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Development of technology for optical manipulation of the genome
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Deep penetration of red light into mammalian tissues, coupled with its low phototoxicity, presents a promising

avenue for optogenetic applications. However, the development of effective red light-based optogenetic tools has been

limited. In this study, we have developed MagRed, a red light-activatable photoswitch. MagRed comprises a red light-

absorbing bacterial phytochrome incorporating a mammalian endogenous chromophore, biliverdin, and a photo-state-

specific binder of the bacterial phytochrome. Red light illumination triggers the binding of these components, leading to

the assembly of split-proteins. A key application of MagRed is the development of a red light-activatable Cre recombinase.

This enables light-controlled DNA recombination in deep mammalian tissues, expanding the scope of biological research.

Additionally, we have created red light-inducible transcriptional regulators based on CRISPR-Cas9 technology. These

regulators demonstrate up to a 378-fold activation (average, 135-fold induction) of multiple endogenous target genes. The

versatility and efficacy of MagRed position it as a pivotal tool for advancing optogenetic applications in diverse biological

research fields.
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