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Understanding brain function requires non—-invasive control of activities in well-defined neuronal
populations during ongoing natural behavior. Although several wireless optogenetic approaches using
implanted LED devices or upconverting phosphors have been demonstrated, remote control of a large
neuronal population deep in the brain of freely behaving animals is still challenging. Scintillation
materials emit visible luminescence upon X-ray radiation. Given that X-ray well penetrates biological
tissues, scintillation luminescence could be useful for transcranial actuation of opsin-expressing
neurons. In this study, we show the feasibility of a novel wireless optogenetic approach using inorganic
scintillators. We screened opsin-scintillator combinations which could effectively depolarize or
hyperpolarize cel lular membrane potentials in vitro. With an yel low-emitting scintillator Ce:GAGG and
red-shifted opsins bReaChES and GtACR1, we successfully actuated specific neuronal populations in
ventral tegmental area to drive behavioral changes of freely moving, X-irradiated mice. This technology
al lows the use of X-ray for remotely alter neural processing in the deep brain of living animals and

opens up opportunities for new treatments of neurological disorders.




