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Oscillations in a well-mixed chemostat



Relaxation oscillator
(Van der Pol) 
https://physics.stackexchange.com/
questions/73118/what-is-the-
amplitude-of-the-limit-cycle-of-the-
van-der-pol-oscillator

Oscillations in a well-mixed chemostat



Gene expression data



Of biological interest: 
What makes some cells enter growth/proliferation, while others don’t?
How does the metabolic state of a cell regulate different cell fates?

Of mathematical interest:
Can the yeast metabolic oscillations be explained as a two-state relaxation oscillator?
If so, what does this tell us about the above biological questions?
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Cell-cell communication is necessary
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Predicting what happens to oscillations as we alter resource availability

Decrease s by > 50%

Increase s by > 50%
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Identifying the metabolic driver



Identifying the metabolic driver
Our best guess: Acetyl-CoA





Summary / Future directions

Theory:
Can the yeast metabolic oscillations be explained as a two-state relaxation oscillator?  Yes
If so, what does this tell us about the above biological questions?  Acetyl-CoA

>Some counter-intuitive elements in the model that need explanation
>Need a more detailed model where the internal resource amount varies from cell to cell

Experiment: 
How does the metabolic state (Acetyl-CoA) of a cell regulate different cell fates?
How do cells communicate their metabolic state to each other?

>Experiments that manipulate Acetyl-Coa
>Experiments that manipulate the external environment of the population
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Figure 4: Breakdown of oscillations.

A) Varying the rate of production of resource σ. (i) σ = 0.346/hr, (ii) σ = 

0.400/hr (default parameters, same as Fig 3), (iii) σ = 0.866/hr.

B) Varying the growth rate of cells γ. (i) γ = 0.500/hr, (ii) γ = 1.665/hr 

(default parameters, same as Fig 3), (iii) γ = 2.000/hr.
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