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cientists Call For Global Push To Advance Research In Synthetic...
Science Daily - Science Daily (press release) - Jun 26, 2007
That research area is synthetic biology — the construction or redesign of ... Synthetic biology offers
solutions to these issues: microorganisms that ...
Scientists Call For Global Push To Advance... - innovations report

All 3 related - Related web pages

Synthetic Biology? Memory In Yeast Cells Synthesized

Science Daily - Science Daily (press release) - Sep 17, 2007

ScienceDaily (Sep. 17, 2007) — Harvard Medical School researchers have successfully synthesized a
DNA-based memory loop in yeast cells, findings that mark a ...

Scientific American: Nothing Says "Early... - Scientific American

All 2 related - Related web pages

Biology's New Forbidden Fruit
New York Times - Feb 11, 2005

But synthetic biology could also make us safer. Last month, shortly after the journal Nature published an

article by Dr. George M. Church of the Harvard ...
All 2 related - Related web pages

... Synthetic Biology - Genes and Heredity - Cloning - Biology ...

New York Times - Jul 8, 2007

By NICHOLAS WADE. FORGET genetic engineering. The new idea is synthetic biology, an effort by
engineers to rewire the genetic circuitry of living organisms. ...

Related web pages

The Technology Chronicles : From God to Darwin to Synthetic Biology

San Francisco Chronicle - Aug 8, 2006

In the beginning an all-powerful diety created the universe in six days and then rested. Or perhaps
everything started with a Big Bang fellowed by billiens ...

Related web pages

Gates foundation to promote synthetic biology
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Synthetic biology

Life 2.0

Aug 31st 2006 | BERKELEY, CAMBR]
From The Economist print edition

The new science of synthetig
its time will soon come

Some think bank with tradition.
We think 150 years of innovation.

Architect of Life

Matthew Herper 10.02.06
Drew Endy aims to reinvent the biotechnology industry.

o Drew Endy, all the great breakthroughs in biotechnology of t
killing crops and glowing fish—they're simply the result of moving
precisely, to rewrite DNA one unit at a time, using this genetic d

ucceeds it will change the way mankind interacts with the living

he 36-year-old professor at Massachusetts Institute of Technol
genetic material, much as bits of mortar or silicon are used to en
hese wonderful living objects that make copies of themselves, {

In coming years, Endy says, we'll begin to see the first custom-
umeor cells. These "devices" will guard against disease, create
ery early days; scientists do not know how to build such devicd

micromachines.

Endy, along with three synthetic-biology comrades, started a col
$13 million in backing from Flagship Ventures and three other fi
intends to produce its own creations, but that accomplishment ig

Initially Coden's goal is to dominate the gene-synthesis market.
recently shipped the biggest piece of DNA ever made, a hunk of

Codon claims it will have more production capacity by year-end

1999, and DMNA 2.0, founded in 2003, both of which also deliver
Codon.

Vincent

Economist.com

Synthetic biology

Playing demigods

Fiwe years on

- Economist,
Aug 2006

Aug Ilst 2006
From The Econamist print edition

Synthetic biology needs to be monitored, but not stifled

THERE will be no thunderstorm, no balts
of lightning channelled through giant
switchgear, and definitely no hunchbacks
called Igor. But sometime soon a line will
be crossed in a laboratory somewhere and
the first unarguably living thing created
from scratch by the hand of man will
divide itself in fwo and begin to reproduce.
When it does so, it will abolish, once and
for all, a distinction as old as human
thought: that between animate and
incnimate matter.

It is not considered polite, in the circles of synthetic biclogy as the subject is known, to
mention the “F~ word. Yet behind almost every discussion of the ethics of modern biclogy
Iurks the grinning spectre of Mary Shelley's nevel, “Frankenstein”, o parable on the
wnantended consequences of creating life. In truth, there is net much that is ethically
dubious abeut making a bacterium from scratch, Making life is less worrying than modifying
life—and madifying it in ways that are accidentally or deliberately harmful te manking.

Synthetic biokgy is more than the mere tinkering of bictechnology. That just moves single
genes around. Synthetic biclogists plan to move lots of genes and to industrialise the
process in a way that will let people arder biclogical parts as routinely as they order
electrical components. If this vision is realised (and there is still a long way to go)
biotechnology will become o true branch of engineering, with benefits for industry, medicine
and agriculture (see griicle and grticle). But biotechnology will also become a game that
aimog! amyone con play={or fun or profil; recklessly or responsibly. for good or ill,
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¢ FEATURE ARTICLES
June 2006 issue

BIOTECHNOLOGY

Engineering Life: Building a Fab for Biology

Principles and practices learned from engineering successes can help
transform biotechnology from a specialized craft into a mature industry
By The Bio FAB Group

arTicLE TooLs: | [ E-mail | Elpeint | Pl Link | Edres | W™ dalisio.us | 5 Digg

Although the term "gene = =

=% TheScientist

research, most biotechn
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Issue 13.01 - January 2005
Subscribe to WIRED magazine and receive a FREH FEATURE
Is This Life?

Biologists are crafting libraries of interchangeable
ONA parts and assembling them inside microbes
to create programmable, f."w'ng machines

Designs on life

Earlier this month, students from around the world locked horns in competition. Their challenge
was to build functioning devices out of biolagical parts. Erika Cheek finds cut hew they got on

By W. Wayt Gibbs.

volution is a wellspring of cre-  one spesies to another for 30 years, yet
i genctic engincering is still m craf
thar i

5. itch loe i the presr

| Gttt ity o | Reprints | Issue Contents

Comment on this articld

Life, Reinvented




blO—el‘a - EUROPEAN
COMMISSION

GENOME SYNTHESIS
AND DEsiIGN FUTURES:
IMPLICATIONS FOR

for I'-'roposals on

NEST announces a Call for Pn:vchs Q

Synthetic Biology, one of its P}'}H FINDER

initiatives for 2006

The objective oflh\f call is to bring together high

—.level research groups in Europe p&t the long
term goal ufcrca!ng artificial syﬁlems based on
biological éngineering principles. These syst
could foster unprecedented benefits in

appli &n& such u(_&t@encrgy. cnvimnrnenl
or ma @ '.‘ ‘ }
. .

: Fu hfomtl&*’lncludmgth; 913[ wﬁ* 1

Ipx: ‘erence document,

subrm,s: uirements, can be obtained via

the NEST web site : www.cordis.lu/nest ‘
- b 4 Q - -
= = [EU Commission, 2005

nformation can also be obtained through
Point (NCP). For contact details please con
www.condis. S
/

NEST - PATHFINDER

Vincent Hnuillar i Imperial
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Science Iin the Making

& [ ; . Advanced Scholar Search
(_) synthetic Biology since 2001 I-G-] (Search‘j Scholar Preferences

Scholar BETA " Bcholar Help

Scholar Al articles Recent articles Results 1 - 10 of about 82,300 for synthetic Biology.

An evolutionary approach to synthetic biology: zen in the art of creating life - group of 6 »
TS Ray - Natural Computing Series, 2003 - portal.acm.org

... An evolutionary approach to synthetic biology: zen in the art of creating

life. Source, Natural Computing Series archive Advances ...

Cited by 118 - Related Articles - Web Search - SEX@Imperial

Synthetic bielegy: engineering Escherichia coli to see light. - SEX@Imperial - group of 3 »
A Levskaya, AA Chevalier, JJ Tabor, ZB Simpson, LA ... - Nature, 2005 - ncbi.nim.nih.gov

Nature. 2005 Nov 24,438(7067):441-2. Click here to read Synthetic biclogy:

engineering Escherichia coli to see light. Levskaya A ...

Cited by 5 - Related Articles - Cached - Web Search - BL Direct

Synthetic biology: Building up a picture of gene requlation - SFX@Imperial

M Skipper - Nature Reviews Genetics, 2006 - nature.com 5

... Nature Reviews Genetics 7, 242-243 (April 2006) | doi :10.1038/nrg1844. Synthetic BIOteCh nOI L]
biology: Building up a picture of gene regulation. Magdalena Skipper. ...

Cached - Web Search - BL Direct

Synthetic biology: Designs on life - SFX@Imperial - group of 3 »

E CHECK - Nature, 2005 - nature.com H

... 438417a. Synthetic biology: Designs on life. Erika ... Synthetic biology aims to Nat- Com putl ng .
merge engineering approaches with biology. Researchers working ...

Related Articles - Cached - Web Search - BL Direct

How synthetic biology can avoid GMO-style conflicts. - SEX@Imperial

M Tepfer - Nature, 2005 - ncbi.nlm.nih.gov

Comment on: Nature. 2005 Aug 18;436(7053):894-5. Click here to read How C h em. E n g
synthetic biology can avoid GMO-style conflicts. Tepfer ...

Cached - Web Search

RNA synthetic biology.
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Current Research: Environment
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Current Research: Bio-Energy

Butanol
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Institute for OneWorld Health

A Nonprofit Pharmaceutical Company
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* from Austin Che's presentation




Bacterial signal processing for edge detection

D o * “Bacterial Edge Detector”, Jeffrey Tabor

[Sal]

“AND Gate”, JC Anderson et al

OUTPUT

Vincent Rouilly @ Imperial College London, 2008
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Defined by its areas of application ?

Bio-Energy

Bio-Materials

Drug Development
Nanotechnologies




Defined by its areas of application ?

1% US GDP (+20% growth)*

Bio-Fuels

Protein Engineering Bio-Materials

D — Y

Genetic Engineering "
- Bio-Sensors
Tissue Enginering
S — .
Metabolic Engineering Drug Development
Nanotechnologies

* Carlson, 2008.




Defined by its technological platform

Synthetic Biology
Toolbox

OO High-throughput technologies

Cloning — Directed Evolution DAL e ey, ElLEnER)

DNA Sequencing | Computational
DNA Synthesis Modelling




Defined by its technological platform

Synthetic Biology . Protein Engineering Tissue Enginering
- * ——
edlere Genetic Engineering | Metabolic Engineering

L—A

. -
O T— High-throughput technologies

Cloning — Directed Evolution DAL e ey, ElLEnER)

DNA Sequencing | Computational
DNA Synthesis Modelling




SyntheticBiology.org

e Synthetic Biology

A) the design and construction of new biological parts, devices, and systems, and
B) the re-design of existing, natural biological systems for useful purposes.

Vincent Rouilly @ Imperial College London, 2008



SyntheticBiology.org

e Synthetic Biology

A) the design and construction of new biological parts, devices, and systems, and
B) the re-design of existing, natural biological systems for useful purposes.

Protein Engineering Tissue Enginering




IGEM Perspective

GEM - The international Genetically Engineered Machine competition

| IGEM addresses the question: Can simple biological systems be built from standard, interchangeable parts and
operated in living cells? Or is biology simply too complicated to be engineered in this way?
www.parts.mit.edu/wiki




IGEM Perspective

IGEM - The international Genetically Engineered Machine competition

IGEM addresses the question: Can simple biological systems be built from standard, interchangeable parts and
operated in living cells? Or is biology simply too complicated to be engineered in this way?
www.parts.mit.edu/wiki

True Engineering Approach to Biology

Standard Interchangeable “
. R —

Protein Engu.. ~*ing T ,sue Enginering

T —— T —
Genetic En~*.cering | Metaw.'"~ Engineering

Vincent Rouilly @ Imperial College London, 2008



Engineering Approach
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Engineering Approach

Abstraction Standardisation  Quality Control

Industrial Revolutions
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Abstraction Principle

Abstraction

Pathways

Biochemical
reactions

Proteins,
. genes...




Abstraction Principle

Abstraction

Neftworks

Break down
complexity

Modularity
Inputs / Outputs

Abstraction
Hierarchy

Decoupling

Biochemical
reactions

Abstraction 4 Proteins,
Layer ‘ ! I \ genes...
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Abstraction Principle for SB
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Abstraction Principle for SB
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Standardisation Principle
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Standardisation Principle

Standardisation | Quality Conti

Basic profile of the llgnified and 1SO thread form
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+ Practical
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Abstraction

PHOTODIODE

Si PIN photodiode \:vilh preamp
S6468 series

High-speed sensor with preamp

SE4EE soeries is a high-speed photodotector consisting of a Si PIN photcdiode and a preamplifier chip integrated in the same package. Thoy
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Abstraction

PHOTODIODE

W Spectral response W Fraquency charactenstics W Qutput noise spectrum

Si PIN photodiode with preamp
S6468 series

High-speed sensor with preamp

¥ e

AELATIVE SEMSTIATY (e

T e D

SB4EE sorics is a high-speed photodolector consisting of a 51 PIN pholcciode and a proamplfier chip integratod in the same package. They
Tature high-siesd responss and Sanslivity cwar 8 wice Spectrsl range from v itle 1o nesr Birated bght. The sall package (TO-18) slows
campact opiical design. The ampifor input s @t a virual ground, 5o exdernal nolse which may appear when cotecing high-sped sigrals can be
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Quality Control Principle

Abstraction Quality Control

B B F262 0 Barry Canton [hcanton@?r?i:.he%rls;i
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) e ‘Anna Labno [labnoa@mit.edu]
30CHSL — PoPS Receiver

http://parts.mit.edu/registry/index.php/Part:BBa_F2620

Description Parts
A transcription factor (LuxR, BBa_C0062) that is active in the
presence of cell-cell signaling molecule 30C6HSL is controlled by
a TetR-regulated operator (BBa_R0040). Device input is
30C6HSL. Device output is PoPS from a LuxR-regulated operator. BBa_C0062: luxR ORF

If used in a cell containing TetR then a second input signal such as BBa_R0040:  LuxR-regulated operator
aTc can be used to produce a Boolean AND function. BBa_R0040: TetR-regulated operator

Response Time*

Last Update: 19 October 2007
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Part Compatibility >92/<74 replication events**

Chassis: MC4100, MG1655, and DH5a (low/high input)

Plasmids: pSB3K3 and pSB1A2 .

Devices: E0240, E0430 and E0434 Conditions (abridged)

Crosstalk with systems containing C0040 ~ Output: PoPS measured via BBa_E0240
Culture: Supplemented M9, 37°C

Transcriptional Output Demand (low/high input)
Nucleotides: 0.2xNt / 6xNt nucleotides cell! s

Polymerases: 4.4E-3xNt / 1.5E-1xNt RNAP cell-1
(Nt = downstream transcript length)
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Vector: pSB3K3
Chassis: MG1655
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'build more success
on previous success’




....engineering Challenges Ahead

Growth
Death Diffusion
Cross-Talk
Nois

Mutation
Evolution

“What | cannot create, | do not understand.”

Richard Feynman (1918-1988)

inspired by Austin Che's presentation




Ethics and Society

What will be the impact of

making biology easier to engineer 7

from Drew Endy's talk, Tianjin 2007
ge London, 2008



Ethics and Society

What will be the impact of

making biology easier to engineer 7

More PeonE More Powerfu Faster
P DNA Programs Development

from Drew Endy's talk, Tianjin 2007

Vincent Rouilly @ Imperial College London, 201




Ethics and Society

Resulting Issues

Bio Security

Ownership, Sharing, Innovation

from Drew Endy's talk, Tianjin 2007

Bio Safety




Ethics and Society

Asilomar (1975) What has changed ?

Recombinant DNA conference

1. Databases populated with sequence information.

2. The Internet

3. Early improvements in automated DNA construction
technology.

4. Overnight shipping.

5. Expanded concern re: active misapplication of
biotech.

from Drew Endy's talk, Tianjin 2007




Ethics and Society

I ——————m—w—
Revitalise knowledge of biological safety

‘—— '
Avoid re-militarisation of biological technologies
" Regardless, expect that technology Will B&™

Regardless, expec
misapplied. Prepare.

Develop an owners'mp

maximizes innovation and equity.

Build a community who can lead development ™

of a constructive culture in Biological Engineering.

from Drew Endy's talk, Tianjin 2007

Vincent Rouilly @ Imperial College London,



Synthetic Biology Community

You are now part of it !!!
Engage ... Challenge ... Contribute
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Example: iPod

Extras
Seltings
Shuffie Songs
Now Playing

Audio / Video / Photos
External hard drive
Back of LCD Calendar / Contacts
Games
Car Integration

Rear casing

Motherboard

Video processor/codec
Broadcam Vldeo(.:orr BCM2722 T o R e
Hard drive processor using
VideoCore Il engine Cypress P3oC CY8214
mixed-signal array

Headphone/
stereo jack

Battery
Rechargable lithion-ion

P :
(700 mAh, 3.7V) ower

= e management
20048 HowStuffwarks . » unit (FMU)

DC-to-DC
converter

Microprocessor
PaortalPlayer PPS021C including two 32-bit ARMTTDMI
microprocessor cores with audio processing and 180 MIPS
codec support, sends audio signal te audic codec for
output through headphone/speaker jack

E2006 HowStulfWarks

Vincent Rouilly @ Imperial College Londem,




