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Glial Genes Contribute to
Long-Term Memory
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Astrocytes support synaptic function in many
ways, including maintaining ionic balance,
limiting the spatial and temporal spread of
neurotransmitters, and influencing synaptic
structure. Neuronal activity can initiate cal-
cium transients in glia, leading to release of
various signaling molecules, and it also in-
creases the motility of astrocytic processes that
surround synapses. In the hippocampus, in-
duction of long-term plasticity (LTP) causes
astrocytic processes to thicken and become
more closely apposed to the synaptic cleft, and
this appears to promote and sustain morpho-
logicalchangesindendriticspines.Theimpor-
tance of astrocytic contributions to synaptic
plasticity was made clear in the recent report
that engrafting human astrocyte precursors in
mice enhanced LTP and improved perfor-
mance on several cognitive tasks (Han et al.,
2013, Cell Stem Cell 12:342).

Little is known about the molecular path-
ways that underlie glial roles in synaptic plas-
ticity, but Matsuno et al. have begun to
describe a neuron–glial pathway required for
long-term odor memory (LTM) in Drosoph-
ila.TheyfirstexaminedexpressionofKlingon,
ahomophiliccell adhesionmolecule that is re-
quired for odor memory formation and is up-
regulated upon induction of LTM. Klingon
was present in both neurons and glia, and
knocking it down in either cell type prevented
LTM. Interestingly, selectively reducing Klin-
gonlevelsineitherneuronsorgliareducednu-
clear levels of the glial transcription factor
Repo, suggesting that Klingon-mediated ad-
hesion between neurons and glia regulates
glial gene expression. Like previously shown
for Klingon, Repo levels increased in flies after
odor training, and knocking down repo in
glia impaired LTM. Furthermore, LTM-
associated induction of repo was prevented by
knocking down klingon, and overexpressing
repo rescued LTM in klingon mutants. Impor-
tantly, overexpressing a repo mutant that
could not bind to DNA did not rescue LTM.

Together, these results suggest that
training-induced increases in Klingon in-
duce expression of Repo, which in turn reg-

ulates transcription of glial genes required
for LTM. Which Repo targets are required
for LTM is unknown, but one likely candi-
date is the secreted protein wingless, which
is regulated by repo in larvae (Kerr et al.,
2014, J Neurosci 34:2910). Because wingless
regulates receptor clustering at the develop-
ing neuromuscular junction, it may have a
similar role in LTM.

Vestibular Afferents Respond
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Otolith organs and semicircular canals of the
vestibular system detect linear acceleration
androtationalmovementsofthehead,respec-
tively. Integration of information from these
organs allows animals to sense head move-
ments relative to gravity, and integrating this
information with input from visual, proprio-
ceptive, and motor systems allows animals to
distinguish active from passive motion and
self-motion from external motion. This infor-
mation is essential for spatial orientation, pos-
tural control, balance, and navigation.

Although much is known about vestibu-
lar responses to experimentally applied
movements, surprisingly little is known
about how vestibular afferents are activated
during natural behaviors. Therefore,
Schneider et al. used a special device to
record linear acceleration and angular ve-
locity of monkeys’ heads as the monkeys
engaged in normal activities. Natural
movements, particularly during high-
intensity activities like running and jump-
ing, often produced accelerations and
velocities much greater than those typi-
cally used in previous experiments.
Importantly, existing models of early ves-
tibular processing—which were informed
by the linear responses of vestibular affer-
ents to experimental stimuli—predicted
that some natural stimuli would evoke
negative firing rates: a clearly impossible
response. Unlike responses to previously
used experimental stimuli, however, af-
ferent responses to stimuli mimicking
those measured in behaving monkeys of-
ten included nonlinearities such as satura-
tion and cessation of firing. Accordingly, a
linear–nonlinear model like those govern-
ing the properties of other sensory sys-
tems more accurately predicted vestibular
afferent responses.

Canal and otolith afferents that fire irreg-
ularly are more sensitive than those that fire
regularly, and irregular afferents were more
likely than regular afferents to exhibit non-
linear responses to naturalistic stimuli.
Schneider et al. asked which stimulus distri-
butions were best represented by different
types of afferents and found that the theo-
retically optimal stimulus distributions for
irregular afferents better matched the natu-
ral stimulus distribution than those for reg-
ular afferents. Thus, irregular afferents were
better optimized for representing natural
stimuli.

These results reveal how the vestibular sys-
temrespondsduringnormalactivityandindi-
cate that irregular afferents use a nonlinear
coding strategy that maximizes information
transfer. Moreover, the results demonstrate
that the vestibular system, like other sensory
systems, is optimized to represent the types of
stimuli that are most likely to be encountered
during normal activities.
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Actual responses of a canal afferent (red trace in middle panel
and bars representing spikes in bottom panel) to a naturalistic
high-amplitude stimulus (top panel) were more accurately
predicted by a linear–nonlinear model (blue trace, middle
panel) than by a linear model (green trace, middle panel),
which predicted unrealistic negative firing rates (in the red
shaded region). See the article by Schneider et al. for details.
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