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Subfields of contemporary SB

1. DNA based bio-circuits B _ B

2. Minimal genome

Minimal




SynBio related activities

SYNBIOSAFE (2007-2008): first European project to
define and analyse safety, security, ethical and
science-public interface issues in synthetic biology.

COSY (2008-2009) information flow from scientists to
journalists to the public regarding synthetic biology.

TARPOL (2008-2010) societal implications of specific
applications of synthetic biology in the field of
environmental biotechnology.

Biosafety EU-China (2009-2012) comparative
regulatory aspects for risk assessment in synthetic
biology

CISYNBIO (2009-2012) science fiction films and
synthetic biology
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‘What | cannot create,
| do not understand”
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Risk assessment GE
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Risk Assessment SB ?
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Coping with evolution
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Signaling Devices
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Safety engineering

o« Safety engineering IS an engineering
discipline to identify and eliminate hazards, In
order to reduce the associated risks

» Established subset of systems engineering in
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Programming Cell Death

by Error Catastrophe

Yohei Tashiro, Kyoichi Saito, Daisuke Umeno (Chiba University, Japan)

1. Engineering a pathway for lethal mutagenesis
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2. Death by lethal mutagenesis
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The expression of hevTK resulted in the precipilous drop in viability of £ col in the
presence of low concentration (5-25nM) of dP (Fag. 2a). Above 50 nM, we did not observed
aven a single colany formed oul of 107 cells (Fig. 2b). In this condition, calls without havTK
showed no detectable decrease either in growth rate and in CFLU: thus salective death is
achimyed.

Sender

MNegishi ef al reporied mutagenic
nuclaoside dP get easlly incorporated
into genomic DMNA wla pyrimidine
salvage pathway (Fig 1a). P pairs both
with A and G (Fig. 1b), resulting in
transition mutations in the next round
of replication [8]. We have identified
that the rate limiting step of this route
is the first phosphorylation step (dala
not shown) During the course of
screening for dP kinase, we found that
Watson-Crick Bond P pars bofiwilhAand G the thymidine kinase from Herpes
Simplex Virus Type 1 (hsvTK) is an
excellent kinasa of dP.

tirne [min) time: [min]

Fig. 3
Onca tnggered, this death machine kills E colf very rapidly. When aP is
added info the media, E, colf lost viability (cfu) within a few minutes, while
cell dansity kept raising. Interestingly, dP-killed cells kept is full moblity for
many hours after adding dP, this s in spite thal they are akmeady 'dead’ in
terms of profiferative ability

3. Switching Death by Chemical Communication
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Xeno Nucleic Acid: XNA

« TNA: Threose Nucleic Acid, (Schoning et al. 2000,
Chaput et al. 2003);

 GNA: Glycol Nucleic Acid (Zhang et al. 2005);

« HNA: Hexitol Nucleic Acid, (Vandermeeren et al.
2000, Pochet et al. 2003, Herdewijn/Marliere 2009);,
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Parallel World
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@ Distogtie and Conflics Management
Biosafety Conclusions

e Larger biocircuits require new methods of
risk assessment

 Explore how SB itself may contribute towards
overcoming biosafety problems by designing




SB Biosecurity Issues

e Synthesis of pathogens
 Advanced biological weapons




|
Organisation for International
Dialogue and Conflict Management

Synthetic virus

Chemical Synthesis of Poliovirus

cDNA: Generation of Infectious

Virus in the Absence of Natural
Template

Jeronimo Cello, Aniko V. Paul, Eckard Wimmer*
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Characterization of the
Reconstructed 1918 Spanish
Influenza Pandemic Virus

Terrence M. Tumpuy,“ Christopher F. Basler,’
Patricia V. Aguilar,® Hui Zeng," Alicia Solérzano,?
David E. Swayne,® Nancy . Cox," Jacqueline M. Katz,’
Jeffery K. Tilul:n-inl:n-urglr,3 Peter I"illmiu,2 Adolfo Garcia-Sastre”
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Challenges and Activities

* Risk of mail-ordered pathogens
e Screening of orders is necessary
e Export regulations and voluntary meassures

* Industry Association Synthetic Biology IA-SB and
International Consortium for Polynucleotide Synthesis
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Advanced Bioweapons?
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Overcoming mousepox resistance

Journar oF VirorLocy, Feb. 2001, p. 1205-1210
0022-538X/01/504.00+0 DOI: 10.1128/JV1.75.3.1205-1210.2001
Copyright © 2001, American Society for Microbiology. All Rights Reserved.

Expression of Mouse Interleukin-4 by a Recombinant

Ectromelia Virus Suppresses Cytolytic Lymphocyte Responses

and Overcomes Genetic Resistance to Mousepox

RONALD J. JACKSON,'** ALISTAIR J. RAMSAY, CARINA D. CHRISTENSEN,? SANDRA BEATON,'

DIANA F. HALL.'t axp IAN A. RAMSHAW?

Pest Anrmaf Cou.'m! Coaperatwe Research C'emre C'S."RO Sm&amabfe Ecos‘,stem, amf Dumon of Immmwlogy and

"We Wanted to warn the general populatlon that this
potentially dangerous technology is available .... it is not too
difficult to create severe organisms."

Jlmlluulv LWL
Vol. 2591, no. 5504, p. 585
DOl 10.1126/science.291.5504.585

NEWS FOCUS

AUSTRALIA:

Elizabeth Finkel

Engineered Mouse Virus Spurs Bioweapon Fears
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it should serve as a warning to the community to be more aware of the potentially harmful

conseguences of their work.

MELBOURNE, AUSTRALIA=-~The surprising virulence of a virus genetically altered to reduce rodent
infestations in Australia has raised alarm over whether such research could be hijacked to produce
biological weapons. In an unusual twist, those sounding the alarm are not environmental activists but
the scientists themselves. Despite their warning, it's not clear whether the unexpected result, which
turned a vector into a potent killer, could be duplicated in viruses that affect humans. But scientists say



.
Organisation for International
Dialogue and Conflict Management

Biosecurity Conclusions

e Continue raising awareness about the dual
use character of synthetic biology;

* Develop educational modules on biosecurity
Issues and ensure their utilization;




Ethics




SB may raise different types
of ethical issues

* Ethics based on conseguences
— Related to its applications
— Related to its distribution
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Application-related

The application in certain areas might affect values
and norms of our society. E.qg.
- Bioweapons




Human enhancement: non-therapeutic
application of novel technologies



Distribution-related
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Public Awareness of SB In US

Phone surve, n=1003 Woodrow Wilson International Center 2008



COSY: Communicating Synbio
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Polarized opinions between groups
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Hype cycle
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Peak of Inflated Expectations

Plateau of Productivity

Slope of Enlightenment

Trough of Disillusionment

Technology Trigger TIME




Science and Society Summary

Hardly any awareness on SB

— Further studies (Eurobarometer)

Potential to polarize subgroups of the public
— Critics refuse potential benefits
Hype-Hope-Crash-Productivity Cycle

— Backlash from impatient innovators, investors,
public

Proactive approach, but dialogue instead of
,announcing the truth”



Recent publications

« BOOK: Synthetic Biology the
technoscience and its societal
conseguences

e Special iIssue In Systems and
Synthetic Biology



Documentary Film

www.synbiosafe.eu/DVD










