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Abstract

As the importance of reducing carbon emissions as a means to limit the serious effects of global
climate change becomes apparent, synthetic biologists and metabolic engineers are looking to
develop renewable sources for transportation fuels and petroleum-derived chemicals. In recent
years, microbial production of high-energy fuels has emerged as an attractive alternative to the
traditional production of transportation fuels. In particular, the Baker’s yeast Saccharomyces
cerevisiae, a highly versatile microbial chassis, has been engineered to produce a wide array of
biofuels. Nevertheless, a key limitation of S. cerevisiae is its inability to utilize xylose, the second
most abundant sugar in lignocellulosic biomass, for both growth and chemical production.
Therefore, the development of a robust S. cerevisiae strain that is able to use xylose is of great

importance.

Here, we engineered S. cerevisiae to efficiently utilize xylose as a carbon source and produce the
advanced biofuel isobutanol. Specifically, we screened xylose reductase (XR) and xylose
dehydrogenase (XDH) variants from different xylose-metabolizing yeast strains to identify the XR-
XDH combination with the highest activity. Overexpression of the selected XR-XDH variants, a
xylose-specific sugar transporter, xylulokinase, and isobutanol pathway enzymes in conjunction
with the deletions of PHO13 and GRE3 resulted in an engineered strain (PWY2353) that is capable
of producing isobutanol at a titer of 48.4 + 2.0 mg/L. Next, we subjected PWY2353 to adaptive
laboratory evolution to further improve the strain’s ability to utilize xylose. Whole genome
resequencing of several evolved strains followed by reverse engineering identified two single
nucleotide mutations, one in CCR4 and another in TIF1, that improved the yeast’s specific growth
rate by 23% and 149%, respectively. Neither one of these genes has previously been implicated
to play a role in utilization of D-xylose. Finally, we fine-tuned the expression levels of the
bottleneck enzymes in the isobutanol pathway to improve the evolved strain’s isobutanol titer
t0 92.9 + 4.4 me/L (specific isobutanol production of 50.2 + 2.6 mg/g CDW), a 90% improvement
in titer and a 110% improvement in specific production over the non-evolved strain. We hope
that our work will set the stage for an economic route to the advanced biofuel isobutanol and

enable efficient utilization of xylose-containing biomass.



