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The process by which cells divide consists of a
cyclical series of phases, and the transition
from one to the next is generally controlled by
the expression, modification and destruction
of various proteins. The switch from G1 phase
to S phase in yeast, for instance, requires the
breakdown of the Sic1 protein. Writing in the
29 November issue of Nature, Mike Tyers,
Tony Pawson and colleagues show that this
process has a built-in timer mechanism, which
involves the accumulation of at least six
phosphate groups on Sic1.

Yeast cells are driven into S phase by a
complex that consists of a cyclin-dependent
kinase (known as Cdc28) and its cyclin
partners (Clb5/Clb6). During G1 phase, this
complex is inhibited by Sic1, which ensures
that cells do not enter S phase prematurely.
At the G1/S transition, Sic1 is destroyed and
Clb–Cdc28 is no longer blocked.

A prerequisite for the destruction of Sic1 is
that it is phosphorylated (by Cdc28 in complex
with another set of cyclins, Cln1/Cln2/Cln3);
this enables Sic1 to be recognized by the
cellular protein-degrading machinery through
a protein called Cdc4. It was already known
that Sic1 is phosphorylated many times before
it can be detected and destroyed. But what
wasn’t clear was why this was the case.

To find out, Tyers and colleagues mutated
the nine sites in Sic1 that can be
phosphorylated by Cln–Cdc28. They then
added the sites back, one at a time. They
showed that the protein needs at least six of
these sites before it can bind to Cdc4 or be
degraded in vivo. Next, they identified a
consensus amino-acid sequence surrounding a
phosphorylation site that can bind to Cdc4
with high affinity. Cyclin E has this sequence,
but none of the nine phosphorylation sites in
Sic1 fits the consensus perfectly. Yet there is
strength in numbers. Individually, these sites
in Sic1 bind only weakly to Cdc4, but together
they make a high-affinity Cdc4-binding site.

Moreover, it is biologically important that
Sic1 has so many phosphorylation sites, as
Tyers and colleagues discovered when they
created a Sic1 protein that contained the single,
high-affinity Cdc4-binding site from cyclin E.
The hybrid protein was destroyed too
efficiently, leading to premature entry into S
phase and consequent genome instability.

All of which leads to the idea that cells time
their entry into S phase to perfection by using a
phosphate-dependent ‘fuse’. If a single

As genetic methods in C. elegans
models have been a crucial factor
in the identification of several
cellular pathways, the authors of
both papers hope their findings
will provide new insights into the
regulation and function of
mammalian p53. Another
potential key area of research
could spring from Brent Derry
and colleagues’ isolation of a
genomic p53 mutation, which
could provide the possibility for
screening tools.

Simon Frantz
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sistent with the finding that Spitz is
cleaved within its transmembrane
domain — a process known as regu-
lated intracellular proteolysis (RIP).
However, this mechanism represents a
new type of RIP, as, in contrast to pre-
vious examples where factors are
released into the cytoplasm, Spitz is
released as an extracellular factor.

As is often the case, answering one
question leads to a fresh foray. Not
least is whether Rhomboids are
involved in activating EGF receptors
in humans, as the Rhomboid family
seems to be evolutionarily conserved
from archaea and bacteria to
humans. If this turns out to be the
case, Rhomboids might become an
attractive new target for drugs. As
Drosophila contains another six
Rhomboid proteins, a next step will
be to work out what they do.

Katrin Bussell
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phosphorylation site were sufficient for Sic1 to
be recognized and destroyed, then even a small
amount of Cln–Cdc28 activity would drive cells
into S phase, perhaps prematurely. But the fact
that at least six sites need to be phosphorylated
before Sic1 is destroyed ensures that a
threshold level of Cln–Cdc28 activity must be
reached. The use of this timer mechanism also
means that the transition into S phase is
inherently switch-like, in that it depends on the
sixth order of the Cln–Cdc28 concentration in a
highly nonlinear response.

Amanda Tromans,
Associate Editor, Nature

References and links
ORIGINAL RESEARCH PAPER Nash, P. et al. Phosphorylation of
many sites of a CDK inhibitor sets a threshold for the onset of S phase.
Nature 414, 516–523 (2001)
FURTHER READING Bartek, J. & Lukas, J. Pathways governing G1/S
transition and their response to DNA damage. FEBS Lett. 490, 117–122
(2001) | Rhind, N. & Russell, P. Checkpoints: it takes more than time to
heal some wounds. Curr. Biol. 10, R908–R911 (2000)
WEB SITES
Mike Tyers’ laboratory: http://www.mshri.on.ca/tyers
Focus on Cell Division: http://www.nature.com/celldivision


	Switching on S phase
	References


