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SYSTEMS BIOLOGY?
1. Cartoon:

2. Equations:

𝑥̇1 = − 𝑘1𝑥1𝐸𝑝𝑜𝑅𝐴
𝑥̇2 = + 𝑘1𝑥1𝐸𝑝𝑜𝑅𝐴 − 𝑘2𝑥22
𝑥̇3 =
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2
2 − 𝑘3𝑥3

𝑥̇4 = + 𝑘3𝑥3

3. Fits
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NOW LET ME TRY ONE THING…
1. Cartoon:

2. Equations:
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LARGER SYSTEMS

F. Kok et al., Molecular Systems Biology 16, e8955 (2020)

Understand system to
understand cancer causes

75 Equations

1918 Data points

Need a lot of
computational power to fit

https://doi.org/10.15252/msb.20198955


WHY WOULD I WANT THAT?

Mechanistic model: each parameter has biological meaning

Investigate biologically not accessible parts

Infer information about system from mathematical structure

Identify key players in cancer development

Screen for possible drug intervention points

Use parametrized model to predict response and behavior (e.g.
dosing strategy)



CALCULATION
Optimize likelihood

Multi start fit:
▶ Start with random
parameters

▶ Optimize until (local)
optimum is reached

Optimization is
computationally hard

Easily parallelizable

⇒ Perfect application for
HPC cluster

Typical setup:
~30 nodes @ 64 cores
50 fits per node
Runtime 15min – 30h

Adapted from: A. Raue et al., PLoS ONE 8, edited by E. Hernandez-Lemus, e74335 (2013)

https://doi.org/10.1371/journal.pone.0074335


CONCLUSION

Dynamical modeling allows new insights in biological questions

Today: new approaches exponentially increase available data

More and more computational power is needed to tackle
increased complexity
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