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Synthetic Biology is a new research field, combining ele-
ments of gene technology and nanotechnologies with
elements of the engineering sciences. Applications of
synthetic biology are promising. Questions about safety,
legal safeguards and ethical issues are important and
they are treated simultaneously.

What is Synthetic Biology?

Synthetic biology is a new research field which combines
methods from cell and molecular biology with processes
from the engineering sciences. This enables the study of bio-
logical systems using new methods. It also makes it possible
to create organisms that do not have naturally occurring
characteristics. The main aim of this research is to reach a
real understanding of the minimum requirements for life
processes. The guiding principle is: “You only understood
something when you are able to put it together yourself”.
Synthetic biology adopts different approaches:

For example, simple organisms (e.g. bacteria) are reduced to
the “bare minimum” in that genes are removed from them.
Conversely, several genes may also be introduced into them
to create a new metabolic pathway. Attempts are also made
to produce freely combinable standard elements with diffe-
rent functions from genes. These standard elements can
then be added together to form organisms with new charac-
teristics in a similar way to the construction of an electric
circuit from different components.

The boundaries between synthetic biology and other scien-
tific disciplines, such as gene technology, tissue engineering
and the nanotechnologies, are fluid. In contrast to gene
technology as practised up to now, with synthetic biology it
is not just one gene that is modified or introduced into an
organism. The changes are more radical and often involve a
number of genes.

Possible Applications of Synthetic Biology

Numerous ideas exist for the application of synthetic bio-
logy. However, it is unclear at present which of these will
actually be implemented in the future. Researchers would
like to use artificial organisms for the diagnosis and treat-
ment of diseases, for the generation of renewable energy
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and materials and for the detection of chemicals and
pollutants in the environment. If they succeed in creating
multi-cell “mini-organisms”, it would be possible, for
example to reproduce the faulty functions of diseased
organs. Likewise, an artificial heart could be made more
compatible with the help of an adapted cell coating.

The following two examples are based on current research:
Medicines exist which cannot be manufactured in the
traditional way or whose manufacture is not economically
viable. It is intended to produce pharmaceutically effective
sugar structures on a large scale from simple sugar mole-
cules like dextrose with the help of artificial organisms.
Thanks to synthetic biology, the malaria medicine Artemisi-
nin will be cheaper to produce. Artemisinin is found in
sweet wormwood (Artemisia annua). The extraction of the
effective malaria remedy is complicated and therefore
uneconomical. It would be cheaper to produce Artemisinin
using synthetic biology and thus ensure its extensive use in
malaria regions. To do this an entire group of genes is intro-
duced into an intestinal bacterium. As a result, the bacte-
rium is able to produce a precursor of Artemisinin.

What is the Situation with
Respect to Safety?

Synthetic biology is similar to gene
technology and can be understood
as a sub-discipline of the latter.
Thus, the criteria that apply for
the risk assessment of gene tech-
nology also apply to synthetic bio-
logy. The following questions
should, therefore, be explored on a
case-by-case basis: What is the
function of the new biological
systems? What can they do? Could they reproduce
independently in the environment? Could they infect the
cells of other living organisms and reproduce there? Does
the new combination of the gene trigger any unexpected
effects?

Current developments in synthetic biology are all intended
for use in laboratories or chemical-pharmaceutical plants.
Systems established in accordance with the requirements of
the Swiss Federal Law on Gene Technology and the Ordi-
nance on the Contained Use of Organisms have hitherto




proven safe in gene technology practice. Most of the orga-
nisms produced are modified viruses and bacteria. Bacteria
can reproduce themselves. Most of them are beneficial
organisms (e.g. yoghurt production, water treatment in
sewage treatment plants), however some are dangerous
pathogens (e.g. tuberculosis, anthrax). As opposed to this,
viruses can only reproduce in the cells of other living
organisms. They usually destroy these cells in the process
which is why, strictly speaking, they are always pathogens.
If, despite rigorous safety precautions, organisms modified
in this way were to be introduced into the environment,
new pathogens could in principle arise from them. However,
the more a new organism differs from natural life forms,
the less likely it is to reproduce outside of the laboratory. For
example, in order to increase safety, self-reproducing
biological systems can be constructed in such a way that
they require a nutrient that does not occur naturally or that
the gene cannot function in natural organisms. In general,
the creation of synthetic organisms is no more risky than
the introduction of new species into an ecosystem, dealing
with natural pathogens or gene technology as practised
hitherto.

Future developments of synthetic organisms for use in
patients or in the environment must be tested thoroughly
for safety. As is the case with natural pathogens or existing
genetically modified organisms, experimental tests and well
controlled clinical tests or release tests are essential to
ensure that it is possible to provide the relevant detailed
safety information.

The possibility of the abusive and criminal application of
synthetic biology, for example for bio-terrorism, is negligible.
Unfortunately, many potential biological weapons can
already be found among the natural pathogens which
require little effort to produce and use. Despite this, it may
make sense to consider what kind of mechanisms exist or
should be created to cover such activities.

What are the Legal Safeguards?

Under Swiss law, the techniques used by synthetic biology
are considered as “techniques for genetic modification”.
Organisms and substances produced or modified with the
help of synthetic biology are subject to the Federal Law on
Gene Technology and the Federal Law on the Environment.
The health and safety of human beings, animals and the
environment must be protected and biological diversity

The puzzle pieces represent the
basic elements of life that are si-
milar in different organisms.
Their composition and interac-
tion are decisive fort appearance
and function of an organism.

conserved. Two principles must also be
adopted: the precautionary principle,
according to which any possible hazards are to be contained
as early as possible, and the “polluter-pays principle”,
according to which the costs of measures arising from the
legislation must be met by the polluter.

All activities that involve genetic modification require autho-
rization. According to the law, anyone who causes damage
with genetically modified material or genetically modified
organisms must pay for the repair of the damage caused.
Moreover, the law requires that third-party liability is con-
tractually covered.

In addition to this, synthetic biology techniques are subject
to numerous ordinances. The purpose of these is to reduce
risks through the implementation of safety precautions,
controls and risk assessment.

The Swiss Federal Authorities include the Swiss Expert
Committee for Biosafety, which serves a counselling duty
and reviews applications for the authorization of activities
involving genetically modified organisms, and the Swiss
Ethics Committee on Non-human Gene Technology.

These provisions are currently sufficient to ensure a respon-
sible approach to synthetic biology.

What are the Ethical Issues raised by Synthetic Biology?
Two key ethical questions arise in the context of synthetic
biology:

Is the “dignity of creation” respected in accordance with the
Federal Swiss Constitution? Are the associated aforemen-
tioned risks acceptable?

The dignity of creation is not injured through the genetic
recombination of viruses and bacteria because it is not
aimed to achieve any effects that could be judged harmful to
the organisms in question.

The fact that the aforementioned risks are acceptable is
confirmed by the current legislation and the prevailing
safety regulations. Furthermore, synthetic life forms can
rarely survive outside of the laboratory: the less they resem-
ble natural life forms, the less likely it is that they could
survive in the natural environment. The risk associated with
their use in patients or in the environment can be mini-
mized with the help of advance safety testing.

The possibility of abuse cannot be eliminated with any
technology. Only because of this a technology is not
considered inadmissible. Guidelines should be developed
which aim to minimize risk through the binding regulation
of the research described here.



