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            Abstract
Eukaryotic DNA replication uses kinase regulatory pathways to facilitate coordination with other processes during cell division cycles and response to environmental cues. At least two cell cycle-regulated protein kinase systems, the S-phase-specific cyclin-dependent protein kinases (S-CDKs) and the Dbf4–Cdc7 kinase (DDK, Dbf4-dependent protein kinase) are essential activators for initiation of DNA replication1,2,3,4,5. Although the essential mechanism of CDK activation of DNA replication in Saccharomyces cerevisiae has been established6,7, exactly how DDK acts has been unclear. Here we show that the amino terminal serine/threonine-rich domain (NSD) of Mcm4 has both inhibitory and facilitating roles in DNA replication control and that the sole essential function of DDK is to relieve an inhibitory activity residing within the NSD. By combining an mcm4 mutant lacking the inhibitory activity with mutations that bypass the requirement for CDKs for initiation of DNA replication, we show that DNA synthesis can occur in G1 phase when CDKs and DDK are limited. However, DDK is still required for efficient S phase progression. In the absence of DDK, CDK phosphorylation at the distal part of the Mcm4 NSD becomes crucial. Moreover, DDK-null cells fail to activate the intra-S-phase checkpoint in the presence of hydroxyurea-induced DNA damage and are unable to survive this challenge. Our studies establish that the eukaryote-specific NSD of Mcm4 has evolved to integrate several protein kinase regulatory signals for progression through S phase.
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                    Figure 1: 
                        An inhibitory activity within the Mcm4 NSD is responsible for the dependency of cells on DDK for viability.
                      [image: ]


Figure 2: 
                        The status of the Mcm4 N terminus determines the efficiency of DDK-independent cell proliferation.
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Figure 3: 
                        Removal of the N-terminal inhibitory domain of Mcm4 allows DDK-independent initiation of DNA replication and S phase progression.
                      [image: ]


Figure 4: 
                        Deletion of the N-terminal inhibitory domain of Mcm4 does not bypass the requirement for DDK for cell survival and checkpoint activation in the presence of hydroxyurea.
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        Editorial Summary
Dual function of Dbf4–Cdc7 kinase
Two cell-cycle-regulated kinase pathways regulate the timing of DNA replication initiation. How one of these, the Dbf4–Cdc7 kinase (DDK), affects replication has been unclear. Yi-Jun Sheu and Bruce Stillman now show that a subunit of the replicative helicase, Mcm4, is the target of DDK. The N-terminal domain of Mcm4 possesses an inhibitory activity that is relieved by DDK phosphorylation. In addition, DDK activity also seems to have a second function in regulating the S-phase checkpoint.
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