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Protein Phosphorylation

Kinase
ADP

b [ H,O

Phos'phatase

Goldbeter & Koshland (1981)

rate (dRP/dt)

response (RP)

0.5 -

1 2
Signal (Kinase)

“Buzzer”

3



Protein Synthesis:
Positive Feedback
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Solomon’s protocol for cyclin-induced
activation of MPF

Solomon et al. (1990)
Cell 63:1013.
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Sha et al., PNAS 100:975-980 (2003)
Pomerening et al., Nature Cell Biology 5:346-351 (2003)



The activation threshold for Mitosis I is between 32 and 40 nM.
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Pomerening, Kim & Ferrell
Cell (2005)
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Pynamical Perspective on
Molecular CellrBiology
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One-parameter bifurcation diagram
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Hopf Bifurcation



Second Parameter
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SNIC Bifurcation
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e Cell Cycle of Eission Yeast
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cell division

@ @ The cell cycle is the
sequence of events whereby
a growing cell replicates all

its components and divides
them more-or-less evenly r'epllca’rlon
between two daughTer cells
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The mathematical model

d[CdthB] = ky[mass] - (k, + k,[Cdh1]+k,[Cdc20])[CycB] - k,[CKI][CycB]
N > )\ — - N ~ J
synthesis degradation binding

d[Cdh1] (ke + kg[Cdc14])([Cdh1]; —[Cdh1]) (k, +k;[CycB])[Cdh1]

dt J. +[Cdh1], —[Cdh1] J, +[Cdh1]
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Mutants in Fission Yeast

Gene Viable? Trait

cdc2 - No block in G2
cdcl3~ No block in G2
ruml - Yes sterile

ste9 - Yes sterile

slpl -~ Yes

weel - Yes small

cdc25~ No block in G2
cdc2 ©F Yes wt

cdc13 °F Yes wt

rumil ©F No endoreplic.
ste9 °F Yes wt

weel °° Yes large

cdc25 °F Yes small

weel  rumlAa No extremely small
weel " cdc254 Yes guantized cycles
weel ~cdc25 No cut

weel °F cdc25 - No block in G2
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Nature, Vol, 256, No. 5518, pp. 547-551, August 14, 1975

Genetic control of cell size at cell division Iin yeast

Paul Nurse
Department of Zoology, West Mains Road, Edinburgh EH9 3JT, UK
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Cdk1:CycB
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The Cell Cycle off Budding Yeast
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CycB-dependent kinase activity
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CycB-dependent kinase activity
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