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論  文  内  容  の  要  旨  

氏  名  （    稲 垣  成 矩      ）

論文題名 
Development of a genetically encoded chemiluminescent voltage indicator and its application to 

biological research（化学発光膜電位指示薬の開発と生物学的研究における応用）

論文内容の要旨 

Bioluminescence (chemiluminescence) imaging is attracting attention in the field of biology due to its superior 

signal-to-background ratio and capacity for long-tem measurement. Also, since it does not require excitation 

light unlike fluorescence imaging, unrestricted optogenetic manipulation using e.g. channelrhodopsin2 can 

be easily integrated with imaging. In this thesis, I report the world's first chemiluminescent voltage 

indicator, LOTUS-V enabling investigation of voltage dynamics without the limitations that are often 

problematic in current techniques. In vitro experiments with LOTUS-V enabled robust and sensitive drug 

evaluation, and long-term recording in cardiomyocytes derived from human-induced pluripotent stem cells. Also, 

it successfully visualized the bidirectional changes in membrane voltage caused by simultaneous use of multiple 

optogenetic actuators. For in vivo experiments, I developed a novel fiber-free imaging system in conjunction 

with LOTUS-V, allowing detection of electrophysiological field potential dynamics in the brains of several 

unrestrained animals simultaneously. With this system, I identified a novel type of activation in the primary 

visual cortex, associated with the freely moving state and interaction with other mice, suggesting that it 

may investigate an unexplored activity in various brain regions relating to social or group behavior. 

Collectively, LOTUS-V offers the multiple advantages of chemiluminescence imaging, and thus expands the toolbox 

for voltage recording in cells and intact animals. 




