Case Study: Cell Cycle
Control Mechanism



Chemostat

F F = flow rate (L/s)
V =volume (L)

M(T) = microbe density (#/L)

F N(T) = nutrient concen (mol/L)
T =time (s)
dM N F dN N F
= M -—M, —=-a -tM +—(N,—N)
dIl’ K+N V dT K+N V-
r = max repro rate, a = conversion factor,
K = nutrient concen at half-max N, = nutrient concen in feed

repro rate
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Chemostat
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Chemostat

One-parameter Bifurcation Diagrams
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The cell cycle is the
sequence of events whereby
.| agrowing cell replicates all
DNA synthesis its components and divides
them more-or-less evenly

between two daughter cells

Metaphase

Anaphase

Telophase
ceII division






Diversity of Cell Cycle Organization
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Diversity of Cell Cycle Organization
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Gene Expression
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Protein Synthesis:
Positive Feedback
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Cooperative Binding
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Protein Phosphorylation

Kinase
ATP : ADP
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Universal Control Mechanism
for the Eukaryotic Cell Cycle
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Toggle Switches
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Detailed Simulations

Modeling
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Welcome to the Budding Yeast Cell Cycle Homepage

T W~

ﬁ.y . .’-

0 "/.‘A
IORET
;,?‘,..v,,;.,f
_\\l

5T
I\!“.,\‘
O A

m 50,000

O Lavencs Cayxone, Kattry Chen, J2son 2wciak and Jobn Tyson, 2004

=



General Principles
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differential equations




CycB-dep kinase
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p, parameter
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Cell Cycle Regulation

What mechanisms flip the switch up and down?
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