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1. Background
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Spatiotemporal Behavior of Microbial Systems

A Most microbes evolved and exist in environments with
both temporal and spatial variations

A Spatial heterogeneities allow the development of
unique metabolic niches critical to system function
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Multispecies Communities Important in Human Health
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Multispecies Biofilms
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A Bacteria naturally grow as multispecies
biofilms

A Chemical gradients create metabolic
niches in the biofilm

A Slow and fast growing species naturally
coexist

A Evolution has optimized different natural
communities for specific environments
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Effect of Nutrient Gradients in Multispecies Biofilms
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Biofilm Metabolic Models

A Multispecies biofilms are
highly complex systems with
a broad array of species and
community level machinery

A Biofilm models focused on
metabolic mechanisms are
most tractable

A Biofilm metabolic models can
account for:
A Spatial organization
A Nutrient competition
A Byproduct cross feeding
A Growth inhibition by toxins
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2. Modeling Framework
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Spatiotemporal Metabolic Modeling

Evaluate nutrient

A Basic components uptake kinetics
A Substrate uptake kinetics based on local Uptake
extracellular metabolite concentrations Ew—
A Genome -scale reconstructions of metabolic models
; Int lul
metabolism niracellar
A Transport equations describing Sove Sxaeaia
spatiotemporal variations of the equations
extracellular environment Extracellular
concentrations

A Several methods have been proposed

A Table lookups of precomputed FBA solutions
(Jayasinghe etal., Biotechnol . J., 2014)

A Lattice based descriptions of nutrient diffusion
(Harcombe etal., Cell Reports ,2014)
A Based on assumption that intracellular dynamics
are fast compared to extracellular dynamics
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Intracellular Metabolism
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Flux Balance Analysis (FBA)
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Biofilm Spatiotemporal Modeling Framework
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