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Hanahan & Weinberg (2000)

Signal Transduction Network
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centrifuge

Solomon’s protocol for cyclin-induced 
activation of MPF

cytoplasmic extract
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Solomon et al. (1990)
Cell 63:1013.
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The activation threshold for Mitosis I is between 32 and 40 nM.
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The inactivation threshold for Mitosis I is between 16 and 24 nM.
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Pomerening, Kim & Ferrell
Cell (2005)
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MPF

Cyclin

Phase Plane dx/dt=f(x,y)
dy/dt=g(x,y)

(xo,yo)

Δx=f(xo,yo) Δt

Δy=g(xo,yo) Δt

d cyclin
dt = k1 - k2 * cyclin

k1 / k2



One-parameter bifurcation diagram
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HopfHopf BifurcationBifurcation
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Signal-Response Curve = 
One-parameter Bifurcation Diagram
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The Cell Cycle of Fission YeastThe Cell Cycle of Fission Yeast



S

G1

DNA
replication

cell division

G2M
mitosis

The cell cycle is the
sequence of events whereby
a growing cell replicates all
its components and divides
them more-or-less evenly

between two daughter cells
...
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The mathematical model

( )' "
3 4 4 4 5

d [C ycB ] [m ass] [C dh 1]+ [C dc20] [C ycB ] [C K I][C ycB ]
d

k k k k k
t

= − + −

( )( ) ( )' '
6 6 T 7 7

6 T 7

[C dc14] [C dh1] [C dh1] [C ycB ] [C dh1]d [C dh1]
d [C dh1] [C dh1] [C dh1]

k k k k

t J J

+ − +
= −

+ − +

synthesis degradation binding

activation inactivation

'
1

1 2
1

d [C dc20 ] [C ycB ] [C d c20 ]
d [C ycB ]

n

n n

kk k
t J

= + −
+

synthesis degradation



0 50 100 150 200 250 300

0

1

2

3

4

5

mass/nucleus

P Cdk1
CycB

Cdk1
CycB

CKI

Cdh1

Cdc20

Wee1

Cdc25

Time (min)

S G2 MG1 S G2 MG1 S



Gene Viable?    Trait
cdc2 − No block in G2
cdc13 − No block in G2
rum1 − Yes sterile
ste9 − Yes sterile
slp1 − Yes
wee1 − Yes small
cdc25 − No block in G2

cdc2 OP Yes wt
cdc13 OP Yes wt
rum1 OP No endoreplic.
ste9 OP Yes wt
wee1 OP Yes large
cdc25 OP Yes small

wee1 − rum1Δ No extremely small
wee1 − cdc25Δ Yes quantized cycles
wee1 − cdc25 OP No cut
wee1 OP cdc25 − No block in G2

Mutants in Fission YeastMutants in Fission Yeast
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Genetic control of cell size at cell division in yeast
Paul Nurse
Department of Zoology, West Mains Road, Edinburgh EH9 3JT, UK

Nature, Vol, 256, No. 5518, pp. 547-551, August 14, 1975

wild-type                   wee1Δ
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The Cell Cycle of Budding YeastThe Cell Cycle of Budding Yeast
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Two-parameter bifurcation diagram
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