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“Scientists discover the world that exists; 
Engineers create the world that never was."
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Biological research focuses on:
- study & analysis of naturally evolved systems
- ad-hoc construction of ‘genetically-engineered’ solutions

eg. insulin-production in bacteria
   pesticide-resistance in crops

Existing Technologies
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‘Synthetic Biology - Life 2.0’ 
The Economist,  August 31st 2006
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Modularity
Standardisation
Abstraction
Decoupling
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Engineering Principles for Biology 
Decoupling

-Rules insulating design process from details of fabrication
-Enable parts, device, and system designers to work together
-VLSI electronics, 1970’s

Abstraction
-Insulate relevant characteristics from overwhelming detail
-Simple artifacts that can be used in combination
-From Physics to Elec. Eng; 1800’s

Standardisation
-Predictable performance of parts, devices & systems
-Off-the-shelf standardised components
-Mech. Eng; 1800’s



Abstraction
Insulate relevant characteristics from excessive details

gcaactagcggcatggttagtaaaggagaagaact
tttcactggagttgtcccaattttagttgaactagatggc
gacgtgaacggtcataagttcagtgtctccggcgaa
ggtgagggtgatgcaacgtacggtaagttaactttga
agttaatatgtacaaccggcaagctgcctgttccctg
gcctaccctggtgacaacgttaggttatgggttgatgt
gctttgctagatacccagatcacatgaaaaggcatg
acttctttaaatctgcaatgccagaaggttacgtccaa
gaacgtactattttctttaaagatgacggtaattataaa
actagggctgaagttaaattcgaaggtgacacacttg
taaatcgaatagagttaaaggggattgatttcaaaga
ggatggtaatattctaggccataaacttgaatataact
ataattcacacaacgtttacattaccgccgacaagca
gaagaatggaatcaaagccaccgca



Standardisation
Construction from “off the shelf ” parts with known characteristics

gcaactagcggcatggttagtaaaggagaagaact
tttcactggagttgtcccaattttagttgaactagatggc
gacgtgaacggtcataagttcagtgtctccggcgaa
ggtgagggtgatgcaacgtacggtaagttaactttga
agttaatatgtacaaccggcaagctgcctgttccctg
gcctaccctggtgacaacgttaggttatgggttgatgt
gctttgctagatacccagatcacatgaaaaggcatg
acttctttaaatctgcaatgccagaaggttacgtccaa
gaacgtactattttctttaaagatgacggtaattataaa
actagggctgaagttaaattcgaaggtgacacacttg
taaatcgaatagagttaaaggggattgatttcaaaga
ggatggtaatattctaggccataaacttgaatataact
ataattcacacaacgtttacattaccgccgacaagca
gaagaatggaatcaaagccaccgca

gattcgtacgtgtgacgcaactagcggcatggttagt
aaaggagaagaacttttcactggagttgtcccaatttt
agttgaactagatggcgacgtgaacggtcataagttc
agtgtctccggcgaaggtgagggtgatgcaacgtac
ggtaagttaactttgaagttaatatgtacaaccggca
agctgcctgttccctggcctaccctggtgacaacgtta
ggttatgggttgatgtgctttgctagatacccagatcac
atgaaaaggcatgacttctttaaatctgcaatgccag
aaggttacgtccaagaacgtactattttctttaaagatg
acggtaattataaaactagggctgaagttaaattcga
aggtgacacacttgtaaatcgaatagagttaaaggg
gattgatttcaaagaggatggtaatattctaggccata
aacttgaatataactataattcacacaacgtttacatta
ccgccgacaagcagaagaatggaatcaaagcca
ccgcagattcgtacgtgtgac



Decoupling
Insulate design process from fabrication details

gcaactagcggcatggttagtaaaggagaagaact
tttcactggagttgtcccaattttagttgaactagatggc
gacgtgaacggtcataagttcagtgtctccggcgaa
ggtgagggtgatgcaacgtacggtaagttaactttga
agttaatatgtacaaccggcaagctgcctgttccctg
gcctaccctggtgacaacgttaggttatgggttgatgt
gctttgctagatacccagatcacatgaaaaggcatg
acttctttaaatctgcaatgccagaaggttacgtccaa
gaacgtactattttctttaaagatgacggtaattataaa
actagggctgaagttaaattcgaaggtgacacacttg
taaatcgaatagagttaaaggggattgatttcaaaga
ggatggtaatattctaggccataaacttgaatataact
ataattcacacaacgtttacattaccgccgacaagca
gaagaatggaatcaaagccaccgca

gattcgtacgtgtgacgcaactagcggcatggttagt
aaaggagaagaacttttcactggagttgtcccaatttt
agttgaactagatggcgacgtgaacggtcataagttc
agtgtctccggcgaaggtgagggtgatgcaacgtac
ggtaagttaactttgaagttaatatgtacaaccggca
agctgcctgttccctggcctaccctggtgacaacgtta
ggttatgggttgatgtgctttgctagatacccagatcac
atgaaaaggcatgacttctttaaatctgcaatgccag
aaggttacgtccaagaacgtactattttctttaaagatg
acggtaattataaaactagggctgaagttaaattcga
aggtgacacacttgtaaatcgaatagagttaaaggg
gattgatttcaaagaggatggtaatattctaggccata
aacttgaatataactataattcacacaacgtttacatta
ccgccgacaagcagaagaatggaatcaaagcca
ccgcagattcgtacgtgtgac

gattcgtacgtgtgacagtgctacgttcgaacetgca
aaggagaagaacttttcactggagttgtcccaatttta
gttgaactagatggcgacgtgaacggtcataagttca
gtgtctccggcgaaggtgagggtgatgcaacgtacg
gtaagttaactttgaagttaatatgtacaaccggcaa
gctgcctgttccctggcctaccctggtgacaacgttag
gttatgggttgatgtgctttgctagatacccagatcaca
tgaaaaggcatgacttctttaaatctgcaatgccaga
aggttacgtccaagaacgtactattttctttaaagatga
cggtaattataaaactagggctgaagttaaattcgaa
ggtgacacacttgtaaatcgaatagagttaaagggg
attgatttcaaagaggatggtaatattctaggccataa
acttgaatataactataattcacacaacgtttacattac
cgccgacaagcagaagaatggaatcaaagccac
cgctagattcgtacgtgtgac
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An Abstraction Hierarchy 

ATGCTTACCGGTACGTTTACGACTACGTAGCTAGCAT
GCTTACCGGTACGTTTACGACTACGTAGCTAGCATG
CTTACCGGTACGTTTACGACTACGTAGCTAGCATGCT
TACT…

DNA

Applications

Systems
IF dark
    signal-out
ELSEIF (signal-in AND light-in)
    MAKE Pigment

Parts
Promoters Coding Regions Terminators

Devices
Logic GatesInputs Outputs



Standard Interchangeable Parts



Micro-Organisms as Genetic Machines

Environmental 
Sensors Protein & Chemical 

Synthesis
Environmental 

Sensors

Motility
Internal Logic

Communication Mechanisms











‘A synthetic oscillatory network of 
transcriptional regulators’

Elowitz & Liebler 
Nature (2000)

The 
‘Repressilator’



Linking in vivo and in silico experiments

Lionel Dupuy & Jonathan Mackenzie



Triggers for gene expression



Neomorphogenesis

Trigger: initiate expression of a novel gene circuit 
during development
Patterning: define cohort of proliferating cells via 
intercellular signalling
Differentiation: confer new cell fates using 
endogenous regulators



Lionel Dupuy



Synthetic Biology

In this context, Synthetic Biology might be viewed as:

-The design and construction of new biological parts, 
devices and systems

-The re-design of existing, natural biological systems 
for useful purposes



Developing an Industry

An engineering discipline based 
on parts must develop catalogues 
and suppliers of those parts



The Registry of Standard Biological of Parts



Engineering Biology @MIT

Randy 
Rettberg

Tom
Knight

Drew
Endy



http://parts.mit.edu

http://parts.mit.edu
http://parts.mit.edu
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Wide range of parts & devices with modular functionality
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1. Physical Entity 
- construction and test

2. Information Modules
 - encode function allowing design & modeling

BioBricks
Standardised, interchangeable parts for Biology

BBa_B0034



B0034

Amp

SP

B0034

EcoRI XbaI SpeI PstI

BioBricks
Standardised, interchangeable parts for Biology



B0034

Amp

SP

B0034 SP

C0010

Amp

SP

Amp

C0010 SP

Amp

C0010 SP B0034

Cut with EcoRI & SpeI Cut with EcoRI & XbaI

Mix & Ligate

1. Standard Assembly



CI

C0051R0011 TRBS

lacI

2. Device Design: Making Biology Modular



CI

C0051R0011 TRBS

lacI

2. Device Design: Making Biology Modular



CI

C0051R0011 TRBS

lacI

CI

lacI

2. Device Design: Making Biology Modular



CI

C0051R0011 TRBS

lacI

CI

lacI

R0051TRBS

CI

C0051

2. Device Design: Making Biology Modular



PoPSoutPoPSin

CI

C0051R0011 TRBS

lacI

CI

lacI

R0051TRBS

CI

C0051

2. Device Design: Making Biology Modular



PoPSoutPoPSin

CI

C0051R0011 TRBS

lacI

CI

lacI

PoPSout

PoPSin

R0051TRBS

CI

C0051

2. Device Design: Making Biology Modular



PoPSoutPoPSin

PoPSout

PoPSin

TRBS

CI

C0051

Device Design: Making Biology Modular

R0051



PoPSoutPoPSin

PoPSout

PoPSin

TRBS

CI

C0051

Device Design: Making Biology Modular

R0051

Invertor
BBa_Q04510



PoPSoutPoPSin

PoPSout

PoPSin

TRBS

CI

C0051

Device Design: Making Biology Modular

Light 
Sensor

Cell Death

R0051

Invertor
BBa_Q04510



The iGEM Competition



An Engineering Question

“Can simple biological systems be built 
from standard, interchangeable parts 

and operated in living cells?

Or, is biology so complex that each case 
is unique?”



MIT IAP 2003/4
Independent Activities Program

1 class - 30 Students
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57 Universities - 750 Participants

Alberta 
Berkeley
Boston
Brown
Calgary
Caltech
CSHL

Davidson
Duke

Missouri
Harvard

Lethbridge
McGill

Mississippi
MIT

Bologna
ETH Zurich

Freiburg
Ljubljana
Naples
Paris

St Petersburg
Turkey
Valencia

Cambridge
Edinburgh
Glasgow
Imperial

Bangalore
Chiba
Peking
Taipai
Tianjin
Tokyo

Tsinghua
USTC

North America
30 Teams

Europe
9 Teams

UK
4 Teams

Asia
8 Teams

IAP 2003
30 students

SBC 2004
5 US Teams

iGEM 2005
13 Teams

iGEM 2006
35 Teams

iGEM 2007

Michigan
Minnesota
Penn State
Prairie View
Princeton
Purdue

Rice
Stanford
Toronto
UCSF
Utah

Virginia
Virginia Tech
Waterloo
Wisconsin

Rest of World

Melbourne
Mexico

Colombia



57 Universities 
750 Participants

iGEM 2007



iGEM 2008
100 teams

“Design and test a simple 
biological system from 

standard, interchangeable 
parts and operate it in 

living cells.”

Design Brief



www.synbio.org.uk

U
ni

ve
rsit

y of Cambridge

         Synthetic Biology

http://www.syntheticbiology.co.uk
http://www.syntheticbiology.co.uk


UT Austin - Bacterial Photofilm - iGEM 2005



eau d’e coli

mit igem
2006



Edinburgh - Arsenic Detector - iGEM 2006
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The iGEM Competition

Undergraduate teams compete to design 
biological systems from standard parts

Pulls together students from different disciplines 
- engineering, life sciences, computing, maths

Challenges them to initiate a novel scientific programme and 
learn & share new skills

New educational model in an exciting new field, placing 
students at the cutting edge of research

Allows students to make a valuable contribution to the 
research field & community, while in pursuit of their own goals



www.igem.org

http://parts.mit.edu
http://parts.mit.edu


Cambridge Philosophical Society & 
Cambridge Synthetic Biology Society

One Day Symposium

Monday 3rd December 2007 

Synthetic Biology: 
Molecular Bioengineering for the 21st Century

Starts 9am, Pippard Lecture Theatre, 
Cavendish Laboratory, Department of Physics.

Ron Weiss,  Alfonso Jaramillo, Georg Seelig, 
Jim Haseloff, James Brown, Cambridge iGEM 2007 team

Speakers include: 



Abstract Submission Deadline:  
9th December 2007

Registration opens early January
Speakers include: 

Tom Knight, Adam Arkin & Jaroslav Stark

www.biosysbio.com

http://www.biosysbio.com
http://www.biosysbio.com


Summary

One must apply the engineering principles that have underpinned 
the development of mechanical and electrical engineering fields in 

order to deal with biological complexity

Rapid emergence & development of sequencing, synthesis and 
computational tools & technologies have made possible the 

rational engineering of biological systems

Synthetic Biology looks set to contribute to future improvements 
in the microbial, plant and animal cell engineering that are clearly 

needed for the renewable technologies of the 21st century



Thank Yous

Cambridge iGEM 2005/6/7

Jim Haseloff

Jim Ajioka

Gos Micklem

Duncan Rowe

Randy Rettberg

Tom Knight

Drew Endy



www.synbio.org.uk

Resources for learning assembly techniques
- protocols
- video podcasts

lecture material
how-to-do-it info

- local sources of expertise
- external links 

U
ni

ve
rsit

y of Cambridge

         Synthetic Biology

http://www.synbio.org.uk
http://www.synbio.org.uk


iGEM2008 
recruitment

Biologists & 
Engineers

Jim Haseloff, Department of Plant Sciences



3 July to 9 July, 2005
Week 27

iGEM talk

iGEM lab

breaks

July 2005

S M T W T F S

1 2

3 4 5 6 7 8 9

10 11 12 13 14 15 16

17 18 19 20 21 22 23

24 25 26 27 28 29 30

31

August 2005

S M T W T F S

1 2 3 4 5 6

7 8 9 10 11 12 13

14 15 16 17 18 19 20

21 22 23 24 25 26 27

28 29 30 31

Sunday 3 Monday 4 Tuesday 5 Wednesday 6 Thursday 7 Friday 8 Saturday 9

iGEM 2005 introduction

09

10

11

12

13

14

15

16

17

18

Introduction to iGEM2005 - Gos 
Micklem Tom Ap Rees lecture the!
atre, Plant Sciences

morning tea

Biological engineering - Gos Mick!
lem
Plant Sciences teaching lab

lunch

Laboratory orientation: risk analysis 
- Jim Ajioka

afternoon tea

Setup computers/WIKI

Talk: Plasmid growth and manipula!
tion - Duncan Rowe

morning tea

Review of previous and current 
iGEM projects

lunch

Review of previous and current 
iGEM projects - presentation of re!
sults

afternoon tea

Review/lab setup contd.

Talk: Cloning and PCR - Tony 
Southall

morning tea

lunch

afternoon tea

DNA extraction

Talk: Prokaryote gene structure and 
visualising gene expression - Jim 
Haselo"

morning tea

lunch

afternoon tea

Bacterial transformation

Talk: Bacterial cytoskeleton -Jan 
Lowe

morning tea

lunch

afternoon tea

Overview of bacterial genetic engi!
neering

Page 1/1

10 July to 16 July, 2005
Week 28

iGEM talk

iGEM lab

breaks

July 2005

S M T W T F S

1 2

3 4 5 6 7 8 9

10 11 12 13 14 15 16

17 18 19 20 21 22 23

24 25 26 27 28 29 30

31

August 2005

S M T W T F S

1 2 3 4 5 6

7 8 9 10 11 12 13

14 15 16 17 18 19 20

21 22 23 24 25 26 27

28 29 30 31

Sunday 10 Monday 11 Tuesday 12 Wednesday 13 Thursday 14 Friday 15 Saturday 16

iGEM 2005 introduction

09

10

11

12

13

14

15

16

17

18

Talk: Modelling chemotaxis - Karen 
Lipkow (provisional)

morning tea

Talk: Tools for computer modelling 
- Glenn Vinnicombe + Jorge Gon!
salves

lunch

Picking and inoculating colonies

afternoon tea

Restreak onto inducing/noninduc!
ing plates

Talk: Bacterial genomics

morning tea

Minipreps

lunch

Restriction digestion

afternoon tea

Gel analysis

Talk: Gene expression and  net!
works - Andrea Brand

morning tea

Send DNAs for sequence analysis

lunch

Storage of bacterial strains and 
plasmid DNAs

afternoon tea

Documenting experiments (paper 
and web) 

Talk: Bacterial mobility  - Gillian 
Fraser

morning tea

Talk:

lunch

Talk: overview of iGEM projects

afternoon tea

Overview contd.

Talk: Microbial diversity - Keith 
Johnstone

morning tea

The Project: round table discussion

lunch

The Project: round table discussion 
contd.

afternoon tea

Allocating Tasks

Page 1/1

July 2008
Lecture course and brain storming

2 week crash course in Synthetic Biology



July-August-September: Practical laboratory



Composition of the 2008 Team

Student team:
10 UROP summer studentships + externally funded students

Support:
James Brown, Department of Plant Sciences
James Godman, Department of Plant Sciences
Dr. Duncan Rowe, Department of Genetics
Dr. Alex Kabla, Department of Engineering

Faculty:
Dr. Jim Ajioka, Department of Pathology
Dr. Jim Haseloff, Department of Plant Sciences
Dr. Gos Micklem, Cambridge Computational Biology Institute
Dr. Jorge Goncalves, Department of Engineering
Dr. Lorenz Wernisch, MRC Biostatistics Unit



Benefits
• engineers & biologists working together

• open-ended learning

• project management and teamwork

• national & international scientific exchange

• scientific presentations

• scientific publication

• practical training in Synthetic Biology
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Graduate Student in Synthetic Biology
Haseloff Lab, Dept. of Plant Sciences
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iGEM, Synthetic Biology & Me

Graduate Student in Synthetic Biology
Haseloff Lab, Dept. of Plant Sciences

iGEM 2006 Ambassador 
based at MIT’s Registry, supporting 10 teams

iGEM 2005 Cambridge Team Member

3rd Yr Engineer 
Systems & Control + Biology Options

Completed MEng
Electrical Engineering - continued iGEM Project



Synthetic Biology


