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

Its components and divides
them more-or-less evenly repllcatlon
between two daughter cells
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chromosome cycle

- DNA replication
- Mitosis

(precise doubling
and halving)

growth cycle

- cell growth

- cell division
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Uncoupling of the growth and chromosomal cycles

oogenesis embryogenesis
oocyte grows without dividing fertilized egg divides without growing
(months) {hours)
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Modeling cell cycle regulation

|. Embryonic cycles
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Cell cycle remodeling begins at the MBT.

zygotic program

maternal program

>
rapid cleavage divisions . apoptotic checkpoint
no gap phases ?%%) gap phases
no checkpoints %.%_ cell cycle inhibitors
no apoptosis 2,2, DNA replication and damage
? checkpoints




The negative feedback loop
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A minimal cascade model for the mitotic oscillator involving cyclin
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Journal of Cell Science 106, 1153-1168 (1993)
Printed in Great Britain © The Company of Biologists Limited 1993

Numerical analysis of a comprehensive model of M-phase control in

Xenopus oocyte extracts and intact embryos

Bela Novak* and John J. Tysont




MPF Is regulated by positive and negative feedback loops

degraded
cyclin




Direct negative feedback:

NO oscillations

Delayed negative feedback:

sinusoid oscillations

Positive & negative
feedbacks:

relaxation oscillations
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Differential Equations in Novak-Tyson Model
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Mathematical simulations generate oscillations
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Cyclin threshold to induce mitosis
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(1900) Cell 63, 10131024,



Solomon'’s protocol for cyclin-induced
activation of CDK

Solomon et al. (1990)
Cell 63:1013.
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Prediction: The threshold concentration of cyclin B
required to activate MPF Is higher than the thresho
concentration required to inactivate MPF.
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NATURE CELL BIOLOGY

Buillding a cell cycle oscillator: hysteresis
and bistability in the activation of Cdc2

Joseph R. Pomerening*, Eduardo D. Sontagt and James E. Ferrell Jr*t
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Cell, Vial. 122, 565578, August 26, 2005, Copyright ©2005 by Elsevier Inc.

DOl 10401 6/j.cel. 2005.06.016

Systems-Level Dissection of the Cell-Cycle
Oscillator: Bypassing Positive Feedback

Produces Damped Oscillations

Joseph R. Pomerening,” Sun Young Kim,

and James E. Ferrell, Jr.
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Modeling cell cycle regulation

Il. Somatic cycles
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The Cell Division Cycle
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Stabilizing the G1 phase
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Nullclines
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Turning on/off the Cdk - Cdh1 switch
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What makes us believe that our set of equations and

parameters are close to life?

Test the model!

What can be easy to measure?
Length of different cell cycle phases
Cell size at different transitions

Not only wild type, but many mutants!
One wild type parameter set. To simulate mutants use this as a basal

parameter set.

Compare the results to life:

Molecular Biology of the Cell
Vol 15, 3841-3862, August 2004

Comments
(Experimental results in boldface type)

Integrative Analysis of Cell Cycle Control in Budding}
YeastD! i'
Katherine C. Chen,*" Laurence Calzone,* Attila Csikasz-Nagy,* ﬂ:
Frederick R. Cross,5 Bela Novak,* and John J. Tyson*" |
Current Budding yeast model 131 mutants

Current Fission yeast model 59 mutants

CT 146 min

{time of occurrence of event)

Richardson, 1989, inviable

Schwob, 1893, Fig, 2, SBF activated soon
after galactose inducti

after gala duction
Cross, 1991, Fig. 4, GAL-CLNT induces ciu2

0 Epstein, 1992, viable




Hysteresis in budding yeast cell cycle?
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Molecular Biolog}' of the Cell
Val. 11, 369 =391, January 2000

Kinetic Analysis of a Molecular Model of the Budding
Yeast Cell Cycle

Katherine C. Chen,* Attila Csikasz-Nagy,* Bela Gyorffy, John Val,*
Bela Novak,* and John J. Tyson*#
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Protocol to demonstrate hysteresis

Genotyperinld cin24 cin34 GAL-CLN3 cdc14's Fred Cross

Knockout all Turn onCLN3 | | Temperature-

the Glcyclins with galactose; | sensitive allele of
turn off with CDC14: on at 23C,
glucose off at 3”C.

“Neutral” conditions: glucose at 32C (no Cin’s, no Cdc14)

clecular Biology of the Czll
Wol. 13, 52-70, January 2002

Testing a Mathematical Model of the Yeast Cell Cycle

Frederick R. Cross,* Vincent Archambault, Mary Miller, and
Martha Klovstad




Start with all 23°C R = raffinose
T~ R+G G = galactose

cellsin G1
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Bifurcation diagram for cell cycle regrdgtitation
(Sighal — nespomse aume )

Bifurcation parameter (signal):

cell mass
(reports environmental conditions)

State variable (response):

main controller of the system = Cdk
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Fission yeast — wild type
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Two dimensional bifurcation diagram
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The dynamics of cell cycle
regulation
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Moalecular Biclogy of the Cell

Val. 10, 2703-2734, August 1000

Molecular Interaction Map of the Mammalian Cell
Cycle Control and DNA Repair Systems

Kurt W. Kohn*
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generic cell cycle model oo
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This model |Budding Fission Mammalian cells
yeast yeast
CycB Clb2 Cdc13 CycB
CycA Clb5 Cig2 CycA
CycE CIn2 - CycE
CycD CIn3 Pucl CycD
CKI Sicl Ruml Kipl
Cdhl Cdhl Ste9 Cdhl
Weel Swel Weel Weel
Cdc25 Mih1 Cdc25 Cdc25c
Cdc20 Cdc20 Sipl Cdc20
Cdcl4 Cdcl4 Clpl/Flpl Cdcl4
TFB Mcm1l - Mcm
TFE Swi4/Swi6 Cdcl0 E2F
TFI Swi5 - -
IE APC APC APC

Biophysical Journal Velume 90 June 2006 43614379
Analysis of a Generic Model of Eukaryotic Cell-Cycle Regulation
Attila Csikdsz-Nagy,*" Dorjsuren Battogtokh,* Katherine C. Chen,* Béla Novak,T and John J. Tyson®
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The Dynamical Perspective

Molecular Mechanism
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The Dynamical Perspective

Molecular Mechanism
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