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Innovations in biotechnology made it possible to maximize the potential of biological functions. 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.

EU and USA designed policies for Bioeconomy, whose market will be developed to 1.6 trillion USS (2.7% of GDP of OECD
countries) in 2030.
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Designing of biological function Maximizing potential of biological functions Regulation of biological functions
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Validation of metabolic models by improving productivity of useful aromatic compounds by Corynebacterium glutamicum.
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NEDO launched a project, “Development of Production Techniques for Highly Functional Biomaterials Using Smart Cells
of Plants and Other Organisms” (Smart cell project)(2016~).
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Model revision/update High throughput assay

Manual assay Multiple steps cloning Algorithm selection Multi-omics analyses
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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
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Optimization of: metabolic model Evaluation of productivity/gene expression
and sequence desigh method Multi-omics data acquisition
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R&D of bio-hydrogen production

Japan-U.S.-France collaboration research
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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.

H 2
‘. High performance
° — H,-producing enzyme
Formate
2 mol Acetate

2 mol
Dark

Cellulosic

biomass

Sugar
1 mol

fermentation fermentation
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NREL RITE & Kyoto University

NREL:National Renewable Energy Laboratory, CNRS: Centre national de |la recherche scientifique
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Maximum 12 mol of H, is produced from 1 mol of glucose by integrating the dark fermentation and the
photofermentation systems.
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Technical challenge: improvement of production rate and yield
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R&D of bio-H, production was carried out, and we succeeded to achieve a high H, production rate by high-density
microbial cell catalysts.

Cell Formate Hydrogen
preparation
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Production rate: 300 L H,/h/L, which means thata 2-L reactor is
sufficient to operate 1 kW fuel cells for housing.

Aerobic
cultivation expression production NAXTKFREEEE RAFE M
Bio-H, production device Fuel cells
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Formate-dependent H, production pathway |
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High-density cell catalyst
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Separating H, production process from cell growth
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Development of technology for highly efficient bio-H, production from non-food biomass
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METI project of bio-H, production technology development (2015-2019) has been carried out by RITE.
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Metabolic engineering of Escherichia coli (dark fermentation) Metabolic engineering of Rhodobacter sphaeroides (photofermentation)
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Acetate metabolism via ethylmalonyl-CoA

_ pathway In Rhodobacter sphaeroides
AcCcessory proteins

required for biosynthesis of 1 Higher H, yield by introduction

Additional H, production _
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via hydrogenase induced Acetyl-CoA
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R&D of bio-butanol production

Japan-U.S. collaboration research
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Butanol is attractive as a biofuel due to higher energy density and lower solubility in water than ethanol. Butanol
fermented from cellulosic biomass can be converted into jet fuel by chemical oligomerization. However, due to its
toxicity, inhibition of the fermentation process leads to low yield of butanol.
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Combination of RITE’s fermentation technology and NREL’s pretreatment/ saccharification technology for cellulosic
biomass will achieve a novel butanol-producing technology with high carbon vyield. Combination of the RITE’s
technology and PNNL’s chemical catalyst technology will achieve oligomerization of butanol for drop-in fuels. METI
R&D project of butanol production (2015-2019) has been carried out by RITE, NREL and PNNL.

R&D of energy-saving bio-butanol concentration and purification has been carried out also. A pervaporation (PV)
membrane process was used for concentration of butanol prier to distillation process. The combined process can
reduce total energy input required for bio-butanol concentration and purification.

7‘9/—)bﬁﬁﬂ"ri*ﬂid)%l]§g~ Bio-butanol-producing bacteria with high yield
EHMENEITFI/ —ILVEER DR

RITE - NREL
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Concentration and purification of
RITE Bioprocess® bio-butanol by combination of PV
membrane and distillation

Pretreated biomass

H RITE - PNNL
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Drop-in fuels (motor fuel, jet fuel) oligomerization Bio-butanol
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Bio-butanol, produced by application of RITE’'s molecular breeding technology and fermentation technology, will be
chemically converted to “bio-jet fuel”.

The bio-jet fuel will be mixed with jet fuel for the flight event. The R&D will be achieved by collaboration with GEI and
some other companies.
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Cellulosic non-food biomass Coryneform bacteria RITE Bioprocess®
1 TS e Wi ¥
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Raw materials Pretreatment Saccharification Isobutanol production
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Concentration and purification of isobutanol

C8H18
C,,H,¢ iso-butanol
Ci6Has .. CaF100
AYINTT12%
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Mixed with conventional jet fuel Dehydration=Oligomerization

RITE Bioprocess is a registered trademark of RITE.
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R&D for a novel bioprocess for production of
100% green jet fuel

. ﬁﬁ;ﬂ@%?g 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.

CO, Emissions Reduction Roadmap

ICAOQO’s or IATA's targets in 2050.

<ICAO’s prediction>

Minimum CO,

3000 No action/ emission gap of
. Improvement of 1039 Mt in 2050
w5 <ICAO’s target> tech, ops, infra
S o Carbon neutral growth _
D G2 from 2020 - <1800 Mt
= ,
;E) S 1500 i <IATA's target>
~ (G , B'g:luet|5 ﬁl Net reduction in CO,
O £ 1000 / ada. tech) | emissions of 50% by
© o <+« 800 Mt 2050 compared to
“= 500 :
Carbon offsetting « 300 Mt 2005
0)
2005 2015 2025 2035 2045 2050 ICAOQO: International Civil Aviation Organization
Ref.) 2016 ICAO Environmen tal Report IATA: International Air Transport Association

H At least 55% or 80% reduction in CO, emissions is required for

ICAO’s global market-based measure (GMBM) (Ref: NIKKEI 2016.10.18)

2021~2026 2027~2035
Application Voluntary Mondatory
An_nual economlc_bu_rden Several billion yen Several tens billion yen
in Japan by emission
trading (2021) (2035)

o :
Lignocellulosic 100% Green jet fuel
biomass RITE’s technology
I
Pretreatment Microbial Jet fuel range
& — . —> Cyclic-/branched- — Hydrodeoxygenation
Saccharification fermentation compounds l
ey G logP value 1.5~3.5 Jetfuelrange
<—O>H @ 8 Isoparaffins
Toxic to microbes Cycloparaffins
Aromatics

Hydrophobicity and productivity of fermentation products

Products Hydrophobicity logP Productivity (g/L)
Ethanol (C2) Low -0.3 100"
Isobutanol (C4) High 0.77 27%)
Isoamyl alcohol (C5) High 1.26 43
Phenol High 1.46 1 (direct fermentation) %)

1) Appl. Microbiol. Biotechnol. 78:449-454 (2008). 2) Engineering in Life Sciences, 10:35-40 (1990).
3) Biotechnol. Bioeng. 110:2938-2948 (2013). 4) RITE Today 2015.
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Mitigation of CO, emissions by the aviation industry
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Correlation between toxicity and productivity in fermentation
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R&D for a novel versatile bioprocess and production of 100% green jet fuel
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METI project of development of versatile bioprocess for 100% green jet fuel production is now in progress by RITE.

bhd  a—rRb—n—
Rice straw Cornstover
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Nonfood-based
biomass
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Versatile bioprocess
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Useful chemicals
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Jet fuel range of cyclic-/branched compounds
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Introduction of toxic compound-resistant system l 7](%‘":,%@%
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100% Green Jet Fuel

Hydrodeoxygenation
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Iso- and cycloparaffins
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Aromatic compounds
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[Significance]

This is a novel bioprocess which enables high production of useful chemicals and jet fuel precursors showing

toxicity to microbes.

. ﬁéfﬁﬁ%ﬁ'jﬂe)‘la I‘@&% Achievements of the METI project
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Creating a novel microbe harboring a toxic compound-resistant system which enables it to produce high amount of

useful but toxic compounds.

. %&@Eﬂﬂ Future schedule
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Technologies for industrialization will be developed with partner companies by 2030.
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Green Chemicals Co., Ltd. (GCC)

. %HHE Company Outline
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Green Chemicals Co., Ltd. (GCC) (renamed from Green Phenol Development Co., Ltd.) was established by RITE and
Sumitomo Bakelite Co., Ltd. GCC is making efforts to commercialize useful chemical compounds.
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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 fer-
menter) was constructed in 2015.

* In NEDO project, a plant for concentration and
purification process was constructed in 2016.
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* GPD changed its name to GCC, and started to

treat many bioproducts including high-value
added green chemicals in 2018.
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Plant for bioconversion process
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Green phenol resin
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Plant for purification process
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Molding parts made from
green phenol
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» In NEDO project (2014.5 to 2015.3), a pilot plant for bioconversion process was constructed at Kazusa Academia Park in
Chiba prefecture, and green phenol was successively produced. Then it was transferred to Sumitomo Bakelite Co., Ltd.

in Shizuoka prefecture.

» In NEDO project (2015.8 to0 2018.2), a plant for purification process was constructed in 2016, and bioconversion and puri-

fication processes are now in operation.

» Based on green phenol technologies, GCC |
added compounds.

GC

s making efforts to commercialize green chemicals including high-value
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Green Chemicals Co., Ltd.
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New trends for biotechnological production of

green-aromatic compounds

. Eﬁ;ﬂ@ = 5{ Background
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Microbial production of aromatic compounds from biomass has been difficult due to their high cytotoxic effects on
microbial host cells. Our research group 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”-shikimic acid and “green”- phenolic acids in Corynebacterium glutamicum
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nutraceuticals,

\/E4P

Phenol

4-AMIinNo-
benzoic acid
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4-Hydroxybezoic acid is useful as a building block for liquid crystals,
pharmaceuticals, cosmetics and functional polymers. On the other hand, 4-aminobenzoic
acid is a promising compound to produce engineering plastics and also has applications as
and pharmaceuticals.
bioproduction of these phenolic acids from renewable sugars with the world’s highest
product titer.

SXSER  shikimic acid
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Shikimic acid is known as a precursor of an
anti-influenza drug, Tamiflu® (oseltamivir).

It is also useful as a building block for the
synthesis of various pharmaceuticals or
cosmetics such as skin-whitening agents.
We succeeded in highly efficient production
of shikimic acid (The world’s highest
productivity and yield). This opens the way
for enhanced production of aromatic
compounds.

paraben,

We have succeeded in efficient
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New trends for highly efficient biotechnological production of various kinds of green-aromatic compounds
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Efficient and rapid modeling of metabolic pathways, high-throughput gene screening, and construction of strains to
overproduce aromatic compounds with various applications from non-food biomass-derived sugars.
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Non-food biomass-derived
green-aromatic compounds
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Applications

N EIMEEAFE CILEaEHIER
=& SEER)T—, B

Heat resistant polymer
High-strength polymer
Liquid crystal materials

W ETT]

Medical and agrochemical products

8- e fmIRE

Perfume, flavor and cosmetic products
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