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A research group led by Professor Hiroki R. Ueda (Graduate School of Medicine, the University of
Tokyo) has discovered the involvement of Ca2+-dependent hyperpolarization of cortical neuron in the
regulation of sleep duration in rodents. This finding is based on the mathematical modeling of
cortical neuronal membrane potential and genetic/pharmacological inhibition of ion-
channels/pumps and protein kinases (i.e. NMDA receptors, voltage-dependent calcium channels,
calcium-dependent potassium channels, ATP-dependent calcium pumps and calcium/calmodulin-
dependent protein kinase II) anticipated to be involved in the hyperpolarization pathway. Notably,
the screening of mice phenotypes has been carried out by a newly-developed system for the non-
invasive sleep measuring based on the pattern of rodents’ respiration. In this fiscal year, this
research group conducted a series of experiments to explore how such ion-channels/pumps are
regulated (e.g. through the post-translational modification) during the sleep-wake cycle and to

obtain an in-depth information about the sleep phenotype of genetically modified mice.



The research group monitored the sleep phenotypes of genetically modified mice related to the
hyperpolarization pathway by using the EEG/EMG (electroencephalogram/electromyogram)
recording, a conventional method for sleep phenotyping. The results indicated that phenotypes
obtained through the respiration-based method and the EEG/EMG recoding are consistent each
other, indicating that the non-invasive respiration-based screening system can be applicable to
several types of mutant mice.

This confirmation led the group to investigate the in-depth regulation of each ion-channel/pump
during the sleep-wake cycle. The group focuses on the phosphorylation dependent control of ion-
channels/pumps partly because the group found that calcium/calmodulin-dependent protein kinase
II contributes to the induction of sleep. To investigate a large number of phosphorylation-sites
mutants, a high-throughput assay for ion-channels/pumps’ function was developed. The new assay
system uses fluorescent proves working in the cultured cell on multi-well plates, thus it is possible
to compare the activity of hundreds of mutant ion-channels/pumps in a single assay.

The research group is also developing a method to analyze cell function through the fluorescent
imaging of transparent organs called CUBIC. The CUBIC has been shown to be applicable to not
only the brain but also other organs, contributing to the understanding of homeostatic system among
different organs. In this fiscal year, the group achieved the development of new chemical combination
enabling an efficient tissue clearing against human organs that generally contain a higher amount
of lipid than mice brain, otherwise making it difficult to obtain highly-transparent samples within a
reasonable time. The group also set up a new light-sheet fluorescent microscope featuring an
objective lens with increased depth of field and higher numerical aperture.

Not only observe the phenotype but also applying perturbations on sleep-wake dynamics is
important to understand the homeostatic property of sleep control. In this fiscal year, the research
group investigated the effect of several chemicals that are used for the treatment of neuropsychiatric
disorders or the induction of substance-induced psychotic disorders. As a result, several substances
were found to affect the sleep dynamics especially for the probability of sleep-to-wake and/or wake-

to-sleep state.
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