Biodesign of Zymomonas mobilis as a chassis for lignocellulosic bioproduct synthesis
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Abstract

Zymomonas mobilis, a native ethanologen, is widely recognized as a robust microbial
catalyst for industrial lignocellulosic ethanol production but its development as a microbial
chassis amenable to synthetic biology approaches and to metabolic engineering for production
of desirable products other than ethanol remains a significant challenge. The US DOE Great
Lakes Bioenergy Research Center (GLBRC) is optimizing Zymomonas mobilis as a
component of its integrated strategy to convert dedicated bioenergy crops grown on lands not
suitable for food production to economic and environmentally sustainable lignocellulosic
biofuels and bioproducts. The GLBRC strategy relies on efficient catalytic deconstruction of
biomass to lignin and sugar fractions and conversion of all available carbon including from
process residues to useful biofuels or bioproducts. Center researchers have developed
efficient systems to engineer the Z. mobilis genome, established gene expression control
mechanisms for Z. mobilis, and defined its key metabolic bottlenecks for production of
alternative fermentation products like isobutanol and for production of isoprenoids via its
already robust methyl erythritol phosphate (MEP) pathway. By carefully regulating levels of
pyruvate decarboxylase, the central node in the highly efficient Entner-Doudoroff glycolytic
pathway in Z. mobilis, as well as the levels of enzymes needed for isobutanol synthesis,
greater than 50% theoretical yields of isobutanol from glucose have been achieved. Current
efforts focus on developing regulatory systems to balance microbial growth with maximal
isobutanol production and on optimizing enzyme levels for MEP pathway overexpression.
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