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Development of a Next-Generation Miniscope for Flexible Access to Brain Activity
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Neuropsychiatry in the 21st century has made great progress thanks to techniques for observing
and manipulating brain activity in higher organisms such as mice and monkeys at the neuron
level. In particular, in recent years, compact fluorescence microscopes (miniscopes) have
attracted attention as tools of acquiring neural activity in animals during behavior. However,
the miniscopes that have been developed so far have focused so much on miniaturization that
their basic performance has been overlooked. Therefore, this study aims to develop a next-
generation miniscope toward higher functionality. To this end, we propose a new optical control
concept based on two-photon microscopy that simultaneously controls the optical head and
the remote-control unit, which are connected by an optical fiber bundle. Based on this concept,
this study focused on the verification of elemental technologies to improve the performance of
the miniscope. Specifically, we evaluated the characteristics of high-speed, high-degree-of-
freedom optical modulation in the remote-control unit and the fiber bundle, and obtained the
following results: (i) Real-time closed-loop operation of optical observation and manipulation
with a time constant of about 100 ms was demonstrated. (ii) It was confirmed that two-photon
fluorescence could be obtained through the fiber bundle. Since these results confirm the validity
of'the concept of this study, we will further optimize the light irradiation conditions and consider

compact implementation in the future.
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