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

Nystatin BGC 126,585 bp 25 genes
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Cloned and expressed by Terra Bioforge
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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. 
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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).
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Terra Bioforge has captured and expressed over 150 NP Pathways from over 100 bacterial and fungal strains.


pDualP
Bacterial BGC Activation

Biterra
bioforge



.' terra Inducible Azaserine Expression in Streptomyces

bioforge

GDvCh Communications Angewandte . d
www.angewandte.org
How to cite: Angew. Chem. Int. Ed. 2023, 62, 202304646 1500000 -
doi.org/10.1002/anie.202304646
Discovery of the Azaserine Biosynthetic Pathway Uncovers a 0 0 s 1000000 -
Biological Route for a-Diazoester Production l‘"N*\)]\ /\‘)k T 8
A o
Devon Van Cura, Tai L. Ng, Jing Huang, Harry Hager, John F. Hartwig, Jay D. Keasling, O OH g 500000 - I 1
and Emily P. Balskus*
azaserine
0 1 1 I 1
d & & N
azaPON MLKJ | HGF E D CQBARS &S
G. harbinensis (| DPEDDDODD DD PEDIED DI &

. fragiis D DEDD DBDD DD ED EDDHIDD
S. ochraceiscleroticus 4 DRDEDDDIBOD DOEDEED DHIP) '+
. olivoverticilatus 4 DD DENDD DB D DD ED EED D HD)

S. coeglicolor aza-pDualP
" S. coelicolor WT

regulatory ICL/PEP mutase HYAA cassette
J‘LSS albus aza-pDualP
: ~_S. albus WT Harvard Universit
Whypothetical mcYP CJATP-grasp 7S ividans aza-pDualP o y
/S, lividans WT
transport NRPS Ppant transferase ” : .
Mtransp L WPpa ) Cazaserine Emily Balskus
[thioesterase | | |
0 10 20

retention time (minutes)


Presenter Notes
Presentation Notes
Multiple academic customers have successfully used our custom services.
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Multiple academic customers have successfully used our custom services.
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Targeted cloning and heterologous expression of fungal pathways is routine with Terra Bioforge tools.
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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

MycoDrive"

The fastest synthetic biology tool for * COGS savings on existing products
increasing fungal natural product titer. ,
* Faster prototyping and scaleup
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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. 
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Multiple Genome Copies

Payload Copy Number

Heterologous

Payloads Lowest | Average | Highest | Production?
BIK (18.6 kbp) 2.4 18.7 48.2 Yes
PST (37.0 kbp) 14 6.3 248 Yes
BGC ENF (42. 3 kbp) 1.4 7.8 28.9 No
CsA simA (45.8 kbp) 2.2 12.8 277 Yes
CsA 2nd 1/2 (47.9 kbp) 7.4 15.2 30.9
Enzyme XynA (2 Kbp) 1.0 43 31.6 Yes
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MycoDrive has succeeded in generating multiple copies of a payload in Aspergillus nidulans multiple times.
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Captured intact
Bikaverin BGC from Cloned 3 Ways
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MycoDrive™ quickly attains highest titer

High-
Performing

« No BGC refactoring - this example BIK clones,

 Straightforward cloning - no HOM arms or dealing with AMA1 repeats

» More high-producing clones per transformation - less time screening
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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. 
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BGC Copy Number Vs Bikaverin Concentration
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MycoDrive genome engineering used to heterologously overexpress bikaverin pigment pathway from Fusarium oxysporum in Aspergillus nidulans 


Accelerates Drug Production

|1 m/z: 601.9167-601.9288

_2.7e+07
_12.5e+07 z)_ 5 .
12.2e+07 g L\',."“%:“
11.9e407 e % :’:/ .
e . Recombinant
{1.4e+07 Wl i ]
P T Proof of Concept
18.3e+06 G _\‘:“L’“"i .
|5.5¢406 Py
_12.8e+06
(()].00 Ib.oo I4.00 I6.00 Ika.oo IL10.00 “‘12%0h hllﬁh!o% I16.00 }18.00
4.00E+07
Strain 10.4 was wild type and barely 3.50E+07
made CsA 3.00E+07
2.50E+07
Strain 10.4.1 and .2 was a constitutive 2" 84X
. 1.50E+07
promoter swap in regulatory gene
. . . 1.00E+07
That improved yield 84X, same as native i
5.00E+06
strain!
0.00E+00 —_—

10.4.1
OE::simL

—2.8e+07

{2.5e+07

12.2e+07

12e+07

11.7e+07

1.4e+07

1.1e+07

_|8.4e+06

_{5.6e+06

_{2.8e+06

Tolypocladium

MycoDrive Recombinant Cyclosporine

|1 m/z: 601.9189-601.9310

@)

Industry Standard

0
0.00

10.4.2
OE::simL

" ;
2.00 4.00

Industry STD

{6.00

‘&3.00

: | , ; :
10.00 12.00 1450 16.00 18.00

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


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. 


@8terra Recombinant Cyclosporine!

bioforge

11 m/z: 601.9189-601.9310
-4.9e+07

4.4e407

3.9e+07 [ ]

13.4e+07

= Cyclosporine Standard

|5e+06

o0 60 % &0 T 500 Of '16.00 500 . -

|1 mjz: 601.9189-601.9310
-2.8e+07 AreaTop (avg=2e+07) N .

20407 (250117 Toy 05 iSmaxML ]

J2ses07 T 5
@) ) a4
|2.2e407 i 5 2

|2e+07

J1.7e407

- ~ Tolypocladium producer strain

_|B.4e+06
15.6+06

|2.8e+06

0 B o 1 L ‘alal 1 L L
000" S5 pIn %0 &0 500 Thaoo — 1111450 500 500

| I m/z: 601.9189-601.9310
_5.1e+05

{4.6e+05

Recombinant Cyclosporine

550 500



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.
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Integration Overexpression Genetic Titer Scalability/ Technical Cost/
Mechanism Strategy Stability Potential Throughput Complexity Burden
MycoDrive | Proprietary Multiple Copies High High High Low Low
8 Targeted _ Strong/Inducible _ _ _
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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

Ho—l """""""" J/ 5 enzymatic removal of the side chain from
)i @ —— HO N)i ©\)(1 penicillin G using penicillin G acylase, followed
7[ ~“NH, * OH by purification steps to isolate the product for
S H use in antibiotic synthesis.

Penicillin G 6-Aminopenicillanic acid Phenyl acetic acid

* 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.

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

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.



Benefits of Terra Bioforge Fungal Genome Engineering

Streamlined strain engineering
« BIGDNA™ 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 immprovements 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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