Green Chemistry in Action:
Scaling Enzyme Catalysts for
 a Cleaner Industrial Future
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Current chemical manufacturing processes

are not sustainable
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Chemical
Catalysts

Chemical synthesis

Issue

Non-renewable
raw materials

Toxic chemicals

Pollution

Difficult to achieve
high purity

Biosynthesis of chemicals is eco-friendly

Enzyme catalysis

Natural or renewable
resources

Mild conditions and
in aqueous solutions
High-purity
chemicals

Bio-based



Table 3. Market size and production capacity estimate of bio-based and fossil chemicals in the most relevant regions.

Bio-based Fossil | Bio-based capacity Fossil capacity

market (B€) | market (B€) (Mtonnesly) (Mtonnesly) -
Germanv 41 1872 17 275 ¢ Stu dy from M c KI ns ey &
KesI o1 Furope Wi 2484 4y 142 Nielsen I : consumers are
Europe total 16.5 5203 64 86.6 I Q
Us 24 4643 23 62.1 Wllllng to pay more for
Rest of North America 13.1 412 01 40 sustainable prod ucts
North America total 154 505.5 24 66.1
i i i i i * Current bio-based market
Rest of South America 01 6.5 17 20 0 .
South America total By 1476 31 147 < 2 /0 Of foss II market
China 6.7 12170 27 1494
Asia total 16.0 1986.1 74 2446
Oceania total 17 1476 13 26
Africa=total 0.5 298 1.5 Z N

Sources: Data taken from several country specific sources as described in section 3.3. Note: “-* indicates that data is not available.

Costs of bio-based products significantly HIGHER than fossil-based products !!!
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* Multiple steps

« Complex procedure

* High risk of enzyme
inactivation
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Enzyme Coupling

J L

=

https://www.slidesh are.n et/slideshow/enzyme-immobilization-245447203/245447203#1

High cost !!
Poor reusability !!

Chemical companies are slow to transition to
bio-production of chemicals




Solution

One-step production of enzyme catalysts directly from bacteria
->» significant reducing the cost and improving the efficiency

Traditional Our

C roteins naturally form
P y immobilization immobilization

crystals in bacterium

technology technology
Crysaal Ribosomes
Expression Expression +
Immobilization

Cell

Cell membrane
wall

Endospore

Enzymeloupling

ENZYME PURIFICATION v X
CHEMICAL CONJUGATION v X
USE OF CHEMICALS v X
ENZYME INACTIVATION high low
RISK

34% Cost saving by
immobilizing cofactor

Produc (5 Gompany 3

TEM image of purified
crystal

Immoblllzed Chemlcal
87% Cost saving by X —- ~
immobilizing cofactor ~——____ Putrescine  —  $249 $72.8
Ltertleu ——  $11.7 $33.0



Conversion %

PRODUCT DEVELOPMENT

Production of putrescine Cofactor cost saving over 25 cycles:
2 ymol of PLP
120 = = Free PLP | | ilized PLP .

100- l e o >0 TTNODcht(Dw - o - PUtreSCI ne
J > [y) H
80- $0.39 $0.078 80% 99%purity
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20
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Day
Production of cadaverine M8 - | Marketprice of cadaverine
TTNee ay 188 = 16,400 TTNc,4a (Day 1.65) = 1,565,850 A , . E ' $5.2
120 y y Our cost per gram (HK$) > 99% purity
100 Sigma- $221
. Aldrich 2 95%
= % Price per
= gram TCIl America $101
2 (HKS) > 98%
g CPLab  $349
© Safety 298%
20

o I i Cost of our cadaverine is ONLY 1.4 - 5% of market price
1357 91113151719212325272931 1757981838587



Conversion (%)

PRODUCT DEVELOPMENT

Co-immobilization of cofactor and multiple enzymes on a single particle and self-regeneration of cofactors

L-tert-leucine (chiral precursor for API)

0.2 umol NADH
120

100 ¢

80

g5t gt gl@ gm o gho gin g

Free NADH ($) Immobilized NADH ($) Cofactor cost saving (30 cycles) Yield: 2.9 g

$47.5

TelapPreVir i acviss s protesse nbiorfor v eseseh -
i‘% Small Molecule HCV Entry Inhibitor Tablets
Hev S Atazanavir 300mg
e ~
J{‘ Tablets
L}m im :::\:: mno«n;‘{j: k
Mo d Telaprevir = i
Telaprevir (for Hepatitis C) Atazanavir (for AIDS)
TTNNADH - 7 202
TTNenzymes - .-
$39.2 $232 $207
Purity 299.9% ee 99% ee 98% ee

8™ 9™ 10" 11" 12" 13" 14" 15" 1™ 17" 18" 19" 20™ 21% 22" 237 24" 25" 26" 27" 28" 29" 30"
Day

ee: 299.9%

$2.3 $45.2 95.2%




APPLICATION TRANSLATION

Our putrescine and cadaverine can be used to produce bio-based nylon 4-6 and 5,X

without further downstream purification Gear Tire
wheel -
(nyTgn- (ng,lg)n
Bio-based Nylon Market Size and Applications: 4,6)
Medical field: artificial heart valves, bone growth scaffolds :t\> —1 | N 35\
Automotive industry: bearings, gears, radiators, tires ... / Q/
US$ 2.19B by
2031
Challenges:

- Knufacturers: » Insufficient scale-up of
q DUP“NT > bio-based raw m.aterlals
* Current production cost of

ODSM novozymes bio-nylon fibers much

part of Novonesis higher than petr0|eum'

= y‘:\l$ - %%%% - %éﬁlﬁ! Envalior based nylon
Eﬁﬁ*sl’ - Eﬁﬁﬂ = ﬁ'e’ Imagine the Future




INNOVATIVENESS

Current strategies to combat climate Our technology
crises:

Sustainable .
Chemistry '
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Onshore l l l
Offshore

P

Hydropower

Wind energy

¥
‘Wood biomass
Animal manure
Crop residues
Food wastes

Renewable energy

. sources
Photovoltaic grids ‘

Photovoltaic isolated
Thermal solar energy n
il g Solar energy

Earth heat
Rock heat

CO, hydrate
i production

c;;;n;;"& oo « A green sustainable solution that is affordable,
S cost effective and versatile

- Enable expansion of chemical space not
NOT changing the fundamental ways of accessible by chemical methods =»innovation of
how chemicals are being produced novel biomaterials




30/10-2/11/2024 - AsiaWorld-Expo S NEBSXR
23/10-6/11/2024 - Click2Match (Online) 215 (8 &)

SOCIAL IMPACT
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Enhance industries awareness of
sustainable production of chemicals

Lower the Dbarrier to bio-based
chemicals to make them economically
feasible

Accelerate transition to more socially,
environmentally responsible chemical
manufacturing practices
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Improve consumers’ knowledge
on bio-based chemicals and
products

Raise public awareness of the
impact of their consumption
choices on the environment
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