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Circuits drive
cell diversity

Neurons of the same type can show functional differences. It turns out that
this diversity is in part the result of the cells’ adaptation to their specific neural

networks. SEE LETTER P.375

NATHANIEL URBAN & SHREEJOY TRIPATHY

odern manufacturing was revolu-
Mtionized by the use of interchange-

able parts so similar in their function
that any one could effectively replace any other.
Making such parts meant that manufacturers
did not need to keep track of which nut worked
with which bolt or which piston was intended
to go in which cylinder. Similarly, most physi-
ological analyses ignore cell-to-cell variation
and focus instead on differences between cell
types, as though each cell of a specific class
were functionally equivalent to any other cell
of the same type. However, neuroanatomists
have long marvelled at the snowflake-like
diversity apparent in the shapes of individual
neurons, even within a cell type. And recent
analyses have demonstrated that same-class
neurons show substantial heterogeneity in
their intrinsic properties', although the ori-
gin of such diversity is poorly understood. On
page 375 of this issue, Angelo et al.* report that
physiological variability among mitral cells (a
type of neuron in the olfactory system) is at
least partly caused by differences in the inputs
that they receive.

Sensory neurons in the nose are activated
when odorant molecules bind to specific
receptor proteins on the neurons’ surface.
This activation is transmitted as an excitatory
signal along nerve fibres (axons) that termi-
nate in structures called glomeruli, which
cover the surface of the brain’s olfactory bulb.
Each of about 2,000 glomeruli in the mouse
olfactory bulb receives axons from sensory
neurons that express a single type of odorant
receptor (Fig. 1).

Mitral cells receive these excitatory signals
from the sensory neurons and are the main
source of the olfactory bulb’s output to the
cerebral cortex; of note, each mitral cell is
connected to a single glomerulus. Although
they have long been considered to be a single
class of neuron, mitral cells show substantial

variation in their physiological properties"?.
This is probably because of differences in the
expression of certain ion channels — pores in
the cell membrane that mediate the transmis-
sion of electrical signals by allowing the pas-
sage of specific ions. Indeed, Angelo et al. have
previously observed' that mitral cells display
considerable diversity in the magnitude of a
transmembrane current known as a ‘sag’. This
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current, which is generated when the resting
electric potential across the neuron’s mem-
brane is intensified, is believed to regulate the
sensitivity and timing of mitral cells’ responses
to periodic sensory inputs (such as those gen-
erated when an animal sniffs rapidly).

To explore the causes of variability in sag
currents, the authors simultaneously recorded
the sag from pairs of mitral cells belonging
to either the same or different glomeruli, in
slices of mouse olfactory bulb. Although sag
magnitude was highly variable from one cell
to the next, the variability was markedly lower
between mitral cells that received input from
the same glomerulus than between cells that
received input from different glomeruli.

Why are same-glomerulus mitral cells
so homogeneous? The hypothesis explored
by Angelo et al. is that neurons with similar
levels of activity acquire similar physiologi-
cal features. Pairs of mitral cells connected to
the same glomerulus have the same sources
of input (Fig. 1) and will therefore have more
similar activity levels than random pairs of
mitral cells. If the expression of sag-mediating
ion channels is affected by a neuron’s activity,
then this could account for the relative homo-
geneity of mitral cells connected to the same
glomerulus.

To address this issue, the authors cleverly
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Figure 1| The importance of network affiliation. Sensory neurons in the nose are activated by specific
odorants or groups of odorants (different types are indicated by different colours), and transmit this
information to mitral cells, another type of neuron in the brain’s olfactory bulb. The transmission takes
place in spherical structures called glomeruli, each of which receives input from a single type of sensory
cell. Angelo et al.* report that mitral cells that are linked to the same glomeruli are functionally more
similar to each other than to mitral cells that connect to other glomerular networks. This result suggests
that input heterogeneity drives functional diversity of mitral cells.
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