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Brewing with Synthetic Biology

April 23rd, 2009 by Jabba

b

Synthetic biology rests on the hope that biological “parts” like DNA and proteins can
be engineered and assembled just like a machine or computer circuit, but the field still

“While we may not fully understand the terminology and the processes involved, we do
know that Collins has used the technology to brew beer. Really good beer.”

“We love the idea of this RoboBeer, but they’d better not start toying around with
BOSTOI PBR.” Sunrise Post, 26-4-09
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What Is Synthetic Biology?

a new area of biological research that combines science and engineering in
order to design and build ("synthesize") novel biological functions and systems

source: wikipedia

Constructing novel gene networks

Investigating biology by building
and modeling equivalent systems

Synthesizing entirely new biomolecules
Rewriting genomes

Building new life

Andrianantoandro E et al, 2006
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Building gene networks - everyone’s favourite part of synthetic biology
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Build Computer Model
and test out network
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Assemble Network DNA

!

Test out Network in Cells
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It worked! :)

l

put it to use

:( doesn’t work
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Systems often don’t work first time

London Heathrow
Terminal 5

What went wrong?

London Millennium Bridge

Retrofitted
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Building gene networks - everyone’s favourite part of synthetic biology

Idea! e
Design Your Network % —=
Find Suitable Parts (S e
idea — hour i '\ 0
Build Computer Model characterize
model — week and test out network parts thoroughly
network — year l T
Assemble Network DNA more testing

Test out Network in Cells Why?

:( doesn’t work
It worked! )

l

put it to use debugging

BOSTON|

UNIVERSITY

Tom Ellis 28-4-09



Alternative Approaches S _m— Do \lilag g/ A0
Module shuffling — T A
Guet at al, 2002 ( )O -~ -y
Directed evolution — ey
Yokobayashi et al, 2002
[HIGH] d Ak _
Arole for diversity in synthetic biology ;: '3 §

These use diversity after model design

Can’t we introduce diversity before design?

Think of a set of screws

BOSTON
Tom Ellis 28-4-09 RSEIAEUSINR



BOSTON

IVERKSIT Y

Tom Ellis 28-4-09



1. Make libraries of parts using diversity
2. Make models of intended networks
3. Input library data into models
Models act as a guide - selecting the best library parts
for the output function needed
Construct the intended networks (and use them)

Bypass debugging
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Promoter Library

Synthesis techniques:
* By DNA shuffling
Elowitz/Cohen
« By Mutation:
Alper & Stephanopolous
* By Synthesis:
Jensen & Hammer

Made using oligos
Include regulation sites
Uses de novo design

Characterizing in parallel

~105-106 different
plasmids

L
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TATA TF-Box Start

Gall-pr
Tom Ellis 28-4-09

[l Wild-Type Promoter

Error-Prone PCR l
==
- +—*—
[

Ceneration of Promoter

@bo ©

[ Selection of the Functional

Promoter Library

Charactanzancn of the
Functional Promoter Li| brary

'\Q\QQL'\Q"\Q \'9\\06 \6\‘5\6
Fluorescence Fluorescance Fluotesoence

o
S 9888
Fluorescence

~104 different
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Building Blocks

£~ Integration

EcoRI CT-box RPG-box RPG-box
IATCAGAATTCTCGAGNNNNNCTTCCNNNNNACCCATACANNNNNNNNACCCA

CT-box TATA-box
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ICATCTCTCTTGTAATTCCTTATTCCTTCTAGCTATTTTTCATAAAAAACCAAG

BamHl

[ICAACTGCTTATCAACACACAAACACTAAATCAAAATGGATCCCGAT

Screen ~200 for GFP
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Select and characterize a library (20)
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Regulated Promoter Libraries
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Lacl-regulated promoters
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Giving it a go

1 library = 21 networks

Feed forward loop motif - robust, non-linear

Modeling type:
prediction ahead
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More complex case

Monostable toggles that act as programmable ‘timers’

unbalanced mutual repression

Modeling type: predictions based on single example
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Applying the network

Yeast flocculation - sedimentation

Why would this be of use?
Beer, wine... and now biofuels

Advantages of the system — controlled, predictable
>16000 networks

7 possible

Time following induction (hours)
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So what?

“Diversity? Isn’t this just degenerate synthesis?”
“Libraries aren’t new”

“Predictive models aren’t new”
“I’m too busy to make multiple parts”

“Can | just use yours?”

_ BOSTON|
Tom Ellis 28-4-09 G atiis



Advantages

4 N

Fast
Predictive
Desired output levels
Fine-tuning of response

\Provides parts for community/

4 N

Follow-ups
Promoters with activation
Mammalian cells, E.coli
More complex networks

Sequence/output relation

/ What to apply it to? \

Regulatory networks
Modular bioparts
RNA — eg. RBS/polyA
Protein binding sites

K Digital understanding /

Tom Ellis 28-4-09

Investigate motifs/modules
\ %
a N

Implementable in a BioFAB
Scaled-up libraries

Future Vision

All parts made this way?

Diversify from start chassis

_/
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Tom Ellis — Technigues, Construction and Implementation

now at University of Cambridge, Dept of Biotechnology and Chemical Eng.

Mammalian cell synthetic biology
Engineer dry-life tolerance into cells

genetic, metabolic and protein engineering
And other ideas...

Xiao Wang — Modeling and Predictions
doing even more amazing work with Matlab — e.g. cells that count

Done with help from: Jim Collins, Boston University
Henry H Lee, Boston University
Peter R Jensen, Biocentrum DTU
Kevin Verstrepen, KU Leuven

BOSTON

UNIVERSITY
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Promoter Construction
Cloning to get set-up and get appropriate controls
Make everything modular!
Work large scale (pooling colonies from plates),
use plate-reader and then flow cytometer to pick

20 clones

Take repeatable measurements of each library
member

5

—) 1

Enhancer region

5 Order 120mer oligos (~ $75 each)
—
3‘— -

Reporter gene

Anneal and fill-in
with Klenow
fragment

Clone in promoter
and recover library of
~105 plasmids
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