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Comparison of mesoscopic methods for
biochemical systems

Maciej Dobrzyński (CWI/MAS) and Jordi Vidal Rodríguez (UvA/SCS)

Motivation

Different mesoscopic
methods can predict
different fluctuations
although averages are
the same.

Regimes
Problems Methods

Brownian dynamics

N degrees of freedom reduced to M«N

GFRD[5]
• event-driven scheme (variable
time-step),
• tabulated analytical solutions of
Smoluchowski diffusion equation,
• 2 molecules can react per ∆t,
• not a package

Smoldyn[1]
• every collision of reac-
tive species leads to re-
action,
• forward reaction rate→
binding/unbinding radii,
• usable package.

Reaction-Diffusion Master Equation

Variables: number of particles {Ui,j} of species i in cells j.
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Implementations
SSA[3] – solves CME (no space)
MesoRD[4] – next reaction method
GMP[2] – splitting diffusion and reactions
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Protein noise vs lattice size
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Isolated pair – distribution of times between reactions
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Average time is the same, only higher moments differ.

Conclusions

GFRD: properly models diffusion-limited reactions.
Smoldyn: not able to reproduce higher moments.
RDME (GMP, MesoRD):

• properly accounts for spacial effects,
• smaller lattice size yields correct higher moments.
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GMP - Gillespie-MultiParticle method

• Lattice with Ld cells

• No exact position of parti-
cles

• Diffusion between cells

• Reactions in well-mixed
cells

• Membrane reactions possi-
ble

Diffusion

Bi(1/2d, l) �→ N(l/2d,1/(2d)2)
Jumps between lattice sites ↔
macroscopic diffusion.
Jump takes on average:
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Reactions
Cells assumed to be well-mixed.
Exponential distribution of next re-
action events simulated with SSA[3]
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Splitting

Diffusion events independent from
reactions on time scale of τD .

Limitations
Choosing proper lattice size:

• Physcial limit – 2σ , size of
two particles

• Reaction mean free path:

λRMFP =
�
τR Dmutual
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