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Nicotinic acetylcholine receptors (nAChRs)
are ligand-gated cation channels with roles
throughout the CNS and peripheral nervous
system, as well as in muscles and other tis-
sues. The receptors can be formed from a
variety of subunits, which impart different
properties, including differences in ligand
affinity, calcium permeability, desensitiza-
tion rates, and allosteric modulation. The
heterogeneity in subunit composition allows
acetylcholine to exert different effects in dif-
ferent cell types, but why single cells some-
times express multiple subtypes of nAChRs
is unclear. Jiménez-Pompa et al. provide
one answer to this question by showing
that different nAChR subtypes can influ-
ence each other’s surface expression and
function.

The authors studied nAChR interactions
in human adrenal-gland chromaffin cells.
These cells secrete adrenalin and noradrena-
lin when activated by acetylcholine released
from the sympathetic splanchnic nerve.
Previous work showed that chromaffin cells
express two types of nAChR: a7 and a3b 4.
By examining Förster resonance energy
transfer, Jiménez-Pompa et al. discovered
that the receptors interact. Importantly, the
interaction influenced both the expression
and function of the receptors.

When chromaffin cells were repeatedly
stimulated with pulses of acetylcholine, the
amplitude and charge of the response
increased and the activation kinetics became
faster with each pulse, peaking after ;7
pulses. This was accompanied by increased
surface expression of a7 and a3b 4 recep-
tors. Remarkably, however, blocking either
receptor type prevented upregulation of
both types. Moreover, when cells were
stimulated with a selective agonist of a7
receptors, the peak current decreased with
successive pulses as a7 receptors became
desensitized. But when cells were first stimu-
lated with several pulses of acetylcholine,

subsequent stimulation with the a7 agonist
did not cause receptor desensitization.
Conversely, when cells were first stimulated
with a7 agonist, subsequent stimulation
with acetylcholine did not produce progres-
sive increases in response amplitude.

These results suggest that when a3b 4
receptors are activated at the same time as
a7 receptors, the normal desensitization of
a7 receptors is prevented, surface expres-
sion of both channels increases, and, conse-
quently, responses to acetylcholine increase
over time. Notably, the expression levels of
both receptors and the interaction between
them was reduced by inhibiting tyrosine or
serine/threonine phosphatases, suggesting
that responses to acetylcholine—and thus
stress responses—are regulated by receptor
phosphorylation.

Calcium Spike Regulation by
Acetylcholine and Synaptic Input
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Cortical pyramidal neurons receive infor-
mation from multiple sources at different
locations along the dendritic arbor. Simu-
ltaneous activation of multiple inputs
can lead to the generation of calcium
spikes characterized by an initial large

depolarization, a prolonged plateau potential
during which calcium elevation is sustained,
and finally, a return to resting membrane
potential. Importantly, calcium spikes can
facilitate synaptic integration, trigger bursts
of action potentials, and promote synaptic
plasticity. Neuromodulators and synaptic
input influence the generation of calcium
spikes, but how they affect spike waveform
and duration are incompletely understood.
To address this question, Dudai et al. turned
to computational models, which allow dis-
section of the roles of various ion channels.

The authors started with an established
model of a layer 5 pyramidal cell. Calcium
spikes could be induced in model cells
by simulating current injection into the
soma while simulating EPSPs near the
major branch point of the apical dendrite.
Although the shape of the initial depolariza-
tion phase of the calcium spike depended
strongly on stimulation parameters, the
shape of the plateau and termination phases
were largely consistent across protocols.
Notably, simulated excitatory and inhibitory
input, as well as simulated cholinergic mod-
ulation, had little impact on the shape of the
calcium spike, other than modulating the
duration. Unexpectedly, excitatory input
near the beginning of the plateau potential
shortened the duration of the spike, whereas
weak inhibition or excitation delivered
later in the plateau phase extended the
plateau. Modeling cholinergic modulation
by increasing the conductance of high-
voltage-activated Ca21 channels (CaHVA)
or decreasing K1 channel conductance
also increased the duration of the plateau.

Further manipulation of channel con-
ductances indicated that CaHVA and the
slow K1 conductance (Km) are the main
ion channels underlying the plateau and
termination phases of the calcium spike,
but other currents participate in spike ini-
tiation. CaHVA becomes activated immedi-
ately after the spike is initiated, leading to
sustained calcium influx and depolariza-
tion. Meanwhile, Km becomes activated
more slowly, decreasing membrane poten-
tial, which ultimately causes CaHVA chan-
nels to close. Future work should clarify
which ion channels contribute to the initia-
tion of the calcium spike and how neuro-
modulators affect these conductances.
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Repeated pulses of acetylcholine (second row) increase the
expression of a7 (magenta) and a3b 4 (green) nAChRs in
chromaffin cells. Inhibiting either a7 (third row) or a3b 4
(bottom row) receptors prevents upregulation of both receptors.
See Jiménez-Pompa et al. for details.
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