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B Development of Production Techniques for Highly Functional
Biomaterials Using Smart Cells of Plants and Other Organisms « = « ¢ ¢ ¢« e o ¢ o«

B Implementation Structure (FY2016-FY2020) «« c = v v v e v v v e e v cav e enn

B Development of new genome editing techniques,
and the use |n plant englneerlng ................................

M Development of gene-expression ON/OFF switching platform and
strict regulation of biosynthetic pathways for valuable biomaterials « ¢« ¢« ¢ ¢ ¢« -

B Regulation technology of plant metabolite accumulation toward
high production of valuable compounds « « ¢ ¢« ¢« s e e e v e v e et e oo

B Engineering plant secondary metabolism
by combination of traditional and cutting-edge biotechnologies « « « < ¢ ¢« ¢ ¢ e e« ¢

B Development of an active vitamin D3 production system
by multi-step metabolic engineering and highly efficient plant tissue culture  « + - - -

M Alkaloid Production Using Metabolic-Engineered Medicinal Plants =« = ¢« =+« -«
B Development of new controlling agents against potato cyst nematode =+« =+« - -

B Development of an efficient production system for a pharmaceutical
intermediate 10-DAB using yew-tree cell culture technology « <+« ««c e o e e v e

B Development of novel techniques to produce perilla rich
|n functlonal |ngred|ents ......................................

B Development of super high-speed smart cell creation platform based on IT =+« -«
B High-performance plastic derived from plants « =« «c o e e e v e e e e

B Development of Burkholderia stabilis smart cell for over production
of cholesterol esterase for diagnostics « « ««c s s e v v e et

B Development of Smartcell for High production of Rare Amino Acid,
Ergothlonelne ............................................

B Development of Shoyu Koji mold that produce a high content of natural
long-chain human ceramide by using smart cell technology « ¢« ¢ ¢« ¢ ¢ o oo e e v e

B Development of production method for high value chemical products using
enzyme design teChNOIOY. =+ =+ @ st vt v et et e e ettt i et
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Development of Production Techniques for Highly Functional
Biomaterials Using Smart Cells of Plants and Other Organisms

Background and purpose of project implementation

Seas polluted with plastic waste and other new global concerns are emerging in addition to the familiar issue of
global warming. Energy and environmental challenges cannot be addresses by any single country alone. Such
challenges require a globally coordinated approach. NEDO believes that the key to establishing sustainable
circular society is pursuit of sustainable energy, a circular economy, and biotechnology in an integrated manner.
The three pillars underpin the comprehensive strategy that NEDO is shaping to drive innovation that offers
feasible solutions to address the challenges faced by our society.

Market of bioeconomy, one of the three pillars, has
expanded mainly in Europe and US. In Japan, there
is an urgent need to enhance of competitiveness in CCU. CCS. EOR* Cellulose nanofibers
this field. The landmark accomplishments of

Comprehensive strategy for establishing a sustainable circular society
(three pillars and examples of relevant technologies)

Reduce Cell-based material

. . . ducti
biotechnology owes much to its convergence with o production
cutting-edge digital technology such as IT and Al. Roue Circular hydrogen Bioplastics
We can now accumulate, analyze and modify large Recycle economy Bioeconomy J  aine bodegradube
amount qf genome data (genetic informatipn) in aor AN v .
short period of time and at a low cost, allowing us Hydosen eduion o

. . . . i i Bi .
to bring out and control the “potential of biological %dg - s Biomass power generation
function” in full. Highly-efficient material production power gencration hydrogen _Photovoltaic power generation
by living organisms has been highly anticipated, Fucl cells Windpoer gencrtion

and there is a need to establish a technological base
and experimental verification of the production to
promote market formation in this field.

Batteries Ocean energy

Power electronics Geothermal power generation

©NEDO

In 2016, NEDO launched the Smart Cell Project “Project for Development of Production Techniques for Highly
Functional Biomaterials Using Smart Cells of Plants and Other Organisms” to create smart cells that are highly
optimized of the use in manufacturing process from plants and microorganisms. In addition to the development
of the required technology, this project will promote the Japanese bioeconomy and ensure the competitiveness
of domestic companies by developing a platform that integrates various production technologies for highly
functional biomaterials.

lv.

It is a set of economic
activities relating to the use

What is of biomass and biotechnology
industry?
smart cells?
Smart cells are artificially ~
ealthcare
modified blOlOglcal biotechnology i 25%
cells whose |ntrace||u|ar Smart cell enabled high performance industry and in
productlon process bi;)mater;als produfc:.oT will ITad to prima?/ pr?du:;i;n
advanced usage of biological resources acounting for 39% ‘about 1.6 trillion
are optimized. o ¢ _
and functions in various industries such as of overall value. US dollars) I pFimary
Advanced technologies in biology and manufacturing, energy, agriculture, forestry, As a result, many production
digital, such as information analytics, fisheries and heathcare. In particular, western countries 36%
are used to design smart cells with applying smart cells in manufacturing invest heavily on Source: OECD report on
optimum production capability. Smart process may enable sustainable production the policies for the "The Bioeconomy to 2030"
. . . ) - ; . k ; (2009) adapted by NEDO
cells function as biomaterial production in industrial sectors which rely heavily on bioeconomy.
plant. The term "smart cell" originates oil and other natural resources. In vivo
from the intrinsic smartness of cells and application of smart cells may revolutionalize

their intracellular production process. healthcare technologies as well.
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Project goals

M To establish the smart cell, a cell in which living organism's capacity to produce materials

is brought out to the maximum extent.

M To develop the base technology for creating useful materials difficult to produce in chemical

synthesis or exceeding productivity by conventional methods.
M To establish practical utilization technology in the specific production material.

Project image

Conceptual Diagram of the NEDO Project

Utilize biological
functions

Optimize
biological
functions

Establish

intracellular

production process

Use smart cells

for industrial scale
production

M Research and development items

* Research and development item 1:
Development of common base technology related to the production efficiency of plants (commissioned
project)

* Research and development item 2:
Development of production technology for highly functional products using plants (subsidy project)

+ Research and development item 3:
Development of information analysis system that contributes to the creation of high productivity
microorganisms (commissioned project)

* Research and development item 4:
Development of production technology for highly functional products using microorganisms (subsidy
project)

M Research and development schedule

FY2016 FY2017 FY2018 FY2019 FY2020 FY2021

Plants Smart cell S-mart cell Development of made-in-Japan genome
industry 1. Development of editing technology
Digital Plants common base Verification of suitability f
technology t[e‘Chnolggy !'elated to Development of metabolic gene expression regulation p‘::cticcaa;c;))rl]a?wtsaurlmdair‘:1|;)|)'l0\(/)<erment
(Using IT and Al) Deosi :f:c'i);:c;{‘f)?:rants technology § of technology
esign . .

biological Microorganisms [commissioned] Development of expression regulation technology @

functions in cultivation and growing environment =

* PET bottles i
S 2. Development of 3 Otimization of cultural m
production technology for | Identification of metabolic pathways and key genes & ptimization of cu'tura g}
: . . highly functional products | Development of transformation technology § (E)nwronmen‘t COﬂ?ItIOSS . 2
Microorganisms x . sy:;hetlc using plants [subsidy] 2 emonstration of productivity <
— Control rubber 3 >
>t functional . _ = 2
N Cutting-edge expressions « Dietary supplements 3. Developmentof information Development of gene sequence 3
- biotechnology e Tires * Cosmetics analyfls system that . design system =]

@ - and others contributes to the creation of Verification of Improvement and packaging
q high productivity Devel hiahthrouah . effectiveness of development system
i g i evelopment of high-throu ut synthesis,
Cells function as Sustainable microorganisms analysifand evaluagtion metgoz ’
production plant biomaterial [commissioned]

4

production

Obtainment of Information and Development of Basic Technologies to Improve Production Efficiency

Accumulation of Biological Information

Obtainment and accumulation of mass data
including genomic information of various
commercial culture organisms available from companies

Technology to Design Biofunction
Rationally Based on Biological Information

Design on high-productivity smart cells through
computerized designing of genome and metabolism

Made-in-Japan Technology to Edit Genome

Development of technologies to modify (edit)
specific genomic information selectively

4. Development of production
technology for highly
functional products using
microorganisms [subsidy]

Development of practical target
through system utilization

M Project framework
Project Leader : Dr. Satoru Kuhara, Kyushu Univ., Professor emeritus

"
MW - % PPR motif

Ty
Technology to Synthesize Long-chain DNA
Development of technologies to synthesize long-chain

Deputy Project Leader : Dr. Takeshi Matsumura, Plant Molecular Technology Research Group Leader,
Bioproduction Research Institute, AIST

Biological information
' ATGCCTGAGCATGCCTGAG
CTAGCATAGATGCCTGAGC
TAGCACAATGCCTGAGCTA

Plant Production

Establishment of production

technologies using the basic technology
for the development and a plant factory

Microbial Production

DNA to add a new function to a cell

L

Establishment of a total system
by integrating the basic technology

for the development

Creating new industry in which industrially useful compounds can be produced by biological processes, by using
information technology, high efficient genome editing technology and long-chain DNA synthesis technology

PO7

Project Manager : Chikako Hayashi, Project Coordinator, Bioeconomy Promotion Division, Materials Technology and
Nanotechnology Department, NEDO
Participating organizations (As of Sep., 2020)

R & D item @ EditForce Inc., Kazusa DNA Research Institute, Kyoto University, Kyushu University, Kinki University, Kobe University, National Institute of
Advanced Industrial Science and Technology, Chiba University, University of Tsukuba, Takasaki University Health & Welfare, The
University of Tokyo, Tokushima University, Nara Institute of Science and Technology, Hiroshima University, Northern Advancement Center
for Science & Technology, Hokkaido University, Meiji University, Yokohama National University, RIKEN

R& D item @ Ajinomoto Co. Inc., Amino Up Co., Ltd., Kirin Holdings Co. Ltd., KNC Laboratories Co. Ltd., Takenaka Corp., Hokusan Co. Ltd., Hokkaido Mitsui
Chemicals, Inc.

R& D item ® Ajinomoto Co. Inc., Ishikawa Prefectural Univ., Ezaki Glico Co., Ltd., Kyushu Univ., Kyoto Univ., Kobe Univ., KNC Laboratories Co. Ltd., AIST,
JSR Corp., Shimadzu Corp., NITE, RITE, Univ. of Tsukuba, The Univ. of Tokyo, Tohoku Univ., Nagaoka Univ. of Technol., Niigata Univ. of
Pharmacy and Applied Life Sciences (NUPALS), NIKON INSTECH CO.,LTD., JBA, Hitachi, Ltd., Fuji Oil Holdings Inc., Mitsubishi Chemical
Corp., RIKEN

R& D item @ AsahiKasei Pharma Corp., Amano Enzyme Inc., Toray Industries, Inc., NAGASE & CO., LTD., Fukuoka SoySauce Brewing Cooperation
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2016-2020 FEHFE R HEAH

NEDO Advisory board

FL Dr. Satoru Kuhara

+ Ajinomoto Co. Inc.[Joint implementation: Kyoto
Univ., Tamagawa Univ., Tokushima Univ, (2015-),
NOASTEC (2019-), Chiba Univ.{2016-2018)]

* Hokusan Co. Ltd.[Joint implementation: AIST)

» Hokkaida Mitsui Chemicals, Inc.[Joint
implementation: Kyoto Univ. ]
« Amino Up Co., Ltd. [Joint Implementation: AIST,

MOASTEC, Tokushima Univ. (2019-), Hoklkaido Univ.
{2019}]

MAGASE B CO., LTD. [Joint implementation: AIST,
Mara Institute of Science and Techrology, Kobe Univ.,
Toholku Univ.]

Fukucka Soy Sauce Brewing Cooperation [Joint
implementation: Kyusyu Univ., Kyoto Univ,, AIST,
RIKEN]

]
]
I
l H . -
1| [nstruction (Kyushu Univ. - Professor emeritus)
H D'. _' SPL Dr. Takeshi Matsumura
ISCUSSIOnN

: (AIST - Plant molecular technology research group leader)
I
]
]
: R8O field @ R8O field &
: avel pment of basic a » Development of information analysis system
] rental fauhmlag‘feafarbm.-_ for creation of highly productive
! n using plant _microorganisms
' {1] Establlshment of Japanese
: technological platform of genome (1) High throughput synthesis, analysis and
i editing evaluation technology
. « Tokushima Univ., Meiji Univ., RIKEN, KINDAI (2) High productive microbial design system
' Uniiv. : : ; g
: £ = Kyushu Univ., Kobe Univ., Hiroshima Univ_, {3}t:Er1ﬁ1::atlﬂnt.and Imfquvem;nt of Vaildiw of
o The Univ. of Tokyo, AIST, Takasaki Univ. of € Information analysis system
f & Health and Welfare, EditForce Inc., Tokyo Kobe Univ. [Recommissioned: Okayama Univ., Chiba Univ.,
i = Medical and Dental Univ. (2016-2018), IPSN Dsaka Univ., Keio Univ. (2016-2018)], AIST
s R s o [Recommissioned: INTEC Inc. (2016-2017)], Kyato Univ.
1 E i TN B T bl f (2017-) [Recommissioned: MNational Institute of Health and
| & (2) Expression control technology o Nutrition (2020)], RIKEN, The Univ. of Tokyo, Univ. of
| = metabolic gene expression Tsukuba (2017-), Toholku Univ. [Recommissioned: Shinshu
I L - Kazusa DNA Research Institute Univ., Kagoshima Univ.], Kyusyu Univ., Ishikawa Prefectural
: £ [RECDF“"?SSIU”EC“ Tn_hqku Univ.] . Univ., Nagacka Univ. of Technol. [Recommissioned: Kao
i E - Kyato Univ. [Recommissionad: Amino Up Co., Corp.], Nilgata Univ. of Pharmacy and Applied Life Sciences
: O Ltd.{ECIlQ-}]L ) . (NUPALS), NTIE (2017-), Shimadzu Corp., NIKON INSTECH
i - AIST, Hokkaido Univ., Nara Institute of CO.,LTD (2017-), Ajinomoto Co. Inc., Ezaki Glico Co,, Lid.
' Scienca and Technelogy, Yokohama National [Recommissicned: Biojet Company LTD.], KNC Laboratories
I Univ. ) ) . Co. Ltd., Fuji Qil Holdings Inc., Mitsubishi Chemical Corp.,
! (3) Gene expression control using artificial 1SR Corp., RITE, Hitachi, Ltd. (2017-), 1BA, Nihon Techno
I environment and cultivation technigues Service Co.,Ltd. (2016-2018), Precision System Science Co.,
I = Chiba Univ., Northern Advancement Center for Ltd. (2016-2018), Spiber Inc. (2017-2018)
: Science & Technology (NOASTEC)
:
1 — —
: R&D field @
' Development of high-performance
' — | product production technology using
' E plants

m
I =
I
1 E + Takenaka Corp. [Joint implementation: Health
: o Sciences Univ. of Holkkaido, Osaka Prefecture Univ.] Taray Industries, Inc. [Joint implementation: AIST,
1 = - Kirin Heldings Co. Ltd.[Joint implementation: RIKEN]
: E Osaka Univ.]
i O - KMNC Laboratories Co. Ltd.[Joint implementation: Asahi Kasei Pharma Corp. [Joint implementation:
! = Kobe Univ.] AIST]
1 w
:
I
I
I
I
I
I
]
]
I
I
I
I
I
I
I
I
I
]

Amano Enzyme Inc. [Joint implementation: Kyoto
Univ., AIST]

M Prior survey

W Studies on R&D direction in the field of the material production by using Smart Cel (2016
Mitsubishi Chemical Research Corp.)

BNew regulation proposal on genetically modified organism in contained use (2016 " JBA)

B Analysis of the ripple effect on environment and economy in the field of material produc
tion by using Smart Cell and the trend survey of the related technologies (2017-2018
Mitsubishi Chemical Research Corp.)

BMExamination of new issues to be solved for promotion of social implementation of smart cell
related technology
*Research area: Development of an integrated web tool for novel genome editing systems
(2018-2019 / Meiji Univ., Tokushima Univ.)
Research area: Development of innovative delivery of molecules to genome-edit plants
(2018-2019 / BEX CO., LTD. [Recommissioned: Chiba Univ.], Kyusyu Univ.)
» Research area: Research and Study for High Efficiency Methane Production by Applying
Deep Learning Analysis to Gene Expressions of Anaerobic Microbial Community and
Real Time Analysis of Odorous Components
(2018-2019  Hitachi Zosen Corp. [Recommissioned: Hitz biomass lab inc., Global Center for
Medical Engineering and Informatics, Osaka Univ.])
*Research area: Development of robust microorganisms and simple production process
(2018-2019  JGC JAPAN CORPORATION, Sojo University, Nara Institute of Science and
Technology)
* Research area: Extraction of tasks for socially implementing isoprene and highly functional
isoprene derivative manufacturing technology derived from plant materials
(2018-2019 / Mitsubishi Chemical Research Corp., Bridgestone Corp., JSR Corp.,
Mitsubishi Chemical Corp.)
* Research area: Development of a Platform for Label-Free Sorting of Highly Productive Cells
by High-Performance Raman Flow Cytometry
(2018 /euglena Co., Ltd., The Univ. of Tokyo)
» Research area: Study on conversion of raw materials and diversification of outlets for C4
chemicals
(2018 / Chitose Laboratory Corp., Daicel Corp. [Recommission: Nihon Univ., Tohoku Univ.]
*Research area: Search for Useful Monomer Compounds Synthesized Biologically
(2018 / RIKEN, AIST)

BBenchmark survey for realization of bio-economy society (2019-2020  Mitsubishi Chemical
Research Corp. )

M Advisory board (2016-2020)

<R&D field @ and @> <R&D field @ and @>

Chairman Shigeru Kuwata (Meiji Univ.) Chairman  Kuniki Kino (Waseda Univ.)

Member Toshio Aoki [-2018] (Nihon Univ.) Member  Yoshihiro Otaki (Biofrontier partners, Inc.)
Member Akiko Ishii (National institute of health sciences) Member  Katsuya Gomi  (Tohoku Univ.)

Member Tetsuya Ishii (Hokkaido Univ.) Member  Minoru Seki (Chiba Univ.)

Member Yoshihiro Otaki (Biofrontier partners, Inc.) Member  Hirotada Mori  (Nara Institute of Science and
Member Junichi Mineno (Takara Bio Inc.) Technology)

Member Takahiko Yano  [2019-] (Taisyo pharmaceutical holdings)
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R&D Project®
Establishment of novel genome editing platform / Establishment of basic technologies for plant engineering

and the use in plant engineering

Kyushu Univ., Tokushima Univ., Kobe Univ., Hiroshima Univ., Tokyo Univ., Tsukuba Univ., AIST,
RIKEN, Takasaki Univ. Health & Welfare, Kinki Univ., Meiji Univ., EditForce Inc.

@ Development of new genome editing techniques,

Research and development purpose

- Establishment of new, free-standing genome editing techniques.
- Application of the new genome editing techniques in production of high-functional biomaterials
using plant.

This R&D theme is supported by NEDO, focusing on a series of genome editing techniques
including (A) DNA recognition module, (B) various effector, (C) delivery system, (D) support unit,
(E) IP strategy, and further, the packaging to establish user-friendly application..

Research and development outline

A. DNA recognition module(s)
A-1. DNA-binding PPR* (Protein-based)
(Dr. Yagi, EditForce Inc)
A-2. TiD* (guide RNA-based)
(Dr. Osakabe, Tokushima Univ.)
A-3. Novel protein-based module
(Dr. Yahie, Tokyo Univ. et al.)
A-4. PODIiR* (guide RNA-based)
(Dr. Maseda, AIST et al.)

B. Effectors and applications
B-1. Various applications* (Dr. Nishida, Kobe Univ.)
B-2. Precise genome design using recombinase

(Dr. Nomura, Hiroshima Univ.)
B-3. Novel nuclease*(Dr. Yamamoto, Hiroshima Univ.)
B-4. Organelle genome editing (Dr. Yoshizumi, Riken)
B-5. Transcriptome (RNA) editing*

(Dr. Nakamura, Kyushu Univ.) ﬁ

C. delivery system A4 _
C-1. DIVE (surface charge control)* (Dr. Kato, AIST) D. Support unit
C-2. Nano-needle* (Dr. Nakamura, AIST) E. IP strategy
C-3. Cell penetrating peptide*

(Dr. Yoshizumi, Takasaki Univ. H&W)

D. Supporting Unit
(9) In silico screening & verification
(Dr. Okada, Tokyo Univ.; Dr. Yano Meiji Unv. et al)

E. IP strategy (Dr. Nakamura, Kyushu Univ.)

Packaging
1. [DNA-binding PPR]+[novel nuclease]+[nano-needle/peptide]
2. [TiD]+[nano-needle/peptide]

A. DNA recognition module
A

B. Various effectors

C. Delivery system

N

Biomaterials

production in plants

* Patent filed/registered

Dr. Takahiro NAKAMURA, Kyushu Univ. tnaka@agr.kyushu-u.ac.jp

P14



MERFEEEO
a0 2 MU CfR B HB A R R iR 3

@ EEFRION/OFF RIY F 5 75y b7+ —LORFE

1Y 7 L/1 FERERRIEF DRI

a1 - At H9 & DNABISERT BEFE RILAE

MEFREDERN

*’Eiﬁd)‘fﬂ?ﬁ‘ 2B FZEGREDNAZEN NELFEAL. %EQON/OFF ERDFEIMEREIILET,
B FEAREZET/ LRERT —VaELCERTESHBEABRMZMIILE T,

MRRFEOBIE

O REETELEHDNABAFMAEREL TFIEBON/OFF R Y F T TS5y NI+ —L] DIEE
@ BNFFEEBRA YA NEEA LT/ LREAT—3 > | DRHE

O BALIZEETLFORE T

@ ZEEELAYV T /A FERRBELFEHOEASFEITHIE (RILX)

BETFHRER Y515 B | 3 AONADSAEBILEE AT # B (HACH BT |
- BHERCIIREEE

S REW ':E’#_,’Ir "'-f;"_' -

' & 1 e —o

2 e ‘_J:Enﬂﬂ ) % E_!.? é

sEFRAN Ean ana R —’ﬁ #n_n_t@_
w4 ==l e
. HREMAERROTREN ' | —

s

ke Sha™

BEFRLESR 2] lr-f.u'ﬂ-.ti“lll R STmiaaren e TE S dm

AARTRRAEETIZICEVENTOMRRZ
BIZFDOFIHEON/OFFHIEHZERT 5.

@ RIRON/OFF A1y F 5779 b7+ —LORH @ 4V70/4 FaRBREEFHOREN RO
| ON/OFF TS0 71— L O | | pEEIRCLEAETRRONN | EENIVNNIFDEVEMAVYTIL/AF
RAT L 9 9 3=
@A + Hﬁwgl &E * AL TR :I. I:‘lifyﬁ
= i -
e ey e ."w LA -
© E=
IPPREETSY T4+ — LOWEFE
7"5 “/ I~7j. _Ar EYFP 7_#_%{E;b\50)ﬁiq — H5ZERAVIL /A FOREERITHERRIEE!
d — ARAYTL /A FEARERD
S3BY-2B(T) YOARFRF AYHFS7SF AT ey REEBOBAE TRETORNEHRRES
= | ' ‘ T8 Onans
= | Ly 0
= | g
. . - i % 2 § =g§(§§§mg
RNl .
N/O FERFICEB TS b SRR " T
fﬁﬁ T4k 1 T4 — AiE1E¥@§§f% #_I;*l&s,ﬁfﬂi\/jk{ibj 7a m l%ﬁnﬁ#ﬂﬁ H
C()Eg\lY/—g F'Ifll;‘;ﬂi/)r VTR fyj}b/,ﬂ: \. v"‘p‘u»‘;\ﬁ"*m MR

B OEEBICHVTHENEICLD
R —FRBRHEBO TGO

[FEIEON/OFF RAY F T T 5w hT#—L ) Z B HRENEA L. ON/OFF A1y F 7T LI DT,
HARITERIFIFREOB WV RIMMARDN AR CEL T,

P15

Research and development item 1:
Development of common base technology related to the production efficiency of plants

Development of gene-expression ON/OFF switching platform and
strict regulation of biosynthetic pathways for valuable biomaterials

Kazusa DNA Research Institute, Tohoku University

Research and development purpose

We will develop “gene-expression ON/OFF switching platform” in plants by taking advantage of chromosome engineering and long-DNA
transgenic technologies. We will exploit the “switching platform” as “genome editing station” for producing valuable biomaterials.

Research and development outline

(D Development of “gene-expression ON/OFF switching platform” by using chromosome engineering and
long-DNA transgenic technology, @ Development of “genome editing station” by introducing various
site-specific recombination sequences, @ Stability test of the multiple trans-genes expression, @ Development
of gene-expression manipulating technology of biosynthetic pathways for valuable biomaterials

| Problems for trans-gene technology in plants | | Human artificial chromosome (HAC) engineering |
A HAC generated from synthetic DNA i

- Growth inhibition caused by over expression

gene-
transfer
-. growth inhibition

expression:  low hlgh

CENP-A

centromere

[ Requirement of strict gene-expression control | Henoetal trech 1995 Ofads ol o, 2007

o
etal, Dev Cell, 2008  Ohzeki et al, EMBOJ, 2012 L /
Sh lIJCIIS ,2015 Ohzeki et al, Dev Cell, 2016 =_.
- Destabilization of the expression through generations ON/OFF control ofnserted genes BN i
B Suv3oh1 __Heterochromatln
HP1 Sister chromatids

-m T 1+
cohesion

ON.,CFE 4 " ;
generanons 'Wvl : t{-{.,- h
gene-silencing —
.’ trans- gene X —
Development of "ON/OFF switching platform” |
[ Requirement of release from the gene-silencing | SR e~ Lin plants using chromosome engineering.
[/ A “ 1/
(DDevelopment of “ON/OFF switching platform

|ON/OFF swnchlng platform| | chromosome engineering |

WV -=--Q- -0 U---

FLE3E

Release Natural rubber Drugs
transformants gene-silencing from silencing
Vitamins
d e ’ -
. Novel biopolymers -

gene

OFF expression ON o
[.ON / OFF manipulation | . iofuels ﬁ

Establishment of an IPP overproduction platform
. * . —widely applicable system for all of isoprenoid overproduction
EYFP gene expression from the switching platform _ _
Construction of IPP overproduction platform

with seven enzyme genes and in planta induction of
Tobacco BY-2 (T4) A. thaliana N. benthamiana En,fa?ﬂ:,'z,us blosl;r?ttr?:t)llg?)zlt]:vvay SlmUhaneousoverexpressmn
- T AT -\‘fr """ Flower D:‘Ajcze I
= : \J!n .
= IPP biosynthetic | | =7 | follm 1 L]
e § . § ? 2
. : Isloprenoid. : il gv
ON/OFF switching effects H @ﬂ pamaye |
of the platform induced Y | Valuable ‘ Root Bl H
by switching factors Metabolites | isoprenoids ! ] 8w | I]
®Y-2T4cellline) e | N

The platform enables us to induce 7 genes
in various tissues by the inducer treatment

Message from researchers

By introducing the gene expression ON/OFF switching platform into plant cells, we succeeded in switching
the gene ON/OFF. Therefore, achieving the world's first innovative technology development is promising.

P16



MERFEEEO
a2 MU CfR B HB A R R TR 3

@ MEERADZ X LOFIEC K55 RDE E EH iy
—HEYICEH VT B AHE I D EREB OB EE: i DR —

a1 - At REKE EFEMER. {LEHFERR

MEFREDERN

Research and development item 1:
Development of common base technology related to the production efficiency of plants

Regulation technology of plant metabolite accumulation
toward high production of valuable compounds

Kyoto University: Research Institute for Sustainable Humanosphere, Institute for Chemical Research

Research and development purpose
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(D Regulation of glandular trichome density genetically via genome editing or physiologically with chemicals
(@ Molecular dissection of “intracellular transport cargo” for lipophilic metabolite secretion

3 Integration of “accumulation processes” and “increment of smart cells” toward high production of valuable
plant metabolites

Research and development outline

< Background > Ml
puling
| A pair of wheels ‘ ‘ Glandular trichome (GT) is smart cell ‘ # gm
2
| . e ﬁ: iaon’ m'::'.:...::f:::m“h‘n:r:w"m?‘;:..-:rrﬁrrm‘:" %_ G'ﬂ
PR B P Dlarghuier | Serrsiacy ey, vk ool and covtiy s ircemed h_ ) ’
l\x ; Lupulin of hops = glandular trichome
¥ Glandular trichomes accumulate many
valuable compounds
; = _— ; | Tk Metabollte
accumulation | Spadbc thum | oo
« mEmbran ransport _H ] ot in GT
e 2 ‘*fig@
<ResearCh 1> Strategies to develop glandular trichames. Xantholunnal Artem|5|n|ne
Posities ugnal in
" i osn s
o Bt '”'“*,;}"H"::'nfg“'" Chemical
epidarmis -,_ treatment
Giandulartrchme & Plant A
iaT)
muﬂ
Sarmulation al GT A
mnmﬂwmr\-mu
ru;mmgol .

il Flworyh

Plant B

<Research 2>

Extract elements from shikonin production
system for ‘transport cargo’ machinery

Furpose : astsblshment of producton platform for lipophiblc metabolie by use
of hinlogical ability to tecrete ipd 1o apaplast in 8 high amount

Iacrete 10 apoplast

U [ nur i ba ml FI-'eI‘ﬂ‘rd-llﬁluhﬁ-nF phnud

Lipid I:.I.n .r : o dail . .-.' ;. . Lipld manclayer ey 1_.
Hir o ol %% lipo-compartment ®
o nm . LU — 2pm L B large mner valume
(%2500 T B apeplast
Space belwaen resolution large number
phasphalipid bilayer
izvery fimited Plant-specific lipid secretion mechanism

Message from researchers

- Without transport and accumulation, production of metabolites cannot be established.
Regulation of transport is a next generation technology for metabolite production.

+ Glandular trichomes (GT) are “smart cells” especially for lipophilic metabolites.
Regulation of GT density directly reflects to the metabolites accumulation level in a tissue.

- Companies having interests on plant lipids and other secondary metabolites are highly welcome.
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Research and development item 1:
Development of common base technology related to the production efficiency of plants

Engineering plant secondary metaholism by combination of traditional and cutting-edge biotechnologies

Efficient production of secondary metabolites by combinations of genetic engineering and specialized environment control.
National Institute of Advanced Industrial Science and Technology, Hokkaido University, Nara Institute of Science and Technology,

Yokohama National University, Chiba University, Northern Advancement Center for Science & Technology

Research and development purpose

+ In addition to plant genome recombinant technologies, new technologies such as prevention of DNA methylation,

elucidation of key sequences critical to high expression of genes, and searching for activators for gene expression
will be utilized for controlled manipulation of gene expression involved in secondary metabolism.

» In many crop species, genes involved in secondary metabolite productions are almost unknown. Consequently,

genetic manipulations for higher production of useful secondary metabolites are not possible. On the other
hands, there are ample evidence that environments and conditions for cultivation could critically affect the yield
of secondary metabolites without elucidating genes and pathways of the relevant secondary metabolism. In
order to assist developing strategies for higher production of useful secondary metabolites by controlling
cultivating condition and gene expression changes under various cultivating conditions will be examined.

- By utilizing combinations of above technologies, effective application methods will be evaluated.

Research and development outline

Improved gene expression
by application of
anew activator

or demethylation.

Blocking the pathway
by inducing
DNA methylation

N g )
\ L1 e
hN il "")—i:-.l
o SN ':P& LT e
— ' Introduction of
! i':_‘j"' a separate pathway 4= '
o \ ~= by adding new genes. |, Designing artificial mRNAs
T X>§ "‘Lfr-f“-[J-r‘ that are difficult to be cleaved.
1

«Identifying cleavage sites in mRNAs.
«Identifying sequences characteristic
to cleavage sites.

.—04’/ — AAAAA

1
Blocking the pathway _,,—-" 9 30
by RNA interference e
N

» @ AAAAA
using virus vectors. )

\

0|

Plant factory for genetically

Application of
chemicals

modified plants, and so on

ed light | greenlight purple light \E‘f\;‘l

LT,

RE. REE. BERME. b3 1°ZE
MERS ., KBMAERAIRE R E,
B L& MPiEmEOMa i J
"y N s PaN
R U T2 OB B IS L TR 3 S O SENES)EMAxy)
B3 BB B

KEEHLSD—F

c REESIE. BT AIVANT Z—P AgroinfectionZ EDENR—BHERIB R BEFEBIMHE M
ELTVIGS.RNAIEZFDICHEEZE T 5. Flc. B FRBIENAEDEH . 4 DRNA
silencing suppressor’z EDFAHEERE T,
cEMICBWTCELGFREZALINICKT T AL CELLIERRLZIGEEL. T EMREGFR
REZAV V7R ZHRELTC RS ESERICENEHREEMBEZRE L.

c RRGHEBRETICESIS - AAHREEIEZEGCTFORRTERZTV. AV T VI AL EREINDD
b BEEER T AEREARICERMIBEATHET,
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0

Valuable metabolites

Quality of light, room temperature and
humidity, photoperiod, application of chemicals,
application of precursors, and so on.
Target metabolites: Customized cultivation
technologies depending on plant species

employed. The most suitable hydroponic culture
method for plants of practical application
in the plant factory.

Message from researchers

+ Researchers in charge have good skills of following techniques; highly expressive plant virus vectors,

high-gene expression by transient agro-infection system, virus-induced gene silencing (VIGS) as a gene
suppression technique. And they are capable of conducting following experiments; stable gene expression
by plant transformation, utilization of many RNA silencing suppressors for effective exogeneous gene
expression in plants.

- Researchers have made possible higher expression by artificially designing the gene structure in plants.

Hi-speed and hi-throughput analysis system is also available. Using high-throughput gene expression
monitoring system, we discovered novel compounds that induce high-level accumulation of secondary
metabolites. « Researchers have obtained profiles of the secondary metabolic-related gene expression
under various environment stress conditions. Demonstration experiments are undertaken to show the
efficacy of our findings. P20
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Research and development item 2:
Development of production technology for highly functional products using plants

Development of an active vitamin Ds production system by multi-step
metabolic engineering and highly efficient plant tissue culture

Takenaka Corp., Kirin Holdings Co. Ltd., KNC Laboratories Co. Ltd, Osaka University, Osaka Prefecture University,

Kobe University, Health Sciences University of Hokkaido

Research and development purpose

- Generate “smart-cell” plants highly accumulating active vitamin D3 (VDs) through the utilization of
cutting-edge recombinant DNA and genome editing techniques.

- Develop a remarkably efficient production platform for useful plant-derived compounds based on
bag-type bioreactors, environmental control technology and efficient extraction and purification methods.

- Establish an enterprise for commercializing active VDs intermediates produced by highly-efficient plant
tissue culture production systems.

Research and development outline

Active vitamin Ds (calcitriol) for a healthy longevity society
- Calcitriol is an indispensable molecule for human body that
regulates calcium and phosphorus metabolism.

+ It is used as an effective treatment for osteoporosis, chronic
renal failure, hypoparathyroidism and other diseases.

+ Current supply of existing products requires multiple-step
chemical synthesis.

R&D for plant active vitamin Ds production
« Active/inactive VDs is reported to occur only at trace levels in certain plant species.

+ We will increase the yield of VDs production by multi-step metabolic engineering; scheme:
1) Metabolic enhancement, 2) Competitive pathway blocking, 3) Increment of intracellular storage,
and 4) Conversion to active form (activation).

+ Moreover, we will establish a production system including the use of: bag-type bioreactors, environmental
control technology (e.g. tuning light quality) for metabolism enhancement, and efficient compound-specific

extraction/purification methods.
Development of highly efficient production
process for plant high-value compounds
/ \ Bag-type bioreactors for the mass

Activation propagation of modified plants

Generation of “smart-cell” plants highly

accumulating active vitamin D,

Metabolic -

- - .
enhancement = = Kirin Holdings Co. Ltd.
Environmental control technology for
metabolism enhancement
Increment of Competitive Takenaka Corp.
. athway blockin . e .
intracellular storage - 4 g Extraction and purification of active

Osaka Univ. / Osaka Pref. Univ. VD, .
vobe Univ. / Health Sci. Univ. Hokkaidy KNC Laboratories Co. Ltd.

Message from researchers

We are going to work toward smart cell industry business by building an integrated production system
under academic-industrial collaboration.
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"m J i T BRBCFOEE

s - e AR I E DA
— BT S

o TR 8 RS EESIEST
e i P i R AR T ORI

UL

QZF=FVY

ZF—FVID )
B R D Ve ATHEENTIS
R CEBMD AT
b B Et T R B
INAMATAEE
EEE(L

- M TOEREMEDSDT7 TA—FITHEVET,
c WOTVBREMIE. ZFZFVIDAAVERYETH BDIEY) tMDOXRAYMZCHERENTWNBEET
EDBEEIFLTCVET,

c IS MEMTOEREMFOME - K DBMBICEHERDHYET,
AR [LBE (BRDF& (#%)) hiroaki_kisaka@ajinomoto.com

P23

Research and development item 2:
Development of production technology for highly functional products using plants

Alkaloid Production Using Metabolic-Engineered
Medicinal Plants

Ajinomoto Co. Inc., Kyoto University, Chiba University, Tamagawa University, Tokushima University,

Northern Advancement Center for Science & Technology

Research and development purpose

+ To develop the technology platform for the production of raw materials of plant-derived medicines in
plant factory

» To increase the monoterpene indole alkaloid contents in Catharanthus roseus
+ To optimize the cultivation technique of Catharanthus roseus in closed artificially-lighting plant factory

Research and development outline

A plant-derived natural products—highly demanded as medicines
A Depending on wild-grown plants in some cases

Challenges are '

@ Sustainability : hard to keep enough amount of field-grown plants
@ Stability : Instability of yield and ingredients from field-grown plants
@ Safety : Incorporation of undesirable substances

Resolution to three S by plant factory
» Stable supply of plant raw materials

Catharanthus roseus » plant raw materials of vinca alkaloids

R g L O |. Strategies for increased
M_!:hw =Js J . i synthesis of vinca alklaoids
s wom chh « Supply of starting materials
] / A ﬂ-l- « Transport and deposition
ofs et o, o + Intermediate metabolites
me- 2l o I S accumulation analysis
II. Transformation of IIl. Development of

the cultivation of
Catharanthus roseus =
in plant factory

Catharanthus roseus

Efficient and reproducible
transformation technique Strict environment ,
control forincreased | ° M
bio mass and alkaloids *; 4

content

Message from researchers

» This research is dedicated to synthetic biology in plants.

+ We're now focused in Madagascar periwinkle but we also believe this methods will contribute to other
medicinal plant improvement.

+ We further believe our research will be inspired by advice and comments from experts of synthetic
biology in micro organism.
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Research and development item (2):
"Developing technologies for creating high-performance products using plants”

Development of new controlling agents against potato cyst nematode
Production of substances which stimulate the hatching of potato cyst nematodes using transgenic solanaceous plants

Hokusan Co. Ltd., National Institute of Advanced Industrial Science and Technology

Research and development purpose

Developing a system for mass-producing new agricultural materials which stimulate the hatching of PCN to be
used as main ingredients in agricultural products against potato cyst nematodes which are causing enormous
damage worldwide and for which no effective countermeasures or controlling agents have yet been developed

[What are potato cyst nematodes (PCN)?]

PCNinfestedipotato
roots

- PCN are parasitic within the roots of potato plants
- Responsible for enormous damage worldwide
- Form cysts which are highly resistant to
environmental conditions and pesticides
(Cysts : containing the eggs)
-Survive for a long time in the cyst state

1 4
& BS0m
- s

[What are PCN hatching factors (PCN-HF)?] Eggs Hatched juveniles

- Produced by the host plants (potatoes/tomatoes) Addition of HFs
- Substances which stimulate hatching of the juveniles from the PCN cysts

- There exist many varieties, some of which have been identified. |:> -
- Mass production by known methods (chemical synthesis and natural s ;r

purification) is problematic due to high costs
Hatching of the juveniles from eggs of PCN is initiated
by exposure of eggs to HFs

{Controlling/attacking nematodes using PCN hatching factors (PCN-HF) )
° rd PCN-HF applying stimulates the

PCN hatch and PCN will die due
to the lack of host plants.
eductionin | Since PCN-HFs are derived from

PCN density natural products, they could be
Stable an environmentally-friendly
crop yield materials to control PCN.

Nematode-infested field Cyst nematodes hatch
and arereleased  There are no potatoes
to feed on!

Research and development outline

- Regulating the expression of metabolic genes by transgenic solanaceous plants which are the host crop of potato cyst nematodes
- Producing and selecting plants that are expressing high amounts of PCN-HF
- Optimizing high-volume cultivation conditions in plant factories using transgenic plants and establishing methods for the recovery of hatching factors
[Establishing a system for mass-producing hatching factors] Plant factory using
Non-transgenic plants  Plants with regulated metabolic gene expression the artlﬁC|a| lights and sunllght

f% e D
: 00 LS g 00
,e@ao e
e 0 ° 0°
SECI HF Recovery Recovery Recovery l||

Optimization of

Ind ction of secondar Optimi atonof
bk y prmiZg recovery methods

metabolic changes cultivation envrronment
by genetic engineering Addition of metabolic
regulating agents

Message from researchers

Hokusan Co. Ltd. is a company that manufactures and sales agrochemicals. We have high techniques and
know-how about the pesticide development. Hokusan and AIST developed a strawberry that produces
canine interferon and uses the fruit itself as an active pharmaceutical ingredient (active ingredient). It is currently
the only pharmaceutical in the world that uses a genetically-modified plant as an active ingredient.

P26
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Research and development item 2:
Development of production technology for highly functional products using plants

@ Development of an efficient production system for a pharmaceutical

intermediate 10-DAB using yew-tree cell culture technology

Hokkaido Mitsui Chemicals, Inc., Kyoto University

Purpose

+ Establishment of yew-tree “Smart-cell” line having high productivity of 10-DAB by the genetic modification
or the regulation of targeted gene expression
- Development of gene recombination technology for yew-tree cells
- Acquisition of cell lines having high productivity of taxanes
- Control of transport and accumulation of taxanes

+ Development of Single-use bioreactor for yew-tree cell culture

L Ao b

AFABRIEELGZFTVRMDAAB paclitaxel ZEE LT ITH. ZD
EE813100ppm LT,

AFARRIEERLIZELGEL, %ki’étﬂOEMJ:@EHF&%/Z\E&?’%TC%
FEHORERRICIIKBOZELPRERELEDI AV HE

; BEFYUEMDARNITEMGZEEEZE L LEE EELLJ:%%L'(O)Eﬁﬂz
2 EEENTIESY T A

T cBARICHITB 2T RO AE] (paclitaxel, docetaxel. cabazitaxel %) I&

FENRBAFEREN FEFLTOERNEBADSDEHAICFEOTVET,

BIRFHE X B iR 3
*A. rhizogenes &\ Mt

E‘%$i§1ﬁ¥§k 10-DAB 9_6'. 10-Deacetylpaclitaxel
|\ =D

Baccatin Il _.>< Paclitaxel

I ERIREE  10-DABSLEEK
ik - B

R VEXEERGTF

T VIR ERIEF

Single-use bag DfE. KB

J

WEYARRIE E RS YD EE T HREMR D ENERBCEETESHEM T BERG T FKAM| Z‘f‘Hﬂ
fEBEIEEEEAIENARETT, — EBEMZRIILTLEAITOBMERIIVNEL LT £RE
FEEERKH AR THY  TBOFERLHLEEVNCENSBEERMEDEALH YT A, AR TIE. ﬁ
MEBRDEERRHE LAY DD BH T, lEcology. IMraceability) [Sustainability ) OE TH A&
DAFEMEETFRERFEREMEEFEDE. ERDEBVEKRICEENSHEEMER D DMETEEIC
FrLVILTOVET, ol ARAMIFM AR OHEERRORRBEEICEISHATIETT .

ZERE LEE=HLF (#%)) homare.tabata@mitsuichemicals.com
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Summary

®Background

- Yew tree produces an important taxane-based anti-cancer drug paclitaxel, but
its content is about 100ppm or less.

- Yew tree grows remarkably slowly, and requires a period of 10 years or more for
cultivation. Therefore, there is high risk to the stable securement of raw materials.

- Taxane-type anticancer drugs have a complicated structure, and industrialization
by chemical synthesis is not realistic.

- Taxane-type anticancer drugs (paclitaxel, docetaxel, cabazitaxel etc.) are used by
120,000 people per year in Japan, and most of the raw materials depend on
foreign imports.

=) Development of an efficient 10-DAB production system by constructing yew tree "smart cell" lines.

Gene recombination technology
-Target gene knockout
using A. rhizogenes. 10-DAB 9_6‘.10-Deacetylpaclitaxel

| e

Baccatin lll _.;é Paclitaxel

I Hairy root Smart cell
(High productivity of 10-DAB)
Control f taxane transport/accumulation

+Taxane transport genes
+Genes related to acylation reaction

Development of
single-use bioreactor

Message from the implementer

Steadily securing plant resources that have been used for pharmaceuticals, functional foods and cosmetic
ingredients is becoming difficult year by year. We are working on the production of phytochemicals that are
difficult to produce, using plant cell culture technology with the advantages of ecology, traceability and
sustainability.

In this study, we aim to establish the novel functional phytochemicals production system with a combination
of plant cell culture technology and gene control technology.
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TFEMDIC KBt A R TR % Development of production technology for highly functional products using plants

@ VORI S E S HE{L T AR R Development of novel techniques to produce perilla rich in functional ingredients

Amino Up Co., Ltd.,
National Institute of Advanced Industrial Science and Technology,

~HRIVHATNTCEVZRWT~

5y - EA( (#) 72/ 77/ (B EERATHEAEHZERN. (RF) tEER ZRTEEREL > 2— BEXF Northern Advancement Center for Science & Technology, Tokushima University
EEREDEDN Research and development purpose
. mﬁ“{t*:l:Atgjbb\T BEEMPPHBEMDOLEMR., TR THDOREREREMER DD EFREINTVET, - In the aging society, various phytochemicals associated with human health are getting attention in terms of
. CIBEICSETAHMONSENTWVARTEATHASHSENTWVET, disease prevention and healthy life expectancy.
‘.V +Perilla has been known to contain beneficial ingredients that contribute to human health since early times.

-

To develop new perilla plant containing high level functional ingredients

Research and development outline
-
4 s 2
( Our products Raw materials
. YVIFR Benegut BIEFHERAEGF e ; . i 1
(" BIRBIE (£ X—) HhHH . 83 (ERD \_Perilla Extract Benegut Open-field cultivation Genetic manipulation  Cultivation techniques
= St . s - . -
y Final product (images) 1) High content of E)((’u?’c::i(;g taigg
o sio ‘h q objective substances ;
. - 2) Stable and
\\ L a }aﬁ*‘# programed production .
rla--------------_ ------------------ 3 e S e ~\\
: (1) BIEFRIERTF o (2) R+ LA FIER il : - ~
SmEEE S AT A SREEIEY  E RS IR,
| REELTS/TYT BRREREHAM. BEAT | | sensmmwaRBEE s— | ,_________________<_9_‘£€[‘_’1§‘_"£ _o_f_c_)yr P"Zl_e_c_t_?_ ________________ .
| ABEEFERE N 1 /L .88 ywusu=m i F 1 Development of Genetic manipulation i 2 Cultivation techniques in a closed i
1 AXRVVESSEH BEIZSHR/MAFBaEHh ! A R FE I 1 1
I | vaRaNR | [We7> L . I | <Organization : AU, AIST, Tokushima Univ.>  +  Plantfactory with artificial light |
; . - ! o <Organization : AIST, NOASTEC.> [
] § § s + i q’ s ] ~Transgenic technology N ! 1 Y ¥ :
i E IR = ': i | High content of objective substances | ] q‘ + \q' :
I iu%ﬁi%\ afﬁ;mﬁau R e L L P L - i AN - :
o i : § § o Contaling oftat emperatre ot
tr mi Ie nt to nutrient tion
;r’wﬁﬁ% e L | -l = P nolmom ot
BEISR S 1 1
1 1 (3) ] \‘rZ)[/ 7!/ bﬁg*ﬁ-ﬁfﬁ ‘I i Over expression, RNAi i ‘
: WY TS Ty : | G ‘ _ Feedbak ™ .
1 e
; 1N : | ~Genome editing N1 13, Development of simultaneous
i i i | | | : i | High content of objective substances : 1 ana|y5|s for |ngrid|ents :
! BTk : ] .w 1 bl 1. : 1 | <Organization : AU> :
LI 1 1 HEEE RS & AAMEZE —F D ] I | |
\ U N e o o P 1 1
B [ 4 : 1l | 1
sefa fe— -— ~, - = - | l
3 (4) BIaFHRBRAEMEZRVHEERZEMDOBARTICHRIAERE REBLT7I/7v7 ) ' — - m ‘ il ) [
:‘ ~ Simultaneous analysis by LC-MS/MS :
-~ —_— Y 4
RHEEDSD—F
B _ i ) ) A L 4, Investigation of regulation for functional ingredients derived from genetically modified crops <Organization : AU>
YV OB FRAB AU A LA SR (—8l o DEEEt) ZHrsL &L, ~ <
. ., . - _ . AU: Amino Up Co., Ltd.; AIST: National Institute of Advanced Industrial Science and Technology;
tem —& (%) 77v7) goto@aminoup.jp NOASTEC: Northern Advancement Center for Science & Technology
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Research and development item 3:

Development of information analysis system that contribute to the creation of high productivity microorganisms

Kobe Univ., The National Institute of Advanced Industrial Science and Technology, Ajinomoto Co., Inc., Ezaki Glico Co., Ltd., KNC Laboratories Co., Ltd.,

Q Development of super high-speed smart cell creation platform based on IT

JSR Corporation, Shimadzu Corporation, Fuji Oil Co., Ltd., Mitsubishi Chemical Corporation, Research Institute of Innovative Technology for the Earth(RITE),
RIKEN, Ishikawa Prefectural Univ., Tohoku Univ., Nagaoka Univ. of Technology, Niigata Univ. of Pharmacy and Applied Life Sciences, Kyoto Univ., Kyusyu Univ.,

Microbe

Hitachi, Ltd., Tokyo Univ., Tsukuba Univ., NIKON INSTECH CO., LTD., National Institute of Technology and Evaluation(NITE), Japan Bioindustry Association,
Osaka Univ., Okayama Univ., Chiba Univ., BioJet Co., Ltd., Kagoshima Univ., Shinshu Univ., Kao Corporation

Research and development purpose

- Gene sequence design system that designs a smart cell greatly enhancing the productivity of useful substances
to provide dramatically more effective gene sequence information will be developed.

- In order to acquire the data necessary for the development of gene sequence design system, high-throughput
(HTP) synthesis, analysis and evaluation technology that acquire productivity data and omics data with high
accuracy and high throughput from wide variety of microorganisms developed in a short time.

- The effectiveness of gene sequence design system and HTP synthesis, analysis and evaluation technology will be
verified with specific production substances targeted by private enterprises to develop practical technology.

Research and development outline

(1) Development of HTP synthesis, analysis and evaluation technology

Design

Transformant
design

into microorganisms.
Ll

Analyzed
data

Long-chain DNA construction
technology

Long-chain DNA of over 30 kb
was constructed in a short
period of time (about 2
weeks), at low cost, and with
high accuracy. We ha
demonstrated an efficient
method for obtaining highly
productive microbes by both
combinatorial DNA libraries.

Rapid breeding of chassis strains

Microbes capable of producing common precursors
of useful compounds at high levels can be called
"chassis strains". We have developed a method for
rapid breeding of chassis strains by combining
long-chain DNA synthesis technology, HTP con- .
struction and evaluation technology, together with eI RENEE
high-precision metabolomics technology. platform

Transporter search technology

High-throughput microbial construction
and evaluation technologies

A high-throughput automated transforma-
tion system was developed with high repro-
ducibility to introduce a huge variety of DNA

LC/MS/MS SFC/MS/MS

Pilot laboratory

Automated Sample Preparation
System for Metabolite Analysis

High precision metabolome
analysis technology

A highly reproducible multi-specimen
preparation method was established using
a robot and a comprehensive detection
technique for water-soluble metabolites.
We were able to identify the bottleneck
reactions in biosynthetic pathways and the
suitable condition for bio-production

Multiple gene Reducing
[EGTLTTNO the byproducts
“Non-cutting”

b
gga?r:;e + Hub compounds
Comprehensive + Target
regulation of compounds|
gene expression Enhancing the

level by hub compound

long-chain DNA

By combining genome data analysis and transporter searching plat- SFE-SFC/MS/MS Di y Platform for

forms, we have developed the technology for fast searching trans-
porters.

Non-destructive cell evaluation technology

A cell evaluation technique was developed: the CRIF method, which
is capable of nondestructively identifying cell types and inferring
with the metabolic state of cells at single cell resolution using auto-
fluorescence patterns of cells.

High-throughput transcriptome analysis technology

To improve the reliability of transcriptome analysis, we developed nucleic acid
standards for spike-ins. The novel method enable to selectively analyze only
undegraded RNA, and to analysis of samples that are difficult with conventional
techniques.
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Searching of = _ Novel Useful Compounds
candidate transporters = and Exporters

— Refinement from expression
Pl information under material
1,'D- production conditions
Extensiv nom )"‘" -
XteDsat:steeo e Target compound
Search for similar i duction ial

One-cell autofluorescence
imaging

Analysis and evaluation of
autofluorescence profiles

(2) Development of SMART-Cell design system

Information analysis technology to design metabolic system
Design an extended metabolic

Public r— | Original collected data |—. model implementing artificial
GSMdata | o metabolic pathway etc.

. Technical advantages
@ = - — Hgt_grrologugs B E @ Construction of GSM for each host
em ffisTuorganisms I! @ Introduction of heterologous derived
Al = C 2 pathway
%ﬁﬂfgi.i!. L el e il @ Metabolic flux calculation
e \ J
Model s':trains o ® Addition of artificial pathways and pathways
E. coli, S. cerevisiae derived from heterologous microorganisms
® Knowledge extraction Expanded model
Annotation
Curation
co 9
® Addition of metabolic HyMep o=c
information _— i & e ®
characteristic of I | M : .
. . -path Unique metabolic
industrial —r L ¢ model specialized
microorganisms e in "manufacturing"

The experimental data acquired is reflected in the model as a constraint condition to design a highly
productive cell model in which information necessary for the production of a specific substance is selected.

Information analysis technology to optimize gene expression control network

[ Gene group extraction method ) (He‘hm:lrk estimation method ] ( Dynamics analysis ] Optimization of
expression level

Select genes to be included in Clarify the expression Perform quantitative simulation
the network mode| dependence between genes to narrow down target genes Cwild _H
Low production High production Genes imeolvedin Expression N rsiim
sirain e Birain depende Enpressio i
i A Iighly expressed hinh peadkiction m..ng:f.:. e i ieain it
[ ] o ene unigue to a high S il o 12> n equation
L i producing strain —
S k! i e ri
T E‘I_‘ *ﬂ + -+ - ’*f*f_
e o S B B
High precision extraction of genes Construction of mutual expression Dymamics model construction based -
invelved in high production control network model between genes on time change

After searching for the target gene, a gene sequence that optimizes protein production is designed.

(3) Validity verification of SMART-cell creating platform
+ Realization of super fast breeding
Shortening the development period of material production stocks to 1/10 of conventional product
+ Productivity improvement over conventional breeding
Realization of higher productivity for microorganisms that increased productivity to the limit by conventional breeding techniques
« Creation of new substances producing strains
Construction of a novel microbial strain that produces substances that could not be produced by conventional microbial process

+ Outreach activities aimed at commercializing the results
Confirmation of the business model of the developed technology. And work on problem extraction, PR activities for technical
information, and planning of study sessions.

Message from researchers

By systematizing IT and biotechnology, we will develop technologies for breeding Japan's unique industrial
microorganism "smart cell" at ultra high speed to establish high-performance material production system.
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Research and development item 4:
Development of production technology for highly functional products using microorganisms.

High-performance plastic derived from plants

-Development of fermentation technology for polyamide precursor production-

Microbe Toray Industries, Inc. / AIST, RIKEN

Research and development purpose

WDevelop an alternative technology to produce the raw materials of currently oil-derived high-performance plastic
(polyamide) from plant biomass to reduce Green House Gas (GHG) emission and contribute to sustainable society.

B Apply the basic technologies of “Smart Cell” project to develop a new microbial fermentation process for the
high-level production of the polyamide precursor.

Research and development outline

(]
f\ . Advantages of targeted plant-derived polyamide
IR

-Same physical properties as oil-derived material
(easy application expansion)

Photosynthesis Burning +Possible to use in combination with oil-derived material
—] (easy market expansion)
im Global
f warming
Polyamide

R oroduct @ Reduce environmental impact while
s » . maintaining the performance of the material
Oil

ol T (ke

Technical challenge
Developing the microorganisms that produce naturally rare

\_ Plant biomass kMonomer) Y, chemicals in large quantities
Development scheme
@ [E= ® ®
(t Genetic Production
recombination test
G Data analysis
Genetic ey * < 0
Feedback recombination g o
-:: :-‘ & o 0 e
e T e

(® Design metabolic pathway that maximizes productivity
(@ Develop and test high-production strains the biosynthetic enzyme
(3 Search for latent genes that improve production level based on omics data based on MD simulations
@ Optimize gene expression based on the RNA secondary structure prediction and structure analysis

® Improve the function of

Message from researchers

W Our research will contribute to reduce global warming by replacing oil-derived raw materials of plastic
with plant biomass-derived materials.

W We aim to improve productivity in a short time-frame by applying synthetic biology technologies.

B We intend to take a role in the construction of industrial bioeconomy by implementing the technologies
developed in this project.
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Research and development item 4:
Development of production technology for highly functional products using microorganisms.

Development of Burkholderia stabilis smart cell for over

production of cholesterol esterase for diagnostics

Microbe Asahi Kasei Pharma Corporation, National Institute of Advanced Industrial Science and Technology

Research and development purpose

W To overproduce cholesterol esterase from B. stabilis, an enzyme for diagnostics.
M To develop B. stabilis smart cell that maximizes the secretion of cholesterol esterase.
M To establish the recombinant cholesterol esterase production technology using the B. stabilis smart cell.

Research and development outline

— B. stabilis cholesterol esterase with increasing demand

en

diagnostic Color
developing

Clinical analyzer

increasing demand -

Cholesterol esterase Measurement of total cholesterol, LDL-C, HDL-C, etc.

— RO LRI DR

4z ERf Bhp=EEBE1Zdesire
B. stabilis (FEIRA 1)
-~ B B Elower
_ (43 % 1)
erzaes el E e UfERZOLR OLRFO—IVIRT HREDBELAIL
- AMELTABIRZ FO—ILIRT P
BRI FO-NIZZ5—4 T O CRELLEE GHERAR)
B. stabilisAI — VB

from B. stabilis using diagnostics with clinical analyzer
— Limitations of conventional technologies Activi
ctivity :
P ¥Da Target desire
o7 Recombinant (Recombinant)
15 Lo B. stabilis
z . e
S w s e _ Target lower
T (Recombinant)
<< 4 90—
Inso ble Current level
? (Wild type)
@1 E2 e s E T nsolubilized recombinant  Lysed host with
Breeding saturation cholesterol esterase cholesterol esterase Development of
B. stabilis smart cell

— B. StabilisA<—h2)UTBEDRIHR
RNAs

n%ﬂ

— Development of B. stabilis smart cell host
RNA s

- Lids ﬁr
EII r_i
—_— Network analysis

B. stabilis
) U @

Non foaming

»i}

Development of practical
culture methods

Foaming

Scale up the developed
manufacturing method

Mutant library analysis

B. stabilis '
BRRLEBESEE
TRIES A TSR A—IV7y 7 UBE AR
EHEELSD—F

WS AEFZRVNSIET RRDBETIIHLAGL I EEREA TOSEELZBIELE T,
WERDDUFER VAT L e OBGEER\OERMAZHFLTVET,

BE#EIE— (B{ER 7 7—< (#5)) sakasegawa.sb@om.asahi-kasei.co.jp
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Message from researchers

M By using dry analysis, we aim to rapid development of B. stabilis smart cell never achieved before.
B We expect to expand to similar enzymes with similar secretory expression systems.
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Research and development item 4:
Development of production technology for highly functional products using microorganisms

Rare Amino Acid, Ergothioneine

NAGASE & CO.,LTD., National Institute of Advanced Industrial Science and Technology, Kobe University,

Development of Smartcell for High production of

Microbe Nara Institute of Science and Technology, Tohoku University

Research and development purpose

- We will establish “Smartcell” and fermentation process for mass production of the rare amino acid,
ergothioneine, which is a vitamin-like compound.

Research and development outline

€ Back ground v Ergothioneine (EGT) is a natural rare amino acid produced only by
some mushrooms and microorganisms. EGT has strong antioxidant

activity.

v Humans cannot synthesize EGT, and take it from meals such as mushrooms.
EGT-specific uptake systems have been discovered in human and that
moves EGT into cells in the various organs. So, it is thought as a vitamin-like
compound. Furthermore, an inducing effect of neurogenesis has been
found in the brain.

s betaine v Expected to be used in food, cosmetics, pharmaceuticals, etc. markets,
research on their use is progressing in various fields.

L-Erguthlnneme (EGT) v Although the high potential of EGT, it is difficult to expand the
market because of the manufacturing cost and stable supply.

Development of a cost-effective EGT fermentation process that has previously been difficult using
the smartcell technology.

Existing @ Focus area 1. Enhancing enzyme reaction efficiency
technolog A\ NAGASE 2. Improvement of EGT exporting capacity
@ Research flow Build

High-throughput microorganism
construction technology (NAIST, Kobe Univ.)

Test

High-throughput

microorganism evaluation

technology

(Kobe Univ., Tohoku Univ.,
NAGASE & CO., LTD.)

Price & safety
issues DEEign
Enhancing the efficiency of
enzyme reaction &
Predicting enzyme mutants
with high activity by
simulation (AIST)

Bio-produced EGT

high purity-low price

Goal - -
Use in the market of low-

priced product, such as
supplements and cosmetics

P—
Learn

Extracting features of enzymes and
genes from test data, which contribute
to the improvement of productivity
(AIST, NAGASE & CO., LTD.)

Basic technologies of smart cell project (especially the DBT domain) accelerates the evaluation
process of various mutants, enzymes, and transporters selected by simulation. We will continue to
develop strains and culture processes, which can produce EGT at a practical level.

Message from researchers

+ We are also conducting basic research on the biological activity of ergothioneine
- If you are interested in ergothioneine, please contact us.
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Research and development item 4:
Development of production technology for highly functional products using microorganisms

Development of Shoyu Koji mold that produce a high content of
natural long-chain human ceramide by using smart cell technology

Fukuoka Soy Sauce Brewing Cooperation, kyushu University, Kyoto University, RIKEN,

Microbe National Institute of Advanced Industrial Science and Technology
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Research and development purpose

What is ceramide? [Types of ceramide available commercially]
Ceramide is a type of sphingolipid that forms the

outermost layer of the skin and protects the skin.
By mified cell -~ - [Our pro;ect]

é ==E'=--====== Str'aarfﬂlrgsum [Non human- type] [ Human-type ][Non human- type] [ Human-type
ﬁ Natural-Human type-
& Stratum Chemical - Human type Natural - Non-human type Long-chain fatty acid
spinosum
- P Natural i Non-| hydroxy fatty acid(C18) a-| hydroxy fatty acid(C18) a-hydroxy fatty acid(C24)
atura i
human-type M
é ceramide 'ﬁvlquvvvw
b5 Stratum ) Sphlnganlne Sphingadienine art Phytosphingosine
e basale
Free ceramide Glycoside Free ceramide
- Ceramides c%ns;t inthe stratulm
COImeurn. and playan essentia Cermide NDS Glucosylceramide Ceramide AP
(Plant) (koji mold, long-chain type)

* By using smart cell technology, we estimate the genes involved in the production of human ceramide by
Aspergillus oryzae.

+ We create strains with disrupted or overexpressed genes by using the DNA recombination technology and
obtain mold strains that can produce high levels of natural human long-chain ceramide.

Research and development outline

Koji mold for [(DEstimation of the target genes from (@Estimation of the target genes from gene N
Shoyu manufacture GSM-based FBA and verification expression control network and verification
by experiment on the target gene by experiment on the target gene
Genome-scale model {(GSM) —— == Rmm; : T:f::.nflﬂ
. LA T
Genome” RHA seq ._""..'n"""“"'""-"-f_l . m (3 el Finawl enatmizan | gy sraiare”

T seyrh by AIC
T Model Dplimimtion by Srusuml -
Emnnan Yo ing |

o

*
[ # Edimatiarn of ragetalory faciofs ] ok
Aspergillus oryaze Yol Optimizstion by SEM hﬁ ® 9
irmmar 1 -p-h Porainater eSTimiatie :tr-.-'ln.-rz'“
(- ArtE gl - Ay -'m NI
l LA R
F.ﬂ-lamrybm 'E;"' Jnhdrmduumcur.
Eltiudizn Optmizaton by [ —
S, s e
@939 ] oo
[ - ! )

Cultivation Data
(Growth, Metabolites,
gene expression) (®Construction of a

practical stock strain
Blalonary phase i
Liquid fermentation Slogsne —
Mold strains that produce
— high levels of natural human

long-chain ceramide.

Message from researchers

By using smart cell technology, we create mold strains that produce a high content of natural long-chain
human ceramide and establish a business of natural long-chain human ceramide.
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Research and development item 4:
Development of production technology for highly functional products using microorganisms.

Development of production method for high value

chemical products using enzyme design technology.

Microbe Amano Enzyme Inc., National Institute of Advanced Industrial Science and Technology, Kyoto University

Research and development purpose

B Development of the valuable industrial enzymes using enzyme design technology.
B Development of Lipase enzyme: Production of flavoring materials for by bioprocess.
M Development of P450 oxidase enzyme: Production of chemical products instead of chemical process.

Research and development outline

Enzyme design by the molecular dynamics simulation
Using basic technology from pervious project, we will develop the enzyme,which are improvement of substrate selectivity.

~ N

Docking simulation Enzyme variants ‘ Improvement of
Molecular dynamics simulation substrate selectivity

e

Development of Lipase

~N

Development of P450 oxidase

- Improved optical isomer selec-
tivity.

- Production of high graded
flavoring materials for by the
enzymatic method.

+ Expanding market of enzyme by
development novel enzymes.

_ | VAN Y,

Lipase from microorganism

- Oxidation reaction at a specific
position.

+Production of chemical products
instead of chemical process.

+ Producing novel materials for
supplements market.

P450 from microorganism

Docking simulation
Molecular dynamics simulation

1

Enzyme variants

| Improved optical isomer selectivity | | Oxidation reaction at a specific position

D N
[ Improving of enzymes through enzyme design j [ Obtaining promising mutants through the BTLD j

technology by MD simulation. cycle of enzyme design technology.

Message from researchers

BMIntroducing the molecular dynamics simulations toward enzyme design.
BWTrying the production of high-value substances by bioprocess.
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In recent years, there have been various developments toward the realization of a sustainable
society. One significant development is the formulation of a biotech strategy for the first time in 11
years in June 2019 by the government's "Council for Integrated Innovation Strategy". In January
2020, the "Progressive Environment Innovation Strategy" was formulated to solve climate change
problems, which is an urgent global issue. In line with these actions, the industry, academia, and
government are expected to strengthen their efforts to create progressive innovations that
contribute to solving the problems from their respective standpoints.

Aiming to create a bio-economy and realize a carbon recycling society, this project has been
working on technological developments that will lead to the expansion of industrial applications
of material production using biological processes. We hope that the results generated from this
project can be recognized by as many people as possible and can contribute to solving social
issues and Japan's economic development.

Smart Cell Project Achievements

Development of “made-in-Japan” innovative blotechnologles

for efficient production of i matarials

# using plants and microorganisms

[Project Manager (PM)] Takahiro Saito (Apr 2017~May 2019)
Itaru Umeda (Apr 2016~Jul 2016) Naoko Onoe (Apr 2017~Sep 2019)
Chikako Hayashi ~ (Aug 2016~Present) Koichi Kaneda (Apr 2019~Present)
Yukinori Akiba (Oct 2019~Present)
[Project Person in Charge] Kenichi Takatsuki ~ (Oct 2019~Present)
Kenta Goto (Apr 2016~Mar 2017) Hirofumi Tsuchiya  (Apr 2020~Present)
Gaku Nakai (Apr 2016~Jul 2016) Masato Ito (Apr 2020~Present)

Atsushi Ohtake (Apr 2016~Mar 2020)
Tomoyasu Kawabe (May 2016~Apr 2020)
Naoki Ono (Sep 2016~May 2017) (As of October 2020)

NEDO has defined circular economy, bio-economy, and
sustainable energy as the "three social systems that
realize a sustainable society" and has established a CIRCULAR BIO
symbol mark that expresses them. The Comprehensive
R&D Principles for Sustainable Society 2020 (the NEDO's
principle), which realizes the integrated and organic
promotion of these three social systems and summarizes
the ideal way of technological developments and the
direction to aim for in order to solve the climate variability

problems, has been formulated (February 2020). 3 Essentlal Soclal Systems

for Sustainable Society
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