons and
in cardiac pacemaker cells. These channels open
when the membrane potential becomes more
negative, but nature also uses cyclic nucleotides
such as cAMP to fine-tune the precise voltage
range at which they activate. Cyclic nucleotides
attach directly to a conserved sequence, the
cyclic nucleotide-binding domain, which is
located in an intracellular region of HCN chan-
nels; in turn, this interaction shifts the range of
voltage activation to more positive potentials,
making the channels easier to open with
voltage.

Nearly fifteen years ago, it was found that
HCN channels in neurons associate with an addi-
tional subunit called TRIP8b (Santoro et al.,
2004). This protein binds to the channels at two
distinct sites, which in turn modulates their activ-
ity in two different ways (Santoro et al., 2011,
Han et al., 2011; Bankston et al., 2012). In one
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type of regulation, an end of TRIP8b associates
with one of the extremities of the channels to
control how many channels are expressed on the
membrane. In the other type, the central core
region of TRIP8b attaches to the cyclic nucleo-
tide-binding domain to decrease the sensitivity
of the channel to cAMP.

Building on previous research, Saponaro
et al. characterize the interactions between
TRIP8b and HCN channels that are required to
lessen their response to cAMP. Using a combina-
tion of techniques (NMR, structural modeling,
and calorimetry) they reveal that a short peptide
containing 40 amino acids, TRIP8b, a0, attaches
to the cyclic nucleotide-binding domain and is
enough to reduce the affinity of the channel for
cAMP.

The interactions between TRIP8b, .., and the
cyclic nucleotide-binding domain were found to
be mainly electrostatic, as previously suggested
(DeBerg et al., 2015). Many, but not all, of the
residues that associate with TRIP8b, ..o also
interact with cAMP. This observation supports
previous claims that the channels reduce their
affinity for cAMP in two ways. First, TRIP8b and
the nucleotide directly compete with each other
(Han et al., 2011, DeBerg et al., 2015;
Bankston et al., 2017); second, when TRIP8b
binds, it indirectly causes rearrangements in the
cyclic nucleotide-binding domain that make it
more difficult for cAMP to attach (Hu et al.,
2013; Saponaro et al., 2014; DeBerg et al.,
2015).

An important set of experiments also showed
that the TRIP8b, ... peptide can prevent cAMP
from regulating HCN channels which are both
native (in cardiac pacemaker cells) and
artificially expressed (in propagated cell lines). In
fact, even though TRIP8b is not expressed in the
heart, the peptide can still slow the rate at which
pacemaker cells fire; in principle, this could be
used to design better drugs to decrease heart
rate. As the interaction between HCN channels
and TRIP8b has also been associated with
depression (Lyman et al., 2017) and active cop-
ing behavior (Fisher et al., 2018), these results
may be of interest in the treatment of mental
health disorders as well.

The work by Saponaro et al. is a proof of con-
cept that small regions of natural allosteric regu-
lators can be exploited to modify the activity of
ion channels in cells. Ultimately, it underscores
how pinpointing regulatory hotspots on these
channels could power the creation of new allo-
steric drugs.
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