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Learning Clotho

Introducing Clotho Clotho is a software environment for authoring and sharing the tools and data
_ needed to perform a synthetic biology project. This tutorial will guide you through
H Intro to DNA : - F
the basics of genetic design and Clotho usage.

& Reverse Complement
Videos like this will help you get up to speed. This one will give you a brief introduction to DNA and Synthetic
& Tools in Clotho Biology. Feel free to skip ahead if this isn't new to you.

® The Command Bar introduction to Synthetic Biology and Clotho

Manipulating DNA
& Restriction Digests
& Ligation

& PCR

Construction Files adenine thymine guanine
® Examining

@ Simulation

& Wiiting

A DNA with sequence AATGAGCCAGTTC

synbiotrails.org Coming June 11
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Exhaustively compute the biosynthetically
reachable space

Enumerate all paths to each reachable
chemical

Rank those pathways for plausibility

Provide linkage to the DNA sequences
(parts) that encode each enzyme
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The LO -L2 Reachable Space

~

L. Pathway exists in E. coli

———

.- Pathway exists in other organism

L Pathway requires mix-n-match across different
organisms, but enzymes exist natural

Natural enzymes exist but new substrate unnatural
(i.e., SAR predicts enzyme should work)

Transformation natural but substrate unnatural
(i.e., no SAR applies)

Unnatural catalytic transformation

Lo-L2 quantified,
enumerated in Jan’14
and seen to contain
many interesting clades

Flavanoids,
isoflavanoids,

Q*\ and coumarines

(260) T

=

* Glycolipids and
carbohydrates

Lipids, signalling molecules,
and prostaglandins
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Y % Lipids and

(115)

Monoterpenes,
diterpenes,
sesuiterpenes,
and steroids

(5587 total)
(2558 in known clades; colored)

(618 terpenes)

sphingolipids

(205)



Filtering the Reachable Space

Chemical with Sigma-Aldrich
prices > $100/g

Number of
biosynthesizable: 156

Chemical with known
mammalian toxicities (LD50)
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Filtering the Reachable Space
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Validation of an L2 target: Tylenol

OH CHz
(o] O

4-amino-4-deoxychorismate

4-aminosalicylate
4-amino-2-chlorobenzoate p-aminobenzoic acid

and others o-anisidine
o-aminobenzoic acid
aniline
isciazid
p-aminotoluene
p-anisidine
mr-aminophenol

4ABH o

A nhoA

—_— NH2 i HN OH —

I
p-aminobenzoic acid [ p-aminophenol N-acetyl-p-aminophenol
1

Gene from Agaricus
bisporus inserted into E. coli

Modified strain

> Negative control (host)

A A A

2 4 6 8 10 12 14 16
Retenbon Teme (man)
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Observations
Act
Pathway Algorithms Enzyme Activity Alg. Target Selection Alg. Ranking Alg.
_ - lo Pathway exists inE coll T R Intersection w/ lists: . '
- ¢ | il ___/ D ™ . ‘Bricec{Sigma) 1 irézyme expression
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organisms, but enzymes exist natural * WHO medicines
S e * Toxicity (LDsp)

* DEA regulated

v reaction chemistry
L,: Natural enzymes exist but new substrate unnatural

- (i.e., SAR predicts enzyme should work)ﬁ

All reachable‘
chemicals w/ DB
+Lit information

All reachable
chemicals w/
predicted enzymes

Algorithms
* Substructure
dependent properties

Most viable pathway
to chosen target for
strain construction



Known Prediction Holes

Expression In foreign host
Chemical modifications

Multiple subunits

Kinetic parameters
Membranefrganellariocalization

Spontaneous reactions
Volatile products



Big -Picture Bottlenecks

Intellectual property / freedom to operate
Biosafety/biosecurity checks

Regulatory analysis

Target coordination

PolyketidegNon-ribosomal peptides
Polysaccharides

Complex lipids

Genetic circuits



