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Daily biological rhythms such as body temperature, blood pressure, and sleep- wake cycle are
caused by a circadian clock. The autonomous circadian oscillation of clock genes expression, which drives
circadian clock, is considered to be a limit cycle oscillation. Limit cycle oscillations require nonlinear
processes. This study aimed to elucidate the mechanism increases the nonlinearity of clock gene
expression rhythm by experimental and mathematical analysis.

The experimental results revealed that cell-autonomous circadian transcription of a mammalian
clock gene requires a functionally interdependent tandem E-box motif. We also shown that the
interdependent behavior of enhancer elements including ROR response elements (ROREs) as well as
E-boxes increased the nonlinearity of transcription. This might contribute to limit cycle oscillations.
Indeed, our analysis showed that introducing the interdependencies of these enhancers into a
mathematical model resulted in autonomous transcription oscillations with low Hill coefficients. This
indicates that the nonlinearity is enhanced. These findings suggest that the interdependent tandem
enhancer motifs on multiple clock genes might cooperatively enhances the nonlinearity in the whole
circadian clock system and would lead limit cycle oscillations of clock genes expression.

In this study, we also focused on ncRNA transcribed from the strand opposite to PerZ2. This
ncRNA expression oscillates in opposite phase to Per2. By RNA sequencing, RORE, which is assumed to
lead the opposite phase expression, was found in the transcriptional regulatory region of ncRNA. We
cloned the region and connected a reporter gene to the downstream. In future studies, we plan to
demonstrate using this vector that the role of function and expression rhythm or phase of the ncRNA in
the circadian clock mechanism, and analyze its contribution to the limit cycle.




