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Outline of the work:

The development of human intelligence, personality, and emotion depends on the
complex organization of neural circuits in the brain. Understanding the molecular
mechanisms of neural circuit development is one of the crucial challenges in neuroscience.
To investigate how neural circuits form, Dr. Shigeo Okabe examined the development of
both axonal structures and synapses, which are essential components for neural circuit
function. He established new imaging techniques to visualize the formation of these
structures, applied them to neural circuit development, and proposed new models for axon
and synapse formation.

Dr. Okabe initially developed an imaging technique to visualize dynamic changes in the
cytoskeleton, which is an intracellular polymer system that is crucial for the mechanical
support of axon elongation. Employing a microinjection method, he introduced fluorescently
labeled cytoskeletal proteins into cells to facilitate live fluorescence imaging. Before Dr.
Okabe’s work, the prevailing theory indicated that the cytoskeleton was already highly
stabilized within axons and transported as an interconnected polymeric structure. In contrast,
Dr. Okabe has demonstrated that the cytoskeleton is actively polymerized and
depolymerized within axons. The continuously formed cytoskeleton at the axon tip caused
axonal elongation. The results of this study, which quantitatively revealed the intracellular
dynamics of all three cytoskeleton types (microtubules, actin filaments, and neurofilaments)
using fluorescent probe-based imaging techniques, have opened a new research field focused
on cytoskeletal dynamics in neurons.

Dr. Okabe then recognized the potential of the fluorescent protein green fluorescent
protein (GFP) for live-imaging and successfully developed a completely new technique for
visualizing synapses using molecules that accumulate at these sites. Before Dr. Okabe
introduced this new technique, synapse labeling was performed by tagging transmitter
receptors with antibodies or fluorescence labeling of synaptic vesicles through the
endocytotic process. However, these techniques could only track synapses for a short period,
and a new method was required to monitor long-term changes in synapses. Dr. Okabe
revealed that a GFP fusion of PSD-95, which is a protein that accumulates in the
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postsynaptic density (PSD), can be expressed in neurons to identify postsynaptic sites and
facilitate their long-term live-imaging. The quantitative data obtained through the GFP-
based synapse live-imaging technique indicated that many of the newly formed synapses are
eliminated, whereas only a subset of synapses is selectively stabilized. These results
challenges the established theory indicating that newly formed synapses are highly stable
and do not disappear. This compelling illustration of the rapid process of synapse formation
and elimination has revolutionized our understanding of synapse development.

Dr. Okabe applied his developed imaging technology to various neuron types, reporting
on the cell type-specific mechanism of synapse formation. The synapse formation process
significantly differs between excitatory and inhibitory neurons, with specific changes in the
membrane adhesions occurring when the synapses are stabilized. Further, he developed a
new technique for measuring synaptic function, particularly a methodology for estimating
the absolute number of PSD-95 and other scaffolding molecules according to the
fluorescence intensity of a single GFP molecule. This method has indicated that
approximately several hundred molecules accumulate in PSDs with diameters of several
hundred nanometers, which provide scaffolds for retaining neurotransmitter receptors and
other functional molecules.

Moreover, synapse imaging is valuable for investigating the pathophysiology of
neuropsychiatric disorders. Human genome studies have revealed that the risk genes for
autism spectrum disorders (ASDs) include synaptic cell adhesion molecules and PSD
scaffolding proteins. Hence, the significance of analyzing synaptic pathology has gained
increasing recognition. Dr. Okabe has conducted synapse imaging employing various mouse
models of ASD that possess genetic mutations identified in human patients. This research
aims to understand the pathophysiology of the neuronal circuits in ASD. He revealed that
the increased synapse remodeling hindered the formation of accurate synaptic connections
within the cortical neural circuit. Further, improved synapse remodeling was observed
across multiple animal models of ASD. This work has received significant recognition
because it proposes a new hypothesis concerning synaptic impairment in ASD.

Dr. Okabe’s achievements exhibited a significant effect on the field of neurocircuit
development, and he plays a vital role in the international community of neuroscientists. His
work in determining the developmental mechanisms of neural circuits through pioneering
imaging techniques has received global recognition for outstanding research that
significantly contributes to neuroscience.
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