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Opening Silent Electrical
Synapses in the Hippocampus
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Throughout most of the twentieth century,
electrical synapses were thought to be rare
in the mammalian brain. The discovery,
subsequent immunolabeling, and knockout
of connexin36, the gap junction protein
that mediates most electrical transmission
in the brain, helped reverse this view. It
now appears that electrical synapses serve
essential functions throughout the CNS,
from dampening electrical noise and
increasing spatial resolution in the retina to
synchronizing interneuron spiking and
driving oscillations in the cerebral cortex.
Nevertheless, whether electrical synapses
are as pervasive as suggested by the distri-
bution of connexin36 remains unclear
(Nagy et al., 2018, Biochim Biophys Acta
Biomembr 1860:102). Doubts have been
raised, for example, by the fact that expres-
sion of connexin36 is high at mossy fiber
synapses between dentate granule cells and
CA3 pyramidal cells, yet electrophysiologi-
cal studies have suggested that electrical
transmission between these cells is uncom-
mon. Ixmatlahua et al. now provide an ex-
planation for this conundrum.

Consistent with previous work, Ixmatlahua
et al. found that connexin36 was present in
many axonal boutons in cultured granule
cells, yet a molecular tracer injected into
these cells rarely spread to cocultured py-
ramidal cells, and spikes in granule cells
never evoked the spikelets indicative of elec-
trical coupling in pyramidal cells. Because
the passage of molecules and electrical
current through gap junctions is regulated
by many factors, however, the authors
hypothesized that gap junctions are present
but silent at mossy fiber synapses. To test
this, they injected trimethylamine (TMA), a
drug that opens gap junctions, into cells.
Remarkably, injecting TMA into single
granule cells greatly increased the spread of
tracer and the occurrence of spikelets in

pyramidal cells. Moreover, spikes in TMA-
infused pyramidal cells evoked spikelets in
granule cells, consistent with the bidirec-
tional flow of current through electrical
synapses. Importantly, injecting TMA into
pyramidal cells in vivo also increased mo-
lecular and electrical coupling with granule
cells, and this appeared to increase the
probability that a presynaptic spike would
evoke a postsynaptic spike.

These results indicate that gap junctions
are common at mossy fiber synapses, but
they are usually closed. Opening these gap
junctions allows electrical signaling, which
may increase transmission through the hip-
pocampal circuit. Whether and how these
junctions are opened in vivo and how they
affect hippocampal function should be
examined in future work.
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Food seeking and eating are regulated by
numerous internal and external factors,
including one’s nutrient and energy
needs, the desirability of available food
items, time of day, and the presence of
competing rewards or dangers. Notably, a

moderately hungry animal will temporar-
ily stop eating or seeking food if salient
stimuli such as sudden movements or
noises occur. This suppression of feeding
is thought to be mediated by neurons in
the medial shell of the nucleus accumbens
(mNAc). Spiking in many neurons in this
region decreases as animals eat, and in-
hibiting neurons in this area increases,
whereas activating the neurons reduces
eating. Previous work has suggested that
these effects are mediated by mNAc pro-
jections to the lateral hypothalamus. But
Furman et al. now show that projections
from mNAc to the ventral tegmental area
(VTA) are also important for the regula-
tion of eating.

When mice were given free access to
food pellets, light-mediated activation of
mNAc afferents in the VTA temporarily
reduced food consumption. Furthermore,
when mice were required to nose poke to
trigger food delivery, activating mNAc pro-
jections to the VTA reduced nose poking.
In contrast, inhibiting mNAc-to-VTA pro-
jections increased food consumption in this
task. In the absence of external excitation
or inhibition, the activity of VTA-projec-
ting mNAc neurons (as monitored with a
fluorescent calcium indicator) decreased
after mice performed a nose poke,
ramped up as mice approached the food-
delivery magazine, and decreased again
after mice entered the magazine to eat.
Finally, in a different task, control mice
stopped licking for sweet milk when vis-
ual and auditory stimuli were presented,
but this stimulus-induced suppression of
feeding was reduced when mNAc-to-
VTA projections were inhibited.

These results demonstrate that projec-
tions from the mNAc to the VTA sup-
press food seeking and eating. This
suppression might be especially impor-
tant when salient stimuli indicate the
presence of a threat or when animals are
on their way to a valuable food source.
Which VTA neurons are targeted by
these projections and how they interact
with NAc projections to the lateral hypo-
thalamus to regulate food intake remain
to be determined.
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A drug that opens gap junctions allows dye to spread from
a filled granule cell to other granule cells and pyramidal
cells in culture, indicating the presence of silent but activat-
able electrical synapses. See Ixmatlahua et al. for details.
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