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Biocomputing based on the reconstruction of cultured neuronal networks and biomolecules

('Research Institute of Electrical Communication, Tohoku University, >Advanced Institute for
Materials Research, Tohoku University) Hideaki Yamamoto,! O Ayumi Hirano-Iwata'?

Neuronal cultures have long been used as a model system to study fundamental properties
of brain function and to elucidate the mechanisms of neurodegenerative disorders. However,
as the cultures mature, the network develops to generate synchronized activity across the entire
network, which is not observed in animal brains. This oversynchronisation has precluded the
widespread use of cultured neurons, particularly for the study of network phenomena. Here,
we present our microfabrication approach to suppress the oversynchronisation by
reconstituting the neuronal networks that more closely resemble the structures observed in vivo.
We apply optogenetics techniques to deliver input stimuli to the neurons, whose responses are
read out by calcium imaging. By decoding the neuronal responses under the reservoir
computing framework, the setup allows us to investigate how input signals are transformed
within biological neuronal networks, providing mechanistic insights into their computational
capabilities. Our work advances the field of neuroengineering and brain-on-a-chip technology
in reconstituting in vitro systems that more closely resemble the structure and function of the
brain networks.
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