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Project Goals: Computational models of biological systems can be used to explain 

observed behaviors, predict un-measurable quantities, and predict cellular behavior 

arising from environmental and/or genetic perturbations. Models can be useful in 

engineering biofuel production strains, where some of the challenges are finding 

bottlenecks in metabolic pathways and suggesting the appropriate perturbations to 

force a microorganism to produce more of a compound of interest. Our research 

efforts over this past year have focused on developing and improving computational 

tools for designing strains, refining models, integrating omics datasets, and 

estimating kinetic parameters from experimental data. We have developed a 

number of methods and applied them to Escherichia coli and Saccharomyces 

cerevisiae. 

Metabolic engineering seeks to improve cellular production of valuable biochemicals, 

such as biofuels. Computational tools are becoming increasingly available to design 

microbial strains using in silico models of metabolism that predict the re-distribution of 

metabolic fluxes after genetic perturbations. In this poster, we describe results from four 

recent projects. First, we analyzed fermentation results generated by our collaborators at 

GLBRC, including biomass and extracellular metabolite concentration data, and made 

predictions about metabolic states during fermentative growth in AFEX-treated corn 

stover hydrolysate by Saccharomyces cerevisiae and Escherichia coli. Second, we 

developed a constraint-based kinetic model by integrating multi-omics datasets and used 

it to identify potential reactions limiting flux through central metabolic pathways. Third, 

we developed a new approach (RELATCH) that shows significantly improved 

predictions of intracellular flux distributions in response to genetic and environmental 

perturbations. Fourth, we applied some of our recently developed methods (OptORF, 

BiMOMA, SimOptStrain) to propose metabolic engineering strategies to improve 

chemical production using constraint-based models. The genetic strategies identified can 

include deletion of transcription factors and metabolic genes, as well as over-expression 

of native and non-native metabolic genes. Using these approaches we have identified 

strategies for improving ethanol production in Escherichia coli and Saccharomyces 

cerevisiae. These approaches can be applied to improve production of a wide variety of 

compounds in other biological systems by proposing beneficial metabolic and/or 

regulatory changes. 
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