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Currently, plastics are almost exclusively produced from feedstocks derived from crude
oil refining and natural gas processing. Despite the increasing awareness of the negative
environmental and climate-related impacts associated with fossil fuel consumption, the relevance
of fossil fuels has held steady as a result of the recent proliferation of plastics industry. The
recent growing attempts to replace conventional petroleum-based production processes with
renewable direct bioconversion processes, however, have not yet been made successful due to
low production efficiency. In this thesis, we describe the development of a bioprocess for the
renewable production of monoethylene glycol (MEG), a precursor chemical of polyethylene
terephthalate (PET) plastics, by using yeast Saccharomyces cerevisiae, which we considered to
be a more appropriate microbial cell factory than bacterial hosts due to its robustness and
tolerance to harsh industrial conditions, as biosynthesis platform. During the process, we found
evidence for the existence of an endogenous biosynthetic route for MEG production from D-
xylose in S. cerevisiae. Based on the discovered biosynthetic pathway, we then demonstrated the
implementation of metabolic engineering and fermentation operational strategies that led to an
overproduction of MEG, as well as improved strain performance during prolonged bioreactor
cultivation.

Using the MEG bioconversion process as the starting point, we developed another
bioprocess which allowed direct conversion of D-xylose to glycolic acid, a chemical precursor of
polylactic-co-glycolic acid (PLGA). Furthermore, we investigated the biosynthesis of 1,4-
butanediol, a chemical precursor of thermoplastic engineering polymer polybutylene
terephthalate (PBT), in S. cerevisiae. It was noteworthy that, in all of these studies, ethanol
fermentation emerged as an important limitation that negatively affected the efficiency of the
yeast-based fermentation processes. Our attempts to disrupt ethanol fermentation, while
successfully reducing ethanol production, led to a compromise in MEG production. An analysis
on the energetics of our engineered S. cerevisiae, revealed that ethanol fermentation might, in
fact, be a necessary requirement for maintaining the energy balance in particular systems,
including the biosynthesis of MEG. These findings provide some insights as well as a better
understanding of Saccharomyces cerevisiae as the microbial cell factory for the biosynthesis of
industrial precursor chemicals and value-added small molecules other than ethanol.
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