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Controllable switch for biofuel vs. bioproducts in Zymomonas mobilis
Pyruvate decarboxylase enzyme acts as a control valve for redirection of carbon along alternative metabolic pathways
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Schematic showing modulation of metabolic control through the engineered Pdc “valve” in Z. mobilis. The weight of the arrows indicates the strength of metabolic flux through steps in the pathways.


The Science
The bacterium Zymomonas mobilis is an attractive target for development into a bioenergy platform organism due to its highly efficient conversion of carbon into biofuel. However, a remaining challenge is re-directing carbon away from ethanol and toward other bioproducts. To overcome this limitation, researchers at the Great Lakes Bioenergy Research Center (GLBRC) engineered strains for the ability to ramp down levels of the key ethanol-producing enzyme pyruvate decarboxylase (Pdc). This functions as a switch, allowing carbon to be funneled into other bioproducts at high efficiency. 
The Impact
Production of non-native bioproducts in Z. mobilis is hampered by the fact that this organism is hard-wired to produce ethanol from pyruvate. A control switch for modulating Pdc levels will allow flexible metabolic control and future engineering of Z. mobilis to make bioproducts other than ethanol. 
Summary
The pyruvate decarboxylase enzyme functions like a valve for biofuel production. When Pdc levels are high, the organism will direct more carbon toward making ethanol. When Pdc levels are low, that carbon can be shunted toward other bioproducts instead. GLBRC researchers engineered Z. mobilis pdc gene expression to respond to levels of an inducing agent. Addition of the inducing agent results in high Pdc levels and higher carbon flux toward ethanol; without the inducing agent, Pdc levels become depleted and the metabolism shifts in favor of bioproducts. Metabolomic and genetic analyses revealed that glycolytic intermediates and NADH accumulate when Pdc is depleted and that Pdc is essential for anaerobic growth of Z. mobilis. Using the Pdc control valve strategy, the researchers showed that all flux can be redirected to 2,3-butanediol under aerobic growth conditions. Anaerobically, carbon flux can be redirected to redox-balanced lactate or isobutanol pathways with  65% overall yield from glucose. The results show that, although the pdc gene is indispensable for anaerobic growth, modulating Pdc levels instills metabolic flexibility to an organism that is otherwise hard-wired to make only ethanol.  
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