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Artificial control of protein localization in cells 
is a powerful tool for elucidating protein 
functions and for detailed analysis of 
signaling pathways. One of the 
representative methods is optogenetics 
using photoreceptor proteins. However, 
existing methods for photo-control of protein 
localization still have issues to be solved in 
terms of photo-reversibility of protein 
complex formation and dissociation, 
dissociation rate of the complex, and 
relatively large protein domain size that can 
inhibit the function of the target protein. 

To overcome these issues and 
develop complementary technologies for 

optogenetics, we developed a photochromic 
protein dimerizer (pcDH) consisting of a 
photochromic ligand for a protein tag 
(eDHFR: E. coli dihydrofolate reductase)1 
and a HaloTag ligand (Fig. 1a).2 By using 
pcDH, the association and dissociation of 
eDHFR and HaloTag could be repeatedly 
controlled in living cells by illumination with 
violet and green light (Fig. 1b). The half-lives 
of both association and dissociation were 
less than 1 second, which is comparable or 
faster than those for the existing techniques. 
Furthermore, we applied our system to the 
optical induction of mitophagy.
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Figure 1. (a) The structure of a photochromic dimerizer, pcDH. (b) Confocal fluorescence images of 
HeLa cells for photoreversible translocation of cytosolic proteins to the mitochondrial outer membrane. 
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