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Optogenetics has revolutionized neuroscience and basic medical research by enabling the control of neural
activity with light. The field has grown with the discovery of natural light—sensitive ion channels and pumps. There's
a need for a general method to achieve “molecule—targeted” optogenetics, where specific targets are made light—
sensitive.

In our research, we introduced photoreactive unnatural amino acids (PAAs) into the active region of target
proteins to control their activity with light. We first targeted the voltage—gated K* channel Kv1.2, although our
initial target had been a prokaryotic calcium channel, which proved difficult due to low expression in oocytes. By
introducing a photo—isomerizing amino acid into Kv1.2, we demonstrated light—-mediated controllable channel
activity. Second, we targeted the phosphoinositide (PI) phosphatase INPP4B by introducing a light—-caged serine
near its active site. By measuring currents from the cell expressing INPP4B with two—pore channel 3 (TPC3),
whose activity is regulated by INPP4B, we confirmed light—based control of INPP4B activity. These results
demonstrate the versatility of using PAAs to control various protein activities and contribute to “molecule-
targeted” optogenetics. Separate from the main study, we investigated the molecular mechanism of TPC3 in detail
and revealed a switch mechanism between Pl-induced and voltage—dependent activation.




