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Genetically encoded fluorescent probes based on fluorescent proteins are promising
techniques to understand molecular mechanisms of neurons and glia cells. Here, we
generated two types of infrared fluorescent calcium probes; one is the single fluorescent
protein type calcium probe (named i14 and ig2) and the other is the fluorescent resonance
transfer (FRET) type calcium probe (named i14-1.07). When these probes were expressed in
culture cells, we could detect infrared fluorescence changes from the newly-made calcium
probes upon drug application. This is the first report of the single fluorescent protein type
infrared calcium probe. We also developed a genetically encoded red fluorescent calcium probe
R-CaMP2 in collaboration with Professor Haruhiko Bito (The University of Tokyo Graduate

School of Medicine). With R-CaMP2, we could detect in vivo calcium responses from neurons
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in mice. With collaboration with Professor Akihiko Yamanaka (Department of Neuroscience II
Nagoya University), we expressed genetically encoded green fluorescent calcium probe
G-CaMP in mice and analyzed a molecular mechanism of sleep. We also collaborated with Dr.
Yuji Shiba (Shinshu University Institute for Biomedical Sciences) and applied a
newly-generated G-CaMP to induced pluripotent stem (iPS) cells. In this experiment, we
expressed the G-CaMP in i1PS cells and differentiated them to cardiac cells. After
transplantation of the cardiac cells derived from G-CaMP expressing iPS cells to a region of
experimentally generated cardiac infarction in the marmoset heart, the fluorescent signals
from the G-CaMP were monitored in vivo. These results demonstrated that the calcium
probes we generated are useful in brain science and other scientific fields such as regenerative
medicine.

For application of fluorescent probes, the optical measurement technique is also very
important. Because neuronal cells are distributed in three-dimensional space in the brain, we
focused on developing fast Z scanning systems. Here we developed Z scanning laser conforcal
systems equipped with a KTN variforcal lens. With this lens the Z scan reached 2KHz. This is
the top-level speed of Z scanning.

To image deep inside the brain, we also developed valifocal endoscopes and tested them
in a simulated sample and mice expressing G-CaMP and DsRed2 in neurons. Using a 1.8
mm-diameter GRIN lens, a maximum focal change of 1.5mm was obtained. With this system
we could image neuron activity from two image planes 85 um apart in hippocampus, which is
about 1.2mm deep in the brain, at the frame rate of 7.5 frames per second. We could also
image neuronal activity from two image planes 120 um apart in amygdala, which is about
4mm deep in the brain.

Combination of the fluorescent probes and optical measurement techniques will enable

us to elucidate brain function in marmoset.
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