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Transcriptional activation by CLOCK-CYC (CLK-CYC) heterodimers and feedback
repression by PERIOD-TIMELESS (PER-TIM) heterodimers are essential for
circadian oscillator function in Drosophila. The function of these transcriptional
regulators is regulated by post-translational modifications that alter DNA binding,
stability and chromatin modifications. We find that binding of CLK-CYC
heterodimers containing hypophosphorylated CLK to E-box elements promotes
chromatin modifications that enhance transcriptional activation of per, tim and other
circadian oscillator components. PER protein then begins to accumulate, but in a
delayed fashion due to DOUBLE-TIME (DBT) dependent phosphorylation and
subsequent stabilization by TIM binding. PER-TIM-DBT complexes then enter the
nucleus and bind to CLK-CYC, thus promoting the hyperphosphorylation of CLK,
loss of CLK-CYC E-box binding, and transcriptional repression. Recent experiments
using the PERΔ mutant, which is unable to bind DBT, and hypomorphic dbtar and
dominant negative dbtK/R mutants suggest that DBT acts as a bridge to recruit other
kinase(s) into PER-TIM-DBT-CLK-CYC complexes. Once these kinases enter
DBT-PER-CLK complexes they phosphorylate PER and CLK, thereby promoting
transcriptional repression. Subsequent phosphorylation of PER and CLK by DBT
promotes PER and CLK degradation, thereby relieving transcriptional repression.
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