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Project Goals: The goal of this project is to develop a tool for facilitating simulation, 
validation and discovery of multiscale dynamical processes in microbial ecosystems. Our 
Computation Of Microbial Ecosystems in Time and Space (COMETS) is a an open-source 
platform for performing spatially distributed time-dependent flux balance based 
simulations of microbial metabolism. Our plan involves building the software platform 
itself, calibrating and testing it through comparison with experimental data, and 
integrating simulations and experiments to address important open questions on the 
evolution and dynamics of cross-feeding interactions between microbial species. 
 
COMETS (Computation Of Microbial Ecosystems in Time and Space) is a broadly applicable 
and user-friendly platform for modeling metabolic interactions between microbial species. This 
platform builds on dynamic flux balance analysis (dFBA [1]) to perform time-dependent 
metabolic simulations of microbial ecosystems, bridging the gap between stoichiometric and 
environmental modeling. Simulations occur on a spatially structured lattice of interacting 
metabolic subsystems, representing a level of detail that is intermediate between fine-grained 
single-cell modeling and a global population modeling approach.  
 The current version of COMETS incorporates three fundamental steps: (i) 
Implementation of cellular growth (increase of biomass), using a hybrid kinetic-dFBA solver for 
every point in the 2D lattice. Upper bounds on uptake fluxes for the dFBA calculation are 
estimated based on a concentration-dependent saturating function, in analogy with Michaelis-
Menten kinetics. Each grid point may contain biomass for an arbitrary number of different 
species; (ii) Advance of the front of biomass, which we treat as an incompressible fluid (in 
analogy to [2]). This step involves the solution of the Laplace equation, followed by a calculation 
of the new biomass front using a level set method; (iii) Implementation of a finite differences 
approximation of the diffusion equation for modeling the diffusion of extracellular small 
molecules, i.e. environmentally available nutrients and secreted byproducts.  

To correctly perform this last part of the simulation, we exploit the natural separation of 
time scales between growth and diffusion of small molecules. The typical time scale associated 
with growth, tgrowth, is set by cell doubling times and is of order 103 seconds. The dependence of 
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