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Why now Synthetic Biology?



Why now?
• Advances in computing 

power
• Genomic sequencing
• Crystal structures of 

proteins
• High through-put 

technologies
• Biological databases
• Diverse biological 

sampling/collection





NEW TOOLS FOR GENOME ENGINEERING

Precision scalpels
for  genome engineering

Whole chromosome assembly

Yeast

Bacterial host

Original chromosome
discardedManipulation



www.smartcell.crg.es
COMPUTER TOOLS TO
SIMULATE BIOLOGICAL 
SYSTEMS



Successful examples for structure-based predictions and protein design  

Kiel et al., J Mol Biol, 2005
Kiel et al., J Mol Biol, revised, 2007

Kolsch et al., Science, 2007

Van der Sloot, et al, PNAS, 2006Musi et al., Protein Sci, 2006

Meganuclease-DNA

Arnould et al., J. Mol. Biol, 2006

Kempkens, O., E. Medina, et al. (2006) 





Playing with Synthetic 
Biology



Engineering of Circuits



Building a sender & receiver

Basu et al (2005) Nature, 434, 1130

Engineering of Circuits



Bacterial photography

Synechosystis: Photoreceptor, Phytochrome synthesis genes (ho1, pcyA)
E. coli: osmotic shock response circuit (ompC), β-galactosidase 

Levskaya et al (2005) Nature, 

Engineering of Circuits



We need more Parts









PROTEIN DESIGN





Possible applications of 
Synthetic Biology
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Biofuels
• First generation

– Food feedstock: sugar, starch, vegetable oil or animal fats using 
conventional technology (food for fuel debate)

– Fuel types: vegetable oil, biodiesel, butanol, ethanol, syngas
• Second generation (Needs Synthetic Biology)

– Non food crop feedstock: cellulose, waste biomass: wheat, corn, wood 
– Fuel types: biohydrogen, biomethanol, DMF, bio-DME, Fischer-

Tropsch diesel, biohydrogen diesel, mixed alcohols and wood diesel 
• Third generation (Needs Synthetic Biology)

– Algae feedstock 
• Fourth generation (Needs Synthetic Biology)

– CO2 feedstock: CO2 converted to methane by bacteria

Algal Oil 



Building a Super H2 Producer

Complex Polysaccharides

H2
Specialty & Commodity
Chemicals Ethanol

Building a new 
chromosome based on 
genome sequences

Identification 
of minimal 

gene set

Maximizing 
renewable 

resource 
utilization









































As living pills



A drug molecule
.



Towards “biobots”: cancer invading bacteria

Vibrio fisheri: Quorum sensing (cell density sensing)
E.coli: hypoxia responsive promotor (fdhF)
Yersinia pseudotuberculosis: invasin (inv) 

Anderson et al (2006) J Mol 
Biol, 355, 619



Perspectives and Ethics



Chemistry Biology

MedicineEnvironment

What can synthetic biology deliver ( in 5-10 years time)?

biomolecules / organisms 
with expanded chemistry

Nanotechnology
Material science

Smart therapeutics

biosynthesis / degradation of complex 
chemicals & pharmaceuticals

BioremediationBiofuels

programmable biological 
systems “biobots”

New drugs

de novo design and synthesis 
of tailor-made organisms

What is life?

Tissue
regeneration
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News of the Week
SYNTHETIC BIOLOGY:
Attempt to Patent Artificial Organism Draws a Protest

An activist group's concern about maverick genome sequencer J. Craig Venter's intention to patent an entirely synthetic free-living 
organism has thrown a spotlight on the emerging intellectual-property landscape in this hot new field. The protesters claim that 
Venter wants his company to become the Microsoft of synthetic biology, dominating the industry. 
Venter hopes to use the artificial life form, which he says does not yet exist, as a carrier for genes that would enable the bug to crank 
out hydrogen or ethanol to produce cheap energy. Duke University law professor Arti Rai says the patent, if awarded, "could be 
problematic" only if Venter's product became the standard in the field. But Venter says this application is just the start: He plans to 
patent methods that would cover more than the single microbe described in the application. "We'd certainly like the freedom to 
operate on all synthetic organisms" that could serve as a chassis for swapping out genes, says Venter, whose research team is at
the nonprofit J. Craig Venter Institute in Rockville, Maryland, but who recently started a company to commercialize the work. 
Filed last October and published by the U.S. Patent and Trademark Office on 31 May, the application describes "a minimal set of 
protein-coding genes which provides the information required for replication of a free-living organism in a rich bacterial culture 
medium." The application cites work by Hamilton Smith and others on Venter's team on a simple bacterium called Mycoplasma 
genitalium that they are using to determine the minimum number of genes for life. They want to synthesize this "minimal genome" 
from scratch, get it working inside a cell, then add genes to produce cheap fuels (Science, 14 February 2003, p. 1006). 
In a press release, the ETC Group, a technology watchdog in Ottawa, Canada, called Venter's "monopoly claims … the start of a 
high-stakes commercial race to synthesize and privatize synthetic life forms." ETC calls for the U.S. and international patent offices to 
reject the patent so that societal implications can be considered. ETC also cited a recent Newsweek interview in which the scientist 
says he wants to create "the first billion- or trillion-dollar organism." 
Venter says this is just one of several patent applications that would give his company, Synthetic Genomics Inc., exclusive rights to 
methods for making synthetic organisms. The artificial Mycoplasma "may or may not be" the one used to generate hydrogen or 
ethanol, he says; his team is working on several species. "We haven't given any thought to" the licensing conditions, but in any case, 
they would not impede work in academic labs, says Venter, adding, "This is a problem that we hope will have hundreds of solutions."



Many of the regulations could be imported from GMO regulations

We need pre-emptive explanation to society of the risks
and benefits of the technology.  We cannot wait for the Frankestein
syndrome. 

Synthetic biology should become a discipline at Universities, 
and some preparatory Teaching is need at schools.

Self-governance is in place and there have being many different 
meetings regarding the Ethics and risks of Synthetic biology.

However, we need some rules regarding its use, its intellectual protection etc..



“Synthetic Biology: ENGINEERING LIFE”
IMAGINATION IS THE LIMIT
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Ethics of new technology: dual-
use 

“evil”
Technophobic (Bill Joy)

“good”
Technophilic (Ray Kurzweil)

Control and if necessary 
extinguish technology
Top-down monitoring and 
control, hierarchical, few in 
power (surveillance)
Philosophy of secrecy
Licensing, monitoring, gated 
access, tracking, inspection
Challenges are concentrated, 
government provides national 
security

Technology is inevitable
Bottom-up monitoring, 
democratic, participatory, 
many in power (sourveillance)
Philosophy of openness
Proliferation of open source 
projects (OpenWetWare, 
diybio, biopunk, biohack) 
Challenges are distributed, 
citizen defense, biosensors
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Biological warfare and public 
health

• Can these technologies be weaponized?
• Risk assessment

– Access to existing samples
– Creating pathogens is difficult
– Superbugs (Staph aureus), emerging 

infections
• Simultaneous development of defenses

– Sensors









Sequencing & synthesis follow Moore’s law

Human genome sequence (2001): 10 yrs, $ 3 billion / (2007) 2 months $ 2 million
Total synthesis of bacterial genome (2008)



This paper was produced for a meeting organized by Health & Consumers DG and represents the views of its author on the
subject. These views have not been adopted or in any way approved by the Commission and should not be relied upon as a statement of 
the Commission's or Health & Consumers DG's views. The European Commission does not guarantee the accuracy of the data
included in this paper, nor does it accept responsibility for any use made thereof.


