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  Cyanobacteria are favorable cell factories for the production of renewable biofuels and valuable 

chemicals because of their ability to capture solar energy. However, biotechnology for cyanobacteria still 

lags behind conventional model species such as Escherichia coli or baker’s yeast. In this work, we 

employed engineered riboswitches to control translational initiation of target genes in cyanobacterium 

Synechococcus elongates PCC 7942. A firefly luciferase reporter assay revealed that three theophylline 

riboswitches performed well in Synechococcus. Among the riboswitches, the best one exhibited very low 

leaky expression of luciferase and dose-dependent ON/OFF regulation of protein expression by 

theophylline. The maximum magnitude of the induction versus basal level was ~190-fold. We also adopted 

this riboswitch to another gene regulation system, in which expression of the circadian clock kaiC gene 

product is controlled in a theophylline dose-dependent manner. The result demonstrated that the adequately 

adjusted expression level of KaiC restored complete circadian rhythm in the kaiC-deficient arrhythmic 

mutant. These suggest that the theophylline-dependent riboswitch system has great promise as a useful 

genetic tool for synthetic biology in cyanobacteria. 
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