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Information processing in the brain is based on neuronal electrical activity (such as
excitatory / inhibitory postsynaptic potential generation and action potential firing) as well as
chemical signal transduction (e.g. enzyme cascades, transcription, or activation of gene
expression). In order to dramatically improve functional brain activity mapping at the cellular
level, we need new technologies to expand the use of Ca?" sensors from neurons with relatively
low frequency activity to those with fast spiking activity and distributed in subcortical brain
areas.

In this project, we thus undertook to create and develop novel probes that contributes to
high-speed 3D recording of neuronal activity and long-term visualization of activity traces. At
the University of Tokyo, the Principal Investigative Institution, we aimed to develop an
improved calcium probe candidate capable of color high-speed three-dimensional imaging and
to further ameliorate innovative probes that can detect long-term activity traces in activated cell
populations. Furthermore, together with Professor Kazuo Kitamura (Graduate School
Department of Interdisciplinary Research, University of Yamanashi), we participated in
developing new imaging technology to realize high-speed 3D measurement of fast neuronal
activity as well as long-term activity traces.

During the fiscal year 2016, we specifically engineered a new green Ca®" indicator,
XCaMP-Gf (green), with ability to perform in vivo ultrafast Ca** imaging. Using this, we
constructed an expression system for parvalbumin-positive interneurons with fast spiking
activity. Optimization of recording conditions enabled fast imaging active ensembles consisting
of both of fast spiking and non-fast spiking neurons. Furthermore, we used another new red Ca**
indicator, XCaMP-R (red) to carry out deep cellular activity imaging in the living brain.

To monitor and map activity traces, we created a further enhanced version of the synthetic
promoter E-SARE (E-SARE2), and developed an adeno-associated virus-based experimental
system to label traces of activities in a cell type-specific manner.

In the future, these new sets of powerful tools will prove to be invaluable for further
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attempts to measure the dynamics and stability of information representation within active

neuronal ensembles in the living brain.
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