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Abstract

Every year plastic industry produces 40 billiongafi PET. Unintentionally, a large amount
of this PET finds its way into the ocean in consawe of inappropriate waste disposal or
detachment of plastic in apparel in washing machibegradation of plastics on the beaches
results due to surface embrittlement and microkenggc yielding micro particles that are
carried into water by wind or tidal action. In somarine test areas micro particles of PET
already exceed the concentration of oceanic plankiombined with its property to bind
toxins, these micro particles become a hazarddarra and it’s biological variability.

This year an interdisciplinary and self-organizean of students from the Technical
University of Darmstadt are forcing this challeragghe International Genetically Engineered
Machine Competition (iGEM). Their goal is to createew bacterium which can transfer
PET, normally not useable for organisms into congms that can be metabolized. With
assistance of techniques from synthetic biology #re building a biological machine,
creating an organism from scratch.

The goal of the following manuscript was to devedo@chnology assessment based on a
model by Wolfgang Bender. The used model first dbed the goals and intentions of the
team before it draws two perspectives of what mingigpen in best and worst case scenario.
In the second chapter the technology was desciibéetail so that possible risks and
opportunities can be evaluated not only on a teahmssue but even by looking at effects on
society, human self-understanding and environntemta final recommendation another
model by Christoph Hubig was used. Different paisés for the use of synthesized bacteria
were evaluated for their option and bequest values.

The use of synthesized bacteria in industrial ifiéesl seems to be most efficient and safety.
The role of politics should be to strength resea&octlevelop profitable techniques to extract
PET from sea water and set incentives for reduitiegise of plastic products. If conditions
are optimized, a responsible use of synthetic bylman help to clear the planet from human
PET.



Introduction

A question maybe as old as mankind: “What is liféitie discovery of the DNA as a kind of
blueprint for all living organisms changed the vadyhinking about life from something
mystical, god given, to something based on mattechvcould therefore, be predictable and
manipulable.The hope was, that if we understandyémetic code, we could understand
principles of life and maybe one day be able tatrdife which has never occured before. In
the last century new techniques have arisen, whiatle it possible to read and even write the
genetic code. Automatic DNA analysis and gene sgithbecame affordable and the
completion of the human gene project lead to cotepiew possibilities and dreams. This
progress has modified the researchers possibildiest only manipulate single genes but
even create new genomes. The foundation for a iedgvdf biotechnology called synthetic
biology was built. The results are comments likeftiilowing from Tom Knight of MIT:

“The genetic code is 3.6 billion years old. Itmd¢i for a rewrite”, which shows that mankind
has not only the potential to create new formsfefih the future, it also has eventually the
will to do so.

So what exactly is synthetic biology? Synthetiddmyy is a relatively new science. The term
was first stated in 1912 in a work of Stephéne lcdulut was not used for a long time. In 1974
the geneticist Waclaw Szybalski picked up the tasnyou will see in the following citation

of his: “Up to now we are working on the descriptphase of molecular biology. [...] But the
real challenge will start when we enter the symth@blogy phase of research in our field.

We will then devise new control elements and aggemew modules to the existing genomes
or built up wholly new genomes”. If we look at tgdaechnical standard it seems that we are
now very close to what Szybaski has predicted 40syago. Even if today there exists no real
new synthesised organism, due to a daily increasatigction of standardized biological
modules (called BioBricks), which can realize spéftinctions in a cell and can easily be
combined for difficult tasks, like metabolic pathygait is only a question of time until
scientists will be able to built new organisms.

Synthetic biology today is persuing three differgoéls.

The first goal is based on an engineering approbgalihich BioBricks can be combined in
living organisms like components in machines. Timeually competition iGEM requests
students all around the world to built new BioBeckisable for technical applications.
Synthetic biology therefore focuses more on thareal aspects than the traditional
biological focus on theory. As described in theibempg, understandig is replaced by



manipulation.

The second goal of synthetic biology is to creati®#@al biomolecules and with this leave
the field of life principles. With a creation ofwdorms of biosystems a new spectrum of new
features which do not exist in nature or even teatron of new aminoacids or DNA bases
arises. This divergence from nature brings abowrarchange in biology.

The third goal is to create new genomes and magheonganisms. Synthetic biology in this
goal not only extends classical biotechnology alot only an extreme genetechnic, due it is
placed in contrast to existing technology becahsespectum is much bigger. It is not only to
manipulate parts of existing organisms, it is tteation of new ones.”Although synthetic
biology uses the same material and methods for DMAipulation like conventional
biotechnology and the difference may appear moaaupative then qualitative it can be
argued, that the initially quanitative expansioniemhnical possibilities enables these goals
which then lead due to their consequences andal@&titto a change also on a qualitative
stage”.lt seems that synthetic biology leaves rthéitional field of biology and its natural
background. The question about what is life mayllene longer be intersting for mankind
and can be replaced by questions like: “What camthesize and how can | use life to reach
my goals?” If life is just an artefact of enginewyis it still be possible to talk about ethics?
We think yes because the technical progress ngtahr@nges the way we think about
organisms, it changes the way we are living. Saea@ld can not be isolated from the world
of technical science like Bruno Latour demanded.

Now it is time to think about descisions which chamur future. This manuscript, a
prospective technology assessment, is one trigiviban outlook what might happen if this
new technology is used for in our example cleatiegplanet from waste PET. We will
compare different applications and give in the amdcommendation for future descisions.
We know that we are restricted, because we catoaktinto the future and nobody knows to

what consequences technical acting today realtislea



Chapter One: Problem description and goal definition

After describing the background of synthetic biglag the introduction, this chapter will be
used as introduction for the evaluated projectc&ithe prospective technology assessment
modell of Wolfgang Bender is used, two ethic maglelhich can be used for the reader as
orientation in the following manuscript will be disssed in this chapter. It is no question that
there is no happy medium and some day a descis®iolbe made. Either for the use of
synthetically ingeneered organisms with all posisiés and consequences or against it with
all negative effects which might emerge. In thetrsetochapter the future purpose of the new

organism will be described.

Problem description

Every year plastic industry produces 40 billiongaf polyethylenterephtalate (PET).
Unintentionally, a large amount of this PET fintls way into the ocean in consequence of
inappropriate waste disposal or detachment ofiplastapparel in washing machines.
Degradation of plastics on the beaches resultsalserface embrittlement and micro
cracking, yielding micro patrticles that are carrietb water by wind or tidal action.
Comparing to macro particles like plastic bottlehjch can easily be removed by mechanical
procedures, micro particles are very small (<Gmonthsit they cannot be seen by the human
eye. Their extraction is hard to handle and appatgfiltering would be very expensive. In
some marine test areas micro particles of PET @yre&ceed the concentration of oceanic
plankton. Combined with it’s property to bind toxithese micro particles become a hazard
for nature and it’s biological variability.

Animals with gills and filter feeder integrate thuarticles in their organism and earlier
estimations assume that 44% (Rios (2007)) of sebféed their offsprings with this not
nutrient mass. The offsprings starve with filledrstichs (Andrady (2011)). It has been shown
that PET enrichs in the global food chain and ttoeesalso threatens the health of terrestrial
beings. A threat wich rises every day new micraplad emerge and no arrangements are
made to reduce the concentration of these partilfldss trend continues and it looks like it
does, areas where the amount of plastic partislesesl the amount of plancton will no longer
be exeptional, it will become normal. Consequemdéhis trend should not be
underestimated.

Stupidly it is not only rubbish wich is carelessatlvn away indeed PET is a feedstock obtain
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from crude oil. A rational consequence would bextract this feedstock from where it
causes massive damage and reuses it again. Uwtilhaoe exist no efficient an economic
procedures for extraction of PET from the oceans.

This year an interdisciplinary and self-organizean of students from the Technical
University of Darmstadt is forcing this challengdtee International Genetically Engineered
Machine Competition (iGEM). Their goal is to creataew bacterium which can transfer
PET, normally not useable for organisms into congms that can be metabolized. With
assistance of techniques form synthetic biology #re building a biological machine,
creating an organism from scratch. The new orgassmould be used to convert the
components of PET to endproduct which can be usechiemical or pharmaceutical
industries. For this challange new mechanismsraegjiated in the bacterium which will be
descibed in detalil in chapter two. A predictabledkof biology should be used to avoid the
increase of PET in food chain, reuse feedstockimtite same step clean nature from human
rubbish. The goal is intelligible but are this alke used methods? If the students create such
an microorganism and want to free it into natuneythave to make it competetive to natural
microorganisms otherwise it will not survive.

Goal of this manuscript is to investigate prosp&tly possibilies and consequences of this
creation. In this technology assessment a mod&/blygang Bender (IANUS) will be used
wich focus on aspect of conservation and developnidérese aspects can be used for
descision making. In a quite fictive view of whaigit happen in the future an utopia which
emphasis positive possibilitys is pitted againgystopia in which the focus lies on negative

side effects.

Development or Ernst Blochs principle of hope

The thinking of youth is the most desirable thirgkfor Ernst Bloch in philosophy (Horster
(1987, page 14). Preserving this kind of thinkisghe only way mankind can actively create
his future. Unbridled without any conventions olesudaydreaming about the future becomes
colorful and unlimited, a cockaigne of possibikti&Some might say that this kind of thinking
is quite unrealistic but haven’t they also saidsémme to Jules Verne when he dreamt about
diving boots or flying to the moon? Ernst Blochigroon is that a society needs people with
visions, people who with their fresh ideas pronageelopment and extend culture. The
philosophy of Hegel (one of Bloch’s paragons) dbssrthe development from the abstract to
the concrete. Bloch following Hegel creates thaidethe concrete utopia, a possibility

becoming reality. Bloch’s demand of being realibyiacdoing the impossible (Horster (1987,



page 15) can be used as plea for thinking withoytfears and doubts and with this create a
surplus of ideas to built up new possibilities whiben can someday be realities. Incentive
for daydreams and developing utopia are deficienici@ctual human life which prevent the
procedure of people to find themselves. In thigthe deficiency lies in a great uncertainly
concerning future mankind life. Will mankind di@in its own rubbish? If we look at global
pollution and the continuous enrichment of PET ,sfjo@ arise whether human can still trust
in consuming foodstuffs or will there be healtheett at the long range?

Even in today’s ecological systems consequencphtbhlates (parts of PET) can be
observed. On the basis of their structure, whichmslar to those of the female sex hormone
estrogen, phthalates bind to human and animal hoemeceptors and act there as endocrine
disruptors. Estrogens are not only known as sembpoes, they also regulate the growth of
muscles and bones, play a big role in the evolutiche hormone and nervous system
(Gilbert (2003, page 740). If this fragile systesrdisrupted by endocrine substances like
phthalates, men can become sterile, women shoghehrisk for breast cancer and a lot of
other diseases like neurodegenerative ones or matmns in development are associated
with phthalates. Although these facts are not nysteridwide there are hardly any
arrangements to change this situation and redwcarttount of PET in environment. This
causes a huge deficiency for human beings. Howvtlgareficiency be reduced or even
eliminated? Bloch postulates for a new future tépie which can be used to eliminate
human deficiencies, increase freedom, justice aadg@and leads to a better relation between
human and nature. A true utopia in a way Bloch faws can only be realized, if science is
not orientated on profit goals but on human ne8ttsch, dPH, page 771). The inventor of
this new technique should forget that we live iwald which is based on hyper production
and profit maximization. He should better turn emnconcepts which enable global crisis
management borne by interest of the communityhigxdase it would mean to deal with the
problems which arise by the use of PET. Let’s shamaming:

Take the case that mankind has understand that ipacticles of PET are a huge threat for
life on earth and that there is no way to just stethis situation. Primarily small interest
groups try to convince other people that it is timea change. After a while more and more
interest groups start to communicate and buildbbajinetwork. They mobilize other people
to vote in their countries that this problem is dmetheir national political agendas. While
public pressure is growing, politicians in the mi@tional community are forced to work

together to find solutions for the PET problem &mbre the claims of the powerful lobbyist.



One outcome of the first meeting is that PET wdldubstituted by renewable resources but
this does not solve the actual problem. In a secoeeting the international community
evaluates plans to use synthetically built orgasisorhelp reducing the amount of PET. The
bacterium which was engineered by students of #ehilical University of Darmstadt for the
IGEM contest 2012, after the contest used in inrdlgacilities, fulfills the most expectations
of the politicians. They decide to modulate theamigms so that it could be also used in sea
water. After a few positive tests in sea water sake new organisms is set free to nature and
starts degrading PET and modulates the subpagtsimino acids. These amino acids can
now be used by marine bacteria and algae for rartriffter a few years all PET in the
oceans is eliminated and due to the fact that moRET is produced, the danger disappears.
The strong decision from the international commyumwias free of economic and profit goals.
This builds up a new social climate of sustainal@eelopment and sanity. Now mankind is
able to release itself from environmental pollutwith new technologies. But can this
problem be solved so easily? Is this kind of utepalistic? What would Jonas say to this
kind of solution?

Conservation or Hans Jonas principle of responsibility

To contrast Bloch’s idea of utopia we are now lagkat Hans Jonas” principle of
responsibility which on the first view seems toabgystopia. Due to its negative outcome
dystopia includes the destruction of a belief iagress. But is Jonas” ethic of the future really
a dystopia? This will be examined in the next secti

Hans Jonas book the principle of responsibility Wuas$ printed in 1979. It includes answers
for new ethical questions arising in the technaseilization. His goal was not to create a
closed system of normative ethics or bioethicsvenaeplace earlier ethics; his goal was to
complement older ethics in respect of special gmisl which arise through acting of
technological society. Reason for his book had abbpbeen an at this time actual crisis in
industrialized countries which leads to politicablesocial problems like fear of an atomic
war, exhaustion of global resources and the thoah ecological collapse. Let’s first have a
look at the former ethics which were dominatedhsy German philosopher Immanuel Kant.
His ethics was based on evolution of acting in@&espace and time. This means, that the
people whose behavior is to judge are connectednmmon present. There was not animal or
even nature ethics. Jonas stated now that thesathi€ant is not useful for new challenges.
The ethic is only useful for actual consequencesibtifor consequences emerging for future

generations or nun human beings. Therefore Katttis eannot justify conservation of
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human existence. Confronting Kant’s category imparatands Jonas ecological imperative.
The basic of this imperative is that you shouldia¢hat way that the consequences of your
acting are confirmative with humans living permahean earth. This claim cannot be seen
as a universal principle like Kant's category ingpee cause it only fits for special
conditions. Not every action can be a danger fondmulife on earth.

In a first step we will now look at the philosopbfyHans Jonas. What does responsibility
mean for him? Responsibility is a moral term. ltame that actions are made responsible, that
duties are fulfilled, that rights of others arepested and that the good will be saved and
enhanced. New technologies which act on a gloal ferce mankind to act responsible.
The questions here are what is for what and to wki@nd is someone responsible for
something. Often Jonas ethic of responsibilitydentified as ethic of conservation but this
statement is wrong. Jonas ethic is part of a temdental ontology and his scope is the
bottom of being. Therefore Jonas ethic has twassidee is the subjective one and deals with
responsibility for the Being, the second, objectwe looks on the being as thing and for this
thing somebody has to take responsibility. Or imeotvords axiology is becoming ontology.
One trial to build a categorical duty is to presenature. The goal is to set objective validly
over subjective judgment.

The main result of Jonas philosophy is that, if¢he an ethic decision needed future aspects
have to be evaluated. An implementation of a nehrtejue should only be allowed, if
human survival is guaranteed. What can happen Ibaleat a worst case scenario? If
bacteria are used for the degradation of PET iareahe consequences are not predictable.
Even natural organisms can have massive effecém@tosystem when they are inserted by
coincidence. If bacteria start to mutate nobodywksavhat might happen and therefore there
is no limit for worst case scenarios. Everything ba possible even if the risk might appear
low. Human survival is not guaranteed if for exaeniphcteria start do digest fatty acids like

they did in experiments (see chapter two) or otheisubstances.
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Chapter two - Examination of the tools

A fictive vision into the future gives us foretalbout new ways of techniques. But even so, to
make a precise choice it takes first of all an usi@ading of the matter.
In this chapter the used tools will be discusseadnéty concerning the technical criteria, but

also from an ethical point of view.

Technical criteria
a) Biological and biochemical basics

As already discussed in the previous chapter, dlaé @f the Darmstadt group is to create
bacteria, which can cleave and utilize PET. In @sitto the utopia of Ernst Bloch the
resulting initial product is Catechol and not amawids. To achieve this goal the group has
split up onto three wet labs and one simulating @b top the group has also taken some
external groups onto the boot, who further supfh@tprocess.

In the three wet labs it will be tried to bring gsrfor specific enzymes with biotechnological
methods into the Chassis-bacteria and the actiitile corresponding enzymes will be
tested. The Chassis-bacteria is so reduced irits gool that it could not survive in the
environment. It completely lacks all pathogen festand the ability to conjugate (gen
exchange between bacteria). The three labs caegaeated into following areas (1)

degradation, (2) transport and (3) metabolism.

al) Degradation

PET is a macromere from the group of polyesteriamdade of the individual substances
Terepthalacid and Ethylenglykol. To recover theskvidual substances is the goal of the
group degradation. Since PET is produced industral as discussed in the previous chapter
is inert for biological live forms, there is no gnze found in the animal world that could
cleave specific PET. Polyester on the other hafict¢ggient in Nature. One of them is Cutin, a
part of plant cell walls. Molds attacking planikele.g.Fusarium solanican degrade Cutin
with an enzyme named Cutinase.

The isolated enzyme shows also a low activity @ndiagradation of PET. By the use of a
targeted point mutation by the company HenkelGh&nase was altered in such a way that
its enzyme activity was enhanced compared to theetype enzyme. Biobricks, which were
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coding for this altered enzyme, were bought bysttientists and built int&.coli. With the

help of this additional membrane anchor, the enzgowdd be expressed on top of the cell
wall of the bacteria and be used for the degradatfd®ET. However, since the Cutinase
degrades very unspecific and cleaves besides P&Tatin also lipids, the cell wall of the
bacteria was also degraded which leads to the déatie bacteria.

Evasive test in yeast showed due to differentwall structure better results. Alternative to
the Cutinase, another enzyme (Esterase) was t&¥tddthis enzyme the degradation activity
on PET could only be shown in theory until todayrealization in the desired targeted

organismeschericha Colis therefore difficult, but eventually feasibletivimore time.

a2) Transport

In the transport group the challenge is to integeatembrane channel that can transport the
produced degradation product Terepthalacid ingidéacteria. Like this the substance is
available to be metabolized by the organism. AerifnomComamonas testosterone k&~
used for that purpose. The different subunits efttansporter will be explored separately to
be able to localize the desired function. The go&b build a transport system that can work

in a ph range that is optimal for E-coli.

a3) Metabolism

The goal of the group metabolism was to converirtiported Terephtalat to Catechol inside
the bacteria. Catechol is as an important stagirdggtance in the pharmaceutical and
chemical industry. It serves for the generatiopeasticides, colorants and medicines and can
therefor used well economically. There are fiveyemes needed for the conversion. The gene
sequences of these enzymes will be incorporatedhiet genome of the bacteria. These are:
TPHAL, TPHAL, TPHAS3, TPHAB and AROY.

TPHA 1 and 3 together build an enzyme complex, Whidlize the reaction from Terephtalat
to a relatively unstable intermediate product. Taithan further converted to Protocatechat
by TPHAB.

Theoretically it would be feasible to convert thetBcatechat over a two-step enzyme
reaction to Shikimiacid. Further steps would themdpice amino acids. However, these steps
are very complex since the chemical equilibriundteto go in the other direction and end
products would need to be directly skimmed or etqubrTherefore, due to practical reasons,
the aim is to convert Protocatechat to Catechdi wié help of AROY.

The other ingredient of PET, Ethylenglykol, coukldsed as a food source for the bacteria if
12



further genes are incorporated.

a3) Combination of elements

After all single biobricks had been integratedhia bacteria genome the next step was to
combine the single biobricks to one unit. Until nthis goal is not achieved because one
biobrick was not compatible with e-coli and wasréfiere inserted in yeast. One chance to
built one complete organism for degradation, transpnd metabolism is that all groups
switch to yeast. Like described earlier synthetidtlibacteria are not able to survive in nature.
If they should, they need pathogenic factors andva receptor for the output transfer of
synthesized amino acids. In the next stage posafipécation areas are discussed which

might be realistic in the nearer future.

b) Technical area of application
b1) Utilization in a defecator

Concepts of how to apply the produced bacteriaefeahtors are currently researched
together with students of environmental sciencesead echnical University.

The purification of drinking water concentratesremoving biological degradation products.
Many chemical substances such as PET, drugs ordmasrcannot be absorbed by most
defecators and are found in rivers or even drinkvager (Esperanza (2006)).

As outlined in discourse part 2, these substanae$e harmful to health and interfere the
fragile endocrine system of humans and animals.

The group in Darmstadt is working on the decompmsiof PET while other groups who
attend iIGEM this year generate micro-organismseggrade hormones, like the group from
Bielefeld. The idea is to construct a defecatot tises different synthetically produced
bacteria to filter the harmful substances fromwlager and thus reduce the burden of man and
nature.

At the current level of the project you would caost the bacterium so it can absorb
Terephtalat and process it to Catechol which woel@xcreted by a transporter. The fission
of PET would be possible by prefixing a tank in @hPET would be segregated by a
Cutinase. The use of Hiqg Cutinase, which has itsrapn at 80° Celsius, would be more
efficient. No new organism is needed at this pdh,cleaned up enzyme will do.

The water containing the dissolved components wbaldarried to another tank containing

the bacteria, after being cooled down to 40° Cslsin outdoor basin would not be practical
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because of the fragility of the bacteria, whichglaet survive variation of temperature. The
discarded Catechol would crystallize and couldlgds skimmed. Catechol is toxic, so only
water free of Catechol may be recycled to the waitediit.

b2) Valorization of waste

Items made of PET can be recycled if they are ptppksposed. But in every recycling
process, the quality of the PET decreases. Aftegrakprocesses, it can only be used for
example for clothes. After about five times of relayg, the PET cannot be used anymore and
is burnt in waste incineration plants. Toxic gasesy occur if the PET is of low purity. This
material is available at a very low price and cdutdtransformed to Catechol by means of the
method explained above, which would lead to an imsaencrease in value. Instead of
burning it, the PET would be brought to speciahfdathe extracted Catechol could be sold at
a high price.

This procedure offers a great economic incentivikauld lead to a better strategy of
collecting PET, so less waste would be disposeddarenvironment. A closed plant would be
simple to install and probably be approved withutations easy to satisfy.

b3) Cleansing of the global oceans

The motive of the project, cleaning the world freMaT-waste, stays utopian at the current
state of the art. As mentioned before, the onlysjibs model-organism that comes into
guestion would be yeast, for it combines the abibtdegrade, transport and metabolize.
Yeasts do not occur in salt water, so a matchimgezeorganism that is viable in salt water
has to be found. Amino acids are supposed to bm#tabolic products.

Upon questioning the team of students, 63 % comagainst the settlement of an artificially
created organism (27 % no opinion, 10 % agree).pOssible risks as mixture with other
micro-organisms, uncontrolled mutation, digestibother even natural polyesters and
uncontrolled spread are unpredictable. The clegrsithe global oceans is not possible this

way.

c) Aspects of security

Even if the risk of unplanned genetic exchange witter bacteria is low, because the
bacteria’s ability to conjugate has been remowvethn still not be fully eliminated.

Consequences of mixture are unpredictable forable df empirical values. If the artificially
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designed bacterium is set out in the environmedtifibh comes to a genetic exchange, the
now missing factors of pathogenicity may be builtThis scenario is unlikely, but not
impossible. Completely new, unknown bacteria sgamay evolve.

For this reason, the bacteria may only be usetbsed facilities. If used in a defecator, the
water previously purified by the bacteria mustitiered or heated to avoid transport of the
germs to the global water circuit. Usage in opesisamust be excluded. For the security of
populace, the bacteria should have certain featungsh prevent viability outside of
determined laboratory conditions. It makes sens®twert the energy generating metabolism
to ethylene glycol. In nature, this substance acausmall quantities only, so the risk of
unintended spread is minimized.

The accumulation of Catechol in the defecator halusther minor security risk. As
mentioned before, it must be guaranteed that therisacompletely cleaned of Catechol.
This can be accomplished by heating the water tdC&0sius. Catechol boils at this
temperature and could be extracted by condensation.

In plants built for the extraction from waste, thik is rated lower, still the Catechol must be

removed properly from the nutrition medium.

d) Aspects of economy

It is often the aspects of economy, not sustairtgvhich determine whether technologies
establish on the market or not. Considering thegssing from PET waste to Catechol, it
seems that both aspects are reconciled. An econpogntive is the immense accretion of
non-recyclable PET to Catechol, so investors fantd with appropriate safety standards
should easily be found. As opposed to defecaters tihe input of PET and thus the expected
profit is known, so a precise calculation is easy.

In economic use, the patents have to be regardedxémple those on the most effective
Cutinase by the Henkel company. Otherwise, theastga enzyme might be developed by
selective evolution and would be patent-free.illtIs&s to be clarified whether the research
unit can apply for a patent for the newly desighadterium and thus preserve turnover rights.
Anyhow, given the approval for use of the bactetia,plant would be profitable. Compared
to chemical methods, it can operate with mildeunemments. The crude material as well as
ingredients for the cultural medium is quite cheaipthis time, the bacteria can only degrade
new, pure PET, but it is presumably only a mattemoe until methods are developed to
process old PET and filter additives like Bisphefol

As long as non-recyclable PET is available, profliy is ensured. Possibly the price of PET
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would increase, so eventually there will be an miee to filter it from the sea.

To cleanse the global oceans on that account warilway of reason through profit.

e) Aspects of legality

Apart from the patent rights mentioned before, apgls have to be obtained before a plant
can be built. The utilization of genetically engéned micro-organisms in closed systems is
regulated in the European directive 2009/41/EG. dihective ensures the safety of human
health and environment. For this purpose, meagsminement and protection that prevent
exposition are reviewed. Emergency guides are ntandm case of accidents.

These requirements should easily be met when amtistg a plant to degrade PET by using
artificial bacteria, if the planning is done corestious. The usage in a defecator is more
difficult. Can this still be assumed a closed syste

Respective requests will be harder to achieve.Veameial release of the bacteria to the global
oceans for the purification of the environment wilbst possibly be rejected, since the side
effects cannot be evaluated. Another aspect igulstion of property on the PET. If
eventually it will be profitable to filter PET froithe sea for use as a crude material to process
industrial usable substances, it raises the quesfizvho possesses the PET and if everyone
could exploit it at their own discretion.

Within the territorial waters it would be the assigent of the states to issue options of
exploitation. Beyond these zones this is moredliffi At this time, these questions are of no
importance, since there are no practicable methbfikering and the technique is not

established yet. They have to be kept in mind thoug

Ethical criteria

One important aspect of technology assessmentethacal discussion about the used
appliances, especially when biological or anthrogmal techniques are used. The evaluation
of those in the prospective technology assessniddgraer is divided into four parts. Each
part is evaluated for the compatibility and it"sgibilities of promotion. The four parts are:

— Human orientation

— Social orientation

— Environmental orientation

— Future orientation
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a) Human orientation

Like described earlier, humankind is threatenethieyconsequences of PET enrichment. A
reduction of the concentration of PET would leadriamprovement of living conditions for
every human being indipentent of social and finalngiandard. A technology is human
compatible when it reduces risks for health witHeating to other grave consequences.

A production of toxic side products has to be aakriThis is the case when Catechol is the
end product. Therefore special filters have to $eduto eliminate Catechol from water. The
new synthesized organisms must not be harmfuldardns especially when they find their
way out into nature. This risk is reduced by lowgrihe viability of the bacteria like
described before. A risk of gene transfer with othecteria cannot be ruled out absolutely
and therefore a small possibility exists that imast case new pathogen germs can develop.
It would be a train wreck, if these pathogenic baatwere also able to degrade fatty acids.
Imagine such an organism in human gut. This ficisoone reason why a release of the
bacteria into nature is not desirable. Consequeiocdgaimans and animals are not
appreciable.

New possibilities arise when bacteria can be ugesrisk and successful in sewage
treatment. If the technique works with PET maybsait also be used to eliminate other
substances like hormones, medicaments or othergdsom drinking water. This means

higher possibilities of human promotion.

b). Social orientation

What kind of social consequences will occur whera natural synthesized bacteria is
inserted into the ecosystem? First of all is tleedéference between organisms which are
engineered by synthetic biology and those manipdlatith conventional biotechnology?
Since 1977 human insulin is produced by bactemar@2011) and since thousands of years
organisms are used for producing foodstuff likerpeleeese or wine. These organisms were
cultivated over years to show the optimal resyAsconcrete contentual distinction between
synthetic biology and other existing fields in sme and technique is not easy. One reason is
that these fields are historically related“(Bol@20(8)). Compared to conventional
biotechnology in which new enzymes are insertea @xisting bacteria, in synthetic biology
the goal is to easily manipulate even metabolibways and signal cascades via biobricks. In
the actual case, where we look at the resultseofedm of the TU Darmstadt, a bacteria is
engineered for the degradation and metabolizatioRE©T.

It seems that engineered, planned organisms arageahle but there can be no 100% safety.
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Mutations and adaptations are essential parts af wh call life and they do not disappear
when new creatures are built (Saint-Ruf (2006)syinthetic biology new combinations of
biobricks are possible. First simulated in computedels there are no borders for creativity.
By generating new possibilities on a creative amgiionistic scope synthetic biology
enriches society. Options seem to be limitlessvésidns known as science fiction become
realistic. Mankind can now make the old dream oédleing a creator of nature and will use
this new option to optimize natural processes dlfteir interests and goals. It is not so that
man was not manipulating the world around him kefart now it comes to a new dimension.
The manipulator becomes the creator and divergers ewre from his natural roots. One risk
is that nature becomes artificial, using the terafidet already points in this direction. A
global system in which man is just a small patbscomplex to be understood in details. The
state of not knowing does not prevent man fromrugtiee in natural processes and so he is
often confronted with unwanted results. Is natesdly a playground for human creativity?
Why can mankind demanding adaptations of naturean? Where is an acceptable limit?
Possible consequences of using synthetic biologyezd to an even additional alienation of
nature and mankind with effects on human self-imégeature is becoming plannable and
predictable then also humans will become so. Calltwalues like optimization and
profitability will no longer used only for economsystems, it will now also be used for
ecologic and biologic systems. Society only besefihen a moderate use of synthetic
biology based on a respectful handling of natuacomplished. The chance is there to
create a new society where the term sustainalslitgted with a higher value. A new
powerful tool is available when synthetic bacteaa transform PET to Catechol. This tool
can be used as alternative to the now used comobusttiategy. PET what was no longer
useable in the past is now becoming a popular feekisvith a higher price.

If the price of PET increases mankind will hopefidtart to use alternative materials for
packing. New materials should be bio-degradabls.dtpity that price and convenience are
such important factors in the acting of humans.alostill more plastic bags are used than for
example linen of paper bags. It is a task fortslito set possible incentives for a change in
the right direction via a clever price strategydoected prohibitions. Additionally funding
should be given into investigative fields of reséafior finding appropriate materials. This
would be a good strategy in the long way. Usingéheew nature conservating materials
must not be a privilege for rich people. This shkido¢ fundamental right for each human

being.
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c) Environmental orientation

Aspects of environmental orientation have alreaglynbsuggested earlier. Now these aspects
should be intensified. A reduction of PET would naoty lead to a higher quality in human
health it would also increase environmental quafiiyce a large amount of PET find its way
to the oceans so that in some marine areas thewwaton of PET exceeds the concentration
of plankton, a reduction of PET would be in anyecdssirable. Degradation time for plastic

is estimated with 450 years but there is no cordtrbwledge. If we believe in this number
then a use of PET degrading bacteria in industip arsewage treatment would not make the
situation better. The amount of PET in the oceamslavnot be reduced. The only benefit is
that it is not getting worse. The problem would betsolved. For lowering the concentration
of PET in oceans we have to think of building ongars that degrades PET and can survive
in marine environment. Experience gained in theaiggeen genetics (manipulation of plant
genomes) show that consequences are not predicResalts gained in labors cannot be used
to set prognosis for field trials. Like already m&id, the complexity of global systems with its
huge amount of influences and interactions is igh for humans to understand. There is no
possibility to fulfill the claims of calculabilitpr foreseeable consequences. Destruction of the
whole ecological system is not excusable. Theredoramtroduction into marine environment
is not makeable. But what about the 450 years @7 we just live with this situation

without intervention? PET in the oceans has toebeoved. In today’s society the best
mechanism to stimulate people to act are finar®@akfits. Politics should promote the
research on useful and inexpensive technique#i¢o $iea water. Focus should here lie on the
one hand on effectiveness and on the other harmdmpatibility with marine organisms.
Filtered PET could then be transferred into Catedheeems that there is a long way to clean
environment from human rubbish but anyway a fitsp$as to be done. There is no time for

waiting any longer. Waiting will make the situatiaorse for nature and for humankind.

d) Future orientation

Future orientation is one of the important aspecesprospective technology assessment. In
this part the technique will be evaluated on ista@mability. Sustainability means as well that
no other future technologies are inhibited asdifbumans is not restricted inappropriate.
Another criterion for sustainability is that sitiat is getting better by using the technology.
Looking at possibilities which might arise in thdédre when using bacteria to degrade PET
there can be seen an extension of the scope ohdoti man. New systems of recycling can
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emerge not only for minimizing damage but alsoraate additional economic attractions.
Recycling can become a profitable part of industhyese new economic interests can be used
to clean the world from human rubbish and saverabtasources. The new principle from
cradle to cradle can change industry in the wagdapts to natural cycles. The idea is to
create a form of giving and taking consideringelelogic system. If there would be a
possibility to clean the planet from PET then tthance should be used to create alternative,
eco friendly techniques. Mankind can find it’s peadth nature like Ernst Bloch postulates.
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Chapter three: Evaluation and recommendation

In this chapter information gained in this manysicis used to give a recommendation for
ethic decisions like they have to be taken for gxanm politics. The two principles described
in chapter one (Bloch and Jonas) are quite contmadyallow to distinguish only between two
options. These two options are that technology lshioel used or not. Most decisions and their
conseqguences are ambivalent and situation-depeadéehat a binary model cannot be
sufficient. Another model from Christoph Hubig dealith basic values which he thinks are
essential for human beings (Becker (2008), pagé. 1281e model two basic values are
distinguished. These are option and bequest valyason values imply the variability of
options humans can take. The more options rem#en aihew technique is implemented the
better it is for the option values. Options alscama prevention of factual constrains. A
perfect example here is the use of atomic energge@raised as being a really efficient and
eco friendly technique now the problems becamébasilo deal with nuclear waste other
techniques have to be developed to prevent maritond harm; costs are no longer
manageable. A good technique therefore allowslterratives and implies little factual
constrains.

Bequest values focus on the rights of individuakpas. A new technique must not interfere
with basic rights like building an own identity lbaving the possibility to educate oneself.
The individual must always keep its possibilitiesdake own decisions. If a technique for
example leads to the loss of human sanity let” 9gagterfering with brain waves it is not
compatible with bequest values. If there is a @gancy between option and bequest values,
bequest values should be preferred.

After giving a short introduction into Hubig”s maddee will now use these to evaluate the use
of synthesized bacteria under different conditidmise described earlier in this text we will
focus on four different possibilities. These positibs are:

- nointervention

- Use of bacteria in marine environment
- Use of bacteria in sewage treatment

- Use of bacteria in industrial facility

Table 1 gives an overview over the option and bsguaues for every possibility.
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Intervention

Usual recycling and
combustion

Synthetic bacteria in marine
environment

Synthetic bacteria in sewage
treatment

Synthetic bacteria in industrial
facility

Result

No degradation of PET

PET is converted to amino acids

PET is converted to Catechol

PET is converted to Catechol

System

No System

Open System

Semi-open System

Close System

Concentration of PET

Rises fast

Decreases

Rises slower than with no
intervention

Rises fast
(eventually decrease when extraction
becomes attractive)

Option value

All options open
Eventually force to act when
situation is becomming

worse

Consequences of omission

(+/-)

PET is degraded therefore no other
options

New side effects (uncontrolled gene
exchange, global proliferation,..) force

humans to act

Crises management necessary

()

Use of already existing facilities

Eventual new technologies needed to
prevent bacteria outburst

New options when system can also
be used for other substances

End products must not be toxic or
biohazardous

(+/-)

Eventually elimination of other techniques
due to high efficiency and profitability

If outburst is prevented then following
techniques are not needed

No new infrastructure for transport or
logistic needed. Infrastructure of
combustion can be used

Building of new facilities necessary

(+)

Bequest value

Health threatening
(neurodegenerative diseases
and cancer)

Danger for live of human and
animals

Reduction of food quality

Possible improvement of live quality

Eventually enormous consequences for
human and animals

High fear factor concerning possible side
effects > Acceptance for technique low

If used appropriately no hazard for
humans and animals

Acceptance for technique difficult,
fear of bacteria outburst

If used appropriately no hazard for humans
and animals

Acceptance for technique comparable to
classical biotechnology

() (+/-) (+) (+)
Possibilities None New possibilities of designing biology Degradation from other substances Research for finding new techniques for PET
(environmental toxins) extraction becomes attractive
Creation of new material cycles
New methods for PET extraction Degradation of other substances
Recommends Not useful Not useful, side effects are not Useful if bacteria stay in closed Only useful if PET is extracted from marine

predictable

system (security standards)

environments

Table 1: Overview of different possibilities for the use of synthesized bacteria to degradate PET and first evaluation
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Technique Usual recycling Marine Sewage Industrial
and combustion| environment treatment facility
Option value +/- - +/- +
Bequest value - +/- + +
Ranking 4. 3. 2. 1.

Evaluation of the different possibilities is notsmple. The only thing which is clear that
there has to be a change and doing nothing is ssilpbty because the situation is getting
worse every day with enormous consequences fonmand terrestrial beings.

When we look at the result it seems that settirgjdvea free into marine environment is the
only possibility where the situation can directgcbme better because PET is degraded. The
consequences of this action are not predictablesged if the risk is low that bacteria might
become harmful for mankind this scenario is nonvalle. Cause of this lack of knowledge it
is not responsible to choose this possibility. Tike in sewage treatment does not reduce the
amount of PET in oceans but it slows the enrichm@RET in rivers. However a semi-open
system cannot guarantee that there will be no osttlod bacteria. If this possibility is chosen,
it has to be clear that high security standard® hawbe fulfilled.

The only technique which is rated with positiveioptand bequest values is the use of
synthetic bacteria in an industrial facility. Sirtbere is no direct reduction in marine PET
concentration, this possibility is only useful ic@mbination with other techniques which can
be used to extract PET from marine environment® uts low risks in bacteria outburst
and the possibility to use already existing tramspod logistics infrastructure this possibility
seems makeable.

Like already discussed in previous chapters thmomif reducing the amount of PET in
marine environment should also lead to a behavairahge in the use of plastic. So a
combination of converting PET to Catechol in indiastfacilities, filtering PET from sea
water and a behavioral change is recommended. Suroan behavior is not always
grounded on rationality there have to be certaml kif conditions to change this behavior.
Two major motivations for humans to change behaarerthe improvement of convenience
or the reduction of costs. Some attraction canebéostrigger these motivations like
increasing the costs of plastic. There is no reaffonclothes are packed in plastic bags if
these bags are only used by the consumer to trerbpse from the shop to his home. Paper
bags would be enough here. What if salespersorestbgyay penalty if they give away plastic
bags? Small steps may change a lot here. Lookittgeatnderlying problem a huge amount
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of PET is used for package. A focus on regionatipats would help to prevent ecologic cost
not only concerning plastic but also exhaust gésassport). Why is PET used in clothes?
Are there no natural alternatives? What about mgr@roducers of washing machines to
include filters for extracting PET?

There are a lot of things which might be changetiuce the amount of new PET in marine
environments. Additional to these restrictionsdommercial activities, politics should also
give more funding for extraction methods (of PEdnfrsea water) and basic material
research. Materials from nature are often healtdmelrbio friendly then chemical synthesized
ones. So why do not use them? Is it really truépbétics can take no rational decision as
long as there are economic interests and lobby work

If synthetic biology can be used to help mankindlean the planet why should we not use it
responsible and sensitive? For politics this meélatthere has to be more focus on long
range plans and sustainability. Decisions shoulthken in order to improve life quality for

everyone. Maybe it is time for a value change. Maiylis time for synthetic biology?
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