Limiting steps for xylose metabolism in yeast:  comparative fermentation performance and metabolomics 
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Different yeasts species naturally capable to ferment xylose, the second most abundant sugar in nature, have being identified. Ethanol production by these yeasts is greatly influenced by oxygen availability. In this work, the capacity to ferment xylose of Scheffersomyces stipitis, Spathaspora passalidarum, S. arborariae and Candida tenuis was compared under different aeration conditions. Furthermore, the effects of oxygen on yeast intra- and extracellular metabolites were investigated through metabolomics. S. stipitis and S. passalidarum were the best ethanol producing yeasts, with yields of 0.45 g.g-1 and 0.42 g.g-1, respectively, under oxygen-limited. However, S. passalidarum showed better performance than S. stipitis under anaerobiosis. S. arborariae and C. tenuis showed the lower xylose consumption rates among the four yeasts evaluated. In addition, C. tenuis produced xylitol as main conversion product instead of ethanol. Measurements of enzymatic activity in crude-cell extracts of S. stipitis, S. passalidarum and S. arborariae showed that xylose reductase (XR) of these yeasts are able to use both NADH and NADPH as cofactors, however at different rates. C. tenuis XR appeared as strictly NADPH-dependent. Xylitol dehydrogenase activity was NAD+- dependent for all yeasts.  Measurements of metabolites involved in central carbon metabolism, such as glycerate-3-P, phosphoenolpyruvate, acetyl-CoA and malate, confirmed significant differences of yeast metabolism under aerobic and oxygen-limited conditions. In addition, our results indicate accumulation of some metabolites at pentose phosphate pathway under oxygen-limited fermentation. Our data will lead to a better understanding of xylose metabolism limiting steps.
