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‘Quantitative model’ of cell-cycle control:
cyclins are all the same
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‘Quantitative model’ of cell-cycle control:

evidence from fission yeast
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‘Qualitative model’: cyclins are intrinsically different
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‘Qualitative model’: cyclins are intrinsically different:
evidence from budding yeast
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Cdk1/Cdc28 controls the budding yeast cell cycle
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Phosphorylation of 150 Cdk1 substrates by Clb2 and Clb5
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Substrate recognition by cyclin-Cdk complexes

Cdk2

S*-P-x-K/R
phosphorylation site
on substrate

Active site
of Cdk

Brown et al. Nat. Cell Biol. 1, 438 (1999)

‘RXL’" motif
on substrate
(p107, Cdc6)

‘hydrophobic
patch’
on cyclin



Mutation of the hydrophobic patch in Clb2 and Clb5

Clb2
wt NITHQNRD I LVNWLVK ITHNKFGL
hpm mutant NITHQARD IAVNALVK IHNKFGL
CIb5
wt LRPSMRT I LVDWLVEVHEKFQC
hpm mutant LRPSART IAVDALVEVHEKFQC




Hydrophobic patch is required for Clb5 specificity
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The critical ‘RXL’" motif in the Clb5-specific substrate Finl

WT-Finl KXL-Ala mutant 1
Clb2 Clb5 Clb2 Clb5
100 200 10° 20’ 10 200 10° 20’ Clb2 Clb5
S

MSNKSNRRSLRDIGNTIGRNNIPSDKDNVFVRLSMSPLRT
TSQKEFLKPPMRISPNKTDGMKHSIQVTPRRIMSPECLKG
YVSKETQSLDRPQFKNSNKNVKIQNSDHITNIFPTSPTKLT
FSNENKIGGDGSLTRIRARFKNGLMSPERIQQQQQQHILPS
DAKSNTDLCSNTELKDAPFENDLPRAKLKGKNLLVELKK
EEEDVGNGIESLTKSNTKLNSMLANEGKIHKASFQKSVKF
KLPDNIVTEETVELKEIKDLLLOQMLRRQREIESRLSNIELQ
LTEIPKHK




Phosphorylation of 150 Cdk1 substrates by Clb2 and Clb5
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Increasing kinase activity through the cycle
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Increasing kinase activity through the cycle

Histone H1 peptide substrate

Kwm Keat Kea/ K
(uM) (s4) (uM-e s74)
Clb2 46 31.5 0.68

Clb3 241 29.3 0.12

Clb5 521 22.0 0.042

CIn2 1145 1.9 0.0016




Gradually changing kinetic properties of Cdk1
during the cell-cycle

Cdk1-cyclin complexes from Cksl-bead pulldowns
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CIn2-specificity with protein substrates
containing multiple phosphorylation sites
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Multisite phosphorylation of a CDK
inhibitor sets a threshold for the
onset of DNA replication
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SCF ubi quitin ligases target

phosphornylated subestrates for ubiquitin-

proteolysis by means of adapter subunits called

F-box proteins. The F-box protein Cdod captures phospharylated forms of fhe cydin-dependent kinase inhibitor Sicl for

ubliquitination in late G1 phase, an event necessary for the onset of DNA replicafion. Thi WD40 repeat domain of Cdc4 binds with

high affinity to a consensus phosphopeptide motif the Cdcd phospho-degran, CPD), yet Sicl itself has many sub-optimal GPD
matifs that act in concert to mediate Cdcd binding. The weak CPD sites in Sic1 establish a phosphorylation threshald that delays

degradation i wivo, and thereby establishes a minimal G1 phase period needed to ensure proper DNA replication. Multisite
phaspharylation may be a more general mechanism b set fhresholds in regulated profein—protein interactions.

Mumerous regulstory proteins are targeted for degradation in a

p:rﬂ:melr mel manmer hd‘hﬂm:lﬂ'ltm‘quﬁ:u:muf
ubigquitin, which is transferred along a ascade of E1, E2 and E3

mumhml.hﬁmﬁv:mhdlﬁqﬁm
by the 265 proteasome. E3 ensymes, or ubiquitin Bgases, catahsethe
fermunal step in uldgquitin transfer, and as are the crwcial
determinants of substrate spaci ficity. Substrate remgnition depends
on often ill-defined sajuence dlements, referned to as ithat
mhhrﬂﬂgﬂuﬁrm@ﬂcﬂﬂwmu The E3=sulmirate
interaction can be regulated at several levels. In some instanees,
I:n'mhn;m:ﬁctm:ddﬂrnmﬂichm as in the case of the

anaphase promoting complex/cyclosome (APCIC), which targas
PO ETL IR (PR [ MRS L Py L er e EL FUPT S Pt el . )

degradation®™. Phospho-Sicl & specifically recognired by the F
Cd34-5CF complex™™. Overexpression of stabilired forms of Sicl
that ladk Cde28 phosphosyltion sites couse an arnest at the Gl
phase’, whereas deletion of SICT causes premature DNA replication
ﬂmmﬁmirﬂiﬁ'ﬁ.ﬂdﬂmmnﬂw
suhsitabes to the 53CF are complex ina phosphory ation-dependent
manner, inchiding the Cln—Cde28 inhibitorfcptoskeletal scaffold
protein Farl, the rephation protein Cdofi and the transcrption
fctor Gend {rel. 3). In the mammaban cell cpde, 5CF complexes

leq:lmbtedfmn:ufqdmﬂ and the COE inhibiior
3 {rek 11, 12). The impontant role of 530F pathways is shown
by the 31 phase arrest caused by non-phospharyliable forms of
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Mike Tyers and collegues, Current Biol. 13, 1669-1678, 2003



Multisite substrates can be highly specific for CIn2-
Cdk1 due to the “dynamic polyvalent interaction”




Peptide with multiple Cdk-sites shows high
specificity for CIn2-Cdk1
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CIn2-specificity with artificial
polyvalent substrates
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Relative specificity of polyvalent substrates is
highly sensitive to escape-rebind ratio
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Relative specificity of polyvalent substrates is
highly sensitive to escape-rebind ratio
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Phosphorylated sites may participate in polyvalent
Interaction between CIn2-Cdk1l and substrates
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Variation of solvent viscosity
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Multiple suboptimal interactions create
efficiency and threshold




One kinase - three distinct
sighals
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Cyclins modulate the activity of Swel toward Cdkl
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Periodic cyclin signals introduce gradual changes in Cdk
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G2/M transition
Positive feedback via Swel downregulation?
Substrate competition: Km1(1+S/Km2)

""" G1/S-Cdk1l
= S-Cdk1l
— M-Cdk1l
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