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Strategic International Collaborative Research Program (SICORP)
Japan—Thai, Indonesia and Laos Joint Research Program
Executive Summary of Final Report

1. Project title : Development of New Processes with Thermotolerant Microbes for

Bio-refinery Including Biofuels, towards Utilization of ASEAN Biomass |
2. Research period : April 2017 ~ March 2020

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research project
Pl Mamoru Professor | Yamaguchi Breeding of
Yamada university ethanol-fermenting
stress resistant
strains
Co-PI Toshiharu Professor | Yamaguchi High temperature
Yakushi university acetic acid
fermentation
Co-PI Kenji Sakai Professor | Kyushu University | Development of
high-temperature
lactate production
process
Co-PI Izumi Kumakiri | Professor | Yamaguchi Membrane
university separation
Co-PI Hisashi Associate | Yamaguchi Analysis of ethanol
Hoshida Professor | university fermentation by
CBP
Collaborator | Tomoyuki Associate | Yamaguchi Genome analysis
Kosaka Professor | university of stress resistant
yeast strains
Collaborator | Naoya Kataoka Yamaguchi Synthetic biology
university of acetic acid
bacteria
Collaborator | Kazunobu Professor | Yamaguchi Genome-based
Matsushita (Specially | university high-temperature
appointed) fermentation
Collaborator | Yukihiro Associate | Kyushu University | Production of
Tashiro Professor lactate production
by mixed culture
Collaborator | Kenji Professor | Kyushu University | Butanol production
Sonomoto from biomasses
Collaborator | Takeshi Zendo | Assistant | Kyushu University | Development of
Professor efficient butanol
production
process
Collaborator | Rinji Akada Professor | Yamaguchi Development of
university protein expression

system in yeast

Total number of participants throughout the research period: 32

Partner-side

Name Title Affiliation Role in the
research project
Pl Savitree Professor Kasetsart Ethanol production
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Limtong University with cellulosic
biomass
Pl Anton Professor University of Isolation of
Muhibuddin Brawijaya thermotolerant
yeasts
Pl Somchanh Associate National Isolation of
Bounphanmy Professor | University of Laos | thermotolerant
yeasts
Co-PI Gunjana Associate Kasetsart Thermotolerance in
Theeragool Professor | University thermotolerant
acetic acid bacteria
Co-PI Suprayogi Lecturer University of Isolation of
Brawijiya thermotolerant
yeasts and
fermentation with
starchy biomass
Co-PI Chansom Lecturer National Isolation of
Keo-Oudone University of Laos | thermotolerant
yeasts and
fermentation with
starchy biomass
Collaborator | Vichien Associate Kasetsart Production of
Kitpreechavani | Professor | University optically active
ch L-lactate
Collaborator | Noppon Assistant Kasetsart Ethanol production
Lertwattanasa | Professor | University with cellulosic
kul biomass
Collaborator | Prasert Associate Vidyasirimedhi Membrane system
Pavasant Professor | Institute
Collaborator | Kiatkittipong Assistant Silpakorn Membrane system
Worapon Professor University
Collaborator | Jaya Mahar Lecturer University of Isolation of
Brawijiya thermotolerant
yeasts
Collaborator | Sri Nurhatika Lecturer 10" Nopember Isolation of
Technology thermotolerant
Institute yeasts
Collaborator | Toulaphone Lecturer National Isolation of
Keokene University of Laos | thermotolerant
acetic acid bacteria
Collaborator | Pheng Lecturer National Isolation of
Phengsintham University of Laos | thermotolerant
yeasts

Total number of participants throughout the research period: 14

4. Summary of the international joint research

Since the first half of 1990, we have been conducting joint research with Thailand and
other ASEAN countries to "search for useful microbial resources inhabiting the tropical
environment and develop their functions". In particular, we have developed many
thermotolerant microorganisms that possess high fermentation capacity even at high

temperatures,

in Core University Program (1998-2008) and Asian Core Program

(2008-2013). Furthermore, by utilizing the characteristics of thermotolerant microorganisms,
we constructed a high-temperature fermentation technology using first-generation biomass
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in the MEXT-ARDA project (2011-2013). On the other hand, while there is a strong demand
for the use of biomass that leads to CO2 reduction due to global warming, the use of
cellulosic biomass for biofuels has hardly been put to practical use due to problems such as
conversion cost. In order to produce biofuels, which is expected to have about 10 times the
demand in 2050, it is desirable to develop innovative technologies that reduce conversion
costs.

In this research, we promoted the development of energy-saving fermentative
production technology toward the utilization of agricultural residues containing cellulosic
materials that are abundant in ASEAN countries. First, in anticipation of the conclusion of
the Convention on Biological Diversity, we obtained useful thermotolerant microorganisms
that can be used in Indonesia and Laos in their own countries by using the methods
established by the Thai and Japanese teams. In both countries, an ethanol production
system was established by using the isolated microorganisms by using cassava starch as a
raw material for high-temperature fermentation of 5 L scale or non-temperature controlled
fermentation. In Thailand, sugarcane tops were used as the raw material for cellulosic
biomass, and the most efficient yeast was selected for fermentation. On the other hand,
based on the thermotolerant strains isolated in ASEAN countries, the Japanese team
introduced genes for thermotolerant and stress-resistant factors and saccharifying enzymes,
and developed new fermentation processes and water- and acid-resistant separation
membranes for concentration of fermentation products. We held a seminar every year to
share information on problems and development technologies, and at the same time
promoted the formation of a vital network including the training of young researchers.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

With the researchers in Thailand, Indonesia, and Laos, we carried out various
technological development researches leading to energy saving, focusing on the
development of biofuel conversion process (fermentation production) technology with
thermotolerant microorganisms, using agricultural residues. In Thailand, efficient yeasts that
use cellulose-based biomass as the raw material and in Indonesia and Laos, thermotolerant
yeasts that use starch-based biomass as the raw material were isolated, and their
characteristic analysis and high-temperature fermentation ability were examined. On the
other hand, the Japanese team improved the capability of thermotolerant yeasts or bacteria
by introduction of genes for thermotolerant and stress-tolerant factors or saccharifying
enzymes, and developed new fermentation processes and water- and acid-resistant
separation membranes for concentration of fermentation products. As research
achievements, 13 international co-authored papers, 11 papers only by Japanese
researchers, 2 papers not including Japanese research team, 2 other international
co-authored publications, and many conference presentations including invited lectures.

5-2 Synergistic effects of the joint research

In ASEAN countries, the amount of biomass such as agricultural residues is large,
and there is a strong demand for utilization from the perspective of reducing CO2 emissions
and promoting biorefinery. However, although it is possible to convert biomass into useful
substances such as fuel, there is a cost problem. In this international collaborative research,
we have developed technology that enables significant cost reduction of biomass
conversion by combining the microbial resources, experiences and technologies of the
participating countries. We exchanged opinions about research issues by e-mail and
face-to-face, and held seminars of this project every year in participating countries other
than Japan to share results and technical information. Almost every year, researchers from
Laos, Indonesia, and Thailand conducted joint research in the Japanese laboratory, and
because of their proximity, Laos researchers conducted research in the Thai laboratory. Also,
every time there was an opportunity from the Japanese side as well, we visited the countries
concerned and exchanged opinions directly.
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5-3 Scientific, industrial or societal impacts/effects of the outputs

This international collaborative research project is aimed at biorefinery using biomass
such as agricultural residue as a raw material, but all the technologies developed in this
project are relevant to the Sustainable Development Goals SDGs and it can contribute to
the achievement if can be put to practical use. In particular, the integration of the developed
technologies for bioethanol is expected to become an innovative technology, as it is
expected that the cost will be significantly reduced. In this project, seminars were held
annually in participating countries to disseminate information on this initiative. In particular,
information sharing with public funding institutions and companies is expected to lead to
social implementation of development technology in the future.
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production of raw starch degrading enzyme using agro—industrial waste mixtures by
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