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ABSTRACT

The ascomycetous yeast, Scheffersomyces stipitis (formerly known as Pichia stipitis) has
received considerable research attention, owing to its propensity for fermenting a wide variety
of sugars (both hexoses and pentoses) to produce ethanol. Owing to its abundance in nature,
lignocellulosic biomass is considered as a potential feedstock for industrial ethanol
fermentation. Nonetheless, its wide adaptation as a raw material is limited by the fact that the
most efficient industrial producer of ethanol i.e. Saccharomyces cerevisiae, is incapable of
fermenting pentose sugars, which constitutes 10-40 % of the carbohydrate fraction in
lignocellulosic feedstocks. Thus, pentose fermenting yeasts, like S. stipitis hold the key for
fermentative production of ethanol from lignocellulose hydrolyzates. Nonetheless, due to its
requirement for tight control of aeration, S. stipitis has not found much favour as a prospective
industrial producer of ethanol. Systematic attempts have been made in the past to quantify the
parametric sensitivity of ethanol production in S. stipitis, which demonstrated the existence of
a dual-nutrient limited regime in which growth is simultaneously limited by both carbon and
oxygen. The width of the dual-limited regime has been shown to be a quantitative indicator of
the robustness of ethanol production in yeasts-the broader the regime, the more robust the
ethanol production by the organism. An understanding of the kinetics and physiology of dual-
limited growth is a pre-requisite for undertaking any strain improvement program aimed at
enhancing ethanol production in S. stipitis. To this end, we developed a simple unstructured
model which precisely describes the kinetics of growth in the dual-limited regime, while
overcoming the limitations implicit in classical Monod-type models. Our model was
subsequently validated through experiments undertaken in a chemostat operated at
progressively increasing feed substrate (glucose) concentrations at fixed values of various
combinations of the operating parameters, dilution rate (D) and oxygen mass transfer
coefficient (k;a). A quantitative comparison of ethanol production in S. stipitis relative to S.
cerevisiae could be achieved when the variables of the model were scaled suitably and the
experimental data were analysed on a dimensionless plot. The model was found to have
universal applicability in describing dual-nutrient limited growth in a variety of model
microbial systems, as demonstrated from a fit of available experimental data in published
literature. The insights provided by the current work are expected to stimulate further research
into the physiology of dual-limited growth in S. stipitis, which could in turn aid in the

development of novel genetic tools for improving its ethanol production capacity.
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