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Preface

At the Plsslacke Unconference In Helsinkl June 2014, a discussion was initlated duwring the Bie-
Commons workshop setting cut to identily the requirements and conditicns of Open-Source and
Citizen-Science concepts to realize Responzible Research and Innovation (BRI in the Life Sciences. In
this whitepaper the results of the scenario thinking workshop and brainstorm discussions on the
topic of the Blo-Commons are presented. As a way bo realle these concepts, a hiypothetical licensing
mdel termed Bio-Commons (in analogy to the Creative-Commons ) was discussed. The ideas wera
worked out by partidpants with a professional background ranging from life sciences, engineering
and arts to philosophy and law. Some of them associste themselves with the European DI'Yhio scens.
Although the participants were mostly professionals imone or the ather subject, no single person was
an expert on all aspects of the Bio-Commons topic due to its transdisciplinary character, Therefore,
participants are further simply referred to as “citizens’, Otizens taking part in the discussion came
from a broad range of cowntries From across Europe and south-east Asia. The report does nat reflect
any personal opinion unless otherwise stated, but serves a3 a summary of vadous ideas and concapts
that were discussed,



Abstract

With Incradsing knowledge and technical skill, the sphere in which intentional intersgntion In nature
are possible will further be expanded. Alternative IP regimes such a5 open-access and open-source
could in future help to leverage the cosi for research and development inthe life sciences, mobilize
unised knowledge and become more adaptable to spark mew inventions. Ciicens proposed a ‘Bio-
Commons' license moded to put blologlcal Innovation into service to sodlety and at the same time
limit the potential misuse of knowledge and material. Taking the antiblotic resistance problem as an
example, this whitépaper aims to demonstrate the necessity and feasibility of a Bio-Commons
approach. Overuse of the available antibiotics and subsequent evolutiondry pressure has bed to the
development of multi-resistant bacteria. Bacteria are wnder Selective pressure and evolve
mechanisms to avold the antimicrobial effects of the antibiotics. Once developed, the genes for the
resistance rapidly spread, and oven crofs over between differont Species - a process called horizontal
gene transler. It is therelore necessany bo conlinuously develop new antibiotics bo kedp up pace with
resistant bacteria The reason for an exscerbation of the antibiotics problem inko an antibiotics erisis
is @ market failure due to 3 lack of financlal incentives for the pharmaceutical Industry to develop
new drugs like antibiotics with a small profit margin, Citizens thought of three possible scenarics of
how to detect antibiotic substances from samples collécted in the field. In 3 citizen science project
dubbed '‘Biostrike’, people sround the globe could contribute o the solutien to the antibiobics
probdem by ralsing awasendss on the issue, Cltlzens and Sclentlsts could participate in a global
community arcund Biostrike, collaborating to find new antibictics. Specialists from all fislds of
exportize could put together thisir knowledge to build the tool sets = that is wetware, hardware and
saftware - to enable decentralized research on antibiotics. The Bie-Commons boense could ke
licensing of Inmowvation and dbcoovery asler for reseanchérs and thereby stabilize plabal
collaborations that will help overcome market falure situations as they sxist in antibiotics research.
A widely accepted regpulatory framework would be reguired to provide legal security and rediability as
well a5 equal, transpareént, and fair terms for all participants. Before creating a legal framework for
the Bia-Commsens, the Sodal relations and Fsumplions underkdng an |dea of the Bio-Commans need
to b8 addretsed. Opening up the Blo-Commons discutson and introducing demaocratic dacislion
miaking will make evorybody a stakeholder. To successfully inktiate a broader discussion about the
underlying principles for the Bio-Commons, a mutually understandable bio-language is needed that
adequately describes the biological reality in digital farm. The development of this bio-language in
turn opens the possibd ity for responsible research and Innovation already at the earllest stages In the
devilopment of a new living system. Citizens alio lookid for technical soh#ions and defined a
number of requiremenis for sofiware to handle the data generated under 3 Bio-Commons license. It
wids thowght that the blockchain technology could in future comprize the technical infrastructure fer
the Bio-Commons,



Introduction: The commons

Common gobds are not owned by individuals and allow for the we by everyone, Examples for
comman gaods are natural commoent such at air bo breathe, fish inthe sceam or a public meadow
shared by farmen to feed their animals. With the increasing insights of the life sciences into the
fundamental setup of nature, the idea of natural goods can also be applied on organisms, cells,
geres, pathways and any concelvable resources found in any erganiems. The concept can be further
enlarged with the adwent of genstic engineerng amd its successor: synthetic biclogy, Mow,
dizsooveries, inventions and man-made creations such as genetic codes, *JI'“:"I‘I‘II. nowel meetabolic
pathways and molecular processes designed for and realized in biclogical medias and even entire
arganisms can be considered as natural poods. When beoking for hstoric compar son of an extension
of the commons to iventions and man-made oeations. the most similer and recent problem was
faced by the software developers during the 80s and 905 of the twentieth century. The debate in the
compuber science on the subject of what nature digital algorithms are = physical or abstract, a
crealion, invention or mathematical disconseries - and how o make best use of them resuked in the
formulation of a variety of digital licenses. Among those are the widsly used examples like the
creative commaon licerses, the GPL and GHU licenss frameworks. Today, these licenses allow the
creative and iventive potertial of the programmer to be directly placed info the commons as a
resounce mesl bo be shared by all The svailabdity of decertralized creative cofmmond in the
internet enabled a community of private and comporate software developers and users bo constract
complex and open systems such as Wikipedia and the Linux. These systems allow a great number of
poeople and private enterprises to make use of sophisticated tools and knowledge at litle to no cost =
dependimg on the license model. Sudh fundamental mechanisms help be svoid a classical market
fallure. & scenarso in which all resources are commoditiced, and no party has amy Incentive to
contribute to a development which competitors may profit from at no cost, Despite the substantial
swccess of commons in the digital world, there exists no similar licensing model for the life sdences.
Citizens expressed the need to conceptualize the idea of a new intellectual property (IP) -regime for
Ife-sciences to allow for a more productive use and generation of knowledge and InRovation, further
called *Blo- Commons”,

Excursus: Bio-language
“If & is not true it is very wel invented.” (Giordano Bruna) *

To fruithully initiate a broader discussion about the underlying principles for the Bio-Commons, a
muttieally understandable bio-language needs to be developed which allows all stakeholders to
address relevant questions. To develop such a language, stakeholders need to become familiar with
the matedalstic and the abstract aspects of Iving systems. A living system here means any |iHe-form
consisting of a single or multitude of cells and the corresponding matter it requires for sustained
survival. Acconding to the concept of ‘Code Duality' by lesper Hottmeyer, the code of life appears as a
‘digital' redescription of an "analog’ function and structure. Or in other words: life can be considered
software and hardware in ome. The analog structure and function themsebes are thus the
materialistically pronounced version of the digital code, while the digital code has no meaning
without its analog courtempart, lesper Hoffmeyer writes:

«For a system to be fwing, & must create Bself, Lo, it must comteln the distinciions necessary for iis
own identification as a system. Self-reference & the fimdement on which life evolees, it & its most

* hinpcffen wikiguote,orefwl K/AGicr dang Brung



bosal requirement, [...] Buf whot is the basis of this self reference thot is of the basis of ife? We shall
suggest here thot the centre! feature af fving systems allawing for self-reference- ond this the obifity
tio select and respond to differences in their swrroundings — the the code-duaiity, Le. the abifty of @
system o represent itself in two different codes, one dightal ond one anolog, [-.] This, self reference
clearly depends on some kind i;lfrlud'nrrﬁﬂiwl. The system must somehow be oble to comstruc o
description of #self in order to perpetucte Rsalf. This description furthermone must stay inoctive in =
or at least protected from — the ife processes of the system, lest the description showld change and
thereby witimately die with the system, In obther words, the function of thi description i fo assure the
identity of the system through fime. i i the memory of the system, [..] Eventually the [living] system
will surivive long enough fo pass on s own copy of the digtolired memory for part af it) to o new
generation; this corresponds fo o bock-tronsiotion of the message fo the aigitol form. [.] This
codlification, however, & necessarly analog — since & has to fateroct with the physioal surmowndings,
ond this must share with these surroundings, the properties of physfow extension end contiguity, The
choin of events that sets ife cpart from nonlife =ie., the vnending choin of responses to selected
differences = thus needs of least bwo codes: one code for action [behowior) and one code for
memory.[...] A digitel codle s ‘buiside’ the sender and the recelver and meciotes thek relotionshis; an
anclog code Is the relations Wp which mediates them” (Jesper Hoffmeyer)”

A recent development emeging at the intersection of synthetic and systems blology Is to desoribe
the digital eode in form of biologicsl programming languagss. The goal of this spproach (s to find
adequate hisrarchies af abstraction, modularization and standardization to make biologicsl design
easier. & future bio-designer should thus be able to code the properties of a living system on a
computer by simply describing the desired features in the bislogical pregramming lamguage. The
program will then compile a genetic code, which is subsequently synthesized, transformed into an
organism and then tested and debugged in the living system = the analog counterpart of the digital
code. Todate it is hardly possible to bluepring functional genetic parts that work in the real world ab
initio. Evolutionary selection mechanizms are needed to achieve the desired functional outcome. The
same is brue for genetic elements of any size, cells and entire organizms. It can be assumed that this
gradually improve with new abstraction layers that are underlying future Biodlanguages under
constant developmaent. However, the efficiency amd speed with which an idea iz franslated into
biokogical reality will dramatically increase, a5 well as it will be able to automate its testing and thas
extend the quantity of designed organisms. Eventually, humans will refine the BioJanguage to a
point 3t which we will speak’ & fluently, intuitively understanding the essential underlying
mecharisms of the analog and digital code of lking systems, Such anm approach & not reducionist and
cannot be deterministic, but s an iberative and highly creative process, Erich Berger from the Finnish
Sachety of Bloart correctly notes that

“there i [oho] a resliration of the kinship between ot and science, Arfists recognize that both are

creative proctices exploring ow world through common core processes with o mutuel inferest in
questions of philmophy, ethics ond palitics_[_.] One fundoments! reason [for arfists fo fnvolve in
biolagy] i the reslizotion thot life sciences and technology cre omong the most potent forces
tronsforming our Bfe-workd Geneticolly modified organismes, synthetic biology, and environmental
concemns lead oriists fo engoge with the sciences behind these dewlopments to find o cultural
response to new emerging questions and isswes concerning sockety,” (Erich Berger)’

: Jesper Hoffmeyer, 2008; Bioseaiotcs: signd af e and life of sigms; University of SEranbon Press; 58N 978-
SEREE-165-1

* Erich Berger and Laura Beloff; Fve years of artdsownce work by the Finnish Society of Bloart at Kl sand
Blologlcal Scator; Ars Bloarctca; wnp ubllshed maneriy|



Intellectual property in the life sciences

Todate, most socleties rely mainly on Intellectual property (F) in form of patents as means to enable
and seoure innovations in the life sciences. This whitepaper is grounded on the ad-hoo hypothesis
that the productive use of intellectual property regimes based on patents today has reached is
limiits. During the discussion at the Bio-Commons workshop, citizens questioned the usefulness of the
concept of patents for the natural resources unraveled throwgh modern IHe sclence technol ogles.
Citizens asked, whether patents, such as the cumrent [P regime, actually meet the nature of blological
innovations. Precisely, how a genetic sequence, which waz considered a digital code (a detailed
examination of the ‘Code Duaity’ see chapter 'Bio-languages’), could fall under the protection of
pabents ot all. Espedally the Fact, that genetic code is highly redundamt and the correlation to the
actual function of its cormesponding protein is rather weak. In enaymes for example, the same
catalytic activity can be achieved by a variety of protein sequences, as only a few amino acid residues
of the chain are evolutionary conserved. Furthermorne, does ot the composition of a genetic code
miade by man equate better o o creative procedure than to an acdtual irmeention and thus seme kind
of copyright based approach would eventually sult better? To apply for a patent. high costs for a
patent search and international registration done by spedalists have to be mounted by the inventor.
To defend a patent has become equally difficult and expersive and thereby often a patent creates
more legal snd finarncisl Fsecwrity than @ provides secwfity. A tingle patent becomes 5N 5568 55 part
of patent pool far removed from iks achual nventlon and s potential applications. Simultaneously,
there is a tendency of patents to become increasingly “weak’, meaning is less fooused on an actual
invention and often simply applied for out of strategic considerations by big companies. The long
lifetime of a patent (up e 20 years) Further increases the difficulty to safely intreduce new inventions
to the market. The legal costs and risks cam prevent small compandes from securing thes inbells ousl
property through patents, limiting them in their abilities to cooperabe and others in their abilities o
build upon their work. Today, products are becoming increasingly complex depending on a large
number of wentions. Further, the speed of innovation, especially of that in lile sciences had
dramatically increased since the inception of the patent system. Therelore, patents can hinder the
devebopment and establishment of a mew |dea from sarly on, Imiting the option to Innovate to large
corporations that can afford the legal costs incurred by the patenting process. Taken together, these
tendencies lead bo the creation of monopolies and subsequently induce market faibere. A prominent
and dangerows outoome of such a development in the medical sector 5 the decline of usable
antibotics in the market. In the chapter “Blostrike’, a brief scemardo will b= drawn Investigating
potential tedhnological innovations to allow for decentralized and commons based dnug discovery on
the example of antibiokics.

Markel failure: antibiotic resistance

In various citizen sclentist communities arcund the wordd, the problem of the post-antibiotic era was
repeatedly addressed.*” The WHO reports that the last new antibiotic was developed 1987 and since
then, no mew 1:|-r|.‘ was irtroduced to the market.® An overuse of the available antibiotics and
subsequent evolutionary pressure led to the development of multivesistant bacteria. By now, the
situation is becoming ugent, as very few effective drugs are left bo breat infedions.

" b bikal 8 big laby, bio st ke

. hitt pe ffweweae hong it udeprize o ngl prine
"antimicronial Resistance - Global Report on Survllianoes; 2004 ; Word Health Organtzation
niep S Ve, wihd, IVEiong gresistan oey p bl ca tio nefInf ograp hic -amt microdilal-resistance- 200408 30, pdf fua=1



“Antibiotic resistonce 5 o worldwide problem. New _|5;|n'r:s qf antibiclic resistoncr con cross
internetional bovnds ries and spread between continents with eme. Many forms of resistance spread
with remarkable speed. Work! heakh leaders hove described antibiatic-resistent microorgonsms as
“mightmare bacteris™ thot “pose a cotostrophic threat” fo people in every covndry in the world™
(eog’

It has been reported that to date 0% of dinlcally bolated Stophlococcws ouwrews are resistant to
methicillin, while in 1990 it was only 25%." Similar numbers exist for most of the known antiblotics,
Antiblotic resistance development is & natural process. Baclerla are under selective pressure and
evolve mechanisms to avoid the antimicroblal eflects of the substances. Once developed, the genes
for the resistance then rapidly spread and even cross over between different species - a process
called horizontal gene transfer. & therefore B necessary to continwously develop new antibiotics ta
keep up with resistant bacteria'

“The Europwon Cenfre for Disease Prevention ond Control estimotes that ontimicrobiol resistance
[AMR) results eoch peor in 25 000 deaths end related costs of over £1.5 bion fn healthoore expenses
and productivity losses.”[European Comission] ™

“if we foll to ool we are looking at an clmost wathinkeble scenario where amtiblotics no longer work
and we are cast bock into the dork ages of medicine where treateble infections ond Infurkes will kil
once again.” (David Cameron)™

Lakest reports reves ed that there are resdstant gemes againal sven the latest version of antibiobios
spreading in the enviremment. = Citizens noted that the reason why no new antibioties were
introduced 1o the market B not due to a lack of polential substances or scientific inability. Citizens
believed that the main reasons for this development lie in the existing organizational struckures
predominating i public and private life science and research. One reason is a lack of public ressarch
efforts to tackle big societal challenges = despite a general availability of skilled personnel and
infrastructure. The existing publication model is based on competition of scientists bo publish first in
a journal of high renown, This incentive though hinders a free exchange of knowledge due to
paywalls and a reluctance bo share results prior publication, as thiz could imgpair the chances of the
scientists on research funds and career opportunities. This attitude prevents a wider collaboration
and open sharing of results and thus makes a global effort o develop new antibiotics extremely
difficult. Another, even more problematic reason iz a classical market faillure in the pharmaceutical
branch, Apart from the costs associsted with regulation and cautious clinical testing of new
pharmaceuticals — based on sound arguments — market mechanisms conbribute significantly to the
increase in costs of drug ressarch and development. The effect was described as ‘Eroom's Law’,
which refers to the Moore's Law of the computer chip industry, stating a doubling of efficiency of the

" Aneiblanic resistance threads b the United Sares, 23013 Centers for Disesse Contred 3nd Brevention;
hizp; ede f Flaneeth reat-repert-201
Fix the antibiotics pipeling; Matthew & Cooper, Dawid Shlaes: Nature 472,32 07 April 2011;
dok: 10, 1038/ 472022
»
iR Fen wilkipeoia o re ik 5T DI IODOCIUS LTS
¥ snnbdotic FesTEADE TRREOTT i Che Lited Sooves, 2018; Centers for Disease Control and Prevention
hitp: X [ i stancel th ieat-report-201
* communication from the Commision ta the European Parflament and the Councl; Action plan against the
rising threats from Antimicroblal Resistance; Directorate-General for Heakh & Consumer, Ewropean
Commision; 15 November J0L1; ;
 mittish Prime Minlster 5n BBC; 02 July 2014 hitpy/fwww.bbe.com/ news/ el th- 28098838
Y cepwn Co nrar; The Independent: 19 July 2014 hitp: ind dent.co. rrlicnm drugrosistant-
m - I ! | =i lxl - i ] -
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l:-:l'nnlun' at the same costz at a given time interval. Eroom’s Law (Moore spelled hnd:mrd;i.
describes exactly the opposite phenomenon. Despite a steady exponential increase of available
scentific information in form of peer reviewed publications ™ and digital database sizes”, the
number of new drugs which were introduced to the market per billion dollar spent fell esponentially.

“Eroom’s Low (nd¥cotes that powerful forces hove outweighed scientific, techmcal ond manogericl
improvements over the post &0 years, andfor that some of the Improvements hove been less
‘improving” than commonaly thought, The more positive anpone & about the past several decades of
progress, the more negotive they should be about the strength of countervlling forces, ™"

Diuie to the bagh costs and the risky nature of drueg development, there is a bendency to push for even
higher shareholder reverwss from a mewly developed drug, Thus there i a lack of finandal incentives
for the pharmaceutical industry to get involved in the development of drugs with a small profit
margin.

"Pharma industry s proft driven ond interested only in chronfc diseases, the costs of ony
researchfcinical trick are high ond they ore cko strotegiting becouse they know governments will
b to come and offer them money for this type of reseerch, which & already hoppening in bhe US
and EUL They simply waell so they con milk the governments. fn 1990 there were 18 companies
developing new antibiotics, by 2011 there were only 4. I 1990 10 pew antibliofics were foenced, in
2001 only 2. in 2013 Gioxo end the US. Deportm ent of Heolth ond Mumen Services agreed o work
on new antibiobics. And the goverament couwld pey Gloxe as much as 5200 mitkon over the next fae

yeors, (f things go well fn EL ™ (Denisa Kera)™

Dir, Charles Knish, ¥.F, Clinical Research for Plizer for example esplains why Plizer cannot continue
their reseanch into drug-resistant bacteria:

“These are portfollo decsions abowt how we con serve medical need in the best way.[_.] We wand to
sty o the bus iness of providing new therapewtics for the futuve, Our Investors require thet of us. |
think sockty wonts Plizer to be dofng what we do [n 20 yeors. We moke portfolio monogesent
deciions.” (Dr. Charles Enirsh) ™

In near future, this market development B not going 1o change dramatically.™ That s especially
problematic reganding the situation of available antibiotics, The WHO reports:

¥ cration Courts by ear of Publication; BMEDLINE; LS. National Librarny of Medicine; Mowernber 2013,
hitp s nim. nilh govibsdmediing cif counis ST g bmi

* @rowth of GenBank and WiaES; Mational Center for Blotechno logy Infomation, LS. Nathanal U braey of
edicing Jun 20148; hep e ne bl nim. rik gonggenban k) stanstics

" Fix the antiblotics pipeline; Matthew A Cooper, Dawid Shises; Nature 472,32 07 Aprl 2001;
dol: 10, 1038/47 20323

a

vt o, gnn-clinmicrob comfoonten 1 12 1132

*neeg/wnenp ha Tt mes cony artic e/L2-05-24/EU Industry 223 TR

curo fund o tackle antibiotic redstanteasps

? ittp: fionl ire.wesl.c iclo 0230 FOTEOEST 742 IGEINGILS5ET
“ Interviow with Denlsa Kera

' we Are In The Era of “Kiphtmare” Bacterly And Nobody Seems To Care; Meg Marco; Consumaeriss; 22
Oetaber 2013 kitp ) fenreumme i comf 2014/ 10/ 23/ we-are-In-the-&ra-of -0 ightmane-bacteria-a nd-nobady-
!Iﬂl‘l‘ﬂlﬁlt!ﬂ
* plagnoeng the dedine In pharmaceutical RED efficdency; lack W, Scanmell, Alex Blanckley, Helen Boldan and
Brian Mature Reviews Dnug Discovery 11, 191-200 March 200.2; dok 10, 1038, nd 3681



“In o field which offers fittle or no financiol incenthe to the mojor phormocewtion] companies,
innovations ore wgently needed to stimulote the research and the discovery of ontimicrobials ond
voccines, and to dewise funding arrangements ond partnerships to support reseorch ond
development” [WHD] =

The problem of antiblotic overuse |5 made even worse through market mechanisms. Companies that
develop antibiotics need to market the use of their drugs in ceder bo get the necessary revenus to
compensabe their investments. However, the more they sell the faster multiresistant bacteria
develop. As a countermeas ure, users, distributors and praducers of antibiotics shoidd be obliged ta
be prudent with marketing and consumption of the antibiotics. Fewer sales and less consumption,
howewer reduce profit margins and lead to increased product costs, Thus, the incentives for private
companies are further lowered bo irvest inko antibiotics development. ™

Tragedy of the Anticommons

Even thowgh the patent system was meant to provide investment-incentives for commercial
development s serving the need of society, antibiotics i one of the areas in which this has failed. The
situation bums out bo be a classical market failure. ™ However, market failire iz not the only
euplaration of the sntibiobics-cisis 1t i egually o problem of the overuse of & common, Lermed
“Tragedy of the commons”. This means that non-managed common poods, such as natwral
resources, can be exploited by everyone. For example, all fishers overfish the coears and thus
destroy the foundation of ther own livelihood. Widely available and cheap antibiotics can be
cordidered &1 8 common good, too. And the overuss of antibiotics ereates resistant bacteria which
can affect everyone, & ‘Market Fallure’ in combination with the Tragedy of the Commeons' thus
becomes the Tragedy of the Anticommons’.™ The Anticommons problem arises when ambiguous
and conflicting intellectual property claims offer worst of both worlds by deterring sharing and
weakening i nvestment incentives.

Bio-Commons

How to owercome this breakdown of innovation and in the same time fix the ungent antibiotics
problem? The innovation process has to become more efficient to leverage the development costs.
Mew technology platlems could be used to align research procedures and enhance spnergy effects
and make the use of knowledge and technology a5 convenient as possible.” Citizens believed, due to
the shortcomings of the concepts of patents to foster §fe science innovations, actual legal innovation
miight become necessany. Alternative |P regimes such as open-access and open-source couldin future
help to leversge the costs for research and development in the life sciences, Lo mobilize unsed
knowledge, spark new imventions, be more adaptable to actual Innevation speed and thus overcome
the market failure situation, The bios crganization states:

“ The evohing threat of antimicrob tal resistance Options for action; World Health Ovganization; 20L%; 58N 578
92 £ 150318 1; kRitp:fwhglibdoc.who. intf publicationaf2012 /9759241502181 _eng. pdfua=1

hEIJ II;HrI'r.'I.'I'IdII'l'ir‘ Push to Find Now Antbiotics: Ston Stowall ; The Wall Stroet lourra k 24 My 20LT;
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** pion-rmarket innovation thro ugh the co-production of public serdices, Michel Bauwers; 12th July 20104; P29
Foundation; Big.//biog. ppfoy ndgton net/ne - market-innevation Shrough-the-op-praduciion of pyblic:
Services/2004/07/12



*Extroordinory l_fﬁ:bmﬁp: aocur winen the fools Ef immovation are shared, ore dynomicolly enhonced,
hove increased levels of confidence (legal ond otherwise) ossodioted with their use, and are low or no-
cost” [Richard lefferson)™

A Bio-Commens license which puts discovery and inventions in the §fe science under a common
regulation, can serve to decentralized biological innovation, while at the same time allow for bigger
cooperative projects. In consequence, the Bio-Commons license could even replace the need for
patent thickats, Therefore, global and decentralized collaboration of sclentists and dtizens should be
encouraged to speed up the development of new antibiotics. Such a new, decentralized way to
handle the vast amounts of knowledge created in the life-science, raize questions on how to deal
with inbellecual property in general

“Covld the development of new antibictics be encourcged by the gowernmendt? By simpilifping how
they ore licensed and providing finenciol incentives, move drugs could be dicovered.” [Liz Bonnin) ™

Ethics Imprinting

Concerning the life sciences, the general weakness of the prevailing IP system is further complicated
by ethical problems arising through the adwancing technical interventions in the foundations of
biological existence = especially that of human life. To date it is not entirely clear, how far the
intervention will po and where the limit of technelagical contral over living systems lies. Howsver, it
showld be assumed that with increasing knowledge and technical skill, the sphere in which
intentional interventions are possible will be expanded further, An exponential development of key
technologies such as DNA-sequencing, DMA-=synthesis and ako automation, miniaturization and
decenirakization of laborabery practices underlimes this prospective assumption. Ampaiays, it s
common practice to patent inventions made in the life sclences. With the proposed Bio-Commons
license model, biclogical innowation should be put into service to society and at the same time limit
the pobential for misuse of knowledge and material. Before creating a legal framework for the Bio-
Commons, the social relations and assumpti ons underlying an kdea of the Bio-Commons meed Lo be
addressed. Citizens considered the Blo-Commons a relationship and agreement bebween people, as
evertually, the concept of property comes into conflict with ethical values. Thus, there will have to
be a decision on where to draw the divisive line between a fact- and value bazed reference system
for the Bio-Commons. [t will have to be determined Lo what extent biolegical innevation can be seen
a5 acultural good and In how Far It 5 a prodisct subfect to market mechanisms. Fundamental | deas as
right of self-determination, the defirition of individuality, the human rights [Compare the universal
declaration of human rights articles 1- 5 ™) and the ontology of ife itself need to be renegotiated or
reinterpreted when formulating the ethical peinciples fer the Bio-Commeons,

" orience 35 Social Enterprise; Richasd leffersom; mnovatiors; 2006;
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Biostrile: open source antibiotic discovery
“Oh dearl Oh dear! | shall be too late!” (White Rabbit)™

In the following, a R&D scenario dubbed ‘Biostrike’ is presented. & was developed by the citizens
during the Bie-Commons workshop, addressing technological and managerial iInnessations to mitigate
the antiblotic-resistance-crisis. The aspiration of the citizers was to highlight the problem of the post-
antibiotic era, but also to oHer |:l'.'|l:H-|=| solutionz. Biostrike waz started a: a sdemce-art bazed
educational project. It was chosen to be developed further into a lighthowe project for the Bio-
Commons and to address the techrical social and legal questions around the Bio-Commons. In a
cltizen scence project, people around the globe could contribute to the solution of the anbibiotics
problem by identifying new anfibiotics in a crowd-sourced research approach, Decentralizing the
sereening for antibiotics around the world could on one hand reduce the costs of reseanrch as more
people would contribube voluntarily and on the other hand incresse the chances o discover new
compounds, as citizens of a diverse range of tountries have direct access to a wide variety of
ecoystems and bocal knowledge around the globe. The Biostrike project would ideally be aligned
with related imbernational projects such as the Indian initiative “open source drug discoveny”™,
privabe inktiatives such a3 open-source pharma™ and others™™, the Ewropesn commission
projects™ ™ e.g. SYNMOD™ or combact™* and internati onal projects lead be the WHO™,
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Scenarios

Citizens thought of three possible scenarios of how to detect antibiotic substances from samples
collected in the Reld (Fig ). The theee ways are: |} the classical molecular Bology sppraach, 1) the
systems biology approach and 01} the synthetic blology approach,
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Flg. 1: Three scenarios for Biostrike antibiotics discovery. Description of scenarios see table 1 ko 3

To successfully decentralize the screening, a platform technology to standardize methods and ways
to analyze experimental results needs to be developed. This is true for all the scenarics described.
Such a technology has to be cheap, sasy to distibute around the world, usable on-site where the
samples are taken and connected 1o a ‘Bio-Commions’ database for further analysis of the sampled
data. kisally, the tool-set would ghve fesdback to the researcher right away whether a scresned
substance has artimicrobial properties or not, to allow the researcher on the site bo screen as many
samples as possible. To allew for fuither refinements of the methods, the platferm technology
should be Fexible amd sdaptable. Beside these hardware and webware challenges, the skils and
crafts to make good use of the data need to be transierred to all the ressarchers involved.
Subsequent to the decentralized sereening centralized analysis of the findings is needed. To date,
there iz no technology available to decentralize DA synthesis. Therelore, all steps after the
identification af a promising biosynthetic pathwery of an antimicrobial substance need to be made in
specialized laboratories able to perform high throughput cloning, transformation, and especially
analysis of the synthesized substances. If the screening is successfull and the specialized laboratories
manage to synthesize the substance of imberest. clinical trials can be launched, If thess, oo, ae
successiol, mew antibiotics can be produced, Eventually, the centralized methods described in the
presented scenarios can also be decentralized. 'With progressing technology, laboratory equipment
will become smaller, more effident, and cheaper, There are predictions that before 2030, the most



Tab. 1: Scenario | = dassical molecular biology a

Decentral

Ceniral

Samples could be gathered by researchers in
various ecosysbems amound the world [Fig 1, LAL
The samples cowld be taken from any biological
maaterial, as long as simple and standardized
eutraction methods are defined, All contained
substances could then be isolated wsing standard
biochemical and ocrganic chemistry extraction
methods, These substances [/ the estracted
fractions contalning them would then be tested
an a standardized microblal target (e.2. E. colijbo
see whether |t affects thelr growth, Growth
could be montored using & standard E. coli plate
and applying the substances on them o see if
they inhibit the propagation of the cells or by
moritaring the change of the optical density in a
liguid culture before and asfter adding Lhe
substance. The DNA of the sample would be
extracted and analyzed on the spot wsing gPCR
or similar methods, OF special interest are the
sequences of eg encyme clusters that are
involved in polyketides™ biosynthesis pathways
or other geres known to be involved in the
synthesis of biologically  active  secondary
metabolites, Degenerated primers that match
with the conserved elements of the polyketide
could be used to detect these gene chsters, As
500N a5 a positkes hit & confirmed through any
of the screeping methods, the DMNA wouwld be
handed ower to a specialized laboratory fos

A central laborabory would have to precisely
identify the active substance and itz producing
organinm [ the sequences of genes involved in
the biosynthesiz that were fownd in the
decentralized screening. The gens chuster of
interest could be extracted, the open reading
frames of the genes of interest copied and
inserted into a standard Lboratory strain for
protedn expression (e.g E ool or yeast) Thess
strains would then produce the compourd in
highier quantities which oould be then tested in
detail for biclogical activity on a set of to-date
multiresistant  pathogens. Following  the
preclinical tests, a series of clinical trials and
subsequent mass productien of the antibiobic
colild b initiated.

further analysis.
Pro Con
# active substances would be detectad # it will be largely unknown what type of
right away substance has been found [/ very Bttle
¢ all typss of biologically active substances information can be retrieved about the
can be detected nature of the substance
o simplicity of the method (required b will mot be possible to Spure out what
techno logy widely avallable) organism | gens cluster is producing the
% safety and security measures are hardly active compound
s el - nnh- substarkes which appear i I1¥1

concertrationz in the sample wil show
sgnificant activity and thus many
interesting  substances  would  be
nieglected

# low grade of decentralization of labwork
ardd collection of information - a big
workload would lie with the specialized
laboratory




Tab. 2: Scenario Il - systems blology approach:

Decentral

Central

Soil samples could be gathered by the researcher
and the DHA of the sample extracted. The entire
genomes of the given sample would then be
sequenced on the spot using Nanopone™

or a comparable sequencing technology, The
resulting genatic information would be uploaded
to a database protected by the Bio-Commons
license, Subsequently, researchers all around the
world could analyze the data wsing bicdnformatic
tools, OF special interest are the sequences of
&g enryme chisters that are brwvolved In
polyketides" biosynthesis pathways or other
genes known to be ivvolved in the symbesis of
biologically sctive secondsry metabolites. A
melagenomic analysis to screem the entire
miicrabiome of the cample could be peromed ba
identity the organism of interest. Relevant
genetic information would then be handed over
to a cemtral laboratory for further analysis.

In a specialized laboratory, the open reading
frames of the gene cluster of interest detected in

the decentralized screening would them be
synthesized. The synthesized DMA would be
inzerted into a standard Lboratory strain for
heterologows expression (@.g. E. coli or yeast].
These strains would then produce the
compound in higher quantities which ould be
testied in detall for ks blological activity on a set
of to-date mudtiresistant pathogens. Following
the prechnical tests, a seres of clinical trials and
subsequent mass production of the antibobic
could be initiated,

Pro

s the organism of interest would be known
right away and in great detail, including
entire biosynthesis pathw s

o the digitalizstion of all dsta allows
decentralized  processing  of  the
information

= only sequences which are known to be
included in  the bicsynthesi=  of
biologically active substances can be
Fowind

¢ low grade of decentralization of labwork
- a big workload would lie with the

s simplicity of the method (assuming specialized  laboratory  (cloning  and
nanopore sequencing works reliably) testing of biclogical activity of
e safety and security measure are hardly couTyou nds |
needed ¢ heavy dependence on  price  and
avallability of nano pore sequencing
= difficulty to reconstitute the blosymthetic
et by
** https./fawes.na nopo retech,comy

" polketices are 8 cass of secondiny metabolites which are very hErerogensous In thelr chemical stnscture
and pharrmacological effects. Polyketides are synthesized by a comman blosynthetic pathway. The genes of this
pathway hanve certain conserved clemonts that only varny slightly, but the resulting ercymes are stil ablo to
produce @ grest mumber of bloacthe compounds. Many phammaceuticals are derived from or Inspired by
polyketides, amang them i range of antiblotics. Examgles are Tetracycling , Eryihromydn, but 3ls0 cances
diugs ki Dewsrubicin snd Epothilone, a3 well 35 the antipafadte: drug Aveimedtine Beside the Polyketides
thene 1s a couple of other known biosynithetic pathrways, which could also be included Into the analysis The
folipwing sxample-scena fos are anty referring 1o the polylketides. but cowld |ust a5 well be sxtended to oiher
compound classes, bps/fde,w kipedaongwiklPo ketde



Tab. % Scenaria Il - synthetic biology approach:

Decentral

Central

Point of care diagnostic analysis: the resistant
bacteria could be collected by medical personnel,
The resultz would then be gathered in a central
database. The databases would be accessible to
a global community of researchers that shares
the tack to design a case specific treatmant, By
rational and creative design of biosynthetic
pathways, entirely new anbibiotics could be
designed. For example, the polyketide synthesk
could be altered, 5o that it creabes new classes of
mdecules, Ancther approach could be, to design
bacteriophages that specifically target ome
madtiresistant bactera strain ard then injects
molecular scissors ke the CRISPRfeasd, to
degrade the chromasome of the bacdeda™

After a pathway or phage has been designed
through the decentralized community effort, the

constructs would be synthesized in combination
with high throughput testing. The synthesized
ODNA would be inserted into a standard
laboratory strain for heterclogous expression
(eg. E. ooli or yeast). These strains would then
produce the compound in higher quantities
which codd be tested in detall for its bological
activity on a set of to-date multiresistant

pathogens. Following the preclinical bests, a
sefies of clinical trials and subsequent mass

production of the antibiotic could be initiated,

Pra

o gl kinds of disesies could be approsched
treatments would be indid dual ped

& Todate not realstic
Wil require new techrol ogles

In-Silico  Mo-design could lead o a Will  create pew hierarchlies  and
reduction of coits for medical innovation el i arucied

& Could creste a new, dightal bl o-scanomy & Wil require fundamental adjustments of
seience palicies

advanced laboratory equipment available today will be scaled down to hard held deviees™. This
wioild then also inchede DMA-syrthesis, heterslogous proeduction of compounds and thelr analyss.
Ukimately, only the cinical trials woud have to be organized by a ceniral agency, while all other
steps can be done in a decentralized and global collaboration of scientists, However, such a way of
organizing science will reguire — besides the already decussed legal imnovation — fundamental
adjustments of funding sdwemes and regulatory oversight bo prevent acidents and the abune of
knowledge and bechnology.

Bio-Commons and Biosirike

The concept presented in Fig. 2 is one possible way to use a Bio-Commons license in order bo foster
open source antlbiotic drug discovery, [t can be considered a template which may be redesipned to
fit any particular need, Citizers and Scientists could participate within a global community arcund
Biostrike, collaborating to find new antibiotics. Specialistz from all fields of expertise would put
togeiber their knowledge to build the tool sets = that is webware, hardware snd software = to enable
decentralized research on antiblotl s, Gevernments, dtizens, MGOs or companies could provide the
necessany funding to the community to conduct the research, To coondinate the research activities
and to allocate the funding in a productive way, the community wiould be organized in a democratic
manner, voting on which projects should be supported. Any digital redescription of distoveries ar

* perspective: The age of the phage: Shigens bu M atsuiakl, lumpel Uchlyima, tya Takémura-Udhyama &
Masnor Dalbats, Nature 509, 53; 01 May 2014; dob10.1028/50958a
™ pr, Blaney, Postdoc at Broad Institute, Assttent Prof, MIT Bigengineering
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inventiors of the research activities would be collected in a common database. All data of this
database would be under the proledion of the Bio-Commons License.
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Fig- 2: An example of o a Bio-Commons license could be sppbed o encompass the decentralized
and global research project Blestrike for overcoming the antiblotics crisk. Description see test,

Totranslate the database knowledge inbo industrially produced drugs, the Biostrike community could
riegotiate the conditions with privabe corporations to take over product development, production

and sale, A Bio-Commans license could for exampls make obligations for companies seeking to use
the generated knowledge under its probection. Here, ethical norms could aid in the prevention of

abuze of knowledge contained in the database. However, the scope of the license and the conditions
for the use of knowledge is yet to be determimed. Various loerse madels with different corditions
can be formulated, To realize a decentralized, community-based drug discovery project, the Bio-
Commons lcense must be legally valid in as many countries as possible. Governments could support
the project by helping to formulate the lcense models and sdjest by their laws inkemationally to
encompais rew IP regimes that are better adapted bo the life sciences.

Democratic Self-Governance

D to the inherent ability of lking systems (be it genetic elements or organisms) to autonomously
proliferate, these can have effects which are out of the control of the user, posing problems for the
liabilicy of individuals. Despite these problems, it could eventualy be a goal of sockety to make use of
the fundtlonality of a given |ing system in a noncontained manmer, Ciizens thought that
democratic decizion making is the best way to figure out whether or not this is the case. Opening up



the Bio-Commons discussion ard introdudng democratic mechanizms will thus make everybody a
staketwolder. By making use of decentraliced crowd-review processes, a3 well a3 a democratization of
schentific procedures, in-depth contrel of the applications of data in the Bio-Commons could be
achieved, At this point, the idea of democratic self governance within the science remains
s peculative. A couple of questions arise with it - for example how to guarantes a fair functionality of
the science governance.

Software solutions

Mary of the described topics on lile science research and the management of the knowledge are,
from a practical perspective, all about the handling of data. The results of scientific expeimants
create data, the registration and management of IP iz bazed on data, the dizbribution of materials
(like mew antiblotics) requires data and the governance of all this is based on dedsions about
avallable data It 5 therefore a logical condusion to look for software in order to solve these
questions and problems that are based on the handling of data, Citizers looked out for technical
solutions and specified a Pumber of reguirements for software with which o handle knowledge
under a Bio-Commans boense The kst may yet be incomplebe:

= Metwork neutrality: it reeds to be operable by a decentralized community of users

e Scalability: it has be able bo handle and store buge amounts of data (e g. acquired by high
throug hput expermentation)

= Universality: it has to be able to handle any bype of data and code [see Biostrike scenario and
Bia-langusge)

» Historkity: ary addition or change of data has to be provable for all times — ko allow fior
contracts, citations, references and authorship etc,

= Reliability: storage and handling of data mist be safe

=  Resibence: the software must be resdient agaimst accidental o intentional damage

s Efficiency: the software must be efficient in terms of operation costs

s  Comvenience: the software must be convenient bo use

Furthermorne, mechanizms like reputation systems, woting personal authenticabion or secure
anomymity for ep medical data would be useful feature:s for Bio-Commons projects such as
Biostrike. Eventually, a Bio-Economy could be created around Bio-Commons databases, Thersfore,
the possibility to digitally buy and sell data would be useful additions. There are ongolng software
developments based on the blockchaln cryptography technology that might match these needs, The
blockchain is an algorithm that allows for time- proofed, decentralized transference of data. b wes
part of the invention of the inkernet cyptocurreny bitcoin. ™ Bitcoin has, since s inception, spawned
a rumber of promising rew softwane scripts. Just to glve the reader an Idea of the type of possible
services, in the following a few examples are briefly introduced:

* Totake the financial burden of sclentific discovery and product development away from
researcher, projects could in Tuture be funded theough crowdfunding campaigrs based on
decentralized blockehain bechmology:




“Swarm is o crowdfunding pietform powered by Bitcoin 2,0 technology. it allows the vsers of
o product to olso be its investors. Everyone benefits os the plotform grows ™ *'

* To make contracts between industry partners ard the Bio-Strike community project,
blockchain based platform Ethereum could be used. It & especially interesting as It promises.
to alow for the foundation of so called “decentral autonomous crganization” able to manags
data as well as digital currencies through vobing by ks members.

“Ftherewm con be wed fo codify, deceniralize, secure and trode just about caything: voting,

domain nomes, finmelol exchonges, crowdiunding, compony governonce, controcts ond
agreements of most kind, inteledial property, ond even smart property thonks to hordéeare

integration. Ethereun borrows the concept of decentrolired consensus thot mokes bitcoin so
resilient, yot makes it trivial to build on its foundation.”

¢ To process and store sclentific data safely in the cloud, the Maidsafe software as an
encrypted, decentral storage and computation instance could be used:

“Maidiafe & o fuly decentrolired plotform on which applicotion developers con build
decentralired ocpplications. The network = mode wp by indhddual weers who comdribute
storage, compuiting power and bendwidth to form & world-wide sulonomous system.”"

s DA bits promises the handling of sersitive data like a patients gerome throwgh encryption.
The concept will make the gerstic informaticn fully accessible bo the researchers who need
it, while using stromg private keys bo maintain digital DNA-wallet privacy and individual
anarymity, ™

Despite the promises that software schutions based on oryptography hold, it should be kept In mind
that these are still under development, Setting up a project like Blostrike on such a serdce would
thus be highly experimental. Nevertheless, it might, after some time of development and evaluation
coratitute, the necessary infrastructure for a global, trustworthy and decentralized scientific research
collaboration that is democratical ly controlled by a community of dtizens and sclentists,

Conclusion

The ‘classical’ examples of natural commons often end In tragedy: due to a lack of management,
individuals act egoistically and cveruse the msource, e.g. fish in the ocean, until it is finally depleted.
The result is contrary to the interest of the community and also to the disadvantage of the individual.
However, this ar pument does not apply on digital poads that are oo pyable. The only physical limit fer
digial pocds s the avallable computation power and the energy needed for computation. As long as
these factors are available in abundance, a ‘claszical bragedy of the digital commons iz highly
unlikely, and the digital goods are practically inexhaustible. The code duakity of living systems allows
for a digital redescription of genetic code. This dightal information can be copled and shared in the
internet at almost e cost. When translated back into the analog counterpart, meaning the
phenctype of a cell, e.g. by synthesizing the DNA and transforming a cell, the digital information that
comes for free can be comverted into highly valuable substances. The value of the substance can be
monetary buk does not need to be. |n case of antibiotics, & would be a life prolonging therapy st
almest no cost,
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Biological *phase shift®

The presented Bioslrike scenarios can be considered an example for what type of data is created in
Iife sciences. In scenario |, oollected data in forms of publcations, tests, machine readouts and
picturas would be uploaded on a database and protected under the Bio-Commors license. Scenario I
would yield a lot of DNA-sequences of yet undiscovered organisms. Depending on the sophistication
of the sequencing technology, s market price and global availability, theoretically, an enormous
number of orgarisms could be digitally analyzed and uploaded. Looking ahead, & “phase shift" from
analog to digital biological information will happen. Vast numbers of biclogical systems will be
digitalized by high throughput sequencing and pammaeterization of biclogical samples. To date, many
ewospheres like coral reefs are recognized az a word heritage and thus belong to the natural
commaons. In future, these could become dighalized, quantified and eventually monetized. ™" Under
a Bee-Commans koense, the digital redescription of these ecospheres could be kept in the commons
and alzo managed by a large community, preventing overuse and misuse alike. Equally, the results
yielded by the use of bicinformatic tooks applied on the datasets need to be covered.

The designed biosphere

I future, there will be sofreare solstions that allow for global and deceniralized use of Bio-
languages for community driven In-Silico design of novel biclogical systems. Ulkimately, the digital
redescription of the natural world will be mived with hwman inventions and creations that will
become increasingly indistinguishable and interdependsnt. The Bio-Commens license should
therefore be able to cover mabural, rational and creative In-Silico blo-designe generated by the
community of researchens as a whole, The development of a new Bio-language opens the possibility
for responsible research and inmovation already at the stage of the design of a new lving system. To
address the social and ethical imphcations of Bio-design is not anly the responaibility of the scientists,
but requires invebeement of a wide varksty of stakeholders. Az the development of blolanguages & In
a very early phase, there is plenty of room for involeament of new stakeholders to influence the way
in which these language will develop. A Biodanguage is exactly the point, where human culture, the
digital and the analog sspect of biological systems inbersect. A new bio-danguage thus could allow a
riew type of “cultural coding’, hardwiring kdeas such as ethecal values by design, but alse allowling fer
better fesdback of biclogical discovery into the societal context, Besides, a Bio-language could be
directly regulated by societies with legal instruments. A regulatory approach addressing the use of
Bio-languages would allow societies 1o precisely shape their biological realities. The risk in regulsting
sich @ language is that imposed restrictions could result in an incomplete and dysfurcti onal
description of the factual reality of nature, Bio-languages remain inherently anthwopocentsic and thus
tha danger af owerlooking crucial e.g. scclogical relations is present. However, itis bo date the most

progressive and promizing approach to the design of life.
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Managing the Bio-Commons

Akhough the classical tragedy of the commons is lighly unlikely with digital information, this does
not mean that Bio-Commons should remain unregulated & regulatory framework s required to
prevent 3 market failure in the digtal world Furthermore, new knowledge in the life sciences may
create sthical and social problems that need to be addressed. The Bio-Commons license could make
licensing easier for ressarchers and thereby stabilize global collaborations that will help to overcome
the Tragedy of the Anticommons’ as described lor the situation around antibiotics research. A widely
accepted regulatory framework would be needed to provide legal security and reliability as well as
equal, transparent, and fair terms for all stakeholdders, All participation of stakeholders should be
entirely voluntary and the knowledge falling under the licerse protection must not be in viclation to
ather types of IP. However, as the knowledge basis in the life sciences is growing at exponential
rates, there will be snough new information penerated In the near future to quickly bulld up
comprehensive databases. Knowledge to date still protected by closed source |F systems will thus
become relatively unimportant in the contest of the speed of knowledige gain. Besides these practical
goals, Bio-Commaons lkeenses could be used to proted amd manage any type of biological knowledgs
in order to curtall possible misuss, &g for experiments that are unethical or to produce harmiul
substances. The larger the community of people conbributing to the Bio-Commans, and the better it
is backed by societies, the more effecive the protection of knowledge under a Bio-Commons license
will become. Even though the cost for the development of new substances like antibiotics could be
reduced, there are still costs for the underlying research that has to be mounted, Mew modes of
funding could be explored by communities as they were proposed to manage the Biostrike project.
To guarantes a fair distribution of funding and have a most productive research management,
Citizens proposed democratic decizsion making procedures. There are a numbser of problems arising
with thie use of such a democrati c mechankm and the Blo-Commaons concept. B is foresesable that
there will be a hieranchy ancwnd the Blo-Comemons, with [nterest growps trying to Influence the wse of
the Bio-Commons. This could subsequently lead once more to a technology lodk-in and create a
similar peroblem to the one sodety faces it today with patent based IP. Belore creating a
democratically controlled Bio-Commons, a couple of questions need to be addressed: whais geing ta
decide on the distribution of the BioCommons? Who is going to define the meaning of Bio-
Commons, and how? |5 there a limit ko the number of people involved? What are the pragmatic
problems associabed with the everyday use of Bio-Commeons? What to do in caze of a conflict of
interest? The rellections on how to manage Bio-Commons are surely not yet com plete and will have
to be intensified in an ongoing process inthe mear future, One essential point, though, has already
been defined by the citizens: Commaons are transitory by nature and resist conchusive definition, The
future use of lite science knowledge needs to remain open, mubki-directional and exitable. A the
current speed of ke science development, the hall life of a license will therefore most lkely be
rather shom. Thus, it meeds flexibikty to adapt regulation to upcomirg challenges. Independent of
how well the Bio-Commons license will be conceptualized, there has to be a dearly defined esdt-
option describing what i happening with the contained knowledge and walues, when the licerse
model becomes outdsted. In future, there can be a great number of licenses snd organizational
medels around it, allowing for all sorts of underlying ethical principles, rules for regulation and
market models, By using platforms based on the blockdhain technology, these license regimes could
even overlap or have defined inberfaces, mutually allowing for use of contained knowledge. & will
depend on the legal authorities of societies bo decide which ones to promote and which ores to
block. Licenses with a sold ethical foundation, smart and comvenient knowledge handling, low costs



of maintenance and a widely accepted logal basis will be miost atiractive. Eventually, policy makers of
national states might need to adapt some exiting regulation o encompass these rew licensing
regimes (compars Fig. 3). Policy makers are weloome to consult with citizens 1o set out fer new and

experimental forms of handling lile science knowledge, help to build a civil society amwnd the Bio-
Commons and to find the best way to make wee thereof,

Flg. 3: Scam of a Gustave Doré Engraving
from “The Ingentous Hidalge Don
Quixote of La Mancha” - 1863 A
historic  analogy to  the fallure of

oubdated regulatory concepts in Limes of
fundamental bechnobogical changs.
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