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Cellulose
40~50%

Homopolymer of glucose

10~100Gt/year

Polysaccharides
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Hemicellulose
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Major polysaccharides
other than cellulose
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Cellulose is a major component of plant cell wall
up to 50% and 10'°~10'' ton/year production by
photosynthesis ...
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http://genomics.enrgy.gov

Layered mesh of
microfibrils in
plant cell wall

¢ 70% crystallinity
— | /3 of plant cell wall

Crystalline cellulose

Cellulose molecule
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Biomass utilization for
the sustainable society
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Simulation of
Temperature Change

Scenario with
“no action’”

Scenario to achieve
“below +2°C”
Paris Agreement

By MIROCS Climate Model
(AORI/NIES/JAMSTEC/MEXT)

1950 — |

-12°C -6 °C 0°C +6 °C +12 °C
2m temperature change

MIROCS / RCP8.5

—

[T i e H_—ur-"‘l'"

1950 e .

-12°C -6 °C 0°C +6 °C +12°C
2m temperature change
MIROCS5 / RCP2.6 AORI / NIES | JAMSTEC



9{ One week before.
e e naaspace

age for Agriculture s
2017:200B¥ (=~ |.5B€) e f

B,
"

pred. 2018: 200B¥ (= 1.5B€) L5 ==




economy, reconciling demands for sustainable
agriculture and fisheries, food security, and the
sustainable use of renewable biological resources for

industrial purposes, while ensuring biodiversity and
environmental protection.
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Oil refinery vs Biorefinery

Oil Refinery Biorefinery

- Use of Fossil Use of Biomass
' Resources
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In everyday life

Catalogue

Bioeconomy Apartment
Exhibition, 9-10 November
Brussels, 2015

Raw material

Unlike materials such as aluminiurm, irar
or carbon, W0Od is a renewable resource
for which you anly need sunlight and CO2
for photosynthesis. Meanwhile, engineered
wood has caught up in terms of strength
and processability. The German company
Lignotube Technologies wses real wood
veneer as the basis for lightweight tubes
for bicycles

Procedure

nventors at Lignotube Technologies have

developed a resource-saving procedure far
lightweight hollow tubes called
Lignotubes, which are made from a multi
ayer composite material of wood vensers
Ihe thin-walled tubes are lightweaight and
robust and their production uses a mini
mal amount of real wood. The individual
layers al veneer are crosswise glued. The

first product is a designer bicycle built us




Toilet brush

Raw material

Plastics are for the most part, petroleumn
based. But there are now procedures that
use the renewable raw material wood as
a raw material source. A large proportion
is made up from lignin. Lignin is a waste
product during paper production and is
usually burnt afterwards, But the German
company Tecnaro uses it as a key compo-
nent for biobased plastics, which can be
used to produce a wide range of house-
hold products.

Contribution to the biseconomy

@ OO®

Sector:
Consumer goods

Producers:
Tecnaro | Biok

Procedure

Tecnaro produces a bio-composite
material from a mix of blopolymers derived
from renewable raw materials. The result
is a granular material, which like plastic,
can be processed in injection moulding
machines, extruders or presses in many
different ways. Furthermare, the products
are completely biodegradable and com-
postable. They can, for example, be used
for the production of toilet brushes.

Raw material

Fast-growing plants such as bamboo are
easily cultivated and are therefore increas-
ingly used by tableware manufacturers as
a renewable resource. Companies like Ger-
man Magu or Dutch company Capventure,
offer, for example, bamboo tableware, con-
sisting of up to 60% shredded bamboo
fibres. The plants come from plantations
which are regularly cut and replanted.

Contribution to the bioeconamy

@ OOO®

»  Sector:
[ Consumer goods

X - Producers:
| Magu | Capventure

Procedure

So that colourful cups, plates and bowls
can be made from renewable raw materi-
als, the bamboo fibres are first ground and
mixed with dyes and other raw materials,
such as corn. For durability, a synthetic
resin is often added to the bamboo, which
makes the products food safe, odour and
taste neutral, durable, dishwasher safe
and can be cleaned hygienically. Some
companies use natural r@SiN as a bind-
ing agent.



Trainers

Raw material

The waste which accumulates during food
is usually thrown away. This is also true for
rice husks. German sportswear manu-
facturer Puma uses this waste material for
its eco-friendly trainers “Re-suede”. The
rice husks replace a portion of the rubber
content used for the outsoles. Therefore
less petroleumn-based rubber is used. This
reduces energy consumption and increas-
es the enwvironmental balance.

Contribution to the biseconomy

@ OO®

Sector:
Consumer goods

Producer:
Puma

Procedure

The remake of Puma's classic trainer

“Suede” was designed as an eco-product

based mainly on recycling. Compared
to conventional products, it reduces CO,
emissions by B0%. Bub its not just the
outsole that's made from waste materi-
als. The synthetic Ultrasuede upper mate-
rial is also comprised of recycled polyester
fibres. And what's more - the shoe comes
in sustainable packaging - Puma's “Clever
Little Bag".

Bioethanol

Raw material

Biofuels such as bioethanol are derived
from renewable raw materials. Unkil mow,
sugars from arable crops have been used.
To avoid competition with food production,
residual materials such as straw have
come to the attention of several biofuel
manufacturers, This is because straw or
wood is largely composed of lignocellulose
fibres, which has a high potential for en-
Brgy COnversion.

Confribution to the bioeconormy

@ OO®

Sector:
Chemical industry

Producer:
Clariant

Procedure

The Swiss chemical company Clariant has
established a biorefinery demonstration
plant, in which wheat straw bioethanol is
produced. With the help of enzymes, the
lignocellulose is decomposed and recov-
ered from the plant fibre into its individ-
wal components, The resulting sugar mal-
ecules serve as food for yeast and the
fungi ferment them into alcohol. This can
then be added to premium petrol for petrol
engines.
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Enzyme (from Wikipedia)

Enzymes are macromolecular biological catalysts. Enzymes
accelerate chemical reactions. The molecules upon which
enzymes may act are called substrates and the enzyme converts
the substrates into different molecules known as products.
Almost all metabolic processes in the cell need enzyme catalysis
in order to occur at rates fast enough to sustain life...

Enzymes are known to catalyze more than 5,000 biochemical
reaction types. Most enzymes are proteins...

Enzymes' specificity comes from their unique three-dimensional
structures.




kouso koubo

Mother of
fermentation

Essence of
fermentation

10nm

In 1877, German physiologist Wilhelm Kiihne
(1837-1900) first used the term enzyme, which
comes from Greek éVCUHOV, "leavened" or "in
yeast', to describe this process.

The word enzyme was used later to refer to
nonliving substances such as pepsin, and the word
ferment was used to refer to chemical activity
produced by living organismes.

Wikipedia continued
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Process of

Japanese Sake brewery

Pretreatment Saccharification Fermentation
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Mill & Heat Amylase x-glucosidase Yeast
S 2 @ Glucose
| (O Ethanol
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from Mational Research Institute of Brewing




What is the difference

between starch and cellulose?

Pretreatment Saccharification Fermentation
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Cellulase

= @ Glucose

(O Ethanol/Monomer
Insoluble <} > Soluble

Bottleneck of the process
How to do researches!?




Wood-rotting fungi consist with

"mushroom' and "mold"

Basidiomycetes Ascomycetes
Phanerochaete chrysosponum Trichoderma reesei

White-rot

Soft-rot
Brown-rot




We can convert biomass if fungi

can “eat’ it

Compounds, wchih is

degraded, synthesized, ldentification of secreted

proteins by proteome

or unknown '
5
I .
-_I. '-... E
-__ 45
e —" 2

s 5 4 5B : -:--.'.-\.f 3 L

= p : : o R T
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of degrading fungi Vector construction of recombinant proteins

Biodegradation to

Biomass prod uction  Gene transformation Site-directed mutagenesis
. . into microorganisms ‘

Biomass conversion

Biorefinery

Biomass conversion




Catalytic domain = 50kDa
hydrolysis of cellulose

Cel7A from
Trichoderma reesei

Cellulose-binding domain = 3kDa
adsorption on cellulose surface
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V% 9oY Crystalline cellulose
% PDB from Dr. Gregg Beckham@MNREL

about cellulase?



Atomic force microscopy

(AFM) to observe molecules

Laser

Scanning the surface of objects
| by the small needle (tip) on
cantilever

Photo-detecto

L = .
m, el 9
e
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¥
Arwi Cantilever

b Sample stage

-

Advantages
* space resolution less than nm

* not affected by the feature of sample

* do not choose the condition (liquid, air etc.)




milli=>micro=>nano technology
Japanese likes small (tiny?) things

Hiachi Hieh-Technalaoies

nanoart




Brilliant high-speed AFM
apparatus in Kanazawa University




Enhanced time/space resolution of HS-AFM
shows detailed movement of

Trichoderma Cel7A

lgarashi et al., J. Biol. Chem. (2009
® j ( ) Igarashi, Uchihashi et al., Science (201 1)

»

--6.35!'frame

| s/frame, x5 sped-up 100 nm x10 sped-up

50 nm



Reaction of cellobiohydrolase
from Trichoderma reesei

"Processivity"
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Crystallization of PcCel45A at

microgravity

SCERKT © 60% MPD

eyl
|
|

Gits  PCG
mE 20 °C

CALHEAME 2 B +o

BEE O

(Mt ETlIVDECDERICERES)

Space Group

Cell dimensions

Beam Line

P21212I
a=45.5,b=58.1,c=62.9 (A)

SPring-8 BLH}(U.
Wavelength 0.720
‘Resolution Range (A) 40 - 083
I.Tntal MNumber of Reflections TEE,EIE-?”
Number of Unique Reflections 156,957
Linear R-factor in shell <40.00 - 2.84> 0.064
Completeness (%) 95.3I
Completeness in shell <0.84 - 0.83> 94.}'I
Mean |/sigma 47.8
Mean |/sigma in shell <0.84 - 0.83> 4.2
thtaI Lir;e-z.nr R-Merge ﬂ.ﬂ?l-l
Linear R-factor in shell <0.84 - 0.83> 0.260

Meosaicity Range

0.16 - 0.29




X-ray crystal structure of PcCel45A

with super high resolution

X-ray crystal structure of
PcCel45A with 0.64 A resolution,
Highest resolution X-ray

crystallography image of an enzyme
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Giant Larvacean Houses.Rapld Carbon
Transport to the' Deep Sea Floor

Robinsson, et al., Science (2005)
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Unusual multi-domain cellulase from
deep sea bacteria

| PL-like
<%, 3 CBM-like
/) (FNIl-ike?)  Mw >100kDa
AN | ~1000 a.a.
N
Cel6-like

Collaboration with Dr. Deguchi@JAMSTEC
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Biomass utilization for
the sustainable society
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