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Goals for the Webinar

* Introduction to key concepts in DNA assembly as it relates to engineering
metabolic pathways

 Argument for the importance of combinatorial DNA assembly projects in natural
product biosynthesis

 Example application to illustrate how DNA assembly methods were used to
produce a valuable natural product scaffold

 New directions/questions that are important for pushing genetic engineering into
more complex multi-part systems
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“DNA Synthesis” versus “DNA Assembly”
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DNA Synthesis: de novo construction of oligonucleotides
and larger molecules from nucleotide monomers
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Genetic constructs

DNA Assembly: combinatorial concatenation of pre-
synthesized parts to produce functional genetic constructs
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What do We Mean by “Genetic Parts”?

Genetic parts: a sequence of DNA that encodes a
biological function or behavior. This can include
information storage (e.g. CDS), transcription or
translation control (e.g. promoter), etc. Genetic parts
can be combined to make more complex functional
units.
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The iGEM Registry of Standard Biological Parts

€ @ partsigem.org/Main_Page Bl ¢ Ci’igem parts registry > v B8 3

wiki tools search PRODUCTION 2017 SERVER

Registry of Standard Biological Parts

-ﬁ- tools catalog repository assembly protocols help search

\etic parts to /x" = partsigemorg X ﬂ't

Registry News

= Registry Release

« Registry 6.0

= Report Bugs

= Request Features

= News Archive

= Feature Box Archive

Other

= Registry API
= Safety
= Videos

We have recently updated our servers.
Please let us know if you encounter any issues by contacting hq at igem dot org.

iGEM 2018 Team Registration 2018 Distribution Kits Registry Updates
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Important Biologi;al Capabilities Require Massively Multi-Part Genetic Systems
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What are “Natural Products”
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Natural Products are Privileged Structures for Drug Discovery

NP Derivatives
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Heterologous Production of Natural Products
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Drug Discovery Pipelines Require Access to Hundreds of Grams of Material

( Processing ~103 increase in material
Initial bioactive sample experiments ) ]
\ \ requirements for each stage in drug
/,, sy auides discovery/development
\ Bioactive concentrate fractionation
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of compounds ® '\ | \
u [
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Koehn and Carter (2005) Nat. Rev. Drug Disc. 4:206-220
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Gene Expression is Finicky but Important for Heterologous Production

Native host
[ S. platensis
e e
* Gene expression changes Direct gene S " Hetero.
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Smanski et al. Shen (2012) J. Nat. Prod. 75:2158-2167
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Gene Expression is Finicky but Important for Heterologous Production

* Gene expression changes
upon host transfer
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Gene Expression is Finicky but Important for Heterologous Production

* Gene expression changes
upon host transfer

e Even conservative host
changes can break a system

* Permuting expression over
multiple genes dramatically
impacts system performance
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Gene Expression is Finicky but Important for Heterologous Production

* Gene expression changes A
upon host transfer

Even conservative host
changes can break a system

Taxadiene (mg/L)

e Permuting expression over
multiple genes dramatically
impacts system performance

 Optimal gene expression is
nuanced and non-obvious

Ajikumar PK and Stephanopoulos G (2010) Science 330:70-74
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Approach: Reconstructing Biosynthetic Gene Clusters from Parts

Natural gene cluster

1. Remove non-coding DNA

2. Eliminate non-essential genes
3. Remove transcription factors
4, Re-design CDSs

(dva ntages: \

e Role of every element is known
e Independent control of gene

6. Add synthetic regulation ex;-)r-essmn Igvels

7. Organize into operons e Ability to build and test many
J 8. Control with synthetic circuits \va riant designs /

5. Clone/Synthesize genes

Refactored gene cluster
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Algorithmic DNA Assembly Pipeline: Key Features

1. Standardized CDS 2. Combinatorial Quantification 3. Hierarchical Assembly

Domestication of Cis Regulatory Elements
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Algorithmic DNA Assembly Pipeline For High-Throughput Plasmid Construction
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Proof-of-concept: Biosynthesis of a Natural Product of Unknown Origin
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Serofendic Acid has Diverse Therapeutic Potential

. P <0.01
/ 100 \ - K 100+ \
— HO—\\
:\3 754 ? O § 80
é 50 7 é S 60
z , 2,1
S 259 ZR7 &
0 ZBZBZ 2 20
C - 01 1 10uM |
Serofendic acid / : # \ ° Sham
k Glutamate J ] E% ol k Vehicle Ser(;j:gdi;)acb
Prevents glutamate neurotoxicity Decreases damage from
Kume, T et al. (2002) PNAS 99:3288-3293. g , myoca rdial ischemia
o e L1 = loroi, T et al. (2014) J Pharmacol Sci 126:274-280.
k Serofendic acid (nmol) /
Decreases neurological damage from stroke
Nakamura, T et al. (2008) Eur J Pharmacol 586:3288-3293.
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Retro- Biosynthetic Approach to Design a Pathway Towards Serofendic Acid

O OTBS

o S s 50 Q

HyCO—{ HO—\\ PivO PivO
€ ] o)
Osn

HO—\‘{.
0

Toyota, M et al. (2005) Org Lett 7:3929-3932.
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Retro- Biosynthetic Approach to Design a Pathway Towards Serofendic Acid

Tuberculosinol HO Cyclooctatin

oH, -
oH, 1, .
oy Q0
OH :
k Platencin

Verrucosane j
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Retro- Biosynthetic Approach to Design a Pathway Towards Serofendic Acid

A
1
‘.| Chemical synthesis
|
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Retro- Biosynthetic Approach to Design a Pathway Towards Serofendic Acid

T
=
DDB] NCBI
\_

Chemical synthesis

____———">

Streptomyces albidoflavus
NRRL S-1813
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Initial Library of Synthetic Gene Clusters Produces Ent-atiserenoic Acid &
Congeners
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m/z 279

N OY
S o

o
P2 ¢

{4

GGPPS

n
it

|

o

5

10 15
Time (min)

20

25

Intensity (10%)

e ey
A AP | e L N

o

0

5 10 15 20 25
Time (min)

eAOx

>40 mg/L isolated yield

m/z 301
512-
> 8
c 4 _
E 0 T T ILI T
0 5 10 15 20 25
Time (min)

www.genscript.com



(A) 6-Electron Oxidation of Methyl Group by P450 Monooxygenase PtnO2

ent-Atiserene
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Time (min)

¢
T
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@)

il
P Lo .
“;_. ) Oxidation by Ptn0O2, a
. new cytochrome P450,
o shows high
L regioselectivity.
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(B) Poorly-Tuned Gene Expression Leads to Shunt Metabolite Production

P450 competes with
Terpene Cyclase in vivo.
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eAS
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(C) Poorly-Tuned Gene Expression Allows Interference by Non-Pathway Enzymes

#~OH Well-balanced pathway avoids
shunting by endogenous enzymes
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eAS
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Semi-Synthesis of Serofendic Acid and Derivatives

- Initial extraction yielded 40 mg / L ent-Atiserenoic acid.
- Formal synthesis completed without methylester protecting group
- Semi-synthesis reduced complexity from 17 to 4 steps and increased yield

~10-fold
- Facile derivatization of ent-Atiserenoic acid demonstrated

S/
(PhSe0)02 1. NaSMe R Davis
C6HS6, reflux THF, H20 Oxaziridine
— — OH 00
(80%) 2. BH3-THF (100%)
THF ;
(27%) HO—
o]
GenScript www.genscript.com
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Current Efforts are Focused on Improving Titer Through Multivariate Optimization

S e

MN+++-+- - o
2| -+++ -+ - ~ o
3] - - +++ - + P 1 K
al + - -+ ++ - g 8
5] -+ --+++ E S
6| + - +- - ++ > —* g
NNW++-+- -+ “
Nelder-Mead k- --- - - = Variable 1
elder-Mea Plackett-Burman : -
: , Central Composite Full Factorial
simplex algorithm model design design
[hill climbing] [variable prioritization] [interaction estimation] [full landscape visualization]
i *
o [ E ‘ L ] e ! @ A E
i}f’ [ : Cow i & g =
» g ¢ O ic
= p - A 1@,?:% ﬁ-ﬁex
ABCDEFG Mablg 5 - |0 CERINE

GenScript

Make Research Easy

www.genscript.com



Current efforts are focused on improving titer through multivariate optimization

. Methylerythritol Phosphate Pathway
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Current Efforts are Focused on Improving Titer Through Mult
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Expression
Design Pattern

Preliminary Results Show Several Improved Strains
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Preliminary Results Show Several Improved Strains

eAA (mg/L) Nitrogenase Activity (AU)
10 100 1000 10 1,000 100,000

K
! |
=

www.genscript.com



Robustness to Varying Expression Levels Will Not Be the Same for Every System

eAA (mg/L) Nitrogenase Activity (AU)
10 100 1000 10 1,000 100,000
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Extending the DNA Assembly Pipeline for New Compound Discovery

%D‘WQ@“@W@Q 27kb Uncharacterized BGCs from Disease-

New analogs of known RiPPs Suppressive Soil isolates

Uncharacterized terpene synthase and modifying enzymes
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Uncharacterized PKS-NRPS hybrid cluster conserved in many Streptomyces
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Putative biosynthetic gene cluster with sugar, peptide, and redox enzymes
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Family of Putative Thiazole-Containing Molecules
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Summary: DNA Assembly for Engineering Natural Product Biosynthesis
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 Independent control of gene T
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* Developed an algorithmic DNA }
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e Demonstrated a new sustainable
route to Serofendic acid, a
diterpenoid natural product of
unknown origin
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GenScript: Your Reliable Research Partner

Serving life scientists for more than 15 years as a leading CRO (Contract Research
Organization) offering a variety of services, reagents and products

Headquarters in Piscataway, NJ

Facilities and branches in China, Europe & Japan

The number one gene synthesis provider in the world

30,000 customers in 90+ countries

Recipient of CRO Leadership Award in productivity and regulatory affairs
230,000 journal article citations

An iGEM partner

The only commercial entity invited to participate in the Synthetic Yeast Genome
project (Sc2.0)

A member of GP-write advisory board due expertise in gene synthesis
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Let DNA Building Experts Speed Up Your Metabolic Pathway and
Microbial Strain Engineering Process!

Gene Synthesis

Synthetic Biology Portfolio

DNA Fragments

Combinatorial
DNA Libraries

3
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Fast, Reliable & Efficient
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Partnering with Us

Worldwide Leader

Benefiting from 15+ years of expertise in complex DNA synthesis & assembly ]

Comprehensive Services

Easy access to highly-customizable & high-throughput industrial grade
enabling tools

Fast & Efficient

Speed up the build phase of your development cycle with
time/cost-efficient options

Make
Research
Easy Join the long list of leading life scientists in academia

& industry who have advanced their synthetic biology
projects with us.
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Partnering With Us: IP Protection

I Protectis
' .

Confidentiality

agreement for

each contract
research
project

IP training and
confidentiality
agreement,
continuous
education on IP
protection to
employees

Secure online
information
transfer

VeriSign
Encryption

Compartmental-

ization of client’s
confidential
information, and
use product code,
order #, or batch
# for production

Close system
with firewall

Password and
email control

Individual
computer
without interface
for removable
disk / Flash drive

Data back-up
system

www.genscript.com g4



Thank you!

For any questions,

please visit:

www.genscript.com/synthetic- NN .
biology.html - -/af'

Protein Antibody
or email:
William.tan@genscript.com Y
gene@genscrlpt'com Discovery Catalog Products
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