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Bridging Between Global Gene Expression and Metabolic Phenotype of Recombinant Saccharomyces cerevisiae During Xylose Fermentation
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Metabolic engineering of xylose fermentation has progressed though the expression of xylulokinase genes (XYL3 or XKS1) within an engineered genetic background of XYL1 and XYL2, which code for xylose reductase and xylitol dehydrogenase, respectively. However, xylose fermentation by recombinant S. cerevisiae is not as efficient as that of the xylose-fermenting yeast, Pichia stipitis. Low ethanol yield and accumulation of xylitol are the main problems to be tackled. With a hypothesis that the metabolic phenotype is a manifestation of gene expression, we used DNA microarray and quantitative real time PCR to characterize patterns of gene expression at the genomic level following genetic and environmental perturbations.  Expression patterns of HXK1, KGD1, SDH1, MDH1, and QCR2 in response to changes in carbon source and oxygen availability revealed that xylose is not recognized as a fermentable carbon source. The mRNA levels of genes involved in NAD+/NADH shuttle systems (NDI1, NDE1, GPD1, and GUT2) increased significantly in cells grown on xylose, which suggests that cells have to cope with redox imbalance during xylose metabolism. Based on these observations, we further engineered recombinant S. cerevisiae to force cells to use xylose in a non-oxidative manner by disrupting mitochondria function. As expected, the respiration deficient mutant showed a different gene expression pattern, which reflects a different metabolic phenotype of this mutant.

