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7 E Basic study on thermotolerant yeast Kluyveromyces marxianus DMKU 3-1042
toward efficient conversion of cellulosic biomass to ethanol

High-temperature fermentation technology with thermotolerant microbes has
been expected to reduce the cost of conversion of biomass to useful materials.
Bioethanol from cellulosic biomass is an environment-friendly alternative to fossil
fuels but materials derived from such biomass contain various sugars including
glucose, which inhibits the assimilation of other sugars via the glucose-repression
mechanism. Thermotolerant ethanologenic yeast Kluyveromyces marxianus is capable
of fermenting various sugars including xylose but exhibits the glucose repression to
hamper the utilization of other sugars. In this study, four research topics in the yeast
were performed: 1) isolation and characterization of spontaneous mutants bearing
glucose repression-defectiveness, 2) isolation and characterization of kanMX4-
inserted mutants bearing glucose repression-defectiveness, 3) determination of
complete genome sequence and analysis of transcriptome and 4) analysis of
assimilation of xylose and/or arabinose via a random kanMX4 insertion mutagenesis.

To acquire glucose repression-defective mutants, 33 isolates as 2-
deoxyglucose (2-DOG)-resistant mutants were isolated and characterized on their
sugar consumption abilities and cell growth and ethanol accumulation along with
cultivation time. As a result, they were classified into three groups. The first group (3
isolates) utilized glucose and xylose in similar patterns along with cultivation to those
of the parental strain, presumably due to reduction of the uptake of 2-DOG or
enhancement of its export. The second group (29 isolates) showed greatly delayed
utilization of glucose, presumably by reduction of the uptake or initial catabolism of
glucose. The last group, only one isolate, showed enhanced utilization ability of
xylose in the presence of glucose. Further analysis revealed that the isolate had a
single nucleotide mutation to cause amino acid substitution (G270S) in RAGS
encoding hexokinase and exhibited very low activity of the enzyme.

2-DOG-resistant mutants were also isolated from randomly fanMX4-inserted
mutants. Analysis of the sugar utilization ability revealed that there were two
categories of the intragenically kanMX4-inserted mutants including the migl mutant
as a control. One group showed enhanced utilization of xylose in the presense of
glucose, presumably due to a defect in the glucose-repression mechanism, and the
other group showed delayed utilization of glucose, probably ‘by reduction of the
uptake or Iitial catabolism of glucose. Considering the possible functions of the
disrupted genes in these mutants, it is assumed that K marxianus has undiscovered
mechanisms for glucose repression and complex regulation for the uptake or initial
catabolism of glucose.

The complete genome sequence of X marxianus DMKU 3-1042 as one of the
most thermotolerant strains in the same species has been determined. Comparison of
its genomic information with those of other yeasts and transcriptome analysis
revealed that the yeast bears beneficial properties of temperature resistance, wide-
range bioconversion ability and production of proteins. The transcriptome analysis



clarified distinctive metabolic pathways under three different growth conditions, static
culture, high temperature and xylose medium, in comparison to the control condition
of glucose medium under a shaking condition at 30°C. Interestingly, the yeast appears
to overcome the issue of reactive oxygen species, which tend to accumulate under all
three conditions. This study provides many gene resources for the ability to assimilate
various sugars in addition to species-specific genes in K marxianus, and the
molecular basis of its attractive traits for industrial applications including high-
temperature fermentation.-

In order to identify key factors involved in pentose metabolism, K. marxianus
DMKU 3-1042 was mutagenized by a random kanMX4-insertion mutagenesis and
screened mutants that were unable to assimilate xylose and/or arabinose as a sole
carbon source. Consequently, three mutants of COX15, ATP25 and CYC3 encoding a
cytochrome oxidase assembly factor (singleton), a transcription factor required for
assembly of the Atp9p subunit of mitochondrial ATP synthase and cytochrome ¢
heme lyase, respectively, were obtained. They exhibited incapability of growth on
non-fermentable carbon sources, such as acetate or glycerol, and thermosensitiveness.
Their biomass formation in glucose medium was reduced, but ethanol yields were
increased with a high ethanol level in the medium, compared to those of the parental
strain, Experiments with respiratory inhibitors showed that cox/5 and cyc3, but not
aip25, were able to grow in glucose medium containing antimycin A and that the
atp25 mutant was KCN-resistant. Activities of NADH and ubiquinol oxidases in
membrane fractions of all mutants became a half of that of the parent and negligible,
respectively, and their remaining NADH oxidase activities were found to be resistant
to KCN. Absolute absorption spectral analysis revealed that the peak corresponding to
a+a; was very small in arp25 and negligible in cox/5 and cye3. These findings
suggest that the K marxianus strain possesses an alternative KCN-resistant oxidase
that is located between primary dehydrogenases and the ubiquinone pool and that the
respiratory activity is essential for utilization of pentose,
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Basic study on thermotolerant yeast Kiuyveromyces marxianus DMKU 3-1042 toward efficient
conversion of cellulosic biomass to ethanol
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