
 10.1101/gad.11.22.3046Access the most recent version at doi:
 1997 11: 3046-3060Genes Dev.

 
Sandra Henchoz, Yong Chi, Barbara Catarin, et al.
 
cyclin-dependent kinase inhibitor Far1p in budding yeast
Phosphorylation- and ubiquitin-dependent degradation of the
 
 

References

 http://genesdev.cshlp.org/content/11/22/3046.full.html#related-urls
Article cited in: 
 

 http://genesdev.cshlp.org/content/11/22/3046.full.html#ref-list-1
This article cites 68 articles, 29 of which can be accessed free at:

service
Email alerting

 click heretop right corner of the article or
Receive free email alerts when new articles cite this article - sign up in the box at the

 http://genesdev.cshlp.org/subscriptions/
 go to:Genes & DevelopmentTo subscribe to 

Cold Spring Harbor Laboratory Press

 Cold Spring Harbor Laboratory Press on December 4, 2008 - Published by genesdev.cshlp.orgDownloaded from 

http://genesdev.cshlp.org/lookup/doi/10.1101/gad.11.22.3046
http://genesdev.cshlp.org/content/11/22/3046.full.html#ref-list-1
http://genesdev.cshlp.org/content/11/22/3046.full.html#related-urls
http://genesdev.cshlp.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=genesdev;11/22/3046&return_type=article&return_url=http://genesdev.cshlp.org/content/11/22/3046.full.pdf
http://genesdev.cshlp.org/subscriptions/
http://genesdev.cshlp.org/
http://www.cshlpress.com


Phosphorylation- and ubiquitin-dependent
degradation of the cyclin-dependent kinase
inhibitor Far1p in budding yeast
Sandra Henchoz,1 Yong Chi,2 Barbara Catarin,1 Ira Herskowitz,3 Raymond J. Deshaies,2 and
Matthias Peter1,3,4

1Institut Suisse de Rechereches Expérimentales sur le Cancer (ISREC), 1066 Epalinges/VD Switzerland; 2California Institute
of Technology, Division of Biology, Pasadena, California 91125 USA; 3Department of Biochemistry and Biophysics,
University of California at San Francisco, San Francisco, California 94143-0448 USA

Cyclin-dependent kinase inhibitors (CKIs) play key roles in controlling the eukaryotic cell cycle by
coordinating cell proliferation and differentiation. Understanding the roles of CKIs requires knowledge of how
they are regulated both through the cell cycle and in response to extracellular signals. Here we show that the
yeast CKI, Far1p, is controlled by ubiquitin-dependent proteolysis. Wild-type Far1p was stable only in the G1

phase of the cell cycle. Biochemical and genetic evidence indicate that its degradation required the
components of the G1–S ubiquitination system, Cdc34p, Cdc4p, Cdc53p, and Skp1p. We isolated a mutant
form of Far1p (Far1p-22) that was able to induce cell cycle arrest in the absence of a-factor. Cells that
overexpress Far1-22p arrested in G1 as large unbudded cells with low Cdc28p–Clnp kinase activity. Wild-type
Far1p, but not Far1-22p, was readily ubiquitinated in vitro in a CDC34- and CDC4-dependent manner.
Far1-22p harbors a single amino acid change, from serine to proline at residue 87, which alters
phosphorylation by Cdc28p–Cln2p in vitro. Our results show that Far1p is regulated by ubiquitin-mediated
proteolysis and suggest that phosphorylation of Far1p by the Cdc28p–Clnp kinase is part of the recognition
signal for ubiquitination.
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The eukaryotic cell cycle is driven by the sequential ac-
tivation and inactivation of cyclin-dependent kinases
(Cdks) (Nigg 1995). Cdks are composed of a catalytic sub-
unit (Cdc28p in budding yeast) and a cyclin regulatory
subunit (Nasmyth 1993). The protein kinase activity of
the complex is further regulated by specific phosphory-
lation of the catalytic subunit and by association with
Cdk inhibitors (Morgan 1995). CKIs have been identified
in a variety of organisms, playing key roles during devel-
opment, cell cycle regulation, and as effectors of check-
point mechanisms (Sherr and Roberts 1995; Harper and
Elledge 1996). Some of these inhibitory proteins are also
implicated in the development of cancer (Hunter and
Pines 1994; Sherr 1996). Two CKIs have been identified
in budding yeast Saccharomyces cerevisiae: p40Sic1 regu-
lates entry into S phase by inhibiting the Cdc28p–Clbp
kinases (Mendenhall 1993; Schwob et al. 1994) and Far1p
is specifically required to arrest the cell cycle in response
to pheromones (Peter and Herskowitz 1994a). Mating
pheromones activate a mitogen-activated protein (MAP)
kinase signal transduction pathway that induces changes

in gene transcription, alterations of cellular morphology,
and cell cycle arrest in G1 (Sprague and Thorner 1992;
Herskowitz 1995; Leberer et al. 1997). Cell cycle arrest is
mediated by Far1p, which functions as a CKI to inhibit
the Cdc28p–Clnp kinase (Peter and Herskowitz 1994b).

Despite the importance of CKIs, little is known about
their regulation (Peter 1997). In the case of Far1p, the
mRNA levels fluctuate through the cell cycle, peaking in
G1 (McKinney et al. 1993). Far1p levels increase several-
fold in response to mating pheromones, and the protein
becomes rapidly phosphorylated by the MAP kinase
Fus3p (Peter et al. 1993). Although transcriptional induc-
tion of FAR1 in response to pheromones is necessary to
cause cell cycle arrest, it is not sufficient (Chang and
Herskowitz 1992; Peter and Herskowitz 1994a), indicat-
ing that post-translational modification is also required
to activate Far1p. The CKI p40Sic1 appears to be regulated
through the cell cycle by ubiquitin-dependent degrada-
tion (Schwob et al. 1994). Likewise, the mammalian in-
hibitor p27Kip1 has been shown to be ubiquitinated in
vitro and in vivo (Pagano et al. 1995).

Ubiquitin-dependent degradation of proteins has
emerged as a key mechanism for regulating cell cycle
transitions. Destruction is triggered by the covalent at-
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