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RITE Core Technology: Biorefinery
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Biorefinery is a key technology for “Bioeconomy”
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Production proceeds without cell growth
-Simultaneous utilization of mixed sugar
“Tolerance to growth inhibitors
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RITE Bioprocess s a registered trademark of RITE.
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Bioeconomy is defined as "the production of
renewable biological resources and the conversion of
these resources and waste streams into value added
products, such as food, feed, bio-based products
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Biorefinery encompasses technologies and industries that
enable the production of biofuels and green chemicals from
biomass. RITE has established its fundamental technologies
through a combination of modified coryneform bacteria and the

and bioenergy”. RITE Bioprocess.
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Advantages of RITE Bioprocess
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Growth-arrested bioprocess
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In contrast to conventional bioprocesses, the
productivity of our process, expressed as space-
time-yield (STY) , is comparable to that of
chemical processes since no time or space is
required for microbial growth during chemical
production.

RITE Bioprocess
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Growth-independent bioprocess
mHigh yield and high productivity
mSimple system

RITE Bioprocess® is registered trademark of the Research Institute of Innovative Technology for the Earth.
Conventional bioprocess

Production is accompanied by microbial growth

Growth-dependent bioprocess

m Cell-growth-dependent productivity
m Carbon loss by cell growth
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Simultaneous utilization of mixed sugars
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Cellulosic biomass consists of mixtures of pentoses (C5)
derived from hemicelluloses, as well as hexoses (C6). It is
essential for microbial biofuel production to simultaneously
utilize both pentoses and hexoses. Several genes involved
in the catabolism of C5 sugars have been introduced into
Coryneform bacteria, allowing for efficient utilization of

cellulosic materials.

Improvement of simultaneous utilization of C6 & C5 sugars
by introducing pentose transporter gene (araE)
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RITE's report: Appl. Microbiol. Biotechnol. 85:105-115. 2009.
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Tolerance to fermentation-inhibitors
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Fermentation inhibitors such as phenols, furans, etc. which
are formed during the pre-treatment of lignocellulosic
biomass, are known to show strong inhibition in bioethanol
production process. However, the RITE Bioprocess has
been demonstrated to be insensitive to these fermentation
inhibitors.

Comparison of resistance to fermentation inhibitors
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RITE's report: Appl. Environ. Microbiol. 73:2349-2353. 2007.
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In addition to conducting advanced research and development such as smart cells in national projects, we are
promoting commercialization through joint research, development and marketing with excellent companies or

venture companies.
[~

Research Institute of Innovative
Technology for the Earth

d" M IR,

DIAEEN
HhERERIR A SRR ST S




<EzxJ>'O0S1JM(NEDO)>

A=) OSIIb

Smart Cell Project

ﬁﬁ%d)%% Background
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The rapid progress of biotechnology, IT, and Al technology has made it possible to change biological

processes to highly controlled industrial production technologies and establish energy-saving and low-
cost technologies for production of highly functional chemicals.
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Purpose of the smart cell project
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NEDO launched a project, “Development of {nformation - BEFEH
Production Techniques for Highly Functional 7 Genome editing
Biomaterials Using Smart Cells of Plants and ITéAﬁlﬁm AX—hEl CEESVILEEE
Other Organisms” (Smart cell project). The == Smark gei

purposes of this project are development of .

smart cell design systems and establishment of
a practical use technology using the systems.
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Validation of the smart cell design system

Design
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Metabolic modification suggested from metabolic model Construction of production strains based on
Sequence modification for enhancing gene expression suggested gene /metabolic modifications

-RIKEN
-Kyoto Univ.
-Osaka Univ.
-AIST

-Kobe Univ.
+Tohoku Univ.
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Application of the smart cell design system
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An aromatic compound hyperproducer strain of —
Corynebacterium glutamicum was developed by .
applying the smart cell design system.

* Reported highest value
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METI defined “Smart cell” as a finely-designed, expression-controlled cell, and presented a strategy to create
a new industry (“Smart cell” industry) based on the Smart cells. We aim to contribute the growth of the
Smart cell industry by putting our project outcomes to practical use.
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Development of technologies for functional design and production of innovative biomaterials

ﬁﬁ’w{so)ﬂﬁa% Background

BBEEYA I\~ RIETOI S A(SIP) [ AX— M\ AFESE - BREERBILAINT |(F, )\ AET
SHNDORECLDA INR—2 3> OEBIBECLD, [)\AAEER2019 MR RIT DD Sk
{EXFFEEY B2 —IREE . QIRIBEEOD RV BRRISECL IR M EM O/ (A
1. OIEBXANIATT |IOREICLIRKHEBNMTESH R, T —IEBREMOR
WICEBLE YT, RITEFQCHIB/ A AR DESRRICERDIBATVET .

Smart bioindustrial, agricultural fundamental technologies, one of the Strategic Innovation Promotion Program (SIP),
will construct a foundation for an innovation by the fusion of biotechnology and digital information to promote
bioeconomy and strengthen industrial competitiveness. This will contribute to the realization of the Biostrategies
2019 targets: 1. Diversification and sustainability of primary industry, 2. Ecofriendly, sustainable manufacturing and
materials, 3. Medical and health care fusion, 4. Data foundation construction. RITE is involved in biosynthesis of
biomaterials.
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Concept of the Smart bioindustrial, agricultural fundamental technologies 211
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Sale and
consumption
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Value-chain data foundation
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The research goals
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Development of technologies for functional design and production of innovative biomaterials
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— Goals: Development of technologies for predicting
npu - - - monomers constituting the polymer with marketable
mg”é’_'&, properties and those for designing biosynthetic pathway
and enzymes for the monomers and integration of the
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The consortium aims to develop highly functional polymers derived from monomers so far not produced by biotechnologies
through developing design technologies of metabolic pathways and enzymes for the monomers.
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database of monomers potentially biosynthesized and
the system consisting of technologies for designing
metabolic pathways, searching for enzymes required
for the pathways, improving the activity of the

W BICEZTONATBERD
BRTNIVXLORF

’E

(7) o, R (f?‘ffiﬁfgﬁ enzymes. RITE is involved in evaluation of the
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appropriate host.
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We will develop fundamental technologies for searching, improving, evaluating of enzymes catalyzing
core reactions in biosynthetic pathway of biomonomers for target biopolymers.
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R&D of Biofuels (Bio-butanol.”Bio-hydrogen)

ﬁﬁ%@%?& Background
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Butanol is attractive as a biofuel than ethanol. Butanol fermented from cellulosic biomass can be converted
into jet fuel by chemical oligomerization after concentration by pervaporation membrane and purification by
distillation process.
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Biological production of H, is expected as a CO,-free H, production technology in the future. However,
drawbacks of the bio-H, production (low production rate and low yield) still remain as unsolved issues.
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Bio-butanol-producing bacteria Butanol-resistant
with high yield genes are obtained

RITE-NREL

/ ===  Mixed sugars ===
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Concentration and purification of
bio-butanol by combination of PV
membrane and distillation

Pretreated
biomass

RITE Bioprocess
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‘  Bio-butanol

Oligomerization

Drop-in fuels (motor fuel, jet fuel)
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We succeeded in world’s best titer of butanol by Coryneform bacteria.
METI R&D project of butanol production (2015-2019) has been carried out by RITE.

NREL: National renewable energy laboratory (U.S.) PNNL: Pacific Northwest National Laboratory (U.S.)
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Metabolic engineering of Escherichia coli (dark fermentation)
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Engineering of a regulator of a xylose utilization system Engineering of a regulator of a H,-producing enzyme
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METI project of bio-H, production technology development (2015-2019) has been carried out by RITE.

CNRS: Centre national de la recherche scientifique (France)
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Establishment of essential technologies for efficient and high production of butanol from cellulosic biomass,
and chemical conversion of butanol into jet fuel by chemical oligomerization after concentration and
purification process.
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High-yield bio-H, process will be established by integrating the dark fermentation and the photofermentation.
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R&D for a novel bioprocess for production of 100% green jet fuel

ﬁﬁ%@%?& Background
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A novel bioprocess is required to overcome toxicity of jet fuel range of precursor compounds and to
achieve production of 100% green jet fuel.
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Mitigation of CO, emissions by the aviation industry
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Current R&D status of production of green jet fuel
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R&D for a novel versatile bioprocess
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METI project of development of versatile bioprocess for 100% green jet fuel production is now in progress by RITE.
This is a novel bioprocess which enables high production of jet fuel precursors which are useful substances but
showing toxicity to microbes.
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Sugars — R OH
9 ~ Enzymatic

esterification
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Hydrophobic and
toxic compounds

Water-soluble
and low-toxic esters
(fermentation products)

Hydrophobic and toxic compounds are
subsequently modified to water-soluble and
low-toxic esters by enzymatic esterification

with a highly soluble molecule.

LCMS analysis of culture medium
Recombinant strain of ——— ’
Corynebacterium glutamicum Rz\/O\O ] | J?\ﬁgﬁ:ﬂ] (;%'li#@ 'E
/ e — NS
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Rin OH R~ - / Corynebacterium glutamicum was
Ron_OH Ra O e genetically engineered to modify
R o - toxic chemicals to low-toxic esters.
R _OH NG ~ - Administrated  alcohols ~ were
. - successfully esterified in vivo.
Toxic Cor
compounds esters o R
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We are establishing a novel recombinant microbe for high-production of low-toxic esters and an energy-
saving product-recovery process. Integrating these techniques, we aim for high-production of jet fuel
precursors.
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New trends for biotechnological production of
green-aromatic compounds

ﬁﬁ%@%?& Background
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Bioproduction of aromatic compounds as primary industrial chemicals/value-added chemicals has
attracting attention. RITE has been developing bioprocesses for highly efficient production of aromatic
compounds utilizing the advantages of Coryneform bacteria and RITE Bioprocess that show high
tolerance to cytotoxic aromatic compounds.
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Highly efficient production of “green”-shikimate and “green”-aromatic chemicals in Corynebacterium glutamicum
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C6/C5 mixed sugars
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New trends for highly efficient biotechnological production of various kinds of green-aromatic compounds
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Liquid crystal materials
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We are working on the realization of commercial production of “green”-aromatic compounds. We are
also developing high-efficiency bio-production processes for various native and non-native aromatic
compounds by applying construction and optimization of artificial metabolic pathways.
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Green Chemicals Co., Ltd. (GCC)
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+GPD (Green Phenol Development Co., Ltd.) was established in 2014 for industrialization of green phenol
by RITE and Sumitomo Bakelite Co., Ltd.

-In NEDO project, a pilot plant (500 L jar fermenter) was constructed in 2015.

-In NEDO project, a plant for concentration and purification process was constructed in 2016.

-GPD changed its name to GCC, and started to treat many bioproducts including high-value added green
chemicals in 2018.
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Bioproduction of aromatic compounds
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Plant for bioconversion process Plant for purification process Green phenol resin from green phenol
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- In NEDO project, green phenol was successively produced. And bioconversion and purification
processes are now in operation.

-Since our technology can produce value-added chemical compounds other than phenol, selectively and
with high efficiency, we are currently pursuing market development.
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Based on green phenol technologies, GCC is making efforts to commercialize green chemicals including
high-value added aromatic compounds.
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