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Switching in Aplysia
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During rhythmic activities such as walk-
ing or chewing, it is sometimes necessary
to switch motor programs, for example,
to avoid an obstacle or shift the position
of food. Motor pattern switching is often
accomplished by neuromodulators that
reconfigure neural circuits and change
the relative timing of motor neuron activ-
ity. Such switching has been well studied
in the circuits that control feeding in
Aplysia. These sea slugs eat by opening
and protracting a tongue-like food-grasp-
ing structure called the radula. The
extended radula then closes as it retracts,
bringing items into the mouth. If an
ingested item is too large, it may activate
the esophageal nerve. This causes B8, a
motor neuron that drives radula closing,
to spike at high frequency as the radula is
protracting, which causes food to be
pushed out of the mouth. Previous work
showed that the increase in B8 spiking
induced by esophageal nerve stimulation
is mediated by small cardioactive peptide
(SCP), which increases the excitability of
interneurons upstream of B8 and conse-
quently increases excitatory drive to B8.

Wang et al. now report an additional,
counterintuitive effect of esophageal nerve
stimulation, namely, a progressive increase
in outward current in B8. This current
reduced B8 excitability while excitatory
drive was increasing. The effect was mim-
icked and occluded by applying FRFamide
a (FRFa), a neuropeptide released during
nerve stimulation. Because the outward
current persisted after stimulation, the
authors asked whether it can influence
task switching. Previous work had shown
that when the esophageal nerve is stimu-
lated repeatedly, it produces negative bias-
ing, that is, subsequent stimulation of a
neuron that normally initiates ingestion
instead elicits egestion. The authors found
that a similar effect could be produced in a

resting preparation by introducing the
FRFa-evoked outward current via dynamic
clamp. Moreover, subtracting this current
via dynamic clamp eliminated the negative
biasing effect of repeated esophageal nerve
stimulation.

Altogether, these and previous data
indicate that different neuromodulators
released during esophageal nerve stimula-
tion have opposing effects on B8 neurons.
While SCP increases excitatory drive to
B8, FRFa reduces B8 excitability by induc-
ing a persistent outward current. This out-
ward current may inhibit the return to
ingestion after an egestive bout, thus pre-
venting the slug from ingesting what it just
spit out.
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Several neurodegenerative diseases, includ-
ing Parkinson’s and frontotemporal de-
mentia, are characterized by intracellular
inclusions containing aggregated a-synu-
clein protein. In healthy neurons, a-synu-
clein is enriched in synaptic terminals,
where it has been proposed to play a role in

the synaptic vesicle cycle. It has also been
proposed to have roles in membrane fusion
and lipid homeostasis more broadly.
Although loss of these functions may con-
tribute to neurodegeneration, the toxic
effects of a-synuclein aggregates likely con-
tribute to pathology as well. These effects
are thought to include disruption of mito-
chondrial function, oxidative stress, and
release of inflammatory cytokines from glia.
In addition, a-synuclein may cause excito-
toxicity by increasing the activity of NMDA
receptors (Brás et al., 2020, Prog Brain Res
252:91). Trudler et al. now suggest that
a-synuclein oligomers cause selective acti-
vation of extrasynaptic NMDA receptors
not only through direct activation, but also
by stimulating glutamate release from
astrocytes.

Application of a-synuclein oligomers,
but not monomers, increased astrocyte cal-
cium levels and induced glutamate release
from astrocytes in culture. In addition,
overexpression of human a-synuclein in
mice increased extracellular glutamate levels
in the brain. In hippocampal slices taken
from mice overexpressing a-synuclein, ba-
sal current through glutamate receptors was
greater than in control slices, and in orga-
notypic slice cultures from cerebral cortex,
a-synuclein oligomers reduced the density
of dendritic spines. Furthermore, oligomers
evoked NMDA receptor currents in out-
side-out patches pulled from neuronal
somata. Notably, both the increase in
inward currents and spine loss induced
by a-synuclein oligomers were prevented
by treating slices with a selective antagonist
of extrasynaptic NMDA receptors.

These results are consistent with a
model in which a-synuclein oligomers
induce glutamate release from astrocytes,
and this glutamate acts on extrasynaptic
NMDA receptors to promote dendritic
spine loss. This might explain the loss of
synapses in diseases associated with a-syn-
uclein aggregation. Future work will need
to confirm that astrocytes are responsible
for elevation in extracellular glutamate in
vivo. Nevertheless, the results suggest that
drugs that selectively target extrasynaptic
NMDA receptors may help to slow the
progression of synucleinopathies.
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With repeated stimulation of the esophageal nerve, an
egestive motor pattern develops in which B8 fires primarily
during radula protraction (indicated by spiking in the I2
nerve and by black bars at the bottom of the figure).
Voltage-clamp recordings (top) show that an outward cur-
rent develops in parallel with the increased spiking (seen in
current clamp, middle). See Wang et al. for details.
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