
CELL CYCLE NEWS & VIEWS

Wee1 and Cdc25: Tools, pathways, mechanisms, questions

James B. Moseley

Department of Biochemistry and Cell Biology, The Geisel School of Medicine at Dartmouth, Hanover, NH, USA

ARTICLE HISTORY Received 27 February 2017; Accepted 27 February 2017

KEYWORDS Cdc25; Cdk1; cell cycle; mitosis; pombe; PP2A; Wee1; yeast

How are physiological signals integrated into a biochemical
switch governing cell division? Cells enter mitosis and
divide due to regulated activation of the cyclin-dependent
kinase Cdk1. During interphase, Cdk1 is inactive due to
inhibitory phosphorylation at a conserved tyrosine by the
protein kinase Wee1. To trigger mitotic entry, the protein
phosphatase Cdc25 removes this inhibitory phosphate to
activate Cdk1. Once activated, Cdk1 inhibits Wee1 and acti-
vates Cdc25, generating a bistable switch. The timing of
Cdk1 activation depends on cellular surveillance mecha-
nisms that detect cell size, DNA damage, nutrient availabil-
ity, and more (Fig. 1). These mechanisms might act by
altering the balance of Wee1 versus Cdc25 activity, but to
understand this conceptual framework we must define the
underlying molecular mechanisms. Fission yeast cells are an
ideal system for this question because cell size at division is
reproducible, easily measured, and highly sensitive to the
balanced activities of Wee1 vs. Cdc25. However, the lack of
reagents to detect endogenous untagged Wee1 protein in
fission yeast prevented translating genetic pathways into
biochemical mechanisms. Lucena and colleagues have now
generated new antibodies that detect endogenous Wee1 and
Cdc25, and further tested the conservation of regulatory
mechanisms discovered in other organisms.1 Perhaps more
importantly, they can now relate biochemical changes with
quantifiable phenotypes in fission yeast cells, setting the
stage for a systematic understanding of the highly conserved
Wee1-Cdc25-Cdk1 mitotic switch.

Lucena and colleagues use their new antibodies to detect
Wee1 and Cdc25 proteins in synchronized cell cultures.1

The phosphorylation of both proteins changes dramatically
during cell cycle progression, and both proteins are degraded
at division to reset the system. The modest 3HA epitope tag
impairs the dynamic hyperphosphorylation of Wee1,
explaining why previous studies missed this regulation.
What regulates the phosphorylation and abundance of Wee1
and Cdc25? The authors test 2 phosphatases, Clp1/Cdc14
and PP2A-B55, that are linked with dephosphorylation of
Cdk1 substrates in late mitosis but also have intriguing
connections with the core Wee1-Cdc25 switch. They show
that both Wee1 and Cdc25 remain hyperphosphorylated

throughout cell cycle progression in cells lacking either Clp1
or PP2A-B55. These results are consistent with previous
studies from budding and fission yeasts,2,3 but also provide
enticing new details. For example, mutants that alter Wee1
and Cdc25 phosphorylation during cell cycle progression
have no effect on degradation of these proteins, suggesting
separate control systems for phosphorylation vs. degrada-
tion. A caveat to this interpretation is the reliance on SDS-
PAGE band shifts, which might miss some phosphorylation
events; thus, additional work may uncover specific
phosphorylation sites that escaped detection in this initial
work. Nonetheless, the authors have uncovered an impres-
sive phosphorylation program under the control of a con-
served regulatory network.

The reagents and observation from this study open sev-
eral new questions that are now experimentally feasible.
First, how does this system respond to environmental
changes and DNA damage? For example, nutrient limitation
reduces cell size at division due to Wee1 and Cdc25;
changes in this phosphorylation program may relay nutrient
availability to Cdk1 activity. Second, what pathways regulate
dynamic phosphorylation of Wee1 and Cdc25? Lucena and
colleagues identified a role for the PP2A-B55 phosphatase
complex, which was recently found to act in a multi-phos-
phatase relay pathway that orders the events of mitosis.4

This places regulation of Wee1 and Cdc25 within a larger
phosphatase system ordering the events of cell division.
Recent work also defined a Greatwall kinase-based pathway
linking nitrogen availability with PP2A activity.5 We can
now generate testable predictions for how this pathway
might regulate cell size at division through Wee1 and
Cdc25. Beyond phosphatases, the protein kinases hyper-
phosphorylating Wee1 and Cdc25 during cell cycle progres-
sion require investigation. Core feedback from Cdk1 will
contribute, but additional kinases will be critical as well.
For example, the stress-activated kinase Srk1 regulates
Cdc25 localization through direct phosphorylation,6 and the
protein kinase Cdr1/Nim1 directly phosphorylates and
inhibits Wee1.7 These and other candidates can now be
investigated in the context of a cell cycle-regulated phos-
phorylation program. By studying conserved pathways in
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fission yeast, the underlying molecular mechanisms can be
connected to quantitative phenotypic changes in cell size.
This new study reveals the importance of conserved
regulatory pathways in a fundamental cellular process that
continues to provide exciting open questions for the future.
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Figure 1. Schematic cartoon for the Wee1-Cdc25-Cdk1 mitotic entry control
system. A subset of known molecular regulators is depicted, including the
PP2A-B55 and Clp1 mechanisms identified by Lucena and colleagues. Cdk1
feedback to Wee1 and Cdc25 generates a bistable on/off switch for mitotic
entry.
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