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Biographies 

Kristin Fuller, Anthropology major and pre-med, has working experience in synthetic biology through her participation in International Genetically Engineered Machines (iGEM).  

Diane Starr, Anthropology major.

Marlee Tichenor, Anthropology and French major.

Caitlin Vavasour, Anthropology and Rhetoric major.  

Emmanuel Lusca, Philosophy and Anthropology major. 

Account 

This account does not comprise a complete consensus or analysis of our experiences working together.  The “dream team” generated this reflection in the course of an extended conversation: we did frequently express that our impressions of the process were extremely similar, and that our process has been remarkably distinct from that of other group projects in the past.


We identify several circumstances that characterize our interactions and their shaping of our work separately and as a whole outcome.  Firstly, we feel that we were self-reflexive, uncomfortable, and open to being insecure and vulnerable, and that this capability aligns with our disposition as social scientists to question our predispositions, whereas scientists do this less frequently and work within certain boundaries until a crisis causes radically different science to happen.  It was useful to have reassurance that collaboration should make us “uncomfortable” as we “change.”  Secondly, Professor Rabinow’s encouragement to “not worry about the grades” enabled us to begin without this preoccupation.  Thirdly, busy schedules were a constraint and a challenge to which we had to adapt as individuals, and which induced sacrifices and frustrations.  Fourthly, we are four women and one man, which Emanuel observes brought a particular dynamic and style to our mode of communication.  Emanuel attributes our elaborative speech habits and tendency to problem-solve out loud to the woman factor.  Fifthly, prioritizing the objective of an experimental form of collaboration made the question foremost: am I collaborating? 


We observe several distinct aspects to our process.  Intense discussions as the first cluster of meetings were spontaneous, supportive, focused on working through concepts, reiterative, and productive of a shared feeling that it would not be at all accurate to make claims as individuals about individually original thoughts in the context of the project, and a shared sense that when apart, we were repeating and re-formulating the ideas that we articulated together in discussion.  We had to adapt to the direction that the project took; this felt “natural.”  We brought together material that we thought would be useful to others and introduced questions that we encountered apart into group spaces.  Often group discussion would result in resolution and sometimes questions or concerns would remain but this consistently felt constructive.  We would, at intervals, attempt to re-articulate our focus.  We found it difficult initially to participate without reservation in collaboration since our training has been toward “being independent,” but we found that our work has been entirely interdependent.  Unlike other projects, this project has been a process and the product is still a work in progress.  We describe our participation as outstandingly trustful, effective because of the relationships that we built, increasingly flexible, equal in distribution and increasingly less associated with a sense of “ownership” of our ideas.  We found the settings (homes, dinners, coffee) set a certain tone (conversational, joking, appreciative).  


Personal concerns: feeling intimidated in comparison to peers in the group, questioning if our work would be useful, questioning if the intense investments of time and work would be recognizable in the outcome, slight initial discomfort at working with all women, questioning how to choose what amongst all this continually expanding and proliferating material we want to emphasize.  

“Changing should make you uncomfortable.”

 “I don’t feel comfortable saying this is my ideas.  I feel like this is everybody’s work.”

“It’s the same but different.  It’s that we’re all speaking about it in different language.”  

“We have flourished and we have helped each other flourish because of trusting each other and building relationships.”

A Historic Problematization of Biosafety, Biosecurity, and Preparedness Within and Without SynBERC


In the emergent scientific field of synthetic biology, by self-definition a crossbreed of molecular biology and engineering, technologies of DNA synthesis and manipulation are being applied in a unique fashion.  The Synthetic Biology Engineering Research Center, or SynBERC, is an organization stretching across five American academic institutions and seeking to incorporate this fledgling discipline directly into an engineering framework:  appealing to industry to take the technologies and creation of “novel biological functions and systems” designed to address “real world problems” from the academic science laboratory and to mass produce the synthesized product to be directly applicable outside.
  

Throughout the development of synthetic biology, starting with the discovery of the double helix shape of DNA in 1953, there have been responses, regarding the safety of the impact of such emergent and unpredictable research, from the funding organizations of such research, the media, and the United States government.  These responses have sprung from and have encouraged further discussion within the SynBERC and pre-SynBERC synthetic biology “community” on questions of biosafety, biosecurity, and preparedness, using current vocabulary.  The scientific discussion and the outsider responses have focused on the possibility for a biological catastrophic disaster, of variable scale, made more possible, accidentally or through the intentional actions of “malicious forces,” by the large number of labs across the US and the world associated with this new science, their creation of new harmful organisms and proteins, the accessibility of genetic and synthesis information of these and already existing harmful organisms and proteins on databases such as the SynBERC Registry and PubMed, and the role of pure synthesis industry, which will synthesize complete strands of DNA for customers, in allowing for wide transportation of such organisms.  The increased interest of the American executive administrations in the possible threat of bioweaponry and bioterrorism, especially since the events of September 11, 2001, has paved the way for increased interest in synthetic biology, and more particularly its biosafety, biosecurity, and preparedness (hereafter BBP) aspects.  


However, this high interest in, and funding for, the BBP worries associated with synthetic biology must be contextualized and problematized.  Drew Endy, the Thrust Two leader of devices of SynBERC at the Massachusetts Institute of Technology, in the article, “DNA Synthesis and Biological Security,” written for the scientific magazine Nature along with other scientific members and industry affiliates of SynBERC, describes the need for a change in the regulatory system surrounding the controls on human fallibility and the potential of the technology to be “purposefully misapplied” within the DNA synthesis industry and practice, where such technology so readily leads to misuse.  He goes on to invoke examples of potentials for biological disaster in order to incite fear in the reader:  the complete design, construction, and transportation of deadly organisms, such as the Ebola virus, smallpox virus, or the 1918 influenza virus and other organisms which may not yet exist, all processes which are unique to the pure synthesis industry currently set up in connection with synthetic biology, providing “an effective alternative route to those who would seek to obtain specific pathogens for the purpose of causing harm.”
  

But we must ask the question:  how does the act of framing the concepts with such urgency legitimate emphasis given to them without questioning the assumptions of what kind of “good life” or flourishing they appeal to?  As described by the Thrust Four: Human Practices branch of SynBERC, flourishing, as a placeholder for the Greek term eudaemonia, is not universal, but can range “over physical and spiritual well-being, courage, dignity, friendship, and justice although the meaning of each of these terms must be re-worked and re-thought according to contemporary conditions.”  Just as “the question of what constitutes a flourishing existence, and the place of science in that form of life, how it contributes to or disrupts it, must be constantly posed and re-posed,” so must the question be asked of what constitutes biosafety, biosecurity, and preparedness within and without SynBERC and the role the concepts have in contributing to or disrupting a flourishing existence.
  It is also a question of scale:  what audience do these modes of safeguarding set out to protect and what audience do they appeal to and have they appealed to, in literature surrounding synthetic biology, with the value of protection against an “inevitable disaster?”  And so, how can we understand the three concepts individually, collectively, and contextually, using information provided both in literature produced by scientists within SynBERC, journalists, policy makers, and others outside, in order to put into question their impact on human life and whether current discussion surrounding BBP creates attainable goals for scientists and governmental organizations in the contemporary environment?

Distinguishing between these three concepts of safeguarding requires a historic framework, as worries associated with the creation and first meetings of a group who could be recognized as the forefathers of synthetic biology focused on, almost exclusively, questions of biosafety, the protection of lab workers, and the possibility for accidents stemming from the actions of lab workers part of this “community,” involving these new technologies and new pathogens that could, perhaps, have a detrimental impact on public health.  In 1975, Stanford biologist Paul Berg compiled a group of scientists who each described his research as having similar methodology, methodology that would now define them as synthetic biologists, although they did not use that term, to meet for what became known as the Asilomar Conference on Recombinant DNA, along with some lawyers and physicians.  The purpose of this conference was to confront the self-discovered, as discovered by some of the scientists of this self-forged community, issues surrounding the possible impact of the innovative research creating “organisms that have never before existed on the planet,” in order to regulate the problem before it could become one.
  The Asilomar Conference set up rules of practice in labs dealing with the genetic manipulation and creation that are still in place today within SynBERC labs, such as the bureaucratic research regulations associated with Biosafety Levels, now regulated by different levels of the Center for Disease Control and Prevention (CDCP) in America.  

Since the Asilomar Conference, the scientific viewpoint found in published literature has shifted from the biosafety focus, and the emphasis on possibility for accidents in the workplace affecting workers and, secondarily, the world outside the lab, towards the focus given to the possibility of nefarious forces getting their hands on the dangerous and unpredictable technologies being produced in the labs.  Following from the physics-based weapons development in America and the Soviet Union of the 20th century, the US government and the US public was ready for something tangible to fear and try to guard against.  Conferences such as those of Synthetic Biology 1.0 of June 2004 in Cambridge, Massachusetts,
 Synthetic Biology 2.0 of June 2006, in Berkeley, California,
 and Synthetic Biology 3.0 of June, 2007 in Zurich, Switzerland,
 have shown that the scientific community is now focused more concretely on the biosecurity and preparedness issues associated with the science, as scientists seem to believe that they have the biosafety problem under control, with elaborate controls, under the jurisprudence of the CDCP and the Offices of Environment, Health, and Safety (EH&S), set up to confront the issue.  

In a parallel motion, the US government has focused on predetermined actions to guard against the possibility of new technologies transformed into weaponry to be used on the American people, and there have been historic markers of attempts to keep in check global security in regards to new forms of warfare.  In 1925, the international community signed the Geneva Protocol, to severely restrict the use of chemical and biological gases in war.  The Third and Fourth Geneva Conventions, signed in 1929 and updated in 1949, were laid out and signed in response to the mistreatment of prisoners of war and civilians during the First and Second World Wars, especially in regards to their roles as subjects in torturous scientific experimentation.  Under the Nixon administration and during the Cold War, in 1972m, there was the signing of the Biological Weapons Convention, designed to work against the possibilities of “inhumane” forms of warfare.  But before the end of the 20th century, the largest worry was that of nuclear power and weaponry, a fear that is still associated with the politics of the American government.  The current Bush administration has shown its tendency to decide it is more effective to forcibly control those governments it suspects to have a nuclear agenda, rather than depend on diplomacy, currently with its denial of the facts regarding the lack Iran’s nuclear weapons development plan.  In the sweeping move of utilizing fear to control the American population after the events of 9-11, the administration capitalized on an anthrax scare that infiltrated the US Postal Service in November, 2001, using it to justify their aggressive foreign policy and paving the road for what has been recorded to be a total of $39,602,900,000 spent on “civilian biodefense” or “incident response” alone since 2001, excluding all other forms of homeland security.  
How do the policies of BBP manifest themselves in the daily lives of synthetic biologists affiliated with SynBERC?  Discussion with J. Chris Anderson at his lab allowed for an analysis of what role these safeguarding concepts play in his quotidian practices.  Most poignantly, his focus was primarily on the concept of biosafety, whose bureaucratic nature presented itself everyday with paperwork necessary to get any research or new lab worker cleared by UC: Berkeley’s EH&S or Lawrence Berkeley Labs’ EH&S.  Biosecurity was considered only an issue if he interacted with the Registry, but, because he said he did not have any intentions in general to put his own work on the open source system, this issue was disregarded as completely irrelevant to his research.  Questions of biosecurity, as he understands it, would be completely approachable through the control of the pure synthesis industry, which he was quite positive was already happening, referring to the fact that they “must” BLAST (an algorithm for checking DNA sequences against known DNA sequences for pathogens) all of the orders they get online, which was enough to write-off the whole issue.  

There will always be human error and fallibility, and there must be safeguards against the possibility for accidents.  As for the question of biosecurity and preparedness, which scientists and government officials seem to want to distinguish as something especially unique within the discipline of synthetic biology and its industrial counterparts, the never-ending discussion about the inevitability of biological disaster precludes any sort of action towards actually safeguarding against it, exemplified at the very bottom by the fact that “only five of twelve DNA synthesis companies systematically check their orders to ensure that they are not unknowingly constructing and delivering the genetic material encoding hazardous biological systems, such as human pathogens,” according to an investigative survey done for Synthetic Biology 2.0.
  And the striking difference between this fact and Anderson’s confidence that there is serious oversight of pure synthesis industry by the American government (“I gotta believe they report to the FBI”),
 displays that the possibility for disaster originates in the lack of understanding of the innovators of the new technology themselves.  The process for safeguarding effectively against the possibility for disaster is dependent upon the understanding of these actors of the impact on the way of life of those outside of the lab, especially in a discipline such as synthetic biology that actively seeks to push the role of its research outside of the restrictions of the lab environment, as it is these actors that provide a perspective in creating regulations invaluable to effectiveness.  What is important here is to prioritize and itemize proposed problems of biosafety, biosecurity, and preparedness in order to find attainable and tangible goals for the scientific community, the governmental systems surrounding it, and the American and global public, who must be educated about the likelihood of such “inevitable disasters” to allow for an active role in the creation of regulations, to allow for the democracy of thought.  

Does SynBERC Approach Biosecurity, Biosafety, Preparedness Collaboratively?

This portion of the paper will focus on the way in which synBERC proposes tools to problematize biosafety, biosecurtiy and bio preparedness.  Next, there will be a brief overview of the BioTerror program supported by the Alfred Sloan Foundation, and the types of organizations that the Foundation supports in order to reduce the risk of bioterrorism.   A proposed biosecurity plan, designed by those in the biotech industry, will be briefly analyzed in order to emphasize the way in which this power structure uses  Mode 1 style of engagement.  Lastly, an interview with Kristin Fuller, a member on the iGEM team, will offer insight on her recent experience as the team’s human practice participant.

Human Practices is one of the four research thrusts promoted on the synberc.org website.  The first three thrusts focus on creating a new brand of engineering using biological systems.  Thrust 4 is summed up on the synBERC’s web page:

“Thrust 4 examines synthetic biology within a frame of human practices, with reciprocal emphasis on ways that economic, political, and cultural forces may condition the development of synthetic biology and on ways that synthetic biology may significantly inform human security, health, and welfare through the new objects that it brings into the world.”  (www.synberc.org). 

Collaboration is considered one of the keys to success of thrust 4.   A collaborative mode consists of a shared problem space between biosciences and human sciences.  Collaboration in this way, is considered a novel approach to solving problems by scientific practitioners.  The primary mode of engagement so far is Mode 1, where experts cooperate with each other to solve problems.  In many cases Mode 1 is sufficient, especially when there is a means to an end.  However, Mode 1 loses is effectiveness when an emergent problem is considered, such as the issues around biosecurity and preparedness.  In this problem space, the experts have not been invented yet.  So another Mode of engagement must be considered. In some cases a Mode 2 engagement might be more effective.  This is when a facilitator, representing society or the public, interacts with scientists.  In many instances, when it is clear as to whom the facilitator represents, Mode 2 engagement is beneficial.  So who is society in the case of biosecurity and preparedness?   This is another unknown or debate able issue.  Is it possible to interface different modes of engagement in order problemetize biosecurity and preparedness?  Mode 3 engagement, which is described as “inquiry and equipment,” was designed by Paul Rabinow and Gaymon Benett.  In an essay they co-authored, titled, Human Practices: Interfacing 3 Modes of Collaboration, the objective of Mode 3 is defined:  

…design practices that bring the biosciences and human sciences into a mutually collaborative and enriching relationship…designed to facilitate a remediation of the currently existing relations between knowledge and care in terms of mutual flourishing (2007, 19)

Thus far, Mode 3 has not been embraced by the scientific realm.  In the following Mode 1 seems to be the preferred mode of engagement to address the issues around biosecurity,  whereas bio-preparedness is addresses in a most minor way. 

Bioterrorism is a major national issue in which the Alfred Sloan Foundation
 has established programs and contributed resources to by way of grants, in order to reduce the threat of such an act.  Citizen preparedness and dangerous research in biotechnology are the main focal points of the Bioterrorism Program.  Paula J. Olsiewski, Program Director collaborates with a network of those situated the public, private and government sector. 

According to the Sloan Foundation website, most Americans are not prepared for a bioterrorism attack even though information, developed by Homeland Security, can be accessed on-line at www.ready.gov.   In fact, the Foundation states, “we have learned by experience that while information is essential it is not enough.”  Currently, facemasks and air filtration systems for buildings are being researched as a barrier against dangerous agents to protect citizens in the event of bioterroism.

Based on analysis by the Foundation, the actions needed to be prepared for a catastrophic event or a major flu outbreak are about the same as the actions needed to prepare for a bioterror attack.  However, there are those who believe that the threat of bioterrorism is merely a tactic to manipulate a political agenda, which results in resistance to take action towards preparedness.

The Foundation funds programs that look for ways to reduce the threat of bioterrorism.  The work designed by synthetic biology is one of the life sciences, in this category, which is considered as having issues to form Potentially Dangerous Research.   To cope with these issues in the emergent field of synthetic biology, the US Department of Health and Services formed the National Science Advisory Board for Biosecurity (NSABB) in 2003.  The NSBAA was devised based on research accounted for in what is known as the “Fink Committee report.”  NSABB is the advisory link to federal departments, in order to provide information about possible misuse or threat of biological agents or technology.

The Foundation continues to fund the development of an institutional framework to prevent deliberate or inadvertent use of biology for destructive purposes at The Center for International Security Studies of Maryland
 as well as Interpol, the world’s largest international police organization, with 186 countries represented in its membership.  Its purpose is to raise awareness, develop police training and strengthen law enforcement around the world.


A proposed plan to oversee that security measures are observed within DNA synthesis industry was set forth in an article titled, “DNA Synthesis and Biological Security.” 
 The plan was drawn in response to the shortcomings of current government oversight of the DNA synthesis industries.  The plan strongly emphasizes that the governing security structure must not impede the advancement of science nor hamper the growing industry of DNA synthesis or synthetic biology.  Furthermore, the plan warns that if security measures are too restrictive to the current industries, customers may end up seeking the easy way out by finding less responsible or reputable manufactures for their products, which in turn could have a negative impact on global security.  


It may be no surprise that the authors of the proposed security plan come from individuals of the biotech and synthetic biology industry, members of the International Consortium for Polynucleotide Synthesis (ICPS), members of academia and opinions from the FBI.   They are the stakeholders to whom the security framework supports in an attempt to pacify policy makers while continuing with business as usual and with as little disruption as possible.  In this way, screening orders is the chief means to improve biological safely and security.  Screening orders consists of customers identifying themselves and their institution.  This seems like a normal practice that would already be in place in order to send the product to the proper person and place.  In addition to identifying the customer, the orders will be checked against a list of biological agents and sequences that could be used for harm.  This list will require the implementation of up-to- date software approved by ICPS in order to flag potentially dangerous orders.  Lastly, persons who do not comply with certain security guidelines will be reported.  Reporting recalcitrant individuals goes back to “self governing” as agreed upon by scientist at the Asilomar conference.   


Proposed interaction between biotech companies and outside agencies, such as governmental bodies or police are staged such that the industries are informing the outside agency as to what the guidelines are.  In other words the scientist within the realm of bio industry continue to self govern so that the outside agencies have limited power to enforce or control bio industry.  


The proposed security measures put forth are all in a Mode 1 style of engagement.  This means that the way in which problems are managed is by experts taking account, consulting, and cooperating with experts.  In many cases this mode is sufficient.  However, the shortcoming of this mode of engagement in this instance is the inability to formulate analysis to encompass the uncertainties of this budding industry.  For instance, throughout the proposal, the power structure of the biotech industry was set up as the one in which the expert knowledge was disseminated to the governmental bodies.  In all areas the wording of the proposal formulated the upper hand of the biotech industry.  In other words the biotech industry could be monitored by government agencies for but only to the extent that it would allow.  


Kristin Fuller is one of the undergrads that took part in iGEM, the annual international synthetic biology competition.  Her position on the team was unique in that she was the first person to be positioned as an anthropologist in Human Practice.  The position of Human Practice on the team can be likened in a microcosmic way to Thrust 4 at synBERC.  Kristin agreed to be interviewed about her experience on iGEM.  We started the session when I asked her about some of the challenges she first experienced:

 “One of the more difficult things is figuring out what are you doing there.   You know that you are an anthropologist so you are watching and observing taking everything into consideration. Who sat at which bench everyday, how that changes, who moves, who was allowed to stay, areas where you can’t get too close…. No mans land; Chris Anderson’s space.  His isle. You know you can’t go in unless he invites you in”

I find out that Chris Anderson is one of the postdocs as well as one of the administrators on the iGEM team.  He is more or less one of the team leaders. 


When I asked how she saw “collaboration” at work on the iGEM team she told me told me about how she first considered collaboration as a time when her teammates inquired about her work and what she was doing.  Then in mid July she saw the true meaning of collaboration after she read the iGEM project proposal:

It was written by one of the undergraduate team members, Austin Day.  When I read it things started to make connections.  I sat down with him for hours to talk about what he is doing and intellectual property because they are using a plasmid from someone else’s work.  Since administrative work and paper trails would have taken a lot of time, they went behind their back and synthesized it.  That’s when the alarm went off in my head… some said this is ok, we are synthesizing a lot of things, we have open source, it’s understood that you don’t need a patent. What if you want patent?  What’s the benefit of the registry if no one can get some form of compensation?

At this point Kristin had a many questions about the problems of patents and intellectual property based on the fact that the team synthesized someone’s plasmid without permission.  She began talking to Austin Day as well as Chris Anderson about how they viewed this problem.  Some people that she spoke to were giving her contradictory answers. Some said it was legal and some said it was illegal.  She eventually sought out law students at Boalt to inquire about the legal restrictions of patents and open source.  Her advice about being in this problem space is to “be careful to not come across as a watch dog or a whistle blower.”

In retrospect Kristin would have began collaborating with her teammates sooner.  This means that she would have informed the team the problems she was facing rather than just going to the team administrator.  At the time she assumed that the team members were too new to the field to understand the problem.  As it turns out the team really pulled through for her on the weekend of the competition.  She recounts that Saturday night:

What I regret is; rather than depend on Chris and John, even though they could tell what I can and can’t put on the wiki, I should have found the time to sit down with my teammates to say ‘here’s the problem.’  Because when I had to redo my talk on Saturday, I sat down with them that night and told them what my research was about and they all said, ‘that is a real problem. That makes a lot of sense.’  The computer nerds knew what to do and were more than happy to help redo my slides.  So that is what collaboration is; putting the focus of problem out for everyone to see so that everyone can give insights.  

Kristin is optimistic that the future scientist will be willing to collaborate with human sciences in order problemetize in a Mode Three style of engagement.  Until then, it appears there is much work to do and changes to be made in the way in which scientists view the world around them.  Now is the time for scientists to consider new possibilities in which this budding field of synthetic biology can invent in order to have a holistic approach to, not only research, but the way in which its research affects the security and welfare to whom it might serve.  

Case Study: Industry and Science

The various definitions of society include the following: the sum of all social relationships of groups of humans; a structured community of people bound together by similar traditions, institutions, or nationality; or the customs of groups of people. Science is perceived as something that is ahistorical, objective, guided by reason and the scientific method, and ultimately produces knowledge
. The common thread linking the various definitions of society above are people. People, or more appropriately being human (all too human) is typically thought of in terms of being irrational more than rational, emotional, having desires and beliefs, and making choices often resulting in error. Science eliminates nearly all of what we think of as human, all too human, except for rationality. Accordingly, at one end we have “science“, “and” at the other we have “society“. The “and” linking “science and society” is the human capacity for rationality, but other than that, the two are misperceived as disparate. 


The perspective of this discussion denies the understanding of science and society above. There is no such thing as “science and society” as if they were separate things and tied only by the human capacity for rationality. Neither is there such a thing as “science in society” as if science is but one institution operating within society, but nonetheless retains the aforementioned characterization. Instead, there is only being human and engaging in activity, and science is one of those activities. From this perspective, one can see more clearly the ways in which the science of synthetic biology attempts to “solve real world problems”
. 


Nonetheless, the scope of the remaining discussion is by far much more narrow than a general examination of how synthetic biology solves “real world problems“. The remaining discussion will attempt to speak about one aspect of the activities of the human actors involved in synthetic biology, i.e. how such activity, guided by different conceptions of the good
, aims to solve “real world problems“; and what problems arise as a result of such activity. 

Within SynBERC
 there are various competing conceptions of the good that motivate human actors. Among them are (1) the good of corporations defined in terms of increased profits and the expansion of the corporation
, (2) the good of science/academia defined in terms of the advancement of knowledge and prestige, and (3) the good that motivates solutions to “real world problems“. However, the division between these conceptions of the good are only superficially true. Since the passing of the Bayh-Dole Act
 in 1980 the line between the academia/science and the corporation, for instance, has gradually been blurred. The Bayh-Dole Act encourages the commercialization of all publicly funded research. In doing so, it has pushed forward the research and development of technologies that are commercially viable. 


The grant provided by the Bill and Melinda Gates Foundation
, which supports a three way partnership between Keasling’s Lab at the QB3 Institute, Amyris Biotechnologies Inc.
, and OneWorld Health, serves as an example of the blurring of the line between the different aforementioned conceptions of the good. Within this three way partnership, the QB3 Institute conducted the research and development of a microbial drug factory
 that produces the chemical precursor to artemisinin, Amyris Biotechnologies will produce the final product, and OneWorld Health will distribute it. This three way partnership facilitates the advancement of knowledge (the good of science) within synthetic biology, which in turn will increases corporate profits and expands the corporation in general (the good of corporations). Ultimately this has led to a possible solution to a “real world problem”. The question of whether the activities of the actors involved in synthetic biology research are important in regards to the discovery of solutions to problems is not contentious. The debate instead is found in terms of the problems that arise when different conceptions of the good conflict with each other. 

In examining the ongoing development of the artemisinin project at UC Berkeley, it is evident that its development is the result of the relationships between the various actors, being mutually beneficial. Jay Keasling benefited by gaining prestige and by facilitating the advancement of Amyris Biotechnologies. The QB3 Institute at the UC Berkeley along with Jay Keasling, is credited with the development of a commercially viable solution to malaria in Africa. This in turn grabs the attention of the public and government officials, e.g. Arnold Schwarzenegger and the Samoan government
, who then further promote and fund synthetic biology research. The Bill and Melinda Gates Foundation and OneWorld Health benefit by obtaining the potential to accomplish one of its goals, i.e. controlling, if not eradicating, malaria in Africa. Amyris Biotechnologies gains a technology that has the potential to produce biofuels
, and hence profit. Accordingly, the above scenario is an ideal one. The question about what happens when these conceptions of the good conflict with each other, arises in cases less ideal. More narrowly put, for the purposes of this discussion, is what happens when the good of science/academia, and that which motivates the solution to “real world problems” is subordinated to the good of corporations? 

According to NSF press release 06-119
, $75.3 million dollars has been distributed among five different new engineering research centers, one of which is SynBERC. In line with the Bayh-Dole Act, the press release states: 

The ERC will push synthetic biology engineering from time consuming, one-of-a kind development efforts to the rapid creation of new products from standardized components. The efforts could impact the biotechnology, pharmaceutical, genetics and chemical fields, potentially leading to an entirely new landscape of diagnostic, therapeutic, and synthetic chemical industries… Venture capital firms will advise SynBERC on start-up business opportunities. 

Synthetic biology, as imagined by actors such as MIT’s Jonathan Goler
 and the Bio Fab Group
, has the potential for devastating possibilities in addition to solving “real world problems“. Mass production of biological technologies poses a serious danger. Within the private sector and globally with such actors as the government/industry of China, if The Bio Fab Group’s vision of synthetic biology is to be realized, it is uncertain if the advancement, products, and sale of the products of such technology can be controlled. 

Despite such uncertainties, funding for synthetic biology research continues to be pushed in the favor of industry and corporations. As is evident in the NSF press release, the funding for SynBERC is premised on the potential to impact industry in a profound way. The NSF, California State funding, and corporate funding, e.g. BP at UC Berkeley, advocate synthetic biology as the future of economic success, not the solution to “real world problems“. Industry and commercial viability is an important part of solving “real world problems”, but nonetheless is only one part of the equation.
 Furthermore, cost-benefit analyses
 and oversight frameworks
 that attempt to respond to potential risks are insufficient if the good of science/academia and that which motivates the solutions to “real world problems” are subordinated to the good of corporations and industry. 

The unequal distribution of power allows corporations and industry to guide the movement of human activities such that the good of corporations and industry is realized first and foremost. In the worst case scenario, the science of synthetic biology prospers in industry at the cost of solving “real world problems”, unforeseeable catastrophes, and the flourishing of human life. Hence, the solution to “real world problems“ only creates new problems when a holistic approach, in terms of pursing what is good, is not taken. In order to avoid the creation of new problems, one must be able to communicte efficiently from mulitple angles that have different concpetions of the good. The perspective of industry, science, human practices, etc… all must mutually reconfigure the activities of all the actors invovled. A hope for the ideal scenario is not enough, and should not be used to advocate the promise of synthetic biology.

Case Study: The Registry

The Registry of standardized biological parts was created at MIT, and is maintained by Rand Rettberg and graduate students at the university. It is seen as a community building mechanism that records and indexes biological parts that are currently being built and offers synthesis and assembly services to construct new parts, devices, systems
. Parts housed in the Registry are called “BioBricks”. The term “BioBricks
” is used to define biological parts that fit a standard, and means that a scientist must use the restriction enzymes
: EcoRI, XbaI, SpeI, and PstI
. The BioBrick Foundation has created these sets of standards. This foundation is an organization, created by the engineers and scientists of MIT, Harvard, and UCSF. They “encourage the development and responsible use of technologies based on the BioBrick standard DNA that encode basic biological functions
”. The board of trustees is Drew Endy, Tom Knight, Randy Rettberg, Pamela Silver
, and Christopher Voight. These three universities are also apart of SynBERC and four of the BioBricks Foundation board members are primary research members for SynBERC’s four thrusts.

In addition to being a community builder, the Registry is also a resource for synthetic biologists and scientists alike. He or she can use the Registry to learn how to use, communicate with others, and create parts, devices, and systems. What is unique about the Registry is that it is run under an open source philosophy
, so there are no access restrictions. The Registry changes the diffusion of knowledge within science. It does this by moving from the slow exchange of knowledge where an apprentice learns from an expert to a more explicit exchange where the existence of expert-apprentice exchange is not needed. Having the ability to spread synthetic biology information quickly, the Registry makes it effortless for anyone to duplicate the achievements of an expert. This form of knowledge circulation could close the gap between the trained and untrained
. The untrained (e.g. iGEM participants
) can easily use the Registry not only to learn the biobrick standard assembly
, but can also search for part types
. If the Registry makes it easy for an iGEM participant to learn the technical methods of synthetic biology, then this also means that someone with malicious intent could use the same information from the Registry for improper use.

SynBERC
 is a NFS funded institution that houses five universities: UCSF, UC Berkeley, MIT, Harvard, and Prairie View A&M. These universities collaborate together to practice synthetic biology. One of SynBERC’s main tools is the Registry, which is used for educational conditional purposes for both research members and iGEM participants
. It is encouraged by SynBERC for members to register parts that he or she creates in the lab. However, it is mandatory for every iGEM participant to register all created parts. Registering all parts used for their team’s project is necessary to be considered for the competition. This iGEM rule was created with the hope that registering and using parts within the Registry would become an innate function for future synthetic biologists. 

A question of power relations arises due to the Registry’s open source nature, for synthetic biology has become a globalize form of knowledge. Therein lies an issue of dual use of the Registry. Its information can be used for both good and malicious purposes. Many worry that the Registry could help “attackers
” just as much as it could help “defenders
”. “Attackers’ such as terrorists, biohackers
, or even an unstable student could easily create a pathogen or bioweapon without having the expert knowledge of a synthetic biologist. Because synthetic biology is an emergent science, many of its products are still unpredictable. This can be harmful because its unpredictability means that it will be difficult for “defenders” to prepare or even react to an assault due to the complexity of biological systems
. The possible timescale needed to react to a biological assault could be timely and cause many casualties.  

If the Registry can help “defenders” just as much as “attackers”, how does one set safety, security, and preparedness parameters? Many within the synthetic biology community agree that regulations within the Registry (e.g. making it closed network) will only hurt scientists and governments attempt to reduce the risk of a bioattack. Measures like regulation will also only give one a false sense of security
 and could lead to a synthetic biology black market
.  

Open exchange networks of synthetic biology information are argued to be a better defense against a biological assault. As researchers continue to push the boundaries of synthetic biology in an open exchange environment, the equal knowledge of what is capable gives everyone the opportunity to defend him or herself against a possible threat. Scott C. Mohr, a research member of SynBERC’s said at the Synthetic Biology 3.0 meeting in Zurich, “thinking about the unthinkable might be the only way to prevent it”
. Changing the Registry to become a closed environment will only slow down the exchange of knowledge within synthetic biology. 

Thus our best potential defense against biological threats is to create and maintain open networks of researchers at every level, thereby magnifying the number of eyes and ears keeping track of what is going on in the world
.

There is a second proponent to the Registry that also leads many to worry of a biological security risk, DNA synthesis. The Registry houses the DNA sequences, which is only written code, but for one to make a sequence a tangible object he or she must go to a DNA synthesis company to have it made. In recent years, accelerated improvements in synthesis technology have caused a decrease in the cost of synthesis. As the industry continues to grow, the likelihood of the misuse of DNA-synthesis will also increase. Researchers within synthetic biology acknowledge the possible risk involved with DNA synthesis and have initiated a practical framework that should meet five goals. These five goals are the promotion of responsible behavior on the part of users DNA-synthesis technology; the framework should be simple and robust; there should be a promotion of bettering technology and sharing wisdom throughout industry and government; the framework should be built on existing practices that have enabled the safe development and application of recombinant DNA technology, and lastly there should be international transparency and cooperation
.

Synthetic biology is still a nascent science and with its new practices and technology comes the opportunity to bring forth many improvments that could enhance human existance. An example of such improvement could be SynBERC’s second testbed, which is currently building a tumor killing bacteria that may save many lives. Yet with all sciences there is always the potential for unforeseen risks. The Registry is one of the technological tools that have helped synthetic biology itself flourish, by being used as both a learning and communication tool. As a learning tool, the registry has been a resource for all scientists to learn new lab practices and DNA sequences that could help better his or her research. The Registry has also been able to open up a new global communication line, which has helped with the diffusion of synthetic biology information spread quickly. SynBERC has recognized the benefit of having this registry as apart of its institution and many want to see the practice of science change to a more communicative practice. Currently, the Registry has benefited synthetic biology but has also brought many to question if it is safe having the Registry in an open environment where scientific information is easily accessible to everyone. 

Still, it is too early to make conclusions about arguments that face safety, security, and preparedness issues around the Registry. The Registry, itself is still too young and has flaws that need to repair. Many synthetic biologists, especially SynBERC research members and iGEM participants have trouble using the Registry, siting that many parts are not well characterized, that it is difficult to find the same part twice, and many are concerned with intellectual property rights that he or she might lose by having a part they created on the Registry
,
. Flaws such as few well characterized parts and the difficulty of finding the same part twice means that the Registry is still a tool that is considerably useless to terrorists
.  This does not mean that the discussion about how to deal with the Registry in terms of safety, security, and preparedness should end.

 Drew Endy has made it clear that the Registry is a tool for future synthetic biologists, like iGEM participants, who will be in charge of the labs within the next twenty years. The Registry is not for the lab heads of today
. But it is the lab heads of today that are working to make the Registry a more usable tool for everyone. This means that these heads, like research members of SnyBERC need to take safety, security, and preparedness concerns into consideration as they continue to update the Registry. In the near future synthetic biology will become a more stable science. The scientists of today need to think about these safety, security, and preparedness issues about the Registry while there are still flaws and consider guidelines that can be put into place for future synthetic biologists. Being one of the first recognized synthetic biology institutions, SynBERC has the chance to take action and make a decision as to how they wish to move forward: do they want to keep the Registry open to everyone with access to a computer or do they want to restrict it to only persons within the science community? Many within the scientific community, along with SynBERC, have made it clear that there should be regulations on DNA synthesis, for they are open to synthesis companies having a data base of customers and screening orders.  There have been discussions on how to handle safety, security, and preparedness perameters for the Registry. It is only a matter of time before a biological event takes place. Now it is time for the scientists who wish to see synthetic biology and the Registry flourish to take action and agree to a guideline to handle these issues.

Administering Security: Limits of Personhood and Technology

“Reconstruction can be nothing less than the work of developing, of forming, of producing (in the literal sense of that word) the intellectual instrumentalities which will progressively direct inquiry into the deeply and inclusively human – that is to say moral – facts of the present scene and situation.” -John Dewey


The 2006 inauguration of SynBERC as an enterprise of the National Science Foundation commits it to the research and implementation of effective security practices appropriate to the emerging project(s) of synthetic biology.  SynBERC, along with other organizational strategies for the production of synthetic biology, must take up pervasive concerns flowing from the perception of risks that their technologies incur.  Their challenges include the useful definition of “security” itself in an environment of rapid changes, continually new problem-spaces and varying formulations of that which must constitute “security.”  The framings of security that come forward under SynBERC’s label constitute it as specific equipment that requires problematization and development.  


Critical examination of the strategy that SynBERC principle investigators among others propose in an article publication, “DNA synthesis and biological security,” enables us to interrogate an example of claims and propositions that identify SynBERC’s official orientation on security.  This analysis will denaturalize in order to present for reflection several of the conditions of the formation of this proposal, its truth claims and its ethical orientations, and its capabilities and limitations.  The focus will be to incite a different mode of considering SynBERC’s habits in positioning human actors and scientific and organizational technology in ethical relation to each other within the practice of synthetic biology, as SynBERC undertakes to administrate security.    

Some Contemporary Formative Conditions 


Dynamic conditions inform SynBERC’s design of security practice.  SynBERC’s undertaking to optimize or “deliver” security participates in ongoing national and international inquiry into security in synthetic biology: it must assemble the means to optimize the assurance of security when “security” functions as a “blackbox” covering under-determined risks and capabilities.  It occurs through configurations of entrepreneurial and governmental actors enacting forceful power differentials and converging in set venues with multiple and frequently competing priorities.  
Synthesizing Security with Church and Endy

The article “DNA Synthesis and Biological Security” first appeared in public in the June 2007 issue of the niche publication Nature Biotechnology.  The international (primarily American and European) conference Synthetic Biology 3.0 later in June gave a moment to recognize the article at the opening of the segment on security as a recent text of reference in the discourse on security in synthetic biology.  As an object of consideration, the template to security that the article authors describe and legitimate comprises a notable contribution by SynBERC to the constitution of “biological security;” including assumptions and norms to integrate.  


A summary at the beginning of the article negotiates its intention and advertises its reasoning as the article will throughout: “A group of academics, industry executives and security experts propose an oversight framework to address concerns over the security of research involving commercial DNA synthesis” (“DNA Synthesis and Biological Security” 627).  The differentiation among the actors that the proposal involves, “academics, industry executives and security experts,” immediately sets out a separation between university researchers, commercial businessmen and government, which connotes separate agendas and separate interests, which a “Competing Interests Statement” reinforces, and which multiple affiliations (by Drew Endy and George Church as examples) contradict
.  Simultaneously, the implicit unification of the authors establishes that their proposal is an appropriately inclusive act – and appropriately exclusive, since it convenes only these interests as if they should be determinant.  Non-specificity around “concerns” similarly masks those whose “concerns” do and do not come into discussion.  This categorization and decontextualization, by functioning as abstraction, entails certain strategic effects in the construction of the discussion.  It delineates an artificial schematization among structures on which their proposal relies.  It facilitates the indeterminacy of the extent to which the article’s security design represents or incorporates different interests.  It diminishes the question of more extensive participation.  From these ambiguous and exclusive legitimizations of their authority, the authors move into consolidating their proposal that they administrate security.    


The text advertises “the best practical path forward” as a sequence of accountability, or specific contracts with controlling effects, in the line of acquisition, which should prepare against threatening applications of synthetic technologies.  The text identifies the security problem in terms of access and dual use and the recurrent safety/security distinction; the solution in terms of modular security production, accountability and the relevant framework of oversight or governance.  This section will open onto this interpretation of security in a frame of incorporating responsible relationships in synthetic biology that might be useful to security aims: looking at representations of the limits between users’ capabilities and ethical dispositions and biological technology, commercial interests, commodification of security and its effects on the diffusion of responsibility, organizational techniques of policing as a governance form, and possibilities for participatory, responsible modes of governance for synthetic biology that might enable mutual initiative and dignity together.  This exercise’s limitations do not exclude the more important possibility of being able to further, and rigorously, put the work of SynBERC’s security rhetoric into question as its security equipment manifests itself as such.     


The text evolves its proposals from the perception, stated in the third and fourth lines, that, “Like any powerful technology, DNA synthesis has the potential to be purposefully misapplied.  Misuse of DNA-synthesis technology could give rise to both known and unforeseeable threats to our biological safety and security” (627).  The anticipation of purposeful misapplication or misuse as threats, along with the identification of difference between the stakes of safety and security, aligns these claims by the plan with United States and European framing of the security problem space, and the implications.  The text situates the risk in the power and potentiality of the technology for “bad uses,” which the text explicitly cuts apart from accidents in the process of duty by describing these former as intentional (“purposeful”).  Therefore, “bad uses” imply “bad users” in a moral or hostile sense.  The safety-security split, born in the United States within the nuancing possibilities of English and more widely utilized in Europe, operates as an extension of this strategic emphasis.
  As taken up at Synthetic Biology 3.0, “safety” refers to “unintentional exposure and accidental release” in contrast to “security,” defined as “intentional misuse [including] loss, theft, misuse, diversion, and intentional release.”  In these instances, security and its potential violators are constituted in terms of technology-users’ moral or sympathetic purpose toward “our” wellbeing or the opposite.  Biological security, in this frame, requires work to limit how efficaciously “bad users” can access the ready and potential capabilities of synthesis technologies.  


Complex problems around defining and assuring “good users” remain.  What (immediate, enabling, permissive, or other) relationship to the technology constitutes a “user?”  Could this include makers, sponsors, consumers, any civilian voter, for example?  What are adequate criteria for approving a “good user?”  Who can and should identify “good users?”  Through what mode of work can we optimize the assurance of “good users” of synthetic biology?  The article’s argument takes for granted that bringing these technologies into the world creates possibilities for benefits that intrinsically justify the risk of harm through these technologies; it omits the question of whether to approve well-intentioned scientists’ access to these technologies as “good users.”  A legitimization of risk to promote scientific research happens: “we” do not need to protect ourselves against ambitious scientists as they exemplify “good users” as long as they perform evident and formal identification with “our” wellbeing.  The question presents itself: is this mode of relating to “our” wellbeing adequate?  Should access further require active identification with an organizational enterprise to advance “our” wellbeing, an identity as a scientist, producer or technology-user in general that involves responsibility and initiative, a reflective disposition toward synthetic biology in a frame of national and global citizenship?  Positioning “technical” “safety” hazards acceptably apart from “political” threats could be a limitation once it simplistically decouples “political” responsibility from technical safety practice.  The problems of usefully bringing out how scientists (or engineers) relate to “our” wellbeing, form these habits, expand, retain or discard them due to suffering personal disappointment or prioritizing supposedly competing values, and take responsibility for their participation in “scientific” and organizational technologies, comprise some relevant questions within the determination of their discretionary powers and constraints.  


The framing of the problem contributes to the design of security and the work that this constitution of security does and could do.  We can recognize several implicit claims: disorder and bad users carry danger, security work will be uniform, regular and in sequences or a pathway, good users can be disciplined and verified through administrative procedures, everybody should just do their job, some risks will be unforeseeable and preparation will never be complete, and optimal control provides the most guarantee or the best “product” of security.
  Out of this convergence of ontological and ethical assumptions, “accountability” and “oversight framework of governance” become intelligible as forms of contract that perceive and prioritize certain effects.  
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� Reconstruction in Philosophy, quoted in “Human Practices: Interfacing 3 Modes of Collaboration” by Paul Rabinow and Gaymon Bennett, 2007.  


� Drew Endy and George Church participate both from Codon Devices, from universities in the United States and from a US National Science Foundation institution.    


� Introduction to “Safety, Security and Risk Perception” panel at Synthetic Biology 3.0, June 2007, film archive available online at www.syntheticbiology3.ethz.ch/sunday.htm.


� These claims can be studied in relation to culture-specific, contingent strategy in relation to disorder, the inception and production of administration, the norm of regularization as a particular set of narratives, neo-liberal work ethic, professionalization, the interpretation of “expertise,” risk analysis, the post-9/11 regime of fear, and the linking of scientific research to commerce and to national funding.  Here, we can only observe that these specific cultural, economic and political forces inform current dispositions that assemble and re-assemble in the framing of security, and acknowledge that research into them would be relevant to examining the present moment in security administration.      





