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Elucidation of Activation Mechanism of Enzymerhodopsins
using Double Electron-Electron Resonance (DEER)
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Rhodopsin research has been developed exponentially by the birth of the optogenetics research field. Recently, a
new family called enzymerhodopsin is expected as a next-generation optogenetic tool that can regulate the concentration
of intracellular second messengers with light irradiation.

Enzymerhodopsin has an intramembrane domain and an enzyme domain, it is totally different from other
rhodopsins, which only work with the intramembrane domain. Thus, its photoactivation mechanism is intriguing. On the
other hand, the detailed photoactivation mechanism has remained in the realm of speculation because of the difficulty of
preparing purified protein. Therefore, we apply the Double Electron—Electron Resonance (DEER) electron spin
resonance spectroscopy, which can measure the distance between two points in a protein. DEER spectroscopy is a

structural biology analysis technique that can obtain distance information of 20 - 80 A using two spin labels. In addition,

this technique can be used to analyze samples with structural diversity.

Using this method, we can obtain distance information between amino acids derived from structural changes in

the protein. Finally, we can get closer to the question of how the light-receiving membrane domain moves and activates

the enzyme domain.
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