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Project Overview

Gas Fermentation

Objective: Leverage multi-scale bioprocess

development, high-throughput proteomics, and \“
deep learning models to achieve predictive -
scale-up for aerobic gas fermentation processes B & ":Y

Project team:

- .« o
TeChnOIOgy -W Bioprocess fj‘m "|| Arggrguggomonv

latform . .
P development BERKELEY LAB Proteomics Deep learning

Elizabeth  Amanda Eric Sundstrom  Carolina Phil
Clarke Beverly (P1) Barcelos Petzold Laible
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¢ Monomers

Industrial Microbes platform: Methane

monooxygenase engineered into E. coli N : P':":t :

maximizes both metabolic flexibility and N BN —

genetic tractability OmnitE —

Initial application: Ethane to _ ~ / . AmFuiAdd

polyhydroxypropanate (P3HP) AT
Ethane conversion P3HP

O Available as off-pipeline flared O Biodegradable alternative to

natural gas polyethylene

O Improved gas transfer and
reduced cooling requirement
vs methane

O Beachhead for C1 conversion

O Applications in packaging,
films, and agriculture

111111111111 Energy Efficiency &

3 | ©2023 Agile BioFoundry ENERGY | renewabie Energy {& Agile BioFoundry

BIOENERGY TECHNOLOGIES OFFICE



1— Approach: Bioprocess Development

Ethanol: Bench scale Ethanol : Pilot scale
*IM bloprocess Cha"enges Current SOT - tech transfer This project

- Process safety

- No off-the-shelf equipment
available

- No scale-up CMO or CRO
facilities available

- Gas delivery and gas transfer

. . Recommended
- Limited prior art strain and
* Bioprocess approach improvements
_ Leverage ABF capabilities: Ethane: Bench scale Ethane: Demo and
bench scale gas fermentors and This project g% commll cale

300L pilot capabilities
Couple with proteomics and
deep learning approaches to
predict scale-up performance
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1- Approach High throughput proteomics

-

Upload

,!“““l“|||||IIIIIIIIIIIIllllllllllpllmlum
<=

High-throughput
proteomic
data acquisition

Automated
protein sample
preparation

Fermentations
and sampling

Sample preparation in 96-well plate format for reproducibility, low

variance, and efficiency
Quantitative proteomic data for over 1200 proteins in each sample

* Analysis of both on and off-pathway expression
Data uploaded to the Experiment Data Depot (EDD) for the Learn team
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1— Approach: Predictive modeling

Performance Layered physical/ ML/AIl approaches
and proteomics metabolic/ propose additional
datasets regulatory models process challenges

Varied bioreactor
parameters in
challenge/recovery
experiments (for
safety & productivity)

Strain engineering and bioreactor process parameters
modified to optimize safe, stable, scaled fermentation
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.
2 — Progress and Outcomes

Six-month goals: Q2 FY23

— Evaluate baseline and execute tech transfer Volcano plot (adj_p-value(BH)): Welch's t-Test
- Harmonize TRY metrics to +/-15% between L )
IM and LBNL ¢ | P
Final project goals: Q4 FY24 ) , : zigni?mf’: E(F;WN
- Leverage model predictions to achieve 3x % ! e
improvement over baseline TRY i |
- Demonstrate 300L ethanol scale-up within g e
10% of improved TRY %
Current status N
- Bench-scale technology transfer ongoing
- Proteomics baseline comparison completed log2(Fold_change_A/B)
— Data harmonization and data sharing _ _ _
platforms established High throughput evaluation of protein

abundance reveals significant similarity

— Initial ML analyses proceeding based on tech ,
between 2L campaigns at LBNL and IM

transfer training data

Eﬁ"‘E”MREEFY Energy Efficiency & . )
7 | ©2023 Agile BioFoundry Renewable Energy {& Agile BioFoundry

BIOENERGY TECHNOLOGIES OFFICE



.
2 — Progress and Outcomes: Technology Transfer
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Technology transfer to LBNL currently within 20% of IM baseline across all performance metrics
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3 — Impact

* Mission Relevance: Accelerates deployment of aerobic gas fermentation
technologies while developing technology alternatives to displace recalcitrant
plastics with biobased, biodegradable alternatives

* Industry Impact: Direct pathway to commercial impact via close
collaboration with Industrial Microbes

* Capability development: Develops much-needed generalizable protocols
and lessons learned for predictive process development and scale-up with
aerobic gas fermentations

* Synergistic Research: Dissemination of lessons learned and project
expertise within ABF, to associated programs — ABPDU, BETO CO2
Consortium, and to the broader biomanufacturing community via
presentations and reports
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Summary

* Problem statement: Can we utilize multi-scale bioprocess
development and machine learning to overcome key barriers to
successful gas fermentation scale-up?

* Current status: Tech transfer ongoing, all metrics within 20% of
Industrial Microbes baseline, multi-site proteomics baseline established

* Final project goals: Deliver 3x improvement in TRY over baseline and
validate at 300L pilot scale

* Project impact: Accelerated development and deployment for aerobic
gas fermentation processes, displacement of petrochemical polymers

* Next steps: Initiate ethane fermentations in Q3 to initiate first gas
fermentation DBTL cycle
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Quad Chart Overview

$490k
$220k $500k
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