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The Laboratory for Neural Architecture is devoted to
investigating the structural background of a variety of
brain functions. Our major concerns are: (1) refinement
of the compositional principles of neural circuits in the
cerebellar and cerebral cortices utilizing tracer labeling
and histological staining techniques, and (2) specification
at ultrafine microscopic levels of the sites where neural
molecules are functioning in vivo. To refine the organi-
zation of neural circuits and networks, novel axon tracing
techniques will be developed. Since, due to the complex-
ity and fragility of brain tissue, it is not always easy to
obtain high quality of microscopic specimens, we will de-
velop tissue preparation methods fit for the neural tissue
examinations. All the microscopic examination techniques
employed in our laboratory are open and transferred to
collaborators in BSI and other institutions.

1. Refinement of neural circuits using tracing/
staining technologies

(1) Cerebellar circuits affected by genetic modification

By means of axon labeling with tracers (lipophilic car-
bocyanine dyes, biotinylated dextran amine, and others)
the arborization pattern of climbing fibers has been ana-
lyzed in gene manipulated animals, in order to investigate
morphological aspects of the effects of aberrant innervation
on the cerebellar motor learning.

In 2003/2004 we continued to examine the innervation
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pattern of cerebellar afferent fibers in mice where genes re-
sponsible for P/Q type calcium channels, for both Kv3.1
and Kv3.3 subtypes of potassium channels, or for struc-
turally related signaling protein neuregulins, have been
knocked out. In mice without P/Q channels, which are
mostly exclusive for calcium influx in Purkinje cells, climb-
ing fiber development into the molecular layer was severely
disturbed after postnatal day 4. No such abnormality was
observed in Kv3.1/3.3 channel knock-out mice. Together
with the previous reports indicating a rapid increase of
calcium influx in Purkinje cells during postnatal days 4 to
7, we concluded that calcium influx and the subsequent
signaling cascade in Purkinje cells must be essential for
normal climbing fiber development, although the underly-
ing molecular mechanisms are mostly unknown. For the
mossy fiber development, on the other hand, we analyzed
neuregulin knock-out mice, in which a decrease of cell num-
ber and entire volume were observed in the pontine nuclei,
one of the major structures sending mossy fibers to the
cerebellum. As expected, morphological abnormalities, i.e.
reduction of the terminal size and the number of synap-
tic vesicles there, were observed in the granular layer of
such target areas of pontocerebellar projections as lobule
VII and crus II. Since no changes were observed in the
spinocerebellum and the vestibulocerebellum, susceptibil-
ity for neuregulin deficiency seems to be particularly high
in the pontocerebellar system.

(2) Cortical circuit organization

Tract tracing techniques combined with immunohisto-
chemistry and other neuroanatomical labeling methods are
utilized to reveal the connectional and architectonic prin-
ciples of networks and circuits in the sensory cortices. We
have been working with the porcine corona virus (hemag-
glutinating encephalomyelitis virus, HEV) which is con-
sidered to be less neurotoxic in rodents and a potential
candidate for trans-neuronal tracers, because after HEV
inoculation into the eye, peripheral and central nervous
systems retrogradely as well as anterogradely labeled neu-
rons were detected in several brain structures along the
projection pathways.

In 2003/2004, we continued a survey of its reliability
further in the direct application of HEV into the brain,
this was applied to the analysis of striato-nigral connec-
tions. Surprisingly, a minute amount of HEV (only a few
PFU), in contrast to other viruses proves (need 10*-10°
PFU), was enough to label striatum neurons at the inoc-
ulation sites and afferent neurons in the substantia nigra
pars reticulate within two days after the injections. Con-
sideration of the smallest amount of probes for inoculation
is important in order to keep the neurons healthy and to
control, in particular, the inoculation speed in the study
of multi-synaptic transneuronal connections.

2. Microscopic localization of functional mole-
cules

(1) Production of specific antibodies

So far we have developed poly- and mono-clonal an-
tibodies specific for several synaptic transmission re-
lated molecules (GABA s and GABAg receptor subtypes;
GABA transporter; phosphorylated AMPA type gluta-
mate receptor, S696p-GluR2/3; long and short forms
of syntrophin associated serine/threonin kinase, SAST;
calmodulin-dependent serine kinase interacting protein,
CIP98), for functionally unspecified but cell type spe-
cific molecules (thymosin 4 for microglia; a novel marker
molecule for Bergmann glia), and for molecules relating
to certain brain diseases (Down syndrome cell adhesion
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molecule, DSCAM; lafolin which is a product of the gene
responsible for the Lafora type of progressive myoclonus
epilepsy). Some of the results obtained from the micro-
scopic analysis using the above antibodies have already
been published.

In 2003/2004, we additionally produced monoclonal an-
tibodies against the microdomains, rafts, of the plasma
membrane, which are considered to be preferential sites
for the localization of many functional molecules in neu-
ral tissue. The antibodies are characterized biochemically
and histologically, and epitope structures were identified
in several antigens.

(2) Ultrafine localization of functional molecules

We have been engaged in the ultrastructural localiza-
tion of several types of neurotransmitter transporters and
receptors (GABA, glutamate and purine) and other func-
tional or pathogenic molecules (myelin protein Dronpa, tau
and synuclein), mostly collaborating with BSI laboratories
and other institutions.

In 2003/2004, we examined the morphological aspects
of neurogenesis in the transgenic olfactory bulb, as one
of the collaborating projects. GFP tagged granule cells,
which have been newly generated and traveled from the
wall of the lateral ventricle, proved to make matured in-
hibitory synapses on the soma and dendrites of the princi-
pal mitral cells in the adult olfactory bulb.

(3) Current devices for electron microscopic examina-
tion

Transmission (TEM) and scanning (SEM) electron mi-
croscopy are major technologies in our laboratory for ul-
trafine structure analysis. We are introducing modern EM
technologies, such as electron spectroscopic imaging (ESI),
cryo-SEM and electron tomography, which have rarely
been applied in neural tissue analyses so far.

In 2003/2004, we applied the direct cryo-SEM proto-
col improved by ourselves to the architectonic analysis of
the cerebellar cortex. Our protocol has proven to be very
powerful, especially for the analysis of interactions between
glia cells and neurons, due to its superiority in maintain-
ing glial cell membrane structures, as compared with the
conventional SEM protocol.
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