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Information transfer between neurons takes place at the
synapse. Wiring patterns among various types of neurons
via specific synaptic connections is the basis of functional
logic employed by the brain for information coding and
processing. Thus, detailed knowledge on neuronal net-
works is essential for understanding the wide range of brain
functions. With special reference to the mouse and ze-
brafish olfactory system, we aim to elucidate the molecular
and cellular mechanisms underlying the formation, main-
tenance, and plasticity of functional neural circuits.

1. Development and functional architecture of
the olfactory system

The olfactory system is a good model for studying neu-
rogenesis, cell migration, neural differentiaion, axon guid-
ance, dendritic morphogenesis, synaptogenesis, and func-
tional neural circuit formation. We attempt to elucidate
the molecular and cellular mechanisms underlying devel-
opment and functional architecture of the olfactory neu-
ral circuits in mouse and zebrafish with multi-disciplinary
strategies.

(1) Robo2 mediates the formation of an initial axon
scaffold essential for establishment of a precise glomerular
map in the zebrafish olfactory system

Olfactory sensory neurons (OSNs) expressing a given
odorant receptor project their axons to specific glomeruli,
creating a topographic odor map in the olfactory bulb
(OB). The mechanisms underlying axonal pathfinding of
OSNs to their precise targets are not fully understood.
Here, we demonstrate that Robo2/Slit signaling functions
to guide nascent olfactory axons to the OB primordium
in zebrafish. robo2 is transiently expressed in the olfac-
tory placode during the initial phase of olfactory axon
pathfinding. In the robo2 mutant, astray (ast), early grow-
ing olfactory axons misroute ventromedially or posteriorly,
and often penetrate into the diencephalon without reach-
ing the OB primordium. Four zebrafish slit homologs are
expressed in regions adjacent to the olfactory axon tra-
jectory, consistent with their role as repulsive ligands for
Robo2. Masking of endogenous Slit gradients by ubiqui-
tous misexpression of Slit2 in transgenic fish causes pos-
terior pathfinding errors that resemble the ast phenotype.
We also found that spatial arrangement of glomeruli in OB
is perturbed in ast adults, suggesting an essential role for
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the initial olfactory axon scaffold in determining a topo-
graphic glomerular map. These data provide functional
evidence for Robo2/Slit signaling in the establishment of
olfactory neural circuitry in zebrafish.

(2) Arx homeobox gene is essential for development of
the mouse olfactory system

We identified an Arz homeobox gene as a crucial
molecule for development of the mouse olfactory system.
The Arx protein is expressed strongly in the interneurons
and weakly in the radial glia of OB, but neither in the
OSNs nor OB projection neurons. Arz-deficient mice show
severe anatomical abnormalities in the developing olfac-
tory system : (a) size reduction of OB, (b) reduced pro-
liferation and impaired migration of interneuron progeni-
tors, (c) loss of tyrosine hydroxylase-positive periglomeru-
lar cells, (d) disorganization of layer structure of OB, and
(e) abnormal axonal termination of OSNs in an unusual
axon-tangled structure, the fibrocellular mass. Thus, Arz
is required for not only the proper migration and differ-
entiation of Arz-expressing interneurons, but also the es-
tablishment of functional olfactory neural circuitry by af-
fecting Arx-non-expressing OSNs and projection neurons.
These findings suggest a likely role of Arx in regulating the
expression of putative instructive signals produced in the
OB for the proper innervation of olfactory sensory axons.

(3) Laminar organization of the developing lateral ol-
factory tract revealed by differential expression of cell
recognition molecules

The OB projection neurons (mitral and tufted cells)
send axons through the lateral olfactory tract (LOT) onto
several structures of the olfactory cortex. However, little is
known on the molecular and cellular mechanisms underly-
ing establishment of functional connectivity from the bulb
to the cortex. We investigated the developmental process
of LOT formation by observing expression patterns of cell
recognition molecules in embryonic mice. We immunohis-
tochemically identified a dozen molecules expressed in the
developing LOT and some of them are localized to a sub-
set of mitral cell axons. Combinatorial immunostaining for
these molecules revealed that the developing LOT consists
of three laminas : superficial, middle, and deep. Detailed
immunohistochemical, in situ hybridization, and BrdU la-
beling analyses suggested that the laminar organization
reflects : (a) the segregated pathways from the accessory
and main OBs and (b) the different maturity of mitral cell
axons. Mitral cell axons of the accessory OB were local-
ized to the deep lamina, segregated from those of the main
OB. In the main olfactory pathway, axons of mature mi-
tral cells, whose somata is located in the apical sublayer of
the mitral cell layer, were localized to the middle lamina
within LOT, while those of immature mitral cells that lo-
cated in the basal sublayer were complementarily localized
to the superficial lamina. The results suggest that newly
generated immature axons are added to the most superfi-
cial lamina of LOT successively, leading to the formation
of piled laminas with different maturational stages of the
mitral cell axons.

2. Cell recognition/adhesion molecules in neural
development

The synapse is a specialized site of cell-cell interac-
tions between neurons. We have been investigating struc-
ture, expression, and functions of cell recognition/adhesion
molecules at the molecular, cellular, and system levels.
Among the five cell receognition/adhesion molecules (te-
lencephalin [TLCN], BIG-1, BIG-2, OCAM, PCAM), we
particularly focus on TLCN, a unique member of the im-
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munoglobulin superfamily, which is expressed only on den-
drites of spiny neurons in the most rostral brain segment,
telencephalon.

Neurons sort out a variety of functional molecules to
appropriate subcellular destinations. TLCN (intercellular
adhesion molecule-5 ; ICAM-5) is a cell adhesion molecule
specifically localized to somatodendritic membranes in the
telencephalic neurons. We established a new in vivo strat-
egy to analyze neuronal sorting mechanisms by ectopic ex-
pression of molecules of interest in the cerebellar Purk-
inje cells of transgenic mice. By using this system, we
identified a novel dendritic targeting determinant in the
cytoplasmic tail region of TLCN. A full-length TLCN ec-
topically expressed in the Purkinje cells is localized exclu-
sively to dendrites, but not to axons. In contrast, dele-
tion of the cytoplasmic carboxyl-terminal 12 amino acids
(residues 901-912) or a point mutation of Phe905 to Ala
abrogate the dendrite-specific targeting with appearance
of the truncated and point-mutated TLCN in both axons
and dendrites. Furthermore, an addition of the carboxyl-
terminal 17 amino acids (residues 896-912) of TLCN to
an unrelated molecule (CD8) is sufficient for its specific
targeting to dendrites in several types of neurons. Since
the carboxyl-terminal region of TLCN does not contain
any canonical dendritic targeting sequences such as the
tyrosine-based motif or the dileucine motif, this study sug-
gests a novel mechanism of protein trafficking to the den-
dritic compartment of neurons.
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