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            Abstract
Multisite phosphorylation of proteins has been proposed to transform a graded protein kinase signal into an ultrasensitive switch-like response1,2,3,4. Although many multiphosphorylated targets have been identified, the dynamics and sequence of individual phosphorylation events within the multisite phosphorylation process have never been thoroughly studied. In Saccharomyces cerevisiae, the initiation of S phase is thought to be governed by complexes of Cdk1 and Cln cyclins that phosphorylate six or more sites on the Clb5–Cdk1 inhibitor Sic1, directing it to SCF-mediated destruction1,5,6,7,8. The resulting Sic1-free Clb5–Cdk1 complex triggers S phase9. Here, we demonstrate that Sic1 destruction depends on a more complex process in which both Cln2–Cdk1 and Clb5–Cdk1 act in processive multiphosphorylation cascades leading to the phosphorylation of a small number of specific phosphodegrons. The routes of these phosphorylation cascades are shaped by precisely oriented docking interactions mediated by cyclin-specific docking motifs in Sic1 and by Cks1, the phospho-adaptor subunit of Cdk1. Our results indicate that Clb5–Cdk1-dependent phosphorylation generates positive feedback that is required for switch-like Sic1 destruction. Our evidence for a docking network within clusters of phosphorylation sites uncovers a new level of complexity in Cdk1-dependent regulation of cell cycle transitions, and has general implications for the regulation of cellular processes by multisite phosphorylation.
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                    Figure 1: The phospho-adaptor subunit Cks1 provides processivity for the multiphosphorylation of Sic1 by Cln2–Cdk1 and Clb5–Cdk1.



Figure 2: Phosphorylated priming sites provide docking interactions for efficient phosphorylation of suboptimal sites in phosphodegrons.



Figure 3: Differential roles of Cln2 and Clb5 in Sic1 multiphosphorylation and degradation.
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        Editorial Summary
Proteins as complex switches
Multisite phosphorylation of a protein can allow an ultra-sensitive switch-like response. For example, in the yeast cyclin-dependent kinase (Cdk) inhibitor Sic1, it can lead to its rapid destruction and the initiation of S-phase of the cell cycle. Kõivomägi et al. demonstrate that multisite phosphorylations of Sic1 are not random events, but are part of a specific phosphorylation cascade catalysed by two different Cdk–cyclin complexes, with initial priming phosphorylations followed by docking-dependent phosphorylation events. Such an intricate mechanism may also apply to other kinase targets with multiple phosphorylation sites.
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