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Project History 
• The ABF has operated as a BETO-supported project since 2016 

– In 2016, the ABF began as a $3M /18-month pilot project that included four National Labs 

• In 2017 the ABF expanded to a $20M/year BETO consortium 
– The ABF now includes seven National Labs 

• In 2017, HOD team was created to address industry feedback 
stating the need for new microbial hosts for bioprocessing 
– Addressing the critical need for robust genetic engineering and strain improvement tools for non-model hosts 
– Introduce phylogenetic and metabolic breadth to industrial microbes 

• In 2022, the Tier System and HObT website were implemented 
for organization and outreach 
– Organizing information and “readiness” of tools for handoff to partners 
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Project Goal and BETO Relevance 

• Host Onboarding and Development (HOD) goal: Enable industrial 
bioengineering by identifying and making available new microbial hosts 
through prioritized strain onboarding and development 

• Relevance to BETO’s goals: HOD performs pre-competitive research to 
develop microbial hosts that natively have traits of use in bioengineering, 
helping to reduce risk and accelerate the adoption of non-model microbes 

• Specific research questions: Can we develop generalizable design rules, 
metabolic engineering tools, and strain improvement approaches for rapidly 
domesticating microbes with useful phenotypes? Can we efficiently partner 
with industry to help develop the most useful hosts for specific processes? 
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1 – Approach 
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• Challenges: 
– Non-model microbes can have advantages over well-known model hosts, but genetic 

tools and approaches are typically not host-agnostic, so tool development is 
traditionally “artisanal” • high risk, low TRL

– Not every tool/dataset may be needed or feasible for every organism

• Technical Approach:

Challenges and Approach
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Risks, Mitigation, and Collaboration
• Risks: 

– Developed tools and organisms may not be adopted by stakeholders

– Strain engineering tool development in novel microbes could fail for unknown reasons

• Mitigation: 

– Cast a wide net for organism phenotypes and phylogenetic groups

– Engage with industry via Funding Opportunities to identify hosts of interest

– Leverage decades of experience and large collections of genetic “parts” to minimize 
risk of failure

• Communication and Collaboration: Collaborated with BETO State of Technology (SOT) 
projects to improve genetic tools in Clostridium tyrobutyricum and Zymomonas mobilis to 
accelerate their progress. Interact with ABF Industrial Advisory Board.
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Changes made after 2021 Peer Review

• 2021 Reviewer Comment: [Need] Better dissemination of ABF’s 
capability, including the DBTL tools, developed beachheads, and 
onboarded strains

• ABF response: The HObT website was prioritized not only to 
organize ABF information, but also to be an externally facing site for 
information on our strains and tools. 

• Scaled back the number of ABF-selected hosts: HOD originally 
targeted onboarding 20 hosts, but scaled back to focus more deeply 
on 15. 
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Go/No-Go, Metrics, and DEI

• Go/No-Go decision
– N/A

• Economic and Technical Metrics
– Tier 1: minimum set of tools/knowledge that a host needs to be used 

constructively in the DBTL cycle – all criteria must be met to be considered 
a Tier 1 organism 

– Tiers 2 – 4: minimum 70% of Tier criteria met to proceed to next Tier, and 
sum of percentage criteria met in the current and higher Tiers must ≧
100% 

• Diversity, Equity, and Inclusion 
– HOD efforts follow overall ABF efforts for DEI
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Approach: Tier System

• Increasing Tier level represents increasing level of tools and baseline knowledge
• Attributes in Tiers 1 and 2 are commonplace, yet essential, tools and knowledge required for a strain to 

be used constructively in a canonical Design-Build-Test-Learn (DBTL) cycle. Must meet all Tier 1 
attributes to be considered “onboarded” 

• Outcome: Framework to guide onboarding and development for diverse hosts

• Used to identify and prioritize tools and 
knowledge needed for development of a 
given host 

• Facilitates communication and information 
exchange for host development activities

• Standardizes, guides, and tracks hosts 
development over time  



2 – Progress and Outcomes
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Progress & Outcomes: Onboarded 15 hosts
• Nine bacterial strains were 
onboarded to Tier 1 or higher 

• Six fungal strains were onboarded 
to Tier 1 or higher 

• Four hosts are at Tier 2 or above
• The Tier status of ABF hosts is 
available in HObT

# Host Taxon Tier 
Level

1 Pseudomonas putida Proteobacteria 2
2 Corynebacterium glutamicum Actinobacteria 2
3 Bacillus licheniformis Firmicutes 2
4 Rhodosporidium toruloides Basidiomycota fungi 2
5 Cupriavidus necator Proteobacteria 1
6 Zymomonas mobilis Proteobacteria 1
7 Rhodobacter sphaeroides Proteobacteria 1
8 Pseudomonas fluorescens Proteobacteria 1
9 Clostridium ljungdahlii Firmicutes 1

10 Clostridium tyrobutyricum Firmicutes 1
11 Aspergillus pseudoterreus Ascomycota fungi 1
12 Lipomyces starkeyi Ascomycota fungi 1
13 Pichia kudriavzevii Ascomycota fungi 1
14 Yarrowia lipolytica Ascomycota fungi 1
15 Aspergillus niger Ascomycota fungi 1

Milestone Completion:
• FY21Q2_HOD_R1. Elevate 2-3 onboarded hosts 

by at least one Tier.
• FY21Q4_HOD_AS1. Complete onboarding of at 

least 10 new / existing Hosts to at least Tier 1
• FY22Q4_HOD_AS1. Bring a total of at least 15 

microbial hosts to at least Tier 1, and provide 
corresponding information via HObT website
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Progress & Outcomes: Host Onboarding Tool (HObT)

• Recently released major version 3.5.0
• Integrated with ICE, EDD and protocols.io

for automated data retrieval, along with 
manual data entry for attributes, Tier 
progress and publications.

Outcome:  Currently maintaining Tier progress details on ABF selected host organisms and associated 
knowledge and information

https://hobt.agilebiofoundry.org

https://hobt.agilebiofoundry.org/
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Progress & Outcomes: Appraisal Framework for 
Host Development

Five Appraisal Areas:
• How does it enhance the existing 

ABF host portfolio?
• How does it meet industry 

requests?
• Does the ABF have the capabilities 

(or interest) to execute the activity?
• Cost/effort of the activity?
• How will the activity benefit the 

ABF and biomanufacturing 
industry?

ABF Host  
Portfolio

Industry 
Feedback

ABF 
CapabilitiesCost/Effort

Benefits 
(scope & 
impact) 

Appraisal 
Meeting

2.8

2.4

2.61.6

4.0

Onboard new hosts?

Tier 2 advancement?

Tier 3,4 activities?

Which hosts?
What to do?

Appraisal meeting

Decision

Industry
Feedback

ABF
Capabilities

Culturing:      3
Gene tools:    4
Omics:            3
Models:         2
Libraries:      1

Cost/
Effort

Cost:      1
Time:            1
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Risks:      1
Likelihood: 3

Survey:      5
Size:    1
WFOs:            1
Stakeholders:   2
Gaps: 3

ABF Host
Portfolio

Taxonomy:      3
Physiology:    4
Substrate:          3
Product:         2
Map:      2

Benefits

IP:      4
Scope:    4
Impact:            3
Novelty:         5
TEA/LCA:      4

2.8 2.4 2.6 1.6 4.0

Written summary of decision

Appraisal Framework
Milestone Completion:
FY22Q2_HOD_R1. An appraisal framework developed to 
facilitate decision making for prioritization of on-boarding new 
hosts versus progression of existing hosts up Tier levels. 
Framework to be developed based on input from ABF 
researchers, industry and other stakeholders to determine 
importance of “breadth” (number of hosts on-boarded) versus 
“depth” (number of hosts developed to Tier 3/4 level) of ABF host 
portfolio.
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Progress & Outcomes: Multiplexed insertion of DNA into 
the P. putida chromosome

15

• Outcome: Base SAGE technology has been licensed by a company for use in one organism and adapted to 
other organisms in multiple CRADA projects 

• Outcome: Highly efficient tools that allow combinatorial pathway assembly in the target host for rapid Build

• Expanded “SAGE” DNA 
integration system to 
enable high efficiency, 
simultaneous integration 
of three plasmids (or 
libraries of plasmids) into 
the P. putida chromosome

• Simultaneous removal of 
plasmid backbone allows 
additional rounds of DNA 
insertion

• This greatly accelerates 
strain construction and 
pathway optimization
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Progress & Outcomes: Dual Biosensor in C. glutamicum

• Large promoter libraries (104-105 diversity) built;  FACS to select top performers
• Outcome: Dual biosensor established for simultaneous detection of cis,cis-muconic acid and 

chorismate in C. glutamicum – builds the foundation for simultaneous screening of cell growth 
(chorismate) and biochemical production (muconate)
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Additional Milestones from FY21/FY22: All Complete
FY21Q2_HOD_R2. For SOT projects, high efficiency gene integration tools (e.g., site-specific 
recombinases and/or CRISPR) developed for both C. tyrobutyricum and Z. mobilis with a minimum 
efficiency of 1000 cfu/ug DNA.

– Adapted SAGE recombination system to each organism and demonstrated site-specific 
recombination

FY22Q3_HODSOT_R1. Efficient selection/counter-selection system demonstrated for genetic 
marker recycling by stacking three chromosomal modifications in Clostridium tyrobutyricum toward 
developing an SOT biocatalyst with increased efficiency in conversion of biomass to fuel precursors

– Developed uracil phosphoribosyl transferase (upp) as a counter-selectable marker. Used this 
tool to delete the master regulator of sporulation (spo0A) and two gene clusters related to 
motility. The presence of each gene/cluster is hypothesized to be detrimental to growth in a 
bioreactor and is being tested by the collaborative team.



3 – Impact
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Impact: Industry Pull

Reduced barriers to using non-model 
organisms: 
• Reduced risk for adopting strains with varied 

phylogeny, feedstock usage and metabolic 
capacity

• External stakeholder feedback consistently shows 
that onboarding new hosts and developing host 
tools would be beneficial to industry

• Based on needs & described by the IEO Task, 
during Directed Funding Opportunities, companies 
are interested in leveraging ABF tool development 
expertise for non-model organisms

• To date, ~50% (18/37) of funded external-
partnership projects (DFO, etc) have included an 
HOD component

“Expand host range and make new organisms 
scalable ….Great use of national lab resources”

“Onboard a bunch of organisms with a lot of 
tools. Avoid companies needing to license and 
go into different organisms to avoid IP issues”

“Organisms that represent a broad range of 
metabolic space and manufacturing potential"

“Make a database. Standardized strain 
descriptions. Growth conditions. Tools used. 
Substrate ranges. How transformable.”

Quotes from Industry
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Impact: Information Dissemination

Public access to strains and tools
• Publications, conference presentations, 

patent applications
• Agile BioFoundry and HObT websites; 

web portal for each host, with links to 
protocols and data
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Impact: Relevance to BETO & Biomanufacturing

• Assist other BETO projects to accelerate progress across the BETO portfolio, in particular the 
BETO Conversion State of Technology

• Collaborate with industry via CRADA and FOA projects to aide in host onboarding and 
develop advanced tools in new hosts 

Enhanced genetic tools enables more rapid engineering of strains, thereby accelerating 
the advancement of the SOT

Eliminate costly 
separations 

steps by directly 
producing acids

Accelerate strain 
construction, 

enabling faster 
DBTL cycles

Engineering of 
hosts that can 

consume 
industrial 

feedstocks

Engineering of 
hosts that are 
innately more 

suitable to 
industrial 
conditions

Examples of benefits for developing non-model organisms
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• Approach
– We onboard and develop metabolic and strain engineering tools for non-model 

microbial hosts
– HOD activity guided by the Tier System and newly developed Appraisal Framework 

and communicated by HObT

• Technical progress
– We have developed genetic tools to accelerate strain engineering including 

transformation methods, gene deletion/overexpression tools, high throughput tools 
for Build, biosensors, and more (7 publications)

– All milestones met with 15 hosts onboarded and 4 advanced to Tier 2 or above

• Impact
– Tools and hosts are meeting needs and accelerating progress both within the ABF 

and with external stakeholders (half of external partnerships include HOD element)

Summary
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Quad Chart Overview
Timeline
• Project start: October 1, 2019
• Project end: September 30, 2022

FY22
Costed Total Award

DOE 
Funding

(10/01/2021 –
9/30/2022)

$15M

Project 
Cost 
Share

Project Goal
Enable biorefineries to achieve 50% reductions 
in time to bioprocess scale-up as compared to 
the current average of around 10 years

End of Project Milestone
• One representative target at a TRY within 20% of 

the fossil feedstock incumbent MSP 
demonstrated, from DMR-EH hydrolysate or 
mock hydrolysate

• At least 10 of the ABF beachheads 
across onboarded hosts achieve titer metrics

• Adapt baseline metabolic models for at least 3 
ABF hosts to calculate theoretical yield. Calculate 
the minimum selling price of chemicals to 
benchmark realistic target chemical markets.

• Bring a total of at least 15 microbial hosts to at 
least Tier 1 capability, provide corresponding 
information, resources, and tools via publicly-
accessible ABF HObT website

Funding Mechanism
AOP

Project Partners
LBNL (23%), SNL (20%), NREL (18%), PNNL 
(17%), LANL (8%), ORNL (8%), ANL (6%)

TRL Range: 2-4



Additional Slides
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70 publications, 189 presentations to date
• 54 publications and 115 presentations since FY2019
• The following slides list these publications and presentations

17 patents, 10 records of invention, 9 software disclosures, & 2 licenses
• The following slides list these intellectual property assets

Publications, Patents, Presentations, Awards, and Commercialization
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• Garima Goyal, Zak Costello, Jorge Alonso Guitierrez, Aram Kang, Taek Soon Lee, Hector 
Garcia Martin, and Nathan J Hillson. (2018) "Parallel Integration and Chromosomal Expansion 
of Metabolic Pathways" ACS Synthetic Biology DOI: 10.1021/acssynbio.8b00243

• Jha RK, Narayanan N, Pandey N, Bingen JM, Kern TL, Johnson CW, Strauss CEM, Beckham 
GT, Hennelly SP, Dale T. Sensor-enabled alleviation of product inhibition in chorismate
pyruvate-lyase. ACS Synthetic Biology (2019), 10.1021/acssynbio.8b00465.

• Oyetunde, T., Liu, D., Martin, H. G., & Tang, Y. J. "Machine learning framework for assessment 
of microbial factory performance." PloS one 14.1: e0210558 (2019).

• Ando, D., and Garcia Martin, H. "Genome-Scale 13 C Fluxomics Modeling for Metabolic 
Engineering of Saccharomyces cerevisiae" Microbial Metabolomics. Humana Press, New York, 
NY: 317-345 (2019).

• Costello, Zak, and Hector Garcia Martin. "How to Hallucinate Functional Proteins." arXiv
preprint arXiv:1903.00458 (2019).

• Chen Y, Vu J, Thompson MG, Sharpless WA, Chan LJG, et al. (2019) A rapid methods 
development workflow for high-throughput quantitative proteomic applications. PLOS ONE 
14(2): e0211582. https://doi.org/10.1371/journal.pone.0211582

Publications
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• Paul Opgenorth, Zak Costello, Takuya Okada, Garima Goyal, Yan Chen, Jennifer Gin, 
Veronica T. Benites, Markus de Raad, Trent R. Northen, Kai Deng, Samuel Deutsch, Edward 
E.K. Baidoo, Christopher J. Petzold, Nathan J Hillson, Hector Garcia Martin, and Harry R 
Beller. (2019) "Lessons from two Design-Build-Test-Learn cycles of dodecanol production in 
Escherichia coli aided by machine learning". ACS Synth. Biol., DOI: 
10.1021/acssynbio.9b00020 https://pubs.acs.org/doi/10.1021/acssynbio.9b00020

• Nathan Hillson, Mark Caddick, Yizhi Cai, Jose A. Carrasco, Matthew Wook Chang, Natalie C. 
Curach, David J. Bell, Rosalind Le Feuvre, Douglas C. Friedman, Xiongfei Fu, Nicholas D. 
Gold, Markus J. Herrgård, Maciej B. Holowko, James R. Johnson, Richard A. Johnson, Jay D. 
Keasling, Richard I. Kitney, Akihiko Kondo, Chenli Liu, Vincent J. J. Martin, Filippo 
Menolascina, Chiaki Ogino, Nicola J. Patron, Marilene Pavan, Chueh Loo Poh, Isak S. 
Pretorius, Susan J. Rosser, Nigel S. Scrutton, Marko Storch, Hille Tekotte, Evelyn Travnik, 
Claudia E. Vickers, Wen Shan Yew, Yingjin Yuan, Huimin Zhao & Paul S. Freemont. (2019) 
"Building a global alliance of biofoundries". Nature Communications, 10:2040 
https://doi.org/10.1038/s41467-019-10079-2

Publications
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• Jesus F. Barajas, Ryan P. McAndrew, Mitchell G. Thompson, Tyler W. H. Backman, Bo Pang, 
Tristan de Rond, Jose H. Pereira, Veronica T. Benites, Héctor García Martín,  Edward E. K. 
Baidoo, Nathan J. Hillson, Paul D. Adams, and Jay D. Keasling. (2019) "Structural insights into 
dehydratase substrate selection for the borrelidin and fluvirucin polyketide synthases" J Ind 
Microbiol Biotechnol https://doi.org/10.1007/s10295-019-02189-z

• Jesus F. Barajas, Maren Wehrs, Milton To, Lauchlin Cruickshanks, Rochelle Urban, Adrienne 
McKee, John Gladden, Ed-Been-Goh, Margaret E. Brown, Diane Pierotti, James M. Carothers, 
Aindrila Mukhopadhyay, Jay D. Keasling, Jeffrey L. Fortman, Steven W. Singer, Constance B. 
Bailey. (2019) "Isolation and characterization of bacterial cellulase producers for biomass 
deconstruction: A microbiology laboratory course" J Microbiology and Biology Education. Just 
accepted. https://doi.org/10.1128/jmbe.v20i2.1723

• Mitchel G. Thompson, Jacquelyn Blake-Hedges, Pablo Cruz-Morales, Jesus F. Barajas, 
Samuel C. Curran, Christopher B. Eiben, Nicholas C. Harris, Veronica T. Benites, Jennifer W. 
Gin, William A. Sharpless, Jose H. Pereira, Edward E.K. Baidoo, Christopher C. Petzold, Paul 
D. Adams, Adam P. Arkin, Adam M. Deutschbauer, Jay D. Keasling (2019) "Massively parallel 
fitness profiling reveals multiple novel enzymes in pseudomonas putida lysine metabolism" 
MBio. https://doi.org/10.1128/mBio.02577-18

Publications
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• Chen, Yan; Guenther, Joel; Gin, Jennifer; Chan, Leanne Jade; Costello, Zak; Ogorzalek, 
Tadeusz; Tran, Huu; Blake-Hedges, Jacquelyn; Keasling, Jay D; Adams, Paul; Garcia Martin, 
Hector; Hillson, Nathan; Petzold, Christopher. (2019) "An automated 'cells-to-peptides' sample 
preparation workflow for high-throughput, quantitative proteomic assays of microbes" Journal of 
Proteome Research Manuscript ID: pr-2019-00455n Submitted July 8, 2019 Accepted 
8/22/2019 https://doi.org/10.1021/acs.jproteome.9b00455

• Carbonell, P., Radivojevic, T. and Garcia Martin, H., 2019. Opportunities at the Intersection of 
Synthetic Biology, Machine Learning, and Automation. ACS Synthetic Biology 1474-1477 
(2019)

• Roell, G.W., Carr, R.R., Campbell, T., Shang, Z., Henson, W.R., Czajka, J.J., Martín, H.G., 
Zhang, F., Foston, M., Dantas, G. and Moon, T.S. A concerted systems biology analysis of 
phenol metabolism in Rhodococcus opacus PD630. Metabolic engineering (2019).

• Tijana Radivojevic, Elena Akhmatskaya, "Modified Hamiltonian Monte Carlo for Bayesian 
inference", Statistics and Computing, https://doi.org/10.1007/s11222-019-09885-x 

• Pablo Carbonell, Tijana Radivojevic, Héctor García Martín "Opportunities at the Intersection of 
Synthetic Biology, Machine Learning, and Automation", ACS Synth. Biol. 2019, 8, 1474?1477

Publications
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• Gayle J. Bentley, Niju Narayanan, Ramesh K. Jha, Davinia Salvachúa, Joshua R. Elmore, 
George L. Peabody, Brenna A. Black, Kelsey Ramirez, Annette De Capite, William E. 
Michener, Allison Z. Werner, Dawn M. Klingeman, Heidi S. Schindel, Robert Nelson Lindsey 
Foust, Adam M. Guss, Taraka Dale, Christopher W. Johnson, Gregg T. Beckham, "Engineering 
glucose metabolism for enhanced muconic acid production in Pseudomonas putida KT2440", in 
press at Metabolic Eng.

• Peabody GL, Elmore JR, Martinez-Baird J, and Guss AM. Engineered Pseudomonas putida 
KT2440 co-utilizes galactose and glucose. Biotechnol Biofuels 12, 295 (2019) 
doi:10.1186/s13068-019-1627-0

• Christopher B. Eiben, Tristan de Rond, Clayton Bloszies, Jennifer Gin, Jennifer Chiniquy, 
Edward E. K. Baidoo, Christopher J. Petzold, Nathan J. Hillson, Oliver Fiehn, Jay D. Keasling. 
(2019) "Mevalonate Pathway Promiscuity Enables Noncanonical Terpene Production", ACS 
Synth. Biol. https://doi.org/10.1021/acssynbio.9b00230

• Yan Chen, Deepwanita Banerjee, Aindrila Mukhopadhyay, Christopher J. Petzold. (2020) 
"Systems and synthetic biology tools for advanced bioproduction hosts", Curr. Op. Biotechnol. 
https://doi.org/10.1016/j.copbio.2019.12.007

Publications
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• Jacquelyn M. Blake-Hedges,Jose Henrique Pereira, Pablo Cruz-Morales, Mitchell G. 
Thompson, Jesus F. Barajas, Jeffrey Chen, Rohith N. Krishna, Leanne Jade G. Chan, Danika 
Nimlos, Catalina Alonso-Martinez, Edward E. K. Baidoo, Yan Chen, Jennifer W. Gin, Leonard 
Katz, Christopher J. Petzold,  Paul D. Adams, Jay D. Keasling. (2019) "Structural Mechanism 
of Regioselectivity in an Unusual Bacterial Acyl-CoA Dehydrogenase", J. Am. Chem. Soc. 
https://doi.org/10.1021/jacs.9b09187

• Thompson, Mitchell G., Allison N. Pearson, Jesus F. Barajas, Pablo Cruz-Morales, Nima
Sedaghatian, Zak Costello, Megan E. Garber et al. "Identification, characterization, and 
application of a highly sensitive lactam biosensor from Pseudomonas putida." ACS Synthetic 
Biology (2019).

• Production of ent-kaurene from lignocellulosic hydrolysate in Rhodosporidium toruloides. 
Geiselman GM, Zhuang X, Kirby J, Tran-Gyamfi MB, Prahl JP, Sundstrom ER, Gao Y, Munoz 
Munoz N, Nicora CD, Clay DM, Papa G, Burnum-Johnson KE, Magnuson JK, Tanjore D, 
Skerker JM, Gladden JM. Microb Cell Fact. 2020 Feb 5;19(1):24.

Publications
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preparation workflow for high-throughput, quantitative proteomic assays of microbes" Journal of 
Proteome Research Manuscript ID: pr-2019-00455n Submitted July 8, 2019 Accepted 
8/22/2019 https://doi.org/10.1021/acs.jproteome.9b00455

• Carbonell, P., Radivojevic, T. and Garci?a Marti?n, H., 2019. Opportunities at the Intersection 
of Synthetic Biology, Machine Learning, and Automation. ACS Synthetic Biology 1474-1477 
(2019)

• Roell, G.W., Carr, R.R., Campbell, T., Shang, Z., Henson, W.R., Czajka, J.J., Martín, H.G., 
Zhang, F., Foston, M., Dantas, G. and Moon, T.S. A concerted systems biology analysis of 
phenol metabolism in Rhodococcus opacus PD630. Metabolic engineering (2019).

• Pablo Carbonell, Tijana Radivojevic, Héctor García Martín "Opportunities at the Intersection of 
Synthetic Biology, Machine Learning, and Automation", ACS Synth. Biol. 2019, 8, 1474?1477
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Publications
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DBTL Cycle in Synthetic Biology”, Synthetic Biology-Based Therapeutics Summit, December 9, 
2021 (virtual)

• Hillson, Nathan J. “Overview and capabilities of the ABF and opportunities for collaboration with 
CSU”, Colorado State Seminar Series (via zoom), February 3, 2022

• Hillson, Nathan J. “ABF prospective collaboration with other BETO consortia and projects”, 
BETO Conversion Call (via MS Teams), March 7, 2022
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• Bilbao, A. "Investigating deep learning approaches to advance data processing in Liquid 
Chromatography, Ion Mobility and Data-Independent Acquisition Mass Spectrometry Omics”. 
70th ASMS Conference on Mass Spectrometry and Allied Topics, Minneapolis, Minnesota, 
June 9th, 2022.

• Dai Z., K.R. Pomraning, S. Deng, J. Kim, K.B. Campbell, A.L. Robles, and B.A. Hofstad, et al. 
05/02/2022. "Assessment and Optimization of 3-hydroxypropionic acid production in industrial 
filamentous fungus-Aspergillus species." Presented by Z. Dai at 44th Symposium on 
Biotechnology for Fuels and Chemicals (SBFC 2022), New Orleans, Louisiana

• Adam Guss. “High efficiency DNA integration in diverse non-model microbes for rapid tool and 
pathway prototyping” SIMB SBFC. New Orleans, LA, May 3, 2022

• Magnuson, J.K.; Beckham, G.T.; Gladden, J.M.; Dale, T.; Guss, A.M.; Laible, P.; Hillson, N.J. 
05/03/2022. "The Agile BioFoundry" Presented by Jon Magnuson at the 44th Symposium on 
Biotechnology for Fuels and Chemicals (SBFC 2022), New Orleans, Louisiana.

• Poirier, B.C. et al. “Mechanical cell disruption enhances the extraction of metabolites from 
bacterial and fungal species commonly used in metabolic engineering”. 70th ASMS Conference 
on Mass Spectrometry and Allied Topics, Minneapolis, Minnesota, June 5-9, 2022.

Presentations
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• Poirier B.C. et al. “Behavior of lactam molecules during aqueous sample preparation and mass 
spectrometry analysis”. 70th ASMS Conference on Mass Spectrometry and Allied Topics, 
Minneapolis, Minnesota, June 5-9, 2022.

• Hillson, Nathan J. "Overview and Capabilities of the DOE Agile BioFoundry", ABF Webinar (via 
zoom) April 29, 2022

• Hillson, Nathan J. "Overview and Capabilities of the DOE Agile BioFoundry", Lessafre visit to 
ESE (via zoom) May 6, 2022

• Hillson, Nathan J. "Overview and Capabilities of the DOE Agile BioFoundry" (Keynote 
Presentation) Bioindustry 4.0 – Synthetic Biology & Biofoundry, CHEY Institute – Scientific 
Innovation Series (via zoom) 12 May 17 (PDT) 18 (KST), 2022

• Hillson, Nathan J. "Overview and Capabilities of the DOE Agile BioFoundry", Wageningen 
University visit to ESE (via zoom) May 31, 2022

• Hillson, Nathan J. “ABF overview and DBTL Infrastructure”, BETO Conversion Call (via MS 
Teams), June 13, 2022

• Nathan Hillson. “ABF Decarbonization Efforts”, Invited Talk, LBL Carbon Negative Initiative –
Biological Applications – Lightning Talk Session (via zoom) 6/27/2022
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• Radivojevic,Tijana. “Guiding synthetic biology via machine learning”, Boston University, April 
14, 2022, Guest lecture 

• Deng S., J. Kim, K.R. Pomraning, Z. Dai, Y. Gao, N. Munoz Munoz, and Y. Kim, et al. 
08/07/2022. "Identification of a specific exporter that enables high production of aconitic acid in 
A. pseudoterreus ATCC32359." Presented by S. Deng at SIMB annual meeting, San 
Francisco, California.

• Pomraning K.R., Z. Dai, S. Deng, N. Munoz Munoz, Y. Kim, B.A. Hofstad, and Y. Gao, et al. 
08/10/2022. "Bioconversion of lignocellulosic feedstocks to 3-hydroxypropionic acid using 
acidophilic fungi." Presented by K.R. Pomraning at Society for Industrial Microbiology and 
Biotechnology, San Francisco, California.

• Jha RK. High throughput test tools for industrially relevant microbial chassis, SIMB 2022, San 
Francisco, August 2022 (invited talk).

• Adam Guss. “Using synthetic biology to solve challenges in plastic waste and renewable 
chemical production”. Biological Sciences Departmental Seminar, Missouri S&T, Rolla, MO. 
September 27, 2022.

• Nathan Hillson. “Agile BioFoundry Connections with NSF, MSRDC, and Beyond”, Invited Talk, 
LBL Biosciences Expert Advisory Committee: connections beyond Biosciences July 8, 2022

Presentations
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• Nathan Hillson. “Biosecurity concern anecdote”, Screening Tools for Genome Engineering and 
Genome Editing (Inscripta-funded; Sarah Carter organized), via MS Teams, 9/9/2022

• Nathan Hillson. “Webinar Agenda and ABF Overview”, ABF Webinar: Cutting-Edge 
Technologies for Accelerating Bioproduct Development at the Agile BioFoundry, 9/22/20222

• Garcia Martin, H. “Machine Learning and Automation for Predictive Synthetic Biology”. Basque 
Center for Applied Mathematics, Bilbao, Spain, July 15th, 2022.
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Technologies licensed
• Bioproduction of limonene from syngas
• Method to produce branched chain polyhydroxyalkanoates and branched chain 3-hydroxyacids

Provisional Patents
• ROI-18-92 U.S. provisional patent applications 63/163,518  63/321,207  63/479,918, not published
• ROI-21-104 U.S. provisional patent application 63/321,332
• ROI-21-63 U.S. provisional patent applications 63/163,518  63/321,207  63/479,918, not published

Patent Applications
• Post-transcriptional genome regulation in bacteria with next generation CRISPR-Cas tools
• Terephthalate biosensor and applications thereof
• Mutant transporters for bacterial uptake of terephthalic acid
• Alleviating the bottleneck in enzyme evolution and pathway optimization using novel biosensors 

(Disclosure Title) Modified Biosensors and Biocatalysts and Methods of Use (Application Title)
• Mutant transporters for bacterial uptake of terephthalic acid
• ART: A machine learning Automated Recommendation Tool for guiding synthetic biology

License partners and patent applications
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Patent Applications (cont.)

• A Generative Model for Protein Sequences for the Purpose of Protein Design or 
Phenotypic Inference

• Predicting Metabolic Pathway Dynamics from Time Series Multiomics Data Using 
Machine Learning Techniques

• Use of Statistical Learn Approaches to Predict Next Generation Sequencing 
Subsequence Depth of Coverage

• Mutant transporters for bacterial update of terepthalic acid
• Method and strain for sugar conversion
• Engineered Microorganisms for the Production of Intermediates and Final Products (1st)
• Engineered Microorganisms for the Production of Intermediates and Final Products (2nd)
• Production of organic acids from Aspergillus pseduoterreus cadA deletion strain (1st)
• Production of organic acids from Aspergillus pseduoterreus cadA deletion strain (2nd)
• Genetically engineering an industrial filamentous fungus Aspergillus niger for 3-

hydroxypropionic acid production
• A specific exporter responsible for aconitic acid high production in Aspergillus 

pseduoterreus

Patent applications
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Records of Invention

• Bioproduction of limonene from syngas
• Mutant transporters for bacterial update of terepthalic acid
• Method to produce branched chain polyhydroxyalkanoates and branched chain 3-

hydroxyacids
• A genetic circuit to reduce cell-to-cell production heterogeneity
• High yield conversion of D-xylose to D-arabitol in R. toruloides
• Manipulation of tRNA thiolation gene ncs2 for enhanced production of fatty-acyl-CoA 

derived chemicals in R. toruloides
• Efficient production of cis, cis-muconic acid from mixed substrates of glucose, D-xylose 

and L-arabinose
• Whole cell biosensors for industrially relevant polymers precursors
• Engineered Microorganisms for the Production of Intermediates and Final Products
• Method and strain for sugar conversion

Records of invention
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Software Disclosures

• Automated Recommendation Tool (ART) v2.0
• Kinetic Learning v0.1
• Automated Recommendation Tool (ART): v1.0
• PIACE: Parallel Integration and Chromosomal Expansion of Metabolic Pathways
• OMG, Omics Mock Generator Library: v0.1.1
• Fermentation Data Processing
• Fermentation Data Manipulation and Analysis Once imported
• DIVA/Device Editor 3.1
• DIVA/Device Editor (DIVA) v6.0.0

Software disclosures


