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Synthetic Biology of Natural Products
New Tools for Unlocking Natures Medicine Cabinet

Presenter Notes
Presentation Notes
Hello, I’m David Mead, the CEO and CoFounder of Terra Bioforge, the Natural Products on Demand Company. In laymen's terms we engineer bugs to make more drugs. And we are the best in the world at this. We use AI for much of our DNA and protein design work and we also have an AI patent for correlating metabolites and their pathway. 



$1T Natural Products Market and Problem

Pharma Biotech

Animal Health

Agriculture

Consumer

“Why is NP production so expensive?”

“Why does commercialization take so long?”

Low 
Yields

Low
Margins

Long 
Timelines
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Presentation Notes
Natural products are medicinal compounds or drugs that bacteria, fungi and plants make. We am not taking about herbal remedies but rather bioactibve chemicals that are synthesized by microbes. The WW NP market is over $1T, with microbial based pharmaceutical drugs making up $250B. The remaining markets are diverse and encompass a large variety of products. 
Microbes are difficult to domesticate for drug production and discovery this can lead to expensive drugs and drug shortages.   Conventional methods for NP drug production and discovery are slow and expensive. For example, it took 30 years to take penicillin production from 3 ug/L to 30 g/L using old school methods. For difficult compounds the production margins are as high as 65%. There is a huge unmet need to produce more drug even with difficult strains. This is where Terra can make a big difference. Terra Bioforge has pioneered “BIG DNA” engineering tools that improve the product yield, thus decreasing cost of goods and also impacting sustainability. 



Advantages of Engineered Natural Products

More affordable supply $$$$

Faster commercialization

Superior purity and quality

Potential for modification exploiting NP diversity 

Presenter Notes
Presentation Notes
There are multiple advantages to engineered natural products, as shown here.




NP Discovery/Production Is Challenging 

Biosynthetic Gene Clusters are:
• Large – up to 400,000 base pairs
• Complicated – dozens of genes
• Difficult to discover – genotype versus phenotype
• Difficult to express – many pathways are cryptic
• Variable culture – native host may not always be useful

Cloned and expressed by Terra Bioforge

Presenter Notes
Presentation Notes
Natural product compound discovery and production is problematic for a number of reasons shown here. At Terra Bioworks, we have developed a platform that dramatically accelerates the design cycle, as shown by the expression cloning of nystatin, vancomycin, and cyclosporine: three large and complicated pathways. Our platform enables customers to go from idea to market significantly faster. 



DNAtrap
Microbial BGC Cloning



• Higher yield
• Shorter timelines
• Lower cost

PIONEERED “BIG DNA” TOOLS 
CAPTURING $B NP PATHWAYS

NP Expression 
Hosts

pDualPNP Producing 
Hosts

Presenter Notes
Presentation Notes
We use the Nobel Prize winning enzyme CRISPR to cut the DNA pathway encoding drug in vitro, as opposed to in vivo like 99% of other approaches. We capture the BIG DNA directly to a patented expression vector used for over producing the NP pathway. We are one of only two companies with this capability (Gingko Bioworks is the other one).




Terra Bioforge Captures Intact BGCs

• >150 BGCs cloned from >100 strains
• ~70% from Actinomycetota (high GC)
• ~10% from Bacillota
• Clusters from filamentous fungi (30-

40 Mb genomes)
• Cluster sizes range from ~10–130 kb
• Refactoring BGCs

- subcloning
- insertions/deletions
- promoter swaps
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Presentation Notes
Terra Bioforge has captured and expressed over 150 NP Pathways from over 100 bacterial and fungal strains.



pDualP 
Bacterial BGC Activation



Inducible Azaserine Expression in Streptomyces

Harvard University
Devon Van Cura
Emily Balskus

Presenter Notes
Presentation Notes
Multiple academic customers have successfully used our custom services.



Inducible BGC Expression in Actinobacteria

Discovery of unreported 
β-amino acid macrotermycin derivatives

Heterologous expression of seongomycin allowed 
assessment of its antibacterial, antiproliferative, and 

antiviral activities and revision of its structure

https://www.nature.com/articles/s42004-023-01034-w https://pubs.rsc.org/en/content/articlehtml/2023/ra/d3ra05931f

Chalkophomycin BGC Expression
Identified New N-nitrosating Enzymes

https://www.biorxiv.org/content/10.1101/2024.01.24.577118v1.abstract

Structure of a lasso peptide bound ETB receptor 
provides insights into the mechanism of GPCR 

inverse agonism

https://www.biorxiv.org/content/10.1101/2023.12.30.573741v1.abstract
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Multiple academic customers have successfully used our custom services.
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Targeted Cloning and Heterologous 
Expression of Fungal Clusters

BGC manipulations using AMA1
Native imizoquin (imq) cluster fails to 
heterologously express in A. nidulans

Promoter replacement (OE) activates a silent 
BGC for heterologous imizoquin production

Imizoquin
Expression

Vector

https://www.nature.com/articles/s41589-023-01276-8
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Targeted cloning and heterologous expression of fungal pathways is routine with Terra Bioforge tools.
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Targeted Cloning and Metabologenomics 
Demystifies Pestalamide Biosynthesis

Validated Metabologenomics Platform
Resolved correct biosynthetic pathway for pestalamide

https://www.nature.com/articles/s41589-023-01276-8
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Terra Bioforge facilitated the correlation of the pestalamide pathway and its metabolite. 
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Applications & Benefits Include: 
• Higher titer screening of biosynthetic pathways
• Flexible engineering in native or heterologous hosts
• COGS savings on existing products
• Faster prototyping and scaleup

MycoDrive Technology
Fastest Synbio Tool for Increasing Fungal NP Titers

Presenter Notes
Presentation Notes
Terra is pioneering a new technology for expressing 35 times more natural product compound in record time. There are two major value propositions here: 1) Reducing the development timeline by 10-20-fold or more (months NOT years). 2) Over producing drugs by 10-35-fold or more.  This saves our customers millions in R&D and up to a billion in production COGs for certain drugs. 



MycoDrive Consistently Generates 
Multiple Genome Copies 

Presenter Notes
Presentation Notes
MycoDrive has succeeded in generating multiple copies of a payload in Aspergillus nidulans multiple times.



MycoDrive Case Study 
Heterologous Production of Bikaverin 



35X MORE PRODUCT                   
Higher profits
 
10-20X FASTER
Months NOT Years

PIONEERED “BIG DNA” TOOLS 
FOR PRODUCING $B DRUGS

MycoDriveTM Technology

Presenter Notes
Presentation Notes
What Gingko Bioworks does not have is a universal tool for over expression of drug encoded pathways.
Terra is pioneering a new technology for expressing 35 times more natural product compound in record time. There are two major value propositions here: 1) Reducing the development timeline by 10-20-fold or more (months NOT years). 2) Over producing drugs by 10-35-fold or more.  This saves our customers millions in R&D and up to a billion in production COGs for certain drugs. 





BGC Copy Number Positively Correlates 
with NP Production Levels

BGC Copy Number Vs Bikaverin Concentration

MycoDrive – GREEN

AMA1 & Single Copy Controls – BLUE 

Wild-Type – RED 

Presenter Notes
Presentation Notes
MycoDrive genome engineering used to heterologously overexpress bikaverin pigment pathway from Fusarium oxysporum in Aspergillus nidulans 



Recombinant
Proof of Concept
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MycoDrive Recombinant Cyclosporine 
Accelerates Drug Production

Tolypocladium
Industry Standard= 

3d = Terra Bioforge
14d = Industry Std
10X Yield = Next Gen 

Strain 10.4 was wild type and barely
made CsA

Strain 10.4.1 and .2 was a constitutive
promoter swap in regulatory gene
That improved yield 84X, same as native
strain!

Presenter Notes
Presentation Notes
Terra Bioforge has produced the first ever recombinant cyclosporin. After our second engineering effort we improved the yield of heterologous cyclosporine by 84 fold and are now at parity with the native producer but we can make it in 3 days instead of 14 days! This alone makes us attractive to Pharma companies. When we are done we expect to improve the yield by 10 times or more. 



Recombinant Cyclosporine!

Cyclosporine Standard

Tolypocladium producer strain

Recombinant Cyclosporine

Presenter Notes
Presentation Notes
Terra Bioforge has produced the first ever recombinant cyclosporin, which could save API manufactures up to a billion dollars in manufacturing cost of goods.



MycoDrive Fungal Engineering
A New SynBio Tool for High Product Titers 

Integration
Mechanism

Overexpression
Strategy

Genetic
Stability

Titer
Potential

Scalability/
Throughput

Technical
Complexity

Cost/
Burden

MycoDrive Proprietary Multiple Copies High High High Low Low

Targeted
Integration

DNA Repair
Strong/Inducible

Promoters
High Low Low High High

Random
Integration

DNA Repair Copy Number Medium High Medium Low Medium

Ama1 n/a
Strong/Inducible

Promoters
Low Medium High Medium Medium
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Presentation Notes
MycoDrive technologies are superior to incumbent methods for fungal genome engineering and expression of large complex pathways.



Conventional 6-APA Production from Pen G
6-APA (6-aminopenicillanic acid) is made by 
enzymatic removal of the side chain from 
penicillin G using penicillin G acylase, followed 
by purification steps to isolate the product for 
use in antibiotic synthesis.

• Fermentation to produce penicillin G which is recovered, purified, and crystallized.
• Enzymatic hydrolysis of penicillin G using penicillin G acylase, yielding 6-APA and phenylacetic acid as products.
• Separation of 6-APA from enzyme and byproducts which is crystallized.

P. rubens is the "ancestral" penicillium strain and an ideal host for adding the right balance of pathways to 
achieve new capabilities:
• Fermentation to produce 6-APA directly.
-or-
• Fermentation to produce Amoxicillin or Ampicillin directly.

Penicillium rubens Strain Engineering to 
Make 6-APA and/or Amoxicillin and Ampicillin Directly 



Benefits of Terra Bioforge Fungal Genome Engineering
Streamlined strain engineering 

• BIGDNATM capabilities are ideal inputs for size-agnostic payload integrations
• Proven pSMART BAC vectors are now updated for higher heterologous titer 
• Bypasses limitations of traditional multicopy and single copy integration methods generating 

high-value production strains faster than ever before

Highest capacity for transcriptional overexpression
• Guided integration into active chromatin
• Select for a range of integrations for fine-tuned performance
• Can easily clone new promoters in front of key BGC components (i.e., TFs, core enzyme, 

precursor bottleneck, etc…) for additional layers of control

High, stable production titers
• Stable maintenance of heterologous cargo independent of selection
• Identify titer improvements and commercial viability early in the R&D process 
• Alleviating existing limitations of attaining high, stable transcription accelerates downstream 

bottleneck identification and abrogation 
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