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Introduction

ODEs vs PAs

ODEs: PAs:
@ continuous @ discrete
@ deterministic @ non-deterministic/stochastic
@ monolithic @ modular (compositional)
@ specify dynamics @ specify interactions
@ very popular o relatively unknown
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The Calculus

Syntax: species and processes

Species:
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The Calculus

Syntax: species and processes

Species: Processes:

AB:= 0| m.Ar+- +m.A, P,Qu=c-A| P|Q c€Rxg
D@E) | AlB | (WM)A

(thus P is an element of R¥)
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The Calculus

Syntax: affinity networks

Names represent protein interaction sites.

An affinity network gives their interaction structure.
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Semantics

%: immediate behaviour

o element of RS
@ equivalent to an ODE system
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The Calculus

Semantics

%: immediate behaviour OP: interaction potential
o element of RS o element of RS*CxV
@ equivalent to an ODE system @ equivalent to a transition system

APQ) £ oP + 0Q
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The Calculus

Example: a simple chemical reaction network
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Example

The KaiABC circadian clock of Synechococcus elongatus
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Example

The model
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The model: no autonomous phosphorylation
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Example

The model: weaker KaiA binding
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Example

weaker KaiA binding
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Example

The model: KaiA and KaiB can dimerize
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Conclusions

Future work

@ Model Checking

o Very desirable
o Most likely intractable for large models
o Existing work: LTL and time series

@ Evolutionary Applications

o Evolutionary trajectories (easy)
e Robustness and evolvability (hard)
o The adaptive landscape (hard)

© Hybrid Modelling

o Allows to model protein-DNA interactions
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Appendix
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