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ABSTRACT:
We will explain the need for stochastic reaction-diffusion models appro-

priate for studying the dynamics of gene and signaling networks within bio-
logical cells. In particular, we will describe our work developing a stochastic
reaction-diffusion method that can incorporate the complex geometry of cel-
lular architecture, and the application of this method to a model for eukary-
otic gene expression and nuclear transport. This work raised the question of
what the reaction-diffusion master equation (RDME), a lattice based stochas-
tic reaction-diffusion model, approximates as the lattice spacing is decreased.
We will discuss our recent work proving that in the continuum limit reaction
effects are lost in the RDME model. While this may seem a negative feature,
we will also show how the RDME for finite lattice spacings may be inter-
preted as an asymptotic approximation to a spatially-continuous stochastic
reaction-diffusion model due to Smoluchowski. We will conclude with a brief
introduction to a new, long term, modeling project we have begun, develop-
ing stochastic-reaction diffusion models of gene/signaling networks involved
in several cardiac conditions.
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