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Olfactory sensation begins when odorants
bind to G-protein-coupled receptors pres-
ent in the cilia of olfactory sensory neu-
rons (OSNs) in the nasal epithelium.
Odorant binding initiates a signaling
cascade that results in the opening of
cyclic-nucleotide-gated ion channels and
calcium-sensitive chloride channels, which
leads to rapid neuronal depolarization
and spiking. After an initial peak, the cur-
rent slowly decays and spiking ceases; but
the current remains above baseline as long
as the odor is present. When the odor is
removed (e.g., by exhalation), cAMP and
calcium are rapidly degraded or extruded
and ion channels close, terminating the
olfactory response.

Olfactory responses are enhanced by
several proteins that colocalize with the
transduction machinery in OSN cilia. In
contrast, Talaga et al. report that CFAP69,
a ciliary protein of unknown function,
slows OSN responses to odors. Knocking
out CFAP69 in mouse OSNs had no ap-
parent effect on OSN morphology or the
expression of proteins involved in olfac-
tory transduction, and it did not alter the
peak current evoked by odor exposure.
Nonetheless, the current rise rate, decay
during a 1-second odor stimulus, and ter-
mination rate were greater in mutant
OSNs than in wild-type. Similarly, the
population response measured by elec-
troolfactogram had a faster rise time and
termination rate in CFAP69-deficient ol-
factory epithelia than in controls. The du-
ration of odor responses was lower in
CFAP69-deficient OSNs than in controls,
and consequently, mutant OSNs were
better able to encode rapid pulses of odor
stimuli. Somewhat surprisingly, however,
the faster response rate of OSNs lacking
CFAP69 was associated with reduced per-
formance on an olfactory-based search
task: mutant mice took longer than con-
trols to find a buried food pellet when
there was a background level of the same
odor.

These results not only show that
CFAP69 slows OSN responses, but also
indicate that behavior can be impaired if
responses to sensory stimuli are too fast.
In this case, the behavioral impairment
may result from inadequate adaptation to
the background stimulus or from an im-
paired ability to distinguish different odor
concentrations. Future work should test
these hypotheses, as well as identifying
proteins that interact with CFAP69 and
determining how such interactions regu-
late olfactory responses.
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The transfer of information through a
neural circuit depends on the ability of
presynaptic neurons to influence spik-
ing in postsynaptic neurons. This ability
depends not only on the synaptic
strength, but also on the intrinsic prop-
erties of the postsynaptic neuron, such
as resting membrane potential, spike
threshold, and input resistance. These
intrinsic properties determine whether
a given amount of synaptic input is suf-
ficient to drive spiking.

Patterned neural activity can shape
neural circuits by triggering long-term
changes in synaptic strength, intrinsic
properties, or both. In the cerebellum, for
example, 1-Hz stimulation of parallel
fibers induces long-term potentiation
(LTP) of synapses between parallel fibers
and Purkinje cells and also increases the
excitability of Purkinje cells, as indicated
by the number of spikes evoked by a given
current pulse. The activity-dependent in-
crease in Purkinje-cell excitability has
been attributed to a reduction in the am-
plitude of the spike afterhyperpolariza-
tion, resulting from downregulation of
small-conductance calcium-activated po-
tassium (SK) channels (Belmeguenai et al.
2010 J Neurosc 30:13630 –13643).

Shim, Jang et al. now show that a de-
crease in Purkinje cell excitability occurs
alongside long-term depression (LTD) of
mouse parallel-fiber–Purkinje-cell syn-
apses. Simultaneous stimulation of paral-
lel fibers and climbing fibers induced LTD
of EPSC amplitude at parallel-fiber syn-
apses. At the same time, Purkinje cell ex-
citability was reduced, as indicated by the
number of spikes evoked by a given cur-
rent step. The reduced excitability was ac-
companied by decreases in the input
resistance and in the amplitude of the me-
dium afterhyperpolarization of Purkinje
cells. Like synaptic LTD, LTD of intrinsic
excitability required calcium influx and
activation of protein kinase C. Reduced
intrinsic excitability did not depend on SK
channels, however, and unlike synaptic
LTD, LTD of intrinsic excitability was not
reversed by a protocol that potentiated
synaptic strength and excitability.

These results indicate that decreases in
the intrinsic excitability of Purkinje cells
are a component of activity-dependent
plasticity in cerebellar circuits. Thus, de-
creased excitability, like synaptic LTD,
might contribute to motor learning. Fu-
ture work should uncover which ionic
conductance(s) are responsible for LTD
of intrinsic excitability, as well as investi-
gating how this form of plasticity affects
subsequent learning.
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Currents evoked by 1-second odor pulses (top trace) have a
faster onset, decay, and termination rate in OSNs lacking
CFAP69 (red) than in controls (black). See Talaga et al. for
details.
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