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oReport summary (English)

Principal investigator: Yamaguchi University professor Kazunobu Matsushita

R & D title: Genome adaptation and engineering study to create robust fermentative microbes with
hyper thermotolerance aiming at low-carbon society

1. Purpose of R & D

Microbial fermentation is important in bio-industry such as not only brewing or food
production but also production of medicinal materials, energy, and commodity chemicals. Facing
with a global warming and also with an era of defossil fuel or sustainability, it becomes more
requested to make the fermentation process less energy consumptive. This could be done by
thermotolerant or robust microbes able to perform the stable fermentation with reduced cooling
expense, even more without any sophisticated cooling facility. Thus, we are aiming at the
low-carbon society by creating such a robust or low-cost fermentation system with thermotolerant
microbes able to ferment stably around 40°C or more.

The purpose could be accomplished by acquiring such the robust strains via an adaptive
breeding or experimental evolution of fermentative microbes, and by conducting comparative
genomics of the adapted strains to find out gene(s) involved in thermotolerance, and then to
understand thermotolerance mechanism of the adapted strains.

2. Outline of R & D

(1) Contents:

1) Achievement of thermal adaptation of our target fermentative microbes (Yeast, Acetic acid
bacteria, Zymomonas, Corynebacterium, Halomonas, and E. coli) and aiming to understand their
general or particular mechanisms for the thermotolerance.

2) Establishment of individual high-temperature or robust fermentation systems with our all target
strains, and of the optimal cultivation conditions for each fermentation systems.

3) Development of high-temperature fermentation systems by thermal adaptation of industrial useful
microbes, collaborating with private sectors.

(2) Achievements:

1) We could isolate several thermotolerant and useful strains in our target fermentative microbes, and
also accomplished thermal adaption of all our target species, by experimental evolution, showing
2-3°C higher growth temperature than the parental strains.

2) Based on comparative genomics followed by genetic engineering approach, we determined a list
of thermotolerant genes and also of genes contributing to thermal adaptation.

3) As for the thermotolerance mechanism, we have shown that all the thermotolerant or thermally
adapted strains have reduced ROS level, and that many adapted strains exhibit stringent-response or
nitrogen-starvation-like phenotype, and further that their cell growth at high temperature could be
strengthened by stabilizing the cell surface and/or membrane-transport systems.

4) We have succeeded to perform high-temperature fermentation at 40°C or more, or even with
non-temperature control, in almost all of our target fermentation systems for alcohol, acetic acid,
amino acid, and 3-hydroxybutyric acid productions at least at laboratory level.

5) Some of the fermentation have been successfully achieved in semi-pilot scale at high temperature
(or non-temperature control) by collaboration with some private sectors or companies.

(3) Future developments:

1) In order to generalize the thermotolerance mechanism or further to expand the usefulness of the
thermal adaptation, we are going to try to apply our knowledge or information on thermotolerant
genes or factors able to do high temperature fermentation to other fermentative microbes.
2) We will continue to develop practical high temperature fermentations by collaboration with
private sectors, and also apply to participate another national project like NEDO in future.



