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Background

Synthetic Biology is a promising new field of resgrawhose state-of-the-art and prospects are alread
discussed under ethical perspectives. Synthetlodgyaontains huge promises for society, but asgd
potential perils. For example, it could providewith large quantities of biofuels without using dbimat
can also be used to produce food. It could alswigedarge quantities of cheap anti-malaria medicin
Conversely, synthetic biology could lead to theatimn of more lethal and virulent pathogens, which
might be used in a terrorist attack. Moreover, lsgtit biology will make discussions necessary about
fundamental concepts like nature and life.

The field has been defined as “the engineeringabbical components and systems that do not éxist
nature and the re-engineering of existing bioldgi@ments; it determined on the intentional desifjn
artificial biological systems, rather than on tmelerstanding of natural biology.” (Synbiology 2005)
Synthetic biology emerged from biotechnologicakeesh and the life sciences. It is at the interseaif
biology, chemistry and physics, overlapping angs#ertilising with a range of other fields of raseh
and technology development. An important charastierof synthetic biology is the wedding of biology
with engineering approaches. We are at the velly siages of synthetic biology. It remains diffictd
synthesise anything but the smallest of organisnast of which will be viruses. Much of the work
relates to identifying the minimum set of elemenithin ‘artificial’ bacteria that could result inlaving
system capable of replication. That which is mik&ly to be possible is to identify elements of
organisms that have specific functions and, haidegtified those desired in a synthetic virus (for
example), put the elements together to providéhfese functions. Bioterrorism is therefore a resilie in
synthetic biology, and perhaps the most importémerathan pure research to identify the elements of
driving living systems.

It is at this stage in the development of synthieidtogy that ethical and legal analysis should be
attempted, based on interdisciplinary research lwimicludes expertise in ethics, law, science and
technology foresight. It is also arguable thas iaf this stage that the public needs to be madecant

the implications of this new approach to biologyd &o be able to have an input into the mannerhichy
it is regulated. Several individuals and organ@adihave already identified ethical issues of sgtitth
biology (Church 2005) (De Vriend, 2006), (Europ&ommission 2005) (ETC Group, 2007), (Bhuktar,
2005), (Maurer et al., 2006). The most frequenitiyccethical issues are biosecurity and biosafety.

Biosecurity

Reserachers have shown that it is possible to eraatrecreate deadly viruses such as polio and the
Spanish flue. The polio virus was made using mialeced oligonucleotides (Cello et al. 2002). The
Spanish flue was recreated using samples frommactiuried in permafrost. The production of oliges i
becoming less expensive as is the purchase ofgaipraent. The knowledge and skills necessary to use
the oligos to produce viruses is available all aherworld. Nevertheless, Tucker and Zilinkas artiae

in order to produce an effective biological weagoinfectious virus is only one step: “(C)ontrary to
popular belief, however, a biological weapon is narely an infectious agent but a complex system
consisting of (1) a supply of pathogen [...]; (2) @anplex “formulation” of chemical additives that is
mixed to stabilize it and preserve its infectivétgd virulence during storage; (3) a container ¢oesénd
transport the formulated agent and (4) an effic@ispersal mechanism. (Tucker and Zilinkas, 2006)”
Tucker and Zilinkas therefore conclude that it mety likely that synthetic biology will lead to an
increase in bioterrorism. However, they identifyptacenarios that according to them are likely. Teedly

the scenarios “lone operator” and “biohacker”. Tore operator is a highly trained synthetic biotbgi



with a grudge against someone or an organisatishJike the “Unabomber”. For intelligence servides

is very difficult to find such a lone operator, base as a professional researcher he or she hessdoc
lab equipment without that causing any concern b&chuse he or she is working alone there is no
communication between people that might trigger itlierest of intelligence services. According to
Tucker and Zilinkas a lone operator could plan execute an attack with a biological weapon. Therwth
scenario that Tucker and Zilinkas have formulatedhie “biohacker”. The biohacker could like the
computer hacker try to create a virus “out of csitipor to show his technical prowess (Tucker and
Zilinkas, 2006)". If indeed a hacking culture woudvelop in synthetic biology this could increake t
risks due to reckless behaviour or hackers warntngflict harm.

Biosecurity has caught quite some attention intigrato synthetic biology. However, most approaches
focus on how to prevent biosecurity threats. Whilis is of course useful, it underestimates theanor
dilemma inherent in synthetic biology. This dilemnsathat we do not want to impede research and
beneficial technological developments while atghme time the very same research and technology may
be used for terrorist purposes. Adequately dealiitly this requires not simply preventive measubes,

it requires addressing the dual use moral dilemath by researchers themselves and by the government
(Miller and Selgelid, 2007).

Miller and Selgelid have introduced three axeslation to the goals of the research: good/ evilitamy

and non-military and military for offensive and de§ive purposes. Research can be categorised s the
axes. The problem with dual use technology is #tidough research results were obtained in research
with a good purpose these results can be usedéareh with a bad purpose (Miller and Selgelid, 72200

Actually it is even more complex than this suggeStame research is intended for dual uses, thathias

dual purposes. This is a common use of “dual useéhé US. Other research has only one intended use
but another unintended use. Here it is relatedhe¢odbctrine of double effect. The unintended usddco

be either foreseen or unforeseen. And if therenisiaforeseen use there is a distinction betweert wha
could not reasonably have been foreseen, at lgastelresearchers, and what should have been &rese
by a careful researcher. All of these issues haveeaing on both regulation and policy and on
responsibility.

There is obviously a need for a thorough analyssynthetic biology within the dual-use context dod
the integration of relevant expertise in the dissewn this field. Integrating the relevant scigntnd
political expertise, the project will contribute #osafe and secure development of synthetic biplogy
assessing possible security challenges raised bthetyc biology and the various claims made with
regard to this issue.

Biosafety

The ethical issues related to biosafety are acegrth some scientists of a comparable size or small
than to those of genetic engineering while othéaBrcthat the risks are larger. Recently, an Elhhig
level expert group came to the conclusion thatetfege no qualitatively safety implications of sygith
biology, aside from the far greater capacity fornipalation and control that it will afford (EU
Commission 2005).

Bhutkar has defined the following three biosaféis of synthetic biology:

1. Risk of negative environmental impact: Syntraljccreated organisms can have unintended side
effects. Some scientists claim that synthetic dsgas could help to solve environmental
problems like contamination of soil. This meang thanthetic organisms should be released into
the contaminated soil. However, the artificial arigan could have negative side-effects.

2. Risk of natural genome pool contamination: Sgtithorganisms could transfer genes to natural
organisms.

3. Run-off risk: This problem is comparable to thighly visionary grey goo and green goo scenarios
that have been discussed in the debate on nanoteggn Artificial organisms that can replicate
or can evolve into organisms that replicate coulth into grey or, in the instance of synthetic
biology, green goo.



As mentioned above, it is hoteworthy that suchsrisive also been discussed with respect to ogldsfi
such as biotechnology and nanotechnology.

Some claim that using bases that do not occurtuwr@ar using a backbone of peptides instead cdrsug
phosphate will lead to lower risks in synthetic logy than in genetic engineering (see for example
Packard, 2005).

It is an open question whether the biosafety riakes different in synthetic biology than in genetic
engineering and other related fields. Accordinghe EU project Synbiosafe focuses on safety issues
related to synthetic biologhftp://www.synbiosafe.ey/

Notions of life and other broader aspects

Several philosophical questions are raised by syiatibiology, some of which highly relevant for ietid
reflection and societal debate. Some of such questiave already been analysed and discussed)yoroad
and in detail, with regard to related fields of R&Mhers are specific to synthetic biology.

There is, for example, obviously a huge gap betvoeenmon sense understandings of life and nature and
the various contemporary scientific and philosoghigotions of life and nature. This gap has been
identified as a challenge for EU policy with regandhe societal debate on synthetic biology (Eaaop
Commission 2005). Another important question islibendary between “natural” and “artificial”, “the
grown” and “the made” (Habermas 2001), a promiriepic also in the debates on other fields (bio- and
nanotechnology). Such notions are important categan understanding our world and in deciding how
to act, but their boundaries have become increbsifgurred. Accordingly, numerous re-
conceptualisations of the relationships betweerureatlife and technology have taken place. One
example is the concept “biofact” (a neologism coisgtt of, greek,bios. and artefact) which refers to a
being that is both natural and artificial (KaraifyIR007). If a naturally occurring organism is ested
with synthetic elements what is its status: Shoulte regarded as natural or as artificial? Whatuala
naturally existing organism that is recreated waitminimal genome?

Research on the “ontology of emerging objects” yntisetic biology is funded by the US National
Science Foundation, as one element of the flagshilti-institution research project “Synthetic Bighp
Engineering Research Center (SynBERC)". Intended reaw forms of collaboration among ethics,
anthropology, and biology.

Synthetic biology is also, in large parts, anotbgample of the outstanding innovative potentials of
genetic and informational reductionism and theiefulkiess as methods. It even appears to be a
radicalisation and extension of older reductioajgroaches such as bio-info-convergences. Howdver,
these reductionisms are not seen as methods, Ipltilasophical positions, they can hamper a rationa
ethical and societal debate on S&T. This dangesvisn graver, when scientists themselves, science
popularisers, business representatives or polimyrsturn such reductionist approaches into a waidd/

that is highly objectionable to various stakehatd@uch as the Christian churches). Such attengwis h
been made in debates that are closely relatedetdititussion on synthetic biology, such as the tdsba
on nanotechnology and converging technologiesQoénen 2007).

In various publications on synthetic biology, ckaljes of our notions of life and other broader
philosophical and ethical aspects are mentionednasrtant ethical issues, which have not yet been
systematically investigated (e.g. De Vriend 20G8)d there is a need to develop “a conceptual éthica
framework” for the debate on synthetic biology dadnore sophisticated appreciation of what is meant
by ‘life” (European Commission 2005).

An EU High-Level Experts Group (HLEG) on synthebiology stated in its 2005 report that “it seems
likely that the notion of creating entirely neweliforms will also stimulate debates about the prope
ethical boundaries of science” and that to somgs‘is sure to seem like ‘playing God'.” (European
Commission 2005). The HLEG warned that “it seerkslyi that we do not as yet possess a conceptual
ethical framework that can provide a common confieixsuch debates” and cautioned that such a debate
“will be productive only if we can develop a morephisticated appreciation of what is meant by "life
than is current in popular discourse.”



In the case of notions of life and the blurringlué line between natural and artificial, ethicaliss have

to be analysed against the background of widelfewiifg opinions within society and conflicting view
of the morally legitimate goals and boundaries &T SWhile there have been numerous endeavours to
tackle such questions with regard to bio and nahotelogy at EU level and in EU-funded researchrehe
is a need for a systematic account of the pertiresgarch and debates and to focus on synthetamlyio

in this context. Even if potential ethical and stal concerns about the dangers of “Playing Godl' an
“Tampering with Nature” are pointless or misledtwiegard to synthetic biology, it appears indicdted
take them into account in the emerging Europeanodise on the field. Moreover, the promises of
synthetic biology need to be proactively discussgainst the background of overarching questionk suc
as the ones what constitutes life and how inforomadi reductionism relates to our diverse views of
nature. The situation here is still favourable:il&3aciety stakeholders in the debate on the garese of
synthetic biology have largely refrained from usifiglaying God” or “Tampering with Nature”
objections against the field. Moreover, topics [suas “human enhancement” and reproductive
technologies) that are highly contended issuebérdiscussions on related fields of S&T are leke/amt

or irrelevant to synthetic biology. There is a godthnce for a rational, scholarly and scientificall
informed deliberation on highly relevant overarghiissues of recent developments in S&T and for
building an atmosphere of public trust for the Eagan synthetic biology community.

International justice

One of the claimed benefits of synthetic biologhdlled polemically by the ETC Group (2007) as the
field’s “poster boy”, is that it can help make m#@amedicine cheaper, which would benefit the world
poorest people that suffer from malaria (Ro, 200R)e Bill and Melinda Gates Foundation has
substantially funded an ongoing R&D project on thjsic.

Although a cheap drug against malaria would indsgde a lot of lives especially in poor Southern
countries, it is the question whether the moneyested in synthetic biology to create yeast strain t
produce artemisinic acid (a precursor for a maldrigy that is a this moment scarce) is the besnawst
efficient way of combating mortality of malaria. rRgers in East Asia and in some parts in Africa are
growing wormwood or artemisia annua for medicinedoiction. If synthetic biology would come up with
a cheap way of producing artemisinin then it canldeed cure people with malaria but it would make
these people dependent on drug production in dpedlaountries and the farmers of wormwood would
be out of business (Heemskerk et al., 2006). Theght be alternative ways of preventing people from
dying from malaria, for example ways to prevent gleofrom being bitten by malaria carrying
mosquitoes.

Intellectual property rights protecting synthetiolbgy developments that are intended to help poor
people could lead to an increased dependence logaimtries and companies. Poor countries cannot
copy the developed technology to create artemishemselves because of intellectual property rights
(IPR). Examples of intellectual property right issican be seen in the discussion about generis tug
example for the treatment of HIV/AIDS. The IPR gystmakes it very difficult for developing countries
to import generic (cheaper) medicines. In the WTah®agreement developing countries are allowed to
import generic medicine: “if they can provide evide of the public health concern, demonstrate the
inability of the domestic pharmaceutical industiyptoduce the drug itself, and prove that it willyouse
the drug for public, non-commercial purposes. (€efur international development at Harvard
University, 2004) " NGOs such as Oxfam have writhegritical joint statement about the Doha
agreement (Joint NGO statement, 2003). They dtatdlie agreement requires a layer of bureaucoacy t
provide the proof that countries meet these catén developing countries the money is better dmen
healthcare itself than on a bureaucratic layer.@dwer, the criteria are vague, especially the efating

to the domestic pharmaceutical industry. Accordimthe NGOs there is a probability that this wil b
interpreted in a way in which only countries with pharmaceutical industry at all satisfy this claim
Besides these issues, which companies will proWidegeneric drugs, is there economic incentive
enough? With regard to synthetic biology produais technologies developed to help the world poprest
for example by developing malaria medicine, thesaesissues might become relevant. Even though
proponents of the malaria medicine research claanthe artimisin will be cheap, it is only one
component of the two component medicine and ibtsab all certain how expensive the complete
medicine will be and which companies are goingrtwlpce it. So although a cheap malaria medicine
could help people who are suffering from malarer¢hare other ways of reducing malaria mortaligt th



would not make people in developing countries ddpation companies in rich countries using synthetic
biology to create artemisinin.
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