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Manipulating or perturbing biochemical reactions would be useful to reveal how animals’ behaviors emerge from
molecular networks via cellular networks (e.g. neural network). Light would be beneficial for the manipulation as it can be
switched within milli seconds and has variable wavelengths. Many types of light-induced dimerization (LID) systems
have been developed, however, most of LIDs including CRY2-CIBN employ blue light, which is sensed by many animals,
and lack of higher time resolution. Compared to these LIDs, phytochrome B (PhyB)-phytochrome-interacting factor (PIF)
systems have higher time resolution and functions with red/infrared lights. Regardless of the advantages, PhyB-PIF
systems have not been established in animals well. In this study, we apply this system into a nematode Caenorhabditis
elegans and establish quantitative methods for molecular studies in animals.

For functional PhyB-PIF, a purified phycocyanobilin (PCB), a chromophore that binds to PhyB must be added to
animal cells because animals do not have a set of genes to produce PCB. We found that PCB does not sufficiently
penetrate worms’ bodies. Thus, we introduced the set of genes into worms to synthesize PCB in cells. These four genes
(PcyA, HOI1, Fd and Fnr) synthesized PCB in major tissues including intestines, neurons and muscles. With this
fully-genetically encoded PhyB-PIF system, we next verified whether the dimerization between PhyB and PIF could be
manipulated by light in intestines and muscles. PIF was fused to a multimeric protein (MP) while PhyB was simply fused
to GFP. PhyB-GFP formed clusters by binding to PIF-MP upon exposure to red light within 30 sec and the clusters
dissolved upon exposure to near-infrared light within 30 sec indicating that genetically encoded PhyB-PIF system can be
used for manipulating signal transduction in C. elegans. Our study opened the way for application of fully-genetically
encoded PhyB-PIF system in animals. This system will broaden our potential for molecular analysis in animals (e.g.
quantitative analysis of the relationship between molecules and animals’ phenotype without interfering with responsive
light such as blue light, manipulation of signal transduction while imaging molecules with a probe).




