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Research focus

Simpli�cation and Integration
Chemistr y dimension " �"

Space scale

��

�

�

–

� �

�

�

m

Time scale

��

�

�

–

��

�

sec

system reduction techniques for ODEs
simpli�cation and modularization in the chemical `dimension'

particle-based methods for high spatial variability or low number of molecules

multi-adaptive techniques for reaction-diffusion processes with varying spatial and
temporal scales, and space dependent chemical schemes
simpli�cation and modularization in time and space

methods to integrate approaches into a single simulation
zooming in where necessary, zooming out where possible
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Chemistr y

Biochemical reaction networks:
rational positive systems

System reduction
linearization at a SS

balancing

truncation

Glycolysis: 13 3

Hanna Härdin & Jan van Schuppen

System Reduction of Nonlinear Positive Systems by

Linearization and Truncation
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Space

Diffusion - advection processes

Regimes

Timescale — — 1

Length: Knudsen # (MFP/char.length)

— —
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Coupling
par tic le-based contin uum

Micro-channel: heat �o w

Micro Macro: averaging

Macro Micro: reconstructing information
from physical models

(with Sylvia Nedea and Bart van Markvoort, TU/e)

CLS-CellMath – p.6/11



Coupling
par tic le-based contin uum

Micro-channel: heat �o w

Micro � Macro: averaging

Macro � Micro: reconstructing information
from physical models

(with Sylvia Nedea and Bart van Markvoort, TU/e)

CLS-CellMath – p.6/11



Space + Chemistr y

Low number of molecules � not deterministic

Regimes
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GMP – Gillespie-MultiP artic le

Flexible: from low numbers to continuum (RDME implementation)

no exact position of particles

reactions in well-mixed cells

diffusion between cells

membrane reactions possible

Jordi Vidal Rodríguez et al.
Spatial stochastic modelling of the PTS pathway in Escherichia coli.

Bioinformatics, 2006 CLS-CellMath – p.8/11
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Mesoscopic methods

Comparison of mesoscopic methods
for biochemical systems

Maciek
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Biological case stud y

Mitochondria: Preconditioning / apoptosis / necrosis

Jordi
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Next

System reduction:

current method
locally good approximation

not positive

not biological

theory and extension GMP (adaptive lattice, ...)

analysis RDME (extension linear noise approx.)

biological case study spatial/stochastic (synthetic?)
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