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Some Mitral Cells Respond to
Temperature As Well As Odor
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Olfactory sensory neurons in the olfactory
epithelium, which lies in the rear of the
nasal cavity, express chemosensory recep-
tors that bind different odor molecules.
These neurons project to the main olfac-
tory bulb, where neurons expressing the
same odorant receptor converge on a sin-
gle glomerulus and form synapses with
mitral cells. The olfactory sensory neu-
rons are not the only chemoreceptive cells
in the nose, however. The vomeronasal
organ, which projects to the accessory ol-
factory bulb, is well known for its role in
detecting pheromones. A more obscure
cluster of neurons forms the Grueneberg
ganglion, which lies just inside the nasal
opening in mammals. In rodents, Gruen-
eberg ganglion neurons respond to alarm
pheromones, but surprisingly, they also re-
spond to decreases in ambient temperature.

Kludt et al. have now discovered ther-
mosensitive neurons in the olfactory epi-
thelium of Xenopus tadpoles. These
neurons responded to decreases (but not
increases) in temperature, with a half-
maximal response to detriments of 1–3°C,
depending on initial ambient tempera-
ture. Thermosensitive afferents inner-
vated the �-glomerulus in the olfactory
bulb, a glomerulus that does not respond
to any known odorants. Interestingly, the
thermosensitive afferents conveyed infor-
mation to mitral cells, more than half of
which also responded to amino-acid
odorants. Moreover, some dually sensi-
tive mitral cells were more responsive to
temperature drops while others were
more sensitive to amino acids. Most sur-
prisingly, the �-glomerulus in each olfac-
tory bulb was innervated by contralateral,
as well as ipsilateral afferents: a pattern
not seen for olfactory afferents. Thus, each
�-glomerulus responded to cooling of ei-
ther olfactory epithelium.

These results suggest that thermosensa-
tion is affiliated with chemosensation across

vertebrate species. More importantly, it ex-
tends work in rodents by demonstrating
that thermosensory information is con-
veyed to mitral cells, and that some of these
mitral cells may integrate chemosensory
and thermosensory information. Future re-
search should determine whether necklace
glomeruli—the target of Grueneberg gan-
glion neurons in rodents—are also inner-
vated by dually responsive mitral cells and
whether these glomeruli receive bilateral in-
nervation. In addition, the functional im-
pact of bilateral innervation, particularly
whether it has a role in detecting tempera-
ture gradients, should be investigated.
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The subjective value of reward is influenced
by how much effort is required to obtain it.
If one decides a reward is worth the effort of
pursuing, he must motivate himself to ex-
pend that effort until the reward is received.
Noradrenergic neurons in the locus coer-
uleus (LC) and dopaminergic neurons in

the substantia nigra (SN) are thought to
provide motivational drive to seek rewards,
but the precise roles of these neuromodula-
tors remain controversial.

A recent study found that visual cues
predicting large rewards elicited more LC
activity than cues predicting smaller re-
wards; but when the conditioned re-
sponse was initiated, LC neuronal activity
was greater when a smaller reward was ex-
pected (Bouret and Richmond, 2015,
J Neurosci 35:4006). To explain this, the
authors proposed that noradrenergic
neurons provide the motivation necessary
to perform an action when the reward is
small relative to the effort. If this is true,
then varying the amount of effort re-
quired should also modulate LC activity.
To test this prediction, Varazzani et al. re-
corded single neurons in SN or LC while
monkeys squeezed a bar to obtain re-
wards. An initial cue informed the mon-
key what size reward was available and
how much grip force would be required to
obtain it. A generalized linear model was
then used to assess how expected reward
size and effort affected neuronal firing
rate in each nucleus during two task ep-
ochs: when the cue appeared and when
the behavioral response occurred.

Most neurons in each region showed
increased activity at cue onset, and the ex-
pected reward size positively modulated
neuronal activation in some neurons of
both nuclei. The expected effort nega-
tively affected firing in the SN, consistent
with effort modulating the subjective
value of rewards. Neurons in both nuclei
also showed increased activity around the
time of the behavioral response, and in
both cases, the activity was positively
modulated by the anticipated effort. This
effect was stronger in LC than in SN.

These results are consistent with LC
being recruited to augment motivational
drive when reward-to-effort ratios are
small, although more work is needed to
solidify this hypothesis. Most critically,
experimentally manipulating LC activity
must be shown to alter motivated
behavior.
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Red fluorophore electroporated into the right olfactory epi-
thelium was carried through the olfactory nerve (on) to the
glomerular layer of the olfactory bulb (boundaries demar-
cated by dashed lines). Fibers originating from thermosensi-
tive neurons cross the bulb, extend through the anterior
commissure (ac), and innervate the contralateral glomerular
layer. See the article by Kludt et al. for details.
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