Simulating the effect of oxygen limitation on xylose fermentation
[bookmark: _GoBack]As a saprophyte capable of simultaneous saccharification and fermentation, Neurospora has potential industrial application as a biofuels organism [1]. In particular, Neurospora’s ability to convert cellulose and hemicellulose to ethanol has been well studied [2-8]. Interestingly, it has been shown for many fungi, including Neurospora, that when the primary constituent of hemicellulose, xylose, is used as a carbon source, differing cofactor preferences in the first two steps of the xylose degradation pathway cause a system wide redox imbalance under conditions of limited oxygen [9-13]. We sought to gain greater physiological insight into the effect of oxygen limitation on xylose fermentation by applying our model to predict the critical oxygen level at which ethanol production and yield is maximized for Neurospora. The xylose fermentation pathways of the model are shown in Figure S5. In the first step, xylose is reduced to xylitol via a xylose reductase that has a strong cofactor preference for NADPH (XR-NADPH) and a weaker preference for NADH (XR-NADH) [14]. In the second step, xylitol is either excreted extracellularly or oxidized to xylulose via a NAD+-dependent xylitol dehydrogenase (XDH) [15]. Xylulose is then phosphorylated and enters the pentose phosphate pathway, followed by glycolysis to pyruvate, and is either excreted as ethanol or enters the mitochondria where it is oxidized via the TCA [10]. We simulated the effect of oxygen limitation on xylose fermentation by maximizing ATP production for different oxygen levels and imposing the measured XR-NADPH:XR-NADH ratio as a constraint between these two fluxes [10]. Under anaerobic conditions, as shown in Figure S5a, our model predicts that XR-NADH is the primary source of NAD+ for XDH, so the excess xylitol generated by XR-NADPH is excreted, resulting in lower observed ethanol yields [10]. Under fully aerobic conditions, as shown in Figure S5b, XDH no longer acts as a bottleneck because NAD+ is regenerated by oxygen via the glycerol phosphate shuttle, which explains why no xylitol is produced at high oxygen levels [10].  Furthermore, enough oxygen is present to generate the NAD+ required by the TCA cycle, which converts all the pyruvate to CO2 and water, which explains why no ethanol production is observed at high oxygen levels [10]. In Figure S5c, the model predicts the critical oxygen level where just enough NAD+ is regenerated via the glycerol phosphate shuttle to allow XDH to catalyze all the xylitol, but there is no NAD+ left over to power the TCA cycle, resulting in optimal ethanol yield and productivity. All three predictions of xylitol and ethanol yields are consistent with experimental observation [10]
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