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We stand at the dawn of a new 
understanding of disease…

Nature 409, 860 - 921 (2001)
Initial sequencing and analysis 
of the human genome
International Human Genome Sequencing Consortium 
The human genome holds an extraordinary 
trove of information about human 
development, physiology, medicine and 
evolution. Here we report the results of an 
international collaboration to produce and 
make freely available a draft sequence of the 
human genome. We also present an initial 
analysis of the data, describing some of the 
insights that can be gleaned from the 
sequence.
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DNA 

GCATGTAAGCA
GTTATAATGCG
TTATACGCTTA
GCGTTAGTTAT
AATGCGTGATA
CAGTTATAATG
CGATATACCAG
TTAGGATGCGT
TATACGCTGCA
GTTATAATGCG
GTCATAGTGCG
GCTATAATGCG

Cytosine (C) Guanine (G)

C/G/T/A

Thymine (T) Adenine (A)

Reading the Genetic Code

• We can now read the genetic code 
which allows us to describe all the 
chemical parts that go into making  a 
cell and organism

• This enables us to see how all of these 
components work together to form living 
organisms 
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Synthetic Biology

What is Synthetic Biology?

•• Designing and making biological parts and 
systems that do not exist in the natural world using 
engineering principles

• Re-designing existing biological systems, again 
using engineering principles

• Or using engineering principles to build living 
organisms 
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Why now?

Why now?
• High speed DNA sequencing
• DNA synthesis
• Powerful computers
• Broadband networks
• The Internet
• The confluence of biology, engineering 

and physical science
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What can be done with it?
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Synthetic Biology
A Broad Church
– Bio nanotechnology
– Synthetic genomics
– Engineering 

With Social Science and Ethics 
integrated part of the field
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Four Approaches to Synthetic BiologyFour Approaches to Synthetic Biology

• Bottom Up
• Metabolic Engineering
• Chassis
• Parts, Devices and Systems

1. Bottom Up
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2. Metabolic Engineering
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Malaria

Artemisia
• Used by Chinese herbalists for more than 

1000 years to treat Malaria 
• 1972 - Tu Youyou discovered artemisinin

in the leaves of the Artemisia Annua
(annual wormwood)
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Making Complex Drugs

Anti-malarial drug Artemesinin
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Making Biofuels

Engineering micro-organisms
to make Bio-diesel

Using Green algae to convert
CO2 to Bio-diesel using sunlight

3. Chassis
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Chassis

• Natural Chassis
• E. Coli
• B. Subtilis 
• Mycoplasma
• Yeast
• P. putida

• Minimal Cells
• achieving control

A minimal cell containing biological macromolecules and pathways proposed 
to be necessary and sufficient for replication from small molecule nutrients.

Forster and Church – Molecular Systems Biol (2006)
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4. Parts, Devices and Systems

Modularity, Characterisation, Standardisation

TF protein

promoter gene

Typical gene transcription module

Ribosome binding site

Protein coding sequence

Terminator

Transcription factorTF

A hierarchy for synthetic biology 

Engineering v Biology
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Parts

Devices

Systems
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Systematic Design
The basis of all engineering - parts, 

devices and systems

The Engineering Approach to Design

• Abstraction
• Decoupling
• Standardisation
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The Engineering Approach to Design 
in Synthetic Biology
Engineering systems are built from a hierarchy 

Parts
Devices
Systems

• At each level the characteristics of the Part, 
Device or System are well defined and 
reproducible

• In engineering the aim is to build a system on 
the basis of devices which comprise standard 
parts

Synthetic Biology: aims to build 
applications from Biobricks

• Parts – encode biological functions (ie 
often modified DNA)

• Devices – made from a collection of 
parts and encode human-defined 
functions (eg logic gates) 

• Systems – perform tasks, eg counting
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Standards

The Whitworth Thread

The first standard thread – Sir Joseph 
Whitworth 1841
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The MIT Registry

Examples of Parts

To see the catalogue of standard parts from the diagram 
above, hover over the part at the website below

http://parts2.mit.edu
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Biobrick BBa_F2620

A Synthetic Biology Pipeline

Software Oligios Assemble DNA 
Constructs

DNA Error 
Correction

Large Scale 
Assembly

Data Devices Molecules
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Making DNA to Order

Synthetic DNA can now be chemically 
made to order:
– type in the sequence GCGCTATCGCGG……
– get the DNA by mail order

Gene foundries will soon be a compulsory stop 
for any biological engineering project
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The 
Companies

Urinary Tract Infection (UTI)
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The Aim
To design a genetically engineered To design a genetically engineered 
machine which  detects the presence of machine which  detects the presence of 
biofilm infection on urinary cathetersbiofilm infection on urinary catheters

Our Detection Strategy
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Urinary Tract Infection Detector 
– a three stage device

Detector Amplifier Indicator

The Biochemical Network –
the basis of Infector Detector

ptet

LuxR

LuxR

AHL
Input A

GFPpLux

GFP

Output

Our chosen Biobrick

Available as BBa_T9002
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Typical Simulations

General Behaviour:
• Slow uptake 

• Saturation after few hours    
(Resources exhausted)

• The higher the input 
(AHL) , the higher the 
output ( GFP)

AHL=1000 nM

AHL=10 nM

AHL=100 nM
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Transfer Function

GFP vs AHL
• Similar to F2620 in vivo
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• Above T2: Saturation
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Testing Infector Detector on Agarose

Agarose drops with Infector Detector  
detecting different concentrations of AHL

negative 0 10 50 100

nM AHL

Ongoing Work: Customisation

INFECTOR INFECTOR 
DETECTORDETECTOR

Biofilm detection optimised

INFECTOR INFECTOR 
DETECTORDETECTOR

Optimised for P.aeruginosa species

INFECTOR INFECTOR 
DETECTORDETECTOR

Optimised for C.violaceum species

Output

Visible Fluorescence

RFP

Output

Visible Fluorescence

GFP

Output

Visible Fluorescence

YFP

Input
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Input
C6HSL

Input
C4HSL
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Logic Gates

The hrp gene regulation system – a great system 
for modular biologically-based logical devices

• hrp (hypersensitive response and pathogenicity)

Pseudomonas syringae hrp regulatory system
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Characterising the Logical AND Gate

The full characterisation of the AND gate using GFP as reporter. The left 
chart shows the system output (normalised fluorescence level) versus 
various concentrations of the two input inducers – arabinose and IPTG 
(in E.Coli, MC4100, M9 supplemented MM with 0.01% glucose, 30˚C).
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http://www.raeng.org.uk/news/publications/list/reports/Synthetic_biology.pdf

The Research Councils

Synthetic Biology was an area in the 2008 
Science and Innovation Call  - £8m investment at 
Imperial College to establish the EPSRC Centre 
for Synthetic Biology and Innovation

Response Mode Grants this year

Engineering and Biological Systems Grants

Synthetic Biology Network Grants 2008 (with 
EPSRC)

Currently thinking about the area, but 
now supporting UK teams in iGEM
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There are strong parallels with Synthetic 
Chemistry in the 19th Century

Modern examples of natural dyes in the Mysore market in India
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William Henry Perkin -1856, the production of synthetic quinine from benzene

Aspirin 1897

Chemist Felix Hoffmann, at Bayer in Germany
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Synthetic Rubber

A New Industrial Revolution in 
the Making (?)

• Biofuels 
• Biomaterials 
• Medicines
• Drugs
• Vaccines 
• Biosensors
• Logical Devices – leading counters      
and, ultimately,  control devices

Synthetic Biology promises a shift comparable in 
importance to the ICT revolution with the power to 
revolutionise many sectors of the economy including:
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The EndThe End
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