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Development of Bioplastics

From Feedstock to product
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From art, to polymer products to

Scion innovation leads to

opening pilot plants B e

offer alternative to plastic trays
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La BioMATA — Associated lab for biobased
resources for Products of tomorrow.

N Scion joins S13.3m European Union research project

g commesnmoe o - clentific cooperation extends biobased izt o o
‘ research

Home . About us . About Scion . Corporate publications . Scion Connections . Past Issues

LIA BIOMATA Scion Connections Issue 43, June 2023 . Scientific cooperation extends biobased research
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Dr Claire Mayer-Laigle (left), pictured with Dr Marie Joo Le Guen, has been working at Scion on a three-year rese I‘ J ,
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programme exploring the use of plant material in 4D printing.




Chemicals and Polymers will be impacted by
Biotechnology and genetic engineering

NEWS | SUSTAINABILITY

Biden Order Aims to Replace 90% Fossil-based
Plastics with Bio-based Polymers e

are Investing

in Synthetic

By — Anne Marie Moha
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Carbios’ PET Biorecycling Plant,
ot il Longlaville, France

Carbios is developing the world’s first PET biorecycling plant in
Longlaville, France.




New Zealand needs to adopt alternatives to
petrochemical products and reduce CO,

First Shoe Made from 12 Covsuurron

AKD PRODUCTION

Carbon Emissions O

« Generation of renewable monomers
« Generation of natural polymers

* Enzymatic recycling

« Carbon neutral or negative products
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Generating Nylon from CO,

The technology exists and it is scalable

& SCIoN



Scion is rapidly shift focus on
biotechnology /@\

- Helping SMEs go to Pilot scale

- Expanding the team

*  New Equipment
* New Labs

* International collaborations and
research bids (Sweden, Finland,
Iceland, France, UK, Australia).

/ -
- Developing new microbes, S o

fermentation processes, GE tool Scions Industrial fermentation team who are supported by
Kits broader group of bioinformaticians, chemists, and bioprocess

engineers



Industrial Biotech Open innovation

approach

Fermentation and
scaling

High Throughput . Enzyme engineering
screening & optimisation

Standardisation and New Pathway design
modularisation

Systems biology
modelling

Ingenza Company that developed Ginkgo
Bioworks primary genetic toolkit

RISE large libraries

University of Sheffield as they are developing
toolkits non model organisms.

CSIRO Al/foundry for enzyme engineering

CPI1 who scaled Calysta fermentation process
and VAXA who have scaled geothermal gas
fermentation process.

Professor/Entrepreneur who headed up
research at Google DeepMind and expert in
modelling.

University of Nottingham as best in class C1
fermentation and have some genome scale

models &) SCIon



Biggest barrier is cost — We need new
non-model microbes

« Most biotech polymers from sugar only make sense when
oil >$100 per barrel. There need to decrease cost of
feedstock.

 Big focus upon scale and commodity materials. Low cost,
high volume feedstock.

« Gas fermentation (CO2 and CH4) :

« Feedstock consistency, ease of downstream —
processing, and availability (Geothermal,
Chemical manufacturing, Biogas)

« Primary Industry and Plastic waste:

« Wood Sugars, Dairy industry, Coffee waste,
Various lignocellulosic agriculture waste streams,
utilising enzymes to break polymers back into
monomers.
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Why now ? (Synthetic Biology) anda

glimpse of technologies we are implementing at Scion)

Cost of DNA technologies

Convergence of:

* Biology and Engineering

« Biology and Computer Science

» Biology Chemistry and Data Science
« Biology and Automation

* Biology and Al

log {a2)
Modelling

Data analysis
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Cost of DNA Technologies

Moores law is the principle that
computing power doubles every 2
years. Biology is far outstripping
that.

Today human genome sequencing
costs just $399 USD, down from
$100M USD 20 years ago.

Home/school DIY kits for $179 to
Insert jelly fish DNA into yeast.

Cost to 5aquence & human gencme [USD]
Number of entries in UniProtKB/TrEMBL
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Genetically Engineer Any Brewing or Baking
Yeast to Fluoresce
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Convergence of Biology and Engineering

_ - _ We can now program our cells (DNA)
* ENngineering Is about using DNA as parts. like we program a computer (Code)
Start using logic gates. “IF, AND OR”

computer

* Engineering is about standardisation. A (7
standard reusable tool Kits. software ' X genetic

source code - code

- Standardisation enables true apples to apples

applications - > ‘@ o2 .2V biological

comparisons to be made. i e a2 (P Jeireuits

J the battery level |s : . I the concentration of

- Standardisation unlocks automation il NG (P e o

‘DNA is like a computer program but far, far more
Custom DNA Modular DNA parts advanced than any software ever created.”
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E.g. Can swap in different
blue bricks easily




Convergence of Biology and Artificial
Intelligence

Al that allows the prediction of protein ‘
structures almost as good as experimental ’T ,, T
data

Median Free-Modelling Accuracy

100

GoT

« Al can predict and design new pathways that
don’t exist in nature.

* Ginkgo Bioworks in announced partnership
Google in September 2023 to use LLMs.

« Loop Learn, design, build test cycle
automatically — That same standardisation
enabling Al.

‘It will change everything”:
_ _ _ o , Teaching Al DeepMind’s Al makes gigantic leap
«  Working with Australian research institute to to Speak DNA insolvingprotein structures
combine Al and mutations with high throughpt
biofoundry.

Googde's deep-leaming progras retermiming the 3D Supes o nils o
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Convergence of Chemistry, Biology
and Data science

« We can measure every single chemical
reaction in the cell . Thousands of them.

« We can measure every single gene that is
turned off and on.

* If we plot them on a map, we can see and
follow where the carbon and energy is going
(just like a pipe)

« Using computers we can create models
where we predict the butterfly effect of
deleting a gene or adding a gene.

» We can target specific monomers. We have
five in the pipeline




Convergence of Biology and Automation

Standardisation, reusability, reduction in
cost ultimately enables miniaturisation
and automation.

Miniaturisation and automation lead to
step change in throughput.

Example in practice. 3 years ago

« 20,000 enzymes screened

« 1000 pathway combinations built.
« Performed 200 fermentations
Achieved in 6 months

Scion is partnering with research centres
In Sweden, Australia to do this.
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Fermentation Scale up

« To our knowledge the largest polymer
fermentation run in New Zealand. 1000L run
at Callaghan of polymer PHO. (still too small)

« A biodegradable polymer, made from waste

* Reliable transformation of methods from
e 250ml through to 1000L

* Next step is 10,000L run in the EU

& SCIon



Key targets to meet

* Productivity (grams of product, per litre, per hour)
* Product Titre (Concentration in the reactor)
* Yield (How much of feedstock converted to product)

Different challenges from inhibitory concentrations, to diverting
carbon flux

& SCIoN



Real Life Example:

- Pathways for making Nylon don’t exist in
nature (7-Carbon Nylon cant be made
petrochemically)

« Designed new pathways, Designed new
Enzymes, Developed new tool kits for
non-model host.

« Knocked out 56 target aldehyde
reductase and/or aldehyde
dehydrogenase !

- Scaled to 100,000L from CO, and H,
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Scion Road map for novel polymers

202

2023

2

2024

Building your «  POC strains High performance engineering
foundations *  Horizon Bid Optimisation monomer/polymer
«  High throughput S LI 2028
automation i 2
«  Metabolomics/Tran y >, * Derisk scale-up

scriptomics tobuild gl - % Prototype products
e metabolic models £ = )+ Entire value chain
. Diverted carbon £ y R \ engagement
flux to products in - § / :
non-model | W
organism (in vivo)

Revenue Streams
Collaborations

Low cost feedstock

to high
Benchmark of hosts/determine innate pedgrmance
advantages
Determination of Scion model . 4 . Fnct’grr::tribnal
organismitarget. . o, Technolo
Selection oftarget products and NN Y  cldsandler o G ||ceenslng o

feedstocks

Short list of hosts by application
Development bioprocess (SCP/PHAS) Proof of concept Kt "
In house tool kit (DNA parts mentality). Products . Pilot Scale

Background host KO (e.g. PHA)
Technoeconomic model

& SCIoN



WWW.Ssclonresearch.com

“ SCIOon

FORESTS = PRODUCTS = INNOVATION

Prosperity from trees Mai i te ngahere oranga

Scion is the trading name of the New Zealand Forest Research Institute Limited
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