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Ordered start of S-phase and M-phase in cell cycle



Cdks help put things in order
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Cdk1/Cdc28 controls the budding yeast cell cycle
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Substrate recognition by cyclin-Cdk complexes

Cdk2 Cyclin A

Brown et al. Nat. Cell Biol. 1, 438 (1999)
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Clb2 
wt NIHQNRDILVNWLVKIHNKFGL
hpm mutant       NIHQARDIAVNALVKIHNKFGL

Clb5
wt LRPSMRTILVDWLVEVHEKFQC
hpm mutant       LRPSARTIAVDALVEVHEKFQC

Mutation of the hydrophobic patch in Clb2 and Clb5
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The critical ‘RXL’ motif in the Clb5-specific substrate Fin1

MSNKSNRRSLRDIGNTIGRNNIPSDKDNVFVRLSMSPLRT
TSQKEFLKPPMRISPNKTDGMKHSIQVTPRRIMSPECLKG
YVSKETQSLDRPQFKNSNKNVKIQNSDHITNIIFPTSPTKLT
FSNENKIGGDGSLTRIRARFKNGLMSPERIQQQQQQHILPS
DAKSNTDLCSNTELKDAPFENDLPRAKLKGKNLLVELKK
EEEDVGNGIESLTKSNTKLNSMLANEGKIHKASFQKSVKF
KLPDNIVTEETVELKEIKDLLLQMLRRQREIESRLSNIELQ
LTEIPKHK

KXL-Ala mutantWT-Fin1
Clb2 Clb5 H1

Clb2 Clb5Clb2 Clb5
10’ 20’ 10’ 20’ 10’ 20’ 10’ 20’
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Peptide substrate [μM]
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KM kcat
kcat/KM

(μM) (s-1) (μM-1• s-1)

Histone H1 peptide substrate

Clb2 46 31.5 0.68

Clb3 241 29.3 0.12
Clb5 521 22.0 0.042

Cln2 1145 1.9 0.0016

Increasing kinase activity through the cycle



Gradually changing kinetic properties of Cdk1 
during the cell-cycle

0

100

200

300

400

500

600

700

0 20 40 60 80 10
0

12
0

0

0,1
0,2

0,3

0,4

0,5
0,6

0,7

0,8

30 40 50 60 70 80 90

P
-la

tio
n 

ra
te

Minutes from alfa-factor release

- 2 mM peptide (~Vmax)
- 0.05 mM peptide (<Km)

Relative P-lation rate: 0.05mM/2mM

Cdk1-cyclin complexes from Cks1-bead pulldowns
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Mike Tyers and collegues, Current Biol. 13, 1669-1678, 2003



Multisite substrates can be highly specific for Cln2-
Cdk1 due to the “dynamic polyvalent interaction”



Peptide with multiple Cdk-sites shows high 
specificity for Cln2-Cdk1
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Cln2-specificity with artificial 
polyvalent substrates

GST-4X-STPQRGL
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Relative specificity of polyvalent substrates is 
highly sensitive to escape-rebind ratio

Clb2 Clb5

Cln2

Vo

Vo

Vo

[S]

[S] [S]

k12/k21

Increasing



0 2 4 6 8
0

5

10

15

20

Clb2
Clb5

k12/k21

re
l. 

k c
at

/K
m

0.0 0.5 1.0
0

5

10

k12/k21

re
l. 

k c
at

/K
m

0 2 4 6 8
0

100

200

300

Cln2

k12/k21

re
l. 

k c
at

/K
m

Relative specificity of polyvalent substrates is 
highly sensitive to escape-rebind ratio



Phosphorylated sites may participate in polyvalent 
interaction between Cln2-Cdk1 and substrates
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Variation of solvent viscosity 
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Multiple suboptimal interactions create 
efficiency and threshold
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One kinase - three distinct 
signals

Cdk1

G1/S
cyclin

S-phase
cyclin

M-phase
cyclin

OH

OH RXL
Hydrophobic patch

P

OH
P

P

OH
OH

OH



S M
G1 G2

Cyclin amount
(solid line)

Substrate
phosphorylation

(dashed line)

Cdk1 Cdk1-P(Tyr18)

Mih1 (Cdc25)

Swe1 (Wee1)

(active) (inactive)



10.014

Clb2Clb5

Relative 
kcat/KM,app

Clb3

0.06

Cyclins modulate the activity of Swe1 toward Cdk1

S MG1

Cln2

0.005<

Clb5
C  100  10   1

Clb3
C  100  10   1

Clb2
C  100  10   1 (uM ATP)

Swe1

Cdk1

Cyclin autoph.



Periodic cyclin signals introduce gradual changes in Cdk
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Substrate competition: Km1(1+S/Km2)
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