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The Design > Build > Test > Learn cycle in synbio

1. Design & setup cell-free reactions

2. Incubate & run cell-free reactions
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4. Machine learning, Al & optimisation
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3. Cell-free & biomaterial metrology
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Synbio has many startups in the West
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Synbio itself has levels of TRLs* )
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The Synbio Era is coming:
Full-Cell vs Cell-Free

What makes a product ‘in-cell’ vs ‘out-cell’ depends on:
1) If product is Hydrophilic or Hydrophobic; Hydrophilic formats make

product easier to retrieve Cell-Free
2) Molecular size of the product: smaller molecules are easier to retrieve Synthesis

In-Cell Synthesis
In-Cell Product

Replicate cell
In-Cell Synthesis en&mnmem,
Out-Cell Product to manufacture
without cell

TECHNICAL
DIFFICULTY

Need to break cell
to get product.
High cost of
purification.

Whole Cell

Product synthesized inside
cell, but product transported
outside of cell body.
Purification relatively easy.

Cell as product
(Single Cell Protein)
SCP

COST



Chinese startups landscape

ENZyMasteise s

@

GSH 458+  Leadsynbio

=>5 years

food Medicine

B
LD ==

HUAL! BIO-TECH

jland

YA
SE|F e
NNOVATION A
IS aaaaaa iFEme;ging 5
tri ti
P A #fs)
FURRES @ CM Venture Capital

2024 Innovation China Conference ‘Al+’

QSR EIEE Al

Daily chemical

B4

GIANT BIOGENE

e Viablife YOMICRO EY GE YT
Keadline off 7 et f = SUNET
Platform ) > 2 products
d Y1 WE! SEN !» ?/f ?Lﬁf
f‘” VEI‘/_\IEI/_\ISYN - . i eibniane
= . :;Fj]mg;m & SynMetab -
A 3552 # @ MicroCyto -yt -
Cataya <$’ RABEEN -
BiocreAtech ) RS Zﬁ . :
— . S Daily chemical
: gt on ol overds . &), BioCat!
N ((4) BioCatsyn
e
FE  ExoRNA
—=
»

Medicine

food



Materials discovery has similar Design > Build > Test > Learn cycle

Computations Text mining

7

Robotic synthesis

_ _ N 7 A
Materials Project  DeepMind
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Recipe optimization

Source: “An autonomous laboratory for the accelerated synthesis of novel materials”, Nature Vol 624 December 7 2023
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The Materials Project (US) started in 2011

The Materials Project
materialsproject.org

Number of Material Database Entries

700k~
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Charge Densities
m= EXAFS
= XANES
Tensor Properties (Elastic, Dielectric, Piezoelectric)
=== Density of States
Band Structures
Molecules

DATABASE ENTRIES

== Crystal Structures (SCAN/R2SCAN)
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But the discovery of new materials remains challenging
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“...an order-of-magnitude expansion in stable
materials known to humanity”
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Artificial Intelligence Driving Materials Discovery? Perspective on
the Article: Scaling Deep Learning for Materials Discovery

Anthony K. Cheetham™ and Ram Seshadri*

Cite This: https://doi.org/10.1021/acs.chemmater.4c00643 I: I Read Online

ACCESS I lshl Metrics & More |

Article Recommendations

ABSTRACT: The discovery of new crystalline inorganic compounds—novel
compositions of matter within known structure types, or even compounds with
completely new crystal structures—constitutes an important goal of solid-state and
materials chemistry. Some fractions of new compounds can eventually lead to new
structural and functional materials that enhance the efhiciency of existing
technologies or even enable completely new technologies. Materials researchers
eagerly welcome new approaches to the discovery of new compounds, especially
those that offer the promise of accelerated success. The recent report from a group
of scientists at Google who employ a combination of existing data sets, high-
throughput density functional theory calculations of structural stability, and the
tools of artificial intelligence and machine learning (AI/ML) to propose new
compounds is an exciting advance. We examine the claims of this work here,
unfortunately finding scant evidence for compounds that fulfill the trifecta of
novelty, credibility, and utility. While the methods adopted in this work appear to

Utility

Credibility = Novelty

hold promise, there is clearly a great need to incorporate domain expertise in materials synthesis and crystallography.



From micro to macro adds layers of modeling complexity

Primary Secondary
Microscopic Local cooperative
Degree of freedom order
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Source: “Opportunities and challenges in understanding complex functional materials” Nature Communications 1 October 2019
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High throughput / rapid experimentation is also challenging

A-Lab, a facility at Berkeley Lab where artificial intelligence guides robots in

making new materials.
Photo credit: Marilyn Sargent/Berkeley Lab
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Extended DataFig. 2| Roboticinstallations for sample transferin the A-Lab.
Grippersonthe URSe robotic arms thatare used for sample preparation (a),
loading/unloading of crucible racks to/from the box furnaces (b) and sample
retrieval and characterization(c).d, Linear rail used to increase the working

envelope of therobotic armthatloads/unloads crucible racks to/from the
furnaces. e, Carousel used to organize and move samples in the sample
preparation station.

Source: “An autonomous laboratory for the accelerated synthesis of novel materials”, Nature Vol 624

December 7 2023



The first US startup in Al+ materials was founded in 2013

CITRINEEC

INFORMATICS

Founded 2013

PRODUCT

COMPLETING A PRODUCT ECOSYSTEM

LITRINE® CITRINE# LITRINE S
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High quality data remains the #1 challenge =
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2"d biggest challenge — finding good application in a long value chain

Petro- and other natural resources
>> Renewable Resources
(e.g. Bio & Synthetic Bio)

Raw
Materials

Low recycle rate
>> Reused, Regenerated,

Recycled & Up-cycled

/

Recycle &
Regenerate

(Electrification)

Synthesis &
Processing

Disposal or discharged
>> Waste Valorization (CO2 to

material, waste to energy)

Properties & Cost

@

Waste
Materials

Engineered
Materials

Oil & Gas, Ag, Construction, Auto,
Electronics, Semiconductor
>> Hydrogen, EV (batteries),

Wide Bandgap Semiconductor,
Health, Alternative Food

Applications in
Different
Industries

Product
Design &
Manufacturing

>> Design for recyclability,

Mass manufacturing at lowest cost

built with less materials (additive
manufacturing), Automation (Robotics)

R

AL
:\%‘ 33
‘YT

nnnnnnnnnnnnnnnn A

Industries F dati

ER o E K i)
ﬁﬁﬁﬁﬁﬁ 2 CM Venture Capital

2024 Innovation China Conference ‘Al+’
Sl AR EIEIE Al+’
Shanghai, China | 29 April 2024

Discovery by trial & error, lots of
environment damage >> Discovery by
machine learning, less carbon

(Decarbonization), use of clean energy

>> New material & new processes
with lower carbon footprint



Currently more platform companies than product companies in Al+Materials

Vertical field
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Al + Materials is expected to grow at CAGR of ~30% to $ 8.5 B USD by 2032

Generative Al in Material Science Market = Materials Discovery and Design

M Predictive Modeling and Simulation

Size, by type, 2022-2032 (USD Million)
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Source: MarketResearch.biz report “Generative Al in Material Science”
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