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Adding Notch to the tally of olfactory neuronal patterning determinants

January 16, 2007 - Olfaction is an ancient and highly adapted sensory system that
enables animals to survey their chemical environment by detecting and
discriminating between odorant compounds in the air. The importance of the
olfactory system is evident from the amount of genomic space it occupies—as much
of 5% of some species’ genomes is devoted to genes involved in the sense of smell.
But the question of how that genetic diversity is translated into the neuronal
diversity of the olfactory system, in which a variety of olfactory receptor neurons
(ORNs) each expressing a single molecular receptor and connecting to a specific
glomerulus in the brain, has eluded a clear solution.

Studying the comparatively simple olfactory network of the fruit fly, Drosophila
melanogaster, Keita Endo and colleagues in the Laboratory for Neural Network
Development (Chihiro Hama; Team Leader) discovered a new role for an important
molecular pathway in organizing this neuronal circuitry. In an advance online
publication in Nature Neuroscience, Endo (now at the JST Institute for Bioinformatics
Research and Development; Tokyo, Japan) shows that the differentiation of olfactory
neurons deriving from the same precursor varies depending on the activity level of
the Notch signaling pathway.

Individual glomeruli receive projections from either Notch-ON (magenta) or Notch-OFF (green) ORNs, creating
a domain organization in the antennal lobes, the first olfactory processing center in the Drosophila brain. Left
and right figures show the anterior and posterior regions of the antennal lobe, respectively.

During the metamorphosis stage of fly development, approximately 50 different
types of olfactory receptor neurons are generated from a smaller number of
precursors. Each of these neurons expresses a specific olfactory receptor, enabling
it to detect a given chemical stimulus, and projects axons to a specific target in the
brain. Several molecules have been implicated in various aspects of later processes
such as axonal guidance and the establishment of neuronal connections, but the
means the diversity of the olfactory receptor neuron population is generated is
poorly understood.

Endo et al. conducted a screen for mutations that disturbed the normal axonal
patterning of olfactory receptor neurons in the fly, and identified a phenotype in
which the axonal projection of a pair of neurons was disrupted. In this mutant, the
neurons, which normally target separate glomeruli, both projected axons to the
same destination. They identified the gene responsible as an allele of mastermind
(mam—the new allele was christened mam***1%, which encodes a nuclear protein
involved in the Notch signaling pathway. Notch signaling functions in numerous
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forms of cell differentiation, translating signals from the cell’s exterior via a Notch
receptor to the nucleus, where it influences gene expression.

Knowing that Notch signaling had been shown previously to work in asymmetric cell
divisions (in which two daughter cells of different character are generated from a
single precursor), via the accumulation of the Notch antagonist Numb (nb), the team
next looked at a numb mutant, and found that the phenotype was the precise
opposite of the unilateral axonal projection seen in the mam****fly. To develop a
more comprehensive picture of the role of these Notch factors, they first surveyed
the organization of glomerular clusters in wild-type flies, and identified 52
glomeruli grouped in 24 clusters, each of which receives axonal projections from a
single clonal cluster of olfactory receptor neurons. Their map showed that all ORNs
housed within the same sensillum (a sense organ comprising one to four ORNs) are
clones, deriving from the same precursor.

To identify which glomeruli in each cluster receives projections from ORNs in the
mam and nb clones, flies were engineered to contain small mutant clones of cells
that included ORNs. This experiment revealed that each glomerular cluster received
projections from a combination of ORNs present in mam clones and nb clones. This
was the first evidence that the differentiation of olfactory neuronal clusters could be
determined by the activation or absence of Notch signaling. An examination of the
Notch state across all parts of the olfactory system show that this effect functions
globally—asymmetries in Notch signaling in olfactory receptor neurons within a
clonal cluster determine the patterns of axonal projections to specific glomeruli
throughout the system.

Wild type mam¥ki514

Each glomerular cluster receives a combination of projections from Notch-ON-class ORNs (present in nb
clones) and Notch-OFF-class ORNs (present in mam clones) housed in the same sensillum.

To determine how the Notch “On” and “Off” states arise during the development of
olfactory receptor neurons, Endo et al. studied cells from single sensory organ
precursors, and found that daughter cells expressed one of two proteins, Senseless
(Sens) and Cut, in a mutually exclusive fashion. This Sens-Cut dichotomy is
perturbed in the mam and nb mutant clones; in the Notch-ON nb mutant, inner
cells failed to express Sens, as hormal, while in mam*?*1* mutants, all daughter cells
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stained for Sens. Studies of olfactory receptor neurons expressing Gal4 drivers of
specific olfactory receptor genes showed that Notch status determines both
receptor gene expression and axonal targeting in olfactory receptor neurons.

This clean segregation of olfactory receptor expression and axonal projection of
clonal ORNs based on their Notch activity state represents a major new insight into
the understanding of an important and highly complex sensory system. “What we
have revealed here is only one element of the mechanisms used for generating a
diverse array of ORNs derived from sensory organ precursors,” notes Hama. “It
raises a number of intriguing questions concerning the genes downstream of Notch
and Notch-independent mechanisms for ORN diversification. We are also curious as
to whether the domain organization of glomeruli created by Notch-ON and -OFF
classes of ORNs represents any functional or behavioral relevance in olfaction.”



