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8.5 Application in Biotechnology 313
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Figure 8.4 Biosynthetic potential of Pseudomonas putida. Extended carbon core metabolism of Pseudomonas putida
KT2440 including the major catabolic routes of Entner–Doudoroff pathway, Embden–Meyerhof–Parnas pathway, pen-
tose phosphate pathway, tricarboxylic acid cycle, glyoxylate shunt, anaplerotic reactions, fatty acid de novo biosynthesis,
β-oxidation of fatty acids, as well as the convergent !-ketoadipate pathway for catabolism of aromatics. Known pathways
for respective precursor supply for the broad product spectrum of P. putida KT2440 are indicated by light red arrows.
Natural products and substrates are highlighted in black, heterologous products and substrates in red.

Poblete-Castro I, Borrero-de Acuña JM, Nikel PI, Kohlstedt M, Wittmann C. Host Organism: Pseudomonas 
putida. In: Wittmann C, Liao JC, editors. Industrial Biotechnology: Microorganisms. 2017. p. 337.  

• Saprophytic soil bacterium 

• Gram-negative aerobe 

• GRAS 

• Fast growing 

• Stress tolerant 

• Metabolically versatile 

• Genetically tractable 

Host: Pseudomonas putida KT2440 
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Target: Muconic acid 
•  Aromatic catabolic intermediate 

•  Unsaturated C6 dicarboxylic acid 

•  Not readily generated from petrochemicals 

•  Olefinic double bonds enable additional 
chemistries (crosslinking, Diels-Alder) 
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Production of muconic acid from sugar 
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•  Engineering achieved ~35% yield of muconic acid from glucose 
•  Elimination of 2-ketogluconate byproduct slowed growth and productivity 
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Laboratory evolution to improve growth 

Bentley G. et al. In preparation 
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Biosensor development and selection 

Adaptive evolution  Muconate Biosensor Improved production 

Bentley G. et al. In preparation 
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Evolution, screening, and rational 
engineering improved muconate production 

Bentley, et al. In preparation 
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Agile BioFoundry 
Capabilities
The ABF platform unites the unique abilities 
of DOE national laboratories with targeted 
outcomes such as an improvement in Design-
Build-Test-Learn biological engineering cycle 
effi  ciency, new microbial host organisms, and 
market transformation through the transfer 
of intellectual property and manufacturing 
technologies to U.S. industry.

ABF’s core capabilities include:

• Engineering biology

• Computer-aided bioprocess
design

• Microbial host development

• Multi-scale cultivation

• Deep multi-omics analysis

Industry Partnerships 
to Advance the U.S. 
Bioeconomy
The success of the ABF platform requires critical feedback 
from industry concerning:

• R&D challenges facing the bioengineering and
biomanufacturing industry

• Contracting and intellectual property mechanisms
through which industry and the ABF consortium interact

• Key performance indicators for the ABF

Current public and private partnerships that have helped 
ABF advance the bioeconomy include:

Agilent | Kiverdi | LanzaTech | Lygos | TeselaGen | 
University of California San Diego | University of Georgia | 
Visolis | ZymoChem

Learn more about the Agile BioFoundry consortium, 
its partners, and impact on the bioeconomy at 
agilebiofoundry.org.

Front page photo: Panoramic view of the Fermentation Laboratory at the Advanced 
Biofuels and Bioproducts Process Development Unit at Lawrence Berkeley National 
Laboratory. Photo by Roy Kaltschmidt, LBNL
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Agile BioFoundry consortium core capabilities integrate effi  cient 
biological engineering cycles with TEA and LCA, microbial host 
onboarding, and process integration and scale-up.
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Deletion of hexR improves production 
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Agile BioFoundry 
Capabilities
The ABF platform unites the unique abilities 
of DOE national laboratories with targeted 
outcomes such as an improvement in Design-
Build-Test-Learn biological engineering cycle 
effi  ciency, new microbial host organisms, and 
market transformation through the transfer 
of intellectual property and manufacturing 
technologies to U.S. industry.

ABF’s core capabilities include:

• Engineering biology

• Computer-aided bioprocess
design

• Microbial host development

• Multi-scale cultivation

• Deep multi-omics analysis

Industry Partnerships 
to Advance the U.S. 
Bioeconomy
The success of the ABF platform requires critical feedback 
from industry concerning:

• R&D challenges facing the bioengineering and
biomanufacturing industry

• Contracting and intellectual property mechanisms
through which industry and the ABF consortium interact

• Key performance indicators for the ABF

Current public and private partnerships that have helped 
ABF advance the bioeconomy include:

Agilent | Kiverdi | LanzaTech | Lygos | TeselaGen | 
University of California San Diego | University of Georgia | 
Visolis | ZymoChem

Learn more about the Agile BioFoundry consortium, 
its partners, and impact on the bioeconomy at 
agilebiofoundry.org.

Front page photo: Panoramic view of the Fermentation Laboratory at the Advanced 
Biofuels and Bioproducts Process Development Unit at Lawrence Berkeley National 
Laboratory. Photo by Roy Kaltschmidt, LBNL
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Agile BioFoundry consortium core capabilities integrate effi  cient 
biological engineering cycles with TEA and LCA, microbial host 
onboarding, and process integration and scale-up.
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Diverse phenotypes to feed machine learning 
interface 
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Agile BioFoundry 
Capabilities
The ABF platform unites the unique abilities 
of DOE national laboratories with targeted 
outcomes such as an improvement in Design-
Build-Test-Learn biological engineering cycle 
effi  ciency, new microbial host organisms, and 
market transformation through the transfer 
of intellectual property and manufacturing 
technologies to U.S. industry.

ABF’s core capabilities include:

• Engineering biology

• Computer-aided bioprocess
design

• Microbial host development

• Multi-scale cultivation

• Deep multi-omics analysis

Industry Partnerships 
to Advance the U.S. 
Bioeconomy
The success of the ABF platform requires critical feedback 
from industry concerning:

• R&D challenges facing the bioengineering and
biomanufacturing industry

• Contracting and intellectual property mechanisms
through which industry and the ABF consortium interact

• Key performance indicators for the ABF

Current public and private partnerships that have helped 
ABF advance the bioeconomy include:

Agilent | Kiverdi | LanzaTech | Lygos | TeselaGen | 
University of California San Diego | University of Georgia | 
Visolis | ZymoChem

Learn more about the Agile BioFoundry consortium, 
its partners, and impact on the bioeconomy at 
agilebiofoundry.org.

Front page photo: Panoramic view of the Fermentation Laboratory at the Advanced 
Biofuels and Bioproducts Process Development Unit at Lawrence Berkeley National 
Laboratory. Photo by Roy Kaltschmidt, LBNL
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Agile BioFoundry consortium core capabilities integrate effi  cient 
biological engineering cycles with TEA and LCA, microbial host 
onboarding, and process integration and scale-up.
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Diverse phenotypes to feed machine learning 
interface 
Input: 
•  5 strains with varying 

muconate and growth 
phenotypes  

•  6 carbon source 
combinations to query 
different metabolic nodes  
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Agile BioFoundry 
Capabilities
The ABF platform unites the unique abilities 
of DOE national laboratories with targeted 
outcomes such as an improvement in Design-
Build-Test-Learn biological engineering cycle 
effi  ciency, new microbial host organisms, and 
market transformation through the transfer 
of intellectual property and manufacturing 
technologies to U.S. industry.

ABF’s core capabilities include:

• Engineering biology

• Computer-aided bioprocess
design

• Microbial host development

• Multi-scale cultivation

• Deep multi-omics analysis

Industry Partnerships 
to Advance the U.S. 
Bioeconomy
The success of the ABF platform requires critical feedback 
from industry concerning:

• R&D challenges facing the bioengineering and
biomanufacturing industry

• Contracting and intellectual property mechanisms
through which industry and the ABF consortium interact

• Key performance indicators for the ABF

Current public and private partnerships that have helped 
ABF advance the bioeconomy include:

Agilent | Kiverdi | LanzaTech | Lygos | TeselaGen | 
University of California San Diego | University of Georgia | 
Visolis | ZymoChem

Learn more about the Agile BioFoundry consortium, 
its partners, and impact on the bioeconomy at 
agilebiofoundry.org.

Front page photo: Panoramic view of the Fermentation Laboratory at the Advanced 
Biofuels and Bioproducts Process Development Unit at Lawrence Berkeley National 
Laboratory. Photo by Roy Kaltschmidt, LBNL
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Agile BioFoundry consortium core capabilities integrate effi  cient 
biological engineering cycles with TEA and LCA, microbial host 
onboarding, and process integration and scale-up.
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Going beyond rational engineering with 
machine learning 

Predict TF expression pattern as 
functions of (observed) metabolome 

and (modeled) TF KO 

Use predicted TF expression 
pattern as input to ANN 

Predict fermentation phenotype, 
relative to strain without TF 

knockout 



Agile BioFoundry 
Capabilities
The ABF platform unites the unique abilities 
of DOE national laboratories with targeted 
outcomes such as an improvement in Design-
Build-Test-Learn biological engineering cycle 
effi  ciency, new microbial host organisms, and 
market transformation through the transfer 
of intellectual property and manufacturing 
technologies to U.S. industry.

ABF’s core capabilities include:

• Engineering biology

• Computer-aided bioprocess
design

• Microbial host development

• Multi-scale cultivation

• Deep multi-omics analysis

Industry Partnerships 
to Advance the U.S. 
Bioeconomy
The success of the ABF platform requires critical feedback 
from industry concerning:

• R&D challenges facing the bioengineering and
biomanufacturing industry

• Contracting and intellectual property mechanisms
through which industry and the ABF consortium interact

• Key performance indicators for the ABF

Current public and private partnerships that have helped 
ABF advance the bioeconomy include:

Agilent | Kiverdi | LanzaTech | Lygos | TeselaGen | 
University of California San Diego | University of Georgia | 
Visolis | ZymoChem

Learn more about the Agile BioFoundry consortium, 
its partners, and impact on the bioeconomy at 
agilebiofoundry.org.

Front page photo: Panoramic view of the Fermentation Laboratory at the Advanced 
Biofuels and Bioproducts Process Development Unit at Lawrence Berkeley National 
Laboratory. Photo by Roy Kaltschmidt, LBNL

agilebiofoundry.org

DOE/EE-1970 • April 2019

Agile BioFoundry consortium core capabilities integrate effi  cient 
biological engineering cycles with TEA and LCA, microbial host 
onboarding, and process integration and scale-up.
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Agile BioFoundry 
Capabilities
The ABF platform unites the unique abilities 
of DOE national laboratories with targeted 
outcomes such as an improvement in Design-
Build-Test-Learn biological engineering cycle 
effi  ciency, new microbial host organisms, and 
market transformation through the transfer 
of intellectual property and manufacturing 
technologies to U.S. industry.

ABF’s core capabilities include:

• Engineering biology

• Computer-aided bioprocess
design

• Microbial host development

• Multi-scale cultivation

• Deep multi-omics analysis

Industry Partnerships 
to Advance the U.S. 
Bioeconomy
The success of the ABF platform requires critical feedback 
from industry concerning:

• R&D challenges facing the bioengineering and
biomanufacturing industry

• Contracting and intellectual property mechanisms
through which industry and the ABF consortium interact

• Key performance indicators for the ABF

Current public and private partnerships that have helped 
ABF advance the bioeconomy include:

Agilent | Kiverdi | LanzaTech | Lygos | TeselaGen | 
University of California San Diego | University of Georgia | 
Visolis | ZymoChem

Learn more about the Agile BioFoundry consortium, 
its partners, and impact on the bioeconomy at 
agilebiofoundry.org.

Front page photo: Panoramic view of the Fermentation Laboratory at the Advanced 
Biofuels and Bioproducts Process Development Unit at Lawrence Berkeley National 
Laboratory. Photo by Roy Kaltschmidt, LBNL
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Agile BioFoundry consortium core capabilities integrate effi  cient 
biological engineering cycles with TEA and LCA, microbial host 
onboarding, and process integration and scale-up.
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Enabling Hydrolysate Utilization in P. putida 
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Galactose  1.2 g/L (7 mM) 
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Agile BioFoundry 
Capabilities
The ABF platform unites the unique abilities 
of DOE national laboratories with targeted 
outcomes such as an improvement in Design-
Build-Test-Learn biological engineering cycle 
effi  ciency, new microbial host organisms, and 
market transformation through the transfer 
of intellectual property and manufacturing 
technologies to U.S. industry.

ABF’s core capabilities include:

• Engineering biology

• Computer-aided bioprocess
design

• Microbial host development

• Multi-scale cultivation

• Deep multi-omics analysis

Industry Partnerships 
to Advance the U.S. 
Bioeconomy
The success of the ABF platform requires critical feedback 
from industry concerning:

• R&D challenges facing the bioengineering and
biomanufacturing industry

• Contracting and intellectual property mechanisms
through which industry and the ABF consortium interact

• Key performance indicators for the ABF

Current public and private partnerships that have helped 
ABF advance the bioeconomy include:

Agilent | Kiverdi | LanzaTech | Lygos | TeselaGen | 
University of California San Diego | University of Georgia | 
Visolis | ZymoChem

Learn more about the Agile BioFoundry consortium, 
its partners, and impact on the bioeconomy at 
agilebiofoundry.org.
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Agile BioFoundry consortium core capabilities integrate effi  cient 
biological engineering cycles with TEA and LCA, microbial host 
onboarding, and process integration and scale-up.
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