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Nowadays, biocethanol from cellulosic biomass is widely ’recognized as an
alternative to fossil fuels, but the conversion is still costly for industrial application.
High-temperature fermentation (HTPF) is a new technology that has several benefits
such as reduction of cooling cost, reduction of contamination risk and efficient
saccharification and fermentation. It became trendy in ethanol fermentation especially
in tropical countries. To achieve efficient ethanol production at high temperatures, yeast
strain that is thermotolerant is essential. Kluyveromyces marxianus is a
thermotolerant yeast that can grow well at high temperatures, and it has beneficial
properties for industrial ethanol fermentation such as high ethanol production at high
temperatures, high growth rate, short doubling times, weak glucose repression and
| assimilation ability of various sugars. This strain may have an intrinsic mechanism to
survive at high temperatures.

In general, during the fermentation process, yeast cells are exposed to various

stresses that have negative effects on cell viability and ethanol production. In addition,
fermentation with lignocellulosic biomass also exposed cells to various by-products.
Stresses including by-products provide negative effects on the cell growth and
fermentation. There are different strategies developed such as sexual breeding, genetic
engineering, mutagenesis and adaptation, to improve yeast strains.
K marxianus DMKU 3-1042 that is one of the most thermotolerant strains
isolated from Thailand was used for this study. It is widely utilized after complete |
genome sequencing. However, the mechanism of survival at high temperatures in this
strain is unclear. In addition, it produces less amount of ethanol and weaker tolerance
to inhibitors than Saccharomyces cerevisiae that is widely used in industry. For HTF,
the improvement of K. marxianus DMKU 3-1042 is thus needed.

In this study, two research topics were performed: 1) distinct metabolic flow in
response to temperature and 2) evolutionary adaptation by repetitive long-term
cultivation with gradual increase of temperature for acquiring multi-stress tolerance
and high ethanol productivity. To understand the mechanism of thermotolerant yeast
for survival at high temperatures, several experiments were performed. At high
temperatures, acetate accumulation and levels of reactive oxygen species (ROS)
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increased that caused to reduce cell viability. NADPH that is a. major product of the
pentose phosphate pathway (PPP) is required for ROS scavenging via regeneration of
glutathione. Transcriptome analysis revealed that the metabolic flow was changed from
glycolysis to PPP at high temperatures. This finding suggests that this strain survives
at a high temperatures by Scavenging ROS via the metabolic change.

- To improve yeast strain for high ethanol production and stress resistance, X
marxianus DMKU 3-1042 was adapted by repeated long-term cultivations at gradual
increase of temperatures (RLCGT). As a result, four adapted strains were obtained. |
They achieved higher ethanol concentrations and exhibited stronger tolerance to
multiple stresses than the parental strain at high temperatures. Interestingly, three
ACT mutants showed similar phenotypes such as strong resistance to acetic acid, formic
acid and low pH and increased ethanol production. In addition, to understand the
mechanism of stress tolerance, the transcriptome analysis of ACT001was performed.
Three genes ICL1, CIT3 and ADY2 may be related to acetic acid tolerance by
maintaining a low level of intracellular acetate. Therefore, these results suggest that
RLCGT is an effective evolutionary adaptation procedure for industrial ethanol
fermentation.
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