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Yeasts are used to produce various materials. For example, bioethanol is produced as energy and
iyeast cells are produced for bread making and yeast extract. In these productions, the sugars as feed|
stock should be efficiently utilized and metabolized.

In bioethanol production, the yeast Saccharomyces cerevisiae has been traditionally and
exclusively used. S. cerevisiae has high fermentative capability and cell growth capacity. Various
studies have been conducted on S. cerevisiae. However, the nutrients that specifically promote
fermentation has not been revealed. Identifying the nutrient promoting fermentation is scientifically
valuable and contributes to the efficient utilization of sugar for ethanol production. Meanwhile,
thermotolerant and various sugar assimilating yeast Kluyveromyces marxianus is expected to be
used in fermentative production for cost reduction. K. marxianus can grow using mannitol and
cellobiose that S. cerevisiae cannot assimilate. However, the cell growth efficiency of K. marxianud
is low using mannitol and cellobiose. In this study, the nutrient promoting fermentation was revealed,|
using S. cerevisiae and cell growth efficiency of K. marxianus was improved for the efficient sugar
utilization.

S. cerevisiae takes up sugars into the cell and metabolizes it to produce ethanol. Various studies
have been conducted to identify the nutrients for improving fermentation efficiency. However, the
nutrients also improved cell growth. Therefore, it is not clear whether the nutrients are the cell
growth factor or the fermentation promoting factor. A condition in which yeast cells do not grow willl
be useful to identify a fermentation promoting factor. In chapter 2, such a fermentation condition|
was explored and determined as high-dose inocula and high glucose concentration. Since the
fermentation level was low in the condition, the nutrient promoting fermentation was explored by
addition of various nutrients. As a result, sodium aspartate and glutamate promoted fermentation
with no yeast growth. In this study, the fermentation condition in which yeast cells do not grow and
the nutrient promoting fermentation were revealed.

To enhance mannitol and cellobiose assimilation, identification of the sugar transporter genes will
be helpful. A possible method to identify a gene responsible for a phenotype is gene disruption. One]
of the gene disruption methods is gene insertion using CRISPR-Cas9 systems. However, the)
disruption efficiency is low. Because this gene insertion is performed through homologous
recombination, though non-homologous end-joining NHEJ) activity is high in many organisms like]

K. marxianus. Therefore, in chapter 3, the gene disruption method through NHEJ and CRISPR-

Cas9 was developed. In the developed method, the Cas9 promoter was expressed as an inducible
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promoter to prevent DNA cleavage before the gene insertion step. A marker gene DNA fragment can|
be used to disrupt each target site, because it does not have any homologous sequence. By applying
the developed gene disruption method to the DMKU3-1042 strain, 13 disruptants of sugar
transporter candidate genes was obtained. Growth of the disruptants in various sugar media|
revealed that KmMlev2025p transported sorbitol and mannitol. To accelerate mannitol and sorbitoll
assimilation, KmMLEV2025 was overexpressed. As a result, the overexpression eliminated long lag]
time compared with wild-type strain. Consequently, sugar alcohol transporter was identified by the]
developed gene disruption method and the cell growth was improved by the overexpression of the
transporter.

In chapter 4, a cellobiose transporter was identified to improve cellobiose assimilation. Although
A, marxianus strains assimilate cellobiose, the cellobiose assimilation ability of the DMKU3-1042
strain is too low. We overexpressed transporter genes derived from cellobiose high-assimilating]
strain in the DMKU3-1042 strain. The cell growth of 19 overexpression strain on cellobiose medium|
was examined. The strain overexpressing Km.S7LI showed the highest growth level. While KmStllp
is identified as a cellobiose transporter, complete cellobiose consumption of the overexpression strain|
required 4 days. The localization of KmStllp fused with green fluorescent protein GFP indicated
that some of KmStllp was degraded in the cells. To stabilize KmStllp, KmStllp mutants was|
designed and their localizations were observed. As a result, KmStllp with C-terminus deletiong|
showed cell membrane localization and degradation. Expression of C-terminus deletion mutantsg|
accelerated cellobiose assimilation, suggesting that a terminus deletion of transporter causes
stabilization of the transporter on cell membrane and improvement of cell growth efficiency.

In this study, the nutrients promoting fermentation were identified in S. cerevisiae. In K
imarxianus, the transporters were identified through gene disruption and overexpression. Using the
nutrients and transporters sugar utilization for ethanol production by S. cerevisiae and cell growth|
of K. marxianus were improved. These results contribute to accelerate sugar utilization not only in|

the yeasts studied here, but in many yeasts species.
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