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Establishment of a methodology to control brain functions using X-ray
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In this study, we developed a novel method named X-ray optogenetics in
which a scintillator that converts X-rays into visible light is implanted in tissues is used to
activate light-sensitive proteins expressed in the surrounding tissues. Our experiments revealed
that Ce:GAGG micro-particles are biocompatible and can be used to manipulate deep brain functions of

living mice under X-ray irradiation. Manipulation of deep brain functions was achieved using X-ray
irradiation at a clinical dose level. Our results thus indicate that X-ray optogenetics enables
minimally invasive, wireless control of cellular functions in living animals.
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