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Figure 1. CO2 profiles during evolution of Saccharomyces cerevisiae
in Sequential Batch Reactors

Using evolutionary and metabolic engineering,
either individually or in combination, our global aim is
to improve yeast for its use in biorefineries. Firstgeneration bioethanol production in Brazil, in which
sucrose from sugarcane is converted into ethanol by
Saccharomyces cerevisiae with high yields, was chosen
as a first case-study. We started with a yeast strain which
had already been metabolically engineered to hydrolyze
sucrose exclusively in the intracellular environment
(Prof. Boris Stambuk, Federal University of Santa
Catarina, Brazil). Without the capacity of hydrolysing
sucrose extracellularly, this strain is obliged to transport
this sugar actively into the cells via symport, which
causes ATP expenditure to extrude protons from the
cells back to the culture medium, in order to avoid
acidification of the citoplasm. This energy drain forces
the cells to produce more ATP, which, under anaerobiosis,
is basically coupled to ethanol formation. As a first aim,
we will characterize this strain quantitatively, in order to
demonstrate that it converts sucrose into ethanol with
a higher yield, when compared to strains with normal
invertase activity. Subsequently, this strain will be
subjected to evolutionary engineering, in order to
increase the ethanol yield on sucrose even further. Future
studies will focus on the metabolic and evolutionary
engineering of industrial yeast strains, with the aim
of improving tolerance towards the most relavant
stressors present in the industrial bioethanol production,
such as high ethanol concentration, high temperature,
high osmolarity, and acid environment. The improvement
of second-generation biofuels will also be tackled,
by investigating tolerance of yeast towards common
inhibitors released during hydrolysis of lignocellulosic
materials, such as acetate, furfural, and
hydroxymethylfurfural.
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The Saccharomyces cerevisiae strain that transports
sucrose actively into the cells and hydrolyses it intracellularly
was quantitatively characterized using a combination of
chemostat cultivations and defined culture media. We were
able to show that it delivers a 5% higher ethanol yield on
sucrose, when compared to the reference strain (with normal
extracellular invertase activity). Having achieved this first
milestone, this strain is now being subjected to evolutionary
engineering, both using chemostat cultivations and sequential
batch reactors, aiming at improving the affinity of the active
sucrose transport system. This, at least in theory, will increase
the ethanol yield even further.
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Figure 2. Sucrose uptake and metabolism, as well as the respective
genotypes, in the reference strain (A) and in the modified strain (iSUC2) (B)
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