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Abstract

Word count: 349

 

The mammalian olfactory bulb (OB) has a vast population of dopamine (DA) neurons,  whose function is to increase odor
discrimination through mostly inhibitory synaptic mechanisms.  However,  it  is not wel l  understood whether there is more than
one neuronal type of OB DA neuron,  how these neurons respond to dif ferent stimuli,  and the ionic mechanisms behind those
responses.  In this study,  we used a transgenic rat l ine (hTH-GFP) to identify f luorescent OB DA neurons for recording via whole-cell
electrophysiology.  These neurons were grouped based on their localization in the glomerular layer (“Top” vs.  “Bottom”) with these
largest and smallest neurons grouped by neuronal area (“Large” vs. “Small,” in μm2). We found that some membrane properties
could be distinguished based on a neuron’s area,  but not by its glomerular localization.  All OB DA neurons produced a single action
potential when receiving a suff iciently depolarizing stimulus,  while some could also spike multiple t imes when receiving weaker
stimuli,  an activity that was more l ikely in Large than Small neurons.  This single spiking activity is l ikely driven by the Na+
current,  which showed a sensit ivity to inactivation by depolarization and a relat ively long t ime constant for the removal of
inact ivat ion.  These recordings showed that Small  neurons were more sensit ive to inact ivat ion of  Na+ current at membrane
potentials of  -70 mV and -60 mV than Large neurons.   The hyperpolarization-activated H-current (identif ied by voltage sags) was
more pronounced in Small than Large DA neurons across hyperpolarized membrane potentials.  Lastly,  to mimic a more
physiological st imulus,  these neurons received ramp stimuli of  various durations and current amplitudes.  When stimulated with
weaker/ shallow ramps,  the neurons needed less current to begin and end f iring and they produced more action potentials at a
slower frequency.  These spiking propert ies were further analyzed between the four groups of  neurons,  and these analyses
support the dif ference in spiking induced with current step stimuli.  Thus,  there may be more than one type of  OB DA neuron,  and
these neurons’  activit ies may support a possible role of  being high-pass f i lters in the OB by al lowing the transmission of  stronger
odor signals while inhibit ing weaker ones.

  

 
Contribution to the field

The mammalian olfactory bulb receives odor signals from the nasal epithelium and is the f irst site of  odor processing.  The olfactory
bulb uses a variety of  neurons,  including dopamine neurons,  to modify these signals.  Dopamine neurons are known to inhibit other
olfactory bulb neurons,  causing inhibit ion of  certain odors while other odors are processed by higher brain regions.  In the current
l iterature,  however,  l itt le is known about how these neurons specif ical ly respond to dif ferent odor signals,  and more information
is needed regarding the dif ferent types of  dopamine neurons present in the olfactory bulb.  We use a transgenic rat l ine,  which
produces f luorescent dopamine neurons,  to record their act ivity in response to art if icial st imuli that mimic natural odor st imuli
and to dif ferentiate between dif ferent dopamine neuron types based on their localization in dif ferent parts of an olfactory bulb
layer and their size.  We found that these neurons appear to be more responsive to weaker than stronger odors,  and that they
may have dif ferent properties based on their size,  but not necessarily their location.  These results advance understanding of  how
olfactory bulb dopamine neurons may be classif ied,  how they may process dif ferent odor signals,  and how this may impact overall
odor processing.
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