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chromosome cycle growth cycle

- DNA replication
- mitosis
(precise doubling 

and halving)

- cell growth
- cell division
(approx. doubling 

and halving)
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oogenesis embryogenesis

Uncoupling of the growth and chromosomal cycles



growing (somatic) cells early embryos



Modeling cell cycle regulationModeling cell cycle regulation

I. Embryonic cyclesI. Embryonic cycles
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rapid cleavage divisions
no gap phases 
no checkpoints
no apoptosis

apoptotic checkpoint
gap phases
cell cycle inhibitors
DNA replication and damage        

checkpoints

Cell cycle remodeling begins at the MBT.



AA

The negative feedback loop

Cdc20

IE IE-P

+APC
Cdk

CycB
Cdk

d CycB
dt  = k1 – (k2’ + k2”’ 

. Cdc20A) CycB 

 
d IE-P

dt  = k9 
. CycB . 

1 - IE-P
J9 + 1 - IE-P  - k10 

. 
IE-P

J10 + IE-P  

 
d Cdc20A

dt  = k7 
. IE-P .  

1 - Cdc20A
J7 + 1 - Cdc20A

 – k8 
.  

Cdc20A
J8 + Cdc20A

  

 

1

9

10

8
7

2



0 50 100
0.0

0.5

0

1

Early embryonic cell cycles

Cdk

CycB

IE-P IE
-P

 &
 C

d
c2

0

C
d

k/
C

yc
B



Béla NovakJohn J. Tyson



Wee1

Wee1

Cdc25

P

degraded
cyclin

Cdk

Cyclin Cdk

OFF

ON
Cdk

Cyclin

+

P

Cdc20

+

����

Cdc25P

����
P

IE IEP

+

MPF is regulated by positive and negative feedback loops



Direct negative feedback:

NO oscillations

Delayed negative feedback:

sinusoid oscillations

Positive & negative 
feedbacks:

relaxation oscillations
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Cyclin threshold to induce mitosis
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Prediction: The threshold concentration of cyclin B 
required to activate MPF is higher than the thresho ld 

concentration required to inactivate MPF.
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Modeling cell cycle regulationModeling cell cycle regulation

II. Somatic cyclesII. Somatic cycles
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Stabilizing the G1 phase
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What makes us believe that our set of equations and What makes us believe that our set of equations and 

parameters are close to life?parameters are close to life?

What can be easy to measure?What can be easy to measure?
•Length of different cell cycle phases

•Cell size at different transitions

Current Budding yeast model 131 mutants
Current Fission yeast model 59 mutants

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

parameter set. 

Test the model!        Compare the results to life:
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Protocol to demonstrate hysteresis

Genotype: cln1∆ cln2∆ cln3∆ GAL-CLN3 cdc14ts

Knockout all 
the G1cyclins

Turn on CLN3
with galactose; 
turn off with 
glucose

Temperature-
sensitive allele of 
CDC14: on at 23oC, 
off at 37oC.

“Neutral” conditions: glucose at 37oC (no Cln’s, no Cdc14)

Fred Cross



R = raffinose
G = galactose

Standard for protein loading

G1 cells

S/G2/M cells

Start with all
cells in G1

Make some Cln

Shift to
neutral
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Cdk

CycB
==main controller of the systemmain controller of the system

State variable (response):State variable (response):

Bifurcation parameterBifurcation parameter (signal):(signal):

cell masscell mass
(reports environmental conditions)(reports environmental conditions)

Bifurcation diagram for cell cycle Bifurcation diagram for cell cycle regulationregulation
((Signal Signal –– response curveresponse curve ))
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Yeast homologues in our models
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This model Budding 
yeast
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Mammalian
cell cycle
engine
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