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ABSTRACT 

 
 

The Social Relations of a Basic Life Science Laboratory and Its Heterotopic Milieu 
 

by 
 

Timothy J. Chryssikos 
 

The social relations of a “basic” life science laboratory, its relations to the other 

life sciences, to the physical sciences, to clinical medicine, and to the economic 

imperatives of the present era, are examined. This work attends to some of the “day to 

day” activities of this group as it transitioned to a state-of-the-art, architecturally “open” 

and strategically situated research facility, an edifice designed to enhance “unplanned” 

interactions among its variously trained occupants and other representatives of 

historically specific disciplinary traditions. These activities are situated within a broader 

discussion of this laboratory’s primary disciplinary influences and the specific epistemic 

contests in which it was primarily invested. It therefore approaches the primary site of 

ethnographic research as a “heterotopic” space (following Foucault), one that 

encompasses potentially disparate elements and modalities including the three-

dimensional spaces that are given to ordinary sense perception, interpretive models and 

their connections to concrete experimental sequences, and the various “spaces” (or 

“fields”) of social life (following Bourdieu). A theorization of these relations is carefully 

distinguished from previous approaches in “sciences studies” and elsewhere, thereby 

providing a different framework for analyzing inter-scientific relations.  
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Although certain biological and chemical entities and experiments related to these entities 

are described (often in great detail), and while the history of the relevant branches of 

knowledge in which some of these entities have been most carefully studied are discussed 

(often at great length), I wish to stress to the reader that this work is not intended as a 

primary source of information in biology, chemistry, physics, or any of the respective 

sub-fields of these disciplines. All actors mentioned herein have been give pseudonyms. 

In some cases, biological entities themselves have been given pseudonyms in an attempt 
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PART I 
 

 

This work is primarily about the social relations of a “basic” life science 

laboratory, its relations to the other life sciences, to the physical sciences, to clinical 

medicine, and to the economic imperatives of the present era. It is about how a laboratory 

representing a historically specific disciplinary tradition established itself alongside other 

disciplinary representatives during its transition to a state-of-the-art, architecturally 

“open” and strategically situated research facility, the original raison d’être of which was 

to encourage productive relations across the traditional boundaries and institutions of the 

research university, the hospital and the school of medicine, and the modern bio-

technology/pharmaceutical industry – various elements of which  might or might not be 

enticed for one reason or another to take up residence within it. The tower into which this 

and other laboratories moved - the “collaboration building” – was erected upon the outer 

reaches of a relatively small research university campus, within walking distance of a 

large and diverse volume of biomedical scientists, clinicians, and surgeons employed by a 

series of local hospitals and research institutes. This collaboration building was designed 

according to one among a number of competing architectural plans with the stated 

intention of enhancing informal scientific interactions among its occupants. A structural 

biologist not directly affiliated with the project but employed by a local school of 

medicine observed from a distance that the collaboration building therefore represented 

something of a “social experiment” in science (Interview, 23 April 2008). 

Alongside an ethnographic examination of epistemic engagements involving 

researchers invested in the same and different fields of scientific research, the present 
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work attends to this basic life science laboratory’s encounter with this space’s explicit - if 

not entirely new or unique - ethos of “collaboration.” Examined herein are some of the 

day-to-day activities of this group, its professional aims, and the calls it encountered to 

“converge” with other disciplinary formations, on the one hand, and to expedite the 

“translation” of basic research into actual benefits to human health and the economy, on 

the other – exhortations all made at one point or another in the name of “collaboration.” 1 

Perhaps above all, this work is also about the continuing influence of those historical and 

institutional forces that have remained largely impervious to these and other attempts to 

“fuse” the disciplines. Although in the present context I found that the concrete 

infrastructural innovations enacted upon the three-dimensional spaces of research were 

not inconsequential, I discovered that the scientific actors inhabiting the collaboration 

building nevertheless persisted in simultaneously inhabiting “other spaces,” social arenas 

of a vastly different constitution and historicity that I would argue are as “real” as the 

physical structure itself. Operating largely according to their own internal dynamics and 

despite their local “emplacement,” these “other” social spaces preceded the construction 

of the collaboration building and will endure well into the foreseeable future.  

Increasingly over the past decade much effort has been dedicated to understanding the 

nature of collective research activities within and across the disciplinary and institutional 

boundaries of the scientific and clinical disciplines and to identifying the factors that help 

                                                        
1 To be clear, the point of this work is not to parse out each and every referent of 
“collaboration” – others have already done an admirable job in establishing the grounds 
for a terminological analysis within the social study of scientific collaboration. Diane 
Sonnenwald (2007), for instance, has provided a very complete review of the usages and 
connotations of the term “scientific collaboration,” and she attends lucidly to frequently 
used distinctions including “intra,” “inter,” “multi,” and “cross-disciplinary” science, as 
well as the institutional configurations most commonly associated with these terms.  
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and hinder these undertakings. In parallel with these trends, demonstration of cooperation 

among so-called “complementary” forms of epistemic expertise has increasingly become 

an institutional requirement for securing the kinds of prestigious grants most coveted by 

the institutions of higher learning and research,2 and undoubtedly there are many who 

agree wholeheartedly with the assertion that configurations of this sort are vital to the 

success of present and future biomedical research. These institutional imperatives are 

reflected in the rhetoric of contemporary research managers and scientists who feel, 

perhaps as a result of its supposedly inherent “provocativeness,” that inter-scientific 

research is a valuable pursuit in and of itself. As such, and for all of these reasons, 

“scientific collaboration” has taken on the status of an institutional value. The 

implications of institutionalizing “collaboration” as an organizational value – for 

                                                        
2 I had the opportunity to speak with one of the collaboration building’s resident 
biomedical engineers who, interestingly, had undertaken the study of philosophy an 
undergraduate, and he distinguished three distinct kinds of collaborations: (1) 
collaboration “out of necessity,” which primarily points to the “multi-disciplinary” 
requirements of many current funding mechanisms; and (2) collaborations arising out of 
epistemic “need” – for example, although money might not be an issue a scientist or 
engineer may nevertheless require and therefore call upon the assistance of an expert in 
another field of knowledge in order to address a crucial question within their own overall 
research agenda; and (3) collaborations arising “for fun,” or for the enhancement of 
collegiality and/or other reasons (Interview, 7 December 2009). I presented this “native” 
conception of collaboration to one of this researcher’s would-be collaborators in the new 
building, the principle scientific actor of the present work. Said this life scientist 
(Interview, 10 December 2009):  
 

That’s exactly it - I agree with that wholeheartedly! I think that is a very good 
assessment. I have written collaborative grants with people for all of those 
reasons. In particular, the funding environment nowadays is such that you often 
have to have “multi-pronged” attacks on specific questions, resulting in grants 
with multiple co-principal investigators. I have a set of expertise that people want 
sometimes, and other people have different skill sets, and so we write 
collaborative grants for that reason. It sometimes probably gets done regardless of 
the money or not. Other times the money comes and the project as proposed 
doesn’t get done as originally proposed. So I would agree that this is a fairly 
accurate assessment.  
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governing bodies, for institutes of teaching and research, for disciplines, and for 

individual actors – are still unfolding. What sorts of meanings do the differentially trained 

investigators and managers attach to “collaboration”? As for the sociological significance 

of these differences, how do they influence the unfolding of collaborative relationships - 

if they are initiated under any circumstances whatsoever?3  

The collaboration building was by no means the first of its kind. Although the 

designers of various scientific research facilities have considered the relations of the 

different disciplinary traditions since at least the 1960s and perhaps even earlier, 

beginning in the early 2000s a small coterie of influential university managers began to 

pay particular attention to a series of recently completed structures in various parts of the 

country claiming to operate explicitly under the banner of “scientific collaboration.” 

These university figures looked to these initiatives in search of lessons, ideas, and 

recommendations on how best to proceed with their own collaboration building, and in 

the summer of 2007 a team of anthropologists including the advisors of the present work 

accompanied some of these university delegates on a couple of “site visits” to other 

“collaboration buildings.” With the urging of these figures, a sustained investigation into 

the matter of inter-scientific collaboration involving the life sciences to be carried out by 

the present author commenced.  

                                                        
3 Among my earliest ethnographic observations: the relationship between “inter-scientific 
collaboration” and its referent is not entirely fixed, even within the same institution of 
research. As this term in particular moved throughout the different epistemic spaces of 
the university it notably took on different connotations. Thus, for some “interdisciplinary 
science” was synonymous with bench-to-bedside “translational research.” Others tended 
to apply the term on a smaller scale, without reference to the various institutions of 
research and regardless of any potential connection to clinical medicine or the economy 
(i.e. in a “purely” epistemic manner). Therefore, a hypothesis: “collaboration” functions 
rhetorically in different ways, and toward different ends, for the various scientific actors 
of the modern scientific enterprise. 
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To place the project in a better historical context, by the time construction on the 

collaboration building had commenced in earnest (between 2007 and 2008), many 

researchers from the university and the neighboring biomedical institutes had already 

established more or less sustained cooperative relationships with one another. In fact, a 

relatively long history of collaborative biomedical research among these institutions, 

dating back to pioneering work on the artificial heart in the 1960s, predated its very 

conception by decades. Nevertheless, by the turn of the twenty-first century collective 

epistemic engagements among the researchers of these institutions tended to arise 

through individually-driven processes of “self-assembly.” Increasingly, a number of 

managerial and scientific actors within the university wondered if something might be 

done to create more formal ties with these neighboring biomedical institutes. After all, the 

biomedical institutions possessed many of the things that the university community 

lacked, including access to a patient population sufficiently large for carrying out of 

clinical trials, tissue samples for experimentation, and innumerable clinicians and 

surgeons that might actually be able to implement some of the technical creations of the 

university faculty. And for its part, the university possessed remarkable strengths in areas 

of research that were notably lacking in the local biomedical community – computation, 

engineering, and physics, to name just a few. Perhaps, for instance, physicians caring for 

patients with rare genetic diseases might be interested in hearing what the neighboring 

university researchers actively investigating the underlying pathophysiological 

mechanisms responsible for these disorders might have to say, and maybe they could 
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even work together to implement novel treatments guided by the knowledge resulting 

from these studies.4  

By one estimate, at the time of the building’s construction there were 

approximately twenty thousand doctoral level scientists, physicians, and surgeons 

working within walking distance of the university’s laboratories and classrooms. This 

alone, according one of the collaboration building’s principal managers, “[should] serve 

as an engine to take fundamental research and translate it in ways that makes other 

peoples’ lives better" (Public speech, 20 January 2011). By populating the edifice with 

carefully selected researchers and a highly specialized staff to support their initiatives – 

both financially and bureaucratically – invested managerial figures articulated hopes not 

only of facilitating advances in the basic research of these scientific actors but also (and 

increasingly as I spent time in the field) of facilitating the emergence of “commercially 

viable” products from this research in a manner that not only brought revenue to the 

university but also stimulated local economic growth while providing a unique training 

opportunity for commercially-minded life scientist and engineers. While “extra-

academic” connections of this sort were present within the earliest written plans for the 

                                                        
4 One important historical precedent to the collaboration building was a series of 
philanthropic grants dating back to 1990 which led to the creation of a “consortium” of 
researchers from among the university and neighboring biomedical institutes. With these 
funds, local scientific and managerial actors set out to organize “collaborative research 
teams” and training programs in the life sciences at their “points of intersection,” thereby 
catalyzing research on problems requiring multiple lines of expertise, often in the form of 
seed grants. Organized into individual “blocks” and “clusters,” this meta-institution 
eventually established residence within the collaboration building - its “natural home.” 
Collaborative research teams and training programs of the “consortium” included but 
were not limited to: biochemistry, biological and biomedical engineering, physics, 
computer science, theoretical and computational neuroscience, bioinformatics, genomics, 
magnetic resonance and crystallography, early disease detection, and regenerative 
medicine. 
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collaboration building, the degree to which they figured into explicit statements regarding 

the edifice’s “mission” increased over time. Eventually, the university hired a “match-

making” personnel figure to identify and pair up potential research “couples” between the 

university and the local biomedical institutions as well as another managerial figure to 

help cultivate industry-academy relations in order to fill out the remaining space currently 

lying “fallow” in the collaboration building. 

During the first phase of ethnographic research (Spring and Fall of 2008), as 

demarcated from a second phase of ethnographic research conducted within a laboratory  

of the collaboration building (Spring 2009 to Summer 2011), I set out to engage a number 

of researchers and other personnel from the university and the local biomedical 

institutions in order to gather their thoughts, if applicable, on the meaning and role of 

“scientific collaboration” both generally and in their own research programs, to gauge 

their interest - real or hypothetical - in participating in the life of the collaboration 

building, and to identify any stakes these individuals might have in its success.5 The 

results of these preliminary inquiries on both sides of the basic/clinical divide revealed a 

plethora of observations, impressions, judgments, convictions, and presuppositions. 

Many of these sentiments seem to have been strongly guided by the respective disciplines 

of the investigators and the nature of their specific lines of research, with most decidedly 

“in favor” of the “idea” of collaboration in the broadest terms possible. As already noted 

some individuals spoke in general terms about inter-scientific research as a value in and 

                                                        
5 This earlier phase of ethnographic research was initially carried out within the 
parameters of an undergraduate research practicum, for which the author served as a 
teaching assistant under the guidance of a team of three anthropology faculty members 
(Spring 2008), and was later continued by the author for some time following the 
conclusion of the course (Fall 2008).  
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of itself, beyond the situated perspective of any individual program, while others pointed 

to hypothetical arrangements by which connections to basic and/or clinical research 

might support and/or extend their own programs. Hesitations regarding collaboration 

included the well-known fear that many junior faculty have in venturing outside of the 

fields of expertise in which they ultimately seek tenure and long-term job security, the 

increased bureaucratic burden of teaming with investigators from different institutions 

and especially the cost this might have on actually being able to “do science.”  

Historically, in establishing and furthering an academic career in the research 

university, the investigator must demonstrate his or her proficiency in a specific body of 

disciplinary knowledge. Thus, as many, many scientists, engineers, and administrators 

told me, over and again, there are disincentives to reach out across the disciplinary 

boundaries precisely because this research might not be recognized by those deciding on 

matters of tenure and promotion, and therefore such initiatives may very well represent 

“opportunity costs” to establishing and advancing a career in the academy. “It is hard 

enough to do research within one’s own chosen field,” some now disembodied voice 

continued to remind me. This is, importantly, not the case with every discipline and 

department of the university. Importantly, this appears to be increasingly less of a concern 

to the some of the new, engineering-based disciplines, which from what I gleaned have 

started to take a more open approach to inter-scientific collaboration in their own 

procedures of tenure review. The life scientists of more ‘traditional” university 

departments, as well as many of the “basic scientists” of the local biomedical institutions, 

must continue to pass through more traditionally defined criteria in establishing academic 

research careers within their chosen discipline. In certain cases, these demands are so 
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great that they limit the opportunity to establish new epistemic relations even with other 

laboratories within the discipline. Some of the researchers consulted spoke of 

“collaboration” in terms of the historical relations between the university and the local 

biomedical institutions, and in this regard they were alternately favorable or pessimistic. 

Many if not most within the university community expressed a favorable opinion of the 

collaboration building and its initial guiding philosophy – to enhance interactions across 

the epistemic boundaries - with some even wondering what had taken the university so 

long to try to establish more concrete and formal connections with the local biomedical 

community. A few expressed reservations about the collaboration project, pointing out 

that it might ultimately constitute a financial drain on the rest of the university, 

potentially hurting those parties with little or nothing to gain by its existence.  

One physical science researcher brought to my attention their understanding of 

the “psychology” of collaboration, which they argued had been lost in discussions of 

scientific collaboration (most especially among peers). As a participant and occasional 

manager of collaborations, this individual suggested that scientific collaborations involve 

the same basic things as in any other kind of interpersonal relationship, and that this is a 

simple fact which tends to be overlooked by scientific policy makers. Communication, 

specifically regarding expected roles and outcomes, is crucial. Believing that some 

straightforward psychology might be helpful, this individual turned to the “business 

literature” for pointers on how to best facilitate scientific collaboration. Most of this 

literature, I learned through this figure, has to do with the management of individuals 

within hierarchical organizations in which the constitution of teams dedicated to specific 

pre-determined tasks are decided “from above,” and there is little information available 
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on the management of workers in conditions of limited or no hierarchical oversight or in 

“decentralized” situations, as typically happens in the setting of the academy As such, the 

rules and customs of inter-scientific collaboration tend to unfold somewhat 

idiosyncratically, starting afresh with each new collaboration, in part because potential 

research partners would never be so “neurotic” as to draw up a formal contract before 

starting out with the actual scientific undertaking (Field notes, 29 April 2009). Aside from 

placing investigators in spaces of contiguity and proximity, I came to believe that, 

especially in the case of the “fundamental” life sciences, the basic structure of the 

relations between the researchers of the collaboration building and the disciplines with 

which they were affiliated would be unlikely to change. The managers of the university 

did however increasingly advertise various “seed grants” specifically designed to bring 

the different disciplines together. Regarding this “top-down” approach to inter-scientific 

research, a local cancer biologist from a nearby institution confirmed: “money certainly 

helps to grease the wheels” (Field notes, 23 April 2008).  

During an interview (19 October 2009) I had with one of the university’s 

physicists regarding his own line of scientific expertise, he informed me that his own 

specialty – that of high-energy physics - cannot be undertaken by anyone but physicists, 

and are therefore it is inherently not a collaborative science. Furthermore, if a high-

energy physicist were to run into a materials problem, “he” would be unlikely to invite a 

materials scientist to become involved in “his” research in any kind of mutual fashion. 

Instead, “he” would more likely to call someone at his home institution for trouble-

shooting tips on how to address the problem. In the final analysis, this physicist 

acknowledged that this is a shortcoming of his discipline, although he refrained from 
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suggesting that it may have in any way directly contributed to the recent decreases in the 

amount of federal funding dedicated to research in fundamental physics. Interestingly, the 

university’s physics department declined to participate in the collaboration building 

project. Some said that it had to do with the amount of vibrations in the building, as it is 

situated right next to a major street. Whatever the case may have been, the physics 

department soon got its own brand new, state-of-the-art research facility, to be used 

exclusively for physics research, not too long after the collaboration building first opened 

its doors.  

Amidst these preliminary interactions, I met with one of the managers of the 

collaboration building, and this individual graciously provided me with a list of contacts 

including investigators from the different departments of the university that would soon 

be moving into the new structure. I received three responses inviting me to discuss my 

proposed research project and whether/how I might like to study the social and cultural 

dimensions of scientific collaboration in the respective laboratories of these investigators. 

Two came from the cell biology/biochemistry department and another came from the 

chemistry/materials science department. Fortuitously, one of the cell 

biology/biochemistry groups just happened to be in the midst of initiating a collaborative 

research project with the chemistry group. Furthermore, the faculty members from the 

two cell biology/biochemistry laboratories were quite close with one another, in a 

collegial sense, and they had arranged to move their laboratories into adjacent (i.e. non-

partitioned) laboratory spaces on the seventh floor of the new building. In essence, 

although I interacted more or less closely with each of these laboratories during the 

second phase of ethnographic research, I established primary “residence” in the cell 
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biology/biochemistry group that was to collaborate with the chemists/material scientists. 

In the pages that follow, I provide a historical context to the setting of ethnographic 

research and leave space for this laboratory’s own “voices” and its conceptualizations and 

judgments of “scientific collaboration.”  

 
 

* * * 
 
 

The principal investigator of this group and the primary scientific figure of the 

present work - “Dr. Snare” - is a “biochemist” and a “cell biologist” by stated disciplinary 

affiliation, and among other aspects of the eukaryotic (i.e. non-bacterial or nucleus-

containing) cell his group studies the physicochemical mechanisms (specifically the 

protein-based mechanisms) by which the lipid bilayer membranes6 in and of the 

eukaryotic cell fuse with one another. Dr. Snare remains equipped to investigate every 

aspect of the cell from the level of its nucleic acid (using basic “molecular biology” 

techniques) to the level of the cell itself (using the advanced techniques of microscopy). 

His primary research focus nevertheless falls definitively between the two, at the level of 

the “macromolecular” proteins that mediate fusion between membranes. 

                                                        
6 Since the 1970s life scientists have agreed that the chemical structure of the cell 
membrane, in its “thickness,” consists of two “leaflets” of “phospholipid” molecules 
individually arranged side-by-side with respect to one another. An individual 
phospholipid molecule contains a hydrophilic ( “water-loving”) and charged (polar) 
phosphate “head” group which, in the context of a bilayer, faces away from the interior of 
the bilayer toward the aqueous environments of the cell’s interior and exterior. Bound to 
these individual hydrophilic phosphate head groups are hydrophobic (“water-fearing”) 
lipid (nonpolar) “tails” which are collectively oriented toward the inner aspect of the 
bilayer, and thus shielded from the aqueous environments inside and outside of the cell. 
These individual phospholipid molecules may move laterally with respect to one another 
but only “flip” form one leaflet to another under special circumstances (e.g., as a signal of 
“apoptosis” or “programmed cell death”) (“The fluid mosaic model” proposed by Singer 
and Nicolson in 1972) (See Morange 2013; Nelson and Cox 2013).  
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Figures 1A and 1B. Above (1A): Electron micrograph of a cellular membrane (2,500 X) 
from a 1985 biology textbook for students. Below (1B): Early “cartoon” representation of 
a lipid bilayer studded with proteins, consistent with the “fluid mosaic model” of Singer 
and Nicolson (1972), again from 1985. From MODERN BIOLOGY, Student Edition. 
Copyright © 1985 by Holt, Rinehart and Winston.  All rights reserved. Used by 
permission of the publisher, Houghton Mifflin Harcourt Publishing Company. 
 
 

 
 

 
 

My first, last, and every impression in between of Dr. Snare was that he was an 

incredibly friendly and approachable figure who is, above all, serious about his research 

and about helping his students. He was the kind of scientist that did not mind if his 

graduate students called him by his first name, although most of the undergraduates 
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referred to him as “Dr. Snare.” I have heard stories about scientists that stare at the floor 

when passing by colleagues in the hallway, acknowledging no one. This is not how Dr. 

Snare operates. The doors to his laboratory were almost always unlocked and his office 

door was almost always open. Although he might be typing an email, speaking to a 

colleague on the telephone, or carefully reading an article at his desk, you could pretty 

much drop by at any time to speak with him or ask him a question. In addition to 

spending time in Dr. Snare’s laboratory and occasionally outside of it with his graduate 

students, post-doctoral researcher, and research technician, I also met periodically with 

Dr. Snare, to discuss topics including inter-scientific collaboration, both in general and as 

it specifically related to his own research, the place of his research in the larger 

biomedical “ecology,” and about the specific scientific concepts and techniques 

employed by his group. He would, for instance, go over things like the interpretation of 

protein electrophoresis gels (“This is what I teach.”), or print out for me articles 

published by his group. “Make sure you are picking the brains of my students,” he would 

say. With the help of Dr. Snare and his group I tried to learn the science as best I could.  

Occasionally I would see Dr. Snare wearing a suit and tie if he had just returned 

from a conference or other professional meeting, but especially during the summer 

months a typical set of attire would include an untucked, striped “Polo” or short-sleeved 

button-down shirt, khaki or occasionally blue jean shorts, white New Balance ® sneakers 

and ankle-length crew socks. He had wire-framed glasses with large, circular lenses and 

kept his dark hair short, kind of like a “buzz-cut,” maybe a little bit longer on top. His 

close departmental colleague of over a decade and next-door neighbor in the 

collaboration building - let us call him “Dr. Chucks” – also wore glasses, had a salt-and-
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pepper beard and similarly colored hair, and tended to wear blue jeans, an untucked 

button-down short-sleeved shirt, and a pair of black Converse All-Star ® sneakers (i.e. 

“chucks”). The members of the respective laboratories joked that they were like 

“brothers-in-law,” and Dr. Chucks teased me that I had picked the wrong lab in which to 

study. Dr. Snare was obviously good friends with Dr. Chucks and they liked to tease each 

other from time to time, and vice versa. We all enjoyed witnessing these interactions. I 

had a chance to sit down with Dr. Chucks half-way through my time in the collaboration 

building to talk about the adjustment of his group to the new settings, ongoing 

interactions – both formal and informal – with other laboratories and especially Dr. 

Snare’s group, and his own research.7 I asked him why or how it was that he ended up 

working in science. Dr. Chucks, a full professor in the department and immensely 

accomplished scientist, stopped me and said something like: “You have to understand that 

                                                        
7 Dr. Chucks’ group studies inter-cellular signaling processes within neurons, supporting 
glial cells, and muscle tissue of Drosophila melanogaster (the common fruit fly). These 
fundamental processes are similar to those seen in human beings, and as such have been 
implicated in the pathophysiology of a number of diseases including neurofibromatosis 
and other neurologic disorders. The primary methods of Dr. Chucks’ group are genetic, 
anatomic (i.e. microscopy), and electrophysiology techniques, among others. Dr. Chucks 
remains a close departmental colleague, and a frequent “informal” - and sometimes 
“formal” (e.g., co-authors) - collaborator of Dr. Snare, and together they moved their 
laboratories and offices onto the seventh floor of the collaboration building. When I 
asked Dr. Chucks how it had come to be that his group would be moving into the 
collaboration building, he shrugged his shoulders and said he did not know. Either way, 
he liked the new facility and especially the “fly room” next to his laboratory benches. In 
the new setting, the laboratory spaces of Dr. Snare and Dr. Chucks were directly 
contiguous with respect to one another, without any intervening concrete partition (i.e. 
wall) separating their benches. The benches and supply rooms of Dr. Snare’s group 
occupied the northernmost wing of the research space, and the benches and “fly room” of 
Dr. Chucks’ group were located just a few feet away. The respective laboratory spaces of 
these two groups therefore were accessible at all times to the members of both groups – 
as well as other laboratories of the collaboration building. These two researchers kept the 
doors to their laboratories unlocked as much as possible, allowing any researcher or 
student within the building to come by.  



16 
 

 

the decisions that were made that resulted in my being here were made by an idiot kid in 

high school. I had no idea what I was doing” (Field notes, 23 October 2009). Dr. Snare 

himself had grown up in a small town in a Southern state, and with the exception of a few 

years spent as a post-doctoral researcher in a large Northeastern city had spent most of his 

time there. He attended college nearby and earned a Bachelor’s degree in biochemistry, 

and went on to earn his doctorate within the state as well. Dr. Chucks received his 

training on the West Coast.  

In addition to formal teaching responsibilities at the graduate and undergraduate 

level, Dr. Snare maintains a relatively small research laboratory that, at the time of field 

work, consisted of four graduate students (two female8 students originally from India and 

                                                        
8 A note on gender in/and science: henceforth, the present work does not explicitly attend 
to these connections. To be sure, the topic of gender in science-related studies is a very 
large topic indeed, and some admirable work has been done in investigating the 
relationship between the two. Indeed, a legitimate criticism of the present work is that I 
did not attend enough to matters of gender in/and science. A few observations, however: 
interestingly, during more than a few of the Snare laboratory’s weekly meetings, the male 
and female members of the group sat on either side of the long conference table, with Dr. 
Snare sitting at its head and directly facing the projection screen. One particular afternoon 
(Field notes, 28 September 2009), I found myself having a casual lunch with the Snare 
laboratory graduate students and post-doc in the lounge area adjacent to their offices, 
when one of the two female graduate students from India brought up the topic of religion. 
She asked the group, “What is the difference between a Christian and a ‘Born-again’ 
Christian?” This evolved into a discussion of marriage and kinship, and the female post-
doc from Iran eventually argued that men ought to wait until later in life to get married, 
so that they "know what they want." After lunch I returned to Dr. Snare’s laboratory to 
make some more gels, when I realized that the only members of laboratory present were 
the three females. We were all chatting with one another from across the various benches 
when I saw a chance to speak with all of these figures simultaneously, and I decided to 
ask them what it is "like to be female and working in the life sciences.” The responses 
were swift, almost as if that they had all been asked this question countless times before, 
and in unison they basically said that they feel no difference as a result of being female, 
and that there are equal opportunities for all, especially in the life sciences. One of the 
female graduate students from India did acknowledge that this might not be the case in 
other scientific fields, specifically in the physical sciences. If nothing else, this 
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two American males that had been in the laboratory for the longest duration and were 

therefore considered “senior” graduate students, one from the same Southern state as Dr. 

Snare and the other from a state in the “Mountain” time zone), four undergraduates 

present for various durations, a female post-doctoral researcher from Iran who had 

recently earned her doctorate from one of the nearby biomedical research institutes, and a 

male research technician also originally from the same large Southern state as Dr. Snare, 

an interesting figure who had previously worked in a number of  life science laboratories, 

both academic and industrial, and  who eventually left the laboratory not long before I did 

to become a high school biology teacher. All in all, Dr. Snare had to accomplish all of the 

things that go along with being a university faculty member in a scientific discipline: (1) 

running the laboratory: managing budgets; ordering materials, equipment, and 

instruments; liaison with sales representatives and facility managers; hiring laboratory 

technicians and delegating tasks; (2) advising students conducting research in the 

laboratory: communication; data management, notebooks, record-keeping; conflict 

resolution (there was none); recruiting, interviewing, and evaluating prospective 

laboratory members; (3) preparation for tenure review: keeping CV up-to-date and 

focused; composition of grants for intramural and extramural funding and generation of 

preliminary data for this purpose, prioritization of experiments and time management; 

publishing in high-impact journals; (4) teaching: statement of purpose; planning lectures 

and writing syllabi; grading; fielding questions; meeting with students; (5) professional 

meetings: scheduling; presenting and receiving feedback on new data; keeping current 

                                                                                                                                                                     
ethnographic vignette affirms the present need for more specific and systematic research 
studies on the connections between gender in/and science.  
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with new developments in the field; increase presence within the community of 

researchers; organize and preside over sessions; 

Depending on available funding, Dr. Snare consistently remained open to taking 

on other graduate students, and he encouraged the graduate students that had been newly 

admitted to his department to consider rotating through his own laboratory before 

deciding on which one to join on a more permanent basis for their doctoral research. A 

handful of these students passed through the laboratory for weeks at a time, conducting 

experiments at the bench alongside the other laboratory members and making 

presentations to the group during the weekly laboratory meeting. Especially in the case of 

these temporary rotating graduate students and also for the undergraduates, Dr. Snare and 

the more permanent members of his laboratory encouraged hands-on involvement in the 

scientific projects with which they had invested themselves, along the way providing 

training in a number of valuable laboratory techniques common to life science 

laboratories everywhere, including the construction of genetic “clones” (i.e. specific 

sequences of DNA to be incorporated into, replicated, and ultimately “expressed” or 

“translated” into proteins by a host organism), recombinant protein production using 

colonies of Escherichia coli bacteria, protein purification and characterization methods, 

and various techniques of microscopy, among other techniques.9 On his laboratory’s 

                                                        
9 As required by their educational programs first year graduate students in Dr. Snare’s 
department would rotate through various laboratories for a number of weeks at a time, in 
part large part to get a “feel” for whether it might be a “good fit” for them before 
committing full-time to a laboratory in which to pursue doctoral-level research. 
According to Dr. Snare’s graduate students, some laboratories tend to be more popular 
than others. They were convinced that each of the department’s laboratories has its own 
“personality.” They might say, “Did you meet this individual or that individual? They are 
definitely laboratory X, Y, or Z material." During my research, one of the laboratories 
that drawing a great deal of interest from the first-year graduate students studied the 
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website, Dr. Snare encouraged those interested to read through the research description 

and to contact him if interested: “A general interest in science is all that is needed, no 

microbiology or protein biochemistry experience required.” This was reassuring and 

indeed inviting to me in particular, and when I first met with Dr. Snare in the spring of 

2009 I indicated to him that I was interested in learning about scientific collaboration in 

part by the method of “participant-observation,” which to me included the opportunity to 

help his group out with their experiments and other kinds of “everyday” laboratory work 

– to the extent that my experience and knowledge allowed me to contribute.  

In addition to sociology and anthropology, as an undergraduate I myself had 

majored in biology and completed courses in general chemistry, organic chemistry, 

biochemistry, and physics, and between college and graduate school I had worked for two 

years as a research coordinator for a nuclear medicine physician specializing in the 

clinical applications of biomedical imaging techniques. Beyond the required laboratory 

components of my college courses, however, I had never participated in any serious 

“bench-style” research in the life sciences for any sustained period of time. It was in this 

regard that I felt I had some wherewithal for grasping the scientific concepts of the group, 

and incorporating them into a more robust sociological analysis in the end. In contrast to 

Latour and Woolgar and the approach of their seminal work, Laboratory Life: The Social 

Construction of Scientific Facts (1979), I therefore completely avoided going out of my 

way, as they did, to remain naïve about the connections between the “concrete” labors of 

the laboratory and the concepts or ideas to which they are inextricably connected, paying 

little if any attention to how well (or not) the activities of the laboratory members of Dr. 

                                                                                                                                                                     
biochemical underpinnings of cancer metastasis or the mechanisms by which malignant 
cells become able to invade healthy tissues (Field notes, 8 March 2010). 
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Snare’s laboratory conformed to their model of “literary inscription” and statement 

production and modification.10 From a methodological perspective, I wish it were 

                                                        
10 Apart from their straightforward (and indeed riveting) historical chapter on the 
competition for priority over the discovery of thyrotropin-releasing factor and other 
biological molecules of hypothalamic origin between soon-to-be 1977 Nobel Prize 
winners and former co-workers Roger Guillemin and Andrew Schally, a chapter that in 
my opinion could indeed stand on its very own, Latour and Woolgar (1979: 55) set out to 
analyze scientific “fact construction” in the laboratory of the former physiologist (at the 
Salk Institute for Biological Studies) by keeping completely separate from one another 
scientific concepts and the purely “literary” or discursive references to those concepts 
(i.e. “words or phonemes” which relate to “substances called releasing factors”). 
Although their work is thoroughly admirable for so many reasons and therefore remains 
the unquestioned standard of the subspecialty to which the present work speaks – one 
need only recall its illuminating bibliometric and economic analyses, its exquisite 
ethnographic details including its page-turning presentation of the “voices” of Dr. 
Guillemin’s laboratory workers themselves (“doctors” and “technicians”), its vivid 
description of the structural and programmatic layout of the laboratory space (separated 
into “chemistry” and “physiology” sections) and its reciprocal (“agonistic”) connection to 
the temporal process of “literary production,”  its introduction of the concepts “black 
box” and “inscription device” to the sociology of science, and so on - a current reading of 
Laboratory Life nevertheless leaves one with the sense that Latour and Woolgar felt, back 
in 1979, that their most profound contribution was the  observation that  the “material 
dimensions” of the laboratory, including and especially the various texts spit out by its 
data-generating instruments and the hand-written notes scribbled by technicians at the 
bench, seem to be completely forgotten once the candidate “fact” has been accepted as 
such upon its publication in a professional journal. Indeed, despite their professed 
aversion to the large-scale influences of historical events and institutions (not including 
their chapter chronicling the discovery of TRF and its aftermath) Latour and Woolgar 
(1979: 79) appear obsessed with the inevitable erasure of the small-scale, local histories 
ultimately that are responsible for the step-wise elevation of statements to unquestioned 
facts (i.e. from “type 1 [statements representing] the most speculative assertions” to “type 
5 statements [representing] the most fact-like entities”). With reference to Appadurai 
(1988), parts of Laboratory Life almost read like “the social life of statements,” as each is 
said to undergo modifications, moving upward or downward along the scale of facticity 
with the addition or subtraction of qualifying “modalities” by various (unmentioned) 
actors, each “superimposed” at different stages of their development with other 
“literatures” on the desks of scientists and technicians (Latour and Woolgar 1979: 48). 
While it is easy to make one’s own conclusions about the influences of power, status, and 
hierarchy from among the statements made by Dr. Guillemin’s laboratory workers, 
Latour and Woolgar largely overlook these dimensions and indeed explicitly attempt to 
obviate them by reference to their proposed model of a singular “credit cycle.” Their 
scale of analysis is much smaller than that of the present work. Although Latour and 
Woolgar (1979: 86) claim that “the laboratory is constantly performing operations on 
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possible to adopt the sentiment of the famous nineteenth-century Parisian physiologist, 

Claude Barnard, who wrote in An Introduction to the Study of Experimental Medicine, 

that the best theory consists in not having one. No need to rehash the distinction between 

“internal” and “external” accounts of science, I feel, for that is an old debate of less 

interest to a newer generation of analysts of science (see Kuhn 1977: 106-126).  

Dr. Snare welcomed me into his laboratory as it transitioned from its prior 

location near the center of the university campus to the seventh floor of the collaboration 

building, a vast laboratory space to be cohabited by a close departmental colleague and 

another laboratory specializing in the applications of membrane biophysics from the 

biomedical engineering department. With this gesture, Dr. Snare and the members of his 

laboratory (and the other laboratories as well) provided me with a unique opportunity to 

gain some insight into the social and cultural dimensions of his group under the above 

mentioned circumstances, and perhaps to arrive at some conclusions regarding the 

present state of interdisciplinary research involving the life sciences. I therefore started to 

read some of the previous publications of Dr. Snare’s group and began regularly attending 

its weekly laboratory meetings (every Wednesday at 10:00 AM). During the first few 

                                                                                                                                                                     
statements,” and although they effectively understand that all of the important dimensions 
of “laboratory life” unfold in these terms, they nevertheless provide no details about the 
specific actors that are supposedly performing these operations, nor do they offer any 
information about the specific contexts in which these operations have been performed. 
Their argument that facts exist within a network of texts represents can be viewed in 
retrospect as a radical idealization of the classic claim made in the philosophy of science 
regarding the consilience of inductions. Even more radical is a claim made by Latour and 
Woolgar (1979: 64) which now appears completely superfluous, even I would argue in 
the context of their own study: “The central importance of [the] material arrangement is 
that none of the phenomena ‘about which’ participants talk could exist without it. Without 
a bioassay, for example, a substance could not be said to exist.” 
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meetings I attended the group would occasionally take a step back to offer a broader 

context to the ongoing discussions of the progress of individual research projects.  

Early on, Dr. Snare indicated that he viewed my presence as potentially providing 

a unique perspective to his graduate students – a “different view of the world” – which, 

by his estimation, perhaps might prove valuable on the basis of its sheer difference from 

the day to day preoccupations of his laboratory. Dr. Snare’s stated primary goal as a 

mentor was, first and foremost to train his students to become independent scientists by 

teaching the techniques of science, “how to think scientifically,” and, if possible, how to 

“think outside the box.” Early on, Dr. Snare stated that he thinks infrequently if at all 

about the kinds of questions I was most interested in addressing. He acknowledged that 

uncertainty as to why he “does what [he does]” as a scientist, and perhaps I might have 

some answers. According to Dr. Snare, much of the everyday work of his laboratory 

might seem formulaic to an outsider (e.g., carrying out pre-established assays and 

experimental protocols, accounting for each and every experiment in one of the 

voluminous binders filling the shelves above the work benches in the laboratory, etc.), he 

believed that moments “out of the ordinary” nevertheless might happen every once in a 

while – and maybe I might be particularly interested in bearing witness to them. I assured 

Dr. Snare that I was interested in the entire gamut of scientific activity taking place, and 

that I would contribute as best I could to the day-to-day operations of his group as a 

participant, helping out his graduate and undergraduate students with their own research, 

as best I could, in the process.11 Dr. Snare promised to put me to work. In this position I 

                                                        
11 I spent a solid amount of time assisting the graduate and undergraduate students in Dr. 
Snare's laboratory with their ongoing efforts to generate data about the protein-based 
mechanisms of membrane fusion and, more distantly, other projects of interest including 
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work on an organelle known as the peroxisome. My role was limited, to be sure, but I 
remain immensely grateful in particular to one of Dr. Snare's “senior-most” graduate 
students, Terence, a kind and brilliant individual of about my age, someone with whom I 
shared many interests (i.e. sports, and especially football) and toward whom I developed 
a strong affective connection and friendship. Like Dr. Snare, Terence wore his blonde-
hair in a “buzz-cut” but he had blue eyes.  He would often wear blue jean shorts and 
sneakers to the lab, often with a baseball cap bearing the university’s athletic insignia. 
We played basketball at the university’s recreation center occasionally and flag-football 
on autumn Saturdays. He had a wife and a young child. He came over for dinner. He first 
became interested in science during a “Biology 101” course his freshman year of college 
taught by “an awesome teacher who inspired me and made me want to learn more.” 
According to Terence, “I saw the excitement in her and I started paying more attention, 
reading things and finding out how cool science is, how amazing that biology and life in 
general is” (Interview, 18 November 2009). He worked in a sleep study laboratory for a 
time and discovered that he did not particularly enjoy working with patients, and during 
his junior year he started doing research in a laboratory studying the phylogeny of 
iguanas. The principal investigator did “lots of fieldwork” and would bring back scales 
and tail clippings and Terence would sequence the DNA contained in them to try to 
figure out how all of the various iguana species are evolutionarily related to one another. 
Prior to joining the cell biology/biochemistry department as a graduate student he had not 
performed the kind of laboratory work he would eventually take up in Dr. Snare’s 
laboratory, but he did find in his coursework – which had come pretty easy to him - that it 
was more interesting. As for his understanding of the discipline into which the research 
of Dr. Snare’s laboratory fits, he stated: “We kind of dabble in both [biochemistry and 
cell biology] in our lab. [I would consider myself] more of a biochemist I guess, but now 
that I say that, it is like, maybe a cell biologist with an emphasis on biochemistry? It is 
difficult to answer the question because our lab is kind of on the interface between the 
two. I’ve always had a hard time defining which sub-classification of biology I would fall 
into…In the addressing the kinds of questions we ask, we try to relate to stuff that occurs 
in the cells, as a cell biologist, but we use biochemical methods, well I do at least” 
(Interview, 18 November 2009). From the start Terence made efforts to involve me in 
some of his day to day labors in Dr. Snare’s laboratory. By participating to the extent I 
could (based on the knowledge of the life sciences I possessed at the time), and to the 
extent that he and the other laboratory members were comfortable, these welcoming 
gestures enabled me to ask questions not only about the individual methodologies in 
which I found myself involved but also and beyond this some larger questions including 
how exactly these various purification and analytical techniques fit into the broader 
epistemic goals of the laboratory, driven as they were by the logic of hypothesis-driven 
experimentation. Not surprisingly, much of my efforts to help Dr. Snare’s students 
revolved around proteins. Under the supervision of Terence and the other laboratory 
members, I occasionally helped carry out the preliminary molecular biology work 
required for proceeding with protein experiments, including the polymerase chain 
reaction (PCR) using commercially purchased "kits." In this way, we made sufficient 
quantities of specific DNA fragments coding for specific proteins, fragments, or mutants 
thereof to be subsequently purified and studied in isolation. The members of the 
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laboratory would incorporate these fragments of DNA generated using PCR into 
plasmids (small, circular pieces of DNA), often containing an additional code for an 
antibiotic resistance gene downstream from the gene coding for the peptide of interest. I 
also sometimes helped incorporate these plasmids into actual colonies of Escherichia coli 
bacteria in a procedure known as "transformation," after which we would incite the 
colonies to grow and multiply in large flasks filled with nutrient-rich broth placed in 
heated "shaker" machines for specified amounts of time. At a certain point, we would add 
antibiotics to the colonies in order to kill off that portion of the bacterial population 
which had failed to incorporate the plasmids of interest (and therefore the antibiotic 
resistance gene), thereby leaving behind only those bacteria expressing the specific 
protein of interest. Subsequently, we would add a chemical to “induce” the E. coli to start 
expressing the protein and subsequently chemically lysed the bacteria after it had likely 
expressed the specific peptides of interest in sufficient quantities, thereby liberating these 
entities and the other contents of these cells into a foul-smelling, “sludge-like” of dead 
bacteria debris. Form here, we would set out to purify and isolate these peptides of 
interest through a series of stages, first by pressing the “sludge” through an sausage-
maker-like apparatus, after which the resulting mixture would be further treated by 
placing it in test tubes an ultracentrifuge. This would separate out the various layers of 
this mixture - one of which contained the peptides of interest - based on the differential 
weights of its constituents. In addition to these purification methods, I also sometimes 
helped Terence and the other members of the laboratory with techniques of 
characterization, including running solutions containing proteins of interest through the 
spectrophotometer machine in order to verify their presence by reference to known 
wavelength parameters. I also helped carry out, especially early on during my time in Dr. 
Snare’s laboratory, an assay called “amido black” which utilizes a special dye to stain 
and therefore verify the presence of proteins transferred onto a special membrane film 
paper. Beyond this, I occasionally worked with Dr. Snare’s laboratory technician to 
prepare common solutions used every day by all of the laboratory members, such as the 
“buffers” used to help keep the various proteins in a “neutral” state. The research 
technician also taught me how to prepare gels to be used in protein electrophoresis, a 
method of separating out various peptides form one another based on their weights and 
electrical charges, for purposes of analysis and verification. I made sure as best I could to 
keep one of the laboratory's many refrigerators fully stocked with these gels so that 
whenever any of the laboratory members needed one it would not be necessary for them 
to waste time making a gel for their own use. I also washed used glassware left in the 
laboratory's sinks and other everyday “chores” alongside the members of the laboratory. 
More interestingly, Terence showed me how to make artificial "liposomes" using a 
commercially purchased kit. I did not actually contribute to this, just mainly watched. 
These were small, spherical lipid bilayers serving as models of cells or organelles, and 
Terence and others used them very frequently in Dr. Snare’s laboratory. They would 
“reconstitute” specific purified proteins of interest into their surface membranes and 
subsequently place them in solution with other liposomes with the same or other proteins 
of interest in order to determine whether or not these entities might fuse them. I often 
witnessed but did not directly participate in the fluorescence-based measurements used to 
determine whether or not fusion events had taken place within this experimental 
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quickly learned that the field of membrane fusion research is incredibly specialized, and 

that a commensurate level of specialized expertise is required to produce new knowledge 

within it. According to Dr. Snare, although enrolling his students in this highly 

specialized and competitive field is undoubtedly the best way to teach them “science,” 

the invitation to think about the things they do on a practical level from a completely 

foreign perspective - by going “way outside the box” with anthropology – might 

supplement their own understandings of scientific activity. I would be absolutely thrilled 

if Dr. Snare and the members of his laboratory benefited in any way from the 

conversations we had and the “parlor games” I occasionally invited them to play. Above 

all, I am eternally grateful and indebted to them. From very early on in the course of 

fieldwork, and repeated later on, one of the things that Dr. Snare used to say was that the 

decisions that were made to construct and populate the collaboration building were not 

“based on science.” I hope that, if nothing else, the present work has been faithful to 

science itself. 

With the exception of a unique “membrane fusion assay,” perhaps, the general 

capabilities of Dr. Snare’s laboratory overlap with those already provided by the research 

laboratories of the nearby biomedical institutions. Unlike the clinical service laboratories 

                                                                                                                                                                     
arrangement, although Dr. Snare, Terence, and others made sure to explain the physics 
and chemistry behind this “bread and butter” methodology of the laboratory. Lastly, I 
worked closely with Terence to carry out a series of tedious analytical efforts based on 
running a number of proteins and mutants thereof through carefully, painstakingly 
prepared “gradients” in test tubes to be run through the ultracentrifuge, specifically in 
order to separate and subsequently isolate them. In this manner, I did my best to help 
Terence try to make sense of the “gross morphology” of these proteins of interest. 
Although efforts were ongoing with collaborators to “crystallize” and subsequently 
obtain X-ray diffraction data of these proteins, which would have provided the best 
“picture,” Terence had turned to this approach in order to gain a basic sense of how 
exactly these proteins work, biochemically speaking, in carrying out their known 
functions in the cell (i.e. membrane fusion). 
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of these institutions, Dr. Snare had no interest in providing diagnostic services, and while 

I believe in theory that this could have been technologically arranged and executed 

without issue, this is completely foreign to the kind of work in which Dr. Snare and his 

group is involved. This is certainly not to suggest that Dr. Snare was uninterested in the 

medical applications of his research or that he was in any way keen to isolate himself 

from this community – far from it. For one thing, basic research studies that are 

incredibly similar to those undertaken everyday in Dr. Snare’s laboratory are routinely 

carried out in medical settings, and a substantial portion of the investigators comprising 

the field of membrane fusion research work in schools of medicine. Dr. Snare received 

his training in medical institutions, and many of his former students have gone on to 

either work in such settings or become medical doctors themselves.  

Although Dr. Snare did not have any collaborative interactions with practicing 

physicians or surgeons on a professional level during my time in the collaboration 

building - at least none that I was aware of - the kind of research he produces and the type 

of teaching that he offers is of immense value to clinical medicine for a variety of 

reasons. In general, molecular life science and its techniques have been central to modern 

medicine for quite some time now, and few could argue with the advances they have 

precipitated over the last hundred years. To provide a few classic examples, researchers 

have explained the pathophysiology of diabetes by recourse to knowledge of the chemical 

structure and functional behavior of insulin and have shown that the pathophysiology of 

cystic fibrosis most commonly results from a single amino acid substitution in the 

primary structure of a chloride ion channel expressed in the lung and pancreas. Clinical 

service-oriented biochemists routinely study the enzyme kinetics of isolated tissue 
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extracts from patients in order establish definitive diagnoses of inborn errors of 

metabolism, and basic science researchers have elucidated the molecular mechanisms 

responsible for the deleterious effects of certain toxic substances, providing the rationale 

for specific antidotes. The list goes on and on.  

Dr. Snare and his professional colleagues teach the science behind these and many 

other elements of molecular-based medicine. As such, they collectively provide basic 

science training to pre-medical undergraduates and first and second year medical students 

as part of the general curriculum required in this country ever since the Flexner Report of 

1910 (Kohler 1982). It has certainly not escaped Dr. Snare’s notice that much of his 

pedagogical efforts are directed toward the training of future physicians, and indeed he 

rightly considers this to be one of his many contributions to medicine. From what I could 

tell, it would be a mistake to suggest that Dr. Snare’s teaching commitments are any less 

important to him than his own research. To provide an example, Dr. Snare recounted to 

me the steps he routinely takes in order to stay updated on recent developments outside of 

the scope of his own research, but which are nevertheless of importance to molecular life 

science understood broadly. According to Dr. Snare, “I don’t always know what is current 

in the community at large.” When attending certain professional conferences, for 

instance, Dr. Snare might “ listen to a cytoskeleton lecture or a molecular motors lecture” 

in order to gain a more intimate familiarity with these and other subjects he might be 

asked to teach, beyond what is simply stated in textbooks (Interview, 10 December 2009). 

Perhaps he might also agree that this helps keep him up to date on novel techniques that 

might be of use to his own research program. Although many of Dr. Snare’s 

undergraduate students will go on to pursue careers in medicine and fields other than 
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basic science, Dr. Snare reiterated, time and again, that his primary goal is to teach 

students “science,” and if they be interested “how to do science” and “think 

scientifically” (Interview, 10 December 2009).  

As already alluded to, one of the reasons Dr. Snare was excited about moving to 

the new collaboration building was that he and his group would get work in closer 

proximity to Dr. Chucks and his group. In addition to continuing his main research focus 

on membrane fusion among the vesicles and organelles of the cellular “secretion” 

pathway – a continuation of the primary biological "theme" of the laboratory in which 

Dr. Snare had earlier worked as a post-doctoral researcher - the connection with Dr. 

Chucks’ group also enabled him to return to some of the earlier threads of research he had 

previously worked on as a graduate student. Back then, Dr. Snare focused primarily on an 

organelle known as the peroxisome.12 Dr. Snare completed his doctoral degree on the 

                                                        
12 As with the other organelles of the eukaryotic cell, the peroxisome is bounded by a 
membrane consisting of a phospholipid bilayer and a set of proteins embedded partially 
or completely within it, alternately abutting the cytoplasm, the lumen of the organelle, or 
both. Again, similar to the other organelles, the membrane of the peroxisome provides a 
bounded milieu that is physically and chemically distinct form the other compartments of 
the cell. As such, it is specifically suited to carrying out the functions that are specific to 
it. In the case of the peroxisome, its internal environment is optimally suited to the 
activity of a number of specific enzymes. Some of these enzymes metabolize very long-
chain fatty acids, in turn generating energy for the cell, while others carry out certain 
synthetic functions. Yet another set of the peroxisomal enzymes have been shown to play 
a role in the neutralization of certain toxins, including the membrane-damaging reactive 
oxygen species that routinely arise within the cell as a by-product of many of its 
“normal” or “constitutive” chemical reactions (Nelson and Cox 2013). Other proteins 
specifically targeted to the interior of the peroxisome following synthesis (often via a 
special “peroxisome targeting sequence” or “PTS” encoded within the peptide itself) 
include the peroxisomal matrix proteins (or PMPs), a number of which are believed to 
play a role in the biogenesis of the organelle, contribute to its structural integrity, and 
carry out various signaling or transport functions as receptors or transporter proteins on 
the surface of the organelle (Nelson and Cox 2013). Similar to other organelles, many of 
the proteins spanning the lipid bilayer membrane of the peroxisome selectively permit 
certain molecules and ions to pass into the interior of the organelle, and, as such, 
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intracellular trafficking patterns of proteins and other cellular entities specifically related 

to the peroxisome, a membrane-bound organelle containing enzymes involved in 

metabolic reactions including fatty acid metabolism, reactive oxygen species 

neutralization, and certain synthetic functions, and which was only relatively recently 

“discovered,” in 1967, by the Belgian researcher Christian de Duve (Droscher 2009). One 

                                                                                                                                                                     
contribute to the maintenance of the constant internal chemical environment that is 
distinct from the other compartments of the cell. As a graduate student, Dr. Snare 
provided insight into how exactly the proteins destined for the peroxisome actually get 
there. Although it was clear that proteins destined to become embedded in the peroxisome 
membrane contain specific targeting sequences, none had been identified before Dr. 
Snare set out to tackle the problem. In combination with fluorescent microscopy for 
purposes of visual verification and intracellular tracking, Dr. Snare was able to define the 
specific region and amino acid sequence within a particular peroxisomal matrix protein 
(PMP) that is responsible for its being sorted to the peroxisome. He and his group 
accomplished this by creating and investigating the functional outcomes of various 
“mutant” versions of that PMP. Specifically, Dr. Snare and his advisors showed that a 
specific segment of the protein, predicted to face the interior of the organelle, is the 
coding sequence responsible for proper targeting to the peroxisome (Reference). Ever 
since, Dr. Snare has continued to pay attention to the field of peroxisome biochemistry, 
physiology, and morphogenesis in addition to his other, more recent investments in the 
field of membrane fusion research. Specifically, Dr. Snare has kept an eye on the ongoing 
problem of how protein molecules get transported into the peroxisome, or “protein 
translocation” from the cytoplasm into the lumen of the peroxisome across the 
peroxisomal membrane, questions that remain an incompletely solved to this day. As a 
graduate student, Dr. Snare had found that the proteins capable of crossing the 
peroxisomal membrane are not threaded through a pore or channel in a linear, one 
dimensional manner (i.e. the protein does not have to be “unfolded” prior to entry), but 
rather get taken across in their fully-folded or “mature” (i.e. three-dimensional) globular 
state (Reference). With this much established, researchers in the field have since focused 
their efforts on figuring out whether or not the internalization of these globular proteins 
into peroxisomes occurs through special kinds of “pores” or perhaps through some other 
mechanism of internalization. As we shall see later on, this particular problem remained 
on Dr. Snare’s mind as he set out to collaborate with a group of chemists/materials 
scientists. While this collaboration primarily involved studying the mechanisms by which 
special “quantum particles” synthesized by the chemists are taken up into the cell and 
where exactly whey travel once internalized, Dr. Snare though, quite apart from this 
project, that perhaps these particles might also be able to help him solve the 
abovementioned problem in peroxisome biology. I argue later on that there is sociological 
significance to this, specifically with respect to the question of inter-scientific 
collaboration.  
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of Dr. Snare's former research technicians, John, eventually became a graduate student in 

his laboratory a couple of years before moving to the new collaboration building. In his 

new role, John had originally set out under Dr. Snare's guidance to study a protein called 

complexin, a “modulatory” protein involved in membrane fusion along the cellular 

secretion pathway. Together, Dr. Snare and John realized that no one had studied this 

protein in Drosophila, and although Dr. Snare himself had minimal experience working 

with flies Dr. Chucks was an expert in using this experimental model. So when Dr. 

Chucks informed them that it would be reasonably easy to study complexin in flies, Dr. 

Snare and John set out to do just that. With the help of Dr. Chucks, John made good 

progress in putting together some of the "tools" to study complexin in flies, but 

unfortunately, according to Dr. Snare, "we got beat" - another group published exactly 

what they had set out to do. With this specific research topic rendered not applicable, Dr. 

Snare and John put their heads together and decided to shift gears altogether – they would 

continue to work with flies, but instead of studying membrane fusion they would take a 

look at the peroxisome. After all, Dr. Snare had plenty of experience to guiding a 

dissertation project on this topic, in addition to membrane fusion, and they would still get 

to work closely with Dr. Chucks.  

 
Dr. Snare: [By then], we had [John] trained up in the fly world, and we wanted to 
keep that going...and for some time I had wanted to move back into the area of 
peroxisome biogenesis (Interview, 10 December 2009).   

 
Me: Is this what you did your doctoral dissertation on?  

 
Dr. Snare: Yeah, this is what I did as a grad student, and so I have a fondness in 
my heart for this area. I had wanted to move back in that direction a little bit, just 
to stick my foot in the water there, and [John] had these skills, and looking at the 
literature I noticed that there hadn’t been a lot done in the fly peroxisome world – 
nothing virtually. I thought that was a good opportunity, and so we sort of shifted 



31 
 

 

emphasis from secretion to peroxisomes and, I mean, it is certainly still in its 
infancy, but I think that it will bear fruit. [John] has generated a lot of data. [Dr. 
Chucks] has been…I don’t know a thing about a fly…I can’t sex a fly, I don’t 
know how to set up crosses, I don’t know anything about flies…the husbandry 
end of it all. So the “what-can-be-done” aspect of the project has been all [Dr. 
Chucks], and that has been a really nice. I mean, I think about experimental 
questions – I want to know how this thing happens, or I want to know how to do 
this experiment, and [Dr. Chucks] can say, "Yeah, that can be done" or "No, that 
can’t be done" or "That takes a week," or "That takes a year" - that kind of thing. 
So while I don’t have a sense of that aspect at all, this has therefore been very, 
very collective. [John] goes to all of [Dr. Chucks'] lab meetings, and sort of keeps 
up on the stuff that they’re doing, mainly technically as well as experimentally. 
So it’s been very nice. We’ve written a couple of collaborative grants on this stuff 
with [Dr. Chucks] that have not been funded, but we’re still doing the stuff, and I 
hope to eventually get money for it (Interview, 10 December 2009). 

 
 

Alongside the efforts of the other members of Dr. Snare’s laboratory, which were 

primarily focused on studying the “fusogenic” properties of proteins, John focused his 

efforts on studying the peroxisome in flies throughout my time in Dr. Snare’s laboratory. 

About a year after moving into the new collaboration building John mentioned one day 

that he had an upcoming meeting with a faculty member at one of the local biomedical 

institutions whose group was also working on the peroxisome. Peroxisomes are relevant 

within the medical community primarily as a result of a series of rare but well-known 

genetic disorders affecting the nervous system and other organs in human beings, many 

of which have been traced to specific mutations in various peroxisome-specific proteins. 

This was the first contact between Dr. Snare’s group and the local biomedical community 

that I had become aware of since the move. It is unclear to me in retrospect who had had 

contacted whom, and if perhaps there might have been a “matchmaker” at work. 

Nevertheless, until shortly before then both groups had been unaware of each other.  

John I recall was somewhat apprehensive about the upcoming meeting. He hoped 

that they would be willing to collaborate with Dr. Snare’s group because “they could 
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easily crush us.” John went on to talk about the challenges of generating research as a 

small laboratory. By comparison, this group had ten research technicians and ten post-

doctoral researchers – literally “ten times our size” (Field notes, 16 December 2010). Not 

long after I had departed from Dr. Snare’s laboratory press releases indicated that he may 

have started to collaborate with a pediatrician specializing in the clinical management and 

scientific study of peroxisomal biogenesis disorders, a spectrum of rare genetic diseases 

causing a range of developmental impairments affecting the central nervous system 

resulting in mental retardation, seizures, sensorineural hearing loss and blindness, as well 

as other skeletal, craniofacial, and hepatic abnormalities. It is not clear to me if this is the 

same laboratory John had set out to meet some years earlier. Although the specific 

genetic mutations responsible for the phenotypic expression of the peroxisomal 

biogenesis disorders has been known for quite some time now, the intervening 

mechanisms by which micro-level aberrations lead to the macro-level manifestations of 

these diseases remain poorly understood, and therefore no specifically tailored or 

“rational” treatments have yet emerged. Dr. Snare’s laboratory and this group of 

physician-scientists, as I observed from afar, have apparently proposed to study these 

problems in a commonly employed model, Drosophila melanogaster (the common fruit 

fly), an evolutionarily more “complex” organism than the individual yeast cells in which 

Dr. Snare had first studied the peroxisome as a graduate student and later as a faculty 

member (importantly, from the perspective of funding agencies, fruit flies have a nervous 

system and share many “evolutionarily conserved” cellular components with Homo 

sapiens). Presumably, Dr. Snare’s laboratory proposed to contribute biochemical and 

genetic data in correlation with observations regarding the macro-level effects of directed 
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protein mutations in Drosophila, while the collaborating biomedical researchers likely 

proposed to follow up on these and other findings in human cell lineages. Importantly, I 

wish to make clear that the connection between the basic biology of the peroxisome and 

the specific genetic disorders related to it did not escape the notice of Dr. Snare and his 

group. Indeed, they frequently made connections to these disorders and explicitly so in 

their publications on the peroxisome, reported some time after I left the laboratory 

(References). Of note, sixteen years passed between Dr. Snare’s last publication on the 

peroxisome as a graduate student and the first report on that organelle co-written with 

John.  

Dr. Snare thus consolidated his expertise around these two specific topics in cell 

biology – membrane fusion and the peroxisome - furthering in turn his professional status 

as a “general” life scientist. For many if not most, so long as research questions originate 

from within autonomously organized fields of investigation, studies regarding the 

pathophysiology of disease states are as “scientific” as those questions regarding the 

physiology of so-called “normal” states of life, as are questions regarding the mechanistic 

basis of particular therapeutics. Others might suggest that these distinctions are rendered 

moot at the most fundamental levels of biological matter. Although Dr. Snare’s laboratory 

was distant from the clinics and wards of the hospitals in a number of senses, and while 

admittedly the process of grant composition requires making explicit certain connections 

and predictions of connections to matters of direct clinical relevance, Dr. Snare’s 
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laboratory contributed to improving the lives of suffering patients from a distance, and in 

the best way that it knew how.13  

In many respects, therefore, Dr. Snare and his group find themselves in direct 

alignment with one of the principal stipulations of the great Claude Bernard, the 

undisputed founder of scientific physiology, a figure who in addition to contributing his 

own original research including his discovery of the glycogenic function of the liver 

helped to establish the cognitive foundations and institutional value of his discipline 

(Gelfand 2008; Weatheral 2008; Magner 2001; Hunter 2000; Fruton 1999; Teich and 

Needham 1992; Coleman 1985, 1977 [1971]; Holmes 1974; Florkin 1972). In his famous 

treatise on the scientific foundations of physiology, An Introduction to the Study of 

Experimental Medicine, Bernard argued that if clinical medicine is “to be sure of itself,” 

it must rest on the solid foundation of experimental knowledge. Working in Paris during 

an era dominated by Xavier Bichat’s anatomy and its vitalistic connotations, Bernard 

argued that clinical medicine remained stuck to “empirical” as opposed to “experimental” 

modes of reckoning, and he denounced its reliance on “systems” and “doctrines.” Against 

this background, Bernard (1957 [1865]: 9-10) distinguished two kinds of doctors: 

“observing physicians” and “experimental physicians” - the former “passive observers” 

and the latter active investigators of vital processes. Although Bernard (1957 [1865]: 208) 

concedes that observational knowledge is indispensable both for clinical medicine and in 

the generation of scientific hypotheses, he nevertheless argues that equally if not more 

                                                        
13 One of Dr. Snare’s senior graduate students working primarily on peroxisomal 
research, John, attended a fundraising event in which he was given the opportunity to 
meet patients and families affected by peroxisomal biogenesis disorders, and upon 
returning to the laboratory he expressed having been greatly moved by this experience. In 
the ways that it can, Dr. Snare’s group aims to enhance our collective abilities to 
ameliorate these and other unfortunate maladies.  
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indispensable are those who neither “stop at observation and empirical knowledge of 

phenomena” nor become “satisfied with somewhat vague systems.” According to 

Bernard, the latter is a noble and indeed formidable vocation, whereas the latter is 

attractive and convenient:   

 
[Experimental medicine] advances slowly and laboriously and in this respect will 
always be less pleasing to the mind. Systems, on the contrary, are alluring because 
they give us a science absolutely regulated by logic alone; and that frees us from 
studying and makes medicine easy (Bernard 1957 [1865]: 220).  

 
 

In a 1878 preface to his teacher’s treatise, Paul Bert (1957 [1865]: xiv-xviii) notes 

that Bernard “did not share the illusions of those whose eagerness to transfer 

[discoveries] to the realm of clinical or therapeutic applications often made him smile.” 

According to Bert, Bernard felt that one should “seek truth for its own sake and for the 

truths which follow from it, without concern for the distant or indirect conclusions which 

lawyer-like men with a cause to defend try to draw from it.” In their commitment to a 

comprehensive description of the most basic mechanisms underlying life’s most 

fundamental processes, in states of both health and disease, by recourse to the 

experimental method alone, Dr. Snare and his group unquestionably carry on the spirit of 

Claude Barnard’s experimental physicians, even if they have not and never will set foot 

in a hospital ward or operating theater. 

Later on in this work I situate the present study in relation to prior work in the 

social study of science, employing ethnographic descriptions of Dr. Snare’s laboratory 

and the collaboration building more broadly for illustrative purposes. In the process, I 

attempt to provide the theoretical wherewithal for an analysis of the social relations of 

inter-scientific research presented herein (and elsewhere). In particular, I draw upon the 
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work of Pierre Bourdieu (1990, 1977 [1972]), and specifically his notion of “fields” and 

his theorization of the practices of actors (including scientists) in terms of capital, 

habitus, and illusio. I supplement this with what I have come to call Michel Foucault’s 

(1972 [1969]) “scheme of scientificity,” an idea that partitions the notion of positivity 

along a series of epistemic thresholds a given disciplinary body of knowledge might or 

might not cross. On this basis, I argue for an approach to the social study of scientific 

relations that attends to the structural position of actors in relation to one another and 

particularly to instances of exchange among them. The final section of this work uses this 

position as a point of departure. It contains an ethnographic description of the exchange-

based inter-scientific collaboration between Dr. Snare’s basic life science laboratory and a 

group of chemists/materials scientists specializing in the synthesis of organometallic 

probes possessing unique spectroscopic properties, explainable by reference to the laws 

of quantum mechanics and bearing significant potential for application and therefore 

revenue generation in the setting of clinical medicine and industry. Before these 

“quantum probes” could actually be utilized for broadly societal purposes, however, the 

task of determining whether or not they might actually be safe for use in humans 

remained– as an initial step, these groups set out to work together to determine exactly 

how these probes get taken up into cells and where exactly they go once internalized. The 

analytical procedures outlined in Part II of this work are used to analyze this ethnographic 

case. Structurally speaking, the relationship unfolded as such. First, the chemists 

synthesized and then “gave” to Dr. Snare vials containing these quantum probes. Bearing 

“heteronomous” connotations and representing, among other things, potential “economic 

capital” down the road, Dr. Snare received these “gifts” and subsequently reciprocated to 
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the chemistry group with his own “gift” - information regarding their intracellular 

behavior and mechanisms of uptake as informed by his own disciplinary knowledge in 

basic cell biology and biochemistry. In doing so, Dr. Snare subsequently returned to the 

chemists “pure knowledge” that was essentially free of the kinds of economic 

connotations originally contained in the initial offering from the chemists. As such, Dr. 

Snare lent to the collaboration the “symbolic capital” of his “pure” expertise in 

biochemistry and cell biology (Bourdieu 1977 [1972], 1975). He was therefore able to 

participate in what he called “the spirit of collaboration,” despite an apparent aversion to 

participating directly in the heteronomous aspects of the research. In doing so, Dr. Snare 

maintaining his group’s “distance from necessity” and effectively was able to “wash his 

hands” of the potentially cruder economic connotations of the collaboration. In this 

manner, Dr. Snare stayed true to the ethos of his disciplinary tradition and “re-performed” 

its status as a highly autonomous and symbolically prestigious collectivity. Although the 

chemists’ knowledge of the specific physicochemical properties of these “quantum 

probes” has therefore reached, in vacuo, a level of formalization not yet attainable in the 

biological disciplines (including, likely, the research of Dr. Snare and his laboratory) 

(Foucault 1972 [1969]), the collaboration to determine the uptake and cellular behavior 

of the quantum probes itself remained at the level of “phenomenology” and therefore had 

not attained the level of scientificity at which Dr. Snare’s research program normally 

operates. Simply tracking the path of glowing particles in the cell with microscopy 

represented, among other things, an activity that was too near ordinary sense perception 

for the epistemo-aesthetic tastes of the life scientists. Furthermore, in the process of the 

collaboration, the life scientists developed their “own ideas” about how these quantum 
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probes might inform their own research program – in order to use them in such a manner 

to actually learn something new about the cell, which, I would argue, still remains the 

most fundamental epistemological concept in the historical discipline to which Dr. Snare 

is committed. Following Bourdieu and, much more distantly, Kant, connotations of 

“autonomy” and “heteronomy” and, related to this, degree of connectedness to the 

primary epistemological concepts within an autonomous field of knowledge, and, from 

an aesthetic perspective, degree of distance from ordinary sense perception are some of 

the factors that influence the initiation and historicity of inter-scientific research projects 

involving the basic life sciences today.  

Before turning to these topics, I will set out the primary disciplinary influences 

and the nature of the specific sub-fields of research in which Dr. Snare’s group has been 

primarily invested, both prior to and during the transition to the collaboration building. 

Against this background I will detail the genesis and unfolding of the collaboration 

between Dr. Snare’s group and a laboratory in Italy on the characterization of a protein 

mediating a then unknown mechanism of membrane fusion in the cell. I will describe the 

historical genesis of the collaboration building itself and the place of Dr. Snare’s group 

within it, as well as some of the day-to-day aspects of the laboratory in its new “home.” 

Finally, I will describe some of the changes that took place in the “mission” of the 

collaboration building and conclude the present section with a discussion of 

“collaboration” in the collaboration building, from the specific perspective of Dr. Snare’s 

group.  
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* * * 
 
 

Well known to neuroscientists by now and perhaps to every cell biologist more 

generally are the SNARE proteins, a class of peptides14 found on the cytoplasm-facing 

surfaces of the cell’s membrane-bound “organelles” and the outer (plasma) membrane of 

the cell itself. In addition to studying the biochemistry of an intracellular organelle known 

as the peroxisome15 as a graduate student, a subfield of cell biology that Dr. Snare 

continues to have a “fondness in [his] heart” for and which he has continued to pay 

attention to over the years (and indeed pick back up to study it once again with one of his 

interested senior graduate students), it was primarily through his work with the SNARE 

proteins in the subfield of cell biology centered on “secretion” - first as a post-doctoral 

researcher and subsequently as an assistant professor seeking tenure at the university - 

                                                        
14 As a general rule, scientific consensus holds that proteins consist of a linear series of 
amino acids covalently bound to one another via peptide bonds that subsequently fold 
into more topologically complex structures that, as a result of having adopted a distinct 
three-dimensional structure, may subsequently carry out various structural, mechanical, 
and/or chemical functions (e.g., chemical reaction catalysis in the case of enzymes). 
Latour and Woolgar (1979: 56) themselves provide a straightforward “scientific” 
definition of proteins or peptides (another name for a small protein) in Laboratory Life: 
The Social Construction of Scientific Facts: “In general, the [primary] structure of any 
substance of a peptidic nature can be expressed in the form of a string of amino acids (for 
example, Tyr-Lys-Phe-Pro).” Later on: “There are only some [twenty one] amino acids in 
the body; proteins and peptides are made up exclusively of these amino acids; each amino 
acid has a name, for example, tyrosine, [lysine], [phenylalanine], and proline” (Latour 
and Woolgar 1979: 89n8). In general, the proteins embedded within membranes are 
unique, in that the amino acids occupying the space contiguous with the hydrophobic 
lipid interior of the bilayer must themselves be hydrophobic, whereas the amino acids 
facing the aqueous interior and exterior of the bilayer must be hydrophilic. In some 
instances, in adopting their “native” configuration within the membrane these integral 
peptides may quite literally be “threaded” through the bilayer multiple times (i.e. bearing 
multiple “transmembrane domains”), typically during the initial stage of synthesis in the 
endoplasmic reticulum. Alternately, some membrane-bound proteins come together to 
form multi-subunit channels through which certain materials may (or may not) pass 
depending on the physical properties of the pore.  
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that he firmly solidified his professional reputation as a serious and independently 

capable academic life scientist. As a reward for his efforts and contributions to the 

scientific community, Dr. Snare achieved the rank of associate professor approximately 

two years before the invitation to move his laboratory onto the seventh floor of the new 

collaboration building.  

Although Dr. Snare has remained thoroughly engaged with and has continued to 

invest some of his research efforts and funds into certain problems within the special field 

of SNARE-mediated membrane fusion, increasingly those pertaining to its regulation by 

various “supplemental” protein players, during the early phase of ethnographic research, 

shortly before his group was to move into the new collaboration building, the Snare 

laboratory suddenly found itself presented with a unique professional and intellectual 

opportunity – a potential collaboration evolving out of a note they received one day from 

an Italian cell biology laboratory they had never heard of before. Eventually, after a series 

of exchanges, Dr. Snare and his newfound international colleague decided to work 

together on what appeared to be an entirely new and at the time completely undescribed 

protein-based mechanism of membrane fusion in the eukaryotic cell, believed to be 

completely distinct from the SNARE-based mechanisms upon which Dr. Snare had, until 

then, by and large established his professional career as an academic life scientist. Up 

until this point the scientific community was aware of various kinds of fusion events and 

had made some headway into characterizing their biochemical and physiological 

mechanisms, including the fusion of viral envelopes and host cells in the setting of 

infection and the release of neurotransmitters in neurons via the fusion synaptic vesicles 

with the “presynaptic” membrane of the axon terminal. The community had shown, in 
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particular, that the SNARE proteins mediate the latter mechanism. Importantly, the Italian 

group believed that this new protein – let us call it “Protein X” – was important for fusing 

the membranes of the intricate lattice-like or maze-like structure known as the 

endoplasmic reticulum (ER), thereby contributing to the “biogenesis” and “maintenance” 

of this organelle, which sits just next to the nucleus and participates in the synthesis of 

proteins as directed by the messenger ribonucleic acid (mRNA) and ribosomes delivered 

to it as well as other important biomolecules (Nelson and Cox 2013). By April 2009 the 

Italian collaborator had traveled overseas twice to visit with Dr. Snare in person, and in 

January 2009 they sat down together in his office to hash out the basis of a manuscript to 

be submitted for publication together. Once the collaboration had become “official,” these 

“fast friends” began constantly exchanging emails and placing phone calls to one another, 

and it was not long before Dr. Snare received a Federal Express package containing a 

DNA “clone” or recombinant bacterial plasmid construct containing the genetic 

instructions for the synthesis of Protein X. This was, according to Dr. Snare, his most 

important collaboration leading up to and indeed throughout its first two years in the new 

collaboration building. In Dr. Snare’s estimation, it had proven to be a outstanding 

collaboration, and he suggested that although it might have been easier in some respects 

if the Italian group had been working next door all along, he nevertheless felt strongly the 

geographic situation had prevented nothing of significance from taking place (Field 

notes, 8 April 2009). It mattered little to Dr. Snare that his most important collaborators 

were halfway across the world.  

In a gesture of collegiality and in an effort to enhance the output of the 

collaborative unit as a whole, the Italian group sent one of its recent graduates, 
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“Arianna,” to work in Dr. Snare’s laboratory in the collaboration building during the late 

Spring and early Summer of 2011, with support in the form of a three-month grant from a 

European biological research society. Dr. Snare was eager to find additional support for 

Arianna and also invited her to say longer than the three months as a formal post-doc, 

should they be able to come up with the necessary funds together. During an interview 

with Arianna in May 2011, I learned that for many years her laboratory back home had 

been studying degenerative diseases at the cellular level, primarily using Drosophila 

melanogaster (the common fruit fly) as a model organism. According to Arianna, these 

research projects tended to take a long time to unfold as a result of having to “start from a 

disease” and then work backward to figure out what, in the cell, caused it. Traditionally, 

Arianna’s laboratory “just does biology.” The typical approach was to introduce a 

mutation within a segment of Drosophila DNA coding for a specific protein of interest. 

From there, the group raised populations of flies expressing the mutant protein using well 

established husbandry methods. Subsequently, they would dissect cells out of these 

organisms and examine them under the microscope, making careful note of any changes 

in the structures and functions of the cells. Ultimately, the goal was to elucidate the 

pathophysiological mechanisms responsible for the disease of interest.  

In terms of their chemical composition, three-dimensional structure, and 

physiological function, fruit flies apparently contain many proteins that are remarkably 

similar to many of those found in the cells of human beings (Field notes, 10 December 

2009; see Nelson and Cox 2013). Part of the Italian group’s approach, therefore, 

consisted of addressing biological questions in in the cells of fruit flies and from there 
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generating hypotheses about the pathophysiological mechanisms of diseases in human 

beings. According to Arianna:  

 
When we try to figure out what a protein does, what its physiological role in the 
cell is, we often try to make the same kinds of mutations in the proteins of flies 
that are found in the proteins of human associated with different kinds of diseases. 
We express these mutated proteins in flies and then see what happens in the cells 
of the fly – not necessarily in the fly as a whole, although you could pay attention 
to that, too. We make dissections to gather the specific cells we are interested in 
and then look at them using a microscope. Some kinds of scientists use flasks and 
such to study proteins outside of real cells [i.e. in vitro] whereas we use an 
organism [i.e. in vivo] (Interview, May 2011).  

 
 

In the case of the project that was to become Arianna’s doctoral dissertation, the 

Italian group knew that a rare hereditary neurologic disease in humans marked by 

impairment of gross motor function had been traced to mutations in a specific protein – 

Protein X. Although this connection had been established using modern genetic methods, 

there nevertheless remained lots to explain in between the existence of a mutation in 

DNA and the presentation of clinical symptoms. Specifically, some of the things that 

remained to be done included the ascertainment of the “normal” function of Protein X in 

otherwise healthy cells, as well as how and why a “lesion” in the DNA coding for it and 

ultimately its three-dimensional structure translates into changes seen within cells under 

the microscope in the laboratory and ultimately in patients presenting to the clinic with 

debilitating neurological disease. For the first few years that Arianna and her “boss” 

worked on the puzzle of Protein X they remained a “closed lab,” collaborating with no 

other group. When they first started out, according to Arianna they did not even know 

where in the cell Protein X was located – “We didn’t know anything.” In her words, the 

collaboration with Dr. Snare’s group was “really good…because without this I would 
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have never understood if my protein was really able to do this thing. Now we have a 

publication” (Interview, May 2011).  

Dr. Snare and one of his senior graduate students primarily working on their lab’s 

contribution to the collaboration, Terence, eagerly anticipated Arianna’s arrival and set 

out to conceptualizing some of the experiments that she might carry out alongside their 

own efforts during her three month stay. Dr. Chucks’ wing of the laboratory space (just 

south of Dr. Snare’s laboratory benches) was designed with a dedicated “fly room” for 

the preparation, incubation, and examination of genetically manipulated fly colonies and 

“crosses” thereof, in which one of Dr. Snare’s other senior graduate students, John, had 

been working ever since their group’s transition to the new building as something of an 

unofficial “hybrid” member of both his and Dr. Chucks’ laboratories. Arianna brought 

with her some the fly colonies that she had been working on back in Italy, along with a 

few “clones” she had made back in her home laboratory containing various mutations in 

the DNA coding for Protein X, to be expressed by bacterial colonies in Dr. Snare’s 

laboratory. By “clone,” both Arianna and the members of Dr. Snare’s laboratory meant 

specific recombinant DNA expression constructs, or small circular “plasmids” into which 

specific genes of interest have been deliberately inserted using so-called “restriction” or 

DNA cleaving enzymes.16 The two groups collectively decided that Terence would 

                                                        
16 The basic conception of recombinant DNA technology was first developed on the West 
Coast in 1973 when Stanley Cohen and Herbert Boyer successfully isolated a section of 
DNA from one bacterium and incorporated it into the genome of another, essentially 
creating chimeric DNA (Bud 2001). It had been known that bacteria often contain small 
circular pieces of DNA in addition to their larger (also circular) genome, and that bacteria 
often pass these "plasmids" to one another. Many of these plasmids code for proteins 
conferring antibiotic resistance, among other things. Investigators were also aware of the 
function of certain so-called "restriction enzymes," which cleave DNA at specific, often 
palindromic, sequences. Cohen and Boyer realized that it would therefore be possible to 
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continue working on the fly Protein X while Arianna would set out to work on its human 

versions, as it turned out that human cells actually express three different “isoforms” or 

versions of Protein X.  

 
[O]ur goal was to understand if the human protein can do the same thing…to see 
if we would have the same results with the fly protein. It is supposed to do the 
same thing but you never know….So we decided to try to work with the human 
proteins themselves, and to try to study if they can fuse membranes (Interview, 
May 2011).  

 
 

This would essentially require Arianna to learn the basic methods of protein 

chemistry as well as the membrane-fusion assay that Dr. Snare’s laboratory has mastered. 

She had never performed recombinant protein production with E. coli, nor had she 

attempted to purify specific protein products once they were expressed. Nor had she 

performed biochemical analyses of enzymatic activity – specifically in the case of Protein 

                                                                                                                                                                     
cleave a bacterial plasmid at one or more points using the restriction enzymes and 
subsequently incorporate into it a small segment of extraneous DNA using another 
special class of "ligating" enzymes to anneal the "blunt" or "sticky" ends of the nucleic 
acid to one another. Amazingly, in this manner, it became possible to take a human gene 
(or a gene from any other organism essentially) and incorporate it into a bacterial DNA 
plasmid, and from there induce the bacteria to produce or "express" the human protein. 
This protein product could then be isolated and studied in a variety of manners. In time, 
this method became integrated among the “everyday” research methods of life science 
laboratories everywhere, and indeed it was and will indefinitely remain central to the 
everyday research operations of Dr. Snare's laboratory. As a side note, the scientific 
contest to which Latour and Woolgar (1979) refer, the race to priority of discovery in the 
isolation and characterization the elusive hypothalamic hormones in the 1960s notably 
preceded this technology, and they make no mention of its use in Dr. Guillemin's 
laboratory in the mid-to-late 1970s. In combination with even more recent techniques, 
specifically the polymerase chain reaction (PCR) developed in the 1980s, Guillemin and 
Schally would have had a much easier time trying to carry out their studies, as they had to 
resort to dissecting out the hypothalami of hundreds of thousands of sheep and pig brains, 
respectively, in order to try to isolate out of these organs exceedingly tiny fractions of the 
hormones of interest. Interestingly, many in the scientific community doubted the 
existence of these hormones at the time and scoffed at the enormous investments made by 
Guillemin and Schally. 
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X, Dr. Snare’s group showed her how to measure the kinetics by which it hydrolyzes the 

high-energy terminal phosphate bond of a nucleoside-triphosphate, the mechanism 

providing the energy necessary to fuse the membranes of the ER, and how to compare the 

kinetics of the “native” Protein X to the biochemistry of the various “mutants” thereof 

that they had produced. All of these methods fall under the province of protein chemistry 

or “biochemistry” more broadly. Beyond this, Dr. Snare’s group also taught Arianna how 

to create artificial “liposomes” consisting of a “pure” lipid bilayer and how to 

“reconstitute” into them the native and mutant versions of Protein X that they had 

synthesized and purified from E. coli, and how to assess, using a special technique based 

on the physics of fluorescence, whether or not and to what degree these various proteins 

and segments or “truncations” thereof were able to produce fusion between the artificial 

liposomes into which they were reconstituted. Arianna’s “boss” back home suggested that 

maybe she might be able to bring some of these methods back to Italy, although she 

believed there probably would not be enough space in the laboratory for all of the large 

equipment required to produce recombinant proteins, such as the “shakers” used for the 

incubation of protein-expressing E. coli cultures. Overall, toward the end of her three 

months in Dr. Snare’s laboratory, Arianna expressed that, “I am very happy about what I 

have learned but I am not very happy about the results.” She had encountered difficulties 

isolating pure samples of Protein X in quantities sufficient to study their biochemical and 

physiological properties, and in fact had only been able to purify one of the three human 

isoforms, and among other things she had developed a respect for the particular expertise 

of Dr. Snare’s laboratory. Although this frustrated Arianna, it was certainly not her – 

during my time in Dr. Snare’s laboratory I had seen some of the Dr. Snare’s graduate 



47 
 

 

students encounter their own difficulties producing and isolating certain proteins – during 

laboratory meetings the group would put its heads together to try to account for each and 

every possible variable that might be causing the problem, and after a while, and after a 

certain point, the group comes to acknowledge that perhaps they are just dealing with an 

“uncooperative” protein. Nevertheless, Arianna felt that, if the laboratories wanted to, 

“the collaboration can go on for a long time, and I think it will.” Having established the 

primary function of Protein X, the group could then turn to see how it interacts with other 

proteins and how these other proteins affect its ability to fuse membranes in the ER. With 

regard to her own possible involvement in these later stages of the project, Arianna 

acknowledged, “I don’t know if I will be working on it – I may move onto another 

laboratory to start a post-doc” (Interview, May 2011).  

Back in 2008, prior to even knowing about the existence of Dr. Snare and his 

particular expertise in the protein-based mechanisms of membrane fusion, the Italians had 

found out from their own research that Protein X was an integral-membrane protein 

localized to the endoplasmic reticulum, and that if they caused a mutation in the primary 

structure of this protein that the ER would become fragmented and not properly develop 

into its normal morphology. They became convinced that the role of Protein X was to 

fuse the membranes of the ER, and they put forth this argument in a manuscript to a high-

impact journal in the scientific community. Reviewers of this article told them that if they 

wanted to make this claim they would have to actually prove, at the level of the protein 

itself and not simply based on microscopic observations, that Protein X unequivocally 

does in fact fuse membranes. It was at this point that the Italian group began looking into 

methods of acquiring this data. Arianna’s “boss” came across some literature explaining 
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the use of an assay to measure the “fusogenic” properties of the SNARE proteins 

specifically, published by none other than Dr. Snare as the senior author. The Italian 

group contacted Dr. Snare with a series of technical questions about his fusion assay, 

without specifically discussing what exactly they intended to use it for, and without 

asking for details Dr. Snare answered their questions as best they could. Eventually, they 

went one step further and asked Dr. Snare and his group to help them fill out the rest of 

“the story.”  During my time in the field I witnessed Dr. Snare’s laboratory effectively 

prove that indeed Protein X does fuse membranes and that it does so by a 

physicochemical mechanism that is distinct from the SNARE-based mechanism. 

Incredibly, like this latter mechanism the mechanism of membrane fusion mediated by 

Protein X turned out to be “evolutionarily conserved” “all the way down” to the most 

“simple” eukaryote, the unicellular yeast.  

Shortly after the group moved into the new collaboration building Dr. Snare 

began one of the weekly laboratory meetings by announcing to his team that he had just 

returned from a scientific meeting and that it had gone quite well. Without letting on too 

much, he had presented some of the ongoing work on Protein X with his professional 

colleagues and reported that “our work” was well received. He did, however, mention 

that “we may now find ourselves in competition with [another] group” – a massive 

laboratory at a large and powerful medical school in New England (Field notes, 15 July 

2009). Dr. Snare referred to the principal investigator of this group as “the ER 

translocation guy,” referring to the mechanism(s) by which proteins are “trafficked” or 

“sorted” to and from that organelle. Apparently, this group had an article “in press” in a 

high-impact journal related to Protein X amidst the ongoing proceedings of the meeting 
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and Dr. Snare’s presentation of his own group’s research. According to Dr. Snare, the 

leader of this other group was known within the SNARE community for having 

discovered the mammalian version of a protein known to cause membrane fusion in 

yeast, and he showed that this protein contributes to the translocation of proteins that are 

ultimately destined to be secreted by the cell into the endoplasmic reticulum (hence, Dr. 

Snare referred to him as the “ER translocation guy”). Importantly, Dr. Snare stressed his 

belief that the work of this group was complementary to or “congruent” with their own. 

Nevertheless, there was still of course important work to be done, and this did not at all 

guarantee than this or another group would not come along and “scoop” the important 

findings the Snare group hoped to make on their own. Whatever else, Dr. Snare made it 

clear that competition was on the horizon, and he mentioned that someone at the 

conference had been “picking his brain” about Protein X.  “The horse is out of the barn,” 

Dr. Snare concluded (Field notes, 15 July 2009). From that point on, I witnessed Dr. 

Snare’s group as it labored, as quickly and diligently as possible, to put together the data 

necessary to stake its claim as the original discoverers of an entirely novel mechanism of 

protein-mediated membrane fusion in the eukaryotic cell, firmly placing them at the 

center of a nascent subfield of life science research.17 The present work therefore attends 

                                                        
17 Dr. Snare referred to this discovery as a “paradigm shifter” (Interview, 10 May 2011). 
“Paradigm” has of course by now become part of the everyday vernacular. In Kuhn’s 
(1962) original use of the term in The Structure of Scientific Revolutions, a paradigm 
refers, roughly, to the over-arching totality of a given approach to research during a 
period of “normal science” and includes all of the materials, methods, and theories that 
scientists use within its overall guiding framework to solve “puzzles.” From a purely 
Kuhnian perspective, therefore, it is questionable as to whether the discovery of a new 
mechanism of membrane fusion, as exemplified by the connection between the 
biochemistry of Protein X and its physiological function in the cell, represents a 
“paradigm shift.” Although until the characterization of Protein X the only known 
mechanism of membrane fusion in the eukaryotic cell remained the SNARE-based 
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to the professional transformation of “Dr. Snare” into “Dr. Fusion” more broadly, adding 

to his already established expertise in studying membrane fusion in the setting of 

“secretion” a new set of expertise in studying membrane fusion in the context of 

“biogenesis,” in the case of Protein X, the biogenesis of the endoplasmic reticulum (ER). 

Perhaps, by also taking into account his contemporaneous return to the problems of 

peroxisome biogenesis that had inspired him years prior, it also bears witness to his 

transformation into “Dr. Cell” altogether.  

                                                                                                                                                                     
mechanism (likely a mechanical “zipper” mechanism), the biochemistry of Protein X 
itself was not altogether “new” to the community of life scientists – many other proteins, 
for example, catalyze the same basic biochemical reaction as Protein X (i.e. nucleoside-
triphosphate hydrolysis), although for different physiological purposes: specifically, the 
binding and subsequent hydrolysis of the high-energy terminal phosphate bond of a 
purine nucleoside-triphosphate, molecules that are abundantly produced through 
oxidative phosphorylation in the mitochondrion and constitutively utilized for a vast and 
diverse multitude of functions in the different compartments of the cell – including but 
not limited to signal transduction, bio-molecule synthesis (e.g., translation of mRNA into 
proteins), regulation of cell division and cellular differentiation (i.e. into the components 
of specialized tissues), protein “translocation” across membranes (e.g., across the 
membranes of the ER), and in the assembly of vesicles within the pathways of 
intracellular transport (Nelson and Cox 2013). Interestingly, protein evolution has been 
shown to primarily involve, not so much subtle changes of individual amino acid units 
but quite often the mixing and matching of different peptide segments altogether. 
Domains responsible for the hydrolysis of nucleoside-triphosphates are often “connected” 
to and therefore provide energy for other domains of the same peptide that carrying out 
the abovementioned functions. With the discovery of the function of Protein X – that it 
fuses membranes – another function is therefore added to the list of processes associated 
with the biochemical hydrolysis of nucleoside-triphosphates. However, in the sub-field of 
membrane fusion, it represents an entirely new mechanism, as Dr. Snare’s group was able 
to show in collaboration with coworkers in Italy that one of the domains of Protein X 
carries out this biochemical function in order to generate energy for the fusion of lipid 
bilayers that its other domains presumably play an important role in accomplishing. Dr. 
Snare’s group showed that Protein X forms a “dimer” – becoming Protein X-Protein X – 
to fuse membranes in the endoplasmic reticulum (Reference). As other groups involved 
in this research have suggested, these mechanisms appear to be directly affected by 
mutations shown to be connected with certain neurological disorders, thereby offering 
insights into their pathogenesis (Reference). See also the chapter entitled “Second 
Thoughts on Paradigms” in The Essential Tension: Selected Studies in Scientific Tradition 
and Change (Kuhn 1977: 293-319). 
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With regard to Protein X, Dr. Snare had to like his odds of achieving priority of 

discovery in this entirely untouched epistemic terrain in the very beginning, as together 

he and the Italian group had a head start over the competition. Of course, there was still 

the matter of doing the science! But, if the leads provided by the new collaborator proved 

fruitful, and they indeed were able to collectively prove the existence and characterize 

this new mechanism, the rewards would be tremendous. While other researchers were 

attempting to carve out, against great odds, a significant sliver of authority over the well-

established subfield of SNARE-based membrane fusion for themselves, and to acquire 

the rewards that come with that, Dr. Snare would get to take the first swing at an equally 

interesting and fundamentally important scientific piñata – so long as the 

abovementioned inquisitor or another did not happen to be close on its trail and swoop in 

to “steal the bacon.” Remarkably, the group accomplished this feat - contemporaneously 

with other contestant researchers - amidst its move and acclimation to a new home in the 

collaboration building, an undertaking that required the members of the laboratory to 

pack up, unpack, and organize all of its reagents, its small to medium-sized equipment, 

and the large instruments that had previously served it so well back in its prior location 

back on the main campus, not to mention in the midst of its initial and continuing 

encounter with new and occasionally unfamiliar neighbors from other disciplines 

especially interested in borrowing its data-generating apparatuses for their own purposes. 

Dr. Snare’s group accomplished all of this, he said, “in the spirit of collaboration.” If 

anything, on the one hand, the upheaval caused by the move might have delayed the 

group from characterizing Protein X, and Dr. Snare gave no indication, on the other hand, 
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that the new facility might have contributed to the accomplishment of this task with his 

Italian collaborators.  

Beyond the acquisition of scientific authority over a new subfield of membrane 

fusion research centered on Protein X, however, was the grander possibility that it may 

have represented to Dr. Snare. In combination with the earlier scientific authority he had 

previously earned in the subfield of SNARE-based research, achieving priority of 

discovery in a new but thematically related subfield would constitute an expansion as 

well as a consolidation and unification of Dr. Snare’s overall expertise in the field of 

membrane fusion more broadly. Indeed, it represented not just an expansion but also a 

generalization. Dr. Snare and Terence noted on multiple occasions that their group had 

been eager to move out of the realm of SNARE proteins and into a less territorialized 

topic within the domain of membrane fusion. The discovery of Protein X’s role in the 

fusion of the tubular network of the ER was precisely the kind of contribution to the field 

that Dr. Snare had been seeking for some time. Even if Dr. Snare’s explicit motivation 

was not to specifically broaden or generalize his expertise within the larger domain of 

membrane fusion considered as a whole, with the acquisition of this kind of scientific 

capital, I would argue, comes an enhanced level of acknowledgement and therefore 

autonomy to the researcher. While expertise certainly takes on connotations of 

specialization, sometimes extreme specialization, the expertise or authority resulting from 

demonstrated achievement in multiple spheres of related scientific contest places the 

epistemic actor in a position of superior symbolic regard with respect to his or her peers. 

Visibility increases and grants become easier to acquire, resulting in the generation of 

even more data. With the acquisition of this kind of symbolic capital the scientific actor 
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may therefore re-invest his or her resources back into the fields from which it came, 

potentially further consolidating that actor’s power over the “constitutive mechanisms” of 

the field of research (Bourdieu 1975). Alternately, the researcher may decide to stake out 

another domain of investigation in which their acquired symbolic capital purchases 

credibility, and the more generalized that symbolic capital is the more freedom the 

investigator has to do so.  

Dr. Snare acknowledged that the Protein X project ranked very high on the list of 

his career accomplishments, and informed me that it has implications in a variety of 

ways.  

 
Dr. Snare:  This came totally out of the blue for me, but [the Protein X project] is 
something that I had been looking for….for many years. Not [the Italian group] 
particularly, or this protein in particular, but to be able to examine in a different 
way the fusion of membranes. We had searched for a protein in yeast that did it, 
tried cell-cell fusion…the fusion of whole cells…and failed…we were trying to 
perform various experiments in that manner, such as yeast mating, and so we put 
a lot of time and effort into that, failed miserably…and then we searched 
for…there was another protein…in worms that clearly fuses the hypodermis of 
the cells in worms. We wanted to try to reconstitute that and we didn’t have much 
success. We’ve done a little bit with viral fusion, although there are bucket loads 
of people doing viral fusion. And so ever since I’ve started, one of my goals was 
to identify and characterize – more characterize than identify – other membrane 
fusion proteins. So this was very, very good (Interview, 10 December 2009). 

 
 

Ever since he had first started working as a young academic life scientist with the 

rank of assistant professor, Dr. Snare had been looking to try to find another avenue of 

membrane fusion that is, specifically, non-SNARE-related. Dr. Snare acknowledged that, 

although his group remains deeply committed to the study of membrane fusion, and 

although they would continue to use many of the same techniques that had treated them 

so well in the past, the Protein X project had profoundly influenced the directions his 
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group might take moving into the future (Field notes, 26 August 2009). While he had 

assumed the second-to-last author position in the first collaborative publication with the 

Italian group – the one that reported evidence essentially proving that Protein X does in 

fact fuse membranes – Dr. Snare assumed the last (and therefore senior-most) author 

position in their next article, in which they detailed in one of the scientific community’s 

most visible and high-impact journals the biochemical and physiological functions of the 

specific segments of the Drosophila version of Protein X. Here, they put together a story 

that has held up to scrutiny, that (1) upon binding a molecule of nucleoside-triphosphate, 

each of two separate Protein X molecules will come together to form a “dimer,” thereby 

“docking” in close proximity to one another the two separate membranes of the ER in 

which they are respectively embedded, that (2) upon hydrolyzing the bound nucleoside-

triphosphates membrane fusion will take place, and that (3) a particular segment of 

Protein X jutting out into the cytoplasm (and distinct from the portion of the protein 

carrying out the hydrolysis) is also required, in its fulfillment of some other presumed 

function, for membrane fusion (Reference). To be the first group in the entire world to 

show that Protein X does what it does in the cell, and specifically how it biochemically 

accomplishes that function – this was “huge.” Dr. Snare informed me that he had been 

fortunate to have three “big splash” publications in his career, and that these reports 

constituted the third of them. Given that science in many ways is “What have you done 

for me lately?” Dr. Snare expressed relief that he has been able to keep pace thus far 

(Field notes, 26 August 2009).   

Beyond the immediate and future benefits of establishing priority of discovery 

regarding the biochemistry and physiological role of Protein X to Dr. Snare 
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professionally were also the benefits to Dr. Snare’s students - one of his most important 

priorities - for a number of reasons. By successfully consolidating his position of 

scientific expertise within the field of membrane fusion more broadly, and perhaps in the 

discipline of cell biology even more broadly, Dr. Snare would be in a position to bestow 

upon his trainees a certain valued form of scientific capital not otherwise be available to 

them. (“Oh, you trained with Dr. Snare? The Dr. Snare?”) Not only this, but by involving 

his trainees in the experiments and other forms of intellectual labor necessary to establish 

themselves as central players in this new subfield of membrane fusion, Dr. Snare would 

simultaneously be providing them with a unique and exciting pedagogical opportunity to 

ask new questions, put forth interesting hypotheses, devise clever experiments, and aquire 

new technical skills that, altogether, would surely help to set them along the path to 

becoming successful and autonomous scientists upon completion of the educational 

program and setting out into the world of science on their own. In the process, the valued 

parameters of Dr. Snare’s strict disciplinary ethos – its commitment to patient, often 

painstaking, diligent, careful, and ever more penetrating and complete attention to the 

finer details of the most fundamental phenomena at the root of all living things – might 

be reproduced in his trainees. 

The disciplinary community to which Dr. Snare belongs assumes an ideology of 

scientific practice and indeed of science itself which is, in this respect, dignified, calm, 

and respectable, even if to some “sexier” discipline it might seem unadventurous or even 

boring. According to Michel Morange (2013), following Watson and Crick’s discovery in 

1953 the life sciences largely became centered, not surprisingly, on the hereditary 

molecule itself - DNA - and many research programs subsequently adopted an especially 
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reductionist approach inspired by physics in particular that had never before been 

witnessed or taken so seriously in biology. Beginning in the 1970s, however, 

developments in the study of membranes, as exemplified by Singer and Nicolson’s 

(1972) “fluid mosaic model,” brought about a return to prominence of inquiries in which 

the cell itself took on the status of fundamental object of inquiry, thereby positioning 

DNA as one of but not the only “secret of life.” As it turns out, macromolecules such as 

proteins or DNA are not exclusively responsible for the existence and properties of 

membranes. For Morange (2013: 6):  

 
The fluid mosaic model is emblematic of the new vision that emerged at the 
beginning of the 1970s, in which the precise description of molecular mechanisms 
is dovetailed with an integrated vision of cells and organisms. Membranes do 
exist as such, and not as aggregates of proteins. The rapid expansion of cell 
biology in the same years, supported by the development of new technologies 
such as indirect immunofluorescence, corresponded to the abandonment of a hard 
form of reductionism heralded by some of the leaders of molecular biology in 
which the only acceptable explanations are bottom-up.  

 
 

This is, without doubt, central to the primary disciplinary influences upon Dr. 

Snare’s research, and it lends some context to the many instances in which he referred to 

PCR and other techniques involved in the handling of DNA as “molecular biology.” For 

Dr. Snare, these methods represented preparatory steps toward the production and 

manipulation of proteins and the investigation of their physiological functions. Although 

Dr. Snare may use “molecular biology,” and although he studies life at the molecular 

level, he most certainly is not a molecular biologist. Although the approach of the Snare 

laboratory to the phenomena of life remains thoroughly “cold” and “soulless” (i.e. relies 

exclusively on physicochemical explanations in the context of morphological 

observations without any reference whatsoever to a “mysterious vital principle”), and 
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while his group remains dedicated to the finest molecular descriptions of the entities and 

functions of the cell, the abovementioned connection, I believe, provides the basis for a 

potential resistance to the straightforward claim often made “from above” that the 

merging or “convergence” of the disciplines is necessary for the advancement of the life 

sciences.  

This is the primary professional and intellectual context of the ethnographic 

research presented herein. That the cell, a holistic and “integrated” unit, retains its 

epistemic status as the fundamental object of inquiry, even though the discipline in which 

it is studied remains thoroughly reductionist at the level of its methodologies, might have 

a connection to the ethnographic observation of Dr. Snare’s push for a more generalized 

form of expertise and may therefore be unique to the life sciences as opposed to the 

physical sciences remains thoroughly unanswered, and studies to investigate this 

hypothesis would be helpful. Had Dr. Snare been presented with an opportunity to 

venture into another epistemic territory not connected with membrane fusion he very well 

might not have pursued it in order to continue studying the SNARE-based mechanisms of 

membrane fusion with which he was familiar, or perhaps he might have. Whatever else, 

with this in mind I turn to a description of Dr. Snare’s professional path, the transition of 

his group to the new collaboration building and some of the “everyday” interactions 

between them and their scientific neighbors, and later on its collaborative engagement 

with a group of chemists/materials scientists four floors below.  
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* * * 
 

 
Me: Do you consider yourself first and foremost a biochemist or a cell biologist? 
People often refer me to methods more generally when I ask them this question. 

 
Dr. Snare: I don’t know – I mean I don’t really have a good answer to that. I guess 
primarily I would consider myself a biochemist, mainly because, well, historically 
speaking I would consider myself first and foremost a biochemist, but I am 
increasingly more of a cell biologist, although historically I am more of a 
biochemist. This is mainly because I work with in vitro systems – so it’s not really 
cells, not really animals. When I was a graduate student and a post-doc I did a lot 
of yeast work, and so that was - I didn’t really do much genetics though – we used 
yeast to express things and to look at in vitro reactions, so I guess that I would say 
that I am more of a biochemist who is growing into a cell biologist, if you like. 
But mostly it’s techniques – I don’t care what discipline the technique comes from 
if it gets me the answer that I need to get – so I’m more question-driven, I want to 
know how something works, and if I need to do cell biology to get that answer, if 
I need to do biochemistry or biophysics then I will try to do that. Overall it is 
more hypothesis-driven than technique-driven (Interview, 10 December 2009).  

 
 

When pressed Dr. Snare and the members of his laboratory would alternately 

characterize themselves as “biochemists” or “cell biologists,” depending on how much 

they tended to work directly with proteins or use microscopic techniques, but mostly they 

just preferred to be called “scientists.” In the context of his historical studies on 

biochemistry, Robert Kohler (1975) has raised some important questions regarding the 

disciplines of the life sciences. What “attitudes” have biochemists [and other life 

scientists I would add] held toward neighboring disciplines and how have these changed 

over time? How have they tended to perceive and conceptualize specific problems in 

comparison to other disciplines of the biological and physical sciences? In the case of 

twentieth-century biochemistry specifically, Kohler (1975: 279) wonders, did they think 

of research “[a]s purely chemical problems, or as aids to medical sciences, or as general 

problems of biology?” These remain central questions in the present work. What is the 
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place of Dr. Snare’s laboratory within the ecology of biomedical research as a whole? 

How or why might the disciplinary traditions counting Dr. Snare among its members 

resist the implications of those ideologies pushing for a “convergence” of the life sciences 

and other disciplines at the nanoscale level, on the one hand, and the increasingly audible 

calls to expedite the “translation” of basic research into tangible benefits for clinical 

medicine, on the other hand? As a “basic” scientist investigating the elementary entities 

and processes of life that are common to all of its forms, it would appear that Dr. Snare 

and scientists like him legitimate their claims to autonomy through strategies that are, as 

a result of an increasingly vigilant and skeptical public, increasingly less and less 

available to many other kinds of scientific research.  

Against claims that the only path to progress in the life sciences is by recourse to 

a vast reduction at the nanoscale that would effectively merge all of the disciplines into 

one “meta-discipline” is a riposte positing that, although the individual entities 

comprising cellular life can and indeed must be investigated using the kinds of 

technologies this ideology has in mind, a comprehensive understanding of the cell and all 

of its functions may nevertheless require something more. On the one hand, systems 

biology has increasingly assumed an alluring status in the last decade or so as a result of 

its explicit goal of making sense not simply of the many biological entities already 

characterized in terms of their individual chemistries and individual functions but of the 

complex and perhaps emergent “systems” of interactions in which they are variously 

enrolled. Using computation, mathematics, and principles of engineering, systems 

biology tries to see the “forest” and not just the “trees.” In the preface to a recent iteration 

of the Annual Review of Biochemistry (2010), its author distinguishes the now traditional 
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reductionist approach to the study of living things with the newer approach of systems 

biology. In the most general terms possible, the reductionist approach employs a method 

by which all but one variable in an experimental arrangement is kept constant and 

compared to a control in which no manipulation has been enacted. Differences noted are 

subsequently attributed to that variable, and on the basis of many such experiments 

hypotheses are tested and alternately supported or falsified, and in every case, the sound 

investigator is always on the lookout for potential confounders. While acknowledging 

that this approach has resulted in some of the most astounding advances and that it has 

produced of an almost incomprehensible volume of data, the author argues that a 

supplement to this method is warranted. For one thing, the genes and enzymes of the 

cell’s many pathways of intermediary metabolism have been noted to interact in a myriad 

of complex and quite frankly puzzling networks, and the reductionist approach may not 

be enough to achieve a complete or comprehensive understanding of them. What is the 

principle of the network itself?  

Systems biology takes aim at those networks themselves, and while it promises to 

generate more simple and unified conceptions of the cell and its processes, it nevertheless 

ultimately relies on statistical correlations in lieu of definitive experimental proof of 

causation: its main role might therefore be in the generation of new and interesting 

hypotheses to be tested using the reductionist approach. And beyond this, a great many of 

the functional properties of the entities of the cell still need to be characterized – the 

scientific community still needs to continue using the reductionist method to provide the 

“inputs” required by systems-based approaches. In other words, the components of the 

system still need to be better understood before they can be studied in correlation with all 
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of the other inputs. With this much established, the author of the preface concluded that 

the reductionist and systems approaches should be viewed as complementary. As Michel 

Morange has pointed out, the reductionism that predominates in the life sciences is not 

the “hard” form of reductionism of the 1950s and 1960s. Even though life scientists such 

as Dr. Snare are interested in the tiniest details of the entities of the cell, such as the 

hinge-point of a protein or the difference even a single amino acid makes, these findings 

are nevertheless placed within the overall context of a fully integrated cellular milieu, an 

understanding I argue it ultimately shares with the systems approach.  

I asked Dr. Snare to elaborate on the use of computational method, the 

relationship between his laboratory and these newer “system-based” approaches to 

biology, and the importance of mathematics and statistics versus the use of visual models 

in his approach to studying the protein-based mechanisms of membrane fusion:  

 
Dr. Snare: We're a very wet science lab. We do use computers for things like blast 
searches [to identify regions of similarity between sequences] to inform how we 
make mutants, and we certainly rely on computational methods to understand 
comparisons and homology, but we don't do any modeling or anything like 
that...I’m not very mathematically-oriented in terms of how I approach stuff. For 
those kinds of methods you need to really understand the system well enough that 
you can apply specific criteria for how your model runs, right? So you need to 
know concentrations, you need to know affinities, you need to know rates, you 
need to know… (Interview, 10 May 2011).  

 
Me: Those are a lot of variables. 

 
Dr. Snare: Right. And a lot of those things are known, in certain instances, but not 
in others. So it is hard – it is still a little bit premature to sort of model these things 
computationally because the things you need to know in terms of modeling are 
not well understood. But some people do make wild assumptions about certain 
variables, and then you can still get simulations and things that are fairly robust, 
but we don’t do that...There are multiple levels of evidence for a variety of things 
and it depends on the sophistication of the techniques to give you different levels 
of evidence (Interview, 10 May 2011).  
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Me: We were talking about how some scientists are, for whatever reason, more 
convinced by logic or math, maybe statistics, while others may be more 
convinced by visual evidence. Into which category do you fall?  

 
Dr. Snare: I need numbers, I need quantitation, I need to know relative amounts - 
but in terms of understanding the process pictures help me a lot. Thinking about 
pictures, so you know, these complicated processes [involving proteins] – it’s 
hard sometimes to model, visualize how things work, but even if you don’t get all 
the details right you can certainly understand - at least I can - better understand 
different aspects of a process if I can see it in my head, if I can see it on paper. If I 
can put this here, or move this part around, and then ask is that something 
meaningful? Or is it just fantasy in terms of molecular motion? Maybe this really 
needs to be down here in a different place. Can I test whether or not that really 
happens? I can use the information that I have gleaned from studying the cartoons 
to ask what happens if I make a set of mutations in this region of the protein. How 
will it affect things in a way that I predict based on my model? And a lot of times 
the answer is yes, but most of the time the answer is no. So you make predictions 
based on the visualization of the model of these complex systems, and sometimes 
you get it right and most of the times you don’t. [I may realize] that it’s really not 
that, because if it were that then this should have given an outcome that was 
different than the one I saw. So, that is one really inefficient thing about having 
reduced fairly complex systems down to a manageable number of components. 
Because we can vary them in ways that we can’t really do in a cell. We are 
working basically with inert lipids…which make very minor contributions…to 
the overall fusion process. If we change the proteins in particular ways…if we 
make a particular point mutation in a protein…we are fairly confident that the 
response we will get is due to that single thing we have changed. But, a lot of that 
is derived from intuition and a lot of it is derived from modeling and just trying to 
understand how proteins move, how lipids move, and how they do their thing.  So 
I am very visual in that regard (Interview, 10 May 2011). 

 
 

Dr. Snare therefore remains committed to that part of the equation that tries to 

figure out the nature of the pieces - and especially how they carry out the local functions 

upon which the larger functions of the cell are ultimately based - before they can be put 

into a greater puzzle, before they might be plugged into a computer modelling system in 

order to take a bird’s eye view of their relations to more distant and seemingly unrelated 

actors in the cell. The mechanisms of protein-based mechanisms of membrane fusion, 

moreover, are quite different than the pathways of intermediary metabolism. For one 
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thing, they largely enable those pathways to take place at all: for instance, without 

Protein X the endoplasmic reticulum will not develop properly, and the metabolites 

generated within it might not be trafficked to a different part of the cell where the next 

step in the reaction sequence is to take place.  

Michel Morange (2011b) has helpfully distinguished the concept of a “physical” 

explanation versus a “biological” explanation for the various phenomena of life, with Dr. 

Snare’s present approach definitively falling into the latter category. Moving forward 

with a discussion of inter-disciplinary collaboration in the modern life sciences, I would 

argue that this distinction is immensely helpful in providing a level of clarity that might 

not otherwise have been immediately apparent. Although Morange suggests that it is 

often challenging to outline any “absolute criteria” for differentiating biological from 

physical explanations, “history has nevertheless moulded and stabilized forms of 

explanations, ways to address questions that can be unambiguously called ‘’physical’’ or 

‘’biological’”  (Morange 2011b: 139).  

To start, physical explanations are ubiquitous in biology and the most 

comprehensive and enduring models of life often incorporate an “interwoven” mixture of 

these two modes of explanation. Morange argues that this explanatory juxtaposition has 

been almost entirely unproblematic. For him, biological explanations are fundamentally 

mechanistic, a notion he immediately likens to similar conceptions of “mechanism” as 

“advocated by Descartes or Galileo.” Specifically, “the functions of proteins are 

explained by the existence within these 'nanomachines' of levers, springs, etc.” (Morange 

2009: 8). Since the 1970s, explanations of biological phenomena “in terms of weak bond 

formation, conformational changes and relative displacement of different parts of the 
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proteins” have assumed a position of dominance with respect to more “abstract physical 

models” of vital phenomena (Morange 2011b: 140).  These “biological explanations” are, 

at root, essentially “molecular explanations,” and although physical and chemical 

methods are constitutively employed in support of these expositions, “physical 

explanations,” per se, represent “simpler, more general and economical way[s] to account 

for…observations than…traditional molecular explanations” (Morange 2011b: 141).  

Metabolism, for instance, is inadequately understood without reference to the 

laws of thermodynamics. Without recourse to input from physics in understanding the 

flows of matter and energy in the cell, our approach to the highly ordered pathways 

responsible for the anabolism and catabolism of biological molecules would be purely 

descriptive (Morange 2011b).  Another famous historical example is the investigation of 

nerve impulses by Alan Lloyd Hodgkin, Andrew Fielding Huxley, and others in England 

during the middle years of the twentieth century, research that culminated in the 1963 

Nobel Prize in Physiology or Medicine. Using their so-called “voltage clamp” technique 

to study the conduction of action potentials in the giant squid axon, Hodgkin and Huxley 

hypothesized that the observed abrupt reversal in the electrical potential of the squid axon 

membrane – the action potential – is due to the movement of sodium and potassium ions 

across the cell membrane, and they concluded that these transient currents were due to 

the selective permissibility of membrane bound channels to these ions. In this model, the 

lipid bilayer functions much like an ordinary capacitor as a result of the insulating 

character of its hydrophobic interior. Taking the sum total of the conductances passing 

through a series of proposed ion channels spanning the lipid bilayer and thereby 

mediating the movement of charge across an otherwise impermeable axon membrane, 
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Hodgkin and Huxley were able to summarize their findings using a series of nonlinear 

differential equations that mathematically accounted for the observed the electrical 

activity of the giant squid axon (Magner 2001; Morange 2011b; Kandel et al. 2000).  

Eventually, investigators provided clues into the actual molecular mechanisms 

responsible for these phenomena, as originally modeled by Hodgkin and Huxley. The 

channels that enabled the flow of ions across the membrane turned out to be proteins – 

voltage-gated channel proteins, furthermore - whose chemical compositions and three-

dimensional structures were shown to be responsible both for their sensitivity to changes 

in membrane potential as well as the high selectivity of their central pores to the passage 

of specific ions (i.e. Na+, K+, Cl-) (Morange 2011b; Blaustein, Kao, Matteson 2012).  

Although biological (i.e. “molecular-mechanistic”) explanations have for some 

time now been privileged over physical explanations as the “dominant” mode of exegesis 

in the life sciences, the latter have tended to serve as “placeholders” until the exact 

biological mechanism responsible for the observed phenomenon of interest is achieved. 

Morange (2011b, 2009) nevertheless feels that there is a valuable role for physical 

explanations in the life sciences beyond this otherwise “temporary” role. For one thing – 

and Morange is not alone in articulating this – physical explanations may very well 

enhance the ability of investigators to make predictions and verify hypotheses as a result 

of their ability to provide highly precise, often quantitative data. In both cases, these are 

goals shared by those advocating primarily mechanistic explanations, even if the ultimate 

aim of these researchers is to qualitatively express the nature of biological functions. In 

line with this, Morange makes a sweeping argument. “It is a general rule: a physical 

approach becomes necessary when the traditional biological explanations have reached 
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their limit” (Morange 2011b: 143). One can easily identify the resonances between this 

argument and the original epistemic premises underlying the vision for the collaboration 

building, to which we shall turn later on in this work.  

Much in congruence with the basic rationale offered by those advocating a 

“systems-based” approach to biology, Morange (2011b: 142) suggests that “the 

accumulation of molecular knowledge has paradoxically reduced the capacity to predict 

the behaviour of biological systems,” and he has identified three specific limits that 

mechanistic explanations presently face (Morange 2009). The first of these limits is 

spatial. Morange suggests that although at present mechanistic explanations in biology 

are specifically addressed to the molecular level, they nevertheless fail to offer finer, 

more sophisticated explanations of molecular behavior beyond the already mentioned 

“levers, springs, and pulleys.” It may very well be the case that certain aspects of 

biological function are not amenable to this kind of mechanical explanation, and as such 

it remains to be seen if there is a role for things like “molecular noise” and other 

stochastic inputs of a fundamentally “statistical” nature (à la quantum mechanics). 

Morange hints that certain explanatory arguments may one day lose ground “to more 

sophisticated explanations in terms of statistical thermodynamics” and “microvibrations 

of molecules” (Morange 2009: 8). For Morange (2009: 8), a second limit is that of 

evolution:  

 
Molecular mechanisms are the result of a long evolution; when the molecular 
explanations are pushed to their limits, the characteristics of the systems under 
study can no longer be understood independently of the evolutionary history 
which generated them.  
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The third limit to the explanatory scope of mechanistic description in biology 

should once again be familiar to those advocating the ever-increasingly popular ideas of 

“systems biology.” According to Morange (2009: 8):  

 
[W]hen…macromolecules work together in networks, [their] organization obeys 
design principles familiar to engineers, in relation with the functions that the 
ensemble of macromolecules has to fulfill. These principles of organization 
cannot be directly deduced from knowledge of macromolecular structures.  

 
 

Thus, as a result of these three limits – space, time, and organizational 

simultaneity/network-based emergence – Morange (2011b: 140) anticipates a number of 

opportunities for future exchanges among physics and biology. 

 
[T]he influence of physics and physicists must not be limited to an increase in 
knowledge. Maybe more important are transformations in the way of doing 
science, of asking questions and elaborating models.  

 
 

To be sure, although physical methods continue to enable the determination of 

macromolecular structure (e.g., X-ray crystallography, NMR spectroscopy) in a way that 

immediately explains biological function (e.g., the double helix model of DNA and the 

replication of hereditary information; the “active zone” of enzymes and the catalysis of 

definite biochemical reactions), Morange (2011b, 1998) and others (Hunter 2000), have 

argued that physicists have influenced biology on yet deeper levels, as was the case with 

the Phage Group of Cold Spring Harbor and the emergence of molecular biology during 

the middle of the twentieth century. According to Morange (2011b: 143):  

 
Physicists…influenced the development of molecular biology…not so much by 
the concepts and techniques that they introduced…but rather by their conviction 
that simple rules were likely to generate the most fundamental processes in all 
organisms, despite their diversity. 
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And yet, in the present setting - in which the notion of a fundamentally integrated 

cell has increasingly taken precedence - precisely where and at what levels of 

organization these “simple rules” might yet be seen to apply remains a pressing question 

of immense importance for the future of biology.  This distinction between biological and 

physical explanations in the life sciences is therefore of great importance to present 

analysis, not only because it enables a more nuanced characterization of the preferred 

modes of explanation employed by Dr. Snare’s laboratory, but also because it enhances 

the possibilities by which one might conceptualize as yet unrealized inter-scientific 

connections while simultaneously enabling the more sensitive detection of impediments 

to it. There is zero doubt that Dr. Snare would completely welcome any explanation that 

helps him and the scientific community more broadly to understand the phenomena of 

life. Until then, he remains committed to investigating the fundamental structures and 

functions of cells according to the manner in which he has been trained. To the biological 

community, it remains an indispensable approach.  

If there is one thing that I especially came to appreciate in Dr. Snare’s laboratory 

it is just how difficult and technical the work of protein chemistry is. I once remember an 

organic chemist in college joking (but actually being serious) that in addition to his own 

work he could do the work of a biochemist, as if the latter were somehow capable of 

being reduced to the laws of chemistry – in just the same way that some say that 

chemistry can be reduced to physics. No way. Proteins are the “giant” macromolecules of 

the cell (Hunter 2000) and as such can be incredibly challenging to handle. They can be 

quite fickle. It is not easy to isolate them and sometimes it is difficult to even produce 

them. In the case of Dr. Snare’s laboratory another challenge is getting them to 
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reconstitute into the artificial liposomes used in the fusion assay. There are many reagents 

and many steps and therefore any one of many things can go wrong. Anthropologists 

might criticize me for being overly committed to my ethnographic partners on an 

affective level, and that is fine, but there is no doubt about it: what scientists like Dr. 

Snare do is hard work. It takes lots of time. It takes enormous skill. And perhaps above all 

it takes tremendous patience.  

Although to most Dr. Snare and his most immediate disciplinary colleagues 

appear to be committed to a lofty and perhaps even highfalutin vocation, and while they 

use the most sophisticated of scientific instruments and theories, I would argue that those 

who work in Dr. Snare’s field are descended from what I would characterize as a line of 

“working class” scientists. In comparison to the work of the molecular biologists, for 

instance, what biochemists do has rarely been considered revolutionary or even “sexy.” 

Although life scientists like Dr. Snare are strictly “fundamental” in their approach to 

research nowadays, this was not always the case for those using the self-appellation 

“biochemist.” Despite the origin of biochemistry as a primarily clinical service-oriented 

discipline, however, throughout its expansion into a more broadly biological program of 

research and teaching what has remained constant throughout has been its deliberately 

experimental approach and its patient dedication to delineating the individual facts of the 

cell “from the bottom up.”18 Although since its very inception as a consolidated discipline 

                                                        
18 From one of the “Careers” side bars of Otto and Towle’s (1985: 47) high school 
biology textbook: “Biochemists study the chemical composition of living things. They 
also conduct research on the chemistry of cell activities and the affects (sic) of food, 
hormones, and drugs on various organisms. A Bachelor of Science degree with a major in 
biochemistry, chemistry, or biology may qualify for entry level jobs as research assistants 
or technicians. To do original biochemical research, a Ph.D. is needed.” Beyond this 
definition, however, the contemporary “biochemist” is not only concerned with basic 
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its modes of explanation have always been grounded in the laws of physics and chemistry 

and the patterns of biological morphology, biochemistry has always resisted the 

particularly hard form of reductionism that reached its charismatic apogee during the 

“golden era” of molecular biology in the 1950s and 1960s, an approach that promised 

quicker and more direct solutions to the puzzles of life, lines of thought that I argue are 

still quite apparent in many epistemic ideologies today, including some of those 

informing notions of “scientific collaboration.”  

Teich and Needham (1992: 506) have noted that, during the latter half of the 

nineteenth century and certainly well into the twentieth, there was a palpable reluctance – 

often quite marked – among the various political, financial, and scientific authorities of 

the academy and the hospital to acknowledge the existence, relevance, and independence 

of an autonomous field of research lying somewhere between the territory of the organic 

chemist and the morphology-centered biologist. Although by 1910 the presence of 

professional societies, specialized journals, textbooks, courses of teaching, and 

departmental chairmanships proclaimed the arrival of the discipline of biochemistry on 

the intellectual landscape, Marcel Florkin (1972: 1) has written that during the first few 

decades of the twentieth century organic chemists and physiologists still openly held this 

new newer discipline in contempt. The former despised its repugnant preoccupation with 

“slime” (i.e. “Schleim-chemie”) whereas the latter tended to consider it – if it did so at all 

– as a mere “handmaiden” to its own goals and aspirations (Kohler 1975: 292).  

                                                                                                                                                                     
reactions within cells (e.g., enzyme kinetics following Michaelis-Menten model, but 
moving beyond these “classical” concerns a deep commitment to ascertaining the 
constitution and behavior of the molecular structures mechanistically responsible for 
those reactions, and their connections to the functions of the cell. 
 



71 
 

 

Robert Kohler (1982, 1975) has shown that biochemistry succeeded in 

establishing itself as a widely acknowledged discipline in its own right first in the United 

States and specifically as a result of its direct connection to and practical service function 

within clinical medicine there.19 This position in relation to clinical medicine provided 

biochemistry with the institutional funding and legitimacy it would have otherwise been 

unable to acquire had it attempted to forge ahead as a “highbrow” program of general 

biochemistry right from the start, as university chemists and biologists would have surely 

disapproved (Kohler 1982: 252). Although a program in general biochemistry did in fact 

take shape across the pond at Cambridge under the direction of F.G. Hopkins during the 

first few decades of the twentieth century, this was by and large an isolated program, and 

most of the “physiological chemists” of Europe remained beholden to the more 

institutionally dominant disciplines including physiology during this time (Kohler 1982, 

1975; see also Teich and Needham 1992). Nevertheless, once individual departments of 

biochemistry had been established in the school of medicine the discipline began to 

evolve toward more broadly biological programs of research that were less directly bound 

to immediate clinical applications (Kohler 1982).   

                                                        
19 In particular, it was the reform movement in American medical education led by 
Abraham Flexner and others at the turn of the twentieth century that paved the way for 
the establishment of autonomous departments of biochemistry affiliated with hospitals 
and schools of medicine. The report famously stipulated that medical knowledge ought to 
stand on the bedrock of basic science, and it was during this period of institutional 
upheaval that biochemists were able to securely position themselves, for the first time, as 
integral members of the biomedical ecology. According to Kohler (1982: 252), “A 
conception of biochemistry as an applied science was suited to the practical ideology of 
the Progressive era [1890s-1920s] and to the politics of medical reform.” In addition to 
this connection to clinical medicine, however, it would perhaps be a bit unfair to 
completely overlook the role of industry in providing support to the nascent discipline of 
biochemistry. As Teich and Needham (1992: 541) have noted, by the early 1920s the 
investigation of large “polymeric” molecules including “cellulose, starch, rubber, and 
proteins began to receive a strong impulse from industry.” 
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Although the realities of biochemists' careers were shaped by medical service 
roles, their aspirations were less bound to the quotidian. From time to time, 
biochemists have claimed that biochemistry is not limited to medicine but 
comprises the chemical aspects of all the biological and medical disciplines. This 
conception of biochemistry as a basic biological discipline had its roots less in 
useful applications than in reductionist ideologies; it looked less to the present 
than to the future (Kohler 1982: 286).   

 
 

Although this newfound institutional support provided biochemists with a degree 

of autonomy, Kohler argues that the continuing connection to clinical service later on 

ended up limiting the discipline’s opportunities to participate in the most revolutionary 

biological discoveries of twentieth-century. Examples include the discovery of the lac 

operon mechanism of inducible gene expression in bacteria by the French biologists 

Jacques Monod and François Jacob, Linus Pauling’s already mentioned discovery of the 

secondary structure of proteins (i.e. the alpha helix) and the role of hydrogen bonds in 

stabilizing these conformations, and, perhaps above all else, Watson and Crick’s proposal 

of the “double helix” model of DNA in 1953, a tripartite collaboration involving the 

theory of biology (i.e. rules of hereditary transmission), chemistry (i.e. stereochemical 

modeling),  and physics (i.e. X-ray crystallography) – with traditional biochemists 

conspicuously excluded. All of these discoveries lent near-immediate legitimacy to the 

nascent field of molecular biology in the 1950s and well into the 1960s. 

A number of historiographers have commented on the relationship between 

molecular biology and biochemistry during this era, and specifically the challenge posed 

by the former on the scope and even the legitimacy of the latter (Hunter 2000; Abir-Am 

2006, 1992; Kohler 1982, 1975). According to Kohler (1975), the term “molecular 

biology” is an “ideological banner” that effectively captures the unbridled enthusiasm and 

brashness of a new generation of life scientists, a conglomerate owing its existence to 
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developments initiated by fields other than itself, including physics, chemistry, and even 

biochemistry itself. The new molecular biologists inherited a “flamboyant” and 

“outrageously self-confident” style from quantum physicists (Kohler 1975: 314), the 

strongest example of which is to be found in the “phage group,” an informal consortium 

largely dominated by transplants from the physical sciences and drawing inspiration from 

Erwin Schrödinger’s 1944 lecture monograph What is Life? and its hypothesis of an 

“aperiodic crystal” as the fundamental structure of the hereditary material (see Hunter 

2000: 248-255). Together, this group sought to distill the fundamental principles of 

biology down to their bare essences, and toward this end they chose the simplest form of 

“life” – the bacteria virus or bacteriophage, which consists of nothing more than a nucleic 

acid core and a protein capsid (Hunter 2000; Kohler 1982). While in 1944 the 

microbiologists Oswald Avery, Colin MacLeod, and Maclyn McCarty had provided 

strong evidence that DNA was the “transforming principle” in their investigations with 

bacteria, much of the scientific community agreed that definitive proof was not put forth 

until 1952, when phage group member Alfred Hershey and Martha Chase carried out 

what many still consider to be the most elegant biological experiment of all time. 

Hershey and Chase radiolabeled the sulfur-containing protein capsid of one population of 

bacteriophage and the phosphate-containing nucleic acid of another and incubated each 

through multiple generations of bacterial colonies. They found that the later generations 

contained the radiolabeled phosphate but not the radiolabeled sulfur: DNA was therefore, 

without any doubt, the hereditary material.20 In contrast to their own approach, the 

                                                        
20 The Meselson-Stahl experiment of 1958 has also been considered one of the most 
“elegant experiments in biology” (Holmes 2001). Using similar isotopic methods as those 
employed by Hershey and Chase in definitively proving that DNA and not protein is the 
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“swashbuckling” molecular biologists “made it clear they regarded biochemists as 

plodders” whose deliberate methods and “staid empirical style” lacked the visionary 

creativity and leaps of imagination ultimately required to unlock the secrets of life 

(Kohler 1982: 325, 330-331, Kohler 1975: 314). To the molecular biologists, it was 

essentially their fresh approach that enabled them to “[carry] off the richest prizes in 

molecular genetics, protein synthesis (a field tilled by biochemists), and cell physiology” 

(Kohler 1982: 330-331). In alignment with the earlier criticisms of biologists and 

chemists, the molecular biologists tended to regard biochemists “as narrow-minded 

specialists…neither proper chemists nor biologists…who were interested only in the 

petty details of metabolic pathways” (Kohler 1982: 333). The biochemists retorted that 

molecular biology “is simply the narrow field of phage genetics, or, alternately, that it is 

simply another name for biochemistry – and invidious and exclusive vision of biology” 

(Kohler 1975: 314).  

Not surprisingly, these charges aroused strong feelings and biting vitriol from 

some of the “traditional” biochemists of the day. While many biochemists could have 

cared less, others came to greatly resent this encroachment on their intellectual “turf” and 

subsequently developed a strong distaste for the very term “molecular.” Had they been 

given sufficient time - and had many of them not been required to continue fulfilling their 

service obligations to clinical medicine - many  biochemists had felt that their own tried 

and true methods would have eventually resulted in these discoveries (Kohler 1982, 

                                                                                                                                                                     
hereditary material, six years later Matthew Meselson and Franklin Stahl showed that 
DNA replication is “semi-conservative,” thereby confirming Watson and Crick’s original 
1953 hypothesis of the general mechanism of DNA replication. Meselson and Stahl 
achieved their results by labeling DNA with 15N and incubating bacteria with this heavier 
isotope with nucleotides containing the usual 14N. Rounds of centrifugation demonstrated 
the presence of DNA with an “intermediate” density.  
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1975). Erwin Chargaff21 was among the most displeased and famously claimed that 

“molecular biology is essentially the practice of biochemistry without a license” (Hunter 

2000: 312). He also seemed to indicate that many molecular biologists made claims they 

simply could not back up with evidence, among other complaints about the state of 

science itself in the latter half of the twentieth century (Chargaff 1978). At the heart of the 

conflict between biochemistry and molecular biology, therefore, was the right to be 

considered “the central and unifying discipline of experimental biology, treating the 

processes common to all life” (Kohler 1975: 314).  

Whatever else the disciplinary politics might have entailed, the biochemists were 

forced to take an even broader view of their field (Kohler 1982, 1975). In addition to the 

development of territorial resentments on the part of biochemists, part of this may have 

also been spurned by the movement of molecular biologists into departments of 

biochemistry. As Kohler (1975: 315) has pointed out, despite the rapid success of 

molecular biology it:   

 
…generally failed to become institutionalized in specific departments and chairs, 
and a large amount of molecular biological work was done in departments of 
biochemistry, especially after the discovery of in vitro protein synthesis on 
artificial RNA templates by Nirenberg and Matthei in 1962.  

 
 

Contemporaneous with (but less conspicuous than) the revolutions taking place in 

the new field molecular biology in the 1950s and 1960s was the emergence of a 

                                                        
21 Chargaff, a biochemist working primarily on nucleic acids, had shown in 1950 that the 
nitrogenous bases of DNA – the purine adenine and the pyrimidine guanine on the one 
hand and the purine guanine and the pyrimidine cytosine on the other - exist in equal 
concentrations. This lent strong evidence to the idea that these bases pair with one 
another within the structure of the molecule itself (i.e. “Chargaff’s rules”). Chargaff later 
resented his exclusion from the 1962 Nobel Prize, awarded to Watson, Crick, and Wilkins 
for the discovery of the structure of DNA.  
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profoundly altered understanding and conceptualization of its seat - the cell itself - thanks 

in large part to exhilaratingly eye-opening refinements in electron microscopy. For the 

first time life scientists were able to visualize the exquisite ultrastructural organization of 

the cell and appreciate its remarkable “compartmentalization.”  

 
One of the most surprising discoveries was the abundance of membranes inside 
the cell. It became clear that the existing concepts of the nature of cell organelles 
had to be completely revised. (Droscher 2009: 5).  

 
 

While the hereditary material itself - DNA – served as the unquestioned axis of 

the program in molecular biology, the abovementioned advances in electron microscopy 

and other techniques including ultracentrifugation (enabling the separation and 

purification of cellular entities based on subtle differences in molecular weight 

precipitated) developments that eventually culminated in a re-establishment of the cell 

itself as the irreducible unit of life. Cells are not simply a straightforward summation of 

so many molecules. On a practical level, the ultrastructure of the cell therefore assumed 

the role of a “map” to guide life science research (Droscher 2009).22 According to 

Morange (2009: 6): “Cells were no longer considered as bags full of enzymes, but as 

highly organized structures, whose principles of organization have to be fully described 

to understand the functions of individual proteins within them.”  

                                                        
22 Among the achievements realized by this new cooperation between ultrastructural 
examinations of the cell with electron microscopy and biochemical studies of the 
compounds isolated from its individual compartments was the discovery of the lysosome 
and the peroxisome, beginning in 1950, by the Belgian cytologist/biochemist and 
recipient of the 1974 Nobel Prize in Physiology or Medicine Christian de Duve, as well 
as the localization of the ATP-generating oxidative phosphorylation pathway to the inner 
mitochondrial membrane by the British biochemist Peter Mitchell, winner of the 1978 
Nobel Prize in Chemistry (Droscher 2009).  
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Increasingly throughout the 1960s and 1970s a new general outline of cell 

structure and function came into view, marking the beginning of a new era: the transition 

from “cytology” to “cell biology.” Whereas biochemists and molecular biologists had 

previously restricted their attention to the individual cell components or macromolecules 

(i.e. DNA and proteins), the horizons of the life sciences began to expand once many of 

the basic processes and pathways had been established (i.e. DNA replication, 

transcription, and translation; glycolysis, the citric acid cycle and oxidative 

phosphorylation, lipid and nitrogen metabolism, etc.). In particular, life scientists began 

to think about cell function in three dimensions and at different levels of organization, as 

they sought to make sense of the relationships between these different processes by 

reference to their spatial arrangements within the cell (Droscher 2009: 6).   

Helping to usher in this shift to a more “integrated” vision of the cell and its 

processes was the dramatic realization of the true nature of biological membranes and the 

establishment of the “fluid mosaic model” of lipid bilayer structure. According to 

Morange (2013: 4), while lipids were known to be components of biological membranes, 

until the early 1970s “it was “unanimously considered that that the main components in 

membrane organization were proteins.” Life scientists debated the character and 

arrangement of the proteins and the lipids and especially their orientation with respect to 

one another in the membranes, and a number of different models were put forward in the 

literature to try to account for all of their known properties. Although these models were 

quite diverse, Morange (2013: 4) argues that they had something very much in common: 

“the conviction that proteins interacted as in a crystal to create the architecture of 

membranes.” “[B]etween 1966 and 1972,” therefore, “the structure of membranes 
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resulted from the structure of their proteins and from the interactions of these proteins” 

(Morange 2013: 4).  

These notions were thoroughly consistent with the primary assumptions of 

molecular biology. According to Morange (2013), the success of the new discipline 

ushered in the largely unquestioned belief that the larger structures and functions of the 

cell were to be explained by reference to the properties of individual macromolecules 

within it. Specifically, the molecular biologists presumed that the proteins were 

responsible in the case of membranes. According to Francis Crick’s “central dogma” of 

molecular biology, DNA leads to mRNA which leads to proteins, and while the nucleic 

acids are responsible for the “legislative” functions of the cell it is the proteins that are 

responsible for the “executive” functions of the cell (Hunter 2000). The membrane itself 

may not have been directly inscribed in the genome but it coded for proteins that would 

essentially carry out its “biogenesis.” To illustrate these assumptions, Morange offers a 

quote from Edward Korn in a 1966 article: “[F]orm follows function, rather than function 

being restricted within the confines of structural limitations.”   

Morange reminds us that Jacques Monod too had suggested in Chance and 

Necessity (1972 [1970]) that the larger structures of the cell, including its membranes, 

result from the self-assembly of proteins, and to emphasize the crystal-like character of 

membranes, Morange also references Jean-Pierre Changeux, a student of Monod and 

Jacob, in a 1967 article: “membranes are made up by the association of repeating 

globular lipoprotein units.” In essence, for the molecular biologist of the 1950s and 
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1960s, subunits obey simple physical principles in assembling themselves into the macro-

structure of the cell (Morange 2013).23  

None of these protein-centric models held up to the evidence and an “explanatory 

vacuum” emerged (Morange 2013: 5). In 197224 the biochemists G.L. Nicolson and J. 

Singer published what has turned out to be an enduring representation of the membrane: 

“the fluid mosaic model.” While original research increasingly falsified the claims of the 

molecular biologists, the fluid mosaic model proved quite durable. According to Morange 

(2013: 4):  

 
The most obvious sign of resistance of the lipid bilayer model came from freeze-
etching electron microscopy and the presence of globular proteins within 
membranes. It demonstrated the existence of these two leaflets, and their major 
role in the structural organization of the membranes.  

 
 

This came as something of a shock to the molecular biologists, for the fluid 

mosaic model was remarkably distinct from the kinds of models they had proposed. The 

evidence had conclusively shown that membranes do not result from the straightforward 

                                                        
23 In their biological theory of autopoiesis, Humberto Maturana and Francisco Varela 
(1987) suggest a circular model whereby a membrane bounds metabolic functions that 
subsequently reproduce the boundary of the membrane itself. I have always had a tough 
time accepting this, not least because of Virchow’s concept, omnes cellula e cellula. I 
always felt like it was never as simple as this, and therefore remain skeptical that Niklas 
Luhmann’s systems theory, which places Maturana and Varela’s theory of autopoiesis at 
the center of its program, is therefore based on something of a false representation of that 
phenomenon.  
 
24 In passing, 1972 also turned out to be a “revolutionary” year in evolutionary biology as 
well as in cell biology, as Stephen Jay Gould and Niles Eldredge first published their 
“punctuated equilibrium” theory of evolutionary change. The fossil record, they argued, 
does not support the notion that species change gradually, continuously, and cumulatively 
over time; rather, they tend to remain quite stable for long stretches of time. The fossil 
record shows that these long periods of stability are “punctuated” by relatively brief 
instances of widespread and rapid evolutionary change, following which a new period of 
stability ensues, and so on.   
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assembly of the proteins embedded within them. The basic structure of the membrane is 

not immediately reducible to the genome itself, nor even to the proteins whose synthesis 

it codes. According to Morange (2013: 5), “the fluid mosaic model was an answer to the 

rise of molecular biology,” and “the structural and functional description of cell 

membranes progressively took the place occupied before by nucleic acids.” From here, 

intense investigation into the primary components, diversity, and functions of the 

membranes commenced. Interestingly, bilayers were shown to be asymmetric: the outer 

leaflet was not identical in composition to the inner leaflet. Some of the embedded 

proteins were shown to completely span the bilayer, while others were shown to be 

“buried” more or less deeply within it. Biochemists began to realize that those segments 

of proteins comprised of hydrophobic amino acids were most likely to be those segments 

of the proteins that were embedded within the interior hydrophobic core of the lipid 

bilayer (Morange 2013; Nelson and Cox 2013). With the emergence of newer techniques 

for the investigation of the cell in the wake of this discovery, the hard form of 

reductionism that had characterized the molecular biology of the 1950s and 1960s 

became gradually abandoned throughout the 1970s and 1980s (Morange 2013).  

 
The complex functions of cells and organisms could no longer be directly reduced 
to the characteristics of one or a limited number of macromolecules, even if the 
explanation of these complex functions required the precise description of the 
structure of the macromolecules involved in their realization. (Morange 2006: 
325).  

 
 

Morange (2013, 2009, 2006) and Droscher (2009) have both shown that the rise 

of “cell biology” beginning in the 1960s largely countered and undermined any validity 

to these trends, and they have argued that it was two developments in particular that 
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cemented this shift. The first was the development of techniques for directly visualizing 

chemical entities within the cells, including the use of antibodies and molecules with 

fluorescent properties. The second was the emergence of a deep and still continuing 

interest in what Morange (2009: 6) has called the “cellular principles of organization.” 

This includes studies of “cell signaling” and “intracellular traffic,” the latter of which 

includes the research of Dr. Snare and his group. Investigators have increasingly shown 

that the binding of specific molecules to receptors on cell surface initiates a remarkable 

array of highly organized and coordinated reactions within the cell, mediated by a series 

of effectors and adaptors capable of delivering the input to the nucleus or other segments 

of the cell that subsequently respond to the input in pre-determined ways. Studies of 

intracellular trafficking, including studies of extracellular secretion, have focused on 

mechanisms of transport and specificity including the organized, coordinated manner by 

which entities are “addressed” to their “proper destinations” within the cell. According to 

Morange (2009: 6):  

 
[D]escriptions [have] emerged of the complex trafficking of lipid vesicles 
between endoplasmic reticulum and the different compartments of the Golgi, and 
between the Golgi, the endosomes and the cell surface. The mechanisms behind 
this trafficking, and the rules that address a protein to a precise cellular 
compartment, were discovered.  

 
 
As a result of these developments, the cell has essentially come to be  
 
 

…conceived as a dynamic structure, which is constituted of three relatively 
independent membrane systems, each of them possessing a proper composition, 
and interconnected with the other membranes of the same system by a steady flow 
of material. Intracellular and intercellular communication, and the dynamics of 
membrane traffic, became one of the most prominent research topics of the 1990s. 
Likewise, molecular biologists and genome researchers began to insert the 
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individual mechanisms they investigated into the broader cellular context 
(Droscher 2009: 6).  
 
 
Although at present the concept of “information” is mainly used in a metaphorical 

sense in biology, for many molecular biologists of the 1950s and 1960s the informational 

role of the macromolecular entities within the cell was quite often taken literally, with 

some even going so far as to propose that certain memories and behaviors might be 

encoded within them, or that perhaps the information of life itself might constitute a kind 

of universal denominator of all language and communication (Morange 2006). Less 

extreme than these conceptions, many molecular biologists still continued to use concepts 

of information in order to “express…certain form[s] of causality” (Morange 2006: 

325).25, 26 

                                                        
25 The central position of “information” in biology during the 1960s coincided with 
similar developments in other disciplines, perhaps most notably in the human sciences, as 
marked by an increasing emphasis on language and meaning, especially in France.  
 
26 Morange (2000) has pointed out that, although Georges Canguilhem attended briefly to 
the major developments of twentieth-century biology (i.e. in the post-script to his famous 
work, The Normal and the Pathological (1991 [1943]), in these writings he was 
particularly caught up with the connections to cybernetics and information theory. 
Morange argues that this effectively prevented Canguilhem from noticing that the 
abovementioned developments in cell biology and the subsequent rise of an “integrated” 
vision of the cell actually dovetailed quite nicely with his own notion of “vital 
rationalism,” a “philosophy” on which he had been working his entire life. In this, the cell 
and its components take on both holistic and reductionist connotations. According to 
Morange, Canguilhem erred in his overemphasis of the role played by cybernetics and 
information theory in the origin of molecular biology, among other things, as historical 
research has conclusively shown that the contacts between life scientists and information 
theorists were actually quite limited and indeed difficult. Canguilhem may have 
developed a “philosophy of life,” but according to Morange (2000) he most certainly did 
not develop an adequate “philosophy of biology.” From my perspective, I never quite 
understood the relentless character of Canguilhem’s attacks on Claude Bernard. Part of 
his motivation for doing so was undoubtedly grounded in his own efforts to create a 
novel distinction between the “normal” and the “pathological,” a theory built on 
criticisms of Bernard, Broussais, and others. Never mind that Bernard was primarily 
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…of course nucleic acid information remains of crucial importance but the focus 
of research is moving to…[molecular descriptions of the] dynamic structures of 
proteins as they execute their functions…[T]his is important, not only at the 
fundamental level, but also at the practical level, for the development of new 
drugs (Morange 2009: 8).  

 
 

In the most general terms, this is the program to which Dr. Snare is dedicated. It is 

a broadly general biological program centered upon the impression that all forms of life 

are unified - indeed evolutionarily conserved - at the level of their most basic 

physicochemical processes within recurring modes of morphological organization within 

a bounded and integrated cellular milieu. In what follows, I will describe the nature of the 

specific sub-fields with this larger biological program in which Dr. Snare and his group 

compete for scientific authority. The first is the sub-field of centered upon the SNARE-

based mechanisms of membrane fusion. The second is the nascent sub-field of membrane 

fusion mediated by Protein X. I situate the shift in emphasis of the group from the former 

to the latter, while providing conceptual and methodological details delineating these sub-

fields from others.  

 

                                                                                                                                                                     
taking aim at the inadequate “vitalistic” theories of his own time, grounded as such in the 
pathological anatomy of Xavier Bichat, or that he was invested in showing that the 
phenomena of life obey the laws of chemistry and physics as with any other form of 
matter. Canguilhem selected contemporary theories of diseases such as diabetes to show 
just how much Bernard and others had erred. Canguilhem’s own conclusion – that disease 
is not some “numerical” deviation from a predetermined quantitative “norm” but rather 
constitutes a “new” norm unto itself (albeit one with a diminished capacity to act 
“normatively” or, in other words, to respond to and resist various insults) – seems hardly 
radical anymore. More than a few contemporary notions of “normal aging,” as found in 
the fields of internal medicine and geriatrics, are quite similar to Canguilhem’s theory.  
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Figure 2. A graph - really, a playful exaggeration - comparing the respective prestige 
accorded to work on DNA (primarily in the field of molecular biology) and proteins 
(primarily in the field of biochemistry) in terms of a rough estimate of overall funding. 
From: Schachman HK. 1979. “Summary Remarks: A Retrospect on Proteins.” In The 
Origins of Modern Biochemistry: A Retrospect on Proteins. Ann. N.Y. Acad. Sci. 325: 
363-373. © The New York Academy of Sciences. Reprinted with permission. 
 

 
 

* * * 
 
 

It has been known for many years, from the microscopic study of morphology 

alone, that the cell’s various membrane-bound organelles (including but not limited to the 

endoplasmic reticulum, the Golgi apparatus, and the smaller “vesicles” trafficking 

between them) fuse with one another and with the plasma membrane itself.27 While 

                                                        
27 For instance, according to life scientists (Nelson and Cox 2013), the “trafficking” of 
materials within the cell often proceeds through the budding and fusion of small “cargo” 
carrying vesicles with other, larger membrane-bound entities or “organelles.” Proteins 
produced in an organelle known as the endoplasmic reticulum, a lattice-like structure 
directly adjacent to the cell’s nucleus, may become “packaged” into small, membrane-
bound spheres budding off of that organelle’s outer membrane, and others may even be 
“threaded” through the membrane itself to become “membrane-bound” proteins – of 
which the SNARE proteins are one representative class. After these proteins are made in 
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membrane fusion events are seen broadly in all eukaryotic cells (including single-cellular 

yeast and in the individual cells of large animals including humans), the study of 

membrane fusion has historically assumed a particularly prominent position in the field 

of neuroscience, specifically within the subfield of “synaptic physiology.” The 

biochemical study of membrane fusion nevertheless has its origins in a broadly-based 

biological laboratory studying “intracellular traffic.” A series of discoveries in this 

laboratory regarding the role of a number of important proteins beginning in the late 

1980s and early 1990s led to the emergence of a new and remarkably competitive field of 

knowledge to which Dr. Snare first contributed as a post-doctoral researcher from the 

mid-1990s to the early 2000s. Of note, this specific field of research was recently 

acknowledged with the bestowment of a Nobel Prize in Physiology or Medicine to three 

of its key early researchers.  

                                                                                                                                                                     
the endoplasmic reticulum (through the process of DNA “translation” on specialized 
protein “machines” called ribosomes), these small “cargo” (e.g, protein) carrying vesicles 
(as well as the proteins embedded within their outer membranes) may travel to another 
organelle, a more peripherally located structure within the cell consisting of a series of 
“pancake-like” stacks of membranes known as the Golgi apparatus as a result of a unique 
molecular “code” on their outer surfaces “targeting” them there.  Upon fusing with the 
outer membrane of this organelle, the contents of these vesicles will be released into the 
inner compartment of the Golgi (and the membrane-bound proteins of these vesicles will 
subsequently become membrane-bound proteins of the Golgi). In the Golgi, these 
proteins and other “cargo” may be “processed” in a variety of ways (i.e. “post-
translational modification” of proteins such as the addition of a glycogen-based “tag” to 
the peptide), and these entities may possibly even travel to the other “stacks” of the Golgi 
for yet further modification. Thus, a “fully modified” protein originally produced in the 
endoplasmic reticulum may subsequently find itself within yet another small membrane-
bound vesicle that has budded off of the outer-most membrane of the Golgi. This vesicle 
may then subsequently travel to the outermost membrane of the cell itself, the plasma 
membrane, with which it may fuse, thereby releasing its contents into the extracellular 
environment with the additional result that its own membrane-bound proteins will 
become membrane-bound proteins of the plasma membrane (Nelson and Cox 2013).  
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Around the turn of the twentieth century, the Spanish pathologist and 

neuroanatomist Santiago Ramón y Cajal visualized, using then novel histologic staining 

techniques, that the organization of the nervous system is discontinuous, constituted by a 

vast network of individual neurons cells, thereby resulting in what has come to be known 

as the “neuron doctrine.” Later, it was discovered that the individual neurons contact one 

another many times over through an elaborate series of fine processes projecting from the 

“bodies” and axon termini of the cells (i.e. dendritic spines and axon terminals). Over the 

course of the twentieth century, researchers showed that individual neurons transmit 

electro-chemical signals to other “excitable” tissues including other neurons and to 

muscle cells by means of a structure known as a “synapse” consisting of the closely 

approximated membranes of these “communicating” cells and a small aqueous plane 

between them known as a “synaptic cleft.” The neuron transmitting the signal therefore 

came to be known as the “presynaptic” cell and the recipient of that signal the 

“postsynaptic” cell. Beginning in the 1940s and 1950s, experiments in the 

electrophysiology of the giant squid axon using the “patch clamp” technique, in 

correlation with morphological and chemical investigations, produced an enduring model 

of “neurotransmission” (Tansey 2001). In this model, an electrical signal or “wave of 

depolarization” mediated by an influx of sodium (Na+) ions through highly specific 

voltage-gated channels (discovered later on) travels down the axon of the neuron 

beginning at its body (or more specifically at its “axon hillock”) to its presynaptic 

terminals, at which point the electrical signal is transformed into a chemical signal. Here, 

the incoming wave of electrical depolarization stimulates the release of neurotransmitter 

from the presynaptic cell into the synaptic cleft. This neurotransmitter subsequently 
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diffuses across the cleft and binds to receptors on the postsynaptic membrane, alternately 

stimulating, inhibiting, or otherwise modulating the postsynaptic cell (Kandel et al. 

2000).  

 
 

 
 
 
Figure 3. Representation of neurons and selected morphological features. More detailed 
representation of the synapse are presented later. Of note, the ER and Golgi are 
ubiquitously found in all eukaryotic cells, including neurons. The Northeastern group Dr. 
Snare joined as a post-doc studied fusion between these organelles and their vesicles as 
well as in the neural synapse. They therefore approached bilayer fusion as a general 
biological concept (Drawing by the author; with reference to and modified from Nelson 
and Cox 2013; Blaustein et al. 2012; Kandel et al. 2000).   
 
 
 

Through electron microscopy, the synapse was shown to have a unique 

ultrastructural organization. Specifically, researchers visualized small spherical entities in 
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various phases and distances from the presynaptic membrane, alternately free within the 

cytoplasm, “docked” with it, or actively fusing with it. These morphological observations 

appeared to correlate with electrophysiology studies suggesting a discrete, “quantum-

like” release of neurotransmitter (i.e. the amount of neurotransmitter released is 

proportional to the degree of presynaptic calcium (Ca2+) ion influx) (Nelson and Cox 

2013; Kandel et al. 2000). In general, the stages of neurotransmission were known to 

involve the following: the docking of pre-packaged vesicles containing neurotransmitter 

near the presynaptic membrane in a “ready-to-release” state, the fusion event itself in 

which the membranes of the incoming vesicle and the plasma membrane become one, 

releasing the contents of the vesicle into the synaptic cleft, and lastly the process of 

endocytosis  by which those segments of recently fused membrane are recycled in order 

to make new transmitter-containing vesicles. Although it had been known since the 1960s 

that an influx of calcium (Ca2+) ions into the presynaptic nerve terminal was required for 

the release of neurotransmitter (Kandel et al. 2000), the exact molecular mechanism by 

which neurotransmitter-containing vesicles docked to and fused with the presynaptic 

membrane (thereby precipitating the release of the neurotransmitter into the synaptic 

cleft) remained unknown. 

 



89 
 

 

 
 
Figure 4. Representation of a neural synapse. Neurotransmitter containing vesicles are 
shown docking and fusing with the presynaptic membrane upon the arrival of an action 
potential (AP). Mitochondria supply energy (in the form of ATP) for this process. Upon 
binding neurotransmitter receptors on the postsynaptic membrane initiate a downstream 
response. Ion channels crucial to this process are identified, including the 
Sodium/Potassium exchanger, which is ubiquitously expressed in all cells (Drawing by 
the author; with reference to and modified from Nelson and Cox 2013; Blaustein et al. 
2012; Kandel et al. 2000).   
 

 
 

An American biochemist – not a neuroscientist – working on intracellular 

trafficking patterns and their associated mechanisms of specificity at a well-known cancer 

hospital in a large Northeast city discovered in his laboratory with his team in 1988 that a 

particular cytosolic protein, which they called N-ethylmaleimide sensitive factor (NSF), 

was crucial to the fusion of transport vesicles, for without it vesicles accumulated in large 

numbers and the cell eventually died (Hussain and Davanger 2011). Looking specifically 
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at the Golgi apparatus and the smaller vesicles fusing with it, this same group soon 

thereafter discovered that other proteins were also important elements of this process. 

One of these proteins exists freely in the cytoplasm, like NSF, and they found that it 

functions to bind NSF to the Golgi membrane. They therefore named it soluble NSF 

attachment protein (SNAP). In addition, they also found that NSF and SNAP interacted 

with yet another entity, a previously unknown integral-membrane protein, and they 

showed that NSF can only bind to SNAP after SNAP has first bound to this new protein. 

Lastly, they found that the resulting complex of these proteins (which might yet include 

even more proteins) could be dissociated upon the hydrolysis of the distal-most high-

energy phosphate bond of a molecule called adenosine triphosphate (ATP), the so-called 

“universal energy currency” found ubiquitously in all forms of life. After further studies 

looking at membrane fusion in different organelles and in different model organisms, 

including the most “simple” eukaryotic organism (i.e. yeast), this Northeastern group 

concluded that the function of these three proteins is not confined to the Golgi apparatus, 

but rather participates in all of the steps of “exocytosis” (also known as the “secretory 

pathway”) (i.e. endoplasmic reticulum => vesicle => Golgi apparatus => vesicle => 

plasma membrane). Given these findings, they suggested that these three proteins are the 

elementary components of a general and “evolutionarily conserved” or “biologically 

ancient” membrane fusion mechanism (Hussain and Davanger 2011).  

As it turned out, two other integral-membrane proteins besides what the 

abovementioned group had discovered interact with NSF and SNAP and are therefore 

also involved in the membrane fusion process. Collectively these three integral 

membrane-bound proteins have therefore come to be known as the soluble NSF 
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attachment protein receptors or SNAREs (Nelson and Cox 2013; Blaustein et al. 2012; 

Hussain and Davanger 2011; Kandel et al. 2000). Alongside the Northeastern group’s 

efforts, a fierce competition ensued in the early 1990s over the priority of characterizing 

the biochemistry and physiological functions of these proteins considered as a unit, for 

they were increasingly believed to comprise the basic “molecular machinery” of 

membrane fusion. This competition primarily transpired between a second group led by a 

biochemistry-trained American neuroscientist then working on the idyllic West Coast and 

a third group led by a German biochemist then working specifically on synaptic 

transmission at a medical school in a Southwestern city, often in collaboration with 

another German scientist then working at a medical school in New England. Among other 

methods, these investigators employed the clever use of various neurotoxins specifically 

cleaving the individual SNARE proteins, including botulinum and tetanus toxins 

(Hussain and Davanger 2011). Altogether these investigators successfully characterized 

the chemical compositions, three-dimensional structures, and cellular positions of the 

SNAREs: (1) VAMP (or synaptobrevin), which is located on the membrane of the 

incoming vesicle (and is thus considered a “v-SNARE”), (2) SNAP-25, which is located 

on the plasma or “target” membrane (a “t-SNARE” that is, importantly not related to the 

cytosolic protein, SNAP), and (3) syntaxin, which, like SNAP-25, is also located on the 

plasma or “target” membrane (another “t-SNARE”) (Nelson and Cox 2013; Blaustein et 

al. 2012: 155-179; Hussain and Davanger 2011; Kandel et al. 2000).  

While this coalescing community of researchers were steadily identifying the 

primary “players” involved in membrane fusion, the original Northeastern group 

published, in the words of a historical review by Hussain and Davanger (2011), “the 
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single most important breakthrough in the understanding of synaptic vesicle membrane 

fusion.” In two papers published that year, one actually in collaboration with the West 

Coast group, these researchers used a unique “affinity” purification method to show that 

NSF and SNAP could be used to isolate the three SNARE proteins from a precipitate of 

homogenized brain tissue, leading them to conclude that these two cytosolic proteins 

likely constitute “universal components”  of  the membrane fusion process, and that the 

three SNAREs “ensure vesicle-to-target specificity” (Hussain and Davanger 2011).  

Further studies showed that the cytosolic portions of each of these three integral-

membrane SNAREs share a common “motif” - the alpha-helix, a “secondary” protein 

structure resulting from the regular occurrence of hydrogen bonds between the carboxyl 

group of one amino acid and the amide group of every fourth amino acid  thereafter along 

the linear polypeptide chain connecting them, one after another in series via peptide 

bonds (i.e. the “primary” protein structure) (Nelson and Cox 2013).28 On the basis of all 

                                                        
28 The well-known American chemist Linus Pauling was awarded the Nobel Prize in 
Chemistry in 1954 "for his research into the nature of the chemical bond and its 
application to the elucidation of the structure of complex substances," specifically the 
description of secondary protein structures including the alpha-helix, first published in 
the Proceedings of the National Academy of Sciences in 1951 (Watson 2001). Combining 
a solid grasp of the theory of quantum mechanics and stereochemistry with the 
interpretative savviness to make empirical sense of the X-ray crystallographic 
representations of many crystallized molecules, Pauling suggested important principles of 
chemical bonds pertaining to their angles, energies, and distances as well as a theory of 
“hybrid” molecular orbitals and a “resonance” interpretation of molecular bonding. His 
studies on the denaturation of proteins and comparison of the differential effects of 
alternately disrupting  their hydrogen bonds and covalent bonds helped affirm the 
German organic chemist Emil Fischer’s early twentieth-century conclusions that proteins 
are essentially composed of linear chains of amino acids (Brock 2002), thereby bringing 
about an end to the so-called “Dark Age of Biocolloidology” in which proteins were 
assumed to be colloids rather than definitive individual molecules, a conception that, in 
the eyes of many, continued to take on the vitalistic connotations of an earlier era (Hunter 
2000; Florkin 1972). Additionally, following his demonstration that proteins are definite 
molecules assuming a three-dimensional structure on the basis of their one-dimensional 
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of these findings, many of which they themselves made, this Northeastern group 

subsequently put forth what has come to be known as “the SNARE hypothesis,” now 

largely accepted within the scientific community. According to the hypothesis, the 

Northeastern group argued that the two t-SNAREs syntaxin and SNAP-25 contribute, 

respectively, two and one alpha-helices to create on the plasma membrane a “t-SNARE 

complex” (a three alpha helix bundle, in all), to which the incoming v-SNARE 

VAMP/synaptobrevin subsequently contributes an alpha-helix of its own, thereby 

generating the  “trans-SNARE complex” or “SNAREpin.” From here, the Northeastern 

group suggested a mechanism of fusion based on a “zipper” model, as they called it, in 

which the temporal progression of the bonds between the four alpha-helices of the 

SNAREs proceeds from their distal most aspects in the cytoplasm down toward their 

anchoring points in the membranes, effectively causing the four-helix “bundle” to 

progressively adopt an increasingly parallel position to the plane of the target membrane 

(Represented in the image on the following page). This movement, they suggested, 

produces a force that closely approximates and subsequently fuses the vesicle and target 

membranes (Hussain and Davanger 2011). Once the membranes are fused, a “cis-SNARE 

complex” therefore results, in which all three of the SNARE proteins (and the four alpha 

                                                                                                                                                                     
(linear) amino acid sequence, Pauling provided evidence that the function of 
macromolecules such as enzymes can be explained at the molecular level by reference to 
the “complementarity” between them and their substrates, once again lending support to 
Emil Fischer’s earlier and now famous “lock-and-key” model of enzyme action first 
announced in 1894 (Brock 2002). Lastly, Pauling was the first to offer a molecular 
explanation of a clinical disease by suggesting that sickle cell anemia is caused by a 
structural problem in the hemoglobin protein itself causing it to aggregate in the setting of 
low oxygen. Had he not been so harried to propose a model of the structure of DNA, and 
perhaps had he seen Rosalind Franklin’s X-ray images at the conference Watson and 
Crick attended, Pauling might very well have proposed the correct structure instead of 
suggesting a three-stranded model with the nucleotide bases facing outward (Watson 
2001).  
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helices among them all) ultimately find themselves bound to one another on the same 

(plasma) membrane. Further experiments showed that the cytosolic proteins NSF and 

SNAP bind to this cis-SNARE complex and dissemble it, in order that the v-SNARE 

VAMP/synaptobrevin can be recycled and subsequently re-used for another fusion 

reaction. This explained the group’s original observation back in 1988 that membrane 

fusion cannot proceed without NSF, for without it all of the SNARE proteins would 

remain stuck in the cis configuration on the (now fused) plasma membrane. 

Importantly, while the group on the West Coast and the collaboration between the 

groups in the Southwest and New England led by the German investigators remained 

fully engaged in their competition to elucidate the structure and function of the SNAREs, 

they were also in competition for priority over the characterization of yet another protein 

known to be required, in addition to the now canonical SNAREs, for the release of 

neurotransmitter by presynaptic neurons. This turned out to be another integral-

membrane protein called synaptotagmin (or p65) which is located, like 

VAMP/synaptobrevin, on the surface of the synaptic vesicle. Although this protein had 

been first identified in 1981 its function within the cell remained unknown for over a 

decade (Hussain and Davanger 2011). Importantly, in synaptotagmin the membrane 

fusion community increasingly came to believe it had finally found the key player 

responsible for mediating the connection between the influx of calcium (Ca2+) ions into 

the presynaptic terminal upon the arrival of the incoming action potential and the 

molecular machinery mechanistically responsible for fusing the presynaptic vesicles with 

the presynaptic plasma membrane (Blaustein et al. 2012: 155-179). The Southwest-New 

England collaboration produced evidence that this integral-membrane protein is the 
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calcium-sensing molecule of the presynaptic terminal by demonstrating that its two 

cytoplasmic domains (C2A and C2B) are capable of binding five calcium (Ca2+) ions 

(Represented in the image on the following page). The Northeastern group subsequently 

showed that one of the SNARE proteins binds this calcium-sensing protein and 

subsequently recruits NSF, providing a link between the influx of Calcium (Ca2+) ions 

into the presynaptic terminal and SNARE-mediated fusion (Hussain and Davanger 2011). 

Around this time, Dr. Snare arrived on the scene to begin working in the laboratory of the 

Northeastern group as a post-doctoral researcher, in the midst of a somewhat contentious 

debate regarding the role of synaptotagmin in the fusion process above and beyond its 

collectively and unproblematically accepted role as the calcium-sensing element of the 

presynaptic terminal. Of note, this debate was still ongoing during my time in Dr. Snare’s 

laboratory, as it came up a couple of times during laboratory meetings when discussing 

recent papers in the SNARE field.  
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Figure 5. A detailed structural model of the molecular machinery of vesicular membrane 
fusion in the presynaptic terminal of a neuron is shown above. An incoming 
(neurotransmitter-containing) vesicle and the plasma (synaptic) membrane with which it 
is primed to fuse are shown. Also shown is the four-helix bundle of the trans-SNARE 
complex and on the synaptic vesicle synaptotagmin, which in this image is bound to 
calcium (Ca2+) ions (Source: Wikipedia, the free encyclopedia, publicly accessed 13 May 
2015; reproduced without modification under the Creative Commons Attribution-Share 
Alike 3.0 Unported license and under the terms of the GNU Free Documentation License, 
Version 1.2 or any later version published by the Free Software Foundation, with specific 
acknowledgement of the author, Danko Dimchev Georgiev, MD). The SNAREs and 
synaptotagmin are represented using the “ribbon model” of protein structure introduced 
by Swarthmore College alumna Jane Richardson in 1981. According to Morange (2011a), 
this model not only adequately accounted for what was contemporaneously known about 
the three-dimensional structures of proteins from studies on the mechanisms and patterns 
of protein folding starting, demonstrating as it does canonical secondary structures such 
as the alpha-helix and the beta-pleated sheet and their further association into “super-
secondary” structures, Richardson’s model also turned out to be well suited to a 
straightforward comparison of different proteins in their “native” conformations, enabling 
the elaboration of a molecular taxonomy of proteins and elucidation of evolutionary 
relations between them. Equally if not more importantly, however, Richardson’s ribbon 
model of protein structure has also, Morange argues, likely contributed to the 
advancement of life science research itself by helping researchers achieve new 
conceptual heights in understanding and elaborating novel experiments. In coordination 
with biochemical and biophysical research on the structural mechanisms of domain 
dynamics, the ribbon model has enabled researchers to visualize the internal movements 
of proteins in relation to their substrates, to other proteins, and to membranes, among 
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other elements of their local environment, and to therefore begin to think of proteins as 
“nano-machines” a trope that Morange argues has become increasingly visible ever since 
the 1997 discovery of the mechanism by which the enzyme ATPase generates ATP in the 
mitochondrion, specifically by coupling the movement of hydrogen (H+) ions down the 
concentration gradient through the core of this membrane-bound macromolecule: “one of 
the most fundamental enzymes of the living world…which synthesizes the energy 
currency used in all organisms functions as a motor with two parts, a rotor and a stator.” 
In line with this representation of proteins as little machines, the freely mobile and 
stationary parts of the SNARE proteins and synaptotagmin are evident in the model 
shown above and assist the conceptualization of the “zipper” model of membrane fusion. 
To quote Morange (2011a: 573):  
 

Major discoveries in science are often seen as resulting from the development of 
new technologies, allowing the description and study of new phenomena, or from 
the relating of different and hitherto unexplained phenomena in an explanatory 
model...To introduce a new representation is an event that is as important in the 
construction of scientific knowledge as technological developments and the 
unveiling of new phenomena. It orients observations and research in specific 
directions. Jane Richardson made such a contribution. Her merit is to have 
understood better than others the importance of these representations, not only for 
the popularization of results, but also for the development of research itself. The 
elaboration of scientific knowledge is a more complex process than is usually 
described for science students. The elaboration of new representations and 
models, in which choices have to be made, shows that science is the result of a 
human construction of reality, not something imposed by nature.  
 

For his part, Dr. Snare contributed to research showing that the SNARE proteins 

alone are capable of fusing membranes, and that the mechanical “zippering” mechanism 

therefore provides sufficient energy to overcome the thermodynamic barrier to this 

process, leading to the conclusion that the formation of the trans-SNARE complex is 

therefore “coincident with and drives membrane fusion” (Hussain and Davanger 2011). 

With this much established, the Northeastern group concluded that the function of 

synaptotagmin is to serve as a “clamp” on the SNARE complex until it binds Calcium 

(Ca2+) ions. In this manner, synaptotagmin prevents the constitutive release of 

neurotransmitter and ensures that fusion events only take place in the setting of an 

incoming action potential. In contrast to this hypothesis, researchers from the 
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Southwestern-New England collaboration suggested that the cytoplasmic domain of 

synaptotagmin also binds to phospholipids, and specifically that it contains a hydrophobic 

segment which they proposed dips down into the hydrophobic core of the lipid bilayer in 

order to disrupt it, thereby directly facilitating membrane fusion in a straightforward 

mechanical manner. They therefore concluded that in addition to binding calcium (Ca2+) 

ions this disruptive function of synaptotagmin on the target membrane is responsible for 

the fusion of membranes, not the SNARE-based “zipper” mechanism as proposed by Dr. 

Snare’s group in the Northeast.  

With regard to the debate surrounding the nature of the biophysical phenomenon 

of bilayer fusion itself, there are thus a number of sometimes hotly debated “sub-

theories.” Perhaps simply as a result of there being so much information in the literature, 

or perhaps the researchers in other camps are aware of but simply do not agree with 

certain reports, one gets the distinct impression that investigators feel others occasionally 

“ignore” the earlier contributions of others in the field, whether it be work on the 

structure of a protein, the advancement of a model, or something else entirely (Field 

notes, 13 April 2010). During one of the laboratory meetings I attended there was a 

discussion of a recently published paper from another group regarding the respective 

roles of the SNARE proteins and synaptotagmin in the membrane fusion process. This 

paper attempted to support the hypothesis that synaptotagmin alone provides the driving 

force for membrane fusion, thereby relegating the SNARE proteins to a simple “docking” 

function, in stark contrast to the hypothesis of Dr. Snare’s group. Why, Dr. Snare asked, 

do arguments regarding the role of synaptotagmin in membrane fusion have to be posed 

in an “either/or” fashion (i.e. it mediates fusion/it does not mediate fusion)? Perhaps 
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nature does not work in this way. Why not pursue other lines of evidence that suggest it 

might have a more nuanced role in the fusion process? According to Dr. Snare, both 

groups agree that at some point in the cycle all of the proteins "talk to one another" and 

that they interact for different durations of time. They also all agree that synaptotagmin is 

ultimately required for regulated membrane fusion in the neuron: it “clamps” the SNARE 

complex and until it “senses” calcium (Ca2+) ions fusion will not proceed. Dr. Snare 

conceded that although it is “clear” that synaptotagmin disrupts the outer leaflet of the 

membrane, this alone in his opinion is not sufficient to consider it as the sole biophysical 

mechanism responsible for membrane fusion. The SNARE complex itself may also be 

involved in the recruitment of lipids and this too might be involved in the biophysical 

mechanism of membrane fusion. “Synaptotagmin is clearly important, but in what 

capacity is it important?” (Field notes, 13 April 2010). Whatever else, and certainly by 

comparison to the scales on which other disciplines operate, I was impressed with just 

how minute were the details about which the individual members of the field of 

membrane fusion research would enter into long, drawn-out debates.  

Approximately one year later I followed up with Dr. Snare on the status of this 

specific debate.  

 
Me: What is the status of the ongoing debate regarding the involvement of 
SNARE proteins in the membrane fusion mechanism?  
 
Dr. Snare: That’s a good question. So in the SNARE world the prevailing wisdom 
now is that…well there was some issue until fairly recently regarding whether or 
not SNAREs were actually doing the active work of fusion. There were some 
groups suggesting that the SNAREs were basically like Velcro, holding 
membranes together, and then something else was doing the active process 
[synaptotagmin]. And so this introduces another set of proteins; the argument was 
that SNAREs weren’t the players that provided the energy necessary for fusion 
but rather they argued that SNAREs were active in the process “at a distance” in 
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holding membranes together, and that another protein, specifically the ones put 
forward were trans-membrane channel proteins, these were the proteins that they 
suggested were doing the actual mixing of lipids. But that I think has been put to 
rest now. There is just I think insurmountable evidence that SNAREs do the job, 
and these other things have kind of faded away. So I would say that 95% of the 
field would say that SNAREs do the job. There is still a lot of active discussion 
about “how,” I mean, there are still big open questions about mechanism, in terms 
of specifics, protein-protein interactions, how proteins move lipids, what forces 
are involved, how motions are translated into forces, and stuff like that. So the 
mechanics are still actively debated and sought after, as well as the regulatory 
elements. So while we for the most part reduce things to two proteins or three 
proteins and two liposomes, this is not how cells do it. The regulatory aspects of 
how you put SNAREs together, when and to what extent – there is still lots of 
debate about what exactly the regulatory proteins do; do they facilitate rate, do 
they facilitate protein-protein interactions? Do they hold things in check until 
certain signals come? So there are still issues about regulation. But I think the 
consensus is that SNAREs do the job – and so now the question is “exactly how?” 
But I think that we are getting close enough, almost atomic resolution in terms of 
mechanisms; so people are doing “single molecule” things now where they can 
measure protein-protein interactions at the single molecule level…a highest 
resolution of proteins that we can currently get by the technics that we have. Until 
something new comes along, I think this is [as good as it gets]. But I think it is 
pretty well established (Interview, 10 May 2011). 

 
 

Dr. Snare and his group continued to work on some of these finer details of the 

SNARE-synaptotagmin story, including the role of specific segments of the SNAREs and 

synaptotagmin and especially the regulatory roles of various “supplemental” proteins and 

the mechanisms by which they alternately enhance or inhibit membrane fusion. In 

particular, they had spent a great deal of effort on a large regulatory protein and 

concluded that it serves to “scaffold” the SNARE complex and thereby enhances 

membrane fusion. Nevertheless, by the time I began spending time in Dr. Snare’s 

laboratory emphasis on this and other aspects of the SNARE story had started to dwindle 

down. Just before the laboratory transitioned to the new collaboration building one of Dr. 

Snare’s last graduate students who worked primarily worked on the SNARE proteins 

graduated and moved on to work in a laboratory of the local biomedical institutions.  
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The research technician actually stepped in to try to help clarify some of the “loose 

threads” left behind and toward this end carried out some experiments on his own. 

Although Dr. Snare and the group certainly continued to pay attention to “the SNARE 

world,” they had nevertheless focused more of their energy on the Protein X project in 

order to place their “flag” in a totally fresh territory, rather exclusively work on hashing 

out the most intricate details of a largely established territory.  

From a sociological perspective, one of the most pertinent observations about the 

manner in which these contests for priority of discovery of the SNARE proteins, 

synaptotagmin, and the fundamental mechanisms of membrane fusion is that there was 

very little collaboration between the three research groups: the original Northeastern 

group that discovered NSF and SNAP, the West Coast group, and the Southwestern-New 

England coalition led primarily by European investigators (Hussain and Davanger 2011). 

Hussain and Davanger (2011) note in their historical review that the Northeastern and 

west coast groups co-wrote the original report including “the SNARE hypothesis,” and 

that the principal investigators of the Northeastern and Southwestern groups also 

published a review of the field sometime later, but that was it. The constitutive 

mechanisms governing the social dynamics of the sub-field of SNARE and 

synaptotagmin mediated membrane fusion, therefore, appear to be grounded primarily in 

competition – indeed intense competition – rather than collaboration. One could certainly 

make the argument that, in their intense competitions with one another, these 

investigators collectively elevated the stakes of the field, accelerated the pace at which 

fundamental discoveries were made – both in their “reciprocal stimulation” of one 

another (Hussain and Davanger 2011) and through the work of time itself (i.e. in its very 
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finitude, the “ticking clock” compelled the researchers to labor quickly in order to 

achieve priority of discovery for themselves and for their institutions), and otherwise 

advanced the study of life as a whole in the process.  

Is individual competition therefore the most efficient mechanism for achieving 

progress in science? What if there existed a philanthropic organization that had the 

wherewithal and was willing to construct a state-of-the-art research facility and was 

somehow able to recruit all of the premiere scientists in the field of membrane fusion to 

move their research programs into its individual laboratories, constructed according to 

their exact specifications? This structure would have some of the things that the 

collaboration building being discussed at present possesses: a large auditorium for invited 

speakers, an educational wing for the teaching of membrane science to undergraduates 

and graduate students, communal spaces for informal conversation over lunch and/or 

coffee, and maybe even a small office of technology transfer in the event that something 

with commercial potential happened to emerge (unlikely, at present, according to Dr. 

Snare). Nevertheless, what if this hypothetical building furthermore came with its own 

hefty supply of funds and mechanisms for strategically sprinkling “seed” grants among 

the occupants of the building, in order to get formerly competing researchers to work 

together toward the accomplishment of shared scientific goals? Something, in other 

words, like a “Manhattan Project” for membrane fusion? What further discoveries might 

be made? What pathophysiological mechanisms might be elucidated at the molecular 

level? In connection with these basic principles, what drugs might be developed to 

ameliorate or at least halt the progress of associated clinical diseases? Would the 

investigators get along and become genuinely invested in working together in the 
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process? What would become of the races for priority and the distribution of credit that 

had been so central to the constitutive mechanisms of the sub-field before? These are 

some of the questions I have had since leaving the field. In the wildest dreams of the most 

idealistic scientific manager, what would it actually take to make something like this 

become a reality?  

Another one of the most important sociological distinctions to be noted among the 

groups is that the Northeastern group initiated its investigations of membrane fusion 

within the context of a thoroughly broad-based program in general biology, specifically 

the mechanisms responsible for the movement of cellular “cargo” – whatever that might 

be – from one compartment of the cell to another (and then to another - and so on). 

According to these life scientists, all eukaryotic cells – from the most basic 

“representatives” such as the unicellular yeast all the way “up” to the individual cells of 

the most “advanced” organism, Homo sapiens – shuttle bio-molecular entities in three-

dimensions between the various compartments and regions of the cell in a “constitutive” 

manner (i.e. without which cellular life is essentially not possible – the processes 

contributes to the very “constitution” of cells). What was truly remarkable about their 

achievement was that the Northeastern group showed that the basic molecular apparatus 

responsible for so-called “constitutive” membrane fusion in the most “primitive” cells, 

namely the sequential binding and disassembly by NSF and SNAP of specific post-fusion 

cis-SNARE complexes – is also integral to the most highly complex and intricately 

regulated membrane fusion events found in nature, those of the neural synapse. Indeed, 

this same group furthermore provided evidence that the individual SNARE proteins are a 

diverse group, and that different SNARE proteins are employed in the fusion of specific 
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organelles (thus accounting for why a certain protein gets “trafficked” to a specific 

organelle and not a different one) and that the SNARE proteins of different species 

performing analogous functions are evolutionarily related to one another – syntaxin, 

SNAP-25, and VAMP are in fact the specific SNAREs of the presynaptic nerve terminals 

of human beings – although NSF and SNAP-25 eventually disassemble them all – every 

SNARE in every species - in order that subsequent fusion reactions can proceed in every 

circumstance. That the Northeastern group discovered a simple explanation for the most 

complex biological process has certainly not gone unnoticed (Hussain and Davanger 

2011). In essence, the release of neurotransmitter via the fusion of vesicles in the highly 

specialized presynaptic neuron is, at root, guided by the most ancient mechanisms found 

in the most “basic” eukaryotic organisms (Hussain and Davanger 2011). The 

Northeastern group that Dr. Snare joined as a post-doctoral researcher - not long after 

they had published the groundbreaking “SNARE hypothesis” - was therefore committed 

to answering questions of fundamental biological significance to all cells in all living 

things – from the most simple (i.e. yeast) to the most advanced (i.e. neurons). In contrast, 

much of the work done by the competitors of this Northeastern group was carried out 

specifically in the context of neurotransmission, and therefore these groups tended to pay 

much greater attention to syntaxin, SNAP-25, and VAMP rather than the multitude of 

other SNAREs found at different stages of intracellular transport and in different species. 

Dr. Snare and the Northeastern group were and are therefore in a position to argue that, 

one the one hand, they are interested in yeast specifically, all the while being able to 

simultaneously argue that they are putting together a story regarding the biology of the 

so-called “last common eukaryotic ancestor” or “LECA.” Interestingly, one will not find 
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a single picture of a neuron on the walls of Dr. Snare’s laboratory, nor will one find any 

textbooks or articles strewn about dedicated specifically to neuroscience or 

neurophysiology. In fact, the members of Dr. Snare’s laboratory really only discussed 

neurotransmission with me when I asked them why exactly SNAREs are important, and 

even then as only one among other examples.  

Interestingly, one of Dr. Snare’s graduate students informed me that the “ER 

translocation guy” then working at a prestigious medical school in New England had 

actually been studying Protein X long before Dr. Snare arrived on the scene and showed, 

in collaboration with the Italian group, what exactly the overall physiological function of 

this protein actually is.29 Simultaneously, the majority of researchers focused on 

membrane fusion appeared to be still invested primarily within the 

SNARE/synaptotagmin sub-field, focusing their energies on an ever-finer description of 

the physiology of the neural synapse in lieu of attending to other potential modalities of 

membrane fusion more broadly. One might therefore wonder, in the specific case of Dr. 

Snare, what impact his general biological background, on the one hand, and his specific 

expertise in the methods and techniques of studying membrane fusion specifically, had on 

his recognizing the value of what the Italian group initially offered him, as prospective 

collaborators.  

 
 
 
 
 
 

                                                        
29 Although the “ER translocation guy” may not have initially been in the best position to 
investigate the fusogenic properties of Protein X, he quickly became adept at doing so 
with his vast team of doctoral-level researchers and students. 
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* * * 
 
 

Dr. Snare employs a unique experimental assay to detect and measure the 

“fusogenic” properties of membrane-bound proteins, a technique that he frequently 

referred to as the “bread and butter” of his laboratory. The core principles of the 

experimental design date back to the early 1980s, when a group of investigators then 

working at a prestigious research institute in the Mid-Atlantic region came up with a 

novel means of determining whether or not two lipid bilayer spheres or experimental 

“liposomes” had achieved fusion with another based on a physical principle known as 

fluorescent resonance energy transfer or “FRET” (Struck et al. 1981). In short, the basic 

technique involves the attachment of two separate classes of molecules possessing unique 

fluorescent properties (“fluorophores”) to the phosphate head groups of individual 

phospholipid molecules comprising the lipid bilayer membrane. These individual 

molecules – NBD and rhodamine –fluoresce at very specific and characteristic 

wavelengths. Interestingly, if these two molecules are placed in close proximity to one 

another they effectively “quench” the signal of the other, resulting in no fluorescent 

emissions. Struck et al. (1981) had the brilliant idea of incorporating both NBD and 

rhodamine onto individual phospholipids in sufficient quantities so as to be closely 

approximated to one another within the bilayer and therefore “quenching” one another on 

the surface of a single liposome. In the event that this individual NBD/rhodamine-bearing 

liposome happened to fuse with a second liposome free of these fluorophores, the 

resulting mixture of both fluorophore-containing and fluorophore-free phospholipids in a 

new, fused liposome would necessarily result in the creation of distance between the 

former molecules, subsequently “unquenching” the respective fluorescent emissions of 
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the individual NBD and rhodamine molecules enabling their detection using a 

spectroscopic instrument. The members of Dr. Snare’s lab explain the physical nature of 

this reaction, but admittedly do not know more than they have to, as the physical basis of 

the fusion assay serves as “means to other ends.”  

Therefore, a new method of investigating the function (and not just the 

biochemistry) of proteins emerges: by attaching proteins of interest to these experimental 

liposomes and placing them in a potentially reactive situation with one another, the 

detection of fluorescence suggests that the proteins have caused membrane fusion 

whereas the absence of fluorescence indicates that the proteins have not caused 

membrane fusion. Of course, the experimental liposomes are simple surrogates for the 

actual membranes of cells. Missing from this experimental arrangement is a multitude of 

other molecular constituents found in native membranes, including other proteins and 

cholesterol as well as a much greater diversity of constituent phospholipids than the 

largely uniform ones used to create the artificial liposomes. Of course, on the other hand, 

this assay plays right into the requirements of the strictly reductionist approach placed at 

the center of Dr. Snare’s disciplinary tradition(s). With all other variables kept constant, 

and with respect to the presence, absence, or variation in the degree of fusion observed 

between two distinct populations of experimental liposomes: what are the effects of ever 

so slightly manipulating or altering the proteins of interest attached to them? Basically, 

investigators insert a protein of interest or a mutant version thereof into one set of 

liposomes (containing phospholipid heads alternately labeled with NBD and rhodamine), 

and then another protein of interest or mutant version thereof into another set of 

liposomes (without NBD and rhodamine labels), bring them together under controlled 
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conditions, and assess the outcome - either fusion has taken place - perhaps a lot or 

perhaps a little bit - or it has not at all. For instance, by inserting v-SNAREs and t-

SNAREs into different artificial liposomes, it could be possible to achieve lipid bilayer 

fusion.  

While other investigators had previously achieved success in attaching to the 

surface of these experimental liposomes peripherally-bound (i.e. non-integral) peptides, 

including the class of “Rab” proteins known to regulate (but not mechanistically cause) 

membrane fusion at various stages of the transport cycle, while a post-doctoral researcher 

Dr. Snare and one of his close colleagues in the Northeastern group came up with a 

reliable, standardized method of incorporating the SNARE proteins into these 

experimental liposomes, which until then had posed a formidable technical challenge to 

the community of researchers then interested in studying their biochemical and 

“fusogenic” properties, in large part due to their integral membrane-bound characteristics. 

The process of recombinant protein reconstitution – getting the protein to situate itself in 

a membrane as it normally does in an actual cell membrane – is “a technical challenge in 

and of itself” (Interview, 10 May 2011). For instance, the “hydrophobic” segment of the 

protein must situate itself within the interior of the lipid bilayer and the “hydrophilic” 

segments end up extending out into the cytoplasm (or the aqueous medium in the case of 

the artificial liposomes). This challenge becomes even more difficult when you try to 

reconstitute multiple proteins into the same liposome – for instance, if an investigator is 

interested in studying the modulatory or regulatory effects of various “supplemental” 

proteins on the core SNARE fusion “machinery.” Overall, “it is a technically challenging 
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endeavor and pretty much you can do it, but it is exponentially harder” (Interview 10 

May, 2011).  

Dr. Snare and his colleague therefore adapted the FRET method for reliably 

detecting and characterizing membrane fusion with the SNARE proteins and announced 

this procedure to the scientific community. They specifically recommended the use of 

specific types of phospholipids known to be “inert” and therefore unlikely to contribute 

to membrane fusion themselves, thereby enabling the focus of the assay to be on the 

reconstituted proteins alone. They detailed a series of steps to create “stocks” of artificial 

liposomes and described the procedures for reliably reconstituting the individual SNARE 

proteins into them. Years after Dr. Snare and colleagues had announced this method to the 

scientific community, a researcher from Italy that Dr. Snare had never met before came 

across it with a very specific purpose in mind.  
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Figure 6. Illustration of the theory of the FRET-based method of investigating lipid 
bilayer fusion. At the top of this figure, a “donor” liposome containing both NBD- and 
rhodamine-labeled phospholipids is shown on the left in red and blue, and an “acceptor” 
liposome free of fluorophores is shown on the right in black and yellow. In the case of 
hemifusion, only the outer leaflet of the bilayer is fused. In the fully fused configuration 
both leaflets have completely fused, resulting in a single “hybrid” liposome containing a 
mixture of the intra-liposomal contents. In the lipid bilayer of the fully fused 
configuration at the bottom right, fluorophore-bound phospholipids (in red) are shown 
interspersed with fluorophore-free phospholipids (in black) on the surface of a fully fused 
liposome. This mixing increases the distance between the fluorophore-bound 
phospholipids alternately containing NBD or rhodamine, resulting in a disinhibition of 
the fluorophore “quenching”  phenomenon and an emission fluorescence, which can 
subsequently be detected using a special spectrophotometer (Source: Wikipedia, the free 
encyclopedia, publicly accessible on 11 August 2011. The copyright holder of the figure 
has released this work into the public domain for use by any individual for any purpose 
without any conditions).  
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Figure 7. Instrumentation and computer workstation used in the “fusion assay” for the 
detection and spectroscopic measurement of protein-mediated lipid bilayer mixing, as 
based on the “FRET” methodology. Proteins reconstituted into the artificial liposomes 
may include “wild type,” variously mutated or “truncated” versions of proteins of 
interest. (Photograph by the author, 5 May 2011).  

 
 
 

* * * 
 
 

It became clear to me early on that collaborative research involving the life 

sciences frequently entails a variety of exchanges or “donations” (often solicited) - of 

materials and reagents, ideas for new experiments or thoughts on why a particular 

experiment did not work, technical assistance and methodology trouble-shooting, sharing 

of equipment, lending of personnel and their labor, and so on. On multiple occasions I 

had the opportunity to speak with Dr. Snare and the members of his laboratory about 

these observations.  
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Among the more coveted possessions of the Snare laboratory are its bacterial 

expression constructs (i.e. “plasmids”) coding for specific peptides of interest and 

especially the recombinant proteins themselves (almost always of their own making), as 

expressed in E. coli and subsequently purified for purposes of analysis. The reliable 

production of these entities requires – especially in the case of the latter – specific kinds 

of technical skills, familiarity with common pitfalls, and above all patience. In the case of 

the plasmids, many are commercially available, and upon purchasing these the members 

of the laboratory may wish to make certain modifications, such as the altering of a 

genetic sequence coding for a specific protein mutant protein of interest, the inclusion of 

a gene for selected anti-microbial resistance, restriction enzymes cleaving proteins at 

specific amino acid sequences, and so on. As noted already, the production and 

purification of proteins tends to be a more fickle endeavor, frequently requiring multiple 

stages of “verification” to ensure that the researchers are in fact making and isolating 

precisely what they have sought to produce and purify (e.g., the “amido black” assay and 

gel electrophoresis for the separation of peptide fragments based on their weight and 

charge, spectrophotometric analyses, and so on). A good portion of my own efforts as 

well as the efforts of the undergraduates in the laboratory were dedicated to supporting 

and assisting the graduate students with these undertakings. Without the ability to make 

proteins of precise sequences, and with sufficient purity and in large enough quantities, 

the Snare laboratory would simply be unable to carry out experiments of interest, whether 

these be biochemical studies (i.e. measurements of enzymatic activity such as the ability 

to hydrolyze nucleoside-triphosphate) or functional studies (i.e. detection and 
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measurement of fusion between artificial liposomes bearing reconstituted proteins within 

the lipid bilayers).  

Dr. Snare and the members of his laboratory were particularly protective of their 

“-80°C degree” freezer, which contained hundreds of stored plasmids and protein 

samples made previously by the group.  Upon achieving a “good” yield, some of the 

protein could be used immediately for various tests, while the remainder of the lot was 

pipetted into small plastic vials, placed in small cardboard boxes with the date and 

identity of the molecule labeled in marker, and stored on a shelf in the -80°C freezer for 

later use. In both cases the proteins were kept in a solution, sometimes containing a 

“detergent” to prevent aggregation and precipitation, in small plastic conical vials. When 

preparing for a given experiment, the laboratory workers would place these vials in 

buckets containing finely crushed ice at the benchtop, in order to make sure that the 

protein did not become “denatured” and therefore unsuitable for study. It was handy to 

have this stockpile of clones and purified proteins in the event that the group needed to 

answer a specific question but did not have time to synthesize a whole new batch de 

novo. There was a particularly tense moment one Monday morning when Dr. Snare’s 

research technician was informed by the building management staff that there had been a 

power outage of some sort over the weekend. More specifically, it appeared that one of 

the construction workers had unplugged one of the refrigerators while attending to a task 

in the (still unfinished) laboratory. The group was extremely relieved that the -80°C 

freezer had not been unplugged instead, as this might have ruined years of time and effort 

involved in making the of myriad clones and protein samples. Although the consequences 

this time were minimal, had the  -80°C freezer been unplugged it  would have  incurred 
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tremendous financial losses in terms of sensitive biological materials and stores of 

proteins and constructs and other entities that the laboratory had diligently and patiently 

stored up for ad hoc use over time. Although nothing irreplaceable was lost, Dr. Snare 

was bothered by the occurrence, especially because he was supposed to be the one to 

authorize the entry of any individual into his laboratory. Dr. Snare therefore 

enthusiastically embraced the idea of installing an automated alert system within the 

building, one that would provide rapid notification of problems such as power outages to 

the physical plant, whose staff could subsequently respond and alert Dr. Snare and other 

pertinent staff (Field notes, 27 July 2009). During another weekly laboratory meeting a 

couple of Dr. Snare’s graduate students mentioned having recently witnessed an 

undergraduate student from another laboratory “messing with the temperature on the 

incubator” and not writing things down in the instrument logs. Through no fault of this 

particular individual (for they more than likely did not know any better), the group was 

particularly worried that they might end up “rifling” through their personal -80°C freezer 

for some reason or another. This undergraduate was trying to express a specific clone in 

E. coli, and therefore the group’s solution to the problem was to teach this individual how 

to make this protein herself – this way they could also use some of it for themselves. 

They could then place it in one of the common -80°C freezers so that this undergraduate 

would not have rummage through the group’s “private” -80°C freezer (Field notes, 19 

October 2009).  

I learned from the Snare laboratory that, as a general rule, specific reagents 

reported in the materials and methods section of publications are to be made available to 

the scientific community upon request. If an individual investigator requests something 
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listed in the manuscript the authors have an obligation to provide it.  Sometimes it is the 

journal that stipulates this, while at other times it is the funding agency. Whatever else, 

the purpose is to ensure what sociologists of science might refer to as the classical 

Mertonian norm of “communism” – materials and methods used in experiments are to be 

considered the collective belongings of the scientific community as a whole: the 

individual members of this community deserve the opportunity to try to reproduce the 

scientific claims of other investigators in alignment with yet another classical Mertonian 

norm, that of “organized skepticism” (Merton 1973 [1942]). In the case of the Snare lab, 

occasionally investigators from other laboratories will request a bacterial expression 

construct or a purified protein that it has investigated and on which it has published 

results. It turns out that there are few means of actually enforcing this general rule, and in 

practice it is not always done. Apparently, part of it may have to do with a desire on the 

part of some investigators to keep competitors at bay, but more often than not it is 

probably more straightforwardly rooted in indifference, disinterest, or forgetfulness. 

Investigators may feel that they are simply too busy to take the time to provide certain 

materials to other researchers in the scientific community.  The Snare laboratory has 

requested materials from other scientists in the past and not heard back – indeed, there are 

some researchers they know not to ask for things. “You’re a scientist: do it yourself,” they 

might think to themselves.  

What becomes more interesting is the informal market in materials that have not 

yet been published and which researchers are therefore not obliged to make available to 

the scientific community. As it turns out, not surprisingly, many more reagents and 

materials are made, and generally known about, within the field than are actually 
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published.30 During the course of fieldwork the group expressed and purified a protein 

believed to be involved in mitochondrial fusion. The Snare laboratory had purchased a 

commercially-available clone and modified it for the purpose of expressing this specific 

protein. According to them, this is relatively easy and straightforward thing to do. All it 

requires are the basic tools of “modern molecular biology,” which are by now ubiquitous 

in the laboratories of life scientists. Essentially, anyone in the field of membrane fusion 

research could (i.e. should) be able to do make this clone and express this protein 

themselves. Given these investments, Dr. Snare indicated that he would hesitate before 

passing along this clone to another group in the field before they themselves had an 

opportunity to thoroughly investigate the protein for which it codes (Field notes, 26 

August 2009). From their perspective, the Snare laboratory had made a significant 

investment of time, money, and labor to make this specific clone, and beyond this they 

made yet another investment in expressing and purifying the protein. Since they had not 

yet published anything specifically related to these entities, the Snare group likened the 

situation to asking a pharmaceutical company for a drug before it had taken out a patent 

on it. Perhaps, if the individual requesting the clone happened to be someone that Snare 

group knew very well and trusted, they might send it to them. Proteins, however, seemed 

to be an altogether different matter than the DNA plasmid clones (Field notes, 26 August 

2009). In addition to time, effort, and money - and depending on the nature of the protein 

itself - the expression and isolation of pure protein products requires a more sophisticated 

                                                        
30 To the extent that there may be a connection between the exclusive possession and 
control over these materials and the reproduction of a group identity, the anthropological 
witness might be tempted to consider them along the lines of an “inalienable possession,” 
although this is an idea that would certainly require more development (see Weiner 
1992). 
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array of technical skills, forms of expertise that the Snare laboratory possessed that those 

groups interested in obtaining pure protein products from it might not themselves 

otherwise possess. An outsider to the field of membrane fusion research, completely 

unfamiliar with its historical dynamics, could theoretically swoop in out of nowhere to 

carry off one of its prizes, leaving nothing behind to those invested researchers whose 

blood, sweat, and tears ultimately enabled the discovery in the first place. In general, the 

researchers of the field of membrane fusion know precisely what things they can and 

cannot reasonably request of their colleagues.  

The mechanisms governing the “phase transformations” by which the “ordinary” 

social relations of scientists (e.g., simply providing a reagent or answering a 

methodological question) condense into the grounds for “actual collaborations” appear to 

be quite often marked by the proposition of a “deal,” the terms of which might be 

subsequently accepted, negotiated, or rejected. In these and any other “transaction,” trust 

between individual actors seems to matter for quite a lot. More thoroughly in Part II, I lay 

out the theoretical foundations by which I argue that such relations among scientists 

proceed according to a generalized “logic of practice,” and that the respective 

connotations of symbolic status among the researchers constituting the relation 

immediately factor into its genesis and procession (Bourdieu 1990). More simply, it 

seems that individual researchers make requests of other scientists when they are “on to 

something,” but may need a little bit (or perhaps a lot) of assistance in getting to that 

“something.” Say that a researcher, whom Dr. Snare might or perhaps might not know, 

requests from his group a bacterial expression constructs or an aliquot of some purified 

protein product, and suppose that they have something to offer “in exchange” for it. “I 
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will give you this if you agree to send me that which I am requesting,” At this point, the 

main issues from Dr. Snare’s perspective become, first of all, whether or not he already 

has in his possession, or if can independently acquire, that which the other researcher has 

offered to his group. Secondly, if the answer to these questions is “no,” then the issue 

becomes whether or not he believes whatever has been offered him is potentially valuable 

to his research. In other words, is it worth committing to working with this other group? 

Is there something to gain by sharing of materials and ultimately ideas? Perhaps the Snare 

laboratory and the other group conclude that in fact the other have something desirable to 

offer the other, and they may subsequently set out to work together on a shared project of 

interest.  

This model partially informs the genesis of Dr. Snare’s collaboration with the 

Italian group on the Protein X project. The principal investigator of the Italian laboratory 

- Arianna’s “boss” – was someone Dr. Snare had never heard of before. And until this 

figure came across Dr. Snare’s paper describing the modification of the “fusion assay” for 

use in SNARE proteins, he had most likely never heard of Dr. Snare either. This 

individual researcher directly contacted Dr. Snare one day with a series of 

methodological questions: How exactly had he created those artificial liposomes he once 

mentioned in that paper some years back? And how exactly had he managed to get those 

proteins to “reconstitute” themselves into the artificial lipid bilayers?  Back and forth 

they exchanged notes and telephone calls, with Dr. Snare attempting to clarify each new 

round of questioning that the Italian investigator posed about the various technical details 

of the membrane fusion assay. Clearly, the Italian group was trying to do “something.” 

Dr. Snare did not ask what, and the Italians did not tell…at least not for a little while. For 
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some time therefore the conversations remained purely technical, with few specific 

details revealed. Based on the nature of their questions, however, Dr. Snare came to 

believe that whatever it was the Italians were up to, it was probably not directly 

connected to the specific scientific contests in which the Snare laboratory was invested. 

Specifically, it did not sound like they were working on anything SNARE-related, even 

though SNAREs were central to the technical paper that had initially brought Dr. Snare 

and his laboratory to the attention of the Italian group (Field notes, 26 August 2009). 

Although some researchers within the field of membrane fusion might have wondered 

why exactly Dr. Snare was being so helpful to someone that could potentially use this 

information against him one day – all the while asking for nothing in return – Dr. Snare 

provided the technical information anyway, “in the spirit of collaboration.” He liked him. 

Through it all, they had become friends – scientific “pen-pals” you might say.    

The Italian group graciously thanked Dr. Snare for his help and set out once more 

to try to do…whatever it was they were trying to do. Sometime later they contacted Dr. 

Snare yet again: the Italians had given up. They had tried to do…whatever it was they 

had been trying to do…and they had failed. They simply could not get the fusion assay to 

work on their own. Did it have to do with problems expressing a particular protein? Were 

they having trouble getting a given protein to reconstitute into the artificial liposomes? Or 

was it something different? Even though they had not succeeded on their own, they still 

desperately wanted to accomplish whatever it was they had originally set out to do. 

Perhaps, the Italians figured, Dr. Snare himself might be willing to carry out the fusion 

studies himself – in which case he would be making the transition from kind and 

otherwise disinterested colleague to collaborator. Dr. Snare knew the Italians had been 
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working with a protein of some sort – why else would they have asked him how to 

reconstitute them into artificial liposomes? Eventually, they revealed their hand: it was a 

pretty good hand. Dr. Snare later commented that by providing methodological 

information to the Italians (with “no strings attached”), this may have emboldened them 

to reciprocally place their trust in Dr. Snare. After all, the Italians still knew Dr. Snare 

very little, and he theoretically could have given this information to a competitor. But, 

again, they liked one another and had come to trust one another. That mutual trust paid 

off handsomely for both parties (Field notes, 26 August 2009).  

It turns out that before approaching Dr. Snare the Italians had already submitted a 

manuscript describing the cellular effects of a specific mutation in a single peptide – 

Protein X. The Italians had shown that dysfunctional Protein X leads to problems in the 

endoplasmic reticulum – specifically, the membranes of that organelle became 

remarkably fragmented, as if they simply could not fuse with one another. The Italian 

group therefore hypothesized that the function of Protein X is to fuse membranes. A 

shrewd reviewer of their manuscript informed them that if they wanted to make this claim 

they had to provide direct evidence that Protein X in fact can fuse membranes: they could 

not simply rely on microscopic studies of genetically-modified Drosophila cell lines. This 

would require in vitro studies focused specifically on Protein X itself: basic peptide 

chemistry in combination with functional data (such as that provided by Dr. Snare’s 

“fusion assay”) showing that Protein X can, in fact, fuse lipid bilayers. Henceforth the 

Italians turned to the literature. They came across Dr. Snare’s methodological paper 

describing the procedure for creating artificial liposomes and reconstituting the SNARE 

proteins into them. They tried to follow the “recipe.” It did not work. They contacted Dr. 



121 
 

 

Snare and they tried again. It still did not work, as the technical challenges proved too 

great to overcome. Finally, as already mentioned, they informed Dr. Snare what they 

were trying to do and why and invited him to carry out the studies himself (Field notes, 

26 August 2009).   

Thus the Italians had indirect evidence for a fusogenic role of Protein X in the 

morphologic organization of the endoplasmic reticulum. At that point Dr. Snare began to 

consider exactly how much effort would be required to produce the necessary direct 

biochemical and functional evidence. The Italians mailed a clone they had made for 

Protein X to Dr. Snare. At that time, Dr. Snare’s senior-most graduate student was on the 

precipice of graduation, tying up the loose ends of the studies he had been working on for 

the past few years. Dr. Snare asked this experienced individual to try to express the 

protein, reconstitute it into liposomes, and determine whether or not it had fusogenic 

properties. Incredibly, within a few weeks, he had shown that Protein X just might in fact 

fuse lipid bilayers. First off, the clone the Italians had made and sent over had not been 

properly constructed. Once this was realized Dr. Snare’s graduate student was able to 

make the necessary correction and from there the protein expressed quite easily. 

Fortunately, they were also able to get reconstitute Protein X to into liposomes. The 

preliminary fusion data showed reconstituted Protein X had, in fact, led to the fusion of 

the artificial lipid bilayers. Dr. Snare reported back to the Italians that it had worked, and 

they agreed to carry out more formal experiments. Looking back, Dr. Snare indicated that 

the project had entailed minimal risk to his overall laboratory operations. If it failed, no 

big deal – just a month or so lost. Nothing ventured, nothing gained. Perhaps they might 

still be able to get some kind of paper out of Protein X, even if it did not fuse lipid 
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bilayers – but it did. “I never dreamed it would go this far” (Field notes, 26 August 2009). 

The project it seems was born out of being a good steward of the Mertonian norm of 

scientific communism, and it evolved into much more based on the science itself. It could 

have easily turned out another way. Dr. Snare could have written off the Italians and 

decided not to collaborate. Someone else in the membrane fusion community might have 

agreed to do so and perhaps they would have discovered that Protein X fuses membranes, 

or perhaps not. In the end, together they contributed in vitro and in vivo lines of evidence 

demonstrating that Protein X is a “fusogen” capable of merging membranes, and as such 

plays a significant role in maintaining the structure and function of the ER. 

Thus, Dr. Snare’s group set out to conduct more advanced analyses of Protein X 

beyond the initial experiments that had confirmed they were “on to something,” all in 

near constant communication with the Italian group. Synthesizing specifically conceived 

mutations and “truncations” of the protein and running them through various biochemical 

and functional studies, including the “fusion assay,” helped the group to get an idea 

which parts of Protein X perform various functions, many of the details of which have 

already been mentioned: (1) Protein X forms a “dimer” (i.e. Protein X-Protein X) upon 

the upon the binding of nucleoside-triphosphate, thereby linking two membranes to be 

fused; (2) actual membrane fusion takes place when nucleoside-triphosphate is 

hydrolyzed to nucleoside-diphosphate + phosphate. Dr. Snare acknowledged that while 

this had been one of the most collaborations he had done, it nevertheless had its “ups and 

downs…as in all kinds of relationships….in terms of managing productivity and 

[deciding] who is going to do what” (Interview, 10 May 2011). Following their first 

major paper demonstrating the “proof of principle” – that Protein X fuses membranes, the 
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pace of publication slowed down as Dr. Snare and his group set out to provide more 

specific details, although their findings did eventually find their way into print.  

Early in the collaboration Dr. Snare and his group had sought to investigate the 

actual three-dimensional structure of Protein X in its native, “folded” state, primarily by 

enlisting the help of   a departmental colleague with expertise in X-ray crystallography. 

While X-ray crystallographic analysis of proteins and other macromolecules including 

nucleic acids dates to the 1930s, the basic technique remains the dominant method for 

ascertaining the three-dimensional structures of these entities. It is a challenging 

technique that requires, first of all, the ability to “crystallize” the protein of interest. As in 

any other chemical entity, when placed in a solution thoroughly saturated with pure 

sample, the proteins may non-covalently aggregate together in regular, repeating clusters 

(Rhodes 2006). Once a proper protein crystal is achieved, it can be bombarded with X-

rays to produce a distinct pattern of diffraction on a screen, which can then be 

subsequently interpreted using mathematics to determine the spatial arrangement of the 

molecules and atoms comprising the structure in its three-dimensional configuration. 

From here, a Richardson ribbon diagram may be composed, resulting in a working model 

of the protein in which all of its various secondary structures (i.e. alpha helix, beta-

pleated sheet) can be visualized in their relations to one another and to the “hinge” points 

of the protein, to other moieties of importance, and equally importantly to its position 

with respect to the lipid bilayer in the case of membrane-bound proteins (like Protein X). 

The value of achieving a model of the “crystal” of a macromolecule like Protein X is that 

it can help to immediately explain its biochemical activities and physiological functions 

in terms of the molecular structure, and in some ways therefore represents something of a 
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“holy grail” as one of the final steps of the research process.31 In the case of Protein X, 

however, achieving X-ray images of crystals from the fly version of the protein proved to 

be a challenging prospect for Dr. Snare’s group and the local university collaborators they 

had enlisted. In the interest of time, money, and effort, Dr. Snare therefore decided to 

forego these analyses in order to focus on the biochemistry and physiology of Protein X. 

Part of the reason Dr. Snare decided to forego pursuing the crystal structure was that the 

Italian group had enlisted the help of a Japanese laboratory specializing in X-ray 

crystallography. Unfortunately from the perspective of the Snare-Italy-Japan 

collaboration, before they were able to provide a report of their own two other 

laboratories published crystal structures of the nucleoside-triphosphate binding domain 

and attempted to correlate these with the mechanism of membrane fusion (Interview, 10 

May 2011). Although many other proteins had been known to contain similar domains 

and essentially perform the same biochemical reaction (albeit for different purpose) - and 

therefore this was not the most “exciting” aspect of Protein X - eventually these groups 

also came up with crystal structures of the more interesting cytoplasmic domain, a moiety 

that everyone in the field was convinced fulfilled a very important mechanistic role in the 

actual fusion process.  

By 2010 Dr. Snare was well aware that Protein X was “no longer a backwater,” 

and that “a lot of people care[d] about it” (Interview, 10 May 2010). After returning from 

a professional conference, Terence informed the group that he had seen a presentation by 

                                                        
31 In announcing the “double helix” model of DNA, with its paired nucleotide bases 
oriented toward its central axis, Watson and Crick (1953: 737) stated toward the very end 
of their famous paper: “It has not escaped our notice that the specific pairing we have 
postulated immediately suggests a possible copying mechanism for genetic material” – 
structure explains function.  
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the group’s chief rival, the laboratory of the “ER translocation guy” in New England. 

Terence was convinced that most of what this investigator had presented was “already in 

the press” and he included crystal structures of some of the domains of Protein X and 

other biochemical and functional data similar to what the Snare laboratory had been 

working on. Terence knew that this group was a large laboratory, but he seemed to have 

an acknowledgement on every single one of his slides for the many different researchers 

that had generated these various kinds of data. Clearly, the “ER translocation guy” had a 

lot of researchers under him working on Protein X. It turns out that, in addition to his 

own massive laboratory (estimated to be ten times larger than the Snare laboratory), the 

“ER translocation guy” had also reached out to international collaborators of his own, 

two separate laboratories roughly equal in size to his own based in China. Their own 

research on Protein X might therefore be considered the product of approximately one 

hundred researchers. Remarkably, all these alliances arose over the course of two to three 

years, and a number of other groups have since joined the emerging sub-field of research 

centered upon Protein X, dedicated to generating further details about its nuances. 

Interestingly, Terence mentioned that he had been working on Protein X before the Snare 

laboratory showed up to the field and proved its primary function (Field notes, 16 

December 2010).  

While Dr. Snare and his laboratory had been well aware of the New England 

group, they were somewhat shocked to find out that a third group working at a medical 

school in the Northeast had also joined the contest, and they were in fact hot on the trail 

of producing that elusive crystal structure of the cytoplasmic domain of Protein X. After 

the initial studies demonstrating that Protein X is a fusogen, resulting in the first big 
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“splash” publication with the Italians, the Protein X project shortly thereafter became the 

basis of Terence’s dissertation research, and with the help of an undergraduate it was 

primarily he and he alone that made and purified all of the mutants of  Protein X, carried 

out the biochemical assays to determine the ability of these mutants to hydrolyze 

nucleoside-triphosphate, reconstituted them into the artificial liposomes, and ran them 

through the “fusion assay.” During most of 2010 Dr. Snare noted that he and Terence had 

made a lot of interesting observations, and on this basis they came up with some 

hypothesis that unfortunately did not turn out to be supported by data. In retrospect, while 

attempting to tie up so many loose ends Dr. Snare felt that perhaps they had come a bit 

too “complacent,” and in the meantime the newcomer group from the Northeast emerged 

to produce the first report of a crystal structure for the human Protein X (Interview, 10 

May 2011). With the added pressure of yet another group on the scene, Dr. Snare and 

Terence stepped up the tempo of experimental production even more. Two weeks later, 

the New England group reported their own crystal structures of human Protein X, 

supported by some biochemical and functional data on the Drosophila version of the 

protein that overlapped somewhat with what the data of the Snare laboratory. Although 

Dr. Snare acknowledged the scientific benefit of another group independently confirming 

their own results, he also stated that it did “somewhat diminish” their own contributions 

(Interview, 10 May 2011). Shortly thereafter, the Snare laboratory published its own 

findings. While the publications of all of these groups ended up being largely 

contemporaneous in the final analysis, Dr. Snare’s group did make a number of original 

contributions to the field during this time, including the biochemical proof that a specific 

segment of the cytoplasmic domain of Protein X in Drosophila is “absolutely” required 
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for membrane fusion and that the dimerization of Protein X in Drosophila occurs at a 

very specific domain in the middle of the protein.  

Taken altogether, and on the basis of collectively considered structural, functional, 

and biochemical evidence, these competing groups established a hypothesis detailing the 

exact time scale and general spatial configuration of all the major molecular events 

constituting Protein X-mediated membrane fusion, According to Dr. Snare, while there 

were a few minor “differences in detail” between the various “stories” put forth by the 

different groups, most of the results ended up being largely “congruent… surprisingly... 

which is good” (Interview, 10 May 2011). The process of Protein X-Protein X 

dimerization begins with the binding of two separate nucleoside-triphosphate molecules 

by the two separate Protein X molecules (located on two different membranes to be fused 

with one another). This has two effects. First, this leads to a “cross-linking” or “bridging” 

of the respective membranes. Simultaneously, the binding of the nucleoside-triphosphate 

produces a conformational change in the individual proteins which subsequently enables 

the hydrolysis of those bound entities, releasing energy. Following these hydrolytic 

events, one last series of conformational changes takes place in leading up to the event of 

membrane fusion. Importantly, each stage of the mechanistic sequence is dependent upon 

the preceding one.  

By the time I left the field, plenty of questions still nevertheless remained to be 

addressed. Interestingly, the Snare laboratory and the group in the Northeast (which had 

primarily contributed structural data on the “native” three-dimensional conformation of 

Protein X) collaborated with one another in composing a review on membrane fusion in 

the cell using the nucleoside-triphosphate mechanism. To reaffirm my argument that Dr. 
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Snare’s group was committed to a broadly-based biological program of research, a 

researcher from the Midwest specializing in the study of intracellular trafficking patterns 

in plant cells also contributed to this review. Interestingly, Dr. Snare’s next-door neighbor 

Dr. Chucks contributed to this paper as well.  

Overall, the collaboration between Dr. Snare and the Italian group have proven to 

be immensely successful, and Dr. Snare was quick to acknowledge the overall leadership 

of his counterpart: “He has been a huge facilitator” (Interview, 10 May 2011). The 

laboratory of the Italian group was even smaller than Dr. Snare’s, and he certainly relied 

on collaboration much more than, say, the New England group. It was the Italian 

principal investigator that brought different researchers together to answer particular 

questions in order to put together a complete story of Protein X. Beyond Dr. Snare’s 

group (biochemistry, functional fusion studies) and the crystallography group in Japan, he 

had also reached out to computer scientists to try to come up with models of Protein X. 

“He has been very good at managing and getting people to do things, which is not always 

easy” (Interview, 10 May 2011). While the Protein X project was certainly important to 

Dr. Snare professionally, it may have had even more of a respective impact to the Italian 

principal investigator. In all, they published a number of original manuscripts and reviews 

on the topic.  

During my time in the laboratory and thereafter, Dr. Snare’s group published nine 

papers related to the original Protein X project or on membrane fusion in the endoplasmic 

reticulum more generally, including three reviews, a report on the biogenesis and 

maintenance of the ER in plants (by way of studies on a “distant” member of the same 

protein family as Protein X), a report on a separate protein involved in ER morphogenesis 
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in collaboration with a West Coast group, and lastly (and this time without the Italian 

group as collaborators) an original study suggesting a direct role for Protein X’s 

cytoplasmic domain in physically disrupting the lipid bilayer (as a result of its having 

both hydrophobic and hydrophilic amino acids) to generate membrane fusion, thereby 

advancing an actual biophysical (i.e. mechanical) mechanism for this phenomenon. Dr. 

Snare’s group also continued to publish in the SNARE field (three papers) and on the 

peroxisome (two papers) during this time: all in all a remarkable output from a relatively 

small basic life science laboratory.    

Returning to the research on Protein X, the existence of a pathological connection 

cannot be underestimated in legitimating the execution of basic research, whatever 

promises it might hold in the near or distant future for diagnosis and treatment of the 

neurological diseases with which it is directly associated. Some outstanding questions 

remain: Why are neurons as opposed to other cell types primarily affected by these 

mutations? Perhaps Protein X has a specific role in neural tissues that it does not have in 

other tissues, or perhaps it basically fulfills the same function in all tissues but the neural 

tissues are differentially affected (indeed, the nerves most affected happen to be the 

longest in the body, with axons running from the cerebral cortex all the way down to the 

distal most aspect of the lumbar spinal cord, where it synapses with a secondary 

(peripheral) neuron). Whatever else, both Dr. Snare and his Italian collaborators hope that 

their research on the role of Protein X and its associated mechanism of membrane fusion 

in the ER helps clinicians and physician-scientists in their efforts to treat these patients. 

These pathological connections are frequently referenced in their publications, especially 

in their reviews of Protein X, and Dr. Snare and the Italian group hope that their 
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discovery will lay the foundation for a deeper understanding of these diseases. As such, 

there is a connection to necessity but for the most part current scientific research on 

Protein X and ER membrane fusion itself remains still distant from biomedical 

“translation” or technological transfer, although some groups have begun to discuss 

hypothetical “rescue agents” in the literature. Dr. Snare and his colleagues offer these 

findings to the scientific community with the expectation that society will continue to 

allow it to proceed autonomously in their research undertakings, follow the dynamics of 

the fields of research themselves. Dr. Snare and his colleagues are therefore uniquely 

legitimated in simultaneously pointing to clinical connections of their research while 

proceeding autonomously within the overall programmatic thrust of a broadly biological 

program.  

Before turning to a more specific discussion of the collaboration building and the 

“everyday life” of Dr. Snare’s group within it, I wish to emphasize that throughout the 

foregoing discussions the issue of laboratory size and availability of resources emerged 

multiple times in conversation with Dr. Snare and the members of his laboratory. The 

abovementioned laboratory in New England benefits from funding in the form of a 

prestigious private biomedical research grant from a philanthropic organization and 

therefore can afford to hire approximately thirty doctoral-level and doctorate-in-progress 

laboratory workers. By comparison, Dr. Snare’s laboratory included one research 

technician, one post-doctoral researcher, four graduate students, and a couple of 

undergraduate students, and as already noted it was for the most part primarily just 

Terence working on the Protein X project. I asked Dr. Snare about the challenges of 
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keeping up with the pace of discovery in the basic life sciences given the small size of his 

laboratory.  

 
Dr. Snare: [T]his is the problem that we have had historically here at [the 
university]. We are small operations by comparison, and while we can have really 
good ideas, and we can have really good initial impacts, we have a really hard 
time managing the “follow-through” because we can’t keep up. So this is a case in 
point. [The original publication on Protein X with the Italian group] was a 
paradigm shift in a lot of ways: this is a new way to do membrane fusion. We had 
a little bit of a head start because we knew some things ahead of time, but because 
I only had one or two people working with me on this, I can’t get the kinds of 
things done that need to get done quickly. The “ER translocation guy” can do that 
in his laboratory – he can have up to twenty people working on this. These guys 
have literally armies. They can do many things at once, whereas I have to pick 
and choose. They might pursue an avenue of research that ends up being a dead-
end. This is largely immaterial to his group because there are many other irons in 
the fire. Because the other [laboratory workers] are pursuing things that will lead 
to productive results, and therefore dead-ends are less problematic for that group 
and others like them. However, it might cost my group six months on the other 
hand.  So, initial observations we can do. Initial outcomes we can do. But follow-
through has been very hard, because we just don’t have the man-power and the 
support honestly to do that (Interview, 10 May 2011). 

 
Me: Is there anything that the university can do to help? 

 
Dr. Snare: There are many things the institution could do, but are unlikely to do 
because it costs lots of money. We have no large infrastructure for the kinds of 
things that I could use. We make all of our own point mutants ourselves, all of our 
DNA constructs, every piece of data we generate come with hands in this lab. 
Other institutions have core facilities to do all the microscopy, core facilities to do 
their protein production, core facilities to do their DNA work, and so they say, “I 
need this mutant” and they send it off and they get back mutant protein. For us, 
we have to make the mutant DNA, we have to express the mutant protein, and 
then we have to purify the mutant protein. The time difference there can 
be…months or longer. If we need to do some imaging - electron microscopy, for 
instance - for me to do electron microscopy, someone in my lab has to physically 
make the sample, prepare the sample, put it on a grid, do the imaging themselves 
– learn how to do electron microscopy – to acquire a single image. At some other 
institutions, for example, I could send a sample to a core facility that would 
process that sample, put it on a grid, acquire the image, and then send me back an 
electron micrograph image. We don’t have the infrastructure for that kind of stuff. 
And it is never going to be because the stable is too small for us – for the life 
scientists. The materials scientists have more of that sort of infrastructure 
[provided by the university] than we have. So that is an extra hurdle for us to 
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overcome, and it seems unlikely that it will change. To become a research 
powerhouse in the life sciences it takes that kind of investment in the 
infrastructure. I say “core” in terms of facilities, but also “core” in terms of 
people. Right now, our department has eighteen faculty members. There are 
universities that have eighteen life sciences divisions.  Scale is everything. We do 
not have enough researchers to support the kind of core facilities to which I am 
referring. Unless we had a “fee for service” to others outside of the university, it 
would not be able to pay for itself. (Interview, 10 May 2011).  

 
Me: So do you have to put more thought into the experiments you carry out?  

  
Dr. Snare: I wouldn’t say more thought. I would say that we have to make more 
careful decisions about what we do because the risks associated with failure are so 
much larger. If we make a mutant that doesn’t do what we think it does, then that 
could be two months lost. A researcher at another university may have access to 
core facilities that enable them to make ten protein mutants, and if only one of the 
ten ends up generating results then they will be fine because it did not cost them 
any additional time. Time is more precious to us. We therefore have to be more 
careful about what we do and when we do it (Interview, 10 May 2011). 

 
 

Thus, I have presented what I believe are the most important disciplinary 

influences upon the research activities of Dr. Snare and his group and detailed the nature 

of the sub-fields of scientific contest in which they were primarily invested, both 

immediately prior to and for multiple years after the laboratory’s move into the new 

collaboration building. Henceforth, I shall back up to describe the origin of the 

collaboration building and the “philosophical” principles upon which it was conceived 

and constructed.  Thereafter, I describe some of the “everyday” circumstances and 

interactions of Dr. Snare’s group in this new setting. I conclude Part I with a presentation 

of some preliminary results, specifically from the perspective of Dr. Snare’s group, on the 

success of “collaboration” in this “experimental” setting.  
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* * * 
 
 

Concerted efforts to bring the various scientific disciplines together for purposes 

of encouraging discoveries in biology and medicine are of course not new. Warren 

Weaver's vision for the Rockefeller Foundation in the 1930s, for instance, was grounded 

on the idea that the importation of methods from the physical sciences to the problems of 

biology and medicine would yield groundbreaking results (See Abir-Am 2010; Hunter 

2000; Kay 1993; Kohler 1975). By and large, strategies grounded in such approaches 

have been successful. The determination of the structure of DNA in 1953, for instance, 

could not have been achieved without the data provided by X-ray crystallography in 

combination with sophisticated stereo-chemical modelling techniques. Many believe that 

it is as a result of such connections with the physical sciences that biology has outgrown 

its reputation as a “stamp collecting” discipline over the last sixty years to become a 

coherent science in its own right, with its own consolidated and foundational principles 

(Morange 2009: 2). It has furthermore been argued that advances such as the deciphering 

of the genetic code beginning in the 1960s have been comparatively far more dramatic 

than anything that has since transpired in physics and chemistry. Central to this emerging 

coherence in biology is a concept of life as “the expression of a molecular order” (Florkin 

1972), a notion which has brought about an entirely novel understanding of organisms 

(Kay 1993), and which has also somewhat unexpectedly and perhaps also paradoxically 

factored heavily into the individual professional development and segregation of a 

multitude of differentially competitive and cooperative biologically-based research 

specialties (Morange 2009, 1998; Fruton 1999). 
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The remarkable surplus of federal funds available for basic research following the 

Second World War spurred these and other major developments in the life sciences that 

continue to profoundly influence present configurations. By the end of the twentieth 

century, federal funding for basic research in the physical sciences was on the decline, 

with biology ascending to its present position as the dominant science in society – that it  

has increasingly proven successful in generating revenue within the realms of medicine, 

agriculture, and other industries has played no small part in establishing this dominance. 

The visionary university manager who first proposed the collaboration building was 

acutely aware of these trends. He pointed out in his memorandum that since the 1990s 

federal funding for biomedical research had exceeded those of any other scientific 

activity and that according to some of his estimates at least half of the total federal 

research budget was dedicated to the National Institutes of Health. Trends toward 

“collaborative” research, he noted, are simultaneously exemplified and driven by federal 

funding patterns.  

Increasingly since the Second World War, the life sciences and other disciplines of 

the traditional research university have been noticeably impacted by the changing 

relationships between the academy, the state, and private industry (Bishop 2006; Wernick 

2006). Etzkowitz (2008) has suggested that there has been a broad “flattening” of inter-

institutional relations, resulting in a “triple helix” (i.e. university-industry-government) 

model of innovation. The increasing “circulation” of actors across of the institutions of 

the state, academy, and industry within the timeframe of individual careers has also 

contributed significantly to the reconfiguration of these inter-institutional relations. 
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Whatever else, a vast array of extra-academic connections will persist indefinitely within 

the university. 

It is well known by now that universities across the world face similar 

circumstances, and the competition for students, faculty, research funding, private 

donations, and reputation is immense as nations and international industries leverage 

universities and their knowledge workers in their efforts to gain the upper hand in a 

global market economy (Bishop 2006). Under these circumstances, the managers of 

research universities - especially those that are small in size and possess variable 

strengths in different areas of investigation - have called on their faculties to remain open 

to opportunities for collaboration of all kinds, with the understanding that arraying 

complementary forms of expertise and drawing upon resources of myriad origins, 

wherever they might exist, is perhaps the best strategy for moving forward.  

The financial strains for which these global circumstances are in part responsible 

have affected every branch of knowledge, and biomedicine is no exception. The 

deployment of the NIH’s “Roadmap for Medical Research” over ten years ago brought 

about a series of policy changes in research priorities that continue to exert profound 

effects on the management of research in the life sciences (Zerhouni 2003). One manager 

of the collaboration building drew for me a two-dimensional graph in order to articulate 

what she referred to as “the gap,” an issue that first began to trouble the nation’s research 

administration during the 1990s when it was noticed that there existed a dramatic 

difference between federal dollars spent on basic science research and returns on these 

investments as measured by tangible medical advances. Given the vast amount of data 

readily available to biomedical researchers at the turn of the twenty-first century – the 
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beginning of the “postgenomic era” - the highest levels of research administration 

decided that these fundamental changes should have been driving the development of 

new and improved methods for the diagnosis and treatment of disease by now. Central to 

these programmatic statements was the conclusion that these advances are most likely to 

emerge from the concerted efforts of “multidisciplinary” research teams comprising 

diverse forms of clinical, basic science, and computational expertise.  

During the course of my research, I had an opportunity to interact with one of the 

“scientific directors” of the collaboration building. According to this individual, the 

federal government began to notice in the early 1990s a significant discrepancy between 

money spent on basic science research and therapeutic impacts generated, a disparity 

colloquially known as “the gap.” Ever since, the state has pushed initiatives to facilitate 

the “translation” of basic science knowledge into medical applications. Under these 

circumstances, therefore, one of the missions of the new building from its inception has 

been to promote this type of “translational research.” In a talk given to a group of 

university benefactors in the lounge just outside the office of Dr. Snare’s graduate 

students (temporarily equipped with fine chairs, table cloths, and black-tie-wearing 

servers), this director gave a presentation on “building collaboration” in the building “and 

beyond,” and emphasized in the talk the important role of “bench to bedside” research in 

this process. The director went on to identify a number of challenges to collaborative 

research, including issues of trust between investigators from different disciplines. There 

was talk of “blending cultures from researchers in different fields of basic science with 

clinical and translational researchers who are much more applied.” The director 

acknowledged that it would likely be necessary to change both everyday habits and 
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reward systems. It would furthermore be necessary to anticipate problems with the 

allocation of shared funds for research and credit for discoveries. Above all, the director 

assured the donors that science has an important part to play in the recovery of the local 

economy and the nation in the aftermath of the 2008 financial collapse: “Collaboration is 

good for patients but it also good for industry and the economy” (Field Notes, 17 

November 2009).  

In December 2001 a conference co-sponsored by the National Science Foundation 

(NSF) and the Department of Commerce (DOC) introduced the notion of “technological 

convergence” as a matter of scientific policy, and ever since administrations of research 

universities seeking federal research funding have not infrequently sought to align their 

research activities with this stipulation (Bainbridge and Roco 2006). Underlying this new 

emphasis is the belief that the “synergistic convergence” of nanotechnology, 

biotechnology, and information technologies will revolutionize not only scientific 

practices but also – and more importantly - the societal and economic impacts of these 

activities. Resting upon an epistemic foundation that efforts to unify science ought to 

parallel the supposed unity of nature, the policy makers represented at this conference 

distinguished this “great convergence” from the “mundane growth” of local inter-

disciplinary or multi-disciplinary research activities. This “convergence” is 

simultaneously global and infinitesimal and is ultimately made possible by the advent of 

new techniques for understanding and manipulating matter at the smallest scales possible.  

In a November 2009 public speech delivered during a symposium on innovation 

attended by the ethnographer and organized by the school of management, the former 
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president of the university echoed this emphasis on “technological convergence” and its 

significance for simultaneously advancing knowledge and improving society.  

 
Three convergent twenty-first century technologies: over here, they are changing 
how we live, how well we might live, and above all how long we might live. 
Some of these technologies are of immediate benefit, right now, and others 
involve benefits that will be ready to drop in a few decades. The three convergent 
technologies are: nanotechnology, biotechnology, and information technology 
(Public speech, November 2009). 

 
Now as you well know, the twentieth century brought a variety of technological 
advances…including the electronic revolution…the discovery of the double helix, 
carbon-60 fullerenes, and the bucky-ball. Accelerated innovation in information 
science ushered in startling progress in biology and nanoscale science. That was 
the twentieth century (Public speech, November 2009).  

 
What about the next fifty years? The emerging coalescence of biotechnology, 
nanotechnology, and information technology holds out prospects for economic 
and social benefits that should make those of the past 15 years look pale by 
comparison. And I’m not talking about breakthroughs that may be made one day. 
Rather, I am talking about applications from the science that we already know, the 
fruits of discoveries already made (Public speech, November 2009). 

 
Advances in molecular level science and our growing understanding of the once 
forbidding world of quantum mechanics, furnishes ample justification for this 
claim, not only in biology but also in nanoscale science. Virtually all the 
molecular rungs on the chemical ladder of the human genome have been 
identified, so we’ve got an almost complete “parts” list for the human being and 
some animals. And now science is trying to learn how to put all the parts together 
(Public speech, November 2009). 

 
There is another related revolution going on at and below the molecular level, in 
computational and informational science. This revolution also capitalizes on our 
growing penetration of the world of quantum mechanics. It is enabling 
unexpected, very rapid advances in computing, including quantum computing 
which may one day endow a laptop with the power of thousands of our biggest, 
high-speed computers today. The age of computing has been with us only for 
about thirty years, but the hugely portentous age of quantum computing may be 
upon us very soon. Consider that the linkages between biotechnology and 
information technology – these are becoming ever tighter, and ever stronger, to 
the point so that in 2004…a [former] Nobel Laureate…proclaimed that biology 
had become an information science (Public speech, November 2009). 
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Both fields deal with information processing. In the case of information 
technology, the information is electronic. In the case of biology, biochemical 
information is what gets processed. The biomedical implications of the ongoing 
computational revolution are nothing short of staggering. In twenty five years, 
powerful, very, very tiny computers should be surely ubiquitous, and they can be 
used in any place, to monitor our vital systems, and to make forecasts, et cetera, et 
cetera. And most everything that goes on, in nanotechnology takes place at the 
molecular or atomic level, but more and more the scientific terminology from 
computer science is entering the vocabulary of life science. Research on 
computers made from biological components is now well advanced. This is 
understandable since in many ways biological cells communicate and they display 
computational attributes. Instead of software, we can call this the “wet-ware” of 
molecular biology. So it is apparent that we are at the beginnings of a grand 
revolution in technology, fueled by advances in biology, nanotechnology, and 
information technology (Public speech, November 2009).  
 
 
At one point during the afternoon, I raised my hand following a speech and posed 

a question about the fate of the traditional “mission” of the university, and especially its 

traditional disciplinary divisions, in the face of the changing societal circumstances so 

frequently discussed that day. A distinguished scientist and high-ranking manager of the 

university’s academic affairs, an individual that had spent a number of years earlier 

working for the national government in a scientific policy advisory role, fielded the 

question. Perhaps a bit frustrated with such a question, he quickly shot back from across 

the then sparsely populated auditorium that the traditional “liberal arts” aspects of the 

research university would persist as a result of a number of inertial forces related to the 

institutions of science themselves, not least, he argued, as a result of its widely 

acknowledged continuing value as the primary model for the inculcation of a 

fundamental scientific pedagogy at the undergraduate level and below. The funding 

structure of the entire scientific system, this individual contended, is the real matter, and 

it requires substantial renovation to account for the many contradictions issuing in part 
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from the advances of science and technology themselves and from the ever changing 

demands for legitimation within politics and society.  

 
I think that we as a community really have to do a much better job, not 
overselling the impact of science and technology on jobs, but simply telling the 
truth in ways that reach the general public (Public speech, November 2009).   

 
 
This, I believe, is overly strong characterization of biology as a purely informational 

discipline, although notwithstanding the underlying epistemic ideology informing the 

scientific policy of the university at the turn of the twenty-first century is clear.  

Not long after the 2001 NSF/DOC conference on convergence, an influential 

figure in the academic hierarchy of the university had an idea to turn a then fallow plot of 

land on the far reaches of the campus (the former site of a hotel) into the grounds of a 

cutting-edge life science research building, and in 2002 he sent a memorandum to the 

former president outlining his proposal for what was to become the “collaboration 

building.” His plan was to co-situate researchers trained in the myriad disciplines of the 

biological, physical, and computational sciences and engineering in order to generate 

advances in biomedical knowledge and technologies, to stimulate local economic growth, 

and to enhance the university’s prestige and revenue through the generation of high-

impact publications, grants, patents, and connections with knowledge-based industries. 

Following suit, this visionary figure – an individual academically trained as a theoretical 

physicist – grounded the epistemic basis of the collaboration building project, and thus 

the notion of inter-scientific collaboration itself, in the idea of disciplinary convergence at 

the nanoscale level. In the memorandum, he placed special emphasis on the potential 
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contribution of the “hard” sciences to the overall undertaking in articulating a “Core 

Concept” for the project.  

 
I take, as a first premise, that biomedical science - the derivation of medicine and 
health care from a deep understanding of biological structures, processes, and 
systems - is emerging as a leading scientific and technological thrust of the 21st 
century. In that respect, biomedical science, broadly construed, is likely to play a 
role analogous to that played by electronics, computation, and communication in 
the latter half of the 20th century…The foundation for these nascent biomedical 
developments was built from [an] extraordinary, still-emerging understanding of 
life's processes that began to grow during the second half of the 20th century. That 
biological understanding was, in turn, enabled by analytic techniques, as well as 
the associated tools and technologies that grew out of chemistry, physics, 
mathematics, computation, and engineering. The ongoing advance of 21st century 
biomedicine will continue to rely - and this is particularly important - on an 
increasingly close interplay between the traditional areas of modern medical 
science (including molecular biology and biochemistry) and the physical sciences 
and engineering (Document).  

 
 

In line with these trends, the visionary predicts that a number of traditional 

epistemic distinctions will become increasingly “blurred,” and in particular he hints not 

only that the divide between “pure” and “applied” science will break down but that there 

will be lucrative consequences to this “interplay,” both in terms of advances in 

knowledge but also in terms of the tangible, income-generating technologies. The “Core 

Concept” articulated by the collaboration building visionary therefore advocates the 

desire to produce things – devices, instruments, materials – that can be put to use, all the 

while maintaining the critical role of basic research in the production process. The 

ideology of collaboration that emerges is decidedly one of convergence.  

 
21st century science and technology will increasingly be characterized by a first 
principles understanding of the relationship between the structure and function of 
matter at the molecular level. This will generate the ability to manipulate 
structures at the molecular - or nanoscale - level in rational, purposeful manners, 
so as to achieve desired functions...This capability will not only play a profound 
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role in biomedicine, but it will also provide the foundation for new materials and 
device technologies. Moreover, it is at this nexus of molecular science that some 
of the boundaries between biomedicine and physical science and technology will 
disappear. The early dissolution of these boundaries is already evident in tentative 
steps toward development of hybrid biological-physical devices, and in the thrust 
to combine nanotechnology with biomedicine and tissue engineering. It is also 
seen, for example, in the application of biologically inspired processes - or even 
biological systems themselves - to designed chemical synthesis, as is already 
happening at [the university] and elsewhere…The implication of these 
developments is that biomedicine, engineering, and physical science will continue 
to become increasingly interdependent, with the dependencies providing value in 
both directions…The boundary between what we have traditionally referred to 
separately as biological and physical science (and engineering) is becoming 
increasingly fuzzy…At the same time, the essential complementarity and inter-
dependencies of biomedical and physical science and engineering are reflected in 
the increasingly urgent and widespread calls - most notably from the biomedical 
community itself - to address the imbalances that have grown in the research 
enterprise and to increase spending for physical science research (Document).  

 
 

One might therefore wonder how exactly it came to be that a disciplinary 

representative of one of the “traditional areas of modern medical science” - Dr. Snare - 

found himself among the original occupants of the collaboration building. To be sure, 

although his specific ideology may have differed from the other occupants and managers 

of the collaboration building, Dr. Snare held a decidedly positive view of “collaboration” 

as a scientific activity – i.e. he was not a “lone ranger” scientist. During the construction 

phase of the building, for instance, Dr. Snare was already involved in a number of 

ongoing collaborative relationships based, in his own words, “purely on science” and 

shared problems of mutual interest, with investigators, both local and international, 

representing various forms of expertise in a variety of experimental methods – genetic, 

microscopic, biochemical, etc. However, Dr. Snare’s relation to the specific emphasis 

placed on the physical sciences, as articulated in the visionary’s “Core Concept,” should 

be made clear. Although Dr. Snare employs and indeed privileges a multitude of physical 
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and chemical methods in his investigations, and although he certainly prefers physical 

explanations of the biological phenomena that have captured his interest, during 

fieldwork the primary mode of explanation was, following Michel Morange’s (2011) 

distinction, biological rather than physical. In addition, although Dr. Snare was not 

explicitly averse to the idea of commercializing research - even his own - he confirmed 

that technologies or drugs that might be immediately imported or “transferred” into 

clinical medicine or private industry were unlikely to emerge from his basic research 

program any time soon, at least not imminently. Although many of the proteins that Dr. 

Snare and the members of his laboratory study have direct pathological connections to 

clinically well-characterized diseases, there was nothing of note that one might take and 

“spin off” in creating a biotechnology company. According to Dr. Snare’s laboratory 

technician, most of the techniques used day-to-day in the laboratory are “pretty much 

common knowledge at this point.”  Lastly, and although at the time of fieldwork Dr. 

Snare was quite open to the possibility of initiating collaborations across the 

basic/clinical divide, he did not have any ongoing collaborations with any clinicians and 

surgeons. What therefore exactly was it that led the visionary of the collaboration 

building to recruit Dr. Snare to be one of its original occupants?  

After providing an eloquent justification for proceeding with the  proposal to co-

situate under a single, strategically situated roof representatives of the biological and 

physical sciences for epistemic as well as economic purposes, the original visionary of 

the collaboration building mentioned one particular area of research worthy of ongoing 

attention and support: biological membranes. 
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[F]ounders of a multi-institution research-center initiative focused on membrane 
biophysics and biomedicine visited me recently to discuss the [collaboration 
building] initiative. The membrane research project has come together under the 
leadership from [two local biomedical institutions], but includes faculty from [the 
university], [another local university], and elsewhere. It is envisioned that such a 
center could attract as much as several millions of dollars of external research 
support annually. The leaders of this project expressed a strong view that a joint 
research center of the kind we are discussing would provide an ideal setting and 
environment. To make an illustrative point, I might comment here that, shortly 
before coming to [the university], I had initiated discussions with my former 
colleagues at [my former institution] aimed at establishing a multi-department 
membrane-biophysics program. Membranes are crucial to the functioning of both 
normal and diseased living states. Membranes define the spatial and physical 
boundaries between self and other - one of the critical faculties of life as we know 
it - but do so in very active ways. Membranes control the bi-directional passage of 
material, including pharmaceuticals, and contain, for example, structures that are 
targeted and docked by viruses and antibodies. Our colleagues from across the 
street came to sell me on the importance of the membrane initiative. I was able to 
save them time by convincing them that they were preaching to the choir...and 
that I saw the main challenge as being how best to capitalize on these 
extraordinarily important opportunities. This is, I think, just one example of the 
important latent possibilities inherent in the [university]-[medical] nexus; this one 
just happened to walk into my office as I was preparing this memorandum 
(Document). 

 
 

There is no doubt that membranes have assumed a central position in present life 

science research, and as William Stillwell (2013: 1) has suggested “[u]nderstanding 

membrane structure and function [remains] one of the major unresolved problems in life 

science.” With this much articulated in the original memorandum, it seems obvious that 

the appeal of membrane science represented a considerable impetus behind the decision 

to include Dr. Snare’s laboratory as a core element of the collaboration building. 

Interestingly, Dr. Snare and his close colleague, Dr. Chucks, a Drosophila geneticist and 

cellular physiologist, found themselves among the sole representatives of a “basic” 

approach to life science in the collaboration building, in the sense that they definitively 

situated their research within the framework of a broadly biological program, from which 
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medical relevance might (should) be derived. In dispositions and rhetoric, these 

researchers projected the value of “science for its own sake.”  

In the months following the original memorandum proposing the collaboration 

building project, its author called together a committee of university faculty members 

from the science and engineering disciplines in order to solicit their thoughts on the 

project’s scientific potential and feasibility. Specifically, this manager asked them to 

assess the “potential programmatic content and value of a joint research center,” as well 

as how such an undertaking might coordinate with already existing arrangements within 

the university. The resulting report of the faculty committee was far-ranging, and it 

included multiple visions, often quite concrete, from representatives of the different 

disciplines regarding how inter-scientific collaboration might benefit individual research 

programs and how an edifice specifically dedicated to such engagements might facilitate 

these envisioned scenarios. Eventually, the project was approved by the board of trustees 

of the university, and sometime later construction commenced.  

The original model for the collaboration building called for a “meta-institution” 

jointly funded, operated, and collectively governed by the university and local partnering 

biomedical institutions, and it stipulated that the core element of the project should be a 

center of research and teaching, in alignment with the traditional mission of the 

university, surrounded by other elements of secondary (but still immensely great) 

importance. The original blueprints included space for ancillary retail businesses, 

including a café and bookstore. The possibility of dedicating space to clinical services for 

actual patients was also raised, although from the start three was little enthusiasm for this 

from the perspective of the university, and the founding manager of the project noted that 
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this “would likely not be worth the risk-adjusted return.” The possibility of including 

industry in the collaboration building existed from the start, and the original 

memorandum articulates an explicit interest in bringing commercial pharmaceutical and 

biotechnology corporations within the fold of the collaboration building according to the 

rationale that the establishment of university-industry connections would be of potentially 

great benefit to the university as well as the local economy of the surrounding 

metropolitan area. Indeed, the suggestion is evident that perhaps the collaboration 

building might serve as a tool to recruit knowledge-based industries to the region as other 

universities, serving as landlords to corporations, had already succeeded (although in an 

appendix to the memorandum its author did bring attention to some recent failures of 

other projects in this regard). Whatever else, the idea of professors and scientifically-

oriented businessmen working together across the organizational divide to speed drug 

development and other biomedical advances was by no means new, and there is plenty of 

reason to believe that a number of segments of the university looked upon such 

developments positively. Whatever else the original plans for the collaboration building 

project may have been, the international financial crisis of 2008, as well as the 

unexpected initiation of a number of other construction projects by certain among the 

potential affiliate partners by and large prevented this original vision from becoming a 

reality. With no other option, the university decided to push on with the building using its 

own funding, with the understanding that it would attempt to lease research spaces to 

“tenant-collaborators” from among these other institutions as they became available. The 

earliest decisions regarding the building’s population were dedicated to sorting out who 

from the university would come to occupy space in the building.  
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Not long after the initial stages of populating the collaboration building with 

researchers had commenced, the original manager of the project articulated that, with 

regard to its overall guiding epistemic philosophy, the collaboration building had not 

unfolded exactly as initially conceptualized (Field notes, 30 September 2009). Per this 

individual, he had initially envisioned a highly heterogeneous population of researchers 

left largely to administer itself without too much interference “from above” in carrying 

out the spirit of the project. Although the visionary noted that he had originally planned to 

take a more "fragmented" approach to populating the building, in terms of disciplines to 

be represented, as noted in the original memorandum the university’s biomedical 

engineers were among the most supportive and enthusiastic about the project from the 

start. Historically speaking, the university’s program in biomedical engineering emerged 

within the university in the 1960s as a branch of the chemical engineering department, 

sparked by a highly successful collaboration with a well-known local surgeon on the first 

artificial heart. This sparked the continued acquisition of significant amounts of federal 

research funding and the recruitment of outstanding faculty, trends which ultimately led 

to the establishment of an autonomous department of biomedical engineering. 

Interestingly, despite the remarkable success of this department – indeed, it was among 

the most respected departments within the university and also among the most successful 

in generating extramural funding - it did not have its own departmental space, and for 

many years its faculty remained scattered across the university campus! Not 

unsurprisingly, of all the departments of the university, the biomedical engineering 

department had the most ongoing collaborations with the neighboring biomedical 

institutes, and perhaps stood to benefit most by a closer proximity to its clinicians and 
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physician-scientists. By most accounts, therefore, it made too much sense that the entire 

biomedical engineering department ought to move its operations into the collaboration 

building. The department was not only among the most inherently “collaborative” 

departments within the university, it was also the department with the greatest potentially 

to facilitate the much desired prospect of patent production and technological innovation. 

With the biomedical engineering department placed at the center of the collaboration 

building project, the task became one of populating around this entity in order to best 

array existing capabilities. The original manager of the collaboration building 

acknowledged that there were no set criteria for determining what university investigators 

would be invited to join the initial tenants of the collaboration building, and that it was 

not at heart an entirely “democratic” process (Field notes, 30 September 2009).  

During the year and a half I spent in Dr. Snare’s laboratory, the collaboration building 

remained only half occupied. Selected university researchers from various departments 

including biochemistry/cell biology, chemistry/materials science, and biological/medical 

engineering filled out half of the research space, while the other laboratory spaces 

remained unoccupied, waiting for potentially interested parties from other institutions 

and/or industries to sign leases. Most of these laboratories were on the order of ten 

graduate students or less, with a couple of exceptions. Aside from Dr. Snare, a rough 

summary of the research activities of the other initial inhabitants of the collaboration 

building are presented, in no particular order, as follows:  

1) One other investigator from the biochemistry/cell biology division also moved into 

the collaboration building, albeit on a different floor than Dr. Snare and Dr. Chucks. 

The laboratory of this researcher was dedicated to investigating the role of 
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extracellular matrix material in facilitating the metastasis of solid tumors such as 

prostate cancer to bone and other common sites of malignant spread.  

2) From the chemistry/materials science division: a research group working on the 

synthesis of novel “nanoparticles” and other materials with unique physicochemical 

properties moved into the collaboration building just a few floors below the 

laboratories of Dr. Snare and Dr. Chucks. This group was also actively interested in 

assessing the behavior of these particles in a variety of “systems” (i.e. cellular, 

environmental, etc.). Another group of researchers from this division was dedicated to 

understanding the connections between the physical structures of so-called 

“supramolecular” structures, the mechanisms by which these entities “naturally” 

assemble themselves, and the development of novel techniques by which these 

entities might be “coaxed” into assembling themselves into even higher order 

structures. The metaphor offered by this group here is that, at present, materials 

scientists are able to make “wheels” and “axles” but by and large remain unable to 

connect them together. 

3) From the biological/medical engineering division: multiple researchers dedicated, 

among other things, to developing methods of early cancer detection using optical 

and other imaging-based techniques; nanoscale devices for the highly specific 

delivery of therapeutics; tissue and medical device engineering; synthetic and systems 

biology for examining, respectively, the cooperative interactions of biomolecules with 

near-atomic precision and the network properties of multi-component “bio-

functional” sequences and series; “lab-on-a-chip” diagnostics; and the metabolic 

engineering of microorganisms toward the production of useful chemicals.  
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Another investigator with a primary appointment in the biological/medical engineering 

division also moved his laboratory operations onto the same floor as Dr. Snare and Dr. 

Chucks, just down the “open” corridor toward the southernmost end of the building. The 

laboratory of this researcher was focused on modeling and constructing 

“microelectromechanical” systems approximating the hair cells of the human hearing 

apparatus, models that could therefore serve a variety of experimental and technical 

purposes. Trained as a “lipid biophysicist,” according to Dr. Snare, this neighboring 

researcher was also interested in the biophysical side effects of medications on biological 

membranes and the development of synthetic lipid vesicles for the delivery of genes to 

selected tissues. As a result of the overlapping interest in biological membranes, the 

decision was made to co-situate the laboratory spaces of Dr. Snare and this researcher in 

hopes that they might spark further advances in the field of membrane science. The 

members of Dr. Snare’s laboratory and this biological/medical engineering laboratory 

therefore intermingled quite often on a day-to-day basis, often sharing equipment (i.e. 

confocal microscopy) and reagents with one another, as needed.32  

                                                        
32 A typical ethnographically-witnessed interaction: "Two graduate students from the 
biomedical engineering laboratory came into the office space of Dr. Snare's graduate 
students asking for acetyl cysteine (a modified amino acid). Dr. Snare's laboratory 
technician responded that they did not have that specific reagent, to which the 
neighboring graduate student responded that anything with a “sulfhydryl functional 
group” would work (i.e. a type of a “reducing” agent). The technician then walked down 
the hallway to the Dr. Snare's wing of the shared laboratory space and into the supply 
room, emerging a few minutes later with some 2-mercaptoethanol, a compound with a 
sulfhydryl functional group that could presumably be employed for spectrophotometric 
readings of whatever reaction the biomedical engineering group was studying. The 
technician wasn't quite sure what the other laboratory was doing - perhaps an experiment 
of some kind? He did not ask. According to the technician, these kinds of chemicals are 
often used in assays such as the Ellman degradation reactions, a test to determine the 
number or concentration of thiol ("R-S-H") groups in a given compound, an undertaking 
which often exists as part of broader efforts to sequence proteins - the technician did not 
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Dr. Snare’s group was particularly curious about the biophysical approaches used 

by their new neighbors to study membranes. Dr. Snare indicated that he had sat down 

with the principal investigator of this group not long after the move in order to discuss 

potential opportunities for collaboration. 

 
 

 
 
 
Figure 8. “Open” corridor connecting the laboratories of Dr. Snare, Dr. Chucks, and the 
membrane biophysical engineer (Photograph by the author, 5 May 2011). 

                                                                                                                                                                     
think they were trying to sequence anything, however. The technician later informed me 
that the efforts we had put into organizing and tediously cataloging the entire inventory of 
chemicals in Dr. Snare's laboratory upon its move to the collaboration building was quite 
helpful in locating the requested reagent for the neighboring biomedical engineers. 
Against this background, the technician indicated that he had noticed a difference 
between the new location and the laboratory's previous site in an older building at the 
center of the university campus. For instance, he noted that individuals he had never met 
before from laboratories with whom he would have otherwise had little interaction 
frequently approached him with a variety of requests, all of which the members of Dr. 
Snare's laboratory tried to meet "in the spirit of collaboration." Regarding the new 
arrangement the technician felt that there had been many more informal interactions with 
members of other laboratories, typically in the form of them coming over to the Snare 
laboratory with requests for reagents or use of equipment (Field notes, 26 August 2009). 
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One impediment to collaboration between the two groups that was discovered 

early on, Dr. Snare noted, was a size discrepancy between the experimental models used 

in their approaches to studying membranes. As already mentioned, Dr. Snare’s group 

primarily employed artificially constructed “micro” vesicles in order to investigate 

whether or not certain proteins and mutants thereof embedded (i.e. “reconstituted”) 

within them could facilitate fusion with other vesicles. In contrast, the biological/medical 

engineering group used comparatively larger vesicles in order to study their biophysical 

properties through other forms of experimentation. Although a specific project of 

mutually shared interest and investment had yet to materialize among these two groups 

by the time I left the field of research, both researchers expressed an enthusiastic 

optimism that a sustained collaborative project would eventually emerge.  In addition, Dr. 

Snare often spoke of assembling a regularly convening “journal club” on cell membrane 

mechanics among the members of the two groups, in order to facilitate the exchange of 

information, theory, and methods, and perhaps to spark the conceptualization of novel 

experiments. From Dr. Snare’s perspective, perhaps the biomedical engineering group 

might be able to teach his group new ways to look at membranes and the phenomenon of 

membrane fusion, while his group might be able to teach the biomedical engineers about 

the proteins and chemical energetics involved in these processes. During the first few 

months in the new collaboration building, Dr. Snare’s group trained a summer intern and 

an undergraduate student working in the biomedical engineering laboratory on how to use 

the spectrophotometer and how to perform the polymerase chain reaction (PCR) in order 

to amplify short segments of DNA for experimental purposes, noting that they were 

trying to do “molecular biology” work but were not yet set up to do so. Simultaneously, 
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Dr. Snare’s group occasionally used some of the fancy microscopes of the biomedical 

engineering group. The technician indicated that the new arrangement felt something like 

a “lab barter system” (Field notes, 26 August 2009 and 15 September 2009). Perhaps in 

part as a result of his undergraduate background in philosophy, the principal investigator 

of the biomedical engineering laboratory was enthusiastically supportive of my 

investigation of the factors that help and hinder inter-scientific research, and he even 

suggested the possibility of setting up a “pet project” between the two laboratories, while 

giving me a central role in order to more closely study the details and differences between 

the two groups. For whatever reason, however, and the interactions between the 

laboratories of Dr. Snare and Dr. Chucks with the biomedical engineers were not 

witnessed as frequently as the interactions between the former two groups. 

It turns out that Dr. Snare had been collaborating with a group in the university’s 

physics department that was itself studying membranes, albeit from their own unique 

perspective. Specifically, they were interested in what we might call the “biophysical” 

properties of membranes themselves, as opposed to the protein-based mechanisms 

involved in their fusion, as in Dr. Snare’s group. This group was situated back on the 

main campus of the university, and to my knowledge there were never serious plans to 

move their group over to the new collaboration building – in fact, none of the university’s 

physics laboratories made the move. Nevertheless, a graduate student from this physics 

laboratory had actually been stopping by Dr. Snare’s laboratory for some time, both 

before and also for about a month or so after the group had moved into the new building. 

Amidst the transition, this figure had been studying a particular protein; specifically, she 

had been working on acquiring a purified sample of it via recombinant and biochemical 
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methods to be analyzed using their own instruments. Obviously, Dr. Snare’s group was 

more than enough experienced to help out with this part of the undertaking. Dr. Snare’s 

group, as it turns out – in particular Terence – had devoted a lot of effort over the past few 

months, at Dr. Snare’s request, to assisting with production and purification of this 

protein. Terence believed the physics group was interested in the possibility that it might 

be involved in creating pores in membranes – similar to those proteins known to be 

involved in the cellular phenomenon known as “apoptosis” or programmed cell death by 

creating holes in the mitochondrial membrane - and he acknowledged that he was not 

familiar with the nature of the tests that they were to run in its analysis. Terence 

mentioned that at one point in the not so distant past the physics group had allowed Dr. 

Snare to use one of their instruments to measure the “dynamic light scattering” (DLS) of 

various samples, a technique used for determining the mass of a given molecule (i.e. 

protein). In lieu of going through the university’s formal mechanism of using shared 

equipment – a process that often requires a fee in advance –Dr. Snare and his group were 

therefore able to perform these measurements in a more casual or collegial manner. Dr. 

Snare was more than happy to provide the physics laboratory in return assistance with its 

own research undertakings, and he even tasked one of his undergraduates to help the 

physics graduate student in carrying out the abovementioned tasks. Interestingly, this 

laboratory once published a paper demonstrating that membrane fusion proceeds through 

a “hemi-fusion” or partially fused intermediate, thereby lending some support to the 

“zipper” mechanism of Dr. Snare’s hypothesis.  

One day, I accompanied Terence from the collaboration building to one of the old 

physics buildings back on the main campus, where this group had installed their Zetasizer 
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instrument for DLS studies (Field notes, 25 February 2010). The instrument was located 

in the basement, which was quite a contrast from the seventh floor of the collaboration 

building. There were exposed pipes in the ceiling and the walls were built out of drab 

bricks and cinder blocks. Dilapidated instruments and old tube monitors collected dust in 

the background whereas newer, brighter instruments including the Zetasizer sat in the 

foreground of the room, and as such more easily accessible. There were reports dating 

back to the early 1980s strewn about on the floor. Terence mentioned that he had once 

met the principal investigator of this physics group, and that he and Dr. Snare had tried to 

do a few projects together in the past.  

 
Me: Otherwise nowadays you guys pretty much do your own thing?  

 
Terence: Yeah (Field notes, 25 February 2010).   
 
The DLS measurements unfortunately did not work. Terence mentioned that it 
might have had something to do with smudges on the cuvettes. I felt bad because 
he had spent at least half of his day preparing truncations of Protein X and 
performing assays to verify its presence in solution, and only then analyzing 
aliquots of it in the Zetasizer instrument. He was remarkably calm and collected, 
and I remember thinking how frustrated I myself or others might have been in that 
circumstance. “That’s the first time I’ve ever really used that equipment,” he said.  

 
Me: It doesn’t usually work the first time around?  

 
Terence: No (Field notes, 25 February 2010). 

  
 

I thanked him for letting me tag along well he conducted his experiments. I had 

only helped out with one small thing, and that was to put 20 microliters of a solution 

containing the first four hundred and eleven amino acids of the primary sequence of 

Protein X into two separate cuvettes to be analyzed within the instrument. As we parted 

ways, I desperately hoped that I had not been the one to smudge up the cuvettes.  
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* * * 
 
 

Although the abovementioned laboratories remained the only primary occupants 

of the collaboration building during my time in the field, one local biomedical institution 

did in fact sign a lease just a few months after its opening, and a press conference – what 

one inhabitant of the building referred to as a “dog and pony show” – was called to 

commemorate the beginning of the partnership. Although no researchers from this 

institution moved into the collaboration building during the time of my fieldwork, an 

investigator specializing in pediatric cardiovascular engineering did eventually establish a 

laboratory not too long after my departure. In addition, it appears that the university was 

able to leverage the collaboration building as part of its recruitment of a number of 

successful researchers from other institutions. In addition to the abovementioned 

physician-scientist holding a primary appointment at a local biomedical institute, a trio of 

investigators specializing in biological physics as well as a cognitive science researcher 

with expertise in electrical and computer engineering also established laboratories within 

the collaboration building. In addition to the already-discussed “consortium” - a multi-

institutional biomedical research organization engaged primarily in the competitive 

evaluation and dissemination of research funding and training grants – a well-known 

state-sponsored cancer fund for technology transfer also moved its offices into the 

collaboration building. Finally, a reagent company also moved a supply office into the 

collaboration building, greatly easing the process of acquiring necessary products for 

experiments.  

The actual naming of the collaboration building turned out to be an interesting 

prospect. Some managers wanted the term “medical” to be explicitly included in the 
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name of the building, in order to establish a symbolic connection between the growing 

closeness of the university and the local biomedical community. Others, especially the 

researchers moving into the building, including the biological/biomedical engineers, were 

less enthusiastic about this idea. Even though all involved in the project were interested 

in the connections between their research and the larger biomedical ecology, they were 

first and foremost academic faculty, not clinical physicians and surgeons. Most agreed 

that “the physical sciences” and “biology” ought to be represented. Interestingly, the 

original visionary of the collaboration building also wanted to include these terms but - 

much in alignment with his epistemic “philosophy” for the building - he wanted them to 

be distinguished from one another (i.e. “bio/science” or perhaps bioscience with capital 

“B” and “S.” For him, capitalizing either “B” or “S” but not both at the same time would 

connote a prioritization of biology over physical science or vice versa. In accordance with 

the original vision, the physical sciences undoubtedly deserved a capital “S” as well.   

Importantly, around the time the collaboration building was completed and 

throughout its first year of existence, serious discussions took place between high-ranking 

managers regarding the possibility of a merger between the university and one of the 

local schools of medicine which had recently ended its long-term affiliation with a local 

hospital and which was said to be experiencing financial difficulty. Opinions within the 

university regarding this proposition were markedly split, especially among the faculty it 

seemed, with some in favor and others strongly against. Not long after news of the 

merger discussions broke, a minority of faculty members came together to express 

pointed sentiments of worry and discomfort, particularly with what they felt was the 

confidential, non-transparent nature of the proceedings. One actor put forth the argument 
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that faculty members - the most important members of any university - ought to have 

been consulted and that their inputs into the proceedings should have been solicited and 

considered. In contrast to the discussions which took place some years earlier when the 

idea of the collaboration building was proposed, sides seemed much more sharply 

divided within the university community. Some of the high-ranking managers of the 

university in favor of the mergers felt that the acquisition of a medical school would 

propel the institution past its perceived “regional” status into an immediate international 

academic powerhouse, while others, especially among the faculty, articulated their belief 

that the university had already achieved such a status and that the merger would likely 

serve as a drain on the other elements of the academic community – not unlike some of 

the sentiments expressed some years earlier about the collaboration building. Ultimately, 

after many discussions between the leaders of this medical school and the university, as 

well as a number of “town hall meetings” and other forms of ongoing communication 

between the faculty and university managers, for primarily financial reasons the latter 

decided against the venture. Both sides, it seemed, breathed a sigh of relief, glad that a 

potentially divisive issue could be put in the rearview mirror. Although no merger was to 

take place, one scientific actor suggested that the continued presence of the collaboration 

building would serve as a “happy medium.” With this building and the programs 

contained therein, the university could still “get its fingers into” the “world of 

biomedicine” and therefore still take advantage of funding opportunities that might not 

otherwise have been available to it, all the while avoiding the risks to potentially 

sacrificing the sound financial standing of the university (i.e. by having to support a vast 
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clinical enterprise) or its “traditional” mission as a research university dedicated to 

graduate and undergraduate education.  

Dr. Snare and his laboratory therefore proceeded with their transition to the new 

collaboration building with the “specter” of a merger hanging in the balance. These 

circumstances may have spurred the life science laboratories of the university to more 

carefully examine their place within the larger biomedical ecology, if not to construct 

possible scenarios about the consequences of such a deal on their own departments, and 

therefore from an ethnographic perspective they may very well have helped bring to the 

surface in more articulate form certain sentiments than might have otherwise happened in 

a more “ordinary” setting. Before news spread rapidly that the leaders of the respective 

institutions had decided not to pursue the merger, many months after Dr. Snare and his 

laboratory had established their research operations in the new collaboration building, I 

had the opportunity to ask him about his perspective on the matter, both as a member of 

the local university community as well as from a scientific standpoint.  

Overall, Dr. Snare suggested that he was “cautiously optimistic” that, if “done right,” the 

merger could be a good thing for the university, for his department, and for his own 

research program. “I’m not change averse so much,” he said. However, he went on to 

state that he believed “the possibility for catastrophe is real” – specifically the burdening 

of the university with insurmountable debts inherited from the school of medicine and its 

affiliated clinical facilities – indeed, it was “a lot more real than people think.” “[W]hile I 

think that the possibility of a strong productive union is real it is not as real as the 

potential for catastrophe” (Interview, 10 December 2009). From an “operational” 

perspective, Dr. Snare believed that merging with a local school of medicine would be 
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difficult on him personally during the transition. Even if the merger were to be managed 

as best as it possibly could, there might still be “headaches” for Dr. Snare, in terms the 

“day-to-day operations” of his research program. “For instance,” Dr. Snare asked, in the 

immediate aftermath of the merger, “Who do I go to for grants management support? And 

how will I get [other basic administrative] things done? We could end up getting pulled in 

fifty different directions” (Interview, 10 December 2009). It always takes some time to 

adjust to a new system – and the fact that Dr. Snare was in the midst of a tight race for 

priority of discovery days and even hours came to be seen as increasingly precious. 

“From that perspective,” therefore, “it is less encouraging to me than I would have hoped. 

I am most worried about the management of the merger. If it is handled badly – and these 

are things that might be unknowable – but if it is handled poorly then it could turn out 

very badly. Let’s put it that way” (Interview, 10 December 2009). John overheard Dr. 

Snare and me discussing the merger one afternoon in the graduate student office and 

asked why it might end up being “catastrophic.” Dr. Snare went on to articulate the 

possibility that the biochemistry/cell biology department might be forced to merge with 

its closest administrative counterparts in the medical school – and it therefore might be 

“swallowed up” as the ratio of faculty would become heavily skewed toward the new 

biomedical colleagues. With regard to overall departmental direction including criteria 

for the hiring of new faculty, promotion and tenure, and the educational program itself, 

the university faculty might effectively lose their voice. From a scientific perspective, Dr. 

Snare felt it was unlikely that the potential arrival of the medical school research 

programs would enable him to experimentally accomplish things that he had not been 

able to do beforehand. According to Dr. Snare:  
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There’s nothing that I cannot do now that would be benefited by the merger. I 
don’t know that a merger would affect my day to day life very much in terms of 
scientific productivity. However, our department would be affected by it because 
the kind of science we do and the stuff they do directly overlaps. While we have 
twenty people in our department,  they have four hundred principal investigators 
that basically do what we do but spread over a number of departments and 
disciplines including physiology, pharmacology, molecular biology, neurology, 
and cell biology. Their cell biology department has 50 PIs on board. There are 
probably 400 PIs, 20 times our size. So there was a bit of worry originally that 
they would just sort of swallow us up. But we’ve gotten some assurances at least 
that that’s not going to happen (Interview, 10 December 2009).  

 
 

It ended up being a non-issue, as already mentioned, since the merger did not take 

place. The collaboration building remained, obviously – and so too did efforts to create 

lasting connections with the local biomedical researchers.  

 
 

* * * 
 
 

My earliest experiences in Dr. Snare’s laboratory coincided with its last few 

weeks in its original location in a building named after an important historical figure and 

entrepreneur in the local economy, toward the center of the university campus. This 

structure was itself built in 1991 and comprised 107,000 square feet, including 51,000 

square feet of laboratory space. The remainder comprised other support spaces, animal 

facilities, and administrative offices. Multiple architects and consulting firms had 

contributed to its design, and at one time or another it housed programs in biochemistry, 

cellular and developmental biology, genomics and metabolic engineering, biomedical 

engineering, organic chemistry, and offices for the school of natural sciences. Tiles 

bearing brightly colored helices and other “bio-symbols” adorned the perimeter of the 

structure’s brick façade. Based on then state-of-the-art designs, it appears that this 
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structure itself was also designed with “collaborative” connotations in mind, and 

literature describing the building mentions that “typical” laboratory modules 

accommodate various user needs within a framework offering long-term “flexibility.” 

This literature furthermore noted that the design was intended to be contextual with 

regard to the scale and character of the other campus buildings and the overall design 

tradition of the university’s architecture.   

The building itself comprised two “wings,” each alternately populated by 

primarily biology-oriented or chemistry-oriented laboratories, respectively, and a 

“figurative bridge” connecting the two. Dr. Snare’s laboratory space was on the first floor 

of the building and included two rooms separated by a wall, with a door connecting the 

two toward the back of each of the rooms. In each of the rooms was a large black bench 

of approximately fifteen feet in length, with surfaces on either side for the execution of 

experiments and shelves containing supplies including containers of various sizes, 

solutions and reagents, and binders for the recording of experiments, observations, and 

results. Against the back wall of each of the rooms were two small desks with their own 

overhead shelf space where the laboratory workers would occasionally read or write, and 

next to the desks were two small windows looking out onto the patch of grass separating 

the two wings of the overall structure. Terence used one of these desks, and on it he had 

pictures of family and a series of vials containing brightly colored wasps in a non-

aqueous solution, occasionally glimmering in the sunlight. Biochemistry and other 

textbooks, journal articles, and other notes and “graphisms” were frequently strewn about 

the surface of the desk. On the wall next to Terence’s desk was a poster showing the 

chemical structures of all the known amino acids. In the foreground of one of these rooms 
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was a large “shaker” machine used to incubate bacterial cultures for the expression of 

recombinant proteins, and other machines used in the successive stages of protein 

purification including the “cell disruptor,”  the ultracentrifuge machines used to 

progressively separate out the various layers of mixtures and solutions containing specific 

peptides of interest, and the chromatography instruments used for an even more fine 

purification of these entities. A second “shaker” and some other instruments were located 

in a small room across the hallway from these adjoining rooms. Dr. Snare’s office was 

just around the corner, next to a small, communal office space for the graduate student 

where one day Dr. Snare’s senior-most graduate student explained to me for the first time 

the basic terminology of the SNARE proteins and the fundamental theories and debates 

of the sub-field.  

While I began attending the weekly laboratory meetings taking place in the one of 

the conference rooms in an administrative section of the building, I also began spending 

some time in the laboratory itself. During this time Terence demonstrated to me the 

procedure for making the artificial liposomes into which the purified proteins of interest 

were to be reconstituted. The basic apparatus consisted of two “plungers” connected in 

opposition to one another across a special sieve-like filter. Pausing occasionally to freeze 

test tubes containing a solution of special phospholipid molecules, the basic technique 

involved alternately extrude this solution between the filter using the plungers, with the 

ultimate intention of arranging the molecules into small lipid bilayer spheres. Lacking the 

tactile skill and experience to see the synthesis of liposomes all the way through on my 

own, I often helped out with the everyday “chores” of the laboratory while getting to 

know its members individually, and listening as closely as possible when they would 
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“talk science” to me. Among other things I cleaned a lot of the glassware that would 

inevitably pile up in the sinks located at the front of the benches, passing on certain of the 

glassware that had to be cleaned using a special method by one of the building’s 

employees, who would come by once a day toward the end of the afternoon. This 

involved sometimes cleaning out the ruptured cultures of recombinant E. coli, discarded 

once the proteins of interest had been removed from them, and it was not pleasant. One of 

the senior graduate students teased that I was getting all the worst jobs, but Terence 

reminded him, correctly, that I had volunteered – he promised me that he would teach me 

“some science” in the near future. Throughout all of this I learned that dishware is 

actually something of a big deal in the laboratory. Some workers like a clean sink, and 

everyone wants the proper glassware readily available to them whenever they need it.  

Toward the end of June 2009 I began assisting the laboratory members with the 

moving process. I helped the research technician by scrubbing out the interior of the 

incubator with ethanol and water, and subsequently helped him take it apart so that it 

could be transported by the movers to its new home in the collaboration building. After 

we carefully transported the contents of the laboratory’s refrigerators and freezers, the 

latter of which included the cumulative results of years of the laboratory’s efforts in the 

form of a massive stockpile of purified proteins and recombinant DNA expression 

plasmids, I helped the group move these so that the “heavy-lifter” moving company could 

come and take them away also. We carefully moved each and every single item from the 

laboratory – all of the smaller instruments, glassware, laboratory notebooks, and so on – 

into carefully marked boxes, which were also set aside for the movers to gather and 

transport. Although we were not doing any science during this week, it felt great to 
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contribute to the laboratory in this manner, and I feel like it helped establish a rapport 

with the group.  

By the time we arrived to the seventh floor of the collaboration building the 

movers had already placed most of the heavy equipment in the locations Dr. Snare had 

requested of them, and we immediately set out unpacking all of the boxes and organizing 

all of the items in their new “home.” Following the lead of the research technician and 

other members of the laboratory I spent a great portion of one of those early days during 

that first week of July 2009 labeling every single item in the laboratory with Dr. Snare’s 

initials – including glassware, pipettes, individual boxes containing disposable cuvettes 

and conical vials of various sizes, even drawers and chairs (Field notes, 8 July 2009)! It 

struck me that such significant efforts went into marking the possessions and territory of 

Dr. Snare’s laboratory as it settled into its now space in the collaboration building.  

The building was (and of course still is) quite stunning in many respects. It is, 

perhaps above all, remarkably spacious, and it has some spectacular views looking out 

onto the main campus and the downtown skyline. In fact, nearly every outer wall of the 

structure has a large window and the building is incredibly well-lit otherwise. The 

hallways and foyers are bright. For the first few months one could easily pick out here or 

there a tile in the ceiling that had been exposed, revealing the pipe work one of the many 

construction workers had set out to adjust. In time, both these kinds of unfinished 

elements as well as the construction workers dwindled, until there were no more. 

Corridors and hallways that were at first empty were soon increasingly filled with 

students and faculty headed from one place to another.  
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On the ground level of the building is a reception desk staffed at any given time 

by one or two friendly professional security personnel. Dr. Snare kindly arranged for me 

to have card access to the building and to his laboratory on the seventh floor. The security 

personnel do not hesitate to stop an unfamiliar individual and ask them to sign in and 

inquire about the purpose of their visit. On the third floor of the building is the 

chemistry/materials science laboratory with which Dr. Snare’s group collaborated on the 

“quantum particle” project during my time in the collaboration building. The laboratories 

of the biomedical engineering department filled out many of the other research spaces in 

the building, and their department headquarters were located on the ground floor. Also on 

the ground floor was a large auditorium where invited guest speakers would frequently 

give talks of interest to the building community. A number of the floors remained 

partially or even completely unoccupied during my time in the field, with the university 

waiting to fill them with potential lease-signers from among the local biomedical 

institutions and perhaps the private biotechnology/pharmaceutical industry.  

Dr. Snare’s laboratory was quite spacious compared to its previous location. (I 

have provided images of the laboratory space toward the end of this section). Dr. Snare’s 

“part” of the seventh floor research space included two and a half benches, by which I 

mean that his group used one side of a bench in its full length while Dr. Chucks’ group 

used the other side of that bench, among the other two it employed in its own research 

activities. In addition to bench space, Dr. Snare’s laboratory also had a “cold room” for 

carrying out sensitive experiments requiring a lower temperature, and I have mentioned 

in my field notes that it took a couple of weeks to “stabilize” before the group set out to 

actually use it (Field notes, 29 July 2009). Dr. Snare’s laboratory also included a large 
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store room, containing all of its glass ware as well as large canisters of antibiotics to be 

used in the preparation of a selected bacterial culture expressing proteins of interest (and 

resistance to that antibiotic so that it alone would grow). This room also contained 

measuring scales among other instruments used in the preparation of various media, 

buffers, and bacterial cultures. Dr. Snare’s laboratory space also included a “dark room” 

for microscopy and imaging, primarily used by those members of his laboratory studying 

phenomena at the level of cells. Terence, for instance, rarely if ever used this room in his 

biochemical and functional fusion studies of Protein X. John, however, in his 

investigations of the peroxisome used this room quite frequently, often bringing to the 

weekly laboratory meetings images of cells and within them punctate instances of 

fluorescence representing labeled proteins and also “quantum particles.” The laboratory 

also had a large room for its autoclave, the instrument used to sterilize bacterial culture 

media before attempting to grow the specific line of organisms responsible for expressing 

proteins of interest. Shipments of equipment and reagents were eventually delivered 

directly to the laboratory itself, obviating its having to collect them from the first floor 

“receiving” dock themselves. As in the case of the previous research space, a team of 

staff members would come by every afternoon to gather glassware to be washed, and a 

dedicated building management team attended to infrastructural issues (as well as pesky 

nest of rats that took up residence in one of the building’s unoccupied floors and 

occasionally snuck into the laboratories to eat bacterial culture media). In the first few 

months these support staff members and representatives of the individual laboratories, 

typically the research technicians, attended meetings to discuss issues of relevance to all 

of the laboratories, such as ordering and supplies, parking, transportation to and from the 
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main campus, shared facilities, ice makers, power outlets, gas supplies, and so on and so 

on. Over time these meetings dwindled in number and eventually they stopped all 

together once the major issues had been handled properly.  

Directly across the hall from the laboratory space was Dr. Snare’s office, and next 

to his Dr. Chucks’ office. On the other side of Dr. Snare’s office was an office with four 

desks, used primarily by the post-doctoral researcher and occasionally for smaller 

meetings. In general, the laboratory spaces occupied the eastern half of the building’s 

rectangular design, while the individual offices of the faculty members and post-doctoral 

researchers occupied the western half of the building, divided by a long hallway 

partitioning the building along its entire length. In the middle portion of the rectangular 

design was a large cylindrical “hub” facing to the west. This portion of the design 

contained “office” and lounge spaces, primarily for the graduate students and 

undergraduates. In another wing of the building entirely were the classroom spaces, none 

of which the students of Dr. Snare’s laboratory attended to my knowledge.  Each of the 

graduate students and the post-doctoral researcher had their own bench space, and the 

former had their own cubicles within a dedicated office space down the hall, and at some 

distance from the laboratory space, in a room to be occupied exclusively by Dr. Snare’s 

laboratory members. 
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Figure 9. View from within the “hub” – a common lounge space with window view of 
adjacent cubicle spaces for laboratory workers including graduate and undergraduate 
students, technicians and post-doctoral fellows. A poster is prominently displayed in the 
window, providing a modicum of privacy for the “office space” of Dr. Snare’s graduate 
and undergraduate students (Photograph by the author, 5 May 2011). 
 
 
 

When the Snare laboratory first arrived to its new location on the seventh floor of 

the new collaboration building the graduate students took turns inspecting the individual 

cubicles and storage spaces in the office, with each ultimately settling into a space to call 

their own. In all, there were about 10 cubicles with overhead shelves and drawers beneath 

the desktop for storage purposes. Some of the desks were arranged some side-by-side 

while others faced away from one another, each providing its occupant with a quiet space 
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in which to work without major distraction and in the seat of comfortable, ergonomically 

modern office chair. All in all it looked like a modern office, if not for the young faces 

and casual dress (e.g., blue jeans, t-shirts and polo shirts, sneakers and flip-flops, and 

sometimes a baseball cap). There were wall-to-wall windows looking out onto the main 

campus of the university, which the graduate students eventually used to scribble 

diagrams of “clones” to be constructed in dry erase marker, and a second window facing 

onto the adjacent lounge area, where the students and post-doc often gathered to eat lunch 

with one another and with members of other laboratories occasionally. The lounge had 

tables and chairs; a sofa and coffee table with some scientific magazines; a refrigerator, 

microwave, and a sink. Compared to the office space it had a high ceiling, making it 

inaccessible from the eighth floor, from where a window above looked down onto the 

lounge area.  

There was so much space in the new office room that the plan on that very first 

day was for some of Dr. Chucks’ graduate students to occupy a few of the cubicles. A 

brief (and thoroughly non-serious) instance of territoriality ensued (Field notes, 1 July 

2009). Dr. Snare’s group had just settled into the new office and paused for a moment to 

“take a load off” and discuss what else needed to be done to get the laboratory up and 

running. While I was sitting in chair belonging to one of the cubicles, facing away from 

the desk itself and toward the rest of the group, one of Dr. Chucks’ graduate students 

entered and gave me a surprised, somewhat caustic greeting – I was sitting in the desk 

she had earlier chosen for herself! I quickly apologized and plead that I had meant no 

challenge to her territorial claim (although certainly not in those words). One of Dr. 

Chucks’ other graduate students later teased that everything would go smoothly as long 
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as this particular person “got her way” – a reputation she seemed to embrace. Within an 

hour of the incident this graduate student and I had talked some more (I had approached 

sheepishly) and learned that we actually had a few things in common, and we ended up 

becoming friends. In the interim, Dr. Chucks himself entered the office space and Terence 

mentioned to him the issue of desk space and asked him how he wanted to divvy up the 

room. He said that he was not concerned with the space and teased that if the 

aforementioned graduate student of his had brought up the matter at all, he only cared 

that she was not “pissed off.” Later in the day, another graduate student from the Chucks 

laboratory entered the office space carrying a lamp with which to claim an empty desk. It 

turns out that the members of the Snare laboratory were under the impression that this 

particular office space was to be primarily theirs, with the concession of two or three 

desks to the Chucks laboratory. Terence called this other graduate student on his gesture, 

stating that he could not have a desk in every office on the floor. A brief back and forth 

ensued. The Chucks graduate student teased back that he was “cancer,” “spreading 

everywhere,” upon which one of Dr. Snare’s undergraduates tossed him a stress-relieving 

hand squeezer in the form of a pill to treat his “cancer.” Eventually, we all went back to 

the laboratory to continue unpacking equipment and materials when Dr. Snare entered 

and asked for Terence and John, his two senior graduate students, to join him in his office 

to discuss the matter of space in the graduate student office which had just come to his 

attention, acknowledging that “someone was pissed off about something.” In Dr. Snare’s 

office, presumably, the three individuals turned to a recent and fairly “official” blueprint 

of the floor specifically designating this contested office space to the Snare laboratory. 

Terence later mentioned that perhaps I should have been at that meeting, although he 
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soon shrugged it off as if to wonder whether or not I might have been interested and if he 

should invite me to things like this in the future – perhaps “for your own sake,” he said, it 

was best to stay out of it. I asked him if everything was alright, to which he responded 

that it was a “complete non-issue.” Indeed it was. Terence had just wanted to make sure 

that the undergraduates and other members of the Snare laboratory had desk space of 

their own to use. With the perspective of time, it became clear that all of the members of 

Dr. Snare’s and Dr. Chucks’ laboratories were really good colleagues and also friends. 

The Snare graduate students really liked the Chucks graduate students, and vice versa, 

and I really liked all of them, too. There were many informal discussions in the laboratory 

space about things both having to do with and things completely not having to do with 

science. In time, I noticed, they seemed to stick together, occasionally taking the same 

sides on issues of interest to them both, such as the seemingly endless string of tours of 

the building given to various “dignitaries” and benefactors that would come through the 

seventh floor, occasionally interrupting the labors of the laboratory workers. Getting back 

to this small and largely trivial issue of territoriality in the office space, there was, of 

course, absolutely no issue between Dr. Snare and Dr. Chucks themselves, as it was 

solely an “everyday” matter between their respective graduate students. In the end, I 

believe that the Chucks’ laboratory graduate students found their own office space in 

which to work, while there were two or three desks in the Snare office that remained 

largely unused. While this was the one and only explicit instance of “territoriality” 

involving the two laboratories that I witnessed, in essence it also represented the first 

episode in which members of the Snare laboratory sought to make sure that their own 

interests were being adequately met. Later that day, the two senior graduate students and I 
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noticed some construction workers hanging about, and we concluded that perhaps they 

were waiting for us to leave before they started working on its unfinished sections (Field 

notes, 1 July 2009). No such issues of territoriality transpired between the groups in the 

laboratory space itself.  

By the end of July 2009, Dr. Snare thanked everyone for having helped to make 

the move go as smoothly as possible, and he noted that by then the only major issues 

related to instrumentation, but he indicated that these should be sorted out shortly. “I’m as 

pleased as punch...things are up and running…hopefully you enjoy your new digs,” Dr. 

Snare told the members of his team, and he concluded this particular laboratory meeting 

by asking his group to let him know if there was anything he could do to make the 

experience better for them (Field notes, 22 July 2009). 

 
 

 
 
 
Figure 10. Entrance to the main elevators (Photograph by the author, 5 May 2011).  
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The days I spent with Dr. Snare’s laboratory tended to unfold as such. Each day I 

would walk through the glass doors of the collaboration building’s main foyer of the 

building, where I was greeted by friendly security guards that had come to know me by 

my face. From here, I would swipe my card at the glass doors leading to the elevators and 

take one of them up to the seventh floor. As already noted, Dr. Snare graciously included 

my badge on the list of individuals given access to his laboratory and the graduate student 

offices, although, in the case of the former, this was not typically required as Dr. Snare 

kept the doors to his laboratory unlocked between the hours of 8:00 AM and 6:00 PM on 

weekdays. And so, each day I would catch an elevator up to the seventh floor, often 

pausing to take note of the various messages scribbled in dry erase marker or posted with 

tape on the frosted glass walls of its interior. These messages announced various talks, 

thesis defenses, and sometimes “social events” like the “ice cream social” or “laboratory 

warming party” hosted by one or another of the groups and open to all of the members of 

the laboratory. Typically, upon reaching the seventh floor I would make my way to the 

graduate student office if I needed to drop anything off (Dr. Snare had also graciously 

given me a space to use in this room). If one of the graduate students or the research 

technician was there, we would typically chat for a few minutes. From here I would head 

down a short hallway, hang a sharp left, and walk down a much longer hallway to arrive 

at Dr. Snare’s laboratory space, passing by his office, which like the others adjacent to it 

had “clouded” or “frosted” glass walls facing the hallway and the laboratory spaces. The 

walls and floor of the hallway were bright white, and a window at its distal-most end 

endowed this space with a cheerful ambience.  
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Figure 11. View of the northernmost wing of Dr. Snare’s laboratory. In the foreground to 
the left is the “shaker” machine used to incubate recombinant bacterial colonies 
expressing peptides of interest. This apparatus was routinely used by the members of the 
laboratory and often by the members of other laboratories as well. Once purified from the 
foul-smelling, gray-colored, putty-like “sludge” of lysed E. coli, samples of the various 
peptides of interest were then run through the machines for purification purposes and 
then subsequently for various analytical and/or confirmatory purposes. Closest to the 
shaker on the left bench is the apparatus used to measure specific wavelengths of 
fluorescence as part of an assay (developed in part by Dr. Snare) to determine the degree 
of fusion (or lack thereof) between artificial bilayer membranes bearing specific peptides 
of interest embedded (reconstituted) within the thickness of the bilayer surfaces. Of note, 
sheets posted on the white pillar to the right demarcate this “row” as belonging to Dr. 
Snare’s laboratory, and more specifically it identifies the benches on the right as 
belonging to Terence (near) and the post-doctoral researcher (far). A red tub containing 
protein samples on crushed ice is seen. Partially visualized on the “dry-erase” pillar, next 
to the telephone, are messages and a list of “To Do” items including specific reagents to 
purchase. (Photograph by the author, 5 May 2011). 
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My days in the laboratory itself were largely unstructured, and some of the details 

regarding my role have already been presented earlier in this section (e.g., preparing gels 

for protein electrophoresis, helping the research technician with organizing materials and 

making buffers for the members of the laboratory to use, keeping my eye on various 

timers for the graduate students and alerting them when their assays had concluded, 

adding a special reagent to incubating cultures of bacteria when it was time to “induce” 

them to express proteins of interest, taking measurements of protein-containing solutions 

in the ultraviolet-visible range spectrophotometer instrument by the back window, 

cleaning up glassware and other things around the laboratory, keeping an eye on protein 

gels undergoing electrophoresis to make sure that the proteins did not “run off” of the gel, 

adding reagents to help carry out the “amido black” assay and occasionally PCR, and so 

on). Mostly this gave me the opportunity to talk with the graduate students, the 

undergraduate, and the post-doctoral researcher, and, when he came by the laboratory 

(typically a few times a day - sometimes more, sometimes less), Dr. Snare.  Typically, he 

would do so in order to check on the progress of a specific experiment or to ask one of 

the graduate students a question. In all of my time in the laboratory I never saw Dr. Snare 

himself conduct an experiment with his own hands, but he did frequently come by the 

laboratory to talk with the individual graduate students about the ongoing experiments or 

to come up with an idea for a new experiment. During much of 2010, with the race for 

priority of discovery in the case of Protein X in full swing, this was often Terence. 

Together, Dr. Snare and one of his graduate students would stand in front of one of the 

laboratory’s dry erase surfaces to draw complicated diagrams of the cell itself or circular 

representations of clones containing various genes for proteins of interest, restriction 
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enzymes, and antibiotics. Sometimes they would get really excited upon coming up with 

a new hypothesis or a new set of experiments to conduct. Shortly after Dr. Snare would 

leave the laboratory space and the graduate students would return to their benches to 

continue carrying out their experiments.  

I mentioned earlier in the present section that I had started helping Terence to 

prepare “gradients” of a specific medium with decreasing density starting from the very 

bottom of a test tube all the way up to its top, with the purpose of running various 

mutants of Protein X through them in the ultracentrifuge in order to try to separate out 

various mutants of differential length. The instrument for preparing these gradients was 

old, located around the corner from Dr. Snare’s main bench spaces. Drip by drip it would 

pour the medium into the test tubes I held below, and it took a long time. One day when I 

was working with another piece of equipment related to this undertaking when Dr. Snare 

walked past and noticed that I was attempting to accomplish the task essentially with the 

wrong tool. He swiftly flipped open a drawer and produced what looked like some sort of 

a surgical implement, and with the greatest of dexterity he accomplished what I had been 

struggling to do in one smooth motion. It was really “slick.” I thanked him with a huge 

smile, and he went back to his office. Although it was there in his office that Dr. Snare 

spent most of his time, and even though as I mentioned I never specifically saw him carry 

out an experiment with his own hands, Dr. Snare still clearly knew where every little item 

in his laboratory was located, and he could find just about anything in no time. John, Dr. 

Snare’s senior graduate student working on the peroxisome research in Drosophila did 

mention to me one day that Dr. Snare had told him he had made a “clone” (i.e. bacterial 

DNA “plasmid” expression construct) in the laboratory one evening, presumably when no 
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one else was around. John went on to express his amazement at Dr. Snare’s memory, and 

specifically how he could recall the minutest details of experiments he had done in the 

laboratory as a graduate student decades earlier, including the concentrations of various 

solutions and other highly specific conditions of a multitude of experiments (Field notes, 

25 February 2010). Dr. Snare’s graduate students informed me that few of the faculty 

members within their department still conducted their own experiments in their 

laboratories, with the exception of one well known biochemist, and they delighted in the 

image of this figure huddled next to his students at the bench, carefully pipetting reagents 

into a test tube. Apparently, from time to time Dr. Chucks was known to do a dissection 

of his own on the nervous or muscle tissues of flies under the microscope, and he was 

also said to maintain a few of his own fly stocks among other tasks around his laboratory.  

Occasionally I would find myself alone in the laboratory or among just one or two 

other members of the laboratory, for instance, when I was keeping an eye on the timer of 

an assay or while making gels for the others to use in the electrophoresis of protein 

samples. One day, while all of the graduate students from both the Snare and Chucks 

laboratories were at a departmental meeting and I was alone preparing some gels that I 

had started earlier in the morning, Dr. Snare dropped by and remarked upon the fact that I 

– an anthropologist no less - was the only figure in the laboratory working on science. 

Other times, Dr. Snare and Dr. Chucks would drop by and playfully tease one another’s 

laboratories about whose group was working harder. Even though both laboratories were 

working quite diligently, it was during moments like these that it dawned on me that the 

layout of the laboratory space enabled a kind of disciplinary “panopticism,” perhaps one 
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among other mechanisms spurring on the laboratory workers to complete their tasks 

(Foucault 2012 [1975]).  

As already alluded, the issue of security was a topic of interest both to Dr. Snare 

and presumably to the other inhabitants of the collaboration building. Although Dr. Snare 

was committed to conducting his business “in the spirit of collaboration,” he nevertheless 

occasionally worried about the status of his instruments and, as already described in some 

detail, his stocks of proteins and clones in the -80oC freezer. Especially during the first 

couple of months of fieldwork, workers from the various construction companies move 

back and forth from the laboratories, to the elevators, and to other spaces within the 

building, outfitted with hardhats and neon-colored vests. During one particular stretch of 

a few weeks they spent a significant amount of time congregating in the autoclave room, 

attending to the intricate series of pipes leading from the walls of the room to the large 

instrument and back again. For the most part, the laboratory workers and the construction 

workers moved past one another quite seamlessly. Every once in a while the students 

would have to step out of the way in order for one of them to investigate an electrical 

connection, for instance. Dr. Snare did speak with a construction worker one morning in 

the aftermath of the power outage incident described earlier: “"There was very obviously 

someone in here [over the weekend]” (Field notes, 14 September 2009). Another time 

during a laboratory meeting the presence of unfamiliar individuals wandering throughout 

the laboratory spaces of Dr. Snare and Dr. Chucks came up. Dr. Snare stated that he 

hoped the group would “learn their names soon.” “Don’t be afraid to question these 

guys,” Dr. Snare said, “ask them what they’re doing” (Field notes, 29 July 2009). In the 

midst of another discussion related to such instances, the graduate students mentioned 
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one particular time back in the old building when a faculty member walked into the Snare 

laboratory and “started rifling through drawers” without acknowledging any of the 

students currently working nearby. Presumably this faculty member had talked with Dr. 

Snare beforehand, they had figured. Apparently, this individual started “cranking” on the 

door of a centrifuge that had been sealed, when a former graduate student of Dr. Snare 

had to intervene (“It was scary!”) (Field notes, 18 November 2009). In the new 

collaboration building, notwithstanding, and as already mentioned, Dr. Snare made it a 

point to keep the doors to his laboratory space unlocked between 8:00 AM and 6:00 PM, 

in agreement with Dr. Chucks and with the biomedical engineering group working further 

down the hallway, on the other side of Dr. Chucks’ group. If not for a fire code 

requirement, Dr. Snare indicated that he would have kept the doors to the laboratory ajar 

with a wedge-stop. I myself did not wander around in the collaboration building beyond 

the seventh floor, and if I did venture elsewhere it was typically with one of Dr. Snare’s 

graduate students. According to some of the members of Dr. Snare’s laboratory – and also 

from some of the graduate students in the biomedical engineering program – not every 

laboratory in the collaboration building was left unlocked. One of the biomedical 

engineering graduate students that I had become friends with on the basketball court at 

the university’s recreation center actually told me that his group had a running joke: the 

way some laboratories had gotten others to “collaborate” with them was by leaving their 

doors locked - in this manner, the members of other laboratories would have to ask them 

for help in gaining access (Field notes, 19 April 2011). Early on, Dr. Snare made sure that 

the members of his laboratory had card access to the other laboratories with whom they 

were actively collaborating or from whom they might borrow on an instrument. In 
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general, Dr. Snare and his laboratory were quite interested in having solid working 

relations with all of the various laboratories. When invited they would attend the social 

events thrown by these other groups, and they had talked about hosting their own “lab 

warming” event.   

During another laboratory meeting Dr. Snare and his group also discussed the use 

of their restriction enzymes by one of the other graduate students in the building (Field 

notes, 29 July 2009). The group concluded that this individual ought to be free to use 

these reagents from time to time, so long as it did not become a daily occurrence or more. 

The Snare laboratory needed these reagents, too! For the time being, they decided to 

continue going about their business and only address the issue again if anything change, 

and only then would they gently and politely consider suggesting that this figure might 

want to start making their own restriction enzymes, not unlike any other “everyday” 

social situation among neighbors. The same went for the other “consumables” of the 

laboratory, including the disposable cuvettes used in the ultraviolet-visible light 

spectrometer and the small plastic vials used in instruments such as the PCR machine and 

the smaller centrifuges. Although it seemed unrealistic, these little things do cost money 

and with their continuing use they do start to chip away at the laboratory’s budget (Field 

notes, 29 July 2009). The Snare laboratory repeatedly made it clear during fieldwork that 

they were much more concerned with the loss of time than money: “I’m all for saving 

money, more for saving time, unless we run out of money” (Field notes, 29 July 2009). 

Above all, the Snare laboratory was wary of the possibility of losing important materials 

and reagents (as in the hypothetical case with the -80oC freezer) as well as the possibility 

that an untrained researcher might accidentally damage one of their important 
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instruments. In the event that either of these hypothetical events transpired, the Snare 

laboratory be set back but also those members of the building community sharing in the 

use of these instruments and reagents would also be set back in their own undertakings. 

In the case of certain reagents, their loss might mean that the laboratory would have to 

dedicate a lot of time, effort, and potentially funds to synthesizing them again or 

acquiring them anew. And who knows how long it might take to fix one of the centrifuges 

or the scintillator – perhaps they would have to be scrapped altogether and new 

instruments purchased.  

Beyond the money issue, the incapacitation of a damaged instrument might set the 

group back days, weeks, or maybe even months, and any one of these units of time could 

mean the difference between “winning” and “losing” the contests of priority in which the 

Snare laboratory was invested. Above all, Dr. Snare made it absolutely clear that he did 

not want his group “tracking down every penny,” but given the highly sensitive nature of 

his laboratory’s equipment and reagents it seemed perfectly reasonable to everyone to try 

to prevent the worst case scenarios from unfolding (Field notes, 19 October 2010). It was 

ultimately in the best interests of everyone to take good care of the instruments and 

reagent stocks (Field notes, 29 July 2009). In sum, Dr. Snare told his group that he did 

not want to be a “miser,” but he also wanted to make sure that their own group was able 

to conduct their own experiments without interruption or delay. He made an explicit point 

of strongly urging the members of his laboratory to “be nice” whenever speaking to 

others about these and other territorial matters. Fortunately for everyone involved there 

were never any problems: the instruments were fine and the laboratory never had to 

synthesize any new stocks of clones or proteins during my time in the field.   
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The Snare laboratory also came up with an online scheduling system for shared 

use of their larger equipment, including the bacterial culture incubator “shakers,” the 

centrifuges, its imaging station,33 and so on. In addition, next to each of the instruments 

was posted a sheet of paper with careful instructions to potential users, including basic 

instructions on the proper use of the instruments and directions to receive training from 

the laboratory’s research technician before initiating any procedures. Visitors were asked 

to sign up for specific time slots using the online calendar, which the members of the 

Snare laboratory also filled in. I cannot recall a single time conflict for use of any of the 

instruments. This online scheduling system essentially provided the Snare laboratory with 

an easily accessible log of who was using what and when. At one point of some of the 

graduate students from a metabolic engineering laboratory within the building had asked 

for permission to use the Tecan instrument (the special fluorescence detector used by the 

Snare laboratory as part of its FRET-based “fusion assay”). One member of the 

laboratory brought up the possibility of creating a private network for the analysis of 

Tecan-generated data, but Dr. Snare and others worried that the computer-platform might 

become easily infected with viruses through browsing and other outside network 

communications, and therefore they welcomed the members of this laboratory to come by 

                                                        
33 At one point during fieldwork Dr. Snare bought a new imaging station for his 
laboratory that could be used to visualize and create digital files of protein gels and cells 
with fluorescent tags. It also had small animal imaging capabilities, although they were 
unlikely to ever use this. A representative from the company trained the Snare laboratory 
members on it proper use and capabilities. Thereafter, the Snare laboratory advertised its 
arrival to the rest of the collaboration building, and the research technician provided 
individual training to anyone outside of the Snare laboratory that might be interested in 
using this new imaging station for their own purposes. Terence used this instrument from 
time to time to visualize and save files of gels including various mutants and truncations 
of Protein X against a protein standard of known molecular weight (Field notes, 8 
September 2009). 
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the Snare laboratory in person to conduct their data analyses. This reminded Dr. Snare to 

tell everyone to back up every single data file, and to remember to remove data from the 

microscopes and imaging stations. Equipment such as the shakers were generally fine to 

use whenever so long as the members of different laboratories did not take up the entire 

machine “for hours at a time” (Field notes, 15 July 2009). In the final analysis, Dr. Snare 

wanted to promote the free use of his equipment but in a way that did not directly inhibit 

his own group’s research goals. The main point was that the Snare laboratory needed to 

get its work done, and it just might have to get a tiny bit territorial every once in a while 

to do so. With the exception of the pre-emptive labeling of every instrument and 

requirements, no direct interpersonal instances of territoriality were witnessed in the 

laboratory. To paraphrase Dr. Snare: “In the spirit of this building, we want to be as 

flexible as possible without being prevented from what we need to do as a group.” Again, 

Dr. Snare made an explicit point of urging the members of his laboratory to use their 

authority over their instruments and reagents “wisely” – it was very important to the 

Snare laboratory that they were being good “neighbors” (Field notes, 15 July 2009).  

While the laboratory very briefly worried that it might be committing too much 

time to training outside researchers on the use of their instruments, Dr. Snare’s research 

technician was more than happy to accommodate every single interested party, and he 

never once complained. Indeed, he happily spent a significant amount of his time training 

outside laboratory members. A couple of instances in particular stand out, including one 

particular afternoon he devoted to training an outside graduate student how to properly 

use the laboratory’s ultracentrifuge machines (Field notes, 9 October 2009). Perhaps I am 

mistaken, but these training “events” did not transpire on a daily basis, as they happened 
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more like once or twice every couple of weeks. More often, the members of other 

laboratories would drop by for smaller things, like the time an outsider stopped by to 

request a small allotment of ampicillin for the selective culture of ampicillin-resistant 

bacteria. This individual gratefully accepted the antibiotic powder and returned to their 

laboratory, presumably to use in their own incubator “shaker” (Field notes, 11 March 

2010).  

By and large, it appears that the combination of posting carefully written 

instructions, the requirement that outside laboratory members receive personal training 

from the Snare laboratory’s research technician before using the instruments, and the 

online calendar system collectively provided a efficient means of ensuring, 

simultaneously, that outsiders would have every opportunity  to use the Snare 

laboratory’s instruments and equipment and that they would get the data they needed 

without running into significant trouble-shooting problems, all the while minimizing risks 

to the instruments and reagents themselves and ensuring that the members of the Snare 

laboratory were able to carry out their own experiments without difficulty. An understated 

advantage of this method for the outside laboratories, as alluded to above, was that the 

training provided by the Snare group also minimized losses to them as well, for without 

proper training they might have to perform the various procedures multiple times over 

again before finally achieving desired results. All in all, it seemed to be a win-win 

situation.  

Now, on the other side of the coin, Dr. Snare’s laboratory also borrowed from 

some of the other groups in the collaboration building. During one laboratory meeting Dr. 

Snare made sure to mention to his group that they had recently been permitted access to 
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one of the bacterial culture incubator “shakers” on the eighth floor. This actually ended 

up being necessary once, as just one day prior to this meeting four different individuals 

had tried to express protein in their own individual bacterial cultures incubating in Snare 

laboratory’s incubator “shaker,” and some of these expressions actually required different 

temperature settings (Field notes, 29 July 2009). Additionally, Dr. Snare worked out some 

interesting “barter” deals with a few of the other laboratories. For instance, with the 

biomedical engineering group down the hall: this group could use the Snare laboratory’s 

microbiology materials, while the Snare laboratory could use their materials and 

equipment for preparing and visualizing tissue cultures (Field notes, 29 July 2009). 

Beyond the matter of sharing with the other groups in the collaboration building, 

occasionally the Snare laboratory would also share materials with those outside of it. For 

instance, Dr. Snare once had a brief exchange with another researcher he had met at a 

recent professional conference, someone that was then working in one of Dr. Snare’s 

prior laboratories. Following up on this exchange, Dr. Snare asked Terence to help him by 

helping this figure out by preparing and shipping to him a specific bacterial expression 

construct (Field notes, 15 July 2009).  

In addition to providing an opportunity to discuss their ongoing relations with 

other laboratories within and beyond the collaboration building, the weekly laboratory 

meetings of Dr. Snare’s group served a variety of other functions. Before finally asking 

his group - “Are we ready for science yet?” - Dr. Snare would typically begin each 

meeting by asking the group to bring to his attention any outstanding issues related to 

instrumentation, equipment, and reagents. For instance, for some time after moving into 

the new building none of the ice machines on the seventh floor were able to produce 
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crushed ice. This was important because they needed finely crushed ice on which to place 

vials containing sensitive protein samples, in order to prevent them from becoming 

“denatured” and therefore unusable in experiments. For some time the members of the 

laboratory had to go to another floor for this purpose, but eventually the problem was 

fixed. Other issues: clamps were once needed for adding and removing tubes from the 

new rotor of one of the ultracentrifuge machines; the telephones needed to be routed 

properly; some of the gas outlets were not working; the liquid chromatography 

instrument ($16,000-17,000) had suddenly stopped working, perhaps as a result of a 

defective diverter valve; someone from the laboratory had to make sure that all of the 

centrifuges34 were installed properly; the autoclave35 was not properly sterilizing the 

                                                        
34 Attending to the Beckman Coulter centrifuge machines required that the Snare 
laboratory coordinate its efforts with the maintenance staff of this company. To my 
knowledge, Dr. Snare used Beckman exclusively for his centrifuges, and they particularly 
liked working with one of its support staff members – an older fellow “Doug” that had 
been working for the company for decades. Doug was reliable and could fix just about 
any problem with the centrifuge instruments. We saw him multiple times shortly after the 
move, but eventually he came by less and less frequently as the instruments were 
working properly for the laboratory members. Doug wore construction boots, blue 
workman pants, and a button-down company shirt with his name on a patch. In addition 
to helping out with the installation of the centrifuges, as already mentioned Doug was 
available for trouble-shooting if need be, as determined by the contract between Beckman 
and the Snare laboratory. Doug therefore serviced all of the centrifuges, including one 
low velocity instrument dating all the way back to the early 1980s! Laboratory members 
occasionally still used the instrument, as shown on its dog-eared but still somehow well-
kept log, and Doug was particularly proud upon testing the instrument and confirming 
that indeed after all these years it still worked just fine. Of course, Dr. Snare had largely 
moved on to more state-of-the-art, high velocity centrifuges in order to achieve more 
finely separated fractions and sediment pellets at the bottom of the test tubes. Doug also 
spent some time working on Dr. Snare’s new scintillation counter, also from Beckman, 
which he had purchased but not yet used at the time of the transition to the new building. 
One of the interesting things I learned from Doug was that the engineers who work for 
corporations such as his tend to come and go, quick to jump at the next best offer from a 
competing company, but when they leave for elsewhere they also leave their behind their 
ideas for others coming along to pick up and continue working on. The result of this is 
that, over the years and after a number of iterations, basic technological ideas become 
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bacterial media used to grow the cultures from which proteins of interest were to be 

eventually expressed and purified; and so on. One by one the Snare laboratory discussed 

these issues and specifically what needed to be done to ameliorate, overcome, and/or 

obviate them in the future.  

Although occasionally someone would bring up a request to Dr. Snare for a 

specific reagent or supply, in short time the building management installed a network-

based computer program thereby enabling the individual members of the laboratory to 

request their own agents. These electronic orders were then sent to Dr. Snare, and he 

would sign off on them all at once. This saved time because he did not have to sign 

dozens of individual forms at different times (Field notes, 29 July 2009). Eventually, in 

the interest of saving yet even more time, Dr. Snare expressed his desire to have the 

individual laboratory members orders acknowledge as official in and of themselves, 

thereby bypassing the need for his own signature.  

                                                                                                                                                                     
more practically refined and “user friendly.” Simultaneously, it becomes difficult to 
determine exactly who contributed to what and when (Field notes, 15 July 2009 and 5 
August 2009). 
 
35 The autoclave ended up being something of a recurring headache for the Snare 
laboratory for some amount of time after moving into the new building. Basically, the 
autoclave is a common apparatus used in life science research and its purpose is to kill all 
of the organisms in a sample. The Snare laboratory was having great difficulty expressing 
proteins, and eventually it was determined that the media used to cultivate the bacteria 
expressing the associated clones had not been getting properly sterilized in the autoclave 
– it was simply “not getting hot enough for long enough” – and therefore bacteria from 
the environment of the laboratory was growing alongside the bacterial cultures of interest 
and likely outcompeting them. For a long time, representatives of the building 
management and the instrument company argued back and forth with one another, trying 
to figure out what and who exactly was responsible for the malfunction. The laboratory 
was meanwhile growing impatient – without proteins there was very little they could do 
experimentally. In the end, the instrument company prevailed: a closed valve at the back 
of the autoclave, once opened, solved the problem (Field notes, 5 August 2009).   
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Sometime before the already mentioned incident involving the -80oC freezer, Dr. 

Snare raised the possibility of having to address the massive stock of clones and proteins 

within it during an early laboratory meeting in the new building. There were potentially 

hundreds, and maybe even a thousand clones in the freezer, and not long after the move 

one of the  laboratory members reported having difficulty expressing a few of them. 

Perhaps these clones were simply “old” and had expired in their ability to express 

proteins in bacterial cultures, or perhaps there had been some collateral damage to the 

contents of the -80oC freezer during the move (but hopefully not).  Re-synthesizing the 

entire stock of clones would have required a monumental and sustained effort on the part 

of every laboratory member, but fortunately at the last minute Dr. Snare called off the 

undertaking when the research technician reported to him that he had re-checked some of 

the stock, including clones made both quite recently as well as some of those made a long 

time back, and each of them had expressed properly. Everyone in the laboratory breathed 

a collective sigh of relief. Dr. Snare did however tell his laboratory that if they came 

across something unlabeled in the freezer to throw it away, as the “forensics” required to 

figure out what exactly it might be were simply not worth the time. The Snare laboratory 

furthermore agreed to make a note on the dry erase board any time they happened to open 

a previously unused bottle containing a commercially-purchased reagent or solution, in 

order that the research technician would be able to maintain an up-to-date and accurate 

inventory of all of the laboratory’s chemicals. Indeed, the inventory was impressive in its 

immaculateness. Another time Dr. Snare asked his team to make available all of the 

pipettes they had been using in order that a representative of the company from which 

they had been purchased could come by and perform re-calibrations (Field notes, 29 July 
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2009). In the final analysis, and for all of these examples, these initial segments of the 

weekly laboratory meetings were dedicated to instrumentation, equipment, and reagents 

in order to accomplish one thing: “At this point what is keeping science from happening? 

Please let me know” (Field notes, 22 July 2009).  

After the Snare laboratory had attended to any outstanding equipment issues, the 

group would collectively turn to “science.” Typically, Dr. Snare would sit at the head of 

the long conference table, directly across from the projector screen, and one by one the 

individual members of the laboratory, typically the graduate students, usually also the 

post-doc, and once in a while the undergraduates, would take turns discussing the slides 

of a PowerPoint presentation to the group. These presentations usually included a few 

lines of text reminding the group what specific research questions or hypotheses they had 

been focused on, followed by a two-dimensional graph or two relating a dependent 

variable to an independent variable. Often, especially in the case of the Drosophila 

research on the peroxisome or involving the “quantum particles” the relevant members of 

the laboratory would present slides containing micrographs of cells, with various regions 

within them lit up by specifically labeled fluorescent proteins or the “quantum particles” 

themselves. Dr. Snare would then ask them what their individual plans were for the 

upcoming week. Often, Dr. Snare or one of the other members of the laboratory would 

express their “skepticism” about the results presented, having thought of one or another 

reason why they did not match up with “what is known.” Some of the other statements 

heard from the conference table from time to time: “Can we trust the images?” “Can we 

trust this gel? It looks awfully dirty.” “I’m not sure that [protein] has this kind of 

activity.” “Are we really sure that [protein] was properly reconstituted? Again, the gels 
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look dirty.” “Do you have a gel for this protein? Before moving on to measurements of its 

biochemical activity let’s make sure that we actually have the protein we’re interested 

in.” “Yes, the gel looks ugly….but it does seem to confirm the experiments.” After one of 

these weekly laboratory meetings, a couple of the graduate students and I were chatting 

when they started to explain to me that, realistically, the experimental scientist can expect 

one of three outcomes: (1) good results; (2) the results are not good, in which case some 

part of the experiment has gone wrong (exactly what has gone wrong needs to be 

determined and then fixed before moving on with more experiments); (3) the results 

represent a “gray area,” by which it is meant that the results may have been totally 

unexpected and therefore new efforts must be initiated in order to ty to explain them. 

Unfortunately, according to the graduate students, in the latter two cases this typically 

means potentially many more experiments to perform (Field notes, 26 October 2009).  
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Figure 12. The autoclave machine and its intricate system of pipes, used primarily by the 
Snare laboratory to pre-sterilize growth media for growing transgenic E. coli used to 
express peptides of interest. Instructions on the proper use of the instrument are seen 
taped to the metal surface of the instrument on the right (Photograph by the author, 5 May 
2011). Posted instructions included the following:  
 
“Please make sure to leave the autoclave the way you found it:”  
-The load probe wrapped around the spindle in a clockwise direction,  
-The tray inside the autoclave, 
-The door closed,  
-And the key placed in its secure position 
 
“Please remember to sign in and sign out on the log sheet.”  
 
“If you:”  
-Have not been trained to use this machine,  
-You have questions about how to use this machine,  
-Or there is an error message before, during or after use:  
 
“Please contact a Snare lab member (Collaboration Building, Seventh Floor; [Telephone 
Number]). You must be trained on how to use this machine before you use it, so please 
them if you have not been trained. For simple questions, please remember that there is a 
quick guide attached to the side of the machine and the manuals are in the cabinet. Do 
not remove those items from this room” (bold original).  
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Figure 13. The supply room (Photograph by the author, 5 May 2011).  
 
 

I maintained a brief correspondence with one of Dr. Snare’s undergraduates who 

happened to be leaving the laboratory just as I was beginning to spend time in it, as he 

had recently been accepted into a prestigious MD/PhD program at a Midwestern 

university. He was interested in hearing about how everything worked out with the 

transition to the new laboratory, and I gave him updates as best I could. As far as his 

reflections on the Snare laboratory, he wrote to me:  
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[Dr. Snare] is definitely chill about most things, but he definitely also knows how 
to inspire people to get things done. If you notice, he always focuses in lab 
meetings on getting people to order things they need by telling them that “they 
cost less than your time for me.” I think that's a good message, and it is one that I 
definitely get in my new lab too, because my new boss is just starting up his own 
lab and has all sorts of money to play around with right now. It's also interesting, 
because in talking to both him and Dr. Snare you can often see that they are 
sometimes sad they don't get to do much actual science anymore. They're always 
busy with grants and paperwork, and in the case of my new boss he always seems 
to be in the hospital (Correspondence, 10 September 2009).  
 
 
Indeed, Dr. Snare was often focused on the matter of time, as already alluded to in 

some of the examples above. “Save your effort,” he told one graduate student during a 

presentation, “understanding the physiology is less important at this point” (Field notes, 

29 July 2009). “Clock is ticking, man…” (Field notes, 28 September 2009).  

Directly connected to this concern with time was the fact that a significant portion 

of many of the weekly laboratory meetings became dedicated to trouble-shooting 

problems. During laboratory meetings a number of topics posing challenges to the 

members of the laboratory were discussed, sometimes at great length, and occasionally 

with considerable sensitivity. Everyone on the team would put their heads together in 

order to try to vet out every possible element of the particular experimental arrangement 

that might be contributing to its overall failure. These included for instance problems 

with the transformation of Drosophila S2 cells and especially the expression and 

purification of recombinant proteins with E. coli cultures – or how to help the graduate 

students increase the yields. Not infrequently did the members of the laboratory mention 

during these meetings that they had been experiencing significant problems obtaining a 

particular protein. Dr. Snare typically expressed some degree of urgency in attending 

immediately to such matters, and that it was therefore necessary to identify exactly where 
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and why errors were occurring, or if it might be necessary perhaps to correct an overall 

faulty instrument. Often Dr. Snare might appear to a complete newcomer to the 

laboratory to be “grilling” a particular graduate student about the specific nature of their 

problems with bacterial cultures or protein purification, but in reality he was trying his 

absolute hardest to help this particular individual. “What conditions did you use? What 

was the temperature? How much time did you run it?” Systematically Dr. Snare would go 

down a step-by-step list of every possible problem he could think of that might be 

adversely affecting the experiment in question. “What you’re telling me suggests very 

strongly that the problem is coming from your plasmid,” he might say. Or perhaps the 

protein was getting degraded within the bacterial cells by some other intracellular 

enzyme. In this case, the answer might be to not allow the cultures to incubate for so long 

– lyse the E. coli before all of the protein of interest becomes degraded. “In general: 

lower temperature increases protein folding and decreases degradation; the same goes for 

a shorter incubation time” (Field notes, 28 September 2009). Any and all suggestions 

were welcomed by the laboratory if it ended up helping the group to fix their production 

problems.  

These kinds of discussions might start off with a question like “Why are our 

experiments not working?” Even more worrisome: “Things are not working that worked 

before” (Field notes, 9 September 2009). Dr. Snare was particularly stressed during this 

particular meeting toward the end of September 2009: "We're dead in the water if we 

can't make protein, and right now we have a problem that has caused the lab to come to a 

grinding halt, and we must fix it immediately." At that point, Dr. Snare handed down the 

call to all of his laboratory members that all activities were to cease and that everyone 
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was to direct their efforts toward fixing this particular issue, as conducting experiments 

under uncertain conditions constituted a "waste of media, time, and money." What 

exactly was causing the lack of protein production? More than a few of the graduate 

students had been having trouble making proteins. The group put their heads together and 

came up with a list of possible “suspects” - the bacterial culture media, the water, the 

temperature at which the laboratory had been trying to express the proteins, the “shaker” 

instrument itself, lack of antibiotic resistance among the bacterial culture, and so on and 

so on. Each laboratory member had their own theory of what was causing the problem. 

Dr. Snare believed it was the media, while Terence and John thought it was the water 

source in the laboratory. I asked the group what other labs had been up and running so 

far, and Terence indicated that the metabolic engineering laboratory up on the eighth floor 

had been running smoothly for quite some time. He then remembered that this laboratory 

probably runs as many if not more bacterial cultures as the Snare laboratory, and he 

decided to approach them to ask if they had been having any of the same problems and 

what steps they might have taken to overcome them. Dr. Snare was adamant about fixing 

this problem. They even discussed the possibility of driving back and forth to the old 

laboratory back on the main campus in order to bring over buckets of water from its taps 

to the new building. The bottom line was that this was perhaps the most frustrated the 

laboratory had been since moving into the new building, as no one was really quite sure 

of all the possible variables involved. While they considered using the spectrophotometer 

to measure bacterial growth, there was a week or so that Dr. Snare informed the group 

that he simply could not trust the bacterial growths because overall reproducibility was 

lacking. “These are unacceptable conditions for me…We’re scientists, we should be able 
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to fix this problem” (Field notes, 28 September 2009). Dr. Snare said he did not care if 

the laboratory had to buy everything anew. He wanted to try “everything different” 

reagents, plates, media - and from different companies - “whatever.” The bottom line was 

that the problem needed to be solved now. “Systematically vary everything,” he asked of 

his laboratory members (Field notes, 28 September 2009). Throughout these events, the 

group was able to somehow maintain a lighthearted to such problems. About a week 

before the abovementioned laboratory meeting Dr. Snare entered the laboratory and 

noticed that his research technician had, by his own initiative, been conducting a 

scientific assay to test various water sources within the laboratory in an effort to figure 

out the source of the group’s recent problems purifying proteins.  “How low have we 

stopped?” asked Dr. Snare, “Can’t trust the water” (Field notes, 24 September 2009). 

At the end of the abovementioned meeting one of the members of the laboratory 

brought up the issue of clutter and "junk" that had been collecting in various parts of the 

laboratory, especially by the sink. Two alternative solutions were put forward: “police 

ourselves” (i.e. clean up after yourself) or come up with a list of duties each member 

must fulfill once a week. Someone also requested that the members of the laboratory 

make more of a solution if they happen to consume the last bit of it, or at least leave a 

meager amount for the next lab member (i.e. “kill the Joe, make some mo”). Dr. Snare 

said that the group should go with the first of the two solutions, and that everyone ought 

to be "good lab citizens” (28 September 2009).   
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* * * 

 
 

Sometime during the second year of the collaboration building’s existence the 

original visionary of the project stepped down from his administrative post in order to 

return to the purely academic role he had once occupied. Subsequently, a new figure 

emerged to help guide the overall scientific and economic policy of the collaboration 

building, as a key element within his overall plan for the entire academic mission of the 

university. According to Dr. Snare, the university management had recruited this new 

figure for a number of reasons, although in the wake of financial turmoil and uncertainty 

moving forward they had made a special request of this individual: please accomplish the 

seemingly daunting task of making the collaboration building as financially solvent as 

possible, using any currently or potentially available strategies – including and especially 

the fostering of university-industry partnerships. They also asked this new figure and his 

team to renew the original effort of recruiting and co-situate within the collaboration 

building clinically-oriented researchers from among the local biomedical institutions. In 

his prior academic positions at other institutions, this figure had led a remarkably 

successful career in the physical sciences, particularly in basic chemistry and in its 

application to the life sciences and medicine. In addition to his strictly academic 

accomplishments, however, this figure had also become quite experienced and indeed 

savvy in the realm of intellectual commercialization. Indeed, he had once taught a very 

popular course at another university entitled, “How to start a biotechnology company,” 

which ultimately resulted in internship offers for every student upon their completion of 

the class (Public meeting, 20 January 2011).  
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At this historical juncture, there still remained a palpable fear among the 

university community that the collaboration building might imminently or perhaps further 

down the road require the diversion of resources from other programs in order to keep the 

institution as a whole financially afloat. Dr. Snare understood all of these issues acutely 

well, and in conversations with him he appeared to be completely on board with the 

accelerated emphasis with the arrival of this newly appointed manager on 

biotechnological commercialization and its emergence as one of the key strategic element 

in the overall “mission” of the collaboration building. While this had remained a 

consideration in the earlier conceptions of the building, financial realities dictated that 

other alternatives would simply have to be pursued.   

Just a few months before the collaboration building was to reach its second year 

of existence, and shortly before I left the field, the university announced a “Town Hall” 

meeting to be led by this newly recruited manager. In this meeting he set out, as 

advertised, to “discuss the vision of the [collaboration building] “think tank,” to “give an 

update on discussions with potential think tank partners,” and to field questions from the 

resident scientists and engineers of the building community. A locally disseminated flier 

advertising this “Town Hall” meeting articulated the desire for “a lively discussion” about 

the collaboration building, “including its prospects for maximizing its success as a hub 

for research collaboration and innovation.”  

This public meeting was held on 20 January 2011 in the spaciously elegant 

auditorium of the collaboration building on the first floor just across from the main 

security desk. I was one of the first to arrive. One by one the researchers – scientists and 

engineers – began to trickle in. Representatives of the different disciplines sat mixed side-
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by-side with one another in the first few rows, engaging in collegial banter with one 

another. A number of individuals dressed in dark suits - not scientists, perhaps 

representatives of the local biotechnology industry, perhaps some other figures altogether 

- sat toward the back of the auditorium and spoke on a quieter level than the scientists 

and engineers. By the time meeting officially began, the auditorium was filled to 

approximately one quarter of its capacity. There were no graduate students or post-

doctoral researchers in attendance. The new leader himself was dressed in a sharp suit 

and stood just in front of the audience, pacing back and forth in order to more personally 

engage the different segments of the audience, elevating his voice just enough so that he 

did not need a microphone, but not too loud that he was shouting; all in all, well within 

the range of a face-to-face conversation. He spoke directly to his audience – some of 

which, he admitted, he was still getting to know. He stated right off the bat that he had 

come to talk about “renewing the promise” of the collaboration building (Public meeting, 

20 January 2011). Interestingly, he prefaced his opening remarks in the idiom of modern 

finance, specifically making reference to the “financial catastrophe” of 2008 that had 

shaken the economic stability of the university and perhaps nearly every other major 

institution. Several provocative terms included “intellectual capital,” “risk capital” and 

the “fungibility of capital” (Public meeting, 20 January 2011).  

This new manager acknowledged that well before his arrival at the university 

there had been an idea to create a gathering place not only for the various research 

scientists and engineers of the university but also a space where they might have the 

opportunity to work closely with the researchers of the neighboring biomedical 

institutions. The reckoning for doing so, according to him, was to provide something of a 
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foothold for “translating” basic research advances in science and engineering into real life 

medical practices, ultimately, in hopes of enabling bench researchers to make an impact 

on the lives of “actual patients.” As articulated by this new leader, this represented the 

original “premise” and “promise” of the collaboration building, as he had come to 

understand it during his recruitment and eventual appointment. He went on to remind the 

audience that from the perspective of the university’s fiscally conservative history – 

indeed, the collaboration building represented one of if not the very first initiative the 

university funded using a loan - the collaboration building project therefore represented 

an institutionally unprecedented and for many risky investment (Public meeting, 20 

January 2011).  

The new manager went on to reiterate the same narrative of his predecessor that 

worldly circumstances had unfortunately not allowed the original financial and 

organizational plans of the collaboration building project to unfold. That is, there would 

be no “meta-institution” to collectively manage the building. In addition to the 2008 

financial collapse, the new leader referenced the unexpected and near-simultaneous 

“boom” in the construction of other research buildings by various other local biomedical 

institutions nearby, players that the university had once envisioned as potential partners 

for the collaboration building project. While the university had once predicted that the 

collaboration building would serve as a “magnet” to these neighbors, both as a space for 

resource sharing and as a result of its promise of co-situating various lines of expertise, it 

had not expected the emergence of a surplus of “wet” laboratory space not all that 

different from what they had hoped to offer within the collaboration building. Thus, from 

2008 on, the university was essentially on its own in carrying out the “intellectual vision” 
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of the collaboration building. As a result of these worldly events, it had therefore become 

necessary to alter the expectations and policies surrounding the building and come up 

with an alternate strategy for ensuring its sustainability (Public meeting, 20 January 

2011).    

The new manager told his audience that he had spent a significant amount of time 

in his new position meeting with researchers and in some cases chief executives of a 

number of the local biomedical institutions, as well as some prominent figures in the 

“local business community.”  Whatever else the details of these meetings may have been, 

he assured the audience of one incontrovertible conclusion: the local “intellectual capital” 

- including that of the university and especially its surroundings - is “extraordinary” 

(Public meeting, 20 January 2011).   

Interestingly, and with the possible exception of a question from the audience 

regarding what departments and institutions would be eligible for a particular series of 

“seed” grants, there was very little discussion regarding how collaborations might be 

enhanced among the various disciplinary representatives already established within the 

building. At the end of the talk one researcher asked what would be done to encourage 

collaboration between those groups that were still planning to move in but had not done 

so yet. Another official responded, somewhat jokingly, that the long-promised coffee 

stand was finally about to open for business, and if nothing else it would be possible to 

say that “all of the collaborations are fueled with coffee” (Public meeting, 20 January 

2011). When pressed further, the new manager referred back to the importance of 

“location, location, location” and the intrinsic value of co-situating, for instance, tissue 
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engineers with cardiac surgeons interested in growing artificial heart valves “from first 

principles” (Public meeting, 20 January 2011).  

For the vast majority, however, the focus of the “Town Hall” meeting was almost 

exclusively dedicated to strategies for creating and headquartering academic-industry 

partnerships within the building. The new leader reminded the audience that the local 

community has had an inconsistent history of success in this regard. He told the audience 

that for the past few months he had set out to try to understand why this had been the 

case, and to use these lessons in coming up with a strategy for the “next phase” of the 

collaboration building. He delineated several specific forms of administrative, financial, 

and managerial expertise that would be ideally suited, if co-situated within the 

collaboration building, to help overcome the main challenges that academic-industry 

partnerships have historically faced locally as well as more broadly.  He assured the 

audience that he had already begun, with the help of a highly successful consultant, to 

initiated negotiations with specific firms and individuals about relocating to the available 

spaces of the collaboration building. These “personal consultants” could help the 

collaboration building community with some fundamental problems in the “translation” 

process: Where is the funding to come from? What are the “pathways” and “milestones” 

that need to be met? What is the proper organizational structure of the fledgling 

corporation that will eventually emerge from this idea? What kind of overall leadership 

will be required to make this kind of “translation” possible? (Public meeting, 20 June 

2011).   

Among the challenges to establishing successful local academic-industrial 

partnerships, the new manager suggested, was a long and widely held concern about the 
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availability of “fundamental risk capital” in the biotechnology sector (Public meeting, 20 

January 2011). In contrast to other domains of the local economy, financial returns on 

targeted investments in local life science industries had been spotty, at best. Not 

unsurprisingly, venture capitalists were unwilling to invest in the region when they could 

invest in the fledgling biotechnology companies of other, more historically successful 

regions. To paraphrase the new manager, money is “fungible” and therefore tends to 

become concentrated in those places where it will most reliably re-emerge, and this kind 

of “risk capital” will only come from “A-list” venture capital firms focusing on early-

stage life science companies (Public meeting, 20 January 2011). Fortunately, and with the 

help of his consultant, the new manager informed the audience that he had already 

identified a handful of such firms with proven success in this line of work. More 

importantly, these firms had money ready to invest locally.  

Of course, one of the main challenges to bringing such firms into the 

collaboration building project is that the university is of course an academic institution, 

and therefore only a very small number of these firms could be recruited if the university 

wished to maintain that designation. This situation also differentiates the collaboration 

building project from other attempts in the past to create “translational institutes of 

accelerated progress” elsewhere. In the case of those undertakings that were successful in 

creating sustainable academic-industry partnerships, the formula, by and large, had been 

to create an “infrastructure” focused around one or more venture-capital firms, and then 

subsequently populate academic “wet” laboratory spaces around this commercial core. 

Obviously, this model did not apply to the collaboration building. The challenge from this 

perspective was to open up lines of funding in a manner that made sense for an academic 
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institution, all the while enhancing the efficiency and productivity of the “innovation” 

process within it to the degree permitted by the relevant parameters and regulations 

(Public speech, 20 January 2011).  

With the allowable amount of venture capital within the intrinsically academic 

collaboration building, and with representatives of those firms occupying actual space 

within it, a resident researcher could theoretically come up with a new idea, and perhaps 

have an inkling that it might lead to a new technology or drug, and subsequently could 

walk up or down a flight of stairs to sit down and discuss the commercial viability of that 

idea. Although these financial experts might agree that such an idea represents a “great 

science project,” it might not represent a sound investment scenario. By contrast, a 

“throw-away” scientific idea might turn out to have great investment potential. If an idea 

passes muster with this group, they could actually work with the researcher to help take 

this idea to the next level. They might be able to offer insight based on market analysis, 

for instance having determined that there is a large enough market for a potential 

technology (Public speech, 20 January 2011). Obviously, there would be some 

advantages to co-situating scientific experts with entrepreneurial experts.  

The acquisition of venture capital funding alone will not help individual 

researchers to “translate” their “bench-side” findings. Another group of experts familiar 

with navigating the multiple layers of governmental bureaucracy – especially the Food 

and Drug Administration (FDA) – would be immensely helpful to have in the 

collaboration building as well. While discussing this cadre of experts, the new leader 

made what I believe was the most striking statement of the public meeting: he urged the 

scientists and engineers in the audience to do something otherwise “odd” for everyday 
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academic researchers. Essentially, the new manager urged them to “reverse the 

framework” of their scientific thinking altogether if they would like to realistically and 

reliably see their discoveries and contributions all the way through to the clinic (or 

elsewhere) (Public meeting, 20 January 2011). If the interested investigator does not 

already bring to experiments an understanding of the “key milestones” and steps in the 

process, then however brilliant a basic discovery or new technological idea might be, it 

will forever remain inert: it will not by itself help patients or generate revenue. With this 

said, the new manager told his audience that they would have to start thinking about 

“what it will say on the FDA label” before they start undertaking experiments or building 

prototypes. The researcher that does not have a clear understanding from the start about 

the “FDA label” may end up doing some interesting research but in the final analysis any 

products that might have emerged from it will not be approved (Public speech, 20 

January 2011). Researchers may therefore have to re-organize the “normal” order by 

which epistemic labor has hitherto proceeded in order to make it line up properly with 

pre-determined “timelines” of achievement, and if the investigator ultimately hopes to see 

their ideas explicitly borne out on the label of a bottle of pills or within the interlocking 

machinery of a novel device. In the ideal situation, he told the audience, this kind of 

planning does not simply begin when it comes time to bring an idea into the clinical trial 

phase; rather, this kind of planning ought to be integrated into the very research process 

leading to that discovery in the first place: from the first day the researcher begins to 

think about a “bio-device” or a “diagnostic” or a “cellular target for a molecular probe.” 

He acknowledged that his challenge to the audience - to “reverse” the order of scientific 

reckoning - is a potentially uncomfortable proposition to the typical scientific investigator 
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that has successfully built a career by carrying out research projects in the opposite 

manner. Nevertheless, he stressed that of all the various challenges – financial, 

administrative, managerial - this particular bureaucratic burden represented the most 

challenging obstacle in the process of translating basic scientific research into 

commercially viable technologies and therapeutics. The biotechnology and 

pharmaceutical industry is "unique space” with its own regulatory stipulations, and 

fortunately there are individuals who specialize in bringing nascent biotechnological or 

pharmaceutical ideas along each of the mandated bureaucratic stages. In order to help 

fulfill, as best as possible, the “original” intellectual and worldly promise of the 

collaboration building – the reason, according to the new manager, that it was erected in 

the first place – it would be wise to connect the resident scientists and engineers with 

individuals possessing this particular kind of expertise (Public speech, 20 January 2011).  

In addition to those possessing expertise in the strategic deployment of venture 

capital (i.e. in the identification of commercial value in scientific ideas) as well as those 

possessing expertise in the specific requirements of federal licensing agencies, the new 

manager also identified another set of specially trained individuals that could help 

advance the “mission” of the collaboration building. These figures could oversee the 

actual execution of clinical trials “downstream” from initial scientific 

discoveries.36According to the new manager, these individuals have experience in 

planning and carrying out clinical trials. Scientists, furthermore, might be very good in 

working in cell-free environments but have no idea about which animal models to use as 

                                                        
36 See Sunder Rajan (2006) for more on the political economy and dynamics of 
“upstream” and “downstream” processes of biomedical commercialization. 
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part of the next step in the progression from “bench to bedside” (Public speech, 20 

January 2011).  

Lastly, the new leader identified a final set of individuals possessing a kind of 

expertise that would ideally be integrated into the very corpus of the collaboration 

building. These people help move ideas along in terms of day-to-day management - what 

we might call “organizational” experts.  Based on personal experience, the new manager 

stated that he had followed the life science industry for some time and that from his 

vantage point very infrequently to nascent companies fail because the specific scientific 

ideas around which they are organized are poor. Rather, young biotechnology 

corporations tend to fail because the management is not strong. In his estimation, 

therefore, having a particular set of expertise that attends to the details of corporate 

management structure is absolute critical for the successful commercialization of 

scientific ideas and associated technologies (Public meeting, 20 June 2011).  

A key component to the successful accomplishment of the mission of the 

collaboration building, therefore, would be to recruit and co-situate alongside the resident 

researchers specially trained individuals to “shepherd” along any new companies 

emerging from its basic scientific labors (Public speech, 20 January 2011). Whatever else, 

the conclusion was that all of these different forms of expertise – scientific, 

administrative, financial, and managerial – are all required to “translate” fundamental 

discoveries made “at the bench” into “real world,” commercially-viable technologies or 

drugs that will ultimately lead to improvements in the lives and health of the population 

and the economy (while simultaneously generating personal revenue for the institution). 
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Toward the end of the talk, the new manager brought up what he believed would 

be the significant pedagogical value of his plan. By co-situating within the collaboration 

individuals possessing financial, regulatory, and managerial expertise, the university 

would be able to arrange for its students working along various financial, entrepreneurial, 

and/or management tracks to begin working closely with these figures in an 

apprenticeship capacity. This would provide real world experience within the framework 

of a still-fundamentally academic institution. In the process, they would get experience 

working on actual, “real world” problems. In this way, a particular segment of the 

university’s student body could “give back to the broader community” while becoming 

familiar with the nitty-gritty details by which ideas become transformed into vehicles for 

the delivery of medical care and the generation of revenue. It could end up being a 

“unique intellectual opportunity.” He also mentioned that there other elements within the 

university and local community that might be critical components of the proposed 

developments, including public relations to promote the health sciences within the local 

community (Public speech, 20 January 2011).  

In conclusion, the new manager reiterated to the audience that his goal was not to 

create new spaces for research. He seemed to indicate that he had no doubt that the 

existing lineup of scientists and engineers would have no difficulties coming up with 

potentially lucrative ideas. Rather, he stressed that his goal was to bring alongside these 

already established intellectual elements other aspects of the equation, other forms of 

expertise - the “missing ingredients” or components that could realistically enable the 

resident scientists and engineers of the collaboration building to think seriously about 

turning their intellectually stimulating ideas into commercially valuable realities. The 
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new manager hoped to bring into the unoccupied spaces of the collaboration “personal 

consultants” providing all of the abovementioned services to the resident scientists and 

engineers shortly (Public speech, 20 January 2011).  

During this “Town Hall” meeting on the future of the collaboration building, it of 

course immediately occurred to me that the push to “think about what it is going to say 

on the FDA label” might not be immediately relevant to Dr. Snare’s research, and I was 

curious to hear his thoughts on the possibility of working so close to for-profit science as 

an academic researcher. In the next section, I delve further into the disparities between 

the temporalities of profit-centered industry and the autonomous fields of basic research 

in the life sciences. Was there any connection between Dr. Snare’s research and an 

“accelerator” or “translator” institution?  

 
Me: You mentioned that part of the new leadership and management of the 
collaboration building is to make the place as “financially solvent” as possible, 
however possible.  

  
Dr. Snare: Yeah (Interview, 10 May 2011). 

 
Me: With the affirmation of the intent to pursue more direct ties with for-profit 
industry at the “Town Hall” meeting a few months ago, where do you see this 
place heading?  

 
Dr. Snare: There are competing interests, right? There are scientific interests in 
terms of promoting the building as a collaborative entity for different kinds of 
science, and then there is the financial reality of paying the loan. So, those – while 
they can be congruent – are often not. The bottom line is that you have to pay the 
bills. And if the leases are not being signed, if other institutions are not willing to 
contribute to sign leases, take up space, and then use that money to pay off the 
loan, then there has to be other ways to do that. The loan is a loan and you have to 
pay it. Car loan – you have to pay your car loan every month. If you don’t, guess 
what? You are going to get repossessed. And the institution as a whole cannot do 
that. So what happens is that other aspects of the institution suffer because they 
have to pay that loan! The bottom line is that the financial reality of this building 
is that it has to be financially viable, there has to be enough rent generated in 
order to pay off the loan. So, and if you have a half-empty building, that is an 
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unsustainable proposition. So, [the new leadership] has an unenviable job, my 
guess is, I don’t know this first hand…part of [their responsibility] is to make this 
thing financially work. And so [they] have done a fairly remarkable job I would 
say at coming up with and generating interest in particular areas that are not 
strictly science-based things but more science-business, science-incubator kind of 
ideas, in order to get commercial endeavors off the ground, and [they] have found 
a way to pitch this area, this space, this environment in a way that is attractive to 
people that do that sort of thing. So I think that based on what I have heard...[the 
new leadership] seems to have been able to succeed at doing that….I don’t know 
all the details, I’ve been sort of out of that loop, but I think that [the new 
leadership] has turned the corner in terms of making this a financially viable 
endeavor (Interview, 10 May 2011). 

 
Me: I imagine that things will be a bit different here. 

 
Dr. Snare: Well, it’s not the initial intent of the building, right? This was not 
supposed to figure into the plans quite so prominently, but theory and reality 
sometimes have different end games. So, you’ve got to make it work. And who 
knows? It may be that this will end up being the absolute best thing that could 
have ever happened. I don’t know (Interview, 10 May 2011).  

 
 

* * * 
 
 

At this point, I would like to conclude the present section by discussing the matter 

of “collaboration,” specifically from the perspective of Dr. Snare’s laboratory, including 

its possible connection to the abovementioned industry collaborations, its very 

conception of the term “collaboration,” and perhaps most importantly whether or not the 

laboratory felt the new building had facilitated the kinds of “collaborative” interactions it 

had originally promised.  

During an ethnographic interview with Dr. Snare’s research technician, I asked 

him if there was anything whatsoever in the Snare laboratory that might have any 

entrepreneurial interest.  

 
Research Technician: I can’t really think of anything that you could sort of spin 
off and create your own biotechnology company that could go forward. Most of 
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the techniques that we use in the lab are common knowledge at this point, and I 
mean the only unique thing that we have is that fusion assay that was developed 
in the lab that Dr. Snare worked in as a [post-doctoral researcher] (Interview, 10 
February 2010). 

 
Me: Are there not many other people using this method? 

 
Research Technician: It’s only in this unique field of membrane fusion that it gets 
put into action, but it is pretty common, too, so it’s been out in the public sphere 
for [many] years…and it would be hard to patent something like that and put it 
into a biotechnology company. Honestly, as far as I know, I can’t really think of 
anything (Interview, 10 February 2010).  

 
 

Three months earlier, I had asked this figure if he had any “thoughts” on the term 

“collaboration,” and specifically how his conceptions might relate to the kinds of 

activities that had been taking place within the new collaboration building over the span 

of its first four months in existence.  

 
Research Technician: To me the word collaboration doesn’t necessarily mean 
what we have mostly been doing. I mean, to me collaboration really means a team 
of individuals that have separate but maybe some overlapping interests that do not 
have the capabilities to complete the entirety of a given task themselves, but 
together have the capability to get something done – they are working toward a 
common goal. And here it is almost like we are “bartering.” So we have a piece of 
equipment, and they need that piece of equipment and they use that and then we 
do not have any sort of benefit from that at all, and so to me, so far the majority of 
the interactions that we have had in the [collaboration building] have not been 
true collaborations, in my opinion (Interview, 9 November 2009).  

 
 
Given that this figure had worked in a multitude of scientific settings, and with a variety 

of commitments – basic biological research, industrial life science research, cancer 

biology, and so on – I went on to ask him how he “felt” about collaboration.  

 
Research Technician: I think collaboration can be a very good thing, it can be 
abused, but it can be a very good thing in certain situations. I think that for there 
to really be a good collaboration it has to be mutually beneficial. You can’t 
collaborate with someone where you are getting all the benefit and they are doing 
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all the work, that is just…I don’t see that as a good collaboration. But I think that 
you have to collaborate in science. I mean, especially now where are getting to 
these finer…we are getting to the very, very thin edge of our understanding of 
things, and no one has all the knowledge necessary to pick these things apart. So I 
think in a way that if you want to get a really deep understanding of these 
mechanisms or these biological processes then you have to collaborate (Interview, 
9 November 2009). 

 
 

I also had an opportunity around this time to sit down with Terence for an 

interview, and during this exchange I asked him too what he thought about 

“collaboration.”  

 
Me: How and what do you think about “collaboration”?  

 
Terence: My gut feeling comes from the experience that I have had, and it is 
mostly favorable. I have a good feeling about collaboration, I guess. I mean…I 
guess that for things that I have been trying to study, I have always had a 
collaborator somewhere else. There was one in [the Midwest] and now that we are 
working on [Protein X] we have collaborators in Italy. It is nice to not have to do 
everything to understand the function of what I am studying. While on the one 
hand it would be nice form an educational standpoint for me to do everything, it is 
just not feasible. So it is nice to have that. If we have a question that would take a 
long time for us to answer, it is nice to be able to have someone answer it for us. 
We have stuff that we know how to do really well, that we can do, but we cannot 
answer a tenth or possibly even less of the questions we actually have, and so it is 
nice to find people that can help (Interview, 18 November 2009).  

 
 

Early on in the course of fieldwork, the Snare laboratory indicated to me that 

while the personalities of individual researchers are important elements of 

“collaboration,” so too are the different ways in which investigators conceptualize 

“science” and beyond this exactly how they want their own research studies undertaken 

(Field notes, 8 April 2009). While the group acknowledged the value of the kind of 

enhanced proximity the collaboration building aimed to promote – for instance, they 

greatly valued their close-knit relationship with the Chucks laboratory, both before and 
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after moving into the new research space – they nevertheless always seemed to indicate 

that enhanced proximity of this kind was decidedly not a make-or-break issue to them. To 

them, its theoretical advantage was ability to promote “unplanned” interactions that might 

prove beneficial. The history of science is filled with all kinds of discoveries whose 

origins were ultimately serendipitous. With this much acknowledged, however, I always 

got the impression that the group was somewhat more guarded than might be expected 

from the public relations campaigns connected with the building. The Snare laboratory is 

invested in predicting outcomes, but there was nothing in their own scientific repertoire 

that would enable them to predict exactly what might emerge from the kinds of 

spontaneous interactions the new collaboration building hoped to foster. Five months 

after moving into the new collaboration building (10 December 2009) and then later on, 

shortly before my departure from the field (10 May 2011), I posed to Dr. Snare a number 

of questions about the term “collaboration” and asked him about his experiences with the 

kinds of activities often implied by it.  

 
Me: This term “collaboration” seems to have taken on a number of referents. 
What does this word mean to you?  
 
Dr. Snare: In the broadest sense it just means working together, right? So, in terms 
of working together – I collaborate with my students, I collaborate with you, I 
collaborate with my colleagues. But the most used version of this term - in terms 
of science - I would say, is about productive scientific collaborations. So for 
instance, people exchange ideas and [carry out experiments related to these ideas] 
that maybe they wouldn’t have done without those exchanges. Collaboration to 
me even extends to the point of personnel exchanges - so people might come to 
my lab to learn a particular technique – that happens all the time - or I might send 
someone somewhere else to learn a particular technique. So that’s more 
specifically what I understand by scientific collaboration (Interview, 10 December 
2009).     

 
Me: Do you feel positively about collaboration?  
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Dr. Snare: Sure. I mean it’s something that has always been around. I think that it 
is over used in this context. I think [this is the case] because people really want 
this thing to be something that is maybe demonstrably measurable. I don’t know. 
So the number of connections that one can make allows that to happen, but most 
of these things happen because of scientific need rather than anything else. While 
there are proximity effects, I think these are secondary to scientific interests 
(Interview, 10 December 2009).   

 
 
Approximately a year and a half following this exchange, I asked Dr. Snare to 

reflect on his experience working in the collaboration building and to describe what if 

anything had changed.  

 
Dr. Snare: Well, first of all the environment is great. The building is fantastic. It 
has worked mostly as advertised in terms of the facilities and things like that. In 
the broad picture of furthering collaboration and stuff like that - there has been 
very little. It is still half-occupied, and so the people that are here now are the 
same people that were starting to move in around the same time that we did [in 
July 2009], and so there is not really…I mean, we are only now beginning to get 
some new construction and fill out some of the floors, but the interactions that I 
had previously…other than being in the same building, are the same ones that I 
have now (Interview, 10 May 2011). 

 
 

While Dr. Snare noted that inter-scientific research productivity involving 

epistemic neighbors other than the chemistry/materials science group was largely 

negligible during the timeframe of ethnographic fieldwork (excluding the many instances 

in which they provided training and the use of instruments and reagents to other groups), 

the enhanced proximity to the laboratory of Dr. Chucks (and perhaps others) undoubtedly 

resulted in significant pedagogical benefits for his graduate students. Indeed, although 

their adjacency in the new building was planned from the start Dr. Snare reaffirmed the 

value of enhanced proximity with Dr. Chucks’ laboratory. Not long after my departure 

from the field, I noted that they published their first series of co-authored papers with one 

another, one a review of membrane fusion using the mechanism of nucleoside-
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triphosphate hydrolysis (as employed by Protein X), and another on the function of the 

peroxisome in the cells of various tissues of Drosophila, with John as the first author. As 

a matter of fact, Dr. Snare indicated that over the course of a year and a half working in 

the collaboration building John had been able to expand his repertoire of skills so much 

that he had acquired a much broader appeal to prospective employers from other 

laboratories in the future, should he be interested in pursuing a post-doctoral position 

upon graduating from the Snare laboratory. As a result of John’s training from both Dr. 

Snare and Dr. Chucks, he had become proficient in fundamental protein chemistry on the 

one hand while also becoming “great” with fly genetics and husbandry and microscopy 

on the other. Dr. Snare was rightfully proud of these achievements of his graduate 

students, and perhaps by enhancing proximity between the Snare and Chucks laboratories 

the building itself played some role – however small – in helping to expand and 

consolidate these different forms of expertise in John.  

 
Dr. Snare: [John] now is very good at protein chemistry. He is good at protein 
production. He is great with fly genetics, and he is very good at microscopy. So 
his skill set is now conducive to a variety of things that it was not before. If he 
decides he wants to pursue fly genetics, he certainly has the background and street 
credentials to do that. If he wants to do just protein chemistry or if he wants to do 
cell culture work - any of that stuff he now has demonstrated expertise in it. He 
can do any of that. It’s just a matter of what he wants to do. And all of those 
things are not only technical achievements in terms of learning how to do the 
particular set of experiments, but it’s also training in how to think about processes 
differently. If you are setting up a fly cross and you want to ask a particular 
question, you have to think about the question differently than you do if you want 
to express recombinant proteins. It’s a different way of approaching the problem. 
One of the things I have tried to do for my students is to expose them to a broad 
set of expertise so that they don’t just get pigeon-holed into, “I do this one thing.” 
I mean it can be done, and you may be more productive if you focus specifically 
on one thing, but then that’s what you do. It is always a question of “breadth” 
versus “depth.” I’d like [my students] to be broad in many things, but also have a 
certain set of skills that they can use (Interview, 10 May 2011). 
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Moving on, I was curious towards the end of my time in the field whether or not 

the collaboration building had “loosened up” in terms of security.   

 
Me: I recall that early on access to other parts of the collaboration building was 
something of an issue for your group. Back then, everything was still brand new 
and groups were still in the process of moving in. Has this since changed?  

 
Dr. Snare: No. I don’t think that has improved much at all...We have a lot of 
shared equipment in our lab, so my lab is always open. I have it open from 8:00-
6:00…I am willing to bet that fully a third of the building has card access to my 
lab. I mean, that is because there is a lot of stuff in here that people use. I would 
bet there are one hundred people that have access to my lab, which is fine. I don’t 
have a problem with that, and if they need after-hours access they have their card. 
But during the working days I want it open. I want people to get in and out of the 
lab. But for us…if I go to [other floors] the doors are locked (Interview, 10 May 
2011).  

 
Me: Could this possibly have to do with any sensitive proprietary connotations of 
some of the research that goes on here? 

 
Dr. Snare: Well, part of it was poor planning on the design of the building – that 
was part of it. Part of it is that there is a heightened sense of safety and security 
issues. People want to make sure that their labs are secure. But, you know, it’s a 
tight line to walk. I mean, I don’t have anything in my lab that is particularly 
sensitive in terms of intellectual property, but I don’t think that all that many 
others have that either – I could be wrong – but it’s sort of…it’s anti-
collaborative. I mean there are all these locked doors, and so it’s a barrier 
(Interview, 10 May 2011).  

 
 

Beyond this, there were a few other architectural issues cited among the 

inhabitants of the collaboration building. One was that the sheer verticality of the 

collaboration building tended to inhibit the interactions of scientists between floors. 

Another was the distance between the graduate offices contained in the cylindrical “hub” 

and the laboratories themselves. On the basis of having completed a post-doc 

appointment in a high-rise research building in a Northeastern city in the 1990s, Dr. Snare 

predicted that the verticality of the collaboration building would inhibit rather than 
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facilitate such “chance” encounters as recommended by Allen (1971). At the conclusion 

of the study, Dr. Snare suggested that his hypothesis had been affirmed.  

 
Me: You also mentioned at one point that the verticality of the collaboration 
building itself might facilitate against collaborative interactions, citing your 
previous experience working in a laboratory as a post-doctoral researcher in the 
Northeast. Has that also influenced the interactions that have (or have not) taken 
place here?  
 
Dr. Snare: Yeah. I mean, it’s not conducive to meet and greet kind of 
collaboration. It’s just not (Interview, 10 May 2011).  

 
Me: Is there anything that you miss about the old building, the prior location of 
your laboratory before moving into the collaboration building? 

 
Dr. Snare: That’s a tough question. Not really. No. I mean, the things that I had 
over there…I mean, proximity to other colleagues in the department, I do miss 
that. I miss being able to walk down the hall and talk to [certain colleagues], and I 
miss walking across the breezeway over to the folks in [an adjacent building], but 
still I get over there usually once or twice a week (Interview, 10 May 2011). 

 
Me: Do you still feel positively about collaboration?  
 
Dr. Snare: Sure. I still have an active collaboration with [a group of cell biologists 
in Italy], and so that has been a very productive collaboration for both of us, and I 
still have an active collaboration working with [Dr. Chucks] daily. That has not 
borne fruit yet in terms of publications, but it will [author note: as noted earlier, 
indeed it did]. [John’s] stuff is the product of that interaction, and he has at least 
two papers in his near future [author’s note: again, true]. So, yeah, I mean that is 
the nature of the beast, I am strongly in favor of collaboration but it is very 
dependent on the science and where it goes (Interview, 10 May 2011). 

 
Me: I understand that the university has recently hired an individual with joint 
faculty and administrative roles, and that one of this individual’s responsibilities is 
to serve as a kind of “match-maker” between the scientists and engineers of the 
university and the clinician-researchers from the local biomedical community. 
Has anyone attempted to connect you with any of the local biomedical researchers 
and/or clinicians? And would you be open to something like that?  

 
Dr. Snare: Well, if [they] know…someone that needs my expertise…that would 
benefit from knowing me…then yes, I’m all for that. Most of these kinds of things 
are one-off kinds of exchanges in that regard. So if it turns out that there is 
someone that needs a particular set of techniques or experiments then I am happy 
to talk and meet, but most of the serious collaborative interactions occur based on 
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the science and the questions that are going on. I mean, it can start out as a 
technical kind of thing, and then mature into something different, but most of it 
comes from a need rather than a person (Interview, 10 May 2011). 

 
 

I invited the members of the Snare laboratory to fill out a questionnaire asking 

them about their initial experiences in the new collaboration building, and a number of 

them responded. A few were completed about a month after first moving into the 

building, whereas others were done two and three months later. As a prelude to future 

work, it would be interesting to follow up with the Snare laboratory in order to gauge 

what, if anything had changed in the meantime. Among other things, I asked the 

laboratory members about their initial impressions of the new collaboration building, 

what they thought some of its advantages (and disadvantages) might be, and how much 

contact they had experienced with other laboratories, whether in the collaboration 

building or otherwise, and to characterize the nature of these relations. The research 

technician provided great detail in his responses.  

 
Research Technician: At [the previous laboratory setting], I did not have that 
much contact with other laboratories. I would see people from time to time using 
our equipment, especially the spectrophotometer, but I was unfamiliar with who 
these people were or which labs they were from. I would answer questions when 
needed, but I never really got to know them. That was pretty much the majority of 
my interactions with other labs at [the previous laboratory setting]. Also, [there] 
we did and still do have a strong collaboration with [the Chucks] lab, whereby 
they provide lab support and guidance for [John’s] fly work and we provide part 
of the funds for lab supplies for the fly lab, but they mainly communicated with 
[John] and I rarely had any contact with them personally (Questionnaire response, 
31 August 2009). 

 
Moving to the [collaboration building] has changed that considerably, probably 
because it's a fresh start and I have taken great efforts to advertise myself as one 
of the main contacts for the [Snare] lab when it comes to using lab supplies and 
equipment. Because of this, I've had the chance to train members of the 
[biomedical engineering, chemistry, and synthetic biology] n proper handling of 
our equipment. I've also taken advantage of this situation to start building a 
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network of contacts in the building, especially with this [new] imaging station 
training. We had twenty five people RSVP for the training, and I was the one who 
organized the sessions. So, because of the fresh start, it has allowed us to 
essentially reintroduce the lab to the building community. However, our 
interactions with other labs have remained very similar to what we had at [the 
previous location back on the main campus]. We essentially provide lab 
equipment to other laboratories. One formal collaboration that has come about 
since we came to the [collaboration building] is our new collaboration with the 
[biomedical engineering] lab [on the same floor as the Snare laboratory], in which 
they offer us confocal microscopy support in exchange for molecular biology 
support. So, there has not been much change in the nature of our collaborations, 
but I see the potential, especially with this collaboration with the [membrane 
bioengineering] lab and our discussions of starting a journal club with their lab. 
That could potentially lead to a project in the future (Questionnaire response, 31 
August 2009). 
 
 
As for initial impressions of the new collaboration building, and its advantages 

and disadvantages compared to its previous location, the research technician had this to 

say:  

 
Research Technician: I have mixed feelings about the [collaboration building]. It 
has great potential as an instrument to foster collaboration, but it has been 
implemented very poorly. First, it is a new building, and we are essentially beta 
testing the building. On the one hand, that forces us to come and work together in 
order to solve problems and it gives us the opportunity to form new contacts as 
we face those challenges. The [collaboration building] lab group meeting that 
convenes every Monday at 9:30 AM on the third floor has been a great example 
this inter-lab collaboration [author note: these meetings dwindled in frequency as 
the months passed]. A representative from each lab gathers in the break room on 
the third floor to present their problems to the building contacts that can make 
progress on those problems, and we also share solutions that have worked for us. 
The issue of access to other floors actually came up during the meeting on August 
31, 2009. Apparently, the issue has taken a high priority with the governance 
committee, but in the interim, I shared with the group our struggles with the same 
issues and the solution that we had implemented that worked for us to get access 
to [some of the other laboratories in the building]. On the other hand though, with 
it being a new building still in the process of being finished, it has its drawbacks 
as well. The major problem has been access, and, unfortunately, balancing 
security with collaboration has been a frustrating exercise. It is hard to interact 
with other labs when there is a barrier. Furthermore, with beta testing the building, 
there has been a lot of focus on solving building and equipment problems and not 
as much focus on science. So, beta testing has opened the door for establishing 
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contacts, but it has distracted us from science (Questionnaire response, 31 August 
2009).  
 
I must stay though that one of the big advantages is the open lab space. I simply 
love that design. When we were in [the previous location], I would probably only 
see the members [of Dr. Chucks’ laboratory] once or twice a week at most since 
we were essentially barricaded into our labs most of the time, even though we 
have a formal collaboration with them. Now, we see them every day, and I have 
even seen discussions with them more often. The same goes for the [membrane 
biomedical engineering] group [down the hall]. I have to admit, I never knew any 
of the…lab group members until we moved over to the [collaboration building], 
and now I have regular contact with them and we even put together a sharing 
collaboration with them. So, hopefully, once the building access issue gets 
resolved, the open lab spaces will really shine as a collaborative design feature 
(Questionnaire response, 31 August 2009).  

 
Finally, one last point and I see this as a disadvantage: the location of the building 
makes it seem very isolated to me. It is separated from the main [university] 
campus, and it is also separated from the medical [institutions] as well. We live in 
our own little corner. I mean, it doesn't seem that far…but that small strip of 
asphalt makes a huge difference. Because of [this], it is no longer convenient to 
legally carry samples and chemicals to and from the main campus. With transport 
between buildings on campus, we could get by with a simple ice bucket or cart, 
but crossing the street requires three forms of containment. So, you have to carry 
your samples or chemicals in a plastic bag, wrapped in a plastic jar, placed in a 
cardboard box. It's the “turducken” of sample transport. It is a little funny when 
you think about it, but even though we're just across the street, you have to treat 
the [collaboration building] like a collaborator across the country or even the 
globe when it comes to transporting samples or chemicals. I mean, don't get me 
wrong, it is still a doable process but it is more inconvenient when compared to 
the process on campus. In addition, I do not see the integration with the [local 
biomedical community] that the building was designed to support. Perhaps that is 
due to the fact that everyone has been focused on making sure that the building is 
up and running, and I would imagine that I would have very little awareness of 
processes going through the upper echelon of [the university] when it comes to 
formal negotiations with representatives of the [local biomedical community]. So 
I am hoping that it is in the works and on its way. However, at this point, the 
[collaboration building] seems like an island to itself in my opinion 
(Questionnaire response, 31 August 2009). 
 
 
The remainder of the questionnaire responses might be summarized as such: the 

graduate students and undergraduates very much liked the new laboratory and especially 

the fact that it was so spacious – they no longer had to deal with the build-up of “clutter” 
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as in the previous location. Interactions with other laboratories for the first few months in 

the new building were largely minimal, with the exception of those instances in which the 

Snare laboratory members needed to go to other laboratories to use their equipment, or 

vice versa. Stated disadvantages largely included distance from the main campus – not 

infrequently did the group have to return there for meetings or to use its own resources. A 

shuttle system of golf carts shuttling investigators and students between the collaboration 

building and the main part of campus has obviated although not entirely another typical 

complaint concerning the distance between the two. While one of my larger regrets 

during fieldwork was not re-administering the questionnaire in order to more closely 

examine any changes in the nature of the responses, my hope is that this and other 

elements of the present work may serve as a foundation for further study of scientific 

relations in the collaboration building.  

In the next section, I attend primarily to the influences of “other” spaces 

influencing the genesis and unfolding of scientific relations – specifically, social spaces.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



223 
 

 

 
 
 
Figures 14A and 14B. Two views of the main entrance to Dr. Snare’s laboratory. Seen are 
state-of-the-art ultracentrifuges, a freezer, refrigerators, the scintillation counter used in 
the detection and quantification of ionizing radiation, and the laboratory’s supply of 
liquid nitrogen in the lower left corner of the bottom image (Photographs by the author, 5 
May 2011).  
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Figure 15. View of the northern-most wing of the laboratory. The supply room is visible 
in the distance. To the right of the supply room entrance is the “shaker” for culturing 
microorganisms for the purpose of expressing proteins of interest. Near right on the 
bench is the spectrophotomer used in quantifying solutes of interest in solutions. Above 
the bench are binders documenting past experiments as well as reference books and 
boxes of as yet unused supplies. (Photograph by the author, 5 May 2011).  
 

 
 
Figure 16. The sink and rack used for cleaning and drying of glassware. To the right of 
the sink is a tub containing a special solution used for more extensive cleaning of 
glassware. This tub is collected by a building manager along with those of other 
laboratories and returned the following day. To the left of the sink the bench used for the 
preparation of gels used in protein and DNA electrophoresis is visible. To the right of the 
sink a laboratory worker prepares a sample for DNA electrophoresis. (Photograph by the 
author, 5 May 2011).  
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Figure 17. Bench of one of the senior graduate student laboratory workers actively 
engaged in purifying and characterizing the biochemistry and physiological functions of 
proteins known to be required for membrane fusion in the cell.  To the left is a block of 
wood with a black-colored instrument fastened tightly to the bench, used to fit rotors of 
various sizes to an apparatus used in the ultracentrifuge instruments. Of note, an official 
photographer for the collaboration building asked the group to consider standing in front 
of it because it looked “jury rigged” and “not scientific” (Field notes, 20 October 2009). 
A red tub of ice sits on the bench, likely containing a protein sample to be reconstituted 
into artificial liposome and studied using the “fusion assay.” To the right are pipettes of 
various calibers, along with a small machine with a rapidly vibrating part used to mix the 
contents of disposable vials. On the shelves are tubes and containers of various sizes, as 
well as pre-made solutions including buffers used routinely in the execution of 
experiments (Photograph by the author, 5 May 2011).  
 
 
 
 
 
 



226 
 

 

 
 
Figure 18. The Snare laboratory’s Eppendorf PCR Machine, along with a calendar and 
instructions for its operation. This instrument contributed to the continued production of 
experimental findings necessary for the building’s scientific activity. A number of 
students working in other laboratories utilized the machine frequently. PCR exploits 
knowledge of the exact nucleic acid sequences on either side of specific genes of interest 
along the linear DNA chain. Complementary sequences known as primers bind to these 
discrete sequences and through an automated process that continuously cycles specific 
reagents including individual purine (A & G) and pyrimidine (T & C) molecules and 
inorganic catalyst through three specific reaction conditions involving different 
temperatures. In this manner, the technique yields an exponential amplification of 
discrete segments of any small DNA quantity, from virtually any cell or cellular 
organism. The technique is employed routinely in medical practice for testing and 
diagnostic procedures in addition to basic research. In addition, the PCR technique is 
used by the juridico-legal system for specific purposes. The scientists working in Dr. 
Snare’s laboratory distinguished this apparatus and its associated method as belonging to 
the tradition of “molecular biology.” The conception of PCR originated through work at 
the Cetus Corporation in California in 1983, and Kary Mullis, a biochemist by training, 
received the Nobel Prize in Chemistry for 1993 for its development (see Rabinow 1996). 
Together with the microbiological technique of microorganism culture growth, the 
products of the PCR method - innumerable genetically identical short DNA fragments 
coding for specific gene products - can be introduced into and expressed by the bacteria 
and subsequently “harvesting,” purified, and studied by subsequent techniques including 
gel electrophoresis and examined in functional studies. During my time in the laboratory, 
this instrument is routinely used on a day-to-day basis as part of the initial work-up for 
experiments to be carried out later in the day. The machine exponentially amplifies 
specific, short sequences of DNA, the genetic material of all known organisms 
(Photograph by the author, 5 May 2011).  
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Figures 19A and 19B. 19A (Above): Instructions to neighbors in the collaboration 
building for using the PCR machine. 19B (Below): Calendar used by members of the 
Snare and other laboratories for securing time to use the PCR instrument (Photographs by 
the author, 5 May 2011).  
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Figures 20A and 20B. Instructions to the neighbors for using the scintillator counter 
machine (Photographs by the author, 5 May 2011).  
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Figures 21A and 21B. 21A (Above): The ultracentrifuge. 21B (Below): Instructions to 
neighbors on the use of an ultracentrifuge (Photographs by the author, 5 May 2011).  
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Figures 22A and 22B. 22A (Above): An electrophoresis apparatus employing the 
application of a charged gradient to separate differentially sized DNA fragments on 
dextrose agar. 22B (Below): An electrophoresis apparatus similar in theory for separating 
differentially sized and charged peptides or fragments thereof. The electrophoresis 
technique is credited to Arne Tiselius who described the technique in 1937 and was 
awarded the Nobel Prize in Chemistry in 1948 the work that led to the design of this 
apparatus (Photographs by the author, 5 May 2011).  
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Figures 23A and 23B. 23A (Above): Materials and 23B (Below): detailed instructions for 
the preparation of gels used for protein electrophoresis (Photographs by the author, 5 
May 2011). 
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Figures 24A and 24B. 24A (Above): Gels undergoing destain preparation, to be 
visualized using the light source on the right. 24B (Below): A cell disruptor typically used 
immediately following the expression of recombinant peptides of interest in bacterial 
cultures, the first stage in a step-wise protein purification process (Photographs by the 
author, 5 May 2011).  
 

 



233 
 

 

 
 
Figures 25A and 25B. 25A (Above): Liquid chromatography-based protein purification 
instruments. Input samples are automatically run through various steps within the 
apparatus, and desired purified proteins are collected (in the tubes seen in the “carousel” 
fraction collector in the case of the instrument below in 25B) (Photographs by the author, 
5 May 2011).  
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Figure 26. Laboratory graphisms including a list of supplies and reagents (including 
restriction enzymes/endonucleases) to be purchased (blue) are shown above. (Photograph 
by the author, 5 May 2011).  
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Figure 27. Representation of circular DNA “plasmids” containing genes for restriction 
enzymes to be used in the construction of other recombinant DNA “clones,” as scrawled 
on a dry erase board. Often, when Dr. Snare would drop by the laboratory to speak with 
his graduate students he would stand at one of the dry erase surfaces to discuss the next 
set of experiments to conduct and the materials that would be necessary to accomplish 
them. The above drawing is an impermanent artefact of that process. (Photograph by the 
author, 5 May 2011).  
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PART II 
 
 

 

       
 
Figure 28. A solidary desk in the northeastern-most corner of the Snare laboratory. 
(Photograph by the author, 11 May 2011).  
 
 
 

* * * 
 
 

It has been acknowledged for many years now that science is not a thoroughly 

isolated sphere of society. Certain elements and relations, for instance, are similarly 

identifiable in the scientific and nonscientific domains of society alike. And yet, the 

possibility remains that perhaps there is something unique about the social relations of 

science. Referentially speaking, after all, science is (or at least ought to be) concerned 
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exclusively with the truth. The establishment of increasingly immediate connections 

between the academy and profit-driven industry over the past several decades has only 

made the problem of understanding the connections and distinctions between the various 

elements of the scientific enterprise and the other sectors of society more complex, and 

scientific actors have noticeably adopted various positions in relation to these political 

and economic trends. As such, and for all of these reasons, the relationship between 

science and society remains an important topic of research.  

In Part I of this work, I provided a sketch of Dr. Snare’s laboratory, including its 

material conditions of production, and described its specific foci of intellectual 

investment, attempting where possible to identify what exactly is at stake in the scientific 

fields to which it is most ardently committed. In addition, I also provided space for a 

number of self-reported perceptions on the influence (or lack thereof) of enhanced 

proximity on the ongoing scientific activities of the laboratory, as well as certain actors’ 

thoughts on the status of “collaboration” – as an ideological value and an actual activity – 

amidst the laboratory’s relocation to the newly constructed collaboration building. In this 

regard, the ethnographic method has shed some light on the problem of inter-scientific 

collaboration and the ideologies surrounding it, specifically as it relates to the ethos and 

mood of so-called “pure” life scientists. Subsequently, I offer a more detailed 

ethnographic description of an exchange-based collaboration between Dr. Snare’s 

laboratory and a group of chemists specializing in the synthesis of organometallic 

“probes” possessing unique physicochemical properties, attributable to the laws of 

quantum theory.  
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In this section, however, I would like to make more explicit the argument that that 

three-dimensional space, its technological manipulation (e.g. open laboratory spaces, 

etc.), and the ideologies that implicitly or explicitly urge scientific actors to alter their 

research programs in accordance with their imperatives are not the only influences on 

inter-scientific research. Whatever the effects of the latter may be on the genesis and 

historicity of individual inter-scientific undertakings, the under-investigated influence of 

what we might call “class” or “status” persists in orienting scientific actors toward their 

own and others’ activities and representations within the epistemic realm more broadly. In 

my estimation, although many scientists – particularly scientists-in-training – are 

socialized to deny the existence of these influences, even the most preliminary of 

ethnographic investigations is sufficient to confirm their existence and possibly their 

influence on the cognitive values and attitudes of scientific actors.  

One day, a particularly shrewd individual urged me to also consider “what gets 

left behind” while attending to the epistemic activities of the newly constructed 

collaboration building. This individual was nearing the end of a long and productive 

career in high-energy physics research, and had served in a variety of academic and 

governmental administrative capacities along the way. Although I suspect he was more 

interested in the fate of the deserted campus spaces and their subsequent repopulation 

following the move to the collaboration building, this also spurred my curiosity about the 

social and cultural influences on scientific research that are not significantly altered by 

architectural innovations, that which stays the same. If anything, I found that the 

establishment of spatial contiguity between the various disciplines was an efficient means 

of bringing to the surface structures of thought and motivation marked by group 
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affiliation. These structures of thought and motivation have been underappreciated as 

experiential elements in the social relations of scientific actors, and as such remain 

inadequately studied as factors that alternately help or hinder inter-scientific research. As 

I shall detail shortly, too often investigations and theorizations of inter-scientific research 

have attended to the purely conceptual elements of disciplinary formations as if they were 

“disembodied,” often at the price of attending to these other structures as they influence 

scientific actors’ respective perceptions of their social positions in relation to those of 

other actors from the same and other disciplines and the influence of these structures of 

perception on particular motivations.  

Thus, I have set out to say something about the social relations of scientific 

research in the present – with a special focus on inter-disciplinary or inter-scientific 

research – and specifically in the case of the life sciences. Toward this end, there are a 

number of important precedents to be considered. Here, I have attempted to situate the 

present analysis in light of this previous work and in the process I provide what I believe 

are a number of pertinent ethnographic illustrations and extensions of this work.  

 
 

* * * 
 
 

Anthropologists, sociologists, historians, and philosophers have approached the 

study of science from a number of angles and have treated this subject matter on a variety 

of scales. One of the primary challenges facing an ethnographic investigation of inter-

scientific research is the ability to account for phenomena at the “micro-scale” of 

interaction, while also attending to the influence of institutions and other “macro-scale” 

forces. With this in mind, the consideration of space is very important, not least in this 
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specific setting, as a result of the heightened importance placed on the “open” 

architectural plan of the scientific collaboration building and its embodied hopes, among 

others, of facilitating spontaneous, unplanned interactions among the investigators of 

various disciplinary affiliations. With regard to the influences of three-dimensional space 

and its technological manipulation on scientific research, it is worth acknowledging  that 

in all likelihood laboratories constructed from here on out - largely as a result of funding 

stipulations - will tend to adopt “open” architectural schemes, similar to what has been 

employed in the present setting, such that individual laboratories will no longer separated 

by concrete walls but rather will continue to be demarcated form one another in other, 

perhaps less obvious ways.37 Whatever else, matters of scale and space will continue to 

influence our understanding of the social formations of science. Nevertheless, most 

“science studies” have focused their attention on other aspects of scientific knowledge 

and practice.  

Ever since the publication of Thomas Kuhn’s Structure of Scientific Revolutions 

(1962) philosophers and social scientists have brought various forms of 

“constructionism” to bear on the properties and problems of scientific research. Moving 

beyond a longstanding concern with the distinction between science and non-science, as 

exemplified by Karl Popper’s criterion of falsification, in these approaches concern shifts 

                                                        
37 Architectural innovations and manipulations of space toward the advancement of 
science and especially interdisciplinary science are, of course, not new. For instance, the 
now re-constructed du Pont Hall of Swarthmore College, constructed in the early 1960s, 
was planned such that the departments of physics, chemistry, and mathematics 
represented peripheral modules connected to one another by hallways leading toward 
centrally shared spaces, like “spokes” on a wheel – an architectural performance of the 
fundamental “unity of science, among other things. Outfitted with comfortable furniture, 
windows, and decorative plants, these shared lounge areas anticipated cross-disciplinary 
dialogue among colleagues. 
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to how science is actually done, how it changes over time, and especially the relation of 

these processes to the parameters for judging experimental results. A main goal of 

scientists, of course, is to achieve universal generalizations in the form of theories or 

laws. One way in which a new theory is said to be achieved is through the practice of 

induction, in which empirical generalizations are made based on sets of observations 

(Curd and Cover 1998: 12). Induction has been criticized by the argument that it is 

simply impossible to move from a necessarily limited part of the picture (empirical data) 

to the whole picture (fundamental laws). While the consilience of inductions and the fact 

that induction may be the only means to rational action have served as justification, 

critics such as Popper have pointed out that any theory could potentially find evidence 

consistent with it (Curd and Cover 1998: 505).  As a result, induction cannot be 

considered “real science.” Instead, Popper suggested that scientific theories arise only 

through creative processes. He proposed that scientific theories can only be corroborated 

by empirical data, and the argued that the fundamental strength of a theory lies in its 

ability to be falsified.  According to Popper, science is a self-critical, ongoing, cumulative 

process. Against this background, Kuhn suggested that falsification alone is insufficient 

to describe how scientific research actually develops.  

Most philosophers of science are well aware of the critical influence of Pierre 

Duhem, the late nineteenth and early twentieth century philosopher of science, on the 

work of Kuhn and his theory of scientific revolutions. Duhem (1982 [1906]) argued that 

it is impossible to make the transition from theory to observation without the interplay of 

“auxiliary" assumptions or intervening hypotheses, which describe the context of a 

primary theory’s application. This immediately places into doubt the possibility of 
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settling a scientific dispute along the lines of the more straightforward criterion of 

falsification. For instance, when hypothetical expectation does not meet observed 

outcome, the scientist does not automatically toss out the primary theory (with a capital 

“T”) under investigation. Rather, what may be to blame is any number of auxiliary 

theories (with a lower case “t’), which are less comprehensive in scope but in their 

summation may support the primary theory. When an experiment fails pythit may be the 

case that an assay has been improperly conceived or inadequately executed. In most 

cases, if an experiment fails, scientists will blame an auxiliary assumption rather than the 

primary theory, and as a result of this findings that contradict the primary theory ("T") do 

not directly lead to its immediate discarding. Rather, researchers will thoroughly 

investigate the auxiliary theories (“t”) before placing the primary theory (“T”) into 

serious question. As a result, scientists continue to work backward from “T” testing other 

hypotheses theoretically deduced from it. In every instance in the final analysis, the 

scientist must make the judgment as to whether to throw out “t” or “T.” For Duhem, this 

constitutes the under-determination of scientific theory because whenever there is a 

discrepancy between theoretical prediction and experimental outcome the scientist may 

adjust auxiliary hypotheses without making any major adjustments to the more 

established and comprehensive theory “T” from which “t” are deduced.  

Kuhn took particular notice of the fact that most of the time in science blame is 

placed on auxiliary theories rather than the primary theory and sought to explain why this 

is so. Thus, Kuhn began to move the debate regarding the mechanisms of scientific 

change away from register of a purely propositional philosophy toward an actual 

historical assessment of scientific research. Kuhn suggested that the history of science is 
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discontinuous and marked by revolutionary ruptures and he elaborated Duhem’s previous 

conclusions in suggesting that during a period of “normal science” researchers tend to 

blame auxiliary assumptions but retain primary theories so long as they continue to solve 

“puzzles.” According to Kuhn, only after a substantial number of anomalies have 

accumulated within a given “paradigm” of research will scientists eventually discard the 

primary theory, at which point a period of anything goes “revolutionary science” ensues 

until a new paradigm that is capable of accounting for the anomalies of the previous 

paradigm as well as all the “puzzles” it had previously solved emerges. By “paradigm” 

Kuhn means the entire framework within which a given mode of scientific research is 

actually done, including all of its assumptions, theories, and experimental arrangements – 

that is, something like an established disciplinary matrix or “supertheory” that has been 

successful at solving problems in the past and which guides further inquiry through a 

consolidated set of ontological, epistemological, and metaphysical assumptions, 

methodologies, and pedagogical models (Curd and Cover 1998). Kuhn makes use of this 

concept in order to explain why there are buildups and breakdowns in understanding. 

When a given tradition fails, repeatedly, to solve certain puzzles, a state of “revolution” 

may ensue, and a liminal phase in which all of the abovementioned entities that 

previously constituted the paradigm are open to potentially radical replacement, and only 

after a new combination has been found that is capable of solving the previously 

intractable problem will a new paradigm ossify with the consequent resumption of so-

called “normal science.” Importantly, Kuhn argued that succeeding paradigms are 

incommensurable to one another, such that the concepts employed by one paradigm are 

not directly translatable into the terms of another paradigm. Furthermore, according to 
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Kuhn there are no means available for directly comparing paradigms - there is no 

“common meter stick” so to speak. To illustrate this point, an elementary geometry 

example can be used (Hugh Lacey, personal communication). To find the hypotenuse of 

an isosceles triangle whose sides are 1 unit, we use the Pythagorean Theorem and 

subsequently determine that value to be the square root of 2 units, an irrational number. 

To measure this value, the concept of irrational numbers is needed. It would therefore be 

impossible to adequately measure the hypotenuse of an isosceles triangle before 

Pythagoras, when the existence of irrational numbers was unknown.  Only after the 

existence of irrational numbers was shown by a simple mathematical proof could this 

length be measured properly. Just as an irrational number cannot be defined by the 

concept of rational numbers alone, for every paradigm there will exist problems that 

cannot be solved by the concepts contained within it.  When this happens, new concepts 

are formed in a manner analogous to the proof of irrational numbers such that a particular 

problem that was once unsolvable in an old paradigm may now be solved within a new 

one.  

For Kuhn, this situation constitutes a something of a halfway house between 

empiricism and rationalism, in that he puts forth the notion that the mind is not the 

conduit of truth but rather it is the simply the case that its conjectures may survive for 

more or less enduring periods of time as a result of their utility as guides to solving 

scientific “puzzles.” For Kuhn, scientists are more than hesitant to move away from the 

“paradigms” in which they have been apprenticed. As such, it has been theorized that 

young scientists are more likely to contribute to the commencement of revolutionary 
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science (see also Wray 2003).38 The ramifications of Kuhn’s constructionist approach to 

the philosophy and sociology of knowledge are wide ranging. Kuhn represents a strongly 

anti-positivist sensibility in his privileging of the importance of paradigmatic theories 

over all other aspects of science in the day-to-day activities of scientists.39 

I argue that working back from Kuhn to Duhem and his theorization of auxiliary 

hypotheses, and especially his emphasis on the epistemic partitioning and division of 

conceptual labor, is one helpful way to move past some of the more vexing issues in the 

social study of science. In anthropology, Faubion (in Faubion and Marcus 2009: 159) has 

recently argued for the:  

 
[I]nstitutionalization of a working - if always provisional and less than complete - 
division of labor among those concepts that are central to the problem of 
research…and those that constitute the background that serves research as a place 
of conceptual departure and return, a conceptual landscape of orientation. The 
former concepts function like hypotheticals or, more precisely, as potential 
metrics. The latter function as established metrics.  

 
 
Thus, like Duhem, Faubion argues for the necessity and value of a differentiated set of 

theories or hypotheses for stabilizing or assisting in the ethnographic investigation of 

                                                        
38 One might extend this aspect of Kuhn’s theory to scientific collaboration in 
hypothesizing that young scientists are more likely to engage in scientific collaborations 
that are ‘”outside the box.” In contrast, there is plenty of evidence that given their 
precarious rank before achieving tenure young are less likely to pursue more radical 
epistemic trajectories in lieu of attempting to consolidate their expertise within a single 
disciplinary tradition. 
 
39 Later in his career, Kuhn (1977) offered a comprehensive set of scientific or 
“cognitive” values toward the arbitration of competing incommensurable paradigms, 
which were notably taken up in important ways within the feminist critique of science 
(Curd and Cover 1998) and include: the explanation of scientific anomalies, theoretical 
precision (also known as Occam’s Razor), explanatory power or scope, empirical 
adequacy and consistency, and the degree to which one paradigm is more capable of 
explaining or interpreting the perspective of the other paradigm.  
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other hypotheses. Nevertheless, Faubion disengages any sort of relationship between “T” 

and “t” since there no longer remains anything like a big “T” in anthropology, at least 

since because Writing Culture “deparochialized” the discipline in 1986 (Rabinow et al. 

2008). This is helpful, so to speak, for “holding in place” certain aspects of the world, if 

only for a moment, in order that we might investigate another other aspect of it. Faubion 

argues that we may at any time reassign the roles and functions of those concepts which 

we had previously “relegated to the background” in order to bring them to bear on 

whatever emergent and contingent phenomena of modern social life that might “call out” 

for their specific treatment. This is particularly important in those ethnographic research 

settings in which global and local processes come together in time and space, and which 

therefore greatly problematize the ethnographic sensibility to matters of scale. For 

obvious reasons, these issues are particularly pertinent for the ethnographic investigation 

of the social relations of scientists from similar and different disciplinary backgrounds. If 

there is a meta-theoretical position with regard to ethnographic methodology that I 

employ in this study, it is precisely this which I have in mind.  

Beginning in the mid-to-late 1980s a large element within the social study of 

science began to turn toward a “more simple” engagement with the world in lieu of more 

sophisticated discussions regarding the “commensurability” of scientific discourses to 

one another. These analysts began to take seriously, among other things, the contribution 

of nonhuman elements to the establishment and dynamics of social formations – 

scientific or otherwise. All of these traditions, in their own way, have been provocative 

and productive in making sense of some of these problems concerning the relation 

between science and society. Nevertheless, one thing I have observed with regard to 
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recent work in the social study of science is that many of these approaches seem to be 

stuck in a mode of analysis that is not quite sure what to do with the claims to 

scientificity of the groups under investigation. The “Strong Programme” in the sociology 

of scientific knowledge, based on the work of David Bloor, Barry Barnes, and others at 

the University of Edinburgh in the 1970s and 1980s, famously proposed to undertake an 

analysis without reference whatsoever to the actual truth or falsity of the claims of 

scientific subjects. One of the primary reasons for the failure of this line of research is 

that it sought to uphold a principle of symmetry in which the analysts of science are held 

to the same set of criteria as their subjects of research, an aim that ultimately resulted in 

intractable logical paradoxes. The “Strong Programme” ultimately failed because it was 

unable to develop an analytical approach of sufficient abstraction to characterize through 

“non-scientific” terms the empirical nature of the sciences (Faubion, personal 

communication). Not only do these unresolved issues remain swept under the rug in the 

social study of science, analysts of scientific research leave untouched the possibility that 

different groups of scientists may be more or less “scientific” than one another. These are 

considerations that are also likely to factor into the unfolding of epistemic relations 

between investigators from different disciplinary traditions. Later on I address this 

specific issue by recourse to the work of Michel Foucault (1972 [1969]).  

Another observation I have regarding the currently popular approaches to the 

social study of science (and thus the currently available means for making sense of 

epistemic relations across the traditional divisions of the scientific enterprise) is that 

many of them remain grounded in bounded categories that have perhaps exhausted their 

ability to adequately represent and analyze various facets of the social world. Within the 
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past decade or so, anthropologists have started to question certain canonical categories – 

such as “culture” for instance - that bear connotations of static integration, timelessness, 

and homogeneity, and as such no longer adequately attend to the social and cultural 

changes that have been precipitated by large-scale, global forces (Faubion in Rabinow 

and Marcus 2008). While arguing for the preservation of related terms (i.e. “the 

cultural”), a number of experimental methodological approaches have been developed to 

attend to these changing configurations (Faubion and Marcus 2009). With this said, it 

seems to me that much of the recent work in “science studies” has unproblematically 

assumed that scientists carry with them a circumscribed epistemic wherewithal. With 

regard to the social relations of scientists, therefore one primary focus has been on issues 

of “translation” between the various sets of scientific knowledge (Fujimura 1992), the 

existence of “zones” enabling interactions between various forms of expertise (Galison in 

Biagioli 1999), and the presence of “boundary objects” enabling researchers from 

different traditions to proceed productively without the need for “translation” altogether 

(Star and Griesemer 1989). In all of the abovementioned instances, actors tend to serve as 

proxies for larger bodies of knowledge and, whether implicitly or explicitly, the issue of 

“commensurability” remains analytically organizing. As such, I would argue that there is 

something of a linguistic bias present. With regard to the actor network theorists, 

although they are far less focused on issues of commensurability, they too employ 

bounded categories such as “nature” and “culture” in order to make sense of science and 

the social world more broadly (Latour 1993). In all of these instances, few considerations 

are made with regard to the broader institutional dynamics of scientific research and how 

these impact individual actors, connotations that I argue are especially important in 
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making sense of the social relations of collaborating scientists from different research 

traditions. Studies that have taken seriously the greater institutional forces of scientific 

research are found primarily in the work of historians of science, very few of whom have 

undertaken ethnographic research in their primary sites of interest. With some notable 

exceptions, for instance Shapin and Schaffer’s (1985) Leviathan and the Air-Pump, few 

have sought to delineate the influences of symbolic status and class position on the 

progress of scientific research and the unfolding of scientific relations.  

If we are to mark the cultural and historical specificity of scientific practices, then 

in addition to considering the heterogeneous “assemblages” in which they are embedded - 

both on the macro and micro scales (Rheinberger 2010; Latour 1993, respectively) – then 

we must also consider the structures of institutional power implicated in the unfolding of 

scientific research as a profession – for instance, disciplinary forces. Although I have 

discussed in quite some detail the specific disciplinary influences and commitments 

informing the labors and aims of the Snare laboratory, I wish to be clear about what I 

have meant by the terms “discipline” and “disciplinary.” If I do use the term “discipline” 

it is not to suggest that there is some bounded entity along the lines of what I have 

already criticized, a la Galison and Collins. Rather, I take the definition provided by the 

biochemistry historian Robert Kohler (1982: 7):  

 
Disciplines are not homogeneous. They consist of diverse segments, often 
identified with competing styles or programs. These different programs are 
adapted to different institutional contexts, and, most important, they prescribe 
favored relationships with other disciplines…their domestic affairs may be 
profoundly influenced by a diverse traffic in ideas and problems with neighboring 
disciplines. 
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In his history of biochemistry, Kohler suggests that the disciplinary connotations of 

research are especially important in this field of research, as its history is marked by the 

need to “adapt to an unusual variety of powerful, sometimes domineering, neighbors” 

(Kohler 1982: 7). According to Kohler (1982: 2), disciplinary traditions are among the 

most important forces shaping the “vocational identity” of investigators, as they represent 

the sites “where individual and collective values meet.” Kohler reminds us that the 

rewards for successful research are bestowed first and foremost by disciplinary bodies, 

which define appropriate problems for research, delineate research territories, and guide 

the motivations of researchers. Disciplinary traditions furthermore “allocate the privileges 

and responsibilities of expertise, and structure claims on resources” (Kohler 1982: 1). 

“Intellectual” approaches and “styles” too take on disciplinary connotations. Importantly, 

disciplinary commitments structure the relationship individual investigators have with the 

institutions in which they work – whether the liberal university or the school of medicine. 

As such, one of the problems researchers face has to do with “navigating” the sometimes 

disparate requirements of the institution and the disciplinary tradition (Kohler 1982: 2). 

Kohler points out that much of the history of science concerned with disciplinary forces 

have sought to identify “internal factors” providing coherence to individual traditions, 

and that these “internal factors” have “proved elusive.” In contrast to this, Kohler 

suggests that paying attention to moments of competition among disciplinary traditions 

and strategies of adaptation to institutional environments may be a better way to attend to 

the disciplinary connotations of scientific research: “Patterns of competition may reveal a 

taxonomy of disciplines more clearly than a comparative morphology” (Kohler 1975: 

137). To this I would also add that attending to moments of cooperation among 
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investigators from different disciplinary traditions is a good way to elicit findings 

regarding the nature of disciplinary traditions. In putting it quite plainly, Kohler (1973: 

137) tells us: “We want to be told about the professional pecking order” – a pecking 

order, I might add, that is likely to figure into the ways in which investigators from 

different traditions collaborate (or not) with one another.  

Given recent work in the history and anthropology of the life sciences it is 

perhaps necessary to qualify this position somewhat further. Hans-Jörg Rheinberger 

(2010) and others for instance have suggested that it will become increasingly difficult to 

register the dynamics of modern science within the idioms of disciplinary knowledge. In 

the eyes of Rheinberger and Paul Forman (1997), the reorganization of the relations of 

the sciences to one another and the increasing commercialization of scientific processes 

and products over the last few decades have contributed to the “devaluation of 

disciplines.” Rheinberger theorizes a kind of “drift” always pushing back against the 

institutionalization of scientific disciplines, and he attests that the drive to ever-greater 

specialization in the life sciences has contributed more to the proliferation of “micro” 

disciplines, whose connections expand beyond the traditionally-defined disciplines, than 

toward the consolidation of the traditional disciplines, which are subject to continuous 

revision as new epistemic objects emerge in the process of research. As such, the best 

way to approach the “biosciences” is to consider them as constituted by a vast series of 

experimental “assemblages,” accessible to scientists on a global scale, and into which 

individual investigators might differentially “hook up” in order to create local, often 

novel experimental configurations for research. Rheinberger is keen to articulate how 

these concrete experimental systems give rise to new “epistemic things” (Daston 2000). 
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Rheinberger follows Paul Rabinow (2003) in defining his assemblages as “dense 

configurations” or “nodal points,” and he suggests that the deployment of their various 

elements in local situations is constrained but not entirely predetermined by tradition. 

In agreement with the work of Michel Morange, Rheinberger (2010: 4) 

acknowledges two major historical “assemblages” that have been constitutive of the 

experimental base for a something like a “common” molecular biology, the “discipline” 

with which they have been most concerned. According to Morange (1998 [1994]: 2), the 

“new conceptual tools for analyzing biological phenomena were forged between 1940 

and 1965,” and the “consequent operational control was acquired between 1972 and 

1980” (see also Morange 2009). The early 1950s witnessed the characterization of the 

physical structure of DNA, paving the way for subsequent work in the 1960s, which 

witnessed the molecular deciphering of the genetic code and the discovery of the basic 

mechanisms underlying gene expression and regulation, the latter culminating in Jacob 

Monod and Francois Jacob’s work on the lac operon in E. coli. According to Rheinberger 

(2010: 5), this “classical” phase of molecular biology involved significant borrowings 

from other disciplines including physics and biochemistry – including X-ray 

crystallography and stereochemical modeling techniques, for instance - and thus “these 

years saw the emergence of hitherto unusual forms of disciplinary cooperation among 

biologists, physicists, chemists, and engineers” – with biochemistry conspicuously 

excluded, I would add. For Rheinberger, early molecular biology adopted analytic 

techniques from physics and chemistry without any prior cooperation. His conclusion that 

molecular biology emerged “not as a straightforward continuation of classical genetics 

but from a parallel assemblage sui generis” is of course neither provocative nor contested. 
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Importantly, this early phase of molecular biology witnessed the transition to an entirely 

new grounding of biological theory, from abstract biological models to the use of model 

organisms. Rheinberger cites the development of model organisms as the grounds for 

establishing biology as a “specialized discipline,” a rigorous experimental science in its 

own right, and that this achievement sparked the “subsequent internal diversification” of 

the molecular life sciences. For the first time, life scientists had the means to make 

connections between organisms at the molecular level. Rheinberger (2010: 6) argues that:  

 
That…the concept of the model organism could emerge at all in this period 
presupposed the idea of a general biology…that certain attributes of life were 
common to all living things and could consequently be experimentally 
investigated using particular organisms that were representative of all others. In 
previous centuries, it was the differences between various living creatures that had 
commanded the interest of scientists, who in the natural history tradition had 
sought to account for life forms in all their diversity.  

 
 

Although the connections and origins of the experimental configurations in 

“classical” molecular biology were heterogeneous, Rheinberger suggests that they 

precipitated an emergent set of biological concepts, specifically the theorization of life as 

information, which by the end of the 1960s had given molecular biology a distinctive and 

autonomous character. According to Rheinberger and Morange the 1970s witnessed a 

second assemblage in the molecular life sciences that, as with the first assemblage, 

cannot be traced directly back to the configuration that preceded it. Unlike “classical” 

molecular biology, however, the set of molecular techniques developed during the second 

phase emerged from the knowledge and technological wherewithal of the first 

assemblage, rather than through direct importations from other fields of research. The 

invention of recombinant DNA and cloning technologies in 1972 ushered in a whole new 
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era of genetic engineering which quite literally put biological molecules themselves “to 

work” in investigating the processes and constitution of life itself, while the discovery of 

the polymerase chain reaction provided an abundance of genetic material for 

manipulation and investigation that had previously been unimaginable, while also 

offering novel means of diagnosing illness (See Rabinow 1996). These new forms of 

genetic technologies arose out of the preceding developments in “classical” molecular 

biology, but importantly reconfigured the entire landscape of the life sciences by enabling 

intervention into the processes of life at the molecular level directly. With these tools 

researchers began to understand how remarkably complex the expression, regulation, and 

transmission of genetic information actually is, and in turn these developments led to a 

reconfiguration of the concept of the gene and ultimately to the abandonment of the 

concept of “life as information.”40 Ultimately, for Rheinberger (if not for Morange), 

modern molecular biology is a hybrid science whose constitutive elements include but are 

not limited to experimental arrangements involving chemical reactions, instruments, 

biological materials, and physical structures. The knowledge emerging from local 

arrangements of the vast constellation of these elements is “disunified, fragmented, and 

always driving toward specialization” (Lenoir in Rheinberger 2010: xvii). On this basis, 

                                                        
40 According to Morange (2009: 8), although genetic information remains central to 
current life science research “the focus of research is moving to the dynamic structures of 
proteins as they execute their functions and this is important, not only at the fundamental 
level, but also at the practical level, for the development of new drugs.” Graeme Hunter 
(2000) has drawn attention to a distinction he attributes to the nineteenth century French 
physiologist, Claude Bernard, which continues to organize research activities in the life 
sciences: that of “the executive and the legislative” – concerning, respectively, the 
distinction between the genetic information and the structures produced by the expression 
of that information.   
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Rheinberger argues that present research in the life sciences does not owe its nascence to 

any prior “paradigm” (see Kuhn 1962). 

Importantly for the present work, and as noted earlier, the emergence of new 

experimental arrangements, the generation of novel “epistemic things,” and the 

increasing drive to specialization as outlined in Rheinberger’s treatment of the 

“assemblages” constituting the modern molecular life sciences is constrained but not 

entirely predetermined by (disciplinary) tradition. Although the implications of 

Rheinberger and Morange’s work seem to indicate the inadequacy of “discipline,” it 

seems unreasonable and indeed unproductive to discard “the disciplinary,” just as it 

would be preemptive to throw out “the cultural” despite the emerging issues related to 

“culture.” Another thing worth mentioning is the fact that the discussion above leaves out 

an immensely important disciplinary tradition – that of biochemistry – which figures 

prominently in both past and present research into life’s processes at the molecular level, 

but which nevertheless is quite distinct from “molecular biology” as a disciplinary 

tradition. The present work aims, among other things, to highlight the heterogeneous 

nature of the research undertakings in Dr. Snare’s laboratory while attending to the 

disciplinary connotations of this group, both of which are important considerations in 

attempting to make sense of their interactions with investigators from different 

disciplinary traditions, employing different experimental methods toward solving the 

resolution of entirely different scientific problems.  

It is largely presumed that collaboration among researchers from different 

disciplines will either lead to the “melding” of different traditions if not the development 

of composite experimental methods and the emergence of new lines of inquiry - or that it 
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will not. The “positive” or “productive” aspects of those undertakings that do not lead to 

the blending of disciplinary traditions have been inadequately considered. Although I 

shall make the details more clear in the pages that follow, I was not expecting to observe 

the reaffirmation and reproduction of disciplinary distinctions in collaborative research. 

My primary thesis is that acts of inter-scientific collaboration are not simply opportunities 

to constitute emergent forms of inquiry that advance knowledge and its application, but 

that such instances also represent opportunities to reaffirm and reproduce already 

established disciplinary affiliations while simultaneously participating in what one 

scientist in the field of study referred to as “the spirit of collaboration.” One may play the 

“game” of collaboration, an activity that has increasingly taken on the status of an 

institutional value, without sacrificing one’s commitment to disciplinary traditions. With 

regard to the actual exchanges (of ideas, time, money, personnel, equipment, materials, et 

cetera) that constitute certain kinds of collaborative research among scientists, it is not 

simply that a kind of “esoteric” solidarity is achieved, rather, these exchanges – as with 

exchanges of all sorts in the present era – may take on “strategic” connotations. As I shall 

suggest shortly, considerations of the autonomy or heteronomy of various research bodies 

– and the degree to which certain scientific norms are conserved or delegitimated – are 

helpful means of modeling the social relations of scientists, and perhaps in predicting the 

way in which they will unfold.  

 
 

* * * 
 
  

Leaving aside for the moment the question of whether the products of epistemic 

contests are capable of crossing a certain threshold of scientificity (Foucault 1972 
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[1969]), the analyst of the sciences is justified and indeed compelled to turn his or her 

attention to the particular conditions of the production of these results. Aside from the 

already mentioned influences of three-dimensional space and its technological 

manipulation on the progress of scientific research, I wish to bring to the reader’s 

attention another type of “space” that undoubtedly influences scientific research. This is 

not the strictly geographical or physical space that is more or less “given” to actors in a 

purely phenomenological sense, but rather the space of the social. One theorist whose 

works on the social study of science have been largely (and unfortunately) overlooked is 

Pierre Bourdieu (2004, 1975). Bourdieu’s (1990, 1984 [1979], 1977 [1972]) model 

theoretic analysis of the social relations of actors – scientists included – centers on the 

notion of “fields” – sites or “spaces” of struggle in which individual actors invested in the 

“code” of a given social field vie for domination with respect to one another in 

accordance with the parameters of that field. In the present, social fields of various scope 

and structure (whether scientific, artistic, bureaucratic, etc.) are situated within the larger, 

all-encompassing domain of modern capitalist society, within which the greater struggle 

among classes takes place and within which the dominant form of capital is economic – 

or money – capital. Each of the fields, whether modern capitalist society altogether or the 

more delimited social fields embedded within it, operates according to the parameters of 

the specific “structure and functioning” of that particular field. According to Bourdieu 

(1975: 19):   

 
The ‘pure’ universe of even the ‘purest’ science is a social field like any other, 
with its distribution of power and its monopolies, its struggles and strategies, 
interests and profits, but it is a field in which all these invariants take on specific 
forms. 
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In what follows I attempt to provide some clarity regarding these “specific forms” 

and in the process explain why Bourdieu’s model – with one epistemological 

modification - is useful not only for understanding the functioning of individual scientific 

fields but also, and more importantly for the present undertaking, for making sense of the 

social relations of investigators otherwise primarily invested in separate, autonomously 

operating scientific fields representative of different disciplinary traditions. Before 

turning to the “structure and functioning” of individual scientific fields, however, it is 

important to first say something about the conceptualization of the actors operating 

within them. Within any given social field (scientific fields included), Bourdieu tells us 

that the constituent agents may be conceptualized in terms of three anthropological 

concepts – capital, habitus, and illusio.  

For years, one of the primary unanswered questions posed to the orthodox 

Marxist tradition was the question of how a “class-in-itself” becomes a “class-for-itself,” 

or how the collective class-consciousness ultimately necessary to bring about the 

inevitable arrival of communist society arises (see Kołakowski 1978; Williams 1985, 

1978). For Marx, the concept of class is straightforwardly derived from the relation of 

individuals to their means of production, and, as such, takes on purely economic or 

“material” connotations. In classical Marxism the economy or material base (i.e. 

“infrastructure”) always ever determines the rest of social and cultural life (i.e. 

“superstructure”). In his well-known piece, “Class, Status, and Party,” Max Weber (1946) 

critiqued this notion and suggested that the economic relations of production are not 

always ever determinative of all other aspects of social life – “styles of life,” for instance, 

exert stratifying influences. In addition to economically-defined classes, “status groups” 
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are empirically identifiable and significant as well. Weber qualified the significance of 

Marx’s theory by arguing that during times of social instability the economic dimensions 

of social life assume heightened importance (i.e. “class” or relations of production), while 

during times of social stability connotations of “status” and habits of consumption come 

to the fore and take precedence.41  

Rather than suggest that sometimes class matters and sometimes status matters, 

Bourdieu synthesized the contributions of Marx and Weber by partitioning the notion of 

capital into a variety of types. In doing so, he put forth an essentially integrated definition 

of class that accounts for both the mode of production and habits of consumption, 

obviating in the process the previously vexing problem of class consciousness by 

localizing class matters at the level of individual actors.  

 
A class is defined as much by its being-perceived as by its being, by its 
consumption - which need not be conspicuous in order to be symbolic - as much 
as by its position in the relations of production (even if it is true that the latter 
governs the former) (Bourdieu 1984 [1979]: 483).  

 
 

                                                        
41 By this same mode of reckoning, Weber (1976 [1905]) critiqued Marx’s theory of the 
origin of capitalism, which in his estimation remained stuck in an evolutionary paradox. 
According to Marx, history necessarily moves step-wise through various stages marked 
by fundamentally different organizations in the mode and relations of production. 
However, Marx also argued that the stages preceding the capitalist organization of 
production did not and could not have contained its “necessary” conditions. Thus, Marx 
remained unable to explain the origin of capitalism in purely economic terms. In contrast 
to this, Weber showed through historical research that certain elements Marx would have 
deemed “superstructural” contributed to the origin of capitalism. Specifically, Calvinist 
doctrine contributed in significant measure to establishing the grounds for the emergence 
of the capitalist organization of production. Although initially the accumulation of capital 
was undertaken for the sake of demonstrating pre-determined divine providence, over 
time the imperative of accumulation superseded its religious underpinnings – in essence, 
the “Protestant work ethic” lived on.  
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Like Weber, Bourdieu felt that the Marxist presumption that in each and every case the 

economic “infrastructure” determines the symbolic “superstructure” of society was 

misleading. According to Bourdieu, the problem stems from an impoverished 

theorization of capital and the various forms that are operative in society. 

Bourdieu (1986) differentiated the notion of capital into various types – economic 

capital and symbolic capital, the latter of which may be further divided into social capital 

and cultural capital. For Bourdieu the class position of an individual actor (and position 

within a class fraction) is determined by the “volume and structure” (amount and 

diversity) - or lack thereof - of these specific forms of “social energy” (Bourdieu 1984 

[1979]: 114). For the sake of simplicity, we can equate economic capital with money – 

specifically, it is a type of capital that, when possessed, is immediately available for 

exchange toward the acquisition of goods, services, property and various other kinds of 

financial investment. Roughly speaking, cultural capital is best equated with 

“knowledge.” Bourdieu (1986: 17) writes that cultural capital can exist in both 

“embodied” and “objective” forms – the former representing “long-lasting dispositions of 

the mind and body” and the latter indicating materializations inextricably connected with 

the former. Social capital, Bourdieu (1986: 21) writes, “is the aggregate of the actual or 

potential resources which are linked to possession of a durable network of more or less 

institutionalized relationships of mutual acquaintance and recognition – or in other words, 

to membership in a group – which provides each of its members with the backing of the 

collectively-owned capital, a ‘credential’ which entitles them to credit, in the various 

senses of the word.” Social capital thus includes “connections” like friends and 

colleagues, one’s last name or pedigree, past or present institutional affiliations, “titles of 
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nobility” and so on (Bourdieu 1986: 16). Hence, my earlier statement that for Bourdieu 

class is a summative concept. These various forms of capital are identifiable not only in 

the all-encompassing domain of class relations (i.e. within modern capitalist society) but 

also in the more delimited social fields embedded within this larger domain of class 

relations. Importantly, Bourdieu theorizes that, with certain restrictions, these different 

forms of capital are inter-convertible with respect to one another. Some transformations, 

such as the conversion of “crude” economic capital into “refined” cultural capital, require 

a significant investment of time, and, as “expensive” undertakings, are infrequently 

achieved within a single generation. Other instances are more facile – such as the 

conversion of cultural capital into economic capital – a phenomenon well known to 

“consultants” of all kinds. Whatever else, Bourdieu stresses that, when “properly” 

deployed, specific configurations of capital may be harnessed toward the acquisition of 

further profits – again, economic and symbolic, social and cultural. In each instance, 

actors occupy distinct positions with respect to one another defined by the structure and 

volume of their capital resources, and, using these resources at their disposal, attempt to 

move along the trajectories available to them toward more advantageous positions. 

Bourdieu’s model aims for general applicability to all societies – both “modern” 

and “pre-modern” - and all the social fields that comprise them. It is above all a model 

theoretic analysis of domination. In each case, the logic of practice underpins the 

sociological effects and ramifications of social actions, however these actions may be 

coded by actors themselves. For Bourdieu, the distinguishing feature of modern as 

opposed to pre-modern societies is simply the introduction of money capital into the 

equation, whereas prior to this development symbolic capital largely stood unopposed as 
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the primary “currency” of social life. In each case, the logic of practice operative in both 

modern and pre-modern societies manifests the “misrecognized” strategies of actors, 

directed as they are - in effect - toward the achievement of upward mobility along the 

trajectories available to them within the social fields in which they are invested.  

It is important at the outset to state that in Bourdieu’s model actors do not 

intentionally seek to dominate one another. Rather, the logic of practice is the logic of 

domination (Bourdieu 1992). Actors systematically misrecognize this, and their actual or 

intentions mask the social logic of their own practices. For instance, a certain behavior or 

mode of social functioning may take on a code in social life (i.e. an action justified by 

actors in the name of “moral rectitude”). However else the behaviors of actors get coded 

in social life, the sociological effects of these actions according to Bourdieu is in accord 

with the logic of strategy – the underlying “moves” of the specific “game” in which 

certain actors are invested are ultimately directed toward achieving “victory,” so to speak 

– or positions of domination within the field. The behaviors of actors are therefore not 

what they seem: they are ironic.  The expressed intention of actors in relation to their own 

actions therefore manifests what Bourdieu calls illusio. Bourdieu borrows this term from 

Quintilian, who in his Institutio Oratorio used it to convey a sense of “rhetorical irony.” 

Bourdieu seems to have preferred illusio to the more straightforward notion of irony 

however as a result of its “connotations of mystification” (Faubion, personal 

communication).  

For Bourdieu material and symbolic capital are both “valuable,” although they 

stand in an antagonistic relationship to one another. Symbolic capital connotes a kind of 

honor that is irreducible to material capital. The exchange of symbolic capital for 
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material capital, for instance, may transpire very quickly, although it is the more 

“degrading” of the two directions of conversion. In modern societies, however, material 

capital becomes the dominant form of capital precisely because it is the most easily 

convertible, flexible form of capital in society. The conversion of material capital into 

symbolic capital, or the accumulation of symbolic capital more generally, always requires 

an investment of time and effort. Its acquisition frequently requires the involvement of 

others for its bestowal.42 Material capital, in contrast, may be acquired in an instant. One 

might win the lottery or, in the case of the Beverly Hillbillies, strike oil in the backyard. 

The more common situation, however, is the instantaneous acquisition of material capital 

by right of property inheritance across generations. In the case of the grand bourgeoisie, 

the latter mode of acquisition tends to transpire alongside the imparting of substantial 

amounts of cultural and social capital, whereas in the former mode the “nouveau riche” 

often remain looked down upon by the “old money” as “classless,” lacking in taste or fine 

sensibility (e.g. for instance, the relationship between Rodney Dangerfield’s gaudy and 

coarse-mannered but fun-loving character “Al Czervik” and the established members of 

the upscale Bushwood Country Club who perceive him as uncouth, as portrayed in 

Harold Ramis’1980 film Caddyshack). As everyone knows, many of the rich were born 

rich, and many leverage their inherited assets toward the augmentation of their fortunes. 

                                                        
42 While conducting fieldwork in the collaboration building I witnessed a prominent 
instance of the conversion of material capital into symbolic capital in the lounge area 
outside the graduate student office of the Snare laboratory. During fieldwork, the 
university regularly hosted luncheons for some of its wealthiest donors in order to show 
them the collaboration building and host them for faculty talks on the state of biomedical 
research and the role of the collaboration building in advancing the kind of knowledge 
that will ultimately benefit human health and wellbeing. Although these individuals 
exchange gifts of money for the symbolic capital of having contributed to noble, 
philanthropic causes, this is certainly not at all to suggest the impossibility of being 
“interested in disinterestedness” (See Silber 2009).  
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Most actors, however, work very hard for very little financial compensation in return. It is 

axiomatic in Bourdieu’s system, however, that in every instance individual actors desire 

recognition – of one sort or another – and the question of exactly what kind of 

recognition to seek and in which social field to seek it is a question of great sociological 

significance. Actors wish to be recognized in the social fields in which they are invested, 

and the mechanisms by which they acquire this recognition is related to the accumulation 

and display of an individualized structure and volume of capital. In this regard, the 

scientific actor is no different than the “everyday” actor. While it is true that scientists 

seek “upward mobility” in their respective fields of expertise, the question of the specific 

kind of recognition that individual scientific actors value and actively seek is centrally 

implicated in the problem of inter-scientific collaboration. Individual scientists are likely 

to possess different kinds of capital depending on the scientific fields in which they have 

acquired it, and they may subsequently bring these resources and marks of distinction 

both to the scientific fields of their respective disciplines and to their social relations with 

differently invested actors operating in in their own and other institutions. Comparisons 

among actors are constantly taking place, many of which revolve around considerations 

of autonomy and legitimacy, as well as what we might call the "aesthetics" of scientific 

activity.  

The second important anthropological concept in Bourdieu’s model is that of 

habitus. Habitus, for Bourdieu, is a concept that denotes the corporeal mechanisms by 

which individual agents simultaneously are conditioned by and provide order to their 

experiences in/of the social world, an internalized ensemble of “structured and 

structuring” dispositions. Habitus is therefore a dynamic concept, representative of an 
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“entity” that alternately internalizes and externalizes dispositions, a theory that ultimately 

rests on the notion that expectations and judgments rest upon an individualized 

perspective that could not exist without having first been shaped by forces external to it. 

Habitus represents something like a repository for the “structuring structures” that 

influence actors’ engagements with the world, and as such is the locus where individual 

actors become one type of agent as opposed to another kind of agent – it is the seat not 

only of the knowledge of “pure thought” but also the knowledge possessed by the body 

itself, and it therefore includes not only internalized knowledge but also seemingly 

inconsequential things, such as the way one talks, one’s gait and posture, one’s style of 

dress and other expressions and preferences of taste and proclivity, and technical 

proficiencies of all kinds. Achieving success in the classroom does not simply require 

that a pupil knows the answer to the teacher’s question. It also requires that the student sit 

still at a desk, raise their hand and only speak if called upon, thereby demonstrating 

courtesy and respect for peers and teacher alike, and all the large and small ways by 

which the docile student acquires recognition in the educational field.43 Habitus is 

therefore inextricably linked to capital. Bourdieu (1984 [1979]) paints portraits of all 

kinds of actors in modern capitalist society – taking France as his “case study” - on the 

basis of the volume and structure of the capital they possess, including the working 

classes, the “petit” bourgeoisie, the “grand” bourgeoisie, and others, and he argues that 

particular preferences in the realm of culture (e.g. “judgments of taste” in the arts, sports, 

                                                        
43 This example is not arbitrarily selected, as Bourdieu himself noted that the initial 
impetus for elaborating his theory of the reproduction of domination in society was his 
observation of “the unequal scholastic achievement of children originating from the 
different social classes” (1986: 17). Taking the case of France in the 1960s and 1970s, 
Bourdieu argued that the initial seeds of struggle in modern class-based society are to be 
found in the educational system more generally. 



266 
 

 

music, etc.) bear the specific marks of the classes from which they originate. Although 

many of the elements that will ultimately constitute the habitus are already given, 

Bourdieu argues that individual agents tend to assume the habitus best suited to them 

based on past experience, in connection to what they have learned over time to be real 

(ontology) and good (ethics). Agents therefore act spontaneously in accordance with the 

dispositions and preferences that are manifestations of an internalized habitus. These 

actions therefore reaffirm and re-entrench those same structures that constitute the 

habitus, of which their dispositions and preferences are manifestations.  For Bourdieu, 

this is at the very heart of the fundamental processes of structural reproduction in society. 

Habitus is therefore the “structured-structuring” mechanism by which the external forces 

of the world are taken up and transformed into individualized grounds of definite action 

that ultimately reproduce them. According to Bourdieu (1990: 53):  

 
The conditionings associated with a particular class of conditions of existence 
produce habitus, systems of durable, transposable dispositions, structured 
structures predisposed to function as structuring structures, that is, as principles 
which generate and organize practices and representations that can be objectively 
adapted to their outcomes without presupposing a conscious aiming at ends or an 
express mastery of the operations necessary in order to attain them. Objectively 
'regulated' and 'regular' without being in any way the product of obedience to 
rules, they can be collectively orchestrated without being the product of the 
organizing action of a conductor (Bourdieu 1990: 53).  

 
 
 The working class tends to value manual labor over paperwork, rugby over tennis, a 

muscular body over an effeminate figure, judgments and propensities that are reproduced 

in words and actions across generations and that shape the specific class-based desire to 

attain technical proficiency in the modes of being valued most. Habits enables actors to 

make distinctions about other actors, and alternatively to be distinguished by other actors. 
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In every case actors do not question the social basis of these inclinations, tending instead 

to regard them as purely natural.  

 
One only has to bear in mind that goods are converted into distinctive signs, 
which may be signs of distinction but also of vulgarity, as soon as they are 
perceived relationally, to see that the representation which individuals and groups 
inevitably project through their practices and properties is an integral part of 
social reality…The individual or collective classification struggles aimed at 
transforming the categories of perception and appreciation of the social world 
and, through this, the social world itself, are indeed a forgotten dimension of the 
class struggle (Bourdieu 1984 [1979]: 483). 

 
  

With regard to the training of scientists, Bourdieu (1975) notes that as a result of 

its rigorous entrance requirements, the educational system limits and therefore inculcates 

among a select few a “scientific habitus,” and a familiarity with the rules and norms of 

“official science” necessary to achieve upward mobility within the professions of 

scientific knowledge production. On the socialization of scientists, Bourdieu notes that 

“[t]he principal control is constituted by this entrance fee, i.e. by the conditions of access 

to the scientific field and to the educational system which give access to it. A question 

which deserves attention is that of the properties which the natural sciences…owe to their 

social recruitment, i.e., roughly speaking, to the conditions of access to higher education” 

(Bourdieu 1975: 45). In essence, habitus refers to the internalized structures of society 

that guide actors’ preferences and strategies within the field of class relations as well as 

the more delimited fields within it. As such, the individual habitus bears the marks of the 

class origins of these actors and thereby guides the individual actor along the available 

trajectories deemed appropriate from the perspective of a class upbringing. Assessing the 

process by which scientists are socialized and the influences of this socialization process 

on the prospects and actual undertaking of research are of course daunting tasks which 
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would require years of longitudinal data – perhaps someday someone will be up to the 

task. 

One of the most useful anthropological concepts for the purposes of the present 

analysis and among the most important notions in all of Bourdieu’s oeuvre, is the 

already-mentioned illusio. It is connected to capital and habitus; as opposed to the former 

and the latter, however, illusio refers neither to the specific forms of profit a social field 

might yield nor to the particular forms of practical efficiency most conducive to acquiring 

them but rather to the affective and ethical significance the social field has for the actors 

invested in it. It connotes the sense and degree of absolute interest and investment in a 

particular game, contest, or struggle, its outcome, and above all unconscious commitment 

to its premises and preconceptions, devotion “made more total and unconditional by the 

fact that it is unaware of what it is” (Bourdieu 1990: 66-67). Illusio therefore takes on the 

question of “the meaning of life” - not in a philosophical sense but rather in an 

anthropological and sociological sense, for according to Bourdieu the meaning of life is 

not given to agents, a priori, from the start. Standing in for the absence of a fundamental 

grounding to any singular meaning in social life, on a practical level, is illusio.  

 
Produced by experience of the game, and therefore of the objective structures 
within which it is played out, the 'feel for the game' is what gives the game a 
subjective sense - a meaning and a raison d’etre, but also a direction, an 
orientation, an impending outcome, for those who take part and therefore 
acknowledge what is at stake (Bourdieu 1990: 66).  

 
  

In Bourdieu’s model, actors tend to believe that the specific ways they lead their 

lives are intrinsically meaningful, and illusio is something of a “spell” that takes hold of 

agents and imbues them with such “deep” beliefs. It is a gamble that agents make without 



269 
 

 

necessarily being aware that it is a gamble. Given that the structure and proceedings of 

any given social field resembles a “game,” in that the individual agents constituting it as 

points in social space compete for finite capital resources and therefore positions of 

supremacy with respect to one another, illusio therefore connotes the unquestioned faith 

the invested actors have in the ultimate purpose of the particular game embodied within 

the social field as a whole. According to Bourdieu (1990: 104), one might conceptualize 

his “theory of the logic of practice…as practical participation in a game, illusio.” The 

stronger the collective investment in a social field, the more prolonged its historicity. The 

“spell” is broken when hitherto invested agents withdraw from the contest and renounce 

previously held desires to acquire previously valued profits (Bourdieu 1990: 82). Illusio 

therefore approaches questions of “why?” Why, for instance, do actors invest in certain 

social fields and not others? The answer is that it is not entirely the conscious choice of 

the actors invested in a particular field – other forces are at play, too.  

 
[I]n the social fields, which are products of a long, slow process of 
autonomization, and are therefore, so to speak, games 'in themselves' and not 'for 
themselves,' one does not embark on the game by a conscious act, one is born into 
the game, with the game; and the relation of investment, illusio…is made more 
total and unconditional by the fact that it is unaware of what it is (Bourdieu 1990: 
67).  

 
 

Those actors “born” into a field therefore assume an orientation to the social 

world that is shaped by the “lens” of mental structures transposed and internalized from 

the objective structures of the social field itself – things appear as such precisely because 

they are “obvious.” As a result, such actors are simultaneously socialized to assume a 

practical habitus consistent with the field and therefore enhanced probability of achieving 

domination within it (Bourdieu 1998). Recalling that in Bourdieu’s analytical scheme 
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individual social fields need not necessarily be governed by the purely economic capital 

of financial currency, and that a variety of possibilities are in fact possible, social fields 

may very well appear unusual – indeed even completely arbitrary – from the perspective 

of outsiders unfamiliar with their proceedings, stakes, and internal consistency. For those 

actors who do however “buy into the game,” these conventions and goals need no 

external justification; they are automatically taken quite seriously.  

Interestingly, Bourdieu (1998) identifies a situation in which “outsiders may be 

totally indifferent to a game despite possibly having extensive knowledge about it.” In the 

epistemic domain, it is certainly not inconceivable that certain scientific actors may have 

extensive knowledge about physics, chemistry, or biology all the while being primarily 

invested in one or the other, or one sub-discipline thereof or another. Bourdieu (1998) 

also notes that agents may undertake activities on behalf of the social field in which they 

are invested and wherein lies their illusio, and that such actions are not “genuinely 

disinterested” so long as the strategic intent is to gain symbolic capital as a result of 

“selfless” contributions to the social field – and, perhaps I might add, in order to enhance 

the symbolic capital of their social field – and thus their own derivative symbolic capital - 

relative to others. At this point, there is sufficient background to commence a discussion 

of the specificity of the scientific field.  

As a starting point, for Bourdieu, although the products of science may be 

objective, certain social conditions are indispensable if “reason” is to be harnessed and 

progressively directed toward an ever-finer understanding of the truth of things – 

specifically, a “scientific field” of a particular structure and mode of functioning is 

required (Bourdieu 1975). True as it may be that the history of those scientific disciplines 
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that have crossed the threshold of scientificity may be written from the point of view of 

the present (such that the narrative proceeds toward an ever sharper refinement of the 

truth of things – more on this to come) (Foucault 1972 [1969]), it is equally true that 

scientific contests are not simply won or lost due to the sheer power of ideas themselves – 

such, as Bourdieu tells us, is consistent with the idea of “hagiography.” At best, the 

notion that the “intrinsic strength” of the “best” idea alone that determines whether or not 

it will emerge victorious over competing ideas is incomplete, at best (Bourdieu 1975: 19).  

Scientific fields, Bourdieu tells us, are venues of fierce competition where the 

stakes are, above all else, monopoly over scientific authority. The prestige of scientific 

authority constitutes a highly unique and immensely valued and valuable form of social 

capital, a type of symbolic capital available to certain actors in Bourdieu’s model. Along 

with economic capital (i.e. money) and other forms of symbolic capital including 

knowledge itself (a kind of cultural capital), Bourdieu argues that all of these various 

types of resources may be exchanged for the same or other forms of capital.44 The 

scientific career entails many instances of transfer among these forms of capital, such as 

when the scientist needs to invest the cultural capital contained in his or her grant 

application for the material capital necessary to build a laboratory or purchase equipment 

(thereby enabling him or her to acquire additional knowledge (cultural capital) and 

subsequently additional social capital (i.e. scientific authority), and so on). Although 

similar to the kinds of social capital encountered in “everyday life,” scientific authority is 

a highly unique form of social capital because the means by which it is bestowed upon 

                                                        
44 “Scientific authority is thus a particular kind of capital, which can be accumulated, 
transmitted, and even reconverted into other kinds of capital under certain conditions” 
(Bourdieu 1975: 25). 



272 
 

 

particular agents requires the collective assent of all the other scientist-competitors that 

are equally invested in the same procedures of profit acquisition. Bourdieu (1975: 23) 

writes that in the special case of science “the producers tend to have no possible clients 

other than their competitors,” and, as a result of this, the particular interests of individual 

scientists increasingly align with those of other scientists. In this manner, for Bourdieu, 

one of the conditions for the progress of reason is established. Unlike in the realm of 

class struggle more generally, in which social capital is often acquired simply by birth, in 

the specific situation of science authority and prestige are acquired only after similarly 

interested and invested (antagonistic) actors (who would otherwise like to reserve it for 

themselves) collectively assent (by their very participation in the contests of the scientific 

field) to its bestowal. The “judges” that determine whether or not potential contributions 

will be accepted or rejected as scientific knowledge (i.e. in the form of publications and 

other kinds of symbolic profit) are simultaneously “party to the dispute” (Bourdieu 1975: 

25). Scientific actors therefore tend to focus on those problems deemed important not just 

to themselves but to other scientists as well, specifically their competitor-peers, precisely 

because recognition and reward in a given scientific field is achieved only as a result of 

having contributed to the solution of those research problems deemed pertinent by the 

other scientists competing for recognition within it. Reputational capital and authority are 

doled out only in discrete amounts that furthermore cannot be shared by multiple groups 

of investigators. The heightened importance placed on priority of discovery and 

originality of contribution therefore further intensifies the contests for prestige in the 

proceedings of the social fields of science. As Bourdieu (1975: 26):  
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A scientist who makes the same discovery a few weeks or a few months later has 
been wasting his time, and his work is reduced to the status of worthless 
duplication of work already recognised (and this is why some researchers rush 
into print for fear of being overtaken). The notion of "visibility"…clearly 
expresses the distinctive, differential value of this particular kind of social capital: 
to accumulate it is "to make a name for oneself," one’s own name (and for some, 
their first name), a known, recognised name, a mark which immediately 
distinguishes its bearer, lifting him as a visible form out of the undifferentiated, 
unregarded, obscure background in which the common ruck remains.  

 
 
As a result of all of this, for Bourdieu the stakes of scientific contests are essentially 

“overdetermined.” This is so because both epistemic interests and socio-political interests 

motivate scientists, and for Bourdieu (1975: 21-22) it is ultimately “pointless” and 

probably impossible to try to partition these determining influences.45 Whatever else, and 

as the quote above reminds us, epistemic interests alone do not account for the unfolding 

of scientific contests - we know, for instance, that the thirst for truth alone is not the sole 

motivation for pursuing that truth precisely because the researcher whose discoveries are 

communicated by others prior to their having a chance to do so is certain to become 

extremely disappointed. Therefore: 

 
What is regarded as important and interesting is what is likely to be recognised by 
others as important and interesting, and thus to make the man who produces it 
appear more important and interesting in the eyes of others (Bourdieu 1975: 22).  

 
 
Symbolic capital is thus earned through acknowledgement by epistemic competitors 

engaged in the very same research problems. The more so that this is the case, the greater 

the degree of the autonomy of the field will be. As emphasized earlier, there is no direct 

analogy to this in the “everyday” class struggles of modern capitalist society.  

                                                        
45 There is an important connection here to Latour and Woolgar’s (1979) theorization of 
the “credit cycle” in science.  
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In this theoretical context, therefore, it makes sense that the instances which 

tended to elicit the strongest emotions from Dr. Snare – which were certainly very few 

and far between throughout the duration of fieldwork – were those specific instances in 

which would-be rival authors published research within the field of membrane fusion 

without acknowledging what he deemed to be relevant findings made previously by his 

own group and/or those of his close colleagues. In the couple of instances that I witnessed 

during weekly laboratory meetings, the nature of the exception tended to unfold as such: 

a discussion of a recently published paper in the field of membrane fusion ensues; on the 

basis of their findings presented in the paper, rival authors arrive at conclusions and pose 

questions for future investigation in the closing remarks of their communication; Dr. 

Snare expresses his frustration that these are the kinds of queries that could have been 

addressed (or at least modified toward more productive ends) had the rival authors 

referenced and integrated into their discussion other findings that they had ignored or 

perhaps overlooked. It struck me that Dr. Snare spoke as something of a guardian or 

“shepherd” of the field, a custodian whose duties include protecting the field from the 

encroachment of what Bourdieu (1975) would call “pretenders.” Among other things, and 

although not explicitly stated by Bourdieu this ethnographic instance suggests that the 

question of which agents in a given scientific field at any time constitute “pretenders” is 

very much open for debate among the invested scientific actors. More than anything it 

seemed to perplex Dr. Snare how anyone so familiar with the ongoing proceedings of the 

field of membrane fusion research could have overlooked these important findings , and 

as a result of this, in his mind, an unnecessary obstacle to the progress of the field as 

whole had thus been established. In his theorization of the social fields of science, 
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Bourdieu argues that scientific authority is not something that scientists simply view as a 

“feather in the hat.” Rather it is valued so greatly precisely because those who possess it 

possess a degree of control over the proceedings of the field itself. With regard to the 

ethnographic datum that I have just presented, that a group of competitor-peers 

overlooking the individual contributions of others in the field of membrane fusion 

research elicited such a spirited reaction in the overlooked lends support to the claim that 

the acquisition and maintenance of scientific authority is the primary motivating factor at 

play in the proceedings of scientific fields, as does the perceived resentment of those 

“pretenders” that have perhaps just arrived on the scene (and perhaps even carried off 

some of its profits) without having taken the time to research (and therefore respect) the 

authority of those that have preceded them in making contributions to the proceedings of 

a given scientific field. This resentment is especially strong given that what is at stake in 

the fields of science - the social capital of scientific authority – provides some influence 

over the terms of the ongoing contest and therefore the “official” requirements for 

achieving symbolic profits within the field.46 

                                                        
46 Similarly, in the other types of symbolic struggle taking place in “everyday life,” actors 
are likely to feel slighted or disrespected when the other agents in the field in which they 
are invested alternately overlook, ignore, or disregard the symbolic currency they have 
earned within it. In the domain of urban sociology, for instance, Elijah Anderson (2000) 
has distinguished actors invested in “decent” codes from actors invested in “street” codes. 
The former agents are invested in pursuing upward mobility in accordance with the 
officially sanctioned values of the middle-class and through the legitimated institutions of 
society - specifically, the educational system. In contrast, “street” folk reproduce a system 
of values based primarily on a currency of “respect” in direct contradistinction to the 
officially sanctioned codes of society. Like scientific actors vying for domination with 
respect to one another within the fields of science, street actors vie for domination with 
one another within fields that are delimited from (and effectively dominated by) the 
overarching field of class relations writ large. Here within the fields of the street, the 
symbolic capital of “respect” is roughly analogous to “scientific authority” within the 
fields of science. From the perspective of those agents invested in the code of the street, 
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I cannot believe they did not cite [“investigator one”] or [“investigator 
two”]…These “little people” make precise calculations based on absolutely 
uncontrolled situations. They say things that you cannot do and then laugh out 
loud. When you actually try to do what they are suggesting it is just a complete 
mess. You get mounds of [protein] that is just garbage. I trust these guys as far as I 
can throw them. There are just way too many unknowns to make the kinds of 
arguments they are trying to make. They are trying to make recombinant proteins 
in E. coli, the functional fraction of which they have no idea – the entrapment 
assay they are using assumes monodispersity and you cannot do that with 
[protein]. There are caveats buried deep in this paper (Paraphrase from field notes, 
13 April 2010).  

 
 

                                                                                                                                                                     
street actors are not only different from but also superior to “decent” folk. Given that they 
are disqualified from pursuing legitimate upward mobility along the officially sanctioned 
trajectories of society, this makes sense. Nevertheless, although street actors 
systematically view themselves as different from and superior to decent folk, they are 
thoroughly dominated by the decent code, and, having effectively no power to change the 
dynamics of the decent code, must always ever adopt positions in relation to it. Although 
it too is dominated by the logic of the field of class relations and must ultimately situate 
itself in relation to this, the delimited fields of science possess a far greater degree of 
legitimated autonomy than the thoroughly dominated fields of the street. Although similar 
in some respects, they are therefore quite different. Excluding others from access to the 
social capital of respect within the fields of the street largely centers on the threat of 
physical violence. Excluding others from access to the social capital of scientific 
authority is a far more nuanced activity, of course. Although in each instance the 
dominant actors in the respective fields strategize in a manner that legitimates and 
perpetuates their positions of authority and domination within it, the holders of scientific 
authority possess a greater degree of control over the very constitutive dimensions of the 
fields of science than do the holders of respect in the fields of the street. The fields of 
science furthermore stand alongside and indeed rely on the legitimate institutions of 
society, unlike the fields of the street which operate in direct antagonism to these 
institutions. Scientists therefore seek to achieve autonomy from the “cruder” workings of 
society in order to pursue “the truth” - undertakings the results of which may or may not 
in fact in the final analysis be directly relevant to matters of societal interest - as a result 
of having achieved the highest positions of domination within the officially sanctioned 
institutions of society (i.e. the educational system). Scientists wish to dictate the terms of 
scientific contests without any interference from society, such that the contests of the 
fields in which they are invested are influenced by scientific concerns alone. In stark 
contrast, in the fields of the street the currency of respect only acquires its meaning in 
relation to the dominant codes of society – the school system, the legal system and the 
police, and so on – which therefore dictate the terms of street contests “from above.” By 
comparison, real autonomy is only available to the scientists.  
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Toward the end of his time in the laboratory and in the context of a discussion 

about what kind of career he might like to pursue upon graduation, one of Dr. Snare’s 

graduate students – indeed his finest and most productive graduate student, it seemed – 

shared with me some of his thoughts about the field of membrane fusion, thoughts that 

turned out to be particularly illuminating with regard to the social dynamics of the field. 

It seemed to him that in the grand scheme of things SNAREs and other membrane fusion 

proteins are such small things to study, which makes the fact that there are so many 

people working on them all the more remarkable. For him, the scientists of the field 

“fight” over the smallest things, including highly nuanced theoretical debates that to 

anyone other than this highly specialized group of investigators would be of negligible 

interest. Whatever else, this graduate student let me know that although he loves the 

science of membrane fusion itself he was somewhat put off by the ferociousness of the 

field, in particular the less-than-subtle jabs published in the literature by competing 

investigators that known to be on less-than-friendly terms with one another. These are 

often snarkily-written statements embedded within the texts of publications that would 

otherwise go unnoticed by anyone less than heavily invested in the contests of the 

membrane fusion field – indeed, they are therefore quite personal. To him it all seems 

superfluous and unnecessary. With regard to the omission of references of others’ 

contributions to the field (and thus the symbolic capital of these agents), it does not seem 

to matter whether or not they are in fact intentional or unintentional - such oversights will 

invariably be interpreted as slights, and some kind of a symbolic retaliation is to be 

expected. If nothing else, potential contributors should know the “lay of the land” before 

jumping into its contests. Even worse is the slight by an investigator who is in fact 
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familiar with the ongoing proceedings and state of affairs of the field! As a result of this 

graduate student’s in-depth familiarity with the field as a result of having attended 

conferences and his thorough knowledge of the relevant literature, in his opinion all too 

often investigators “overreact” to these perceived slights. Although this graduate student 

understood perfectly well why these scientific actors took such exception to not being 

cited or acknowledged, he did not share the same emotional responses.  Most of the time, 

he felt that specific instances of non-acknowledgement are simply honest omissions, free 

of any personal motivations whatsoever, and he did not see the value of retaliating at 

one’s rivals in publications. By all accounts, during his time in Dr. Snare’s laboratory this 

graduate student was so brilliant that he could have subsequently pursued any field of 

inquiry in the life sciences as a post-doctoral and/or tenure-track professor researcher. 

Upon graduation he received and accepted a prestigious post-doctoral fellowship at a 

major medical center to investigate the role of microRNA regulation of intra-cellular 

signaling networks in cancer cells.  

Together with Bourdieu’s theorization of the social relations of scientific actors, 

these ethnographic data help to explain the functioning of individual scientific fields. 

With regard to the inclusion and exclusion of epistemic actors from specific scientific 

fields, Bourdieu points out that as a scientific field takes shape and matures over time, 

and as the solutions to problems of shared interest lead to ever more finely posed 

problems to solve, so too does the “cost of entry” for participating in the proceedings of 

that field. Frequently the resources required to keep up with the pace and sophistication 

of the particular lines of inquiry that are prioritized within a given scientific field at a 

given point in time are simply too steep, and many if not most scientists will pack up 
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their resources and take them elsewhere, specifically, to other scientific fields judged by 

the actors more likely to “yield better returns on investment.” As a result, Bourdieu 

(1975: 23) writes that the analyst of science must attend to the decisions of scientific 

actors not simply as epistemic decisions but also as strategies of “political 

investment…directed, objectively at least, towards maximisation of strictly scientific 

profit, i.e., of potential recognition by the agent's competitor-peers." The strategies of 

individual scientific agents in making decisions about which scientific contests to enter 

therefore depend, in part, on judgments about the amount and diversity of their resources. 

As such, the ambitions of the individual scientific actor are often correlatively adjusted in 

accordance with these judgments.  

As we have just discussed, according to Bourdieu one of the most important 

defining elements of scientific authority that distinguishes it from the “ordinary” social 

capital of “everyday life,” is the fact that it provides the actors who have achieved it with 

some degree of influence and power over the constitutive dimensions of the scientific 

field itself. On the surface of things, it seems obvious that the established knowledge 

producers of a given scientific field will have a “head start” over any outsiders aspiring to 

join in the ongoing proceedings of the field: greater familiarity with the problems at hand, 

already constructed apparatuses of data production, alliances with other laboratories, etc. 

Probing deeper into the situation, however, it is realized that  as part of “the struggle 

[that] every agent must engage in order to force recognition of the value of his products 

and his own authority as a legitimate producer,” those agents who emerge victorious in 

scientific contests acquire the power to define the problems of greatest priority and 

interest, for instance, as well as what constitutes the most legitimate means (i.e. in terms 
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of theories and methods) of addressing those problems (Bourdieu 1975: 23). Thus, within 

the individual fields, there exists “a social hierarchy of objects and methods of treatment” 

(Bourdieu 1975: 42). It is therefore no coincidence that what is at stake in a scientific 

field at any given moment will tend to be the definition that is of greatest convenience to 

those occupying the positions of domination within it. The attributes and attainments of 

science that the dominant scientists tend to value most will tend to be those same 

attributes that they themselves possess. As such, these elements are likely to reappear in 

the strategies that the dominant actors of a scientific field employ in attempting to 

perpetuate their positions of authority within the scientific field. For Boudieu (1975: 24), 

“the dominant are those who manage to impose the definition of science which says that 

the most accomplished realisation of science consists in having, being and doing what 

they have, are or do.” Thus, the consolidation of scientific expertise is achieved not 

merely through having produced truth but also because the very production of that truth 

also contributes to defining the stakes of the ongoing scientific struggle itself. “In the 

scientific field as in the field of class relations,” Bourdieu (1975: 24) writes, “no 

arbitrating authority exists to legitimate legitimacy-giving authorities.”  In science as in 

the field of class relations more broadly, the dominant tends to present “what is” as “what 

ought to be.” Although Bourdieu argued over and again that arguments supporting the 

legitimacy of inequality in terms of class positions (i.e. the status quo) are ultimately 

based on socially arbitrary presumptions, this is not so in the case of science.47 For 

                                                        
47 In what counts as one of the most interesting wrinkles in Bourdieu’s entire model 
theoretic apparatus, claims to scientificity – including his own claims – are not, when 
truly legitimate, arbitrary. With this in mind, Bourdieu asks (1975: 31): “What are the 
social conditions which must be fulfilled in order for a social play of forces to be set up in 
which the true idea is endowed with strength because those who have a share in it have 
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Bourdieu, domination in science is a legitimated form of domination – perhaps the only 

legitimate form of domination in society. This is so because competing scientists must 

apply “the same means in the service of the same intentions” (Bourdieu 1975: 33 quoting 

Reif). Following Weber (1946), science is therefore more of an aristocracy than a 

democracy. In contrast to all of the other forms of domination within Bourdieu’s model, it 

is actually a good thing that science proceeds aristocratically. Unlike in the case of direct 

economic exploitation, for instance, domination in science is a legitimate form of 

domination in society precisely because the outcome of self-interested scientists 

“competing over the truth” actually results in the progress of reason. According to 

Bourdieu (1975: 33):  

 
[A]s accumulated resources increase, together with the amount of capital needed 
in order to appropriate them, so the market in which the scientific product is put 
on offer increasingly becomes restricted to competitors who are increasingly well 
equipped to criticize it rationally and to discredit its author.  

 
 
Therefore, Bourdieu quarantines to the domain of science Adam Smith’s (1994 [1776]) 

argument that the unfettered pursuit of self-interest ultimately serves greater interests.   

Returning to the internal dynamics of scientific fields, as it is in the field of class 

relations in modern capitalist society so too can the delimited scientific fields within it be 

described according to the hierarchical positions of the actors populating the field - 

positions determined by the “volume and structure” of an individual agent’s capital 

resources, acquired as a result of profits previously won. As such, Bourdieu provides “a 

rigorous definition” of scientific fields as “objective” spaces “defined by the play of 

                                                                                                                                                                     
an interest in truth, instead of having, as in other games, the truth which suits their 
interests?" 
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opposing forces in a struggle for scientific stakes” (Bourdieu 1975: 21). In the ideally 

functioning scientific field, “all scientific practices are directed towards the acquisition of 

scientific authority” (Boudrieu 1975: 21). Within this setting the ideal autonomous 

scientist reinvests without exception and without hesitation any newly acquired scientific 

“profits” immediately back into the operation of the further production of truth and the 

acquisition of authority related to that production. Bourdieu (1975: 29) points out that, 

theoretically speaking, the structure of a scientific field may vary between two extremes 

(neither of which is ever actually realized): 1) “the situation of perfect competition” in 

which there is “equal distribution among all the competitors” and 2) “the situation of a 

[complete] monopoly of the specific capital of scientific authority.” In reality, Bourdieu 

(1975: 29) tells us:  

 
The scientific field is always the locus of a more or less unequal struggle between 
agents unequally endowed with the specific capital, hence unequally equipped to 
appropriate the product of scientific labour accumulated by previous generations, 
and the specific profits (and also, in some cases, the external profits such as 
economic or strictly political benefits) which the aggregate of the competitors 
produce through their objective collaboration by putting to use the aggregate of 
the available means of scientific production. In every field there is a permanent 
struggle between forces that are more or less unequally matched depending on the 
structure of the distribution of capital in the field… - the dominant, who occupy 
the highest positions in the structure of the distribution of scientific capital, and 
the dominated, i.e. the newcomers to the field, who possess a scientific capital the 
amount of which…increases in proportion with the accumulated scientific 
resources in the field.   

 
 
As a result, the structure of a given scientific field at a given moment is the result of past 

struggles to achieve supremacy within it. As such, it takes shape “through the 

intermediary of the strategies for conservation or subversion of the structure which the 

structure itself produces” (Bourdieu 1975: 27). The dominant scientists thus aim to 
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conserve the existing structure while newcomers may or may not aim to change it in 

striving to become dominant scientists within it. Bourdieu (1975: 33-34) feels that 

Kuhn’s (1962) theory of scientific revolutions is ultimately an oversimplification – valid 

for “early modern” science, perhaps – that does not adequately account for the “the 

competitive anarchy of [the] self-interested actions of [individual scientific actors],” a 

situation in which “each agent [finds] himself dominated - as is the whole group - by the 

seemingly incoherent criss-crossing of individual strategies.” In other words, although 

Kuhn’s notion of “normal science” may come close to capturing the mood of an already 

established or dominant coterie of scientists, it overlooks and underappreciates the fact 

that, whatever else, a state of ongoing contestation is the always norm.  

  Bourdieu identifies a number of strategies scientists may use in their efforts to 

secure the prestige of scientific authority, depending on their objective position within the 

scientific field of interest. Newcomers to an already established scientific field frequently 

employ either “succession” or “subversion” strategies. Succession strategies are more 

conservative in nature, and the newcomer who succeeds in this regard is likely to achieve 

a “predictable career” marked by profits that “realise the official ideal of scientific 

excellence through limited innovations within authorised limits.” In other words, the 

actor who acquires scientific authority in this manner is likely to achieve modest rewards 

as a result of having made contributions to the scientific field as a result of playing by the 

“rules of the game” that were already established by the prior  dominant scientists 

(Bourdieu 1975: 30). In contrast, subversion strategies are “infinitely more costly and 

hazardous investments which will not bring them the profits accruing to the holders of the 

monopoly of scientific legitimacy unless they can achieve a complete redefinition of the 
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principles legitimating domination" (Bourdieu 1975: 30). Correlatively, the investigators 

that succeed in establishing scientific knowledge through subversion strategies can expect 

more than modest scientific authority as a result of having redefined the stakes of the 

field and the acceptable theories and methods for acquiring scientific prestige. When 

successful (which, to be sure, rarely happens), these actors can expect to find themselves 

among a new “class” of dominant scientists in the field. Thus, in the spirit of science and 

open competition, newcomers are welcome, but the risks they face are the risks of 

uncertainty and “opportunity cost” – hypothetical profits that could have been accrued in 

other scientific fields while engaging in the contests of other scientific fields.  

In their famous work, Laboratory Life: The Social Construction of Scientific 

Facts, Latour and Woolgar (1979) criticized Bourdieu for treating the scientist like a 

“businessman” – a charge that in retrospect is quite ironic, given the fact that many have 

criticized Latour himself for effectively employing a notion of subjects as an ally-seeking 

rational actors. In addition, Latour and Woolgar (1979) also mocked Bourdieu for 

attempting to establish a connection between science and “haute couture.” Nevertheless, 

as I have shown thus far, I do not believe it is as silly a connection as they think. The 

primary motivation of both scientists and artists, for instance, is the acquisition of a very 

definite type of symbolic capital, and in their efforts to “outclass” the opposition 

scientists and artists alike are expected to demonstrate familiarity with the preceding 

contributions of their respective fields. In one way or another, and in both of these 

domains, novel or original productions ought to include some acknowledgement of these 

precedents – whether via integration or subversion – in their efforts to “outclass” or 

transcend the opposition.  
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In addition to the abovementioned strategies that individual scientific agents may 

employ in seeking to acquire epistemic authority and prestige within a given scientific 

field, Bourdieu (1975) identifies another set of strategies. What he has in mind here is 

best exemplified by the situation in which an investigator form a “highly prestigious” 

scientific field brings his or her knowledge, methods, and/or theories to bear on the 

specific problems of a different, perhaps “less prestigious” scientific field. One instance 

that immediately comes to mind is the interesting collaboration that transpired between 

biologists and physicists (with traditional biochemists notably excluded) in the discovery 

of the molecular structure of DNA, first announced in 1953 by Watson and Crick. In 

contrast to the painstaking, deliberate and methodical experiments of biochemists and 

bacteriologists (working in the “slime” of living organisms), a group of “swashbuckling” 

physicists and physical chemists “swooped” down into the field of contest and took home 

the most revered of all prizes in the field of biology, an enduring model of the hereditary 

material itself (Kohler 1982: 324-334; Hunter 2000: 287-313). By combining the 

methods of X-ray crystallography on isolated samples of DNA in conjunction with the 

theory of stereochemistry, Watson and Crick announced, to the satisfaction of traditional 

biologists, that they had achieved a model of DNA that “immediately” lent itself to 

explaining the transmission of hereditary material. Thus with this achievement the 

disciplinary status of molecular biology was solidified and indeed exalted. As 

exemplified by the often cantankerous biochemist Erwin Chargaff, a figure whose earlier 

discoveries showed that in every DNA molecule there are equal concentrations of adenine 

and thymine on the one hand and guanine and cytosine on the other, many traditional 

biochemists greatly resented what they perceived as a deliberate encroachment on their 
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territory. Believing that if they had simply been given more time – and had they not been 

required to fulfill routine service obligations to clinical medicine – many biochemists 

believed that they would have been the ones to discover the molecular structure of DNA. 

In the aftermath of the announcement Chargaff went so far as to characterize the new 

field of the 1950s as such: “molecular biology is essentially the practice of biochemistry 

without a license” (Hunter 2000: 312). As this historical example shows, therefore, 

something like a “one-way reciprocity” may exist among the various scientific fields. 

Furthermore, it is not always so well received by those already established within a given 

scientific field. This notion is particularly important for the present analysis of inter-

scientific research for a couple of reasons: 1) in the original conception of the 

collaboration building, for instance, we see a strong emphasis on bringing the methods of 

physics and chemistry to bear on biological problems – an idea which is not new - with 

the hopes of achieving a kind of “conversion” of disciplines at the level of the atoms and 

molecules that constitute living tissues themselves; and 2) it points to the differential 

relations of the scientific fields and the disciplines in which they are historically 

grounded and, as such, highlights the need to further investigate the nature of the 

exchanges that may or may not take place between the various fields of science and the 

sociological ramifications of these phenomena.  

Bourdieu’s model is therefore immensely helpful for making sense not only of the 

individual scientific fields and their relations to society but also for making sense of the 

collaborative relations among investigators otherwise invested in different scientific 

fields whose historical origins lie in different disciplinary traditions. As the above 

historical example shows, there is a hierarchy of the scientific disciplines and associated 
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fields of research. This hierarchy furthermore, according to Bourdieu (1975: 42), 

“strongly orientates” the practices and vocational choices of actors as they progress 

through their formal education and training. Bourdieu argued that the cultivation of 

scientists does not merely involve the refinement of scientific perception, as though it 

were a latent tendency in all subjects, but that among other things it represents a process 

of internalization of a specific set of stakes and motivations, more or less autonomous in 

relation to the interests of the technocratic class and therefore the dominant class of 

society as a whole. It is therefore no surprise that Bourdieu (1975: 19) placed a quote 

from the French historian of science Gaston Bachelard (in Le rationalisme appliqué) at 

the very beginning of his article on the social conditions of the progress of reason: "The 

training of the scientific mind is not only a reform of ordinary knowledge, but also a 

conversion of interests." 

In both the field of class relations and in the delimited fields of science alike, 

Bourdieu (1975: 34) argues that struggles to achieve supremacy are waged against the 

background of what he calls doxa, defined as the sum of the collectively held 

“unthought” or unconscious beliefs that competitors or antagonists alike “regard as self-

evident and outside the area of argument, [precisely] because they constitute the tacit 

condition of argument.” For Bourdieu, doxa is (re)produced and “presupposed” in the 

very operation of fields. Doxa exercises a censorship function by “delimit[ing] the field 

of objects of legitimate argument” (Bourdieu 1975: 22).48 In relation to doxa, orthodoxy 

connotes the defense of dominant or currently held beliefs and institutions (i.e. frequently 

                                                        
48 For Bourdieu (1975: 34), doxa is “the totality of what is set beyond discussion by the 
mere fact that the agents accept the issues at stake in the argument, i.e. the consensus on 
the objects of dissensus, the common interests underlying conflicts of interest, all the 
undiscussed, and unthought areas tacitly kept outside the limits of the struggle." 
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found in succession strategies) whereas heterodoxy connotes “innovation” around 

dominant or currently held beliefs and institutions (i.e. frequently found in subversion 

strategies). Bourdieu insinuates that both orthodox and heterodox gestures are vital to the 

health and progress of scientific fields because together they collaborate toward the 

achievement of ever more finely characterized truths. There is a need for diverse forms of 

interrogation “because the forced agreement in which reason is generated leaves less and 

less room for the unthought assumptions of doxa” (Bourdieu 1975: 33).  

The more autonomous a given scientific field is - the more that it is allowed to 

meander according to the logic of its own contests without interference from outside the 

field - the more fierce will be the nature of the competitions for authority within it, the 

more “rocks” will be unturned, and the more fruitful will be its debates about the truth of 

things.  

 
All the processes accompanying the autonomisation of the scientific field are in 
dialectical relationship: thus the constant raising of the cost of entry implied in 
accumulation of the specific resources contributes in return to the autonomisation 
of the scientific field by setting up a social separation from the profane world of 
laymen, a separation made all the more radical by the fact that [this 
autonomisation] is not sought for its own sake (Bourdieu 1975: 45).   

 
 
It is clear from this characterization, therefore, that the degree of autonomy that a given 

scientific field possesses is something of a marker for the “quality” of the science taking 

place therein. The more autonomous that a scientific field is, the more so that influences 

from outside of the scientific field have on the science taking place therein are 

minimized, the more likely are the invested scientists to be disinterested in anything but 

the solution to those problems deemed most pressing by them and them alone. And, 

correlatively, the more so it will be seen in ethnographic investigations of science that so-
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called “pure” scientists value, perhaps above all else, their autonomy as investigators and 

the autonomy of the scientific fields from which this personal sense of autonomy is 

ultimately derived. This point is critical. For the sake of the present analysis, the most 

important take-away point here is not so much whether it is truly the case that greater 

autonomy correlates to better science (disclosure: in all likelihood, I believe it probably is 

the case) – but that there is sociological significance to this. In terms of this autonomy, 

my ethnographic findings suggest that scientists are acutely aware of the status of the 

scientific field to which they are committed and invested, although this may be expressed 

more or less explicitly and in different ways by scientists of the various epistemic fields. 

Furthermore, the more autonomous a given scientific field is, the more likely are the 

scientific actors invested in this field to be sensitive to this status. This is especially true 

of the so-called “basic” scientists, including Dr. Snare, for whom autonomy is among if 

not the most hallowed of all the institutional values available to them. Although he was 

decidedly committed to what he called “the spirit of collaboration” and sought, within his 

means, to be a good “scientific neighbor” to the other inhabitants of the collaboration 

building, on multiple occasions Dr. Snare stated that the decisions that were made to 

construct and populate the building were “not based on science.” In a setting in which 

more or less extra-scientific interests (i.e. the generation of wealth, the development of 

societally-relevant technologies, etc.) comingle with scientific interests, this, I believe, is 

testament to the importance certain actors place on the autonomy of science. Indeed, the 

autonomy of science is something that so-called “basic” researchers are ready to defend - 

at least in their rhetoric - against perceived encroachment from outside or extra-scientific 

influences, regardless of whether or not those influences are valued and nurtured within 



290 
 

 

the institutions that directly employ these actors (i.e. increasingly the academy itself). The 

scientific actor who somehow loses his or her connection to an autonomous field of 

scientific research subsequently experiences a loss of personal autonomy that had hitherto 

profoundly contributed to the vocational identity of that agent. This has specific 

implications for understanding the social relations of knowledge producers in general, 

including the social relations of scientific actors and other agents invested in the same 

scientific fields, to would-be inter-scientific collaborators otherwise invested in very 

different scientific fields, and to actors operating outside of or perhaps in parallel to any 

scientific field whatsoever, including those actors laboring  within the academy in non-

scientific roles and those operating outside of the academy altogether. The degree of 

autonomy that a given scientific field possesses is therefore a very important factor 

influencing the conceptualization and unfolding of epistemic relations of scientific actors.  

Bourdieu’s 1975 paper (which thus far has been heavily referenced) was the only 

explicit statement he made about science until 2002, his final lectures at the Collège de 

France (Bourdieu 2004). In these lectures, Bourdieu explained what he thought was the 

obvious reality of scientific knowledge production. For Bourdieu (1975: 36):  

 
The dominant class [in society] grants the natural sciences an autonomy 
corresponding to the interest it finds in the economic applications of scientific 
techniques, so that they are now…fully autonomised in relation to the laws of the 
social world.  

 
 
More than anything it is clear that Bourdieu valued the autonomy of science. As should 

be clear by now, Bourdieu saw conflict on every single level of science, and he 

emphasized in these final lectures that reason must fight for itself (Bourdieu 2004). 

Bourdieu argued that the greater the distance between a field of research and potentially 
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determining factors external to it, the less likely “social arbitrariness” is to factor into the 

set of assumptions constituting the theoretical and experimental bases of research. In his 

2002 lectures, he argued that science was “threatened by a serious regression,” and, 

precisely because science was in danger, it was “becoming dangerous” (Bourdieu 2004). 

He argued that the hard earned autonomy of science over religion, politics, and 

economics is slipping more and more toward “heteronomy” – science done not for the 

sake of advancing reason but rather science done primarily for other ends. For Bourdieu, 

subordination to ends imposed from outside disrupts the logic of peer competition, and 

thus the constitutive grounds for the progress of reason through symbolic contest alone. 

The logic of competition for the exclusive acquisition of that unique form of symbolic 

capital - scientific authority - is thus compromised by the presence of aims determined by 

those external to the scientific field. With this in mind, Bourdieu has left us with the 

wherewithal for plotting epistemic practices along axes of consecration and 

delegitimation on the one hand and autonomy and heteronomy on the other for 

demonstrating the effects of these influences. Bourdieu’s theorization is thus quite helpful 

in identifying various distinctions between the scientific disciplines that are likely to 

factor into their relations to one another. The primary hypothesis is that the limits to 

sustained collaborative research between those ‘pure’ scientists whose research remains 

‘distant from necessity’ and those “applied” scientists whose research is more directly 

engaged in “necessity” are to be found not merely at the phenomenological level of the 

social relation itself, and not entirely as a result of the scientific content alone, but also 

the greater systems of power and prestige to which such investigators may be 

differentially committed. Scientific actors that seek to reproduce their own “autonomy” 
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must do so by negotiating with the dominant codes of capitalism {i.e. efficiency and 

“performativity” (Lyotard 1984 [1979])}. There is no such thing as “pure autonomy.” 

Scientists must carve out as best they can spaces in which they may proceed as if they are 

autonomous, distant from worldly necessities and the imperatives of financial logic. In 

the following section, I turn from the theorization of space and its relation to 

contemporary capitalism to more specifically to social relations, following which I 

attempt to establish some connections between the two in proceeding with an 

ethnographic investigation of the collaboration building and the epistemic practices of the 

autonomous scientists therein.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



293 
 

 

 
 
 ‘Pure’ Truth                                      Consecration                      ‘Applied’ Truth 
(highest epistemic status)                         |                                  (high epistemic status) 
                         
[High energy particle physics]                 |   [Pharmaceutical research]       
             [Membrane science]                                                     
                                                                  | 

       
                    [“funding” drift] ----------------------------------------------------------- 
                                                   \              | 
                                                     \      
                                                       \          |                
                                                         \                     
Autonomy-----------------------------------------------------------------------------Heteronomy 
                                                               \ |                         
[Communications                                     \             
Technologies]                                           | \     
                                                      [popular science,            
                                                         i.e. forensics]                
                                                                            \                   
                                                                  |           \  [“funding” drift]------------------                               
                                                                                                                                        
                                                                  |               [toymakers] 
                                                            
(intermediate to low                      Delegitimation                  (lowest epistemic status) 
epistemic status)  
 
 
Figure 29. Scatter graph based on Bourdieu’s schematization of the sciences and their 
relations to society, as exemplified by the influence of “funding drift,” demonstrating the 
degree of autonomy and heteronomy among the fields of science (Modified from Faubion 
2010).  
 
 

* * * 
 
 

In his investigations of class and status in modern French society Bourdieu (1984 

[1979]) concluded that a parameter he termed “distance from necessity” represents a 

reliable means of registering the marks of distinction between the upper and lower socio-

economic strata. In the case of art, for instance, an individual that cannot perceive (and 
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therefore has not internalized the structures of preference for) the aesthetic value of an 

abstract piece of art (all the while thinking “my kid could do that,” for instance) is 

statistically more likely to fall into the lower socio-economic strata as compared to the 

individual that has been “cultured” to appreciate the beauty and influence of the “avant 

garde” and other works of art that have transcended strict adherence to a purely 

representational function. Similarly, an individual that prefers large quantities of 

processed, quickly prepared, calorie-rich “fast” food is more likely, statistically speaking, 

to fall into the lower socio-economic strata than the actor that has internalized the 

structures of preference necessary to appreciate “finer” foods, small as the portions may 

be, and other types of nourishment far beyond that which is necessary for mere survival - 

preferences that are “distant from necessity,” according to Bourdieu.  

What I would like to argue is that analogous structures of discernment exist 

within the epistemic realm and represent one of the means by which investigators make 

distinctions between themselves and other scientific actors. The interactions and 

transactions that constitute inter-scientific relations may bear the marks of these 

distinctions and as such may factor into the genesis and historicity of these relations. The 

question of inter-scientific labor has too frequently been posed according to the black-

and-white presumption that the undertaking of research among investigators from 

different disciplines will either (1) lead to the emergence of novel lines of inquiry (and 

possibly even new disciplines) or (2) that it will simply fail. What has not been 

adequately appreciated is the possibility that inter-scientific research represents an 

opportunity for individual investigators to re-imagine and thus re-establish distinctions 

between themselves and their collaborators. Although on the surface of things 
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investigators may be working together on a given scientific project, and though it may 

turn out to be “successful,” this does not necessarily mean that alterations in the cognitive 

values and motivations of these scientific actors have taken or will take place – in fact, 

rather than “blend” or “dissolve” these underlying structures in the unfolding of these 

inter-scientific engagements, scientific actors may very well “re-perform” and thus refine 

the structures of discernment and preference specific to the disciplinary formations in 

which they have been socialized, thus providing further justification for autonomously 

pursuing their own lines of highly specialized inquiry. I found that scientific actors are 

acutely aware of the status of “scientific collaboration” as an institutional value, and as 

such they have come up with ways of “playing the game” of scientific collaboration as 

they see fit - and as they see “fair.” In an attempt to satisfy the institutional emphasis on 

“collaboration,” these actors situate themselves as sound “scientific neighbors” and assist 

their inter-scientific colleagues in whatever ways and as best they can, all the while 

continuing to prioritize above all the stakes of the highly specialized epistemic contests to 

which they alone in their institutions are committed, and from which they draw their most 

valued rewards.  

Among the “basic” life science researchers that I engaged ethnographically, 

connotations of “distance from necessity” are evident and undoubtedly factor into the 

evaluations these scientific actors make about the research of others, evaluations which 

bring to light information about positions of class and status within the hierarchy of the 

epistemic domain. The immediate connection to be made here is the relationship between 

the production of scientific knowledge itself and its “worldly” application – in this regard 

“distance from necessity” as Bourdieu has employed the concept in the setting of the arts 
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is analogous to “distance from immediate applicability of research results” in the setting 

of so-called basic, disinterested science. Importantly, it is not the case that basic scientists 

(basic life scientists included) do not want to see the “fruits” of their labors channeled 

into society in productive ways and specifically toward the advancement of humanity – 

they surely do, and the acquisition of supporting research funds by and large necessitates 

the establishment of “worthwhile” societal connections. More specifically, it seems to be 

the case that the archetypical basic scientist would like to make such contributions “at a 

distance,” leaving the “nitty-gritty” details of its actual deployment in society - not to 

mention the business aspects of such labor - up to others. In this manner the basic 

scientist attempts to preserve his or her autonomy. That the basic life scientist would 

prefer to leave this so-called “dirty work” up to others is perhaps ironic in the case of 

biochemistry, for instance, which during various stages of its history has been looked 

down upon by chemists for its overly enthusiastic concern with “slime,” and by 

physiologists as a “mere handmaiden” to their research (Florkin 1972: 1). There are of 

course historical reasons for the higher “sanctification” of “pure” or “basic” research in 

relation to so-called “applied” or “worldly” science, the details of which are more 

adequately addressed in the previous section. To reiterate, these reasons include reference 

to the monumental successes that the new fundamental physical theories had during the 

early-to-mid twentieth century in generating physics-informed engineering feats, 

culminating in the achievements of the Manhattan Project in constructing an atomic 

bomb toward the end of the Second World War. Steven Goldman (2004: 31) has written 

that by 1939 “all the ‘pieces’ for releasing atomic energy were in place,” specifically, a 

solid grounding in quautum electrodynamics, and that by 1944 most of the physics 
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required for understanding the fundamental principles underlying atomic fission and the 

subsequent energy-releasing chain-reactions in the case of Uranium-235 had been 

accomplished. Thereafter, the actual construction of the bombs was “primarily an 

engineering challenge.” From then on, basic research had solidified its position at the top 

of the epistemic hierarchy within the academy.  Specifically related to this is the assertion 

that although in Bourdieu’s model economic capital is the dominant form of capital in 

society, the symbolic capital of “pure” knowledge itself is the dominant form of capital 

within the scientific field. As such, the basic scientist that pursues knowledge as a “value 

in itself” as opposed to prioritizing the “use value” of said knowledge is a “dominated-

dominant” actor. 

 Despite the value of Bourdieu’s analysis for understanding the social relations of 

scientists, there is one particular element that I wish to modify, specifically as it relates to 

ethnographic methodology. Bourdieu was immensely concerned with the status of 

sociology as a science, and just as he advocated for the defense of the natural sciences 

against heteronomous influences so too was he thoroughly invested in defending the 

scientific status of sociology.  For Bourdieu (1975: 36):  

 
The dominant class has no reason to expect anything from the social sciences - 
beyond, at best, a particularly valuable contribution to the legitimation of the 
established order and a strengthening of the arsenal of symbolic instruments of 
domination.49  

 
 

                                                        
49 Jean-Francois Lyotard (1984 [1979]) shares this sentiment. Lyotard noted in his 
treatment of the natural sciences that - although it might “scandalize the reader” - the 
interests of the dominant order are aligned with the imperatives of efficiency and 
productivity. For Lyotard, the dominant order has never stopped to attend to the under-
side of the equation because that could only ever inhibit the enhancement of efficiency 
and productivity (i.e. “performativity”).  
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Thus, for Bourdieu, dangerous is the sociology (and perhaps any other science) that is not 

thoroughly autonomous and value-free. Bourdieu believed that his own sociological 

practice was on par with the scientific actors theorized in his 1975 paper, in that both are 

capable of producing objective knowledge about the world: physical, biological, and 

social science. In order to achieve this the analyst of science must chart out every single 

strategy in a field of research, including the strategies of the individual agents of a given 

field, as well as the strategies employed by the analyst in attempting to make sense of the 

structure and functioning of this field, as well as the relations of the analyst’s strategies to 

the strategies of sociological rivals – clearly a daunting task. For Bourdieu (1975: 40-41), 

until these connections are made clear, the “epistemological position” of the analyst will 

remain an “ideological strategy,” motivated by and indicative of the sociologist’s position 

within his or her own fields of contest and the field of class relations more expansively. 

In addition to the complete cataloging of strategies, Bourdieu furthermore insisted on the 

possibility and necessity of establishing “distance” between ethnographic analysts and 

subjects in order to generate desired objective, indeed scientific, knowledge about the 

social world. In this regard, that Bourdieu could not do without science is perhaps his 

most enduring connection to orthodox Marxism. He refused to accept the notion of partial 

knowledge in the human sciences, and he stopped just short of accusing so-called “double 

game”-playing empirical philosophers of employing bourgeois strategies of domination 

within the French academy (see Callewaert 2006). He took particular exception to 

American cultural anthropology in general and the contributors of Writing Culture 

specifically (Clifford and Marcus 1986). These figures sought to self-consciously ground 

the ethnographic treatment of social life starting with the assumption that the 
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ethnographer is always already “embedded” within the mise-en-scène of fieldwork, rather 

than employing an “ideology of reflexivity” that would – so Bourdieu thought - enable 

the dispassionate separation of fieldworker and subjects, and, therefore, the production of 

objective knowledge regarding the latter (Marcus 1994). Perhaps an ideology of 

reflexivity that could establish the kind of dispassionate engagement that Bourdieu has in 

mind does in fact exist, but for now a specific methodology in line with the imperatives 

he has outlined eludes the ethnographer. Faubion (2011) has argued that ethnographic 

research is somewhat of a paradoxical undertaking, and, whatever else, it must face these 

paradoxes head-on. For the present analysis, I am comfortable asserting that my own 

approach to the study of science has not achieved the kind of scientificity that the 

scientists I study have achieved. If upon reading this contribution an individual detects an 

ideological bias that I myself have not identified, then I welcome a discussion and will 

attempt to achieve a more rigorous analysis in subsequent communications. Nevertheless, 

I think that maintaining a unitary notion of science – one that might be shared by 

physicists and sociologists alike – as Bourdieu appears to do, leads to a more 

impoverished sociological analysis. By reference to the work of Michel Foucault, I wish 

to supplement Bourdieu’s model theoretic analysis of science and society by partitioning 

the notion of science along the lines of a series of epistemic “thresholds” that a given 

discourse (whether scientific, ethnographic, or “everyday”) might (or might not) cross. In 

the case of collaborating scientists, there may be differences in terms of autonomy and 

heteronomy, but there may also be differences in terms of scientificity. By acknowledging 

all of these dimensions, a more complete sociological picture is provided.   
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As for the status of scientific knowledge in a given social formation, Foucault 

(1972 [1969]) differentiates a series of thresholds50 - positivity, epistemologization, 

scientificity, and formalism - across which certain statements might or might not cross. 

According to Foucault, the threshold of positivity is crossed:  

 
…[t]he moment at which a discursive practice achieves individuality and 
autonomy, the moment therefore at which a single system for the formation of 
statements is put into operation, or the moment at which this system is 
transformed (1972 [1969]: 186).  
 

 
The threshold of epistemologization is crossed:  
 
 

…when a group of statements…claims to validate (even unsuccessfully) norms of 
verification and coherence, and when it exercises a dominant function (as a 
model, a critique, or a verification) over knowledge (1972 [1969]: 186-7).  

 
 
The threshold of scientificity is crossed:  
 
 

…when the epistemological figure thus outlined obeys a number of formal 
criteria, when its statements comply not only with archaeological rules of 
formation, but also with certain laws for the construction of propositions (1972 
[1969]: 187).  

 
 
And lastly, the threshold of formalization is crossed:  
 
 

…when this scientific discourse is able, in turn, to define the axioms necessary to 
it, the elements that it uses, the propositional structures that are legitimate to it, 
and the transformations that it accepts, when it is thus able, taking itself as a 
starting-point, to deploy the formal edifice that it constitutes (1972 [1969]: 187).  

 
 

Roughly speaking, we might conceptualize the thresholds as such. Foucault 

specifies the establishment of a field of positivity as the first step in the foundation of a 

                                                        
50 Chapter 6: "Science and Knowledge” in The Archaeology of Knowledge. 
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technical vocabulary that is (presumed to be) adequate for the description of a specific 

domain of phenomena, a terminological corpus that might or might not eventually 

achieve a more rigorous epistemic status – that is, what he refers to as savoir or perhaps 

connaissance. Importantly, in the establishment of a field of positivity there is a crucial 

connection knowledge and experience, or between “words and things.” Foucault (1994 

[1963]) has convincingly argued that over the course of Western history the relationship 

between what has been seen and what has been said is not stable, and that therefore the 

domains of language and experience must both be accounted for if one is to adequately 

characterize bodies of knowledge, whether scientific or not. Foucault showed that the 

establishment of modern clinical knowledge at the turn of the nineteenth century required 

a novel connection between modes of perceiving and discussing disease grounded in the 

notion of the individual “case.” For Foucault (1994 [1963]: 136): "If the clinical domain 

is open only to the tasks of language or to the demands of the gaze, it will have no limits 

and, therefore, no organization.” The implication is that without a definite connection 

between language and experience, an organized body of knowledge would be impossible 

- language and experience would move autonomously past one another, from word to 

word on the one hand and observation to observation on the other. In the foundation and 

elaboration of bodies of knowledge, therefore, language and experience achieve a 

specific connection to one another. In this regard, what is “said” is constrained by 

sensation and perception, and, conversely, and what is sensed or perceived is framed by 

the categories of language (Gutting 1989). Many analysts of science have overlooked this 

connection, focusing exclusively on the role of language.  



302 
 

 

According to Foucault, disciplines centered upon an enduring epistemological 

figure of one sort or another – i.e. “Man” in the case of the nineteenth century human 

sciences (Foucault 1973 [1966]) – and which are furthermore capable of building up a 

body of knowledge around that figure may be said to have crossed the threshold of 

epistemologization. Against the background of a pre-established hypothesis, those 

disciplines that are capable of placing a given phenomenon under strictly controlled 

conditions in order to systematically manipulate, one by one, the individual variables that 

might influence that phenomenon may be said to have crossed the threshold of 

scientificity. And finally, it may be said that a discipline has crossed the threshold of 

formalization when it becomes capable of articulating a series of generally-accepted 

postulates from which theorems may be derived and proven true, or, alternately, from 

which the constitution and/or behavior of an abstract or real phenomenon of interest may 

be predicted (i.e. such that the associated equations do not simply describe but rather 

articulate the very nature of that phenomenon).  

Foucault’s thresholds are therefore “meta-formal” criteria for evaluating any 

statement – whether scientific or not – and as such collectively provide an indispensable 

tool for further characterizing the relations of scientific and nonscientific elements to one 

another. For Foucault, although the individual rules for the construction of propositions 

may change over time – for instance, across the different épistémès of history (i.e. the 

Renaissance, Enlightenment, and Modernity) that he identifies - the general 

characteristics of the specific criteria for the construction of propositions may not. 

Therefore, the issue of the constancy of Foucault’s epistemological thresholds is 

essentially the necessity of having rules for the construction of propositions in each and 
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every case – rules having to do with the establishment of a stable epistemological figure 

of one sort or another, rules having to do with the requirement of experimental 

verification of one sort or another, or rules having to do with the formulation of axiomatic 

statements and other kinds of entirely formal criteria. These rules relate both to the 

epistemological and ontological criteria or underpinnings of a given discourse or body of 

knowledge (Faubion, personal communication). According to Foucault, the content of the 

rules or laws governing the articulation of “true” propositions may change over time, but 

the general characteristics of those rules or laws are immutable.  

Importantly, for Foucault it is upon crossing the threshold of scientificity that a 

given discursive formation may achieve connaissance. Foucault utilizes a French 

distinction between two types of knowledge that does not exist in English – that of savoir 

and connaissance. Connaissance in common French usage refers to those elements or 

bodies of knowledge with which one might have a kind of personal familiarity – as in, “I 

know that person,” “I know French,” or “I know mathematics.” In contrast to 

connaissance, which Foucault reserves for those disciplines that have crossed the 

threshold of scientificity, savoir refers to the objects, concepts, themes – roughly, the 

general foundations or “pre-knowledge” - that a body of knowledge necessarily shares 

with all of the other discursive formations in a given period of history and out of which it 

might perhaps achieve connaissance. For Foucault, savoir is therefore “that which must 

have been said – or must be said – if a discourse is to exist that complies…with the 

experimental or formal criteria of scientificity” (1972 [1969]: 182). Savoir thus refers to 

the “the conditions that are necessary in a particular period for this or that type of object 

to be given to connaissance and for this or that enunciation to be formulated” (1972 
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[1969]: 15). Unlike the misrepresentations of so many Anglo-American commentators, 

Foucault is therefore actually quite conservative when it comes to the formal distinction 

between science and non-science. Foucault was quite content to leave unperturbed the 

epistemological foundations of those bodies of knowledge that have crossed the threshold 

of scientificity. He willingly acknowledged that such disciplines had therefore achieved, 

at the level of the procedures of knowledge production if not at the level of research 

funding, a necessary degree of separation from the broader social world.  

We can make better sense of a whole variety of epistemic changes using 

Foucault’s scheme. Physics for instance undergoes a major change in the early twentieth 

century with the displacement of Newtonian mechanics by Einsteinian relativity, a shift 

that simultaneously brought about entirely new forms of verification such as the “thought 

experiment.” Although strictly in terms of their content new laws for the construction of 

propositions emerged, the meta-formal criterion of scientificity - i.e. the requirement for a 

certain kind of rigorous and repeatable mode of experimental verification - remained 

constant (Faubion, personal communication). In the extreme case of mathematics, the 

contents of the laws themselves tend to remain constant in addition to the meta-formal 

criteria of formalization. If a change does occur in this setting it is most likely by the 

addition of new laws alongside others, rather than the whole-scale revision of the positive 

field of mathematics. According to Foucault, mathematical statements therefore 

frequently cross all four thresholds at once. The "original positivity" of mathematical 

statements "constitutes an already formalized discursive practice,” and as a result of this 

the history of mathematics must be written along the lines of a “recurrential analysis” 

(Foucault 1972 [1969]: 189-90).  
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According to Foucault the threshold of scientificity has important ramifications 

for undertaking the history of the other sciences as well. The history of physics and 

chemistry, for instance, may take “as its norm the fully constituted science,” and “the 

history that it recounts is necessarily concerned with the opposition of truth and error, the 

rational and the irrational" (Foucault 1972 [1969]: 190). Foucault therefore believes the 

historian of those disciplines that have crossed the threshold of scientificity is entirely 

justified in commencing from the contemporary norms of those established sciences and 

working backward in order to describe the liberation or purification of concepts from 

earlier, cruder understandings. In this manner, the historian of such disciplines may detail 

everything those sciences had to “leave behind” along the path to becoming fully 

constituted scientific discipline as such. Foucault therefore allows for a decidedly 

progressivist history accounting for the steps by which an ever finer understanding of the 

truth of things emerged over time.   

One of the methodological reasons for employing the connaissance/savoir 

distinction is that it enabled Foucault to mark of the territory with which his own 

archaeological method is primarily concerned – specifically, that of savoir – while 

leaving undisturbed those histories dealing with the more advanced sciences. In this 

manner, he details the common groundwork shared by both the scientific and 

nonscientific disciplines of a given period of history all the while paying particular 

attention to those more dubious bodies of knowledge claiming universality - but not 

achieving connaissance – especially psychology and other human sciences – as a result 

of their inability to completely extricate themselves from the broader social world at the 

level of the procedures of knowledge production. In stark contrast to Bourdieu’s 
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insistence of the scientificity of sociology, Foucault had no problem acknowledging that 

his own method, the archaeology of knowledge, most likely had not and perhaps never 

would cross the threshold of scientificity. Foucault, I would argue, breaks up the idea of 

science as a unitary entity toward quite productive ends, and as such provides some 

guidelines for theorizing scientific knowledge in a manner that can actually be used to 

supplement Bourdieu’s sociological method. For the moment, I would like to turn to 

Foucault’s treatment of clinical medicine and biology. One might wonder how a 

discussion of these disciplines as they stood in the nineteenth century might inform the 

analysis of these disciplines in the preset, and yet, I believe there are a few continuities.   

According to Foucault, underlying systems of thought are unique to more or less 

discrete eras of history and are governed by “rules” outside the consciousness of 

individual actors. Underlying the épistémè – the sum total of what might be considered 

knowledge (savoir) at a given point in history – is a “grid of intelligibility” that defines 

the conceptual possibilities specific to it. Foucault identified a seismic epistemic shift in 

Western society toward the end of the eighteenth century, a whole scale alteration in the 

épistémè or “preconditions” of thought that manifested itself contemporaneously in a 

variety of disciplines, including those concerned with life, language, and labor. In The 

Order of Things he traced out this rupture by comparing the modern disciplines of 

biology, linguistics, and economics to natural history, philology, and the analysis of 

wealth in the Classical era. According to Foucault, toward the end of the eighteenth 

century a new epistemological figure of a relatively constant sort – Man with a capital 

“M” - appeared contemporaneously with the emergence of a new way of thinking about 

the configuration among thought, language, and representation. During this time, this 
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epistemological figure of Man assumes a prominent position in the new disciplines of 

modernity, and Foucault identifies the presence of this figure in the newer “human 

sciences” of psychology and ethnology that were emerging at the time of his writing, 

specifically the psychoanalysis Jacques Lacan and the structuralism of Claude Lévi-

Strauss. According to Foucault, the transition from the épistémè of the Classical era to 

the épistémè of modernity witnessed a fundamental reorganization in the relationship 

between human experience (“on the surface”) and the principles determining its form and 

dynamics, a reorganization that is precisely the grounds for the “birth” of clinical 

medicine (Foucault 1994 [1963]) and the emergence of the new human sciences 

(Foucault 1973 [1966]). Importantly, Foucault points out that this new epistemological 

figure of Man is marked by a paradox – he is simultaneously the transcendental subject 

and empirical object of these new sciences – and as a result of the ongoing inability to 

resolve this paradox Foucault believed that the modern épistémè would ultimately break 

down. Foucault believed in the 1960s that the modern epistemological foundations of the 

human sciences were beginning to show cracks, and he went so far as to intimate the 

coming of a radically new conceptualization of human beings, grounded specifically in 

the new sciences of language, that might eventually cross the threshold of scientificity 

after all. It was with this notion in mind that Foucault famously left us with a haunting 

image at the very end of The Order of Things of a face drawn in the sand at the edge of 

the sea, washing away by the action of the waves.51 Foucault believed that the emergence 

                                                        
51 Although this particular prophesy of Foucault’s did not come to fruition, what I want to 
make absolutely clear is his strict distinction from those misrepresentations of authors 
claiming to find epistemological relativism in his work, as well as those thoroughly 
reductionist approaches to the study of science that have sought to explain the 
proceedings of science without any reference whatsoever to the contents of scientific 
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of this paradox coincides with the commencement of an unyielding search for origins in 

the new sciences of modernity, always ever searching for but never finding a way of 

reconciling “man as originator” and “man as originated” (Gutting 2013 [2003]). 

Whatever else, Foucault argued following Kant that ever since the end of the eighteenth 

century it has been the recognition of Man’s fundamental finitude - both in terms of his 

limited historicity (due to his inevitable death) as well as his constitution by greater 

forces beyond his control (specifically, those of life, language, and labor) - that has 

enabled the production of positive knowledge about human beings in these domains. In 

the case of clinical medicine, for instance, death itself takes on a positive function in 

establishing the truth of pathological anatomy and its connection to clinical diagnosis. 

According to Foucault, Man’s finitude is therefore at once founding and founded, and 

ever since Kant modern philosophy has been dedicated to understanding how this could 

be so (Gutting 2013 [2003]).  Clinical medicine and the human sciences therefore ensure 

that modern man remain connected to “his original finitude” (Foucault 1994 [1963]: 

197).  

Unique to the Enlightenment or Classical era that preceded modernity, said 

Foucault, is a way of thinking that is thoroughly bound up with the image of a two-

dimensional taxonomic grid. Foucault identifies this abstract table as guiding the 

underlying thought of both a classificatory medicine of disease species and a natural 

history of living things based on primarily on surface resemblances and differences. 

According to Foucault, the reorganizations in representation and perception that took 

                                                                                                                                                                     
activity in attempting to establish the straightforward social determination of science, best 
exemplified by the “strong programme” in the sociology of knowledge based at the 
University of Edinburgh in the 1970s and 1980s, a project that ultimately did not prove 
viable. 
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place around the turn of the nineteenth century resulted in a new relationship between 

words and things, the implications of which are identifiable in the changes that took place 

in biology and clinical medicine during this time, changes that resulted in a radically new 

system of relations among organisms and diseases, respectively.  

According to Foucault, although Georges Cuvier was thoroughly “obsessed” with 

the idea of the species and grounded his taxonomy of life at the level of the species - 

unlike Darwin, who was primarily interested in what transpired below the level of the 

species - Foucault tells us that the roots of modern biology are to be found in Cuvier, not 

Darwin (Foucault 1973 [1966], 1979 [1970]). “From afar,” Foucault tells us, Cuvier’s 

work was to dominate “what was to be the future of biology” (Foucault 1994 [1966]: 

273). It is with Cuvier’s comparative anatomy that we first begin to see an appreciation of 

the three-dimensional organizational plans of living things as the proper locus for 

building up a taxonomic scheme for classifying species, thereby transcending the plant-

oriented Linnaean taxonomy of hierarchically arranged superficial resemblances. Cuvier, 

Foucault tells us, famously “toppled the glass jars of the Museum…and dissect[ed] all the 

forms of animal visibility that the Classical age had preserved in them.” In doing so, 

Cuvier “freed the subordination of characters from its taxonomic function in order to 

introduce it, prior to any classification that might occur, into the various organic 

structural plans of living beings” (Foucault 1994 [1966]: 262). According to Foucault, it 

is therefore with Cuvier that the type of internal organization or bodily plan comes to 

determine the degree of relation among organisms – species, genus, family, order, class, 

phylum, and kingdom.  
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Along with the abovementioned changes taking place in biology, Foucault also 

articulates the transition to an entirely new form of medical knowledge. According to 

Foucault, the epistemic foundations of a new medical knowledge are located in the 

doctrine of tissues found in the work of Xavier Bichat, a transitional figure whose 

vitalistic principles did not prevent him from grounding, for the first time in Western 

society, the seat of disease in the tissues themselves. Instead of attempting to identify and 

abstractly categorize holistic disease species "inhabiting" the bodies of sick patients, for 

the first time the doctors of nineteenth-century Paris began to localize disease processes 

within the three-dimensional corporeal space of the human body itself – hence the 

transition from the question “What is the matter with you?” to “Where does it hurt?” 

Contemporaneous with the reorganizations between space and knowledge taking place in 

the nascent science of anatomic pathology is the reorganization between space and 

knowledge enabled by novel techniques of observation within the new teaching hospitals. 

Prior to the French Revolution and the Declaration of the Rights of Man patients were 

placed together without discrimination – often up to a dozen in the same bed! For the first 

time patients were placed into separate beds and organized into the various wings of the 

teaching hospital on the basis of the specific diseases ailing them. The doctors of the new 

medicine thus received training through the dissection of cadavers in the anatomic 

laboratory and at the bedside of living, sick patients in the clinic. Hence the emergence of 

the “gaze" - a kind of coordinated perception capable of “seeing” beyond the surfaces of 

ill bodies in order to identify and diagnose the locus and character of disease. Later, with 

the advent of physiology as a higher-order supplement to anatomy beginning in the latter 



311 
 

 

half of the nineteenth century, alongside the “gaze” emerged the “glance,” another type of 

“seeing” with reference to the data concerning the sick body’s altered functions.  

Along with the emergence of epidemiological statistics as another sector of 

medical knowledge, the ability to correlate the clinical findings of physical examination 

with the pathological findings of the anatomical laboratory firmly established the primacy 

of the “case” based method in Western clinical medicine. Foucault (1972 [1969] 188) 

argued that: "The experimental medicine of Claude Bernard, then the microbiology of 

Pasteur, modified the type of scientificity required by morbid anatomy and physiology, 

without the discursive formation of clinical medicine, as then established, being made 

inoperable." Foucault did not claim that instances such as the discovery of bacteria or the 

development of medical chemistry had no impact on clinicians’ understanding of disease. 

Rather, what he means here is that these advances did not affect the essential procedures 

of clinical diagnosis, which ever since the turn of the nineteenth century have remained 

grounded in the notion of "the case.” I would argue, strongly, that whatever else has 

happened in the modern life sciences – including and especially the field of genomics – 

the case-based approach to clinical medicine persists and it appears that it will do so 

perhaps indefinitely. As such, the procedures of clinical diagnosis remain imperfectly 

generalizable, and as such have remained open to the experience of non-standard, perhaps 

radically individual expressions of disease entities (Faubion, personal communication). 

At present, the medical student and experienced attending physician alike can attest to the 

persistence of this case-based approach to medical knowledge in their daily lives. The 

most recent revolution in medical knowledge writ large, therefore, remains the break with 

the Classical understanding of pathological entities.   
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Although for some Foucault’s now famous claim – “ideology is not exclusive of 

scientificity” – was meant above all to establish distance between his approach and the 

orthodox Marxist approach to the study of knowledge, I believe it nevertheless also 

points to the possibility that a field of positivity may be more heterogeneous than initially 

appreciated. For instance, Foucault (1972 [1969]: 181) strongly asserts that “clinical 

medicine is certainly not a science.” The knowledge of clinical medicine, considered as a 

whole, is not a science for Foucault:  

 
Not only because it does not comply with the formal criteria, or attain the level of 
rigour expected of physics, chemistry, or even of physiology; but also because it 
involves a scarcely organized mass of empirical observations, uncontrolled 
experiments and results, therapeutic prescriptions, and institutional regulations.  

 
 
Although, taken altogether as a single unit the knowledge of clinical medicine has not 

crossed the threshold of scientificity, Foucault nevertheless insists this does not mean that 

certain elements within or upon which this body of knowledge is based have themselves 

not achieved connaissance. Clinical medicine is not exclusive of science. According to 

Foucault, discursive formations do not exclude certain elements “from the outset.” “[I]n 

the course of the nineteenth century,” Foucault says (1972 [1969]: 181):  

 
[Clinical medicine] established definite relations between such perfectly 
constituted sciences as physiology, chemistry, [and] microbiology; moreover, it 
gave rise to such discourses as that of morbid anatomy, which it would be 
presumptuous no doubt to call a false science.  

 
 
Compared with physics and chemistry, therefore, Foucault was more reserved with regard 

to the scientific status of biology and especially clinical medicine. Although he readily 

acknowledged that certain elements within the domains of biology and clinical medicine 
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had likely crossed the threshold of scientificity, he nevertheless was not ready to assert 

that they had done so as whole, integrated programs of knowledge. Taken as a whole, 

biology in the nineteenth century was not fully “scientific” in Foucault’s strict sense of 

the term – and although compared with physics and chemistry biology has undergone the 

most remarkable transformations in the last sixty years, this perhaps is still the case even 

today. To be straightforward, there remain a number of as yet unresolved and speculative 

elements regarding the Darwinian foundations of biology as a science, as well as the 

currently unrealized ambition of achieving reciprocal explanation among micro-level and 

macro-level biological phenomena (i.e. the gap between protein evolution and organismal 

evolution, among others). Nevertheless, at present biology in general seems to be 

hovering at the threshold of scientificity – and it remains to be seen whether or not it will 

ever cross it. Particular sub-specialties within biology, specifically those grounded in 

rigorous physicochemical experimentation - including the research of Dr. Snare’s group 

on the protein-based mechanisms of lipid bilayer fusion in the eukaryotic cell – have, in 

my estimation, crossed the threshold of scientificity.   

It is for these and other reasons that I would argue that Foucault’s notion of 

“heterotopia” is an appropriate characterization of the space of the collaboration building, 

as it is for the teaching hospital and other spaces of modernity that emplace incongruent 

elements with varying registers of historicity and scientificity. In the collaboration 

building, for instance, the different sciences and the forms of positivity to which they 

correspond, as well as the various institutional norms and values are juxtaposed and take 

on definite relations with respect to one another. Specifically, this helps provide some 

structure to the analysis of inter-scientific relations among disciplines having achieved 
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different levels of scientificity, and also helps to gain a better appreciation of the milieu in 

which these investigators labor, marked as it is by various institutional suggestions 

regarding how they might conduct their own research, suggestions that originate from 

outside of the scientific fields of contest in which they strive to earn the forms of 

symbolic capital that matter most to them, fields that undoubtedly span far beyond the 

bounds of the heterotopic edifice. Importantly, certain scientific objects are also better 

appreciated in this manner. It may be the case that different disciplinary traditions from 

within a given heterotopic space view a given object quite differently, and therefore the 

object may be caught up in different “knowledges” pertaining to different degrees of 

positivity. There is sociological significance to this. The knowledge of a given object 

from one disciplinary tradition may have crossed the threshold of scientificity, for 

instance, while the knowledge of that same entity from the perspective of a different 

disciplinary tradition may very well have crossed the threshold of formalization. In the 

specific collaboration that I most deeply attend to later on in this section, between Dr. 

Snare’s group and a group of synthetic chemists, this is precisely the scenario with which 

the analyst if faced. Toward the end of this work I explicate more clearly Foucault’s 

notion of heterotopia and its relevance to the site of fieldwork.  

 
 

* * * 
 

 
Steve Shapin (1981) remarked in his review of Bruno Latour and Steve Woolgar’s 

Laboratory Life (1979) that:  

The distinction between "the social" and "the scientific" is itself an artful 
contrivance of scientists: a strategy they use in the social production of facts. 
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Reasoning processes in science and in commonsense discourse are not different in 
kind. 

 
 
For others, such as the French historian of science Gaston Bachelard – an influential 

figure to Bourdieu, Foucault, and the French tradition in the history of science more 

broadly - scientific experience is separate from and perhaps also contradicts so-called 

“common sense” experience. Shapin, Latour, and others alternately associated with the 

“strong programme” in the sociology of science and/or “actor network theory” have 

historically been concerned with demonstrating the kinds of connections (among humans 

and nonhumans, for instance) that scientific actors themselves might not have been aware 

of or had taken for granted in order to demonstrate once and for all that the things 

scientists do or claim to do are not in fact what they seem. This latter mode of reckoning, 

while provocative, has nearly exhausted itself.  Whatever else, it is a social fact that 

scientific actors and others make distinctions between “scientific” experience and 

“everyday” experience, and these distinctions have taken on historical and sociological 

significance.  

With regard to the relationship between scientific knowledge and experience, 

Bachelard put forth a number of important concepts including those of the 

epistemological rupture and the epistemological obstacle (See Gutting 1989: 14-19). 

Epistemological ruptures exist at a number of levels, such as the break between the 

scientific and the everyday, but also, and in a move prefiguring Thomas Kuhn (1962), 

between various modes of scientific research. With regard to the former, Bachelard 

argued that a distinction arises during the assessment of entities or phenomena using new 

categories of analysis and experimental verification that are capable of revealing 
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properties and relations hitherto unavailable to ordinary sense experience. In The New 

Scientific Spirit, Bachelard (1984 [1934]: 167) contrasted a Cartesian to a scientific 

approach to the contemplation of a piece of wax (see Gutting 1989: 28). While Descartes 

would be more likely to appreciate a piece of wax in its “natural state” – “just taken from 

the hive” – and in terms of our everyday experience with it (“rolled between the fingers, 

softened by the sun”) – the scientist would “start with chemically pure wax produced by 

careful purification techniques” and subsequently would submit this uniform sample to a 

series of carefully controlled situations, such as the administration of X-rays, which could 

be used to acquire a spectrographic imprint of diffraction patterns from which the 

orientation and properties of the pure wax’s surface molecules could be determined 

(Gutting 1989: 28). Whatever else, for each and every case in which the fundamental 

properties and relations of nature are sought, Bachelard argues that “scientific 

observation consists in the systematic manipulation of an object on the basis of a 

theoretical preunderstanding of it” (Gutting 1989: 28).  For Bachelard, science is, among 

other things, about the re-description of objects and processes in terms of categories other 

than those given to immediate sense experience – and is based on the belief that 

“untutored experience” alone is insufficient to unlock the secrets of nature (Gutting 1989: 

29). According to Bachelard (984 [1934]: 171, quoted in Gutting 1989: 29):  

 
For science, then, the qualities of reality are functions of our rational methods… 
‘Objective meditation’ [in contrast to Descartes’ ‘subjective meditation’ on the 
wax] in the laboratory commits us to a path of progressive objectification that 
gives reality to both a new form of experience and a new form of thought. 

 
 
This discussion of course bears directly on the philosophical debate regarding the reality 

of ordinary experience as opposed to the theoretical descriptions of science. With regard 
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to this debate, Bachelard put forth his notion of “applied rationalism” (le rationalisme 

appliqué)52 – something of a halfway house between idealism and realism - in which he 

defended the reality of the entities and relations posited by science with the qualification 

that this reality is not completely independent of the scientific mind which takes an active 

role in its constitution (see Gutting 1989: 29-30). In this manner, Bachelard suggests that 

the objects of theory are more “concrete” than those of immediate sense experience such 

that they represent reality more adequately than is otherwise enabled by the “vagueness 

and incompleteness of our sense experience” (Gutting 1989: 30). According to 

Bachelard53 (translated by Gary Gutting in Gutting 1989: 30):  

 
Ideas reveal details and make specific features [spécifications] appear. It is 
through ideas that we see the particular in all its richness; thus, they go beyond 
sensations, which grasp only the general.  

 
 
Scientific instruments and associated experimental apparatuses figure prominently in 

Bachelard’s conception of applied rationalism and take on an active role – alongside 

ideas of the mind – in constituting reality. Together, ideas and their instrumental 

embodiments generate “abstract-concrete” entities that form the basis of our closest 

descriptions of reality (Gutting 1989 reference to Bachelard 1984 [1934]: 13). According 

to Gutting (1989: 31), Bachelard argued that theoretically-informed scientific experience 

surpasses ordinary experience:  

 
It is through this instrumental materialization that theoretical concepts overcome 
the abstraction of the merely mental and provide truths more concrete than those 
of ordinary experience. 

                                                        
52 Bachelard G. 1949. Le rationalisme appliqué. Paris: PUF.  
53 Bachelard G. 1933. L’histoire des sciences dans l’enseigmement, Publications de 
l’enseigmement scientifique, no. 2: 159.  
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Thus, Bachelard’s applied rationalism represents the scientist’s overcoming of mere 

experiential engagement with the objects and movements given to ordinary sensory 

perception. For Bachelard54 together scientific instruments and theories enable a kind of 

“phenomeno-technics” through which “abstract-concretes” – more concrete than the 

objects of ordinary experiences – are generated and subsequently open to controlled 

manipulation and observation (translated by Gutting 1989: 31):   

 
Science realizes its objects; it never finds them ready made. Phenomeno-technics 
extends phenomenology. A concept has become scientific to the extent that it has 
become technical - that is, accompanied by a technique of realization. 
  

 
In the course of scientific progress investigators will encounter epistemological 

obstacles. Epistemological obstacles operate at the level of implicit cognitive 

assumptions and/or perceptual habits and are not explicitly formulated by the scientific 

actors they constrain. Therefore, one of the tasks of scientists – or those who analyze 

scientists – is to “psychoanalyze” reason – to bring to the fore those taken for granted 

assumptions or improperly trained perceptions holding back to the advancement of 

science (Gutting 1989). For Bachelard common sense is perhaps the first kind of 

epistemological obstacle to be overcome, but even in the case of more sophisticated 

scientific modes of research epistemological obstacles exist. In this regard, for instance, 

Bachelard was particularly suspicious of images and their role in the theoretical 

constitution of reality, and he regarded the “commonsense mind's reliance on images as a 

breeding ground for epistemological obstacles.” According to Gutting (1989: 16), 

Bachelard believed that images may be useful teaching tools but have no role in scientific 

                                                        
54 Bachelard G. 1938. La formation de l’espirit scientifique. Paris: Vrin: 61.  
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explanation. Their historicity should be short-lived if they are to have played a part in the 

progress of reason.  

Lastly, Bachelard suggests that individual scientists may be characterized in terms 

of an epistemological profile – a description of their research careers in which ruptures 

and obstacles alike are made evident (Gutting 1989). The investigator who overcomes an 

epistemological obstacle and has thus achieved true progress is said to have undertaken 

an epistemological act (Gutting 1989). What is most important for the present analysis is 

not so much the question itself of whether science is capable of breaking from ordinary 

experience – for what it is worth I tend to think that it can and does in select 

circumstances – but rather the fact that such a distinction is evident in the cognitive 

values, motivations, and decisions of certain scientific actors. These distinctions have 

sociological consequences and as such influence on the genesis, unfolding, and historicity 

of inter-scientific research undertakings.  

Closely related to distinctions based on Bourdieu’s parameter of “distance from 

necessity,” and in the wake of Bachelard’s characterization of the rupture between 

scientific and “commonsense” experience, I argue, is another means by which so-called 

basic scientists make distinctions between themselves and other researchers – 

specifically, the degree of distance between the immediate sense experience and the more 

or less sophisticated interpretive apparatus used to make sense of experimental results – 

in other words, distance from conclusions drawn from a “common” or “simple” 

engagement with the world (what these basic scientists would refer to as “mere 

phenomenology”) and conclusions necessitating a more sophisticated interpretive 

apparatus acquired through the internalization of certain structures of perception as a 
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result of significant investments of time, training, and experience. To provide an 

ethnographic example, a multitude of experiments are undertaken in Dr. Snare’s 

laboratory every day, some of which require interpretations that are more or less distant 

from immediate sense experience. In every case, investigators must ultimately employ 

their sensory apparatuses in interpreting the results of experiments; however, some results 

are more easily interpreted than others. On one occasion during a weekly laboratory 

meeting of Dr. Snare’s group, for instance, determining the outcome of an experiment 

called for the analysis of various kinds of images – specifically micrographs of sub-

cellular architecture. It was not the case that instances such as these were unimportant to 

Dr. Snare, but rather they served as preliminary work or “stepping stones” to more 

sophisticated analyses of “deeper” experimental questions, something like a preliminary 

proof of principle that would not require much effort on the part of the laboratory but 

would potentially save them from heading down a laborious path without much reward. 

In this instance, Dr. Snare suggested that I – the anthropologist, with my untrained 

scientific sensibility – might help the group by simply “counting” things of interest on the 

micrographs. After all, the simple act of counting did not require a highly sophisticated 

interpretive apparatus, and as a disinterested observer I might help to reduce a kind of 

investigator bias. Importantly, this structure of thought emerged numerous times 

throughout the duration of fieldwork, most pertinently in the narratives of scientific 

actors regarding their interactions with epistemic collaborators and in their expectations 

of these joint undertakings.  

In the setting of the modern life sciences connections to health and disease are of 

course ubiquitous. In this setting, connotations of “distance from necessity” or 
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“applicability of research” and “distance from immediate sense experience” are dual 

considerations. What was especially interesting was the ethnographic observation that, in 

contrast to the dominant institutional sentiment calling for a more immediate 

“translation” of “bench research” to the “patient’s bedside,” the basic life scientists with 

whom I interacted expressed a conviction that the results of their scientific work – 

acquired some distance from immediate sense experience and adhering to a much 

different time scale – was the kind of work ultimately required to achieve the impacts 

desired in terms of ameliorating disease and promoting health. A number of the life 

scientists and life scientists-in-training with whom I interacted expressed something of a 

sentiment of regret that the governing institutions and funding mechanisms seem to have 

come to value above all a kind of “quick hitting” research that, from their perspective, 

overlooks the important contributions of their more deliberate, slower-paced labors. I had 

a number of discussions with Dr. Snare and the members of his laboratory about the 

salient institutional efforts to “speed up the tempo” and “reorient” the directions of basic 

research in the life sciences toward the imperatives of medical practice, and I asked them 

how they saw their own research in light of these initiatives. One graduate student 

pointed out some differences in the temporalities of different kinds of scientific research, 

and suggested that the research of Dr. Snare’s laboratory is not yet ready for “translation” 

into treatment strategies. Nevertheless, these graduate students expressed confidence that, 

one day, after many years of research the things they were working on – specifically, 

understanding the basic mechanisms of membrane fusion and vesicular/organelle traffic 

within the eukaryotic cell -  would eventually prove to be of value to actual, everyday 

clinical practices. According to a number of the graduate students, the purpose of their 
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research is to provide a “base” upon which derivative forms of medical knowledge might 

be built. This understanding was also echoed by Dr. Snare. I asked him to comment on 

the present relationship of his research to the practices of medicine, and how it compares 

to other kinds of research in light of concerted efforts to “translate” basic research. Dr. 

Snare suggested that his research has a different “philosophical” and “practical” 

approach. He noted that although the goals of molecular life science research have always 

maintained an eye toward medicine, there did seem to be more emphasis on producing 

particular types of scientific outcomes.  In addition, Dr. Snare was acutely aware of this 

recent federally-directed “push to get more bang for the buck” under circumstances of 

ever-shrinking funds for basic science research, and he acknowledged that it affects 

people like him in particular. Dr. Snare told me that it is difficult for him to point to a 

specific product that has resulted from his and his colleagues’ research efforts. Below, 

edited transcriptions of interviews with Dr. Snare (10 May 2010 and 10 December 2009) 

help to clarify these distinctions and the circumstances in which they collectively operate.  

 
Me: One of the directors of the collaboration building brought to my attention 
something interesting, a relatively recent political-economic trend that appears to 
have influenced the management of science and patterns of funding allocation 
well into the present. According to this individual, around the turn of the twenty-
first century a number of governmental policy makers observed something that 
has come to be called “the funding gap” between money spent on basic science 
research and impacts made in the domain of therapeutics. Ever since this time, 
organizations such as the National Institutes of Health have therefore been trying 
to “close the gap.” Among other changes, this initiative appears to urge basic 
scientists to accelerate the tempo of their research activities. Given what you have 
just told me, does this place you and your colleagues in a difficult position? Does 
this affect your relationship to clinical medicine and other disciplines operating 
according to different temporalities? 

 
Dr. Snare: You are right that there has been a push, with ever shrinking research 
dollars, to get more bang for the buck, to get more things out [of the laboratory]. 
It does make people like me get squeezed a bit in terms of what you do because 
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we don’t…it is hard for me to point to a particular product that has been produced 
based on my efforts. I would argue however that it is not hard to do that further 
down the chain, and I think that many that have come before me would argue that 
as well. The things that are being produced and are going to be imminently 
produced are the results of ten, twenty, and often thirty years of the kind of stuff 
that we do. So these things don’t happen in a vacuum, and yes, you are going to 
get medical benefits, improvements to human health by phenomenology – a lot of 
the drugs that you and I take, for instance. I would add that people still don’t 
really know how they do what they do but still they do it because it works – at 
some level therefore that is phenomenology. As an example, you give a patient a 
drug because you think it does one thing, but it turns out that it has some other 
beneficial “side effect.” So now physicians start prescribing that drug off-label or 
eventually it will go to the FDA for approval. So, even medicine at some level is 
phenomenological. And I have no problem with that. I mean, heck, at some level 
it is necessary. But for me as a scientist I need to…I would like to know how 
things work and I would like to know if I can understand them well enough to the 
point that I can predict an outcome. (Interview, 10 May 2011).   
 
Me: With this said, I would like to mention that I have also heard from individuals 
at both the highest and lowest echelons of science administration that, these 
political-economic imperatives to produce more immediate “translational” turn 
around notwithstanding, it is still important – especially in the setting of a 
“liberal” research university - to leave room for those programs operating on 
larger time-scales, including and especially the smaller laboratories – both of 
which might characterize the type of laboratory you run. 

 
Dr. Snare: Well, it’s a pipeline issue. At some point you are going to exhaust the 
pipeline if you don’t keep feeding it at the back end. (Interview, 10 May 2011).  

 
Me: I have been thinking especially about the relationship between so-called basic 
science and applied science since the beginning of this ethnographic research 
project. It seems to me that, for some, it is almost taboo to straightforwardly 
suggest that the former tries to understand things whereas the latter tries to make 
things. Some have rebuffed this characterization, and in doing so have rightfully 
pointed to the fact that many researchers formally occupying academic positions 
in the applied sciences do outstanding basic science research and are therefore 
outstanding basic scientists. One engineer for instance, recounted to me his 
experience of sitting on a panel of engineers and physicians. One of the 
physicians said something like, “well, you engineers could just make a machine to 
solve this.” To the engineer, this physician had greatly misunderstood his 
particular sub-discipline of engineering – and he was prepared to delicately 
educate the physician about the nature of his own disciplinary identity. I am 
wondering if you could comment on the distinction between the basic sciences 
and the applied sciences including engineering and their relations within the 
research university. 
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Dr. Snare: Sure. Well, as far as, I know I’m a life scientist and therefore I do not 
know much about the applied science or engineering side of things, although I did 
do some work in chemical engineering in my younger days. I think the distinction 
you have put forth is actually fairly accurate. The way I see it goes something like 
this. The difference between the life scientists including cell biologists and 
biochemists like us, and the biological and biomedical engineers with whom we 
collaborate the most, is the emphasis that we place on understanding how 
something works, just for the sake of attaining a knowledge-base of how things 
work, whereas the perspective of an applied scientist or engineer might be more 
along the lines of: “Well, I need to know how this, that or the other thing works – 
but I need to know how it works in order to try and see if I can recapitulate it, to 
see if I can make it work in a different way. Can I modulate this or that in order to 
reap a benefit?” Biological or medical engineering is a different kind of science - 
obviously it has an engineering focus. I think a good analogy of this is metabolic 
engineering, a field that is built upon basic cellular and biochemical knowledge 
but operates according to these parameters. There has been a lot of work done to 
try to understand how basic metabolism works in lots of animals as well as other 
organisms including yeast and prokaryotes (i.e. bacteria), just to know how life 
works, right? How does the cell use energy? How does the cell make stores of 
energy or mobilize stores of energy? But there are researchers out there, including 
my close colleagues, doing work in biochemistry that says, “OK, fine – we have 
figured out a metabolic pathway – but how can I use this toward some end? One 
of my colleagues, who is actually a chemist by training, is trying to take what is 
normally done in yeast cells to synthesize cholesterol and ergosterol and from 
here modify that metabolic pathway in some meaningful way to make a secondary 
metabolite that can then used for some other means, for some other purpose. 
Another colleague of mine who has trained in biochemistry and microbiology 
knows as well as anyone else the ins and outs of intermediate metabolism 
including the citric acid cycle, the glucose-phosphate shuttle, and all of that – at a 
very basic level – including many pathways that have been known for some time 
now. But now he is asking questions such as, “Can I push carbon atoms in this 
particular direction in order to get lots succinate instead of Acetyl-CoA?” To 
preface that question, succinate is a very useful industrial chemical for a variety of 
reasons. I would offer these examples to suggest that the engineering disciplines 
are not simply interested in “constructing things.” Nevertheless, there are some 
basic philosophical differences between the disciplines. (Interview, 10 December 
2009).  

 
Me: It seems the engineer I interacted with would agree with that assessment. 
 
Dr. Snare: Again, I am a life scientist on the outside looking in, and while there 
are all kinds of aspects to engineering, it seems that the primary motivation is to 
take existing knowledge or perhaps create new knowledge in order to build off of 
it in some way. I guess in the broadest sense, it is about: “Can we make a 
product?” “Can we make something, whether it is a chemical of some sort, a 
device that helps bone grow better, or some matrix substance that allows cells to 
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grow in a different way?” So, again, I think there are some fundamental 
philosophical differences, but I think that these differences are fine. I do not really 
need to…I do not really do what I do in order to make something, or make a 
product, but the things that I do may help someone else to think along those lines. 
The ratio of activities devoted to trying to understand things for the sake of 
understanding them versus trying to modify or apply those things is different – 
sometimes only slightly different, in the case of some of my applied science 
colleagues – but different nonetheless. Others only care about basic cell biology 
insofar as it serves as a means to an end. Take the case of extra-cellular matrix 
material – how does the cell secrete this into its environment? Some researchers, 
for instance, do not really care about how the cell does this – they are far more 
interested in what exactly this matrix is and how it can be used. They do not care 
about the ins and outs of vesicular trafficking, the basic cellular procedures by this 
matrix gets secreted out of the cell. They do care about which cell types secrete 
which kinds of matrix, however, materials get secreted out of the cell, and 
questions such as how these different matrices affect cell growth, for instance. So 
this is what I would consider to be the major differences between what I do and 
what an applied scientist or engineer does. This is all my interpretation, of course, 
and the opinions of these researchers may differ significantly (Interview, 10 
December 2009) 

 
 
In comparison to some of the other fields working to promote human health through 

research, Dr. Snare cited as an example some notable differences in the nature of their 

units of publication. According to him, they vary dramatically, “even within our field.” 

While maintaining the importance and value of these other types of research, particularly 

for the practices of medicine, Dr. Snare informed me that the “most basic, smallest 

publishable unit” in his line of research is significantly larger than many of the other 

disciplines among the life sciences and engineering. For Dr. Snare, “this is just the history 

of the field.” Among some of these disciplines, “from the outside looking in,” Dr. Snare 

suggested that many of their publications appear to be more “phenomenological” in 

nature.  

 
Me: It seems to me that the different research programs in this building move at 
different paces and operate along sometimes markedly different time scales. You 
mentioned that, this tends to play out at the level of publishing tendencies. For 
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instance, there seems to be some discrepancy between what constitutes a 
“publishable unit” among the different disciplinary traditions.   

 
Dr. Snare: Yes. It is a different philosophical approach as well as a different 
practical approach. The goals are suddenly different – well, maybe not so 
suddenly different – in terms of what the output is. From my perspective, what we 
do, and what most of my colleagues do, is foundational, sort of laying the 
groundwork for a future kind of things. But it takes a long time, and it is just a 
slog sometimes. I would also add that the units of publication vary dramatically 
even within our field, but the sort of basic, lowest publishable unit is significantly 
larger I would argue that some of the other disciplines. That is just because of the 
history of the field – this has determined the things that you can do and what the 
standards are. I don’t have any personal experience in the world of applied 
science and engineering, but just from the outside world looking in, seeing the 
variety of publications, the different kinds of things they publish, it seems from 
my perspective to be a lot more phenomenological because that is kind of what 
they do. They have an observation, they publish an observation. They don’t really 
need to understand the observation. It’s just an observation. But from our 
perspective, we have many, many different observations, and before we publish 
our observations we generally try to make a story out of them in order to try to 
understand how this observation or that observation fits into the larger picture of a 
particular process. It is just a different approach to publishing results (Interview, 
10 May 2011).   

 
Me: Are there any unique impediments getting in the way of those basic and 
applied scientists who would like to collaborate with one another, as opposed to 
two basic scientists trying to work together? Are there any considerations that 
these researchers or those who perhaps have an interest in getting them to work 
together should keep in mind? 

 
Dr. Snare: “There are philosophical differences. First of all, as a [biological] 
engineer, you want to make something to use, you want to make something, right? 
You don’t necessarily care about how it works. You want to make it work in a way 
that you care about. And the life sciences, biochemistry and cell biology, we’re 
not really making anything; we’re trying to figure out how things work. And so 
the objectives, the endgames are different. And so they’re not mutually exclusive 
by any stretch. The [biological] engineers clearly utilize the knowledge gained by 
biochemistry and cell biology in order to make things work in a way they want. 
But it’s a philosophical difference in the sense that “we need to make a product.” 
The [biological] engineers need to make something, right? The engineering 
component that way…it’s really engineering, biologically-based engineering. The 
“bio” should be in small letters. It’s mostly engineering of biologically related 
things. And because of the history and the way the disciplines have grown, the 
way they publish and what they publish is fundamentally different, too. So, in 
developmental biology, for example, the publication standards are very different, 
what you publish, how you publish, and when you publish, it all has a very 
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different meaning.  An average developmental biology paper, for example, may 
have 10 multi-panel figures, it will be very long - it will be very thorough and will 
tell a story from start to finish. And it may take 3 years to do. On the contrary, a 
lot of the [biological] engineering disciplines, engineering in general, but 
[biological] engineering in particular, and chemistry at some level too, is more 
sort of, one figure paper, two figure papers, then there’s some tiny little 
observation, not really a story, but an observation. And so that gets published. And 
so the publication unit if you will is very different. And also what you publish and 
how you publish it. So like a lot of the stuff that we do never gets published. It’s 
controls, it’s experiments that support in one way or another, a different kind of 
(unintelligible), but we don’t publish every experiment that we do. But my 
impression is, and again I don’t do this, but I see it from a distance, is that in the 
[biological] and chemical engineering for that matter and some of the other 
engineering disciplines, you pretty much publish everything that you do. So every 
experiment that you do gets some part of the paper. The rate at which you publish 
is very different; the extent to which you publish is different. So, it’s apples and 
oranges in a lot of ways in terms of evaluating the relative merit of the science. So 
it’s just a different ballgame. I’m not making value judgments either way; I’m just 
saying that it’s done in a different way.  But other people do make value 
judgments. Some people feel that that way of doing science is not as rigorous or 
as thorough as the way the life sciences do it. But, you know. it has its place, there 
are practical applications that they work on. Right, so that’s that. (Interview, 10 
December 2009) 

 
Me: We were just talking about the differences between engineering, specifically 
biomedical or biological engineering, and the natural sciences and life sciences. 
And so if I understand you correctly, the fundamental differences between the two 
come down to the differences between science and engineering. 

 
Dr. Snare: Yes, that is the bottom line. The engineers do science to make things. 
They are engineers. By in large we do science in order to understand things. And 
the product we put out is knowledge rather than [other kinds of products] 
(Interview, 10 December 2009).  
 

 
In offering these insights, Dr. Snare highlighted the nature of some important differences 

among the disciplines collectively known as the “biomedical sciences” or “biosciences,” 

but argued that each in its own way has something to contribute to medicine. For 

instance, “you are going to get medical benefit, improvements to human health by 

phenomenology – for instance, with regard to a lot of the drugs that you and I take” 

(Interview, 10 May 2011).   
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Dr. Snare: People still don’t know how they do what they do but they do it, and so 
that at some level is phenomenology: you give a patient a drug, you think it does 
one thing, but it has some beneficial side effect, and now you get an off-label 
prescription for that, or it goes on for FDA approval for that. So, even medicine is 
phenomenological at some level.  And I have no problem with that. I mean, it’s 
necessary at some level, but for me as a scientist I need to…I would like to know 
how things work and I would like to know if I can understand them to the point 
that I can predict an outcome (Interview, 10 May 2011). 

 
 

During a discussion I had with one of the original visionaries of the collaboration 

building, this individual suggested that it is important, particularly within the university, 

to avoid over-privileging those disciplines that are capable of producing more immediate 

turn around on investments at the expense of the smaller, “more basic” disciplines. For 

this actor, there is great value in ensuring a place for “little science” among the larger 

research enterprises. On the one hand, like Dr. Snare, the “visionary” acknowledged that 

this is important because many of them could very well be contributing to the 

development of products yet to appear. On the other hand, this actor also suggested that 

they constitute a crucial element within any well-rounded liberal university setting. 

However, this actor also made sure to bring to my attention the fact that science has 

always depended on the patronage of the stage – whether a king during the Renaissance 

or a government institute in the present. It is self-evident that Dr. Snare was well aware of 

such circumstances.   

Given that many of the other occupants of the new collaboration building had 

already established ongoing collaborations with researchers from the institutions of the 

nearby medical center at the time of transition, I was keen to wait and see whether or not 

Dr. Snare’s laboratory might form any collaborative relations with the medical 

researchers across the street. From the beginning, Dr. Snare expressed to me his 
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enthusiasm about working in the new building, as this would likely lead to the kinds of 

chance happenings that might not be possible had his laboratory remained in the center of 

the university campus. Fliers announcing interesting talks were sure to come his way, 

enabling him to keep an eye on the most recent developments taking place in the 

hospitals nearby, and the auditorium on the ground floor of the new building promised to 

host all kinds of interesting speakers. Dr. Snare was from the beginning completely 

welcoming of the possibility of initiating collaborative relationships with the researchers 

of the nearby medical center. However, he also made it clear that any collaborative 

relationship entered into would necessarily have to have “science itself” as its basis, and 

the types of people he would be interested in working with would be those who could 

help him to advance the progress of basic knowledge of the cell and its physicochemical 

processes.   

 
* * * 

 
 

If it is true that the social conditions which favor the greatest degree of societal 

autonomy for a given scientific field of interest are simultaneously the social conditions 

that most favor the production of “value-free” science [i.e. the scientific actors populating 

the field are interested - simultaneously and inextricably - in nothing other than 

disinterestedness itself and the scientific authority that comes from the production of that 

disinterestedness] (Bourdieu 1975: 26), then one could make the argument that in order to 

best direct progress “in the direction of scientific rationality” institutional policies ought 

to be directed toward nurturing that autonomy by liberating the invested scientific agents 

from what ultimately amounts to “socially arbitrary” constraints and demands originating 
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from outside of that field (Bourdieu 1975: 36). The “official” image of science within a 

given social formation is not necessarily the image of science that prioritizes science 

itself above all else. To the extent that, as an institutional value, “collaboration” 

represents an urging of the scientists of the institution to direct their epistemic efforts 

towards heteronomous ends determined from outside of the fields from which they have 

derived their scientific authority, the institution essentially asks its scientists to assume an 

entirely new identity as a different kind of knowledge producer, one that is as directly 

invested in the competitions of the “free market” as it is in the competitions of the 

aristocratic fields of science. The question comes down to this: in which types and venues 

of competition does the institution wish to succeed? Leading up to his own engagement 

with science, Bourdieu (1975) observed not only that the “official” sociology of science 

was organized around the theme of competition but that it also appeared to serve an 

ideological function in its prioritization of a narrowly defined competition.55 To be sure, 

Bourdieu too wished to emphasize the theme of competition, believing, for instance, that 

the more heightened and fierce the competition within a given scientific field is – such 

that orthodoxy and doxa are thoroughly vetted - the more direct will be the path to the 

progress of reason. Bourdieu (1975: 37) lamented that this kind of competition is not 

always “socially acceptable”:  

 
[T]he extent to which this competition within the limits of social acceptability is 
an obstacle to true scientific competition, which challenges orthodoxy and, 
whenever it can, doxa, rises with the degree of social arbitrariness in the universe 
in question.  

 
 

                                                        
55 In contrast to nowadays where, interestingly, it increasingly appears to organize itself 
around the theme of “collaboration.”  
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Competition at this level - specifically within the fields of science themselves over the 

limited symbolic profits of scientific authority - appears to have somehow and at some 

point become antithetical to the more economically profitable venues of competition (and 

therefore institutionally deprioritized in relation to it). According to Bourdieu, the 

“official” (primarily American) sociology of science has by and large ignored “true” 

scientific competition by focusing primarily on the competition between universities and 

other institutions over what ultimately amounts, in the final analysis, to economic profits. 

In contrast to the specific kind of competition that Bourdieu (1975: 37) prioritizes – 

“true” scientific competition within the autonomous fields of science – this (American) 

ideology of scientific competition is ultimately a “soft theory of competition” that 

“constitutes the subtlest obstacle to the construction of scientific fields as such, i.e. as the 

locus of a struggle.” Recall that for Bourdieu the notion of the neo-liberal “free market” – 

i.e. the link between productivity and competition - only possesses genuine virtue when 

quarantined within the fields of science. On what grounds should scientists divert their 

resources and energy away from investing in (and hence reproducing) the autonomous 

fields of science in order to invest in those fields of research where what is ultimately at 

stake has been defined heteronomously? And in the case of those “pure” scientists whose 

epistemic habitus is already undergoing processes of ossification, to what extent is this 

sociologically possible? It is in relation to these and related questions that scientific 

actors themselves are increasingly questioning institutional values such as 

“collaboration,” “convergence,” etc. The collaboration building was constructed on the 

stated presumption that, increasingly in the present, inter-scientific collaboration is an 

inherently beneficial development in the epistemic domain writ large – provocative and 
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productive in its own right as an activity. Many would argue that, at this point, the 

question of whether “collaboration” might have no effect – or perhaps might actually 

hinder the progress of science – deserves to be raised.56Many scientists have furthermore 

argued that, when left to their own devices, the greater are the chances of achieving 

progress in terms of theory, method, and technique – subsequently leading to the 

provision of these elements to domains outside of the social conditions in which they 

were originally born, to be applied for their own purposes.  

Although in 1975 Bourdieu believed that American sociology had hitherto served 

an ideological function in justifying positions of (primarily economic) domination in 

society, he nevertheless implicitly admired the actual progress of scientific activity in 

America. Bourdieu (1975: 46) argued that Joseph Ben-David is to be credited for putting 

forth a most straightforward thesis: “the high degree of competition which characterizes 

the American university explains its higher scientific productivity and greater flexibility” 

(see Ben-David 1968, 1960; Ben-David and Zloczower 1962). Ben-David (1991, 1972, 

1971) was perhaps the first to bring the institutional contexts of science - previously 

considered peripheral or external its investigation - to the center of attention. In his work 

on the social structure of universities and the institutional dynamics of scientific research, 

he concluded that, in contrast to the centralized academic systems of the Soviet Union 

and even France, the institutional configurations most conducive to advancing scientific 

knowledge are those which are most “decentralized,” such as the American system, as 

                                                        
56 Various ways of posing the question:  
Hypothesis: Inter-scientific collaboration enhances the progress of reason.  
Null Hypothesis: Inter-scientific collaboration has no effect on the progress of reason.  
Counter-Hypothesis: Inter-scientific collaboration hinders the progress of reason.  
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this is the arrangement that most enhances the level of competition within the scientific 

community.57 Similar to Bourdieu, for Ben-David science is first and foremost a 

profession, and as such possesses a defining set of characteristics including a stringent set 

of entry requirements and complete control over its own “internal” workings. Although 

not fully insulated from large-scale forces affecting multiple sectors of society at once, 

science possess a more or less autonomous status in relation to these domains. From a 

normative perspective, for Ben-David, science has limited obligations and responsibilities 

to the rest of the social order, although as a corporate body it must nevertheless legitimate 

its activities to those entities outside of it; otherwise, for instance, the public will view 

science with suspicion (as we might note has increasingly been the case since the social 

movements of the 1970s). Again, similar to what Bourdieu argued, Ben-David stressed 

that the scientific method itself constitutes one of if not the only means of establishing 

                                                        
57 Lewis Thomas, former dean and president of multiple medical schools and hospital 
systems, has reached similar conclusions as Ben-David, if perhaps for different reasons. 
According to Thomas: “The governance of academic institutions has been considered and 
reconsidered, reviewed over and over by faculty committee after committee, had more 
reports written about it than even the curriculum, even tenure. Nothing much ever comes 
of the labor. How should a university be run? Who is really in charge, holding the power? 
The proper answer is, of course, nobody. I know of one or two colleges and university 
that have actually been tightly administered, managed rather like large businesses, 
controlled in every detail by a president and his immediately surrounding bureaucrats, but 
these were not really very good colleges or universities to begin with, and they were 
managed this way because they were on the verge of running out of money. In normal 
times, with institutions that are relatively stable in their endowments and incomes, 
nobody is really in charge…A university, as has been said so many times that there is risk 
of losing the meaning, is a community of scholars. When its affairs are going well, when 
its students are acquiring some comprehension of the culture and its faculty [is] 
contributing new knowledge to their special fields, and when visiting scholars are 
streaming in and out of its gates, it runs itself, rather like a large organism. The function 
of the administration is solely to see that the funds are adequate for its purposes and not 
overspent, that the air is right, that the grounds are tidy – and then to stay out of its 
way…To function in accordance with its design and intentions, a university must be the 
most decentralized of all institutions” (Thomas 1984: 168-69).  
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and legitimating this boundary, specifically because it is through this method alone that 

the scientific community may govern and regulate itself. Only the scientific community 

has the competence and legitimacy to judge the results of scientific research, and only the 

scientific community may determine which candidates are granted entry to the 

profession. However, for Ben-David the scientific community is not privileged in 

determining the best ways to apply the scientific findings that it generates, nor is it alone 

authorized in determining the distribution of funding among its different fields. In other 

words, and similar to what Max Weber argued in his 1917 lecture “Science as a 

Vocation,” although science can determine what “is” it cannot determine what “ought to 

be” (Weber in Owen and Strong 2004). All in all, Ben-David calls for a balance between 

a science that is autonomous and a science that acknowledges the public and its 

“necessities,” all the while maintaining the need for a strict boundary between the 

influences of one over the other. Over the course of the twentieth century, and well into 

the present, authors have continued to write about the institutional dynamics of scientific 

research, both from a normative perspective and from a more critical perspective, and, 

among others, I have attempted to engage this specialized domain of research in the 

present work.  

 
* * * 

 
 

At this point I would like to turn to some other recent approaches to the problem 

of “inter-scientific” research, specifically those that operate primarily within a linguistic 

register. Harry Collins’ notion of “interactional expertise” (Collins 2007; Collins and 

Evans 2002) and Peter Galison’s concept of “trading zones” attend to issues of hybridity, 
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commensurability, and translation (Galison in Biagioli 1999; see also Gorman 2010). For 

Collins, “interactional expertise” arises when individual investigators become “fluent” in 

the epistemic idioms of different systems of knowledge in ways that are noticeably 

indistinguishable from conventionally defined experts in these discrete communities (See 

also Collins, Evans, Gorman 2007). These and related language-based conceptualizations 

of inter-scientific research have resonated with the administrative push for a more 

“collaborative” scientific pedagogy, one that would train fledgling scientists to speak in a 

multitude of scientific “languages,” and thus facilitate ease of communication and 

cooperation across the conventionally defined disciplinary boundaries.58 Collins has 

argued that “interactional expertise” constitutes something like a conduit of “rapport” or 

“mutual understanding” between experts of all different kinds - including the analyst - 

and, as such, serves as the epistemological grounds for legitimating his own claims to 

                                                        
58 Language-based approaches are by no means unique to the study of science, and there 
are connections to Collins and Evans’ concern with problems of communication between 
different kinds of expert codes. In urban sociology, Elijah Anderson (2000) has theorized 
certain inner-city actors as “code switchers,” capable of moving between “street” and 
“decent” sensibilities depending on context and strategic intent. The communicative 
codes of “decent” folk, according to Anderson, privilege traditional middle-class values 
and the pursuit of upward mobility through legitimated institutions, especially the school 
system. In contrast, “street” folk reproduce a system of values based primarily on the 
currency of “respect,” a code that is not only different from but also according to its own 
logic superior to the “decent” code, which represents a mode of reckoning that effectively 
disqualifies “street” actors. Paul Willis (1981 [1977]) provides a related treatment of the 
ideological differences among working-class and middle-class youth in Great Britain. 
Another theorist of some import here is V.N. Volosinov (1986 [1929]), a figure whose 
treatment of language starts at the level of the agonistically-engaged, forward-looking 
interpersonal utterance in contrast to structural theories of language based on the 
“principle of distinctive feature contrast” (Harris 1968: 493), a move which in turn leaves 
open the possibility that one’s knowledge can never remain fully complete or discretely 
bounded as a result of the open-endedness of time. Within Volosinov’s theorization I 
would like to point out that there is room for a kind of “inner dialogue” - a conceptual 
space within which multiple discourses may be internalized, engage one another, and 
eventually become deconstituted and reconstituted in generating novel, emergent codes. 
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knowledge of experts. Collins extends this notion even further in suggesting that, with the 

proper support, we might cultivate something like “interactional expertise” among the 

public so that they might critique science from a more informed perspective. It is 

grounded in the classic complaint of (hypothetical) contemporary scientist: “Why can’t 

the public just understand what it is we are doing? If they actually knew they might just 

leave us alone.” Collins remains idealistic and optimistic about the possibility of 

overcoming the distance.  

With regard to the notion of “trading zones,” Peter Galison criticizes Kuhn for 

employing a totalizing connection between “theory” and “experiment” within the all-

integrating concept of a “paradigm.” In contrast, Galison suggests that an “intercalated” 

relationship exists between theory, experiment, and instrumentation, and he suggests that 

they “cross-influence” one another - and differentially so. As such, they bear 

fundamentally different historicities that cannot be accounted for within a totalizing 

“paradigmatic” container. In other words, within one mode of scientific research 

instrumentation may change with the other two dimensions remaining static, or any other 

combination thereof. For Galison (in Biagioli 1999), a “trading zone” is a “place” in 

which different scientific communities or “subcultures” meet and interact in order to 

exchange epistemic things. Within Galison’s scheme, the “trading” of ideas, materials, 

and so on between the representatives of various scientific communities - each with their 

own specific configurations of theory, experiment, and instrumentation - precipitates the 

reconfiguration of these three dimensions and thus the emergence of “hybrid” discourses 

related to these novel arrangements. According to Galison, each scientific “subculture” 

brings its own scientific “language” to the trading zone, and in their interactions with 
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other “subcultures” they establish “pidgin” scientific discourses and, in more enduring 

cases, scientific “creoles” that ultimately facilitate the practical execution of scientific 

research. According to Galison, the establishment of scientific “creoles” is often 

associated with the emergence novel disciplinary communities.   

What I would like to point out – and what I feel is probably self-evident– is that 

although the concept of “hybridity” is employed, “hybridity” itself necessarily implies, as 

a starting point, the existence of bounded entities capable of being “hybridized.” 

Although Galison invokes the autonomous temporality of instrumental research in 

relation to purely theoretical or methodological problems, his conclusion regarding 

interdisciplinary research is that successful collaborations come about through the 

emergence of “pidgin” languages in the setting of “trading zones,” a notion that I argue 

that does not so much eliminate but rather relies on the bounded wholeness of elements to 

be pidginized. Much as he feels that Kuhn has unjustifiably grouped elements of science 

that ought not to be so rigidly fixed to one another, Galison too employs categories – 

borrowed from anthropology - that are fundamentally “bounded” in essence in order to 

theorize inter-scientific collaboration. And much as Kuhn’s characterization of the 

incommensurability of succeeding paradigms in the history of science hinges on a 

fundamental “untranslatability” between them, so too is Galison’s conceptualization 

caught up with connotations of language at the expense of other influences upon inter-

scientific research. Collins and Evans’ “interactional expertise” is no different from 

Galison in this regard. Such concepts, like “boundary objects” and “translation packages” 

before them, do not dismantle but rather attempt to disguise the classic philosophical 
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problem of commensurability made famous by Kuhn (1962). As a result, the core issues 

underlying the problem of incommensurability are perpetuated rather than obviated.  

Since Kuhn, many theorists of science persisted, knowingly or not, in focusing 

their investigations on issues of scientific “commensurability” or “translation,” even in 

instances in which they have sought to critique these very notions. The notions of 

“pidginization” and “creolization” as well as the distinction between theory, experiment, 

and instrumentation alone are provocative and helpful, but ultimately alone insufficient 

for illuminating the specificity of inter-scientific dynamics. In discretizing the discourses 

of different scientific communities apart from one another Galison is susceptible to the 

kinds of criticisms accounted for by Rheinberger’s “assemblages,” criticisms that are 

analogous to those once aimed at “traditional” cultural anthropologists by Eric Wolf 

(1982) and his Marxian approach to political economy, which pointed out that the history 

of global processes has ultimately - in one way or another – connected the so-called 

“traditional” cultures that former modes of analysis had (arbitrarily) demarcated apart 

from one another for analytic purposes. Although it has been suggested that 

incommensurability itself is productive of scientific change (Star and Griesemer 1989; 

Biagioli 1993: 211), and although Galison himself has argued that that the “disunity” of 

science paradoxically constitutes the very “unity” of science (Galison in Biagioli 1999), 

by grounding an approach to scientific change in language and representation, the ethno-

historical specificity of science and other dimensions of laboratory practices elude the 

analyst. Although time and again historians, sociologists, and philosophers of science 

have put forth plenty of reasons to doubt the applicability of Kuhn’s model of scientific 

change, many of these researchers are ironically caught up in an undetected linguistic 
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bias analogous to that which Kuhn is so often accused. If nothing else, this is a testament 

to the continuing profundity of Kuhn’s original premises and the need to develop other 

complementary lines of analysis. Although language-based approaches to the study of 

inter-scientific research remain valuable, and while the continuing insistence on 

employing holistic categories in the analysis of scientific research may unconsciously 

signal that perhaps any investigation into inter-scientific research probably cannot do 

entirely without notions such as “discipline,” in contrast to all of these purely 

constructionist theories I argue that problems of commensurability, especially when 

situated in an analytical distinction between the sociology of scientific practice and the 

sociology of scientific knowledge, are often false problems, and, even when they are not 

entirely false problems, there often remain other questions of greater or equal importance 

that call out for ethnographic attention and treatment.  

In leaving their modes of analysis grounded in language and representation, these 

theorists at best offer some illuminating interpretations of scientific activities and at worst 

employ ethnographic findings in support of their own conceptual hermeneutics, which, as 

such, are often not falsifiable. What has been underappreciated in these and similar works 

operating primarily within a linguistic register are the sociological ramifications of 

acquiring “interactional expertise” or fluency in “multiple scientific languages.” Thomas 

Gieryn (1983) has alluded to what I have in mind here with his concept of “boundary 

work.” It is not just that “interactional expertise” enables investigators to communicate 

and cooperate with one another, it is also likely to be the case that such proficiency once 

acquired enables actors to elaborate ideological strategies for achieving legitimation and 

advancement within the differentiated communities of science. For instance, investigators 
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may utilize the knowledge they have internalized from other scientific disciplines and 

their modes of experimentation and verification in constructing ideologies of autonomy 

in which their research is superior in terms of its “rigor” or its ability to achieve “higher” 

levels of analysis as well as distance from extra-epistemic imperatives. For instance, 

investigations that call for a level of analysis that remains primarily grounded in 

immediate human experience is susceptible to the charge of being too 

“phenomenological” by some “pure” scientists.   

Daniela Baus (2009) has taken some initial steps to reintroduce a “traditional” 

anthropological approach to modern science, although explicitly for the purposes of 

attending to the “negotiation” of boundaries in the field. Like Galison, Baus takes on the 

traditional anthropological trope of exchange as means of facilitating interactions 

between scientists committed to different understandings of their own and others’ 

practices. Baus attends to the degree to which “boundaries between disciplines blur” in 

creating new “hybrid” communities committed to the same “meanings.” To the extent 

that her analysis remains at the level of meaning, discourse, and communication she too 

unfortunately remains trapped within bounded modes of analysis which, while 

convenient to the sociologist of knowledge, provides little information about the 

dynamics of power and hierarchy involved in inter-scientific research and the 

mechanisms by which these boundaries are reproduced or perhaps contested in actual 

scientific practices. In this regard, by privileging questions of meaning rather than 

analyzing the actual social relations of differently committed scientists, the opportunity to 

employ ethnographic methods toward higher levels of cultural analysis is missed.  
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* * * 
 

 
At the beginning of fieldwork I brought to the project a set of auxiliary theories in 

order to try to make sense of the constitution and continuity of the social relations among 

inter-scientific collaborators, leaving open the possibility that perhaps some parameters 

for facilitating “normative” social relations toward enhanced scientific productivity might 

emerge. My preliminary reckoning was based on an initial observation, specifically, that 

in the course of their epistemic relations with one another collaborating scientists quite 

often literally exchange things with one another - including objects and ideas. As such, I 

decided to return to one of the canonical works of anthropology, The Gift (1990 [1925]), 

by the French ethnologist Marcel Mauss, in order to see if this might have something to 

offer to the present analysis.  

Mauss as is well known was the prized pupil of his uncle, Émile Durkheim, the 

founder of sociology in France. For the Durkheimians society was considered an entity 

sui generis, an emergent phenomenon with its own properties and laws irreducible to 

those of its constitutive elements (i.e. individual actors). Durkheim and his followers 

including Mauss were primarily concerned with the question of social solidarity and the 

mechanisms by which it is collectively established and maintained. As for mechanisms, 

Durkheim (1995 [1912]) came to believe that solidarity arises through ritualized 

interactions and what he called “collective representations.” Some years later, Mauss 

came to believe that he had found a different answer to the question of the mechanisms 

by which solidarity arises. In his studies of the history and ethnography of gift-based 

economic exchange, Mauss identified a common theme - the principle of reciprocity – 

and suggested that it might be another means by which solidarity is established and 
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reproduced in society. Writing in the wake of the First World War, Mauss also took the 

opportunity to consider the status of this mechanism in modern society, and what might 

be done to piece back together that which had been torn asunder. Perhaps inspired by the 

Vedic literature he studied, the theory of the gift as expressed in classic Hindu law and 

the connection of gift and sacrifice as identified in the religious life of this society (i.e. 

sacrifice is a gift that compels the divine to intervene on one’s behalf), Mauss’ arrived at a 

notion of society as underpinned by a “morally sanctioned gift cycle” (Douglas in Mauss 

1990 [1925]: ix-x). According to Mauss, there are three parts to the principle of 

reciprocity: give, receive, and return. He believed that individuals internalize this norm 

from the greater social systems in operation. In the societies he considered this norm is 

primarily expressed in the form of gift exchange practices, the effects of which ultimately 

enhance social solidarity among individuals and groups by placing obligations upon the 

recipients of gifts, thus enabling series of exchanges over time. This logic operates 

unconsciously and as such constitutes one of the one of most “fundamental” mechanisms 

of social solidarity. Importantly, this is a theory that can be readily coupled to 

ethnographic observation. Furthermore, Mauss argued in The Gift that although the logic 

of gift exchange is dominant in so-called “primitive” societies it is not confined to them. 

In more “developed” societies, the logic of gift exchange co-exists with (but may be 

secondary to) the more formal logic of modern markets.59 In her foreword to the 1990 

edition of The Gift, Mary Douglas (Foreword to Mauss 1990 [1925]: xiv) articulated the 

nature of Mauss’ achievement:  

                                                        
59 “The principles of law that govern the market, purchase, and sale, which are the 
indispensable condition for the formation of capital, must and can subsist side by side 
with new principles and more ancient ones” (Mauss 1990 [1925]: 154).  
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[Mauss] discovered a mechanism by which individual interests combine to make 
a social system, without engaging in market exchange. This [was] an enormous 
development beyond Durkheim’s ideas of solidarity based on collective 
representations. The gift cycle echoes Adam Smith’s invisible hand: gift 
complements market in so far as it operates where the latter is absent. Like the 
market it supplies each individual with personal incentives for collaborating in the 
pattern of exchanges. 

 
 
According to Mauss, the common understanding of gifts in modern society – that they are 

freely and voluntarily given without any expectation of compensation – is an invention of 

modern society. Not only this, but the modern notion of the gift does not completely 

quench the true meaning that it has otherwise always held throughout human history, 

namely, that is no such thing and there was never meant to be such a thing as a “free 

gift.” Gifts were always ever meant to serve as the constitutive elements of networks of 

obligation within collectivities. Even though we “moderns” may believe that we give 

freely, the inertia of the original meaning of the gift persists and influences our lives. 

According to Mauss (1990 [1925]: 65), “a considerable part of our morality and our 

lives…are still permeated with [the] atmosphere of the gift.” Gifts, therefore, are not 

entirely as they seem – there is a deeper meaning to these phenomena. In all of the 

societies he considered, Mauss found a common, unstated moral rule - every gift received 

must be reciprocated. For Mauss, it is as true in the so-called primitive societies he 

studied as it is in our own modern societies: “The unreciprocated gift still makes the 

person who has accepted it inferior, particularly when it has been accepted with no 

thought of returning it” (Mauss 1990 [1925]: 65).  

With a bevy of ethnographic and historical documents at his disposal, Mauss set 

out to articulate the meaning of gift exchange in so-called “segmented” or 

“undifferentiated” societies, and he noted that highly ritualized and ordered systems of 
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such activities were central to the functioning and reproduction of the most central 

institutions of these traditional societies - and thus to the ongoing solidarity of these 

societies as a whole.60 Although in gift based economies exchange of this type is 

ubiquitous, often times Mauss noted that the exchange of gifts took place alongside other 

types of tribal activities, including the more mundane exchange of “everyday” wares in 

the case of the Kula Ring among the Trobriand Islanders (see Malinowski 1922), or, in 

the case of the societies of the Northwest Coast, as part of more-or-less solemn tribal 

events including religious festivals, ceremonies, marriages, and banquets. Especially in 

the case of the latter, not infrequently did gift exchange rituals serve as the very means of 

establishing and/or contesting political rank among and within the moieties and other 

                                                        
60 In these societies, the sectors of society that we “moderns” would ordinarily consider 
to be distinct and separate from one another – i.e. politics, religion, the economy, the 
family, and so on - have not yet been completely partitioned from one another. In many 
so-called primitive societies, for instance, political and economic structures find 
expression in systems of kinship. The exogamous exchange of daughters among the 
chiefs of families, clans, and moieties, for instance, frequently serves as the contractual 
bonds between them. Gift exchange ceremonies nevertheless held a particularly special 
significance for Mauss, as they constituted perhaps the most perfect expression of what 
he called the “total social fact,” a phenomenon in which, simultaneously, all aspects of 
social life find expression, and in which the diverse threads of individual and collective 
life inextricably intermingle with one another. Mauss identified more or less close 
approximations of the ideal total social fact in the gift exchange ceremonies of a number 
of pre-modern societies, ranging from the Northwest Coast of American to the island 
tribes of Oceania. For Mauss (1990 [1925]: 79) total social phenomena are:  

 
…at the same time juridical, economic, religious, and even aesthetic and 
morphological, etc. They are juridical because they concern private and public 
law, and a morality that is organized and diffused throughout society; they are 
strictly obligatory or merely an occasion for praise or blame; they are political and 
domestic at the same time, relating to social classes as well as clans and families. 
They are religious in the strict sense, concerning magic, animism, and a diffused 
religious mentality. They are economic. The idea of value, utility, self-interest, 
luxury, wealth, the acquisition and accumulation of goods - all these on the one 
hand - and on the other, that of consumption, even that of deliberate spending for 
its own sake, purely sumptuary: all these phenomena are present everywhere, 
although we understand them differently today. 
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divisions of the collectivity, taking on the spirit of rivalry in the process. Mauss devoted 

particular attention to this “rare” and “highly evolved” system of gift exchange among 

the Tlingit and Haida tribes of the Northwest Coast, a set of rituals termed “potlatch” and 

known for the outward expression of antagonism among the participants. In the case of 

the potlatch, Mauss believed that the universal logic of gift exchange had been taken to 

its extreme form. In many gift exchange rituals, political or religious rank within 

moieties, clans, lineages, house groups, etc. was established once certain individuals 

representing themselves or a particular collectivity proved unable to “return” or “repay” 

the offerings of their rivals, thereby succumbing to the weight of obligation and debt. In 

the case of the potlatch, however, instead of offering gifts to rivals accumulated wealth is 

simply destroyed in the presence of rivals. Whatever else, in all of these instances Mauss 

noticed that the various members of these societies - from chiefs and noblemen to the 

“commoners” or non-elite - struggled within these contests to carve out optimal positions 

within the tribal hierarchy, always with an eye toward achieving the ultimate benefit for 

one’s self, moiety, or tribe.  

Gifts in societies therefore may function much like contracts. Even in modern 

societies in which the legal contract takes precedence, we may still note the contractual 

connotations of gifts. Adherence to the parameters of gift exchange - give, receive, and 

reciprocate within an implicit time frame61 - may strengthen the social fabric of a 

collectivity or the social bond of individual actors. On the other hand, failure to comply 

with these parameters may approximate something like a breach of contract. Importantly, 

however, as Mauss showed the existence of a social bond does not necessarily imply 

                                                        
61 “[I]n every possible form of society it is in the nature of a gift to impose an obligatory 
time limit” (Mauss 1990 [1925]: 34-35).  
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equality among the constituent actors, and the agonistic principle of reciprocity need not 

always take on such “positive” connotations. In some instances actors representing 

themselves or a larger moiety may attempt to take advantage of the contractual nature of 

gift exchange for strategic purposes, actually hoping that gift recipients break the 

contract, so to speak, not for the purpose of breaking the social bonds of the collectivity 

as a whole but rather to establish or contest hierarchy within it. Once enrolled in an 

escalating contest of honor according to a set of rules acknowledged by all parties, the 

rival that is unable to meet the terms of the contract by reciprocating appropriately is 

thereby “shamed” into a position of inferiority. In every instance, however, Mauss (and 

following him, Lévi-Strauss) argued that the principle of reciprocity constitutes a central 

organizing feature of social relations.62  

In turning to a comparison of gift exchange practices in undifferentiated versus 

modern societies, one thing that stands out as a distinguishing feature between market-

based and gift-based economies is the degree to which these activities are open to the 

                                                        
 
62 Claude Lévi-Strauss (1987 [1950]), as is also well known, praised Mauss for having 
discovered what he believed was the primary organizing principle of social life, much as 
Marx praised Hegel for having discovered the dialectic. Just as Marx criticized Hegel for 
providing a purely idealistic as opposed to a materialistic conception of the dialectic, so 
too Lévi-Strauss critiqued Mauss for providing what he considered to be too 
“phenomenological” an approach to social and cultural life. Lévi-Strauss argued that the 
norm of reciprocity does not originate at the level of society and then subsequently 
become internalized by individuals. Rather, for Lévi-Strauss the principle of reciprocity 
occupies the very center of his theory of mind. Lévi-Strauss (1969 [1949]) argued that the 
principle of reciprocity constitutes a kind of pre-cultural logic that is grounded in the 
“deep structures” of each and every human brain, and that this principle and these 
structures are particularly evident in the kinship practices of “primitive” tribes. Lévi-
Strauss famously argued that the principle of reciprocity plays the critical role in the 
transition from nature to culture in the social life of human beings in that it is responsible 
for the universality of the incest taboo and, as an extension of this, the more or less 
elaborate rules of exogamous marriage systems.  
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observation and scrutiny of the members of the respective communities. As Mary 

Douglas reminds us in the case of undifferentiated societies, gift exchange practices 

primarily occur in the “context of public drama, with nothing secret about them” 

(Foreword to Mauss 1990 [1925]: xiv). In stark contrast to this visibility, many if not 

most modern market exchanges take place anonymously, in private, such that “judgments 

of fairness” are not typically possible. In addition, gift exchange in undifferentiated 

societies directly and immediately implicates the honor of the participants. The entire 

community is acutely aware of the outcome of the contests responsible for determining 

the allocation of prestige and the exact “tally” of credit within the community. In this 

respect, as a result of the role played by money capital the picture in the case of modern 

societies is, simultaneously, simpler and more complex. Still, even in the setting of 

market-based economies “informal” exchange among actors is likely to engage the honor 

of the giver and the recipient. According to Mauss, every gift still has to be returned. The 

unreciprocated gifts may alternately incur the wrath of the deities or the bemused 

disapproval of one’s water-cooler colleagues. Whether purely within, outside of, or 

entailing a mixture of market-based and gift-based exchange, a given riposte may have 

less value, equal value, or greater value than the initial prestation, in which case the status 

of the one agent relative to the other is reproduced and reinforced, or challenged and 

overturned, respectively.  

Initially, therefore, I sought to ground my approach to the study of inter-scientific 

relations along the lines of a very traditional trope of anthropology – gift exchange and 

reciprocity – a trope that has previously been put to good use primarily in the 

ethnographic analysis of so-called traditional or “segmented” societies. Perhaps, I 
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thought, it is not simply a shared enthusiasm for science itself that draws investigators to 

work with one another for sustained periods of time. Perhaps, in addition to this, and 

given that they are likely to incur obligations in their recipients as with any other kind of 

“everyday” exchange, “scientific gifts” might be among the elements that drive inter-

scientific relationships forward. As in the case of any other “everyday” gift, I furthermore 

figured that scientific gifts should operate within an agonistic framework, thereby 

structuring the unfolding of these relations in real time. Even more exciting, perhaps, was 

the possibility that this approach might help me to answer some questions of broad 

anthropological significance: how is the exchange of “epistemic gifts” similar to and 

different from the exchange of “everyday” gifts in the non-epistemic realms of social 

life? Others before had tried to bring models of so-called primitive societies to bear on 

decidedly modern ethnographic settings before. Would this attempt bear any fruit?  

Mauss was particularly interested in the Maori notion of hau, something akin to 

“the spirit of the gift,” and its potential significance to addressing the question he posed at 

the start of his analysis: what is it that impels the recipient to return the gift? The hau of 

the gift connotes the bond between the giver and the recipient, the implication being that 

the giver never entirely relinquishes a claim on that gift – eventually the gift wishes to 

come full circle back to whence it came. If it is true that gifts “bear traces of their givers” 

in the present then perhaps, I thought, it might be fruitful to import this notion into the 

realm of modern science. In this manner, I might be able to analyze more systematically 

the structure of social relations among scientific actors, and this might prove especially 

illuminating in the setting of collaborating actors from different historically-specific 

disciplinary traditions, with their own epistemological and ontological commitments, 
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research aims, and systems of distinction and reward. As interpersonal gift exchange 

bears immediate economic connotations, such a model might furthermore serve as a 

hinge for establishing connections between the disciplinary positions of these 

collaborating actors and the larger forces of the world economy in which they are all 

ultimately situated. For all of these reasons, treating the exchanges of scientists in this 

manner might enable me to better observe “the general in the particular,” thereby 

connecting the macro and micro scales of social analysis. Although I initially 

underestimated the degree to which exchange among present-day scientists – as with all 

kinds of exchange in modern social life – is one among other elements constituting the 

strategic decisions of these individual actors in seeking upward mobility and domination 

relative to its serving as a potential mechanism for establishing a higher level of 

solidarity, the value of the notion persisted throughout the duration of the ethnographic 

research.  

And thus it was against this background that I  hypothesized that the circulation of 

“scientific gifts” including materials, methods, access to resources and equipment, and 

the lending of various kinds of specialized expertise might amount to something of an 

informal credit system among the community of scientific researchers populating the new 

collaboration building (and beyond). This “credit system,” I further hypothesized, might 

constitute the basis for a productive solidarity among investigators from different 

disciplinary traditions laboring alongside one another in intentionally constructed spaces 

of contiguity. Perhaps the exchanges and obligations constituting this solidarity, I figured, 

might contribute to the emergence of potentially novel lines of inquiry. With this in mind, 

some research questions arose: Did an “informal credit system” exist in the everyday life 
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of the collaboration building? If so, how visible was it and how closely was it accounted 

for? To whom and by whom?  Obviously, publicly performed gift exchange rituals 

entailing escalating contests of honor did not take place within the collaboration building. 

For obvious reasons, the collective social life of the occupants of the collaboration 

building did not coalesce into a gift-based economy marked by an informal credit system 

in which all of the occupants were mutually invested. For one thing, as I have already 

explained in great detail, “basic” scientists draw their most valued forms of “honor” – the 

symbolic capital of scientific authority – from their successful participation in contests of 

priority within the autonomous fields of science, not from their ability to place neighbors 

in positions of debt and obligation as a result of gifts received - how absurd the 

juxtaposition now sounds! Nevertheless, this did not necessarily mean that the “honor” of 

the occupants was not on the line when they did in fact engage in acts of exchange with 

one another. On the one hand, as I shall describe in great detail shortly, the respective 

prestige of scientific actors from different disciplinary traditions factors into the structure, 

content, and procession of their more formal epistemic collaborative exchanges with one 

another (i.e. as part of joint inter-scientific research projects as distinguished from 

“everyday” exchanges with neighbor scientific colleagues a la “lending sugar to your 

neighbor”). Still, I paid close attention to the informal exchanges and interactions as well. 

Among other things, it quickly became clear that participating in “the spirit of 

collaboration” and being a “good scientific neighbor” was of importance to some of the 

occupants. With that said, the proceedings of the fields of science constituted by scientific 

actors from around the world (well beyond the three-dimensional spaces of the 
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collaboration building) continued to matter far, far more to the individual occupants than 

whatever their inter-disciplinary neighbors might be doing just next door. 

During one laboratory meeting Dr. Snare talked about the matter of sharing and 

the policy the laboratory would use from that point on (Field notes, 15 July 2009). He 

said something along the lines of “I’m not exactly sure what the official policy for the 

sharing and ownership of equipment is, but I’m considering what is in our laboratory 

space to be mine.” Dr. Snare wants to promote free use of the equipment without 

imposing any kind of fee (for now), and he wanted to make sure that only his group (and 

specifically his technician) trained members of other laboratories coming over to use the 

equipment. For some equipment such as the scintillation counter, Dr. Snare suggested 

continuing to use a “Google Calendar” approach. This approach, he said would 

accomplish a number of things. One, “it limits access,” two, “we know the users,” three, 

“we train them,” and four, “we invite them.” With the exception of those members of 

other laboratories using equipment in Dr. Snare’s laboratory once or twice a month, 

individuals, especially those using the equipment every day, would eventually be asked to 

bring their own “consumables” including test tubes and vials. “We don’t want to be 

providing for the entire building.” Dr. Snare stated that some of the equipment including 

the “shakers” (incubators for bacterial expression of proteins of interest) would be fine to 

use by other laboratories “unless they are taking up the entire machine for hours at a 

time.” With all of this said, Dr. Snare reiterated what he felt was the main point: his 

laboratory needs to get its work done and it might need to get a bit territorial in order to 

do it. “We cannot share to the point that we cannot do our own experiments,” and “we 

can’t be training other people to use our equipment constantly.” According to Dr. Snare, 
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“In the spirit of this building we want to be as flexible as possible without getting abused. 

We need to keep track of who is using what equipment and why. The equipment in the lab 

is ours, first and foremost, and we share secondarily.” In the final analysis, if the Snare 

laboratory did not retain its authority to bump others scheduled to use the equipment in 

its designated space in the collaboration building, it might be put in a difficult position 

with respect to its ability to participate in the scientific field of membrane fusion research 

to which it was thoroughly and almost completely invested. The group was clearly under 

some intense competition well underway for priority of discovery, and, as a small 

laboratory competing against a number of “behemoths” in the field, they would need to 

scramble and produce as much meaningful data as quickly as they possibly could. 

Nevertheless, with all of this said and the circumstances well known to all of the 

laboratory members, Dr. Snare advised discretion, suggesting that although the laboratory 

must retain this authority it must nevertheless “use it wisely.” After all, being a good 

scientific neighbor still counts for something. (All quotes paraphrased from field notes, 

15 July 2009).  

At this point I would like to return to the idea of employing the theory of gift 

exchange as a model of collaborative relationships – not just “everyday neighborly” 

relationships among investigators from different disciplinary traditions laboring alongside 

one another in shared spaces of research, but the relations of investigators attempting to 

work together on a joint research project. As I have suggested earlier, I never entirely 

disregarded the notion that perhaps there is something unique about the social relations of 

scientists, as compared to the social relations of other kinds of actors in the present. 

Previously I noted my observation that often times collaborating scientists quite literally 
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exchange things with one another in the course of working together. Unlike most 

everyday gifts, it seems to me that the epistemic objects exchanged by collaborating 

scientists quite often become the focus of forward-looking investigations. Consider a 

joint research project in which the social relations of cooperating investigators take on 

something of an agonistic structure. For example, an investigator “gives” an epistemic 

object to a recipient - another investigator – who subsequently investigates the properties, 

behavior, or effects of this entity. Within this situation, the epistemic character of the 

object itself is often only partially known, if at all, and, in the instance in which the 

riposte for having accepted such an epistemic object is knowledge concerning the 

abovementioned properties, this information may and often does alter the structure of the 

epistemic relationship, its temporal sequence and duration, and perhaps even the 

positions of domination among the actors without the imposition of strategic intent. 

Therefore, at the preliminary stages the nature of the entity to be ascertained or the actual 

value of the tool is deferred, unknown at the time of the initial exchange, and therefore 

only ever established a posteriori, at a later point in the ongoing procession of the 

research relationship. To put it simply, that entity or idea that the one collaborator has 

“given” to the other might turn out to be a blessing or a curse – a blessing if “successful” 

from the perspective of one or both of the collaborating researchers, and a curse if it leads 

to a dead-end “opportunity cost” for one or both of these actors. In his 1924 essay “Gift, 

Gift” (Mauss in Schrift 1997: 28-32; see also Mauss 1990 [1925]: 62-63) Mauss 

introduces two different meanings implied by the term “gift” in the old Germanic 

languages - “present” and “poison” - and he ponders the potential reasons for such a 

seemingly paradoxical semantic disparity so commonly encountered and fundamental to 
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Germanic folklore. According to Mauss, these tales remind the reader that a gift need not 

always entail positive ramifications for the recipient, and in fact a danger may be present 

within the prestation. This is not at all to suggest that these kinds of scenarios do not exist 

in the gifts exchanged in the other domains of society, for surely they do. What I do wish 

to suggest is that the scientific setting is perhaps one in which they might arise with some 

regularity. There seems to be a kind of fundamental ambiguity present in some of the 

materials and ideas offered as part of the initial stages of collaborative undertakings 

among different groups of actors. Although the idea that science is separate from the rest 

of society is a false notion, I would like to suggest that there is something about gifts 

given in the scientific domain that touches upon the more archaic connotations of gift 

exchange. 

My suggestion that collaborative relationships might be modeled along the lines 

of gift exchange resonated with one materials scientist with whom I spoke in April of 

2009. This individual recounted to me a desire to “ritualize” the nature of such exchanges 

in order to obviate any misunderstandings on issues such as credit, not just for the sake of 

the investigators but more importantly for the graduate students and post-doctoral 

researchers that actually execute such joint-research projects and whose future careers 

may have a particular stake in the success of the project. According to the materials 

scientist, having a concrete object such as a particle to be taken up and studied in cells or 

otherwise helps to track and trace the progress of the research and to distinguish in a fair 

manner the respective contributions of each of the participating investigators and their 

students within the joint-research undertaking. 
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Investigators would often prefer to have an “up front” discussion in which they 

frankly discuss with one another the exact terms of the collaboration and in which the 

expectations of each of the participants are laid out from the beginning – what each 

investigators is going to give to the other and when they are going to give it, what each 

investigator can expect from the other another in terms of any “return” gifts. The 

“culture” of collaborative science is such that many investigators would probably agree 

that it would be nice to get these things in writing, almost in terms of a formal contract, 

exactly what each is to be “given” in return for what they have contributed. Nevertheless, 

no one actually ever adopts such an approach because it would come across as far too 

controlling and possibly even “neurotic,” thereby leading to the risk of alienating the 

other investigator from proceeding with the collaboration in the first place. Not only this, 

but many (but certainly not all) researchers would like to maintain a reputation as easy-

going, for it could lead to their being approached in the future with exciting new 

possibilities for joint research.  

Most of the early negotiations regarding scientific collaborations are therefore 

somewhat “hidden,” only partially clarified to the collaborating partners, established, if at 

all, through non-explicit means. Without any formal means of establishing the “ethics” of 

collaboration, would-be collaborating scientists often get stuck in a kind of middle 

ground between coming across as easy to work with versus coming across as overly 

concerned with matters of fairness and justice. Regarding the ethics of joint-research, 

investigators will often say to one another something along the lines of: “We’ll just see 

what happens and then sort of talk about it later.” Therefore, in the opinion and 

experience of this scientist, collaborations tend to unfold informally, almost in an ad hoc 
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fashion, and as a result of the informality and open-endedness of the exchanges that 

underscore these undertakings, the notion of the gift seemed like an entirely appropriate 

way of theorizing these relationships. Gifts instill a sense of obligation and as such add 

some structure to these relations and provide some “ethical” parameters, without which, 

investigators might be concerned with nothing more than the profits they can individually 

derive and perhaps the management of their own impressions.  

Whatever else, this scientist had decidedly positive sentiments toward 

collaboration. The decision to collaborate with another researcher may very well end up 

taking this actor’s research program in a totally new direction that he or she might 

otherwise have been uninterested or perhaps even unaware. In the spirit of being a good 

academic colleague, the scientist stressed that there is a selfless value in the decision to 

collaborate, in that it might help the other researcher to achieve success within his or her 

own field of expertise that they likely would not have been able to accomplish alone. In 

accordance with the abovementioned stress I have placed on the fundamental ambiguity 

that may be present in scientific prestations, the scientist put forth the notion that 

frequently, when first starting out working together on something collaborating 

investigators do not know how good of an idea it is they actually have. As a result of this, 

the value of the gift that you have either given or received is unknown. It might be 

something that establishes someone’s career for instance, or it might just turn out to be 

nothing more than a waste of time. One often does not know for certain the actual value 

of the gift before actually starting to do the science. This is actually really important – it 

could mean a lot of money. Scientific gifts often turn into publications which eventually 

may turn into grants, and so on. The materials scientist shared a personal example of a 
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past collaboration and described its unfolding as such. Both researchers started out with 

the expectation that the initially proposed idea was a “long shot,” a “crazy, nutty idea” 

that could not possibly work out. But they decided to give it a try anyway – “let’s just 

give it a try” it turns out is a common refrain in this kind of setting. And so the materials 

scientist and the collaborating researcher went ahead and tired out the idea with some 

preliminary experiments. And lo and behold, much to the surprise of the collaborators, 

the idea actually worked! The value of the gift that the one had given to the other and 

therefore the under-articulated if not unspoken agreement that they initially agreed upon 

became subsequently altered. What they thought was going to turn out to be a “cupcake” 

actually turned out to be a “Ferrari.” In sum, the decision to engage in one collaborative 

relationship over another, or perhaps to participate in one at all, constitutes something of 

a gamble.  

Interestingly, following the initial success of this collaboration a “tussle” ensued 

over what was to become of the epistemic partnership. Although the post-doctoral 

researcher in the materials science laboratory assigned to the project was more than eager 

to execute his part of the project, the graduate student of the collaborating scientist was 

less than excited about devoting so much of his effort. Apparently, according to the 

materials scientist, this individual hailed from a “traditional” background and turned out 

to be overly wary of the possibility that the post-doctoral researcher might take undue 

credit or perhaps even steal one of his ideas. At this point in the collaboration the 

materials scientist expressed a feeling of being trapped: on the one hand, under such 

circumstances perhaps it would make sense to get something down in writing if only for 

the sake of this anxious graduate student, such that he is reassured that the materials 
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science group does not want to take any credit away from him. The bottom line was that 

their group could not proceed with their share of the scientific labor without this graduate 

student contributing his share of the work, and as such he was to remain for some time 

the central if not the “limiting” figure in the research project taken as a whole. Looking 

back, the project had all the signs of a potentially successful collaboration but clearly 

there remained some issues to work out. The materials scientist was therefore tempted to 

bring this up to the collaborating researcher. Given the laid-back, easy-going personality 

of the collaborative partner, however, the materials scientist was reluctant to suggest 

somehow “formalizing” the partnership in terms of roles and expectations. If this were 

suggested to him, he would likely wonder why the materials scientist was making such a 

big deal out of an otherwise “informal” collaboration. Nevertheless, the significant trust 

issues had led to an awkward situation. In the final analysis, the materials scientist 

expressed that their group would do anything they possibly could to keep the 

collaborator’s graduate student content, including “feeding” him a first author paper (so 

long as their group got a first-author paper out of the collaboration in return). It would be 

nice, the materials scientist, suggested, if there was some kind of academic legal team in 

place that specialized in dealing with collaborative undertakings and getting investigators 

to agree to shared terms.  

Interestingly, somewhat as an aside, the materials scientist acknowledged the 

likelihood of being unaware of the many gifts of time, labor, materials, and so on that 

others have contributed to their own research operations and specifically the training and 

advancement of the graduate students, and vice versa on the part of the materials science 

laboratory to other groups. Within his perfectly closed, idealized linguistic system, 



359 
 

 

Jacques Derrida (1992) has argued that a “pure” gift (without any ulterior motives 

whatsoever) may perhaps only exist if the giver is unaware that a gift has been given by 

them, that an exchange has taken place. Perhaps this represents another way in which the 

role and significance of gifts in the scientific domain stands out within the realm of the 

social writ large.  

Moving beyond this ethnographic moment, however, is something different than 

the straightforward issue of trust among individual scientific actors and the 

members/students of their laboratories. To some extent the interactionists may be correct 

in suggesting that the norms and ethics of such relationships are worked out in their very 

unfolding; however, there are other, broader institutional forces that factor into the 

unfolding of these relations, in part by structuring the approach taken by the individual 

actors to the engagement, in terms of degree of commitment and investment, for instance.    

 
 

* * * 
 
 

As I have already noted, early in the course of fieldwork I discovered that the 

topic of gift exchange in science had already come up in prior studies. Nevertheless, I 

noted that in many of these recent works, the notion of gifts had been employed primarily 

as a means of “negotiating boundaries” between the disciplinary formations. As with so 

many other recent studies of science, these works tended to treat the disciplines as more 

or less discrete and incommensurable “languages” with respect to one another, thereby 

ultimately framing the question or problem of inter-scientific collaboration in terms of 

what it will take to establish a common conceptual ground among these programs for 

proceeding with joint research, with how to avoid confusion and misunderstanding 
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among them, etc. Wishing to avoid the pitfalls of these and other previous studies which 

have remained thoroughly stuck in a kind of Kuhnian logic, I sought to employ the theory 

of gift exchange in science in a much different way.  

Until now, to my knowledge, no one has attempted to model actual scientific 

relationships as witnessed through ethnographic research along the agonistic parameters 

of gift exchange. What is it that provides structure to the social relations of investigators 

from the same and different disciplinary traditions? What are the motivations and 

expectations (i.e. in terms of roles, risks, rewards, outcomes, etc.) that these researchers 

bring to their relations with one another and how do these elements influence the 

unfolding of these relations in time? Besides issues of commensurability, translation, and 

boundedness, what else is at stake when investigators collaborate with one another? In 

my estimation, these questions have been inadequately addressed and as such remain 

poorly understood. In his investigations of those modes of inquiry seeking to attain the 

status of science, Foucault has approached disciplinary bodies as domains of practice that 

implicate experience as well as knowledge (Rabinow in Faubion 1994: x; see also 

Foucault in Dreyfus and Rabinow 1983: 208). As I have shown thus far, Pierre Bourdieu 

has sought to do the same. In this regard, I have hoped to follow in their footsteps.  

Albeit along different parameters than the present analysis, one author who has 

successfully invoked Mauss’s significance within the domain of science is Mario Biagioli 

(1993). Drawing upon Mauss’s theorization of gift exchange, Biagioli attended to the 

dynamics of patronage and epistemic contests in early modern science, specifically 

through a re-examination of the scientific achievements of Galileo in light of his 

patronage relationships. For Biagioli, it was not some mark of genius or serendipity that 
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can explain the remarkable scientific productivity of Galileo throughout his life. Instead, 

“the place of gifts within the logic of patronage” explains it (Biagioli 1993: 36). Biagioli 

demonstrates that gift exchange factored deeply into the social fabric of early modern 

science, and he references Mauss’s analysis of the potlatch ceremony of the Northwest 

Coast for purposes of comparison. Biagioli suggests that Galileo’s stipend was not 

entirely determined by the dynamics of supply and demand in a market-based economic 

system, but rather by an “economy of honor” that is characteristic of the exchange of 

status-bearing donations. 

 
Even when patronage relationships were represented through monetary 
exchanges, they reflected gift-exchange dynamics. As with the potlatch of the 
Indians of the American Northwest…gift-exchange was an exercise of power. In 
early modern Europe, patronage was a competitive process of social distinction 
effected through the important patrons' challenge of each other's power to spend 
(Biagioli 1993: 37). 
 

 
According to Biagioli, it was not so much the “pure truth” of the cosmos that 

Galileo was after. Ambitions of upward mobility were ubiquitous, and all of Galileo’s 

actions “were aimed at securing Medici patronage in some stable fashion.” In exchange 

for the patronage provided by the de Medicis in the early seventeenth century, for 

instance, Galileo dedicated to them his discovery of the “Medicean Stars.” Guidobaldo, 

another of Galileo’s later patrons, “lifted the patronage relationship above the material 

level so that he could accept ‘intellectual gifts’ (the only ones Galileo could offer at this 

stage of his career) as a legitimate return for his patronage” (Biagioli 1993: 40). Even in 

those instances where money capital enters the picture:  
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We should not view [Galileo’s stipend] only in our capitalistic perspective and 
reduce the significance of a thousand-scudi salary to its buying power alone…its 
symbolic dimension was also important: income was both a sign and material 
cause of status (1993: 36).  

 
 
Patronage and “gift giving” among the courtly scientific elite represent far more than 

economic exchange, precisely because they produce “status, identity, and credibility” 

(Biagioli 1993: 41). Biagioli went even further in suggesting that Galileo in a sense 

enrolled the de Medicis in a kind of controlled potlatch. After acknowledging Galileo’s 

bestowal of the “Medicean Stars” to Cosimo de Medici, the courts of every other king, 

prince, and queen took notice, and, having themselves received gifts of telescopes from 

Galileo, the price of securing his presence in their own courts rose accordingly. It seems 

odd from our current position, but according to Biagioli Galileo never publicly 

proclaimed “authorship” nor emphasized his role as “exceptional discoverer,” nor could 

he have precisely because had he done so the entire system of patronage would have 

collapsed. There was no place for the idea of scientist as discoverer, author. At the court, 

there was only one author: king, prince, or queen. 

 
Paradoxically, one had to donate exceptional gifts to an absolute prince in order to 
be accepted as a distinguished client, and yet one could not present his 
exceptional gifts as really coming from him because that gesture might be ready 
by the prince as an unacceptable "challenge," thereby jeopardizing the client's 
access to patronage, legitimation, and credibility (Biagioli 1993: 53).   

 
 
Basically, Galileo had to walk a tightrope so as to maintain his scientific authority and his 

place in the court of his patrons. Galileo had to “efface” himself as author and at the same 

time subtly convince his patrons that his discoveries were “exceptional gifts worthy 

of…appreciation and acknowledgement” (Biagioli 1993: 53). Biagioli rightfully stresses 
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the agonistic (possibly antagonistic) subtext that inheres in gift-giving practices and the 

fact that they need not be represented as such by those engaged in them, as was the case 

in early modern science in Italy.  

There are a few last things worth taking from Biagioli, particularly as they pertain 

to the kind of agonism operative in early modern scientific disputes, and the role of 

patronage and etiquette. Biagioli argues that connotations such as credibility, honor, and 

social status carry into the engagements, criticisms, and strategies for handling them 

among scientific actors with one another. In the case of Tycho and Ursus, Biagioli tells us 

that Tycho did not hesitate to make quite personal in his defenses the matter of authorship 

over the “so-called Tychonic planetary model.” One particular strategy for handling a 

challenge from an opponent (inferior in status) is to delegate the retort to a younger 

underling, rather than stoop so low as to have to ward off something so out of line 

(whether or not the criticisms contained in the challenge were legitimate or not). In 

arguing that such a tactic is by no means unique to scientists, Biagioli cites Bourdieu’s 

work on the Kabyle home and particularly the practice of keeping a “poor man” in the 

house of noble families for the purpose of dealing with challenges from lower class 

individuals (in Bourdieu 1977 [1972]: 1-29). In the case of modern science, responding in 

such a manner is not always a realistic option.  

In Laboratory Life: The Social Construction of Scientific Facts (1979), Bruno 

Latour and Steve Woolgar poo-pooed the idea of using gift exchange as an organizing 

trope in the sociology of science. Latour and Woolgar take particular exception with 

Warren Hagstrom’s (1965: 12-23) characterization of the scientific community as 

grounded in the logic of gift exchange, a characterization that persists in a number of 
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approaches to the social study of science, including in the work of Helga Nowotny. For 

Nowotny:  

 
Once published, scientific knowledge becomes public and accessible in the public 
domain, even if it can only be fully understood by other specialists. As long as 
others can freely use it, science operates as a gift-exchange economy. In return, 
proper attribution gives credit to those whose work has been used, enhancing 
thereby their reputation. Although the individual is seen as the originator of new 
ideas or methods, science operates strongly as a self-organizing collective under a 
corporatist regime. In this respect, scientists resemble other professionals 
(Nowotny et al. 2005: 6).  

 
 

I agree with Latour and Woolgar that at its highest institutional levels science does 

not operate as a gift-based system of exchange and reciprocity. The patronage 

relationship of science by and large no longer takes on such immediately personal 

connotations, as Biagioli (1993) demonstrated in the case of Galileo and his courtly 

patrons. Rather, the patronage of science has been taken over primarily by the state 

apparatus, which dispenses funds on the basis of a more or less anonymous review of 

grant applications and other means. Nowotny is of course aware of this and qualifies her 

characterization accordingly. For her, the gift economy of science is privately 

administered and maintains a system in which reputation, or the bestowal of recognition 

from the community to the original investigator, represents the only legitimate “reward” 

that scientists ought to receive within the system of science.  

Preceding Nowotny by forty years, Hagstrom argued that scientists quite literally 

donate their discoveries to the scientific community in exchange for one and only one 

thing – recognition of their discoveries. Like Nowotny, in Hagstrom,’s estimation 

scientists collectively contribute to an ever-growing pool of knowledge from which they 

may freely draw items for purposes of orienting and evidentially supporting subsequent 
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analyses. The primary impetus for theorizing science as a gift economy is, as Latour and 

Woolgar note, the conservation of the classic “norms” of science - universalism, 

disinterestedness, communism, and organized skepticism (Merton 1973 [1942]) - against 

the currents of the capitalist milieu within which the social system of science is integrated 

but, nevertheless, partitioned.  

By “giving away” or “donating” discoveries to the scientific community in the 

form of publications and professional presentations, Hagstrom and Nowotny argue that 

scientists incur particularistic obligations between themselves and the community in 

order to shield or at least “soften” utilitarian imperatives. For Hagstrom, science is 

accountable to the principle of reciprocity rather than profit maximization, and, as a 

result, economic or mundane interests cannot and do not overtake the cycle within which 

“pure” scientists “donate” findings and receive “pure” recognition in return. Hagstrom 

argues not only for the veracity of his theorization but also for its necessity. For him, the 

donation of intellectual gifts to an anonymous scientific community is precisely what 

tames an otherwise “natural” impulse among scientists to proceed as though they were 

merely “rational” economic actors dedicated to the pursuit of worldly ends, rather than 

the “higher” value of truth itself. According to Hagstom (1965: 16), “[t]he desire to 

obtain social recognition induces the scientist to conform to scientific norms by 

contributing his discoveries to the larger community.”  

In their critique, Latour and Woolgar attempt to obviate, in their own way, the 

problem of what motivates scientists by partitioning the notion of credit: credit as reward 

and credit as credibility. They define credit as reward as the “awards which symbolize 

peers' recognition of a past scientific achievement” and credit as credibility as the ability 
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to “actually do science.” In this way, they hope to unite an analysis of epistemology and 

political economy. To their minds, this maneuver enables them to relate the “external” 

factors of science to the “internal” factors of science by linking credibility and reward in 

a single “credit cycle” in which the two are inter-convertible. Latour and Woolgar argue 

that, whatever else, scientists will have to acquire both forms of credit in the final 

analysis. Scientists must generate solid research findings and secure “worldly” rewards 

bearing the marks of status and prestige: credibility cannot be achieved without also 

acquiring some basic rewards, and vice versa. It does not matter whether scientists are 

primarily interested in consolidating their expertise along the lines of a particular strand 

of inquiry, whether scientists are interested in receiving the more “worldly” rewards of 

science, or whether the primary goal is the teaching of science to students at the 

university level - every scientist must “play the game.” The cycle goes like this: scientists 

leverage recognition from prior success toward the acquisition of additional grant 

funding. This provides equipment and ultimately data, which in turn enables scientists to 

compose new articles that may garner citations from other researchers in the community. 

Thus, we end up back at the beginning: recognition leads to grants, and so on. Scientists 

must become proficient in converting these different elements into one another in order to 

“make moves” toward becoming “relevant.” Latour and Woolgar argue that no individual 

aspect of the cycle may be treated in isolation from the entire cycle as a whole. They 

suggest that the speed at which the cycle turns corresponds to the “efficiency” of a given 

laboratory operation (in terms of time and money). Recall Bourdieu’s (1975) earlier 

position, in which it is impossible and ultimately inconsequential to the functioning of 

highly autonomous scientific fields should one attempt to identify whether or not a given 



367 
 

 

scientific actor is motivated by the pursuit of knowledge for its own sake or for the 

rewards available to those achieving priority of discovery. In Bourdieu’s scheme, “credit 

as reward” and “credit as credibility” essentially refer to the same thing. The social 

capital of scientific authority (i.e. credibility) earned through achieving priority of 

discovery is the reward, not least because it provides some power over the constitutive 

mechanisms of the field as a whole. Furthermore, Latour and Woolgar’s singular credit 

cycle is the only means by which larger institutional forces influence the activities of 

scientists. They adopt this approach largely in order to justify focusing their efforts 

almost exclusively on the micro-scale of science (and society), the only level worth 

attending to in their estimation. The effects of disciplinary identity, for instance, play no 

role whatsoever. The factors influencing scientists are more nuanced than Latour and 

Woolgar would have us believe, and scientists themselves are more than simply “rational 

actors.”  

Whatever scientists may privilege – be it credibility or reward – scientists are in 

Latour and Woolgar’s model entrepreneurial actors seeking to acquire and enroll every 

resource available in the pursuit of their scientific goals, whatever they might happen to 

be. On the one hand, Latour and Woolgar mock Bourdieu’s importation of methods for 

studying “haute couture” into the study of science, and on the other hand they suggest 

that his model of the reproduction of domination in society applies only to 

“businessmen.” Latour and Woolgar found that the majority of research subjects at the 

Salk Institute offered complicated economistic representations and interpretations of their 

activities. On this basis, they argue that these “native points of view” undermine the 

“simplicity of norms” in science. Although Latour and Woolgar argue that “overreliance 
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on explanations of scientist's behavior in terms of their quest for currency entails 

misleading oversimplification,” they do maintain that, “scientists' behavior is remarkably 

similar to that of an investor of capital” (Latour and Woolgar 1979: 197).  

Latour and Woolgar were at pains to offer an interpretation of scientific activity 

without reference to the scientificity of experimentally-generated facts, and they therefore 

sought to avoid representing scientific facts as did the scientists they studied – facts as 

representative of objects “out there” in the world. In their approach to the social 

construction of scientific knowledge, Latour and Woolgar sought to analyze scientific 

activities “without commitment to either side of the distinction between fact and artefact” 

for two stated reasons. First, they argued that such distinctions constitute “resources” for 

scientists in articulating the nature of their own activities in the laboratory. This is ironic, 

given their connection to ethnomethodology, as they tended to take these narratives at 

face value anyway. Second, they argued that it seemed “inappropriate” to explain the 

micro-processes of scientific fact production by referencing the finished products of these 

activities – the facts themselves.   

Although it had been acknowledged by most that science is not thoroughly 

insulated from the rest of society, Latour and Woolgar were keen to show that the 

distinction between “the social” and “the scientific” is thoroughly fictitious in the sense 

of a creation or invention. At base, Latour and Woolgar argued, the activities of scientists 

are not different from – not more “rational” than - the activities of any other human 

actors. Latour and Woolgar set out to show that although science is widely perceived by 

those on the outside looking in as “well organized, logical and coherent,” it is rather a 

“disordered array of observations.” The primary effort of scientific actors, according to 
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Latour and Woolgar, is dedicated to sorting out this great mess. In this regard they 

focused their lens on the procedures of scientific fact production, and they were 

particularly interested in the mechanisms by which a given fact becomes “freed from the 

circumstances of its production” (Latour and Woolgar 1979: 105) – what Latour (1987) 

would later call “immutable mobiles.” Rather than attending to the social relations of the 

scientific disciplines, or the influences of three-dimensional space and its architectural 

manipulations on inter-scientific research, Latour and Woolgar were more interested in 

the micro-level procedures of fact construction and specifically with literary inscription. 

Very much in line with the notion of “social construction” in the title of the work, they 

considered scientific facts first and foremost to be entities constituted by inscription 

activities.  They argued that experimental arrangements are not simply methods of 

bringing into view independently existing entities – rather, without experimental 

arrangements these entities “could not be said to exist” at all, for it is by and through 

them that they are “constructed.” The characteristics and behavior of the constructed 

entities and subsequently flattened through rhetorical strategies of literary inscription. For 

Latour and Woolgar scientists are, above all, great persuaders.  

Although I myself am invested in demonstrating some of the similarities between 

the exchange of gifts in the scientific domain and in the setting of “everyday” life – 

specifically that the parameters of “class” and “status” influence the initiation and 

procession of these exchanges - I also was careful to stress earlier in this work, following 

Foucault, not only that there exists an epistemological break between those disciplines 

that have crossed the threshold of scientificity and those that have not, but also that there 

is sociological significance to this – actors whose own “aesthetic” dispositions regarding 
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the distinction between science and “non-science” or “less-than-science” may be less 

likely or enthusiastic about engaging in inter-scientific undertakings deemed too 

“phenomenological,” not least because the particular form of expertise they possess and 

value exists below this level of otherwise ordinary sense perception.  

The ethnographic basis for Laboratory Life was the two years (October 1975-

August 1977) that Latour spent observing/interviewing the laboratory of Roger 

Guillemin, a neuro-endocrinologist and recipient of the 1977 Nobel Prize in Physiology 

or Medicine, then working at the Salk Institute for Biological Studies in La Jolla, 

California. One of the key players in the ethnography is thyrotropin releasing hormone 

(TRH),63 a neuro-peptide Guillemin and his group “discovered” years previously, 

primarily through research done in the 1960s while working at Baylor College of 

Medicine in Houston in direct competition with the group of his former post-doctoral 

researcher, Andrew Schally, then working at the Veterans Administration Hospital in New 

Orleans (see also Fruton 1999: 24-26). Although Latour did not himself bear witness to 

the discovery of TRH, it nevertheless played an important “background” role in his and 

Woolgar’s description and analysis of Guillemin’s laboratory. Instead of submitting finite 

samples of TRH to a series of analytical tests in order to determine its structure – a task 

that would have required much more sample than could have bene realistically procured 

using the available methods of the time – Guillemin and Schally instead sought to 

                                                        
63 As can be found in any current physiological text, TRH is a peptide secreted from the 
hypothalamus of mammalian brain, and its function is to stimulate the anterior pituitary 
gland to secrete thyroid-stimulating hormone (TSH), which, in turn, stimulates the 
thyroid gland to release triiodothyronine (T3) and thyroxine (T4), iodine-bearing peptidic 
hormones that exert a variety of functions on nearly every tissue of the mammalian body, 
influencing in particular the basal metabolic rate, protein synthesis, and embryological 
development (cretinism ensues in the developing human infant deprived on thyroid 
hormone).  
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determine the physical and chemical properties of TRH by comparison to the properties 

of artificially synthesized compounds, ultimately in the hopes of identifying a “match” - 

one with identical physical, chemical, and biological properties as the “native” neuro-

peptide. Eventually, the groups succeeded in synthesizing a suitable compound that 

withstood all challenges: thus they had “discovered” the chemical structure of TRH. In 

the end, both the native TRH isolated from the mammalian hypothalamus and the 

artificial TRH synthesized in the laboratory shared an identical tripeptide sequence 

consisting of glutamate-histidine-proline. Fruton (1999: 24-26) correctly notes that this 

work therefore relied on the traditional methods of organic chemistry - specifically, the 

step-wise synthesis of peptide bonds between amino acids ordered in a specific sequence. 

Guillemin, a physiologist, collaborated with a group of peptide chemists in Switzerland 

while Schally, though possessing more chemical expertise than Guillemin, connected 

with a group in Austin, Texas.  Fruton (1999: 24-26) also notes that Latour and Woolgar 

were particularly fixated on the fact that the approach to the discovery of the structure of 

TRH was based on methods of synthesis rather than methods of direct analysis, and they 

subsequently attempted to force a rather tenuous connection between the artificial 

synthesis or “construction” of TRH and its alleged social construction as a scientific fact 

through the micro-processes of literary inscription. As mentioned in the previous section, 

for Latour and Woolgar (1979: 107) TRH ultimately acquires its meaning not as a result 

of its observed physical, chemical, and physiological behavior but rather as a result of its 

position within a network of other propositions.    

  Latour and Woolgar note that automated peptide sequencing methods eventually 

overtook the place of these traditional methods of organic synthesis in the Guillemin’s 
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laboratory. Without specifically referencing Bourdieu, Latour and Woolgar hint that 

through this technical importation Guillemin raised the cost of entry into the scientific 

field surrounding TRH. These new and efficient methods of accurately acquiring peptide 

sequencing data greatly limited the number of actors that could realistically compete for 

the social capital of authority within the now consolidated field related to the discovery of 

TRH. Without reference to the functioning of scientific fields as offered by Bourdieu, 

Latour and Woolgar (1979: 119) suggested that Guillemin “redefine[d] the TRF 

subspecialty solely in terms of determining the structure of the substance.” In what other 

terms were they supposed to “redefine” the field? What else was the field of neuro-

peptide chemistry supposed to be at this time? And what was the original definition that 

Guillemin and Schally redefined through their work? Given the importance of priority in 

this or any other autonomous scientific field, and realizing now as we do that it is in the 

interest of dominant scientists to orient the stakes of the field toward their continued 

domination, well, of course they did.  

Notwithstanding, as mentioned previously Laboratory Life is a text well worth 

turning to for a number of reasons. First of all, Latour is an outstanding fieldworker, and 

he and Woolgar admirably “give voice” to a variety of scientists, technicians, and 

managers thereby marking the specificity of the ethno-historical situation of the life 

sciences at the time of publication, 1979 - even though they were avowedly uninterested 

in this specificity as it might pertain to any of their conclusions. While during this “pre-

genomic” era, much of the life sciences were still actively dedicated to discovering and 

characterizing the elements of cells, today, in the wake of the sequencing revolution, 

nearly all of the individual elements of organisms are believed to be within reasonable 
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grasp, and the task has now become one of establishing the functions and relations of 

these elements.  

In the wake of Laboratory Life, Latour has consistently maintained that the 

production of scientific knowledge proceeds through processes of “ally formation,” in 

which humans and nonhumans alike become “enrolled’” toward ad hoc purposes (see 

Latour 1987). At its root, this is the only kind of real social relation available to human 

beings in Latour’s model. Latour would probably prefer to avoid having to account for 

specifically human groupings of any kind whatsoever, and, while on the one hand it may 

very well be the case that we cannot do without “networks” or “assemblages” of the kind 

Latour has in mind in order to make sense of the increasing heterogeneity of the world, 

on the other hand, in my estimation, the persistence and inescapability of institutional 

relations of power means that we cannot ground the social study of science exclusively 

on a scale that ignores the structural influence of collectivities. As such, Latour and his 

followers fail to specify the most pressing social problems within a given site of 

ethnographic research in terms that mark their significance and specificity.  

In a later work, Latour (1993) persists in ignoring the significance of these 

institutional relations of power because his idiosyncratic political agenda demands that he 

render humans and nonhumans as socially commensurate with respect to one another. 

Ever since Karl Polanyi (2001 [1944]) and his work The Great Transformation, social 

theorists have attended to the “invention” of such concepts as “the economy” and “the 

social,”  the origin of which Polanyi placed in nineteenth century England, and especially 

the functioning of these concepts within technocratic systems of governance.  
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Taking things a radical step further, Latour envisions a process of 

“democratization” in which things (actants) are given the same place of privilege as 

human beings (actors) in building “from the ground up” social formations of various 

degrees of heterogeneity – the reality of which operates and evolves beneath the 

recognition of humans, actors who otherwise have tended to unjustly take credit entirely 

for themselves. In We Have Never Been Modern, Latour (1993) argues that all hitherto 

theorists of the social -with perhaps the partial exception of Claude Lévi-Strauss (1966 

[1962]) - have failed to understand the social world as it actually is precisely because in 

inventing ideologies of the social that include only human beings, these theorists have 

overlooked the non-human aspects of the social world. Just as Latour insisted in his 

collaboration with Woolgar that TRH does not exist as a fact without the specific 

procedures of experimental data production and literary inscription in the laboratory of 

Roger Guillemin, so too did he argue in a subsequent work, that microbes – from a 

“practical perspective” - did not exist before Louis Pasteur (Latour 1993 [1988]). 

According to Latour, Pasteur “enrolled” micro-organisms as “allies” as part of a network 

including, in addition, public health initiatives, physician committees, and so on in his 

efforts to achieve recognition in his lifetime. In these regards, science and reason are 

“unacceptable, intolerable, even immoral” myths so long as we persist in attributing these 

faculties purely to humans and fail to recognize the roles of nonhuman actants and 

contingent forces all coming together in the form of a heterogeneous assemblage. 

In We Have Never Been Modern, Latour (1993) argues that the ideological 

separation of humans and nonhuman has had a very important ramification at the micro-

scale of society, in that these ideologies have actually led to a “blurring” of the human 
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and nonhuman, nature and culture, and that, as such, this has resulted in an increase in the 

distance between the actuality of the social world and the human-centric theories that 

otherwise have sought to understand it but inevitably have not and cannot understand it in 

these terms. For Latour, this ideological separation is productive and generative in the 

sense that it sparks the “proliferation” of hybridity among the human and nonhuman 

elements of the social world. 

Following Lévi-Strauss (1966 [1962]), Latour (1993) argues that “primitives” – 

although he does not use this word – do not partition “nature” from “culture” in the same 

sense that we “moderns” do. To summarize Lévi-Strauss’s approach, the so-called 

“blurring” of the natural and the cultural in the setting of the “primitive” is specifically 

witnessed and therefore ethnographically apparent in the hybrid figures of myths, the 

sociological outcome of which is the very undoing of said “blurring.” This stands in 

contrast to the so-called “modern” construction of a great divide between the natural and 

the cultural, a distinction which at once masks and facilitates the “blurring” of “natural-

cultural” combinations. According to Latour, in the process institutional orders that 

moderns have long considered to be separate domains become crisscrossed: science, 

politics, economics, and so on. Latour locates the very inception of “modernity” in 

Robert Boyle’s air pump experiments in the seventeenth century. Here, the political 

domain became blurred with the domain of knowledge at the most basic level of their 

shared materiality. “Gentleman witnesses,” Boyle’s air pump, the bird, and everything 

else constituting the mise-en-scène of the experimental situation is for Latour an 

assemblage, a singular topological term through which he attends to just about anything 

and everything “emergent” in the world. For Latour, the partitioning of humans from 
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nonhumans is not merely conceptually gratuitous; it is also “anti-democratic” to the 

extent that it privileges humans over nonhumans. This is the material mechanism by 

which Latour believes the social – as a totality – is ultimately heading. Latour assumes 

that whatever happens in the present is merely one stage among others within a grand, 

teleological trajectory toward a kind of radical democracy. The only history that Latour is 

particularly interested in therefore is the history of an intellectual error: misrecognition of 

the co-constituting processes of purification and hybrid proliferation. In contrast to Hans-

Jörg Rheinberger’s more historically specific use of the term “assemblage,” Latour argues 

that all productivity within social life is essentially the work of nature-culture hybrids, 

and he proceeds in treating all matters pertaining to hybridity, proliferation, and 

emergence entirely through this notion. In Latour we ultimately see the movement from 

the local production of science and technology toward instituting the universal 

acknowledgment of the fundamental heterogeneity of the world. 

In my estimation Bourdieu’s theorization of scientific actors and scientific fields, 

with the supplement of Foucault’s scheme of scientificity, far better accounts for the 

social relations of science with an eye toward making sense of the epistemic engagements 

between representatives of different disciplinary traditions. Not only does this approach 

more adequately address the historical specificity of these relations, it also enables the 

ethnographer to more clearly bring into view what exactly is at stake for invested agents, 

all the while maintaining a critical posture toward the world that Latour’s radically 

democratic theorization of entrepreneurial actors does not. Thus having reviewed the 

place of exchange and specifically gifts in the domain of science in past works, and in the 

case of Latour having situated a critique of his own approach within a broader critique of 
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his project as a whole, at this point I would like to return the topic of gift exchange in 

science by way of Bourdieu, a move that will help to illuminate what I believe is the most 

significant ethnographic element of the present analysis – the collaborative engagement 

between the laboratory of Dr. Snare and a group of synthetic chemists.   

 
 

* * * 
 
 

As discussed earlier, Bourdieu demonstrated that an enduring connection between 

the differentiation and reproduction of “preference structures” and class position as 

defined by the “structure and volume” of capital. Importantly, class position is not merely 

evident in collectively shared preferences or modes of perception; class also works itself 

out in the social relations of individual actors. Interpersonal exchange, for instance, is one 

instance among others in which individual agents seek upward mobility with respect to 

one another. For Bourdieu (1990, 1977 [1972]) exchange is a political activity because its 

impetus is the same as with any other activity within his model – actions are entirely 

strategic in their logic and have as their objective end (if by no means their subjective 

justification in) the securing of positions of domination.  

In the same year that Marshall Sahlins (1972) published Stone Age Economics, an 

attempt to establish a normative continuum of generalized, balanced, and negative 

reciprocity as determined by the geographic and “cultural” distances between actors, 

Bourdieu (1977 [1972]) published his famous work, Outline of A Theory of Practice. To 

summarize, Bourdieu argued that gift exchange is neither some internalized social norm 

(i.e. Mauss) nor the primary mechanism of a pre-cultural mental logic (i.e. Lévi-Strauss), 

but rather constitutes one of the most ethnographically visible social modalities by which 
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actors strategize in relation to one another in seeking the distinctions of power and 

prestige. Importantly, actors within Bourdieu’s scheme have a limited degree of agency in 

modulating positions of domination and subordination. Bourdieu (1990) is clear in 

stressing the significance of the fact that the exchange of gifts occurs within irreversible 

sequences of action, and that things might therefore proceed otherwise than as laid down 

by the “mechanical laws” of the “cycle of reciprocity.” In contrast to Mauss’s supplement 

to the Durkheimian tradition, for Bourdieu reciprocity is not some great equalizer that 

contributes toward the solidarity of collectivities or individuals. Although Mauss 

acknowledged the importance of timing in gift exchange, specifically the fact that there 

are restrictions on how long a recipient may wait before reciprocating a gift, Bourdieu re-

injects time back into the very center of the equation, and, in doing so, reintroduces 

uncertainty into the unfolding of social relations. For instance, actors may modify not 

only the content of the gifts that they offer to other actors, but also the temporality of the 

exchange itself. One actor may, for example, receive a prestation from another but 

specifically delay his or her offering of a return for one or another strategic purpose. With 

this limited ability to modulate the temporality and content of exchanges, actors therefore 

possess a degree of agency in establishing and altering their structural position with 

respect to one another, in accordance with the structure and volume of capital they 

respectively bring to the engagement. At the level of individual social relations, Bourdieu 

asserts that class position and symbolic status may significantly influence the timing, 

sequence, and content of the exchanges. Importantly, for Bourdieu agents have some 

“wiggle room” – just a little bit of freedom – to decide in what ways they would like to 

modulate these elements in strategizing to achieve upward mobility. 
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Consider a few examples. An individual from a lower position of prestige may 

offer something – a gift, a challenge - to a more dominant figure that subsequently has the 

option of responding to it (or not). The actor offering a gift may therefore be ignored 

altogether by the latter, in which case there has been no change in the structural relations 

of power between the two. The dominant actor occupies a position that enables him or 

her to effectively deem the giver unworthy of his or her engagement. However, the honor 

of the former becomes vulnerable should they choose to accept the gift from an actor 

occupying a lower class position, as the dominant actor is obligated to reciprocate with an 

offering of equal or greater value in order to reaffirm their initial position of domination 

within the relationship. If the dominant actor accepts the initial gesture and either does 

not return it or returns one of lesser value, then a loss of status ensues within the 

relationship, and the relations of domination with respect to each other may become 

overturned. If positions of power are reversed, the entire social relation – meanings, 

implications, and strategic possibilities – may become altered in turn. Symmetrical (i.e. 

“zero sum”) exchanges are of course possible, as well. This model, I argue, is particularly 

useful for treating the social relations of scientists that are, in their own research, 

committed to different epistemic ends but for one reason or another have decided to 

collaborate on an individual project.  

Many over the years have critiqued Bourdieu’s approach as overly economistic 

despite the fact that, as a result of his having partitioned the concept of capital into 

material and symbolic forms, his “economics” encompass a far broader range of social 

practices than any traditionally-defined, financially-oriented economist would ever 

address. Sherry Ortner (1984) in particular has noted that Bourdieu’s model theoretic 
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analysis of domination leaves aside many important ethnographic questions surrounding 

ethics and affect because there is basically only one imperative in his theory: dominate. In 

Bourdieu’s sociological model – save when it comes to the case of science - ethical 

claims testify to the misrecognition of the actual logic of practice, which has as its 

objective “telos” the purely strategic end of “winning the game.” In constructing his 

model, Bourdieu accounted only for those conditions resulting in perfect structural 

reproduction over time, and therefore within his model structural change must come from 

without - as in the case of Bourdieu himself who somehow overcame the dominant forces 

of reproduction in society in his journey from modest beginnings to the pinnacle of 

intellectual supremacy. A former collegial interlocutor of his for some time, Stephen Tyler 

(2002), has pointed out the “dark imagery of selfishness and self-interest” in Bourdieu’s 

theory and argued that within his “paranoiac” interpretation disinterested exchange arises 

only when “givers and receivers are simultaneously deceivers and deceived.” As an 

interesting and provocative alternate, Tyler suggested one way of overcoming this overly 

“rationalized” conception of the actor is by “locating the compulsion to give in a realm 

that transcends individual subjects,” not at the level of some “mysterious group 

sentiment” as Mauss did, but rather in what he calls “the middle voice.”  

To reiterate, Bourdieu was not concerned with Durkheimian question of solidarity 

and its breakdown in society but rather with the reproduction of domination in society, 

and he employed statistical analyses in constructing a closed model of social reproduction 

in which differences among structures of preference and perception correspond to class 

positions as determined by differential summations of material and symbolic capital. In 

contrast to the closed model theoretic analysis of his earlier work, and likely in response 
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to the constructive criticisms of his interlocutors, Bourdieu later argued that it is in fact 

possible to be “interested in disinterestedness,” if only because the irreversible 

temporality of social relations, as already thoroughly accounted for in Outline of A 

Theory of Practice, disrupts the cyclical nature of closed systems for which there can be 

no disinterestedness within these modes of reckoning (as in Derrida 1992). Bourdieu 

asks, again: what if we open these systems up at the level of strategy? Why can't there be 

disinterestedness in the world if we open up closed logical systems that maintain there 

cannot be? Why do norms always have to “kick in” so to speak? It is important to recall 

that Bourdieu’s model is neither a formal nor a propositional model of practice, and his 

logic is incomplete in that it allows things to be that cannot be determined in advance. It 

is not that mores govern what we do, but rather that mores have an empirical existence 

and functionality in the world. Actors do have some leeway in their engagements.  

 
 

* * * 
 
   

In Part I, I provided some background to the ethnographic field and described the 

situation of Dr. Snare’s laboratory, both in terms of its institutional circumstances as well 

as the disciplinary trends providing cohesion and direction to the day-to-day activities of 

the laboratory. Here, in Part II, I have tried to provide the theoretical wherewithal for 

making better anthropological and sociological sense of Dr. Snare’s laboratory and for 

understanding what might be at stake when collaborating with other laboratories from 

different disciplinary traditions, including those invested in markedly different kinds of 

scientific and applied scientific fields. Within Bourdieu’s theoretical model the logic of 

practice points toward the acquisition, maintenance, and enhancement of class position 
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and symbolic status as a driving force within the social relations of actors, scientists 

included, and therefore it is in reference to this “axiom” that and exchanges are 

interpreted – they are strategic in its logic. In conclusion, I provide an ethnographic 

description of an exchange-based collaborative relationship between Dr. Snare’s 

laboratory and a chemistry/materials science laboratory.  

Dr. Snare and the chemistry group initially got to know one another from serving 

together on various university committees, including the “shared equipment” service, 

which is charge of allocating collectively owned instruments and other equipment to 

faculty researchers, and also from the initial meetings in which plans for the collaboration 

building were discussed. Through these encounters, the Snare laboratory and the chemists 

came to learn more and more about each other’s respective research programs. In part 

because they were both soon to be moving into the new collaboration building, the Snare 

laboratory and the chemists/materials scientists decided to work together. According to 

Dr. Snare, this chemistry group had increasingly over the preceding decade branched out 

from basic chemistry and materials science research into toxicity studies, and they had 

successfully collaborated with a number of other groups to study the in vivo behavior of 

their synthetic creations in cells and whole organisms (Interview, 10 December 2009). 

While a substantial portion of this chemistry laboratory remained dedicated to basic 

research in the synthesis and study of various materials, another portion was dedicated to 

investigating the behavior of these creations in various “systems” of increasing scale – 

cells, tissues, organisms, ecosystems, and so on, investigations that directly lend 

themselves toward the possibility of applications, in medicine, public health, etc.  
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The chemistry laboratory had become quite skilled and indeed made innovations 

upon the synthesis of special “nanocrystals” called “quantum probes,” particles that were 

first “discovered” in 1981 and later named as such in 1988. In essence, in the chemistry 

laboratory quantum probes are composite materials synthesized in multiple layers, kind 

of like a “jawbreaker” candy as Dr. Snare once explained it to me (Interview, 10 

December 2009). The quantum probes synthesized by Dr. Snare’s collaborators consist of 

an inorganic “core,” a heavy metal composite made up of the elements cadmium (Cd) and 

selenium (Se), elements which by themselves are highly toxic to most organisms 

including humans. Around this CdSe core the chemistry group synthesized a “core shell” 

consisting of yet another composite material, this time made of the elements Cd, Zinc 

(Zn), and Sulfur (S), resulting in CdZnS “core shells” surrounding CdSe “cores”). 

Around the core shell the chemists synthesized yet another layer, this time an organic 

layer alternately consisting of lipids, carbohydrates, proteins, and any other bio-molecule 

it might wish to include.  

Quantum probes are like little “semi-conductors,” entities possessing qualities of 

both conductors and insulators, and perhaps even more interestingly they are known to 

exhibit other unique physical properties including a phenomenon known as “quantum 

confinement” at scales between one and one hundred nanometers, the now canonical size 

definition of a “nanoparticle” (Haug and Koch 2009; Cahay et al. 2001; Murray et al. 

2000; Norris and Bawendi 1996; Brus 1983). In the case of “confinement,” as exhibited 

in the quantum probes, the movement of individual electrons is restricted to such a degree 

that electronic and optical properties not seen in bulk materials begin to emerge. By and 

large, before the advent of quantum probes the only entities known to exhibit 
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“confinement” were individual atoms, and therefore quantum probes have been 

nicknamed “artificial atoms,” as they have enabled investigators to gain insights into the 

behavior of matter that is currently too small to experimentally manipulate (Fölsch et al. 

2009). Quantum probes, as part of the interdisciplinary domain of nanotechnology more 

broadly, have generated a tremendous amount of interest over the last decade, in large 

part as a result of their promising application potentials: to name a few, as photodynamic 

therapy agents, anti-tumor modalities, drug delivery and gene therapy agents, imaging 

contrast dyes, fluorescent biological “tags,” DNA probes, nanoscale “biochips,” 

microsurgical and tissue engineering techniques, and as “quantum computer” elements 

called “qubits” (Field notes, 6 October 2009; see also Salata 2004; Nielsen and Chuang 

2010; Schumacher 1995). Researchers have studied quantum probes for use as 

transistors, light emitting diodes, solar power cells, and lasers. The other burning 

questions are: How do we make these things innocuous in the body? How can we make 

them inert? All these efforts point to connections with clinical medicine. Nonetheless, for 

the time being no one knows what the fate of the research will be, and what the future 

holds in store.  

 
Research Technician:  The chemistry group is – they are a fascinating lab – I 
mean, I think they are essentially trying to figure out what effect these quantum 
probes have in the environment, in vivo, and sort of just what impact they have, 
because more and more people are jumping on the nanotechnology 
bandwagon…it’s exploding out there, and the only problem with that is that it’s 
not just that people are trying to advance nanotechnology but it’s one of those 
issues that we have no idea what it’s going to do once we release it out into the 
world. It’s a matter of security and so on. And so the chemistry group is actually 
trying to assess that particular issue. What happens if we just all of a sudden 
introduce this into the world? So there are hypotheses, but ultimately we do not 
know what to expect. They are trying to be ready for whatever happens. And that 
is also one of those things where it is expected of you to repeat it because if you 
see some sort of an anomaly then you don’t know whether that is a one-time thing 
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or if every time you introduce this nanoparticle into this environment it’s going to 
have that effect. So they are constantly just redoing things (Interview 10 February 
2010). 

 
 

Quantum particles have shown particular promise as imaging agents, for a number 

of reasons. For instance, Cadmium Selenium (CdSe) quantum probes demonstrate a size-

dependent fluorescent spectrum that emits light at a specific wavelength regardless of 

excitation wavelength. Quantum probes are capable of “continuous” imaging as a result 

of their resistance to a phenomenon known as “photo-bleaching,” which otherwise 

renders other commonly used imaging agents useless over time. In short, researchers 

have sought to understand and ultimately harness these emergent physicochemical 

properties for the sake of improving our knowledge of a number of cellular properties and 

ultimately providing physicians with a means to better detect disease at the cellular and 

molecular levels. 

Sometime before the move into the new collaboration building, perhaps a few 

months before, the chemistry group approached Dr. Snare about the possibility of 

investigating the mechanisms by which these “quantum particles” are taken up into cells 

and also the specific pathways they travel once internalized. Importantly, can these 

mechanisms be exploited for intended purposes? Some basic questions: do the quantum 

particles get degraded in the cells and “spit back out”? The chemists had already 

conceptualized a number of scenarios, and specifically solicited the input and expertise of 

Dr. Snare’s group to try to help answer these questions. The chemists had the wherewithal 

to alter the surface coating of these quantum particles, thereby setting up the possibility 

of a back-and-forth exchange with the Snare laboratory: the latter would provide 

information about the quantum particles the chemists had given them, and with this 
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information the chemists could then alter the surface chemistry, leading to a new round of 

cellular studies, and so on. The chemists were specifically interested in determining the 

effects of these different surface coatings on the cellular uptake and intracellular 

trafficking mechanisms. The quantum particles might be coated with lipids, proteins, 

glycolipids, or any combination of biological molecules. The information the Snare lab 

provides throughout the course of the research and their research might lead to 

refinements in the surface chemistry of the quantum particles for optimization of 

selectivity in specifically desired ways. For instance, they might follow all kinds of 

nonspecific pathways, getting into the cell in every which way. But the chemistry of the 

surface can be altered so that they can be taken up through only one path, for instance, 

both at the surface of the cell and also directed to specific organelles and intra-cellular 

structures within the cell.  

The chemists were already thinking ahead, and in doing so had anticipated one 

particular problem with studying these cells in animals such as human beings. If you 

were to inject quantum particles with a bio-compatible surface coating into the blood 

stream of a human being, any number of the “serum proteins” in the blood stream might 

bind the surface coating of the quantum probes and therefore influence the mechanisms 

by which they might (or might not) be taken up into cells and the pathways they might 

travel once internalized. The Snare laboratory therefore presented the chemists with a 

highly appealing solution: rather than conducting preliminary investigations of the 

quantum particles in the tissue cultures of animal cells, why not study them in a model 

that could obviate this problem? It turns out, Dr. Snare informed the chemists, that a 

specific line of Drosophila cells - the Schneider 2 or “S2” cell line – can grow in the 
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absence of serum. They can also grow in the presence of serum, too. By studying the 

mechanisms of quantum particle uptake and intracellular trafficking both in serum-free 

cultures and in cultures containing serum, the Snare laboratory could provide to the 

chemists information about these mechanisms as they relate to a defined population of 

“pure” quantum particles of known composition, before they might become biologically 

modified as would be the case in an organism, and from this knowledge base 

subsequently determine the effects of the serum proteins (Interview, 10 December 2009). 

From these initial exchanges, a collaboration was born: the overall goal of the 

undertaking was established, as were the respective roles of the individual laboratories, 

and together the two groups looked forward to working together in the new collaboration 

building.  

 
Me: OK – so you are taking a more complex situation and starting from a much 
more simple model. 

 
Dr. Snare: Yes. So, we can say, OK if you coat with a lipid then it gets taken up, 
endocytosed by the receptor-mediated clatharin pathway, or if you have it coated 
with polyacrylic acid or something –then maybe it enters through a different 
mechanism. So that’s the idea – sort of, remove the variables that arise from the 
coating with serum particles (Interview, 10 December 2009). 

 
Me: So you are hoping to communicate this information back to the chemists – 
and then she will take this information and then maybe modify the surface? 

 
Dr. Snare: Right, exactly (Interview, 10 December 2009). 

 
Me: So there may or may not be a number of iterations for this process? 

 
Dr. Snare: Absolutely. I mean we are starting very simply right now, taking 
[quantum particles] that they can make easily – so they have essentially 2 or 3 
different kinds of defined surface modification and we’ll ask if those all get taken 
up in the same way – in a very simple sort of experiments. And then the other 
thing is that these cells can grow in the presence of serum – so then we can add 
serum back and say, OK, coating X went in by the receptor-mediated endocytosis 
pathway in the absence of serum, but that it goes in via the caveolae pathway after 
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exposure to serum, because of some change in the surface – maybe it picked up a 
protein that is now seen by a receptor differently (Interview, 10 December 2009). 

 
Me: And then you – so could you figure out what that protein was afterwards? 

 
Dr. Snare: Yeah (Interview, 10 December 2009). 

 
 

I came to know one of the chemistry/materials science laboratory’s post-doctoral 

researchers, a self-described “environmental engineer” dedicated to figuring out ways to 

remove pollution from various systems, of all places while playing basketball at the 

university’s recreation center. We played on the same intra-mural team and more 

generally as often as we could, and it’s been an honor to call him a friend of mine. Given 

his basketball skills, I’ll refer to him henceforth as “Dr. J.” Dr. J once gave me a tour of 

the chemistry laboratory and showed me the site where the quantum particles studied in 

Dr. Snare’s laboratory are made. Next to this “hood” was a bench on top of which were 

lots of cylindrical vials with dark solutions, quantum particles I presumed. The chemistry 

laboratory, like the Snare laboratory, had its own “shared” spaces and equipment, 

including a DLS instrument and a liquid chromatography machine, similar to the ones 

commonly used by Dr. Snare’s group. On Dr. J’s own bench was a dialysis-type 

instrument, a cylindrical apparatus filled with water with a narrow, porous tube running 

down its middle, through which he explained pressure is applied as the water 

continuously cycles through in order to purify from it any potentially toxic substances. 

Among other things, Dr. J was an incredible grant writer, having helped to secure lots of 

funding for his laboratory, and it was he who had actually penned the grant ultimately 

providing the funds that were to enable Dr. Snare’s laboratory to carry out investigations 

of quantum particle in cells. Dr. J himself did not carry out the quantum particle 
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syntheses – that was the labor of another post-doc, “Dr. Shiu,” whom I would have the 

opportunity to meet some time later. Dr. J acknowledged that his group probably could 

carry out the necessary studies on their own, but that it would likely take a much, much 

longer time than if they simply enlisted the Snare laboratory’s expertise. Dr. Snare, they 

noticed, had all the expertise, resources, equipment, etc. necessary to undertake the 

studies, and therefore the chemists said “go to war with it” (Field notes, 12 March 2010).  

I noticed that Dr. J wore business casual attire to work on this day, pressed slacks 

and a gray button-down shirt with the sleeves effortlessly rolled up, dress socks and 

trendy black leather slip-on shoes. For the most part, the upper level members of the 

chemistry/materials science laboratory tended to wear business-like attire, whereas nearly 

all of the doctoral and post-doctoral level laboratory workers in this same laboratory 

group could be seen reliably wearing their long white coats. In contrast, there was less of 

a distinction between the attire of the junior and senior level members of the Snare 

laboratory. Whereas every once in a while Dr. Snare’s post-doc would wear a long white 

coat, no one else in the laboratory ever did. There are obvious contrasts between the two 

laboratories: power suits versus jean-shorts, for instance. One is again here reminded of 

Bourdieu, and particularly his analysis of the connection between taste (i.e. consumption 

habits) and class position. Bourdieu would not let these seemingly “little” details slip past 

his analysis, for they are not “purely subjective” - they mark in outward form some of the 

distinguishing features between these actors in relation to the status differences between 

their scientific practices. To quote Bourdieu 1984 [1979]: 202):  

 
The interest the different classes have in self-presentation, the attention they 
devote to it, their awareness of the profits it gives and the investment of time, 
effort, sacrifice and care which they actually put into it are proportionate to the 
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chances of material or symbolic profit they can reasonably expect from it…More 
precisely, they depend on the existence of a labour market in which physical 
appearance may be valorized in the performance of the job itself or in 
professional relations; and on the differential chances of access to this market and 
the sectors of this market in which beauty and deportment most strongly 
contribute to occupational value.   

 

If I were to confine my description of the attire typically worn in the Snare laboratory it 

would be “youthful.” One is tempted to make a connection between the presentation of 

self in such a manner (i.e. jean shorts, striped shirts, buzz cuts, tennis shoes, etc.) and the 

attempt to establish an autonomous position, separate from other sectors of society, in 

order to carry out investigations of “pure” research. Whatever else the members of the 

Snare laboratory might wear there is no influence whatsoever on their being successful in 

the scientific fields in which they are invested. This is not the case in certain other fields 

of society where presentation of self takes on much greater importance in and of itself. 

This may well be one among other means of distinguishing one’s membership in an 

autonomous field such as one of pure scientific research.  

 
 

* * * 
 

Dr. Snare has spent most of his career studying exocytosis, or the movement and 

fusion of membrane-bound organelles within the cell from the Endoplasmic Reticulum to 

the cellular membrane. By agreeing to study the mechanisms of CdSe quantum probes 

uptake as well as the intracellular fate of this particle, this collaboration represents the 

first time that Dr. Snare will directly investigate processes of endocytosis. An interested 

graduate student in Dr. Snare’s laboratory was assigned to the project and will receive 

funding for the upcoming year in the form of a fellowship (Field notes, 6 October 2009). 
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In order to elucidate the mechanisms of cellular uptake and pathways of intracellular 

travel once internalized using Drosophila melanogaster S2 cell, the Snare laboratory 

proposed to use a novel technique known as RNA interference or “RNAi” to selectively 

inhibit, one by one, the expression individual proteins constituting the various 

mechanisms by which the quantum particles might be taken up into the cell, including the 

“clathrin-dependent” mechanism, the “caveolae” mechanism, and any one of up to 

twenty “scavenger” mediated endocytic mechanisms. In order to determine the pathways 

of intracellular trafficking once internalized, the Snare laboratory proposed to study 

examine the potential co-localization of the fluorescent quantum probes alongside 

variously fluorescent-labeled protein markers known to be associated with specific 

segments of the endocytosis pathway – for instance, the early mentioned “Rab” proteins – 

including Rab5 (early endosome), Rab7 (early to late endosomes), and Rab9 (late 

endosomes to Golgi apparatus), each co-label with fluorescent protein (green fluorescent 

protein or GFP) in order to produce Drosophila cell lines expressing Rab5-GFP, Rab7-

GFP, and Rab9-GFP. They would study these populations as individually incubated with 

quantum particles under the microscope.  

 
Me: This collaboration with the chemistry group – what exactly are “quantum 
particles”? I have heard that they are semiconductors, or small nanoparticles, and 
that their main draw is their unique “spectroscopic” properties.  

 
Dr. Snare: From our perspective, and from most other biologists’ perspectives, 
they are a tool. They are an alternative to small molecule-based fluorophores, like 
Rhodamine and NBD and Alexa dyes, and things like that. So, you probably know 
from the literature that virtually anything that you look at for localization-type 
studies now is done with a fluorescent protein or with a fluorescent dye of some 
sort by any localization, so being able to see a chemical or molecule in a cell is 
very, very important. So quantum probes have come on the scene initially as an 
alternative to secondary antibodies – I mean they were developed – I don’t know 
the history to be honest with you…how they were developed – but they are 
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variably-sized – small – metal, basically, cores that are surrounded with a variety 
of different things that have fluorescent properties, that are unique and stable, 
which is another important thing, so you can use them as antibody alternatives. So 
if you have…if you want to know where protein X is in the cell, you have an 
antibody for protein X. Your ability to localize that is basically to take a cell, fix 
it, and you incubate it with an antibody and then that antibody finds that protein, 
and then you have to be able to detect that antibody – the primary way that people 
do that now, or historically has been to add a secondary antibody – so an antibody 
that sees the primary antibody that has presumably targeted the initial protein of 
interest, and that secondary antibody has something stuck on it – either an enzyme 
or a fluorescent molecule, right – so for microscopy usually that is a secondary 
antibody that has a fluorophore conjugated to it - dyes - whatever that fluoresces, 
and so when you hit that fluorophore with a particular wavelength of light, then it 
emits light at a different wavelength in a predictable way, and you can see where 
that molecule is in the cell. The problem though is that it is kind of a very 
laborious, multi-step process – and plus they photobleach. So these small 
molecules dyes are susceptible to photobleaching (Interview, 10 December 2009). 

 
Me: What is “photobleach”? 

 
Dr. Snare: So when you excite the dye with one wavelength of light it absorbs that 
energy and then gives it off, radiatively, in a different wavelength. But when that 
molecule absorbs light, it can damage the fluorophore, the chemical – it can 
damage the chemistry of that molecule in such a way that it can’t absorb light 
anymore, so it actually is photo-induced damage of the molecule. And so if you – 
when you hit it with light repeatedly, the fraction of the molecules that can 
actually fluoresce goes way down, and so over time you can completely photo-
bleach something to the point where it cannot emit light anymore, and so it is 
dark. The cell becomes dark even though we know that there are still proteins of 
interest in the cell. And so it’s completely useless to you as a tool. The advantage 
of the quantum probes is that they do not photo-bleach. Their chemical makeup is 
such that this photo-induced damage doesn’t occur (Interview, 10 December 
2009). 

 
Me: And correct me if I’m wrong, but do they not merge two steps into one? 

 
Dr. Snare: Well, it depends on how you use them. So, you can buy secondary 
antibodies that are conjugated to quantum particles, instead of small molecule 
dyes, so in that way it doesn’t cut anything down – it just gives you stability. But, 
the use of quantum particles is all over the spectrum now. People are using 
quantum particles for very different reasons, and the materials science aspect of it 
is that you can make these out of different metals. You can make them out of 
different polymers, and that can all be done at the chemistry level. But what we’re 
trying to do with the chemists is to help understand how a cell sees those different 
quantum particles and what it does with them. So one of the big, big, big deals 
now for nanoparticles is diagnostics, in terms of finding cancerous cells, for 



393 
 

 

instance. If you take a nanoparticle – I’ll use the general term – whatever its 
makeup is, as it can be different – you can put on the surface of that nanoparticle 
an antibody to a particular cancer antigen, and you can put that in your blood 
stream and that finds tissues that express that particular antigen in cancerous cells 
and you can image that by a variety of different techniques (Interview, 10 
December 2009). 

 
Me: And then you can even treat it simultaneously…. 
 
Dr. Snare: That’s the point - so if you can target it and see it – and depending on 
the kind of nanoparticle that it is…for instance, they make gold nanoshells that 
when you hit them with infrared light, which is not particularly damaging to cells, 
the nanoshells heat up. They absorb that energy and give it off as heat, rather than 
as light, and by thermal damage they can kill neighboring cells which are 
specifically stuck to a cancer cell (Interview, 10 December 2009).  
 
Me: And so those are the ones that you want to get rid of – kill the cancer and all 
of its margins. 

 
Dr. Snare: So there is a big push for that, and I think that it’s a very, very 
promising use of nanoparticles, and there’s people that actually get treated by that 
kind of thing now. But the question is, what happens to those things, the ones that 
don’t find their target – or what happens if the antibody comes off, and you have 
these circulating nanoparticles? What are their biological effects? What cells clear 
them? What happens to them in cells? (Interview, 10 December 2009).  

 
Me: Almost like a toxicity study? 

 
Dr. Snare: Absolutely. There’s a lot of that – so there are a lot of open questions 
about what these things do to you long-term or even short-term if they don’t find 
the right kind of target (Interview, 10 December 2009). 

 
Me: Right, because they aren’t going away because of their durability – they don’t 
get broken down… 

 
Dr. Snare: Well, they do [get broken down] – that’s part of the problem. So these 
things are – I like to think of them as….have you ever seen the inside of a jaw-
breaker? Those multi-layered spheres? (Interview, 10 December 2009).  

 
Me: Yeah. 

 
Dr. Snare: So that is a good analogy – these things have a very solid metal core, 
often the quantum probes are made up of cadmium selenium – CdSe – cadmium 
is very toxic. Small amounts of cadmium can hurt you badly. If these things get 
broken down in your body to the point that they shed their entire shell, leaving the 
organism or cell exposed to bare cadmium, then that could be bad for you. So 
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there are toxicity aspects of it, but the hope is that they are cleared by some 
tissues…the liver or the kidney or something…before they break down. So the 
core itself is what’s really bad for you, but there are outer coatings – there’s a zinc 
sulfur coating on the outside of them, and then there are often organic polymer 
coatings on them. The question is what happens in the body with these things? 
Where do they go? What cells take them up? (Interview, 10 December 2009).  

 
Me: Which layers get removed? 

 
Dr. Snare: Yeah. And from our perspective – at least from [the chemists’] 
perspective – if you inject these things in the blood supply, then they can become 
chemically modified by the proteins and other elements of the blood. Therefore, 
depending on what your surface coating is – whether it’s a lipid, whether it’s a 
protein, whether it’s a polyethylene glycol (PEG) polymer, then you’re going to 
attract different components of the blood, and that different coating is going to 
dramatically affect how it is seen by other cells, how it is broken down, how it is 
taken up – so these are all issues that they care about, mainly for toxicity 
standpoint, but also from a therapeutic standpoint – I mean, if you have an 
antibody on the surface of one of these nanoparticles and you coat that with 
albumins in such a way that the antibody is not exposed anymore, then it sort of 
defeats the purpose. So, yeah, that’s the short answer of it in terms of therapeutics. 
But still the question remains: also what happens to the ones that don’t do what 
they’re supposed to? (Interview, 10 December 2009). 

 
Me: I’ve heard that these things have unique physical properties, in that they 
behave like atoms but on a larger scale.  

 
Dr. Snare: Yeah…there are certainly physical properties of these things that 
people exploit for different types of imaging and potentially therapeutics – sort of 
the surface and resonance properties of these things, but that doesn’t really affect 
their macro-properties of how cells treat them. That’s just another way that one 
could use them for potential therapeutic and [disease] detection ends (Interview, 
10 December 2009).  

 
 

Interestingly, Dr. Snare, he “has his own ideas about these things” and how they 

might be used to probe aspects of the cell and its biochemistry for his own purposes.  

 
Me: You mentioned a while back that you had your own ideas about these 
quantum particles – is this what is your other senior graduate student doing is 
doing? 

 
Dr. Snare: Yeah. So the project that [John] is doing is using quantum probes for a 
very different purpose and to a very different end. The question there is totally 
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different, a 180-degree difference [from the chemistry collaboration]. We are now 
looking at organelle biogenesis and specifically peroxisome assembly. Here, the 
question is how does this organelle, the peroxisome, take in proteins? There have 
been many, many…so, many years ago, 15 years ago, I showed that peroxisomes 
can take in big things – folded proteins – the size of a couple of hundred kilo 
Daltons of molecular weight, which is different than what other organelles are 
known to take up. So folded things can get into the peroxisome – they don’t have 
to be these linear strings of polypeptides. Ever since then really it remains 
unknown how at all that happens. We just know that it happens. How do folded 
proteins get across the peroxisome bilayer? So, that’s still an open question, and I 
wanted to get back to addressing that. And, another thing that had been done 
several years ago, subsequent to our work, was another group showed that…so let 
me back up and say that one of these sort of unanswered questions in my day was: 
OK, so we think that we can get folded proteins across the bilayer. How do you 
know that they don’t unfold, real quickly, go in, and then re-fold? So there’s no 
way that we could directly address that easily. It’s always been…it was only about 
a year until someone did the follow-up experiment, which was to take colloidal 
gold, back in the day before they called it “nano gold” [laughs] – just colloidal 
gold that they would use for electron microscopy – conjugated it to a peptide, so 
they stuck a peptide on the surface that had a peroxisome targeting signal on it, 
and microinjected that into animal cells. So a small fraction of that colloidal gold 
got taken into the peroxisome, so they had variable size between 4-9 nanometer 
colloidal gold, so you can’t argue that gold comes apart and then goes back 
together. So gold is a thick sphere – it cannot come apart – and so for that to get 
inside the organelle it still had to cross the membrane somehow. And it was in a 
protein-dependent way, the peptide-dependent way for the receptor, so that was 
sort of definitive proof that the mechanism is different – it’s not the threading of a 
linear protein through a small pore, but rather proof that something is different. 
And so we now want to extend that work a little bit more in a more rigorous way 
and ask, OK, so that was a one-off experiment – it was a great series of 
experiments, but they didn’t really characterize in detail what was going on or 
how it happened, and so now we’re going to go back to it. And now we can have 
more controlled size differences of nanoparticles – we can use CdSe cores, we can 
use Cadmium Telluride (CdTe) cores, we can use the gold nanoparticles, in a 
variety of different ways – vary the size from very small to very big and ask, OK, 
how big is too big? So if we put 100 nm gold in there, is it still getting into the 
organelle somehow? What if we use 50 nm? What is the size limitation of this 
import apparatus, in terms of physical dimensions?  And we’re going to do that in 
much the same way as was done 10 years ago, 15 years ago. But we’re going to 
use much better prepared materials – more homogeneous materials. We’re going 
to start with quantum probes because we can see them readily by fluorescence, 
right, by electron microscopy, and the model that we are going to use is the fly 
because we can do it there. We’re going to microinject Drosophila embryos 
before they “cellularize,” and the point there is that one of the rate-limiting steps 
in the older study was physically microinjecting every single cell – so seriously, 
literally you had hundreds of cells and you microinjected every single cell with a 
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needle and killed most of them, and the ones that you didn’t kill, only a fraction of 
those actually worked. And so the advantage of the Drosophila embryos is that if 
and when you hit them right, when you microinject them you are microinjecting 
into a common cytoplasm, so you have maybe because of the way the animal 
develops a stage with roughly 1,000 nuclei, which will eventually become 1,000 
cells, and they are still swimming in a common cytoplasm because they undergo 
mitosis without cell division. So they divide their nuclei and everything else but 
they don’t form separate cells until later. So when you inject at that cell stage – 
they are big in volume first of all, which makes them easier to inject – you put 
stuff in and over the course of about an hour or two during development all of 
these 1,000 nuclei migrate to the periphery, induce the growth of membrane 
around them, and become individual cells – so you can simultaneously 
microinject 1,000s of cells basically with one shot. So that’s one of the reasons – 
and so we’ve now made markers for the peroxisomes of flies so we can monitor 
what the peroxisome is doing – and we’re going to microinject different-sized 
[quantum particles] into fly embryos and monitor over time their translocation of 
peroxisomes. If they get in – can we make something big enough that doesn’t get 
in – so we are trying to set an upper size limit…that’s point 1. Point 2 is can we, 
by using this technique, this technology, better understand the process, the 
mechanics of how this happens. So, I’m trying to come up with ways that we can 
arrest this process. So let’s say that we use a different type of nanoparticle that is 
not a sphere but a rod – and if we define the diameter as say, you can get 20 nm 
things but you can’t get 50 nm objects into the organelle. So now let’s make a rod 
that’s 20x 50 and see if we can stick it in the hole, or stick it in the…whatever, 
however it’s going, so we can arrest an intermediate in the process and visualize it 
by electron microscopy (Interview, 10 December 2009). 
 
Me: So then it would just show up all around the membrane? 

 
Dr. Snare: That’s the thought – so, would it? I don’t know. If it’s a pore, is it 
sticking through the membrane? Or is it some endocytotic mechanism where you 
have some invagination that’s surrounding this – so we can discriminate between 
a variety of different models that way (Interview, 10 December 2009). 

 
Me: Would any of the things that you’re hoping to find out here be of interest to 
the chemists?   

 
Dr. Snare: Not so much. I mean, it’s a tool for us. So this is a good example of the 
sort of mutually beneficial thing. You know, honestly I don’t care scientifically 
that much about the particle uptake experiments. I mean, there’s a moderate 
scientific interest for me, in terms of the trafficking aspects of the project, but it’s 
not something that I would have done independent of this. But, first of all, I 
wanted to do it to help [the chemists], because I like them and they are good 
colleagues, but also because that allows them to help me do the things that I want 
to do, right? So they give us nanoparticles for our perosixome experiments, and 
we do the nanoparticle things for them, and so the peroxisome experiments are 
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much, much more interesting to me, but I want to maintain a good relationship 
with them so that they can help provide us with nanoparticles to do what we want 
to do, and so we’re going to do some of the things that they want to do to help 
benefit them. So it’s a mutually beneficial thing (Interview, 10 December 2009). 

 
Me: And it also – it also helps your graduate student as well, right? I mean, your 
graduate student working on the collaborative project with the chemists is really 
interested in this stuff and in fact she came to your lab with a background in 
nanoparticles and… 

 
Dr. Snare: Yeah, so that’s right. It took her as a graduate student largely in part 
because of that. She’s had experience doing this and this was a project that was 
begun and looked like it was going to take off, and so yeah that was part of the 
reason. She likes the stuff – she probably likes this stuff more than I do, which is 
fine with me. So it’s going to work out fine (Interview, 10 December 2009). 

 
Me: So your other senior graduate student initially started getting these things 
from the company, but now the chemistry group is helping you make these 
quantum particles for these peroxisome experiments. What was the nature of the 
decision that made you go from the market economy to the more informal 
exchange with the chemistry/materials scientist group? What are the advantages 
or disadvantages of that? 

 
Dr. Snare: Well, we bought them from the company in the first place because I felt 
there would be fewer problems in messing them up. If you buy them from the 
company and if you destroy them, then whatever, it’s fine. It’s just money. But the 
advantage of getting them from [the chemists] is that, first of all they don’t cost 
anything. They make them on a scale that we couldn’t afford to buy, first of all, 
and second of all the major thing is because of that pipeline we can get custom-
made quantum particles that are very different than anything we could buy. That’s 
the major advantage. So, if we go down this route then maybe we’ll eventually do 
the iron oxide cores as opposed to the CdSe cores, which you can buy but not as 
readily, and if we want to make these as rods vs. spheres, then you can’t buy those 
very easily, and certainly you can’t buy them in such a way that could be modified 
to our specifications. So, having the chemist as friends allows us to say, OK, can 
you make us this thing with these dimensions and with this surface chemistry? It 
helps with the cost but it also helps with the “designability.” We can custom-make 
nanoparticles in a way that is more useful for our ends. So that’s why. We can still 
buy them in some way from [a life science company], but I’d much prefer to do it 
through [the chemists] because we know what we get. With the company products 
there are proprietary issues. They won’t tell us exactly what the chemistry is, they 
just won’t tell us.  With these guys we know exactly what we’ve got, we know 
exactly how they made them, and we can make design modifications at will 
(Interview, 10 December 2009). 

 
Me: Sounds like it makes for better science. 
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Dr. Snare: Yeah, absolutely (Interview, 10 December 2009). 
 

Me: That’s great. After these two projects run their course, where do you go from 
there? How far down the road have you thought? Is this sort of one thing at a time 
– or are you thinking about what else you could do with these? 

 
Dr. Snare: Well, you know…yeah I mean I’m certainly thinking along those lines 
– I mean, I don’t know. We’ll see what happens. The peroxisome project would 
not have been do-able 5 years ago because the technology wasn’t there, in the way 
that it’s happening now. So, in 5 years from now, I don’t know – maybe they will 
have things that I can’t think of that will make my life much easier that will make 
different questions answerable. But yeah, I’m certainly thinking differently now 
because I’ve had to read a lot about these things in the interim and how they’re 
made and how they’re used. I’m certainly thinking about potential ways that [the 
post-doc] could use these things. So her study is about apoptosis and lysosome 
autocytosis. How can we pre-load the cell that she cares about with [quantum 
particles] in the lysosome that we could then follow in subsequent exocytosis? So 
there are certainly other ways that we could potentially use these things. I’ve been 
thinking for many years - and I can’t figure out a way to do it - how to use 
[quantum particles] for a content-mixing assay for normal in vitro fusion 
experiments. Can we pre-load different populations of liposomes with [quantum 
particles] in one side and different ones in the other and then measure their 
interactions upon fusion once there is contact through lipid mixing? But I still 
haven’t figured out a way to do that yet (Interview, 10 December 2009). 

 
Me: So you have the peroxisome and then the uptake/toxicity-based research. Is 
there any way in which these two projects could speak to one another? Is there 
any way in which the findings of one might inform the other? Or are they still 
pretty autonomous, with the exception of the quantum particles… 

 
Dr. Snare: Scientifically they are pretty independent because they are asking very 
different questions. But who knows? I mean if we find that the way you get 
[quantum particles] in the cell is likely through one of the defined pathways – via 
clatharin-mediated endocytosis or caveolae or something like that – and how you 
get quantum probes in the peroxisome – is probably very different. But I don’t 
know what it is yet, and so maybe there is some clatharin involvement and maybe 
there’s some membrane dynamics in common – these are unknowable things right 
now, but likely they are just independent things that are just relying on similar 
technologies (Interview, 10 December 2009). 

 
Me: How solid is our understanding of the nature of quantum probes, on the one 
hand, and on the other hand how particles might potentially get taken up into 
cells?  

 
Dr. Snare: I think that we can say with some level of certainty what we have to 
start with, what the properties of those starting materials are, and in terms of 
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understanding the endocytotic uptake mechanisms, there are very well defined 
ways in which things get into cells regardless of what that thing is. Therefore, in 
some ways the chemistry of the quantum probes I think is now incredibly well 
established, at least to first principles. And as for endocytotic mechanisms – yeah, 
there are probably new things to be discovered, in terms of things we don’t 
understand right now but the generalities of how things get in cells, thing being 
nutrients, particles, things like that, are…the outlines are all well established. The 
details might not be, but the general paradigm is established. So I think that both 
are fairly well grounded, but what is not known is how this particular thing – 
which is what we want to know – how this quantum probe, this nanoparticle, gets 
in the cells. What route does it choose and how is that route dependent on surface 
modifications? I think in that way – yes, in some ways we are pushing boundaries 
in both areas but I think they are pretty well grounded in established science. And 
for the peroxisome stuff it’s the same thing. We have a good sense – we have a 
pretty good sense of what the quantum probes are, we are having some technical 
problems, some aggregation problems that we have to overcome, but what we 
don’t know is how they get into the peroxisome, this organelle…I think that the 
biology is pretty well established for the animal and what we’re using and how 
we’re getting at it, but the mechanism of import for the organelle is the open 
question and so that’s why we’re doing the experiments. But I guess there’s some 
degree of uncertainty of how these nanoparticles are going to be handled inside 
the embryo proper. Maybe there’s something we don’t anticipate, something in 
the embryo that coats these things and makes them hard to get in, or aggregates 
them, and so these are technical problems. But I think again that both things are 
fairly well established in terms of foundations. Whether they work like I think 
they will is another issue. I mean, I don’t know, maybe these things never get into 
peroxisomes in flies, but there’s precedents that they do in animal cells, so I think 
that it’s not an unreasonable thing to think. But yeah, it’s a good question. You 
move forward iteratively, right? So once we learn a little bit about this thing then 
we can use that knowledge to extract to the next thing. But I think that to learn 
something new you have to take some risks in terms of things that you don’t 
understand (Interview, 10 December 2009). 

 
 

* * * 
 

 
Through Dr. J and a senior level faculty member in the chemistry group I was 

extremely grateful for an introduction to Dr. Shiu, one of the laboratory’s post-doctoral 

researchers and the primary figure in charge of the quantum probe synthesis and surface 

modification. While the senior level faculty members of the chemistry group were often 

away at professional or governmental meetings and hearings, Dr. J and Dr. Shiu were 
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typically left in charge of the day to day operations of the laboratory. These duties 

included supervising the graduate and undergraduate students, coordinating research 

proposal preparations, and meeting with representatives from industries and 

governmental agencies involved in oil-based energy, biomedical engineering including 

imaging and other diagnostics, and environmental resource management. Dr. Shiu 

received his education in China in chemistry and materials science, and more specifically 

polymer synthesis and composite interfaces. He subsequently came to the United States 

where he held a number of positions in laboratories before finding his place in the 

chemistry group. In addition to the abovementioned accomplishments, Dr. Shiu had also 

contributed a substantial bit of original research to the field of chemistry and materials 

science, including novel synthetic design procedures for a number of composite polymer 

compounds. Toward the end of my time in the field Dr. Shiu was kindly gave me an hour 

of his time to sit down and talk about his background and role in the chemistry laboratory 

and more specifically about his interest in the quantum probes. Before giving me a tour of 

the laboratory and inviting me to bear witness to the quantum probe “core” and “core-

shell” synthesis procedures he patiently explained the science behind the chemistry of 

Cadmium Selenium nanoparticles. The core and core-shell synthesis are the first two 

steps in quantum particle production, the last of which includes coating with an organic 

surface and other surface modifications. In their “final” form, the quantum probes 

synthesized by the chemistry group are “organo-metallic” in nature.  
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Figure 30. Diagram representing the step-wise preparation of “quantum particle” cores 
and core-shells in the closed synthesis laboratory, scribbled by Dr. Shiu (Photograph by 
the author, 27 June 2011). 
 
 

After the “skull session” we moved to the laboratory for a demonstration of the 

core and core-shell synthesis. One of the junior level graduate students of the group 

noticed the educational moment and was pleased to join us. Thus, from 1:30 until 

approximately 4:30, I witnessed the synthesis of cadmium selenium (CdSe) “quantum 

particle” cores and the synthesis of the core-shell quantum probe precursor 

(CdSe/CdZnS) (Field notes, 28 June 2011). More specifically, I learned that there are a 

number of steps in the synthesis of quantum probes, and these may be completed more or 

less quickly one after the other: 1) quantum particle core and core-shell synthesis; 2) 

quantum particle core-shell phase transformation (from nonpolar to aqueous solubility);  

3) chemical modification (addition of glycoprotein, glycolipids, attachment of targeting 

sequences, and so on and so forth). Typically, newly synthesized core and core-shell 

solutions are stored along with a stock pile of other quantum particles (in various stages 

of synthesis), and in turn these eventually undergo phase transformations and surface 
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modifications. It turns out that a single quantum probe may be synthesized completely 

over the course of two to three weeks.   

 

 

 
Figure 31. Dr. Shiu’s experimental apparatus within a “hood” for synthesis of Cadmium 
Selenium (CdSe) “cores” and Cadmium Zinc Sulfur (CdZnS) “core shells”  (Photographs 
by the author, 27 June 2011). 
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Within the chemistry/materials science laboratory Dr. Shiu shares a single 

infrastructural apparatus within a reaction hood with another researcher working on 

magnetite synthesis. The reaction hood spans one of the walls of a smaller room 

partitioned off form the rest of the vast laboratory space, and within the hood’s glass 

encasement there is a series of interconnected solid metal pipes. This shared 

infrastructure supports the magnetite synthesis to the right of the hood and the quantum 

probe synthesis to the left, both of which are connected to a vacuum apparatus consisting 

of an intricate series of glass pipes and plastic tubes used to remove air from a flask, 

which is used to thereby create a controlled reaction milieu (i.e., the removal of the room 

air from the reaction vessel and subsequent flushing with another reaction medium such 

as nitrogen in the case of quantum probe synthesis). There is a hot plate/stirrer connected 

to a computerized modulator to the left of the hood, which was used to set the 

temperature to the optimal levels for certain reactions. The temperature control module 

was immediately to the left of the hood on top of this bench, above the cabinets 

containing core and core-shell solutions. The three-neck round-bottom flask in which the 

synthetic reactions take place was situated within an insulating fabric material connected 

to another apparatus and resting on top of the plate. Connected to the middle neck of the 

round bottom flask was the vacuum line, and to the left was inserted a temperature probe. 

The right neck of the flask was covered by a “stretchy,” sponge-like red covering into 

which a needle was inserted for injection without disrupting the closed reaction 

conditions in the round-bottom flask. Running past the vacuum connection to the reaction 

flask is a type of “bubbler” with oil (not liquid mercury, as the graduate student pointed 

out) associated with the vacuum - for when Dr. Shiu turned the vacuum back on after 
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completing the core synthesis in order to perform the core-shell synthesis, the bubbles 

started up again.  

Dr. Shiu begins by synthesizing a cadmium precursor solution using various 

surfactants and solvents (HPA surfactant, ODE surfactant; ODA solvent) in the setting of 

the abovementioned flask vessel under ultra-high pressure. Over the course of 15 minutes 

alternating steps of air removal with vacuum pressure and purging of the vessel with 

nitrogen at a temperature upwards of 300 degrees Celsius take place to achieve an 

optimal cadmium precursor solution to be used in the synthesis of quantum probe cores. 

Alongside this, selenium is dissolved in TOPO/ODE (solvent) and another chemical. Dr. 

Shiu pointed out to me that another chemistry group has prepared CdSe quantum 

particles using the solvent tri-n-octylphosphine oxide (TOPO) in an inert atmosphere and 

employed mercaptoacetic acid (MAA) in order to make the core-shells water soluble. 

This group reported that the quantum particles are not cytotoxic; however, exposing 

TOPO-coated quantum particles to air before modifying them with MAA apparently 

resulted in cytotoxicity. Selenium is clear in solution, but as a solid is black powder - as a 

heavy metal, it is directly toxic to human beings and other organisms (skull and 

crossbones on the warning label). The goal: how to conceive of a chemical probe that has 

no toxic effects but is, quite literally, illuminative of biological structures and processes. 

A number of researchers have argued that prolonged exposure to a photo-illuminating 

source such as UV light breaks down the integrity of the quantum particles over time, 

releasing free cadmium ions that react cytotoxically with encountered tissue.  
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Figures 32. Selenium (in black powder form), to be used in the initial synthesis of 
Cadmium Selenium (CdSe) “cores. Note the “skull and cross-bones” warning on the 
labels. Photograph by the author, 27 June 2011). 

 
 
The initial reaction step in the reaction takes place after reaching 300 degrees 

Celsius, at which point the temperature of the reaction milieu is allowed to cool toward 

280 degrees Celsius prior to injecting the selenium precursor solution into the cadmium 

precursor solution. Dr. Shiu syringed the selenium precursor solution into the three-neck 

round-bottom flask containing the cadmium precursor solution in the vacuum-nitrogen 

reaction flask. The core synthesis (CdSe) reaction the reaction took a mere 10 seconds, 

for upon initial chemical contact the mixture of the clear solutions began to turn 

increasingly red, darker and darker red. After the reaction reached its conclusion in time 

the resulting liquid containing cores and “surfactant” was cooled toward 80 degrees 

Celsius (This now contains quantum particles and “surfactant”). The solution became 
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clearer as it cooled (from darker to lighter and finally a transparent red), and during this 

transition Dr. Shiu waved a planar Styrofoam cover near the reaction flask to try and aid 

the process, mentioning that this was "not a very scientific method." The result was a 

whitish surfactant in and a red core solution constituted by the quantum particle inner 

CdSe core. At this point, efforts were turned to precipitating the surfactant from the 

solution. Dr. Shiu added the surfactant/solution mixture to a set of conical plastic tubes 

containing acetone (or methanol) in order to precipitate the quantum probe cores from the 

surfactant (This would also be used later to help in the precipitation of core-shells). Dr. 

Shiu indicated that he might repeat these purification steps “as necessary” by adding 

quantum particle/surfactant solution to acetone again and centrifuging again. He also 

pointed out that the solution begins to separate prior to placing it in the centrifuge, which 

he runs for 5 minutes at 4150 RPM. After purifying the cores from the surfactant 

precipitate, Dr. Shiu turned his attention to the synthesis of core-shells, which are 

composite metals of Cadmium, Zinc, and Sulfur. Between the core and the core-shell 

synthesis procedures, Dr. Shiu made an intricate series of adjustments to the turn stop of 

the vacuum leading to the reaction flask and at other times implemented a scissor-clasp 

hand instrument in closing the connection between the vacuum and the reaction flask 

altogether.  

The core-shell synthesis step has traditionally taken place in a glove box rather 

than an open hood. Not only has it been a relatively hazardous synthesis when carried out 

in this older manner, but it had also produced as a by-product a terribly strong, pungent, 

almost nauseous odor to the human senses. Dr. Shiu had been trained in the traditional 

procedures from years in synthesis practice, and, as the graduate student mentioned, he 
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made a few “enemies” (not actual enemies but everyone teased him) when he brought 

this method to his new chemistry laboratory. After the core-shell synthesis procedures, a 

“phase transformation” must take place in moving the quantum particles from organic 

(i.e. nonpolar carbonaceous) to aqueous solvent (as in cellular and organismal milieus). 

Dr. Shiu introduced an alternate synthetic pathway that eliminated the noxious fumes and 

the necessity of the glove box, enabling both the CdSe core and CdSeZnS core-shell 

synthesis procedures to take place in the same location, using the same infrastructural 

apparatus shown in Figure 32. Dr. Shiu pointed out that this has conserved highly coveted 

laboratory space, and, perhaps one day there will no longer be any use for the glove box. 

This could open up more precious space for the construction of new experimental and 

infrastructural arrangements using other instruments and different types of “dry” and 

“wet” apparatus. 

Dr. Shiu again added acetone to his core-shell solution as he had earlier done for 

his core solution in order to separate the core-shells from the remaining precipitate, after 

which he which he moved the solution again to the high-speed centrifuge, periodically 

dumping out the “supernatant” on top of the quantum probe core or core-shell “pellet” 

into a jug in the hood. He then stored the cores and core-shells for later stages (core-shell 

synthesis in the case of the cores, and subsequently phase transformation and surface 

modification in the case of the core-shells). After the purification steps, clean the 

glassware. Dr. Shiu uses a base bath for these purposes. One may also use an acid bath, 

but Dr. Shiu prefers the former. Contact of the base bath with skin may lead to blisters or 

worse - not to mention leave holes in fabric. Dr. Shiu mentioned that if the reaction takes 

place in a milieu that is too hot, then the resulting quantum particle cores will be too large 
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(They will tend to fluoresce toward the red end of the spectrum, i.e. longer wavelengths). 

It appears impossible at this point to control the range of quantum particle core sizes that 

emerge from the initial cadmium-selenium precursor reaction. Nevertheless, the smaller 

the quantum probe core that results, the more that it will fluoresce toward the green end 

of the light spectrum. The graduate student mentioned that quantum probes with blue 

photoluminescence are rare, and as such difficult to synthesize. Dr. Shiu has a set of 

drawers immediately to the left of the hood that contains an entire slew of vials 

containing solutions of quantum particle cores and core-shells. Dr. Shiu emphasized a 

number of times that the core-shell material photoluminesces far brighter than the core 

alone. At one point, Dr. Shiu also told me that he had arranged in line a set of quantum 

probes solutions that each illuminated under UV light colors representing the entire 

visible spectrum (red, orange, yellow, green, blue, indigo, violet). When you turn off the 

lights and bring them all together under a powerful UV light what a sight that must be. 

Dr. Shiu mentioned to me a number of times that the going market price of 250 mL of 

quantum particles from a biotechnology company such as Invitrogen costs around $400. 

Referring to his drawer, he noted that he could be a rich man! Although there are patents 

on all kinds of intellectual property in science, so long as one is in engaged in research, 

one may synthesize for one's self any products that may already have patents. The 

question of intellectual property is more complex in the case of quantum particles, 

however. Because quantum particles as such are in the final analysis constituted by a 

number of layers, requiring multiple procedural steps, there are therefore a number of 

opportunities for the acquisition of a patent related to quantum particles. 
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Figures 33A and 33B. 33A (Above): Transferring quantum probes to test tubes (33B) 
during an intermediate step of the synthesis (Photographs by the author, 27 June 2011). 
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Figure 34. “Quantum probes” in solution fluorescing under ultraviolet light (Photograph 
by the author, 27 June 2011).  
 
 

 
 
 
Figure 35. Cabinet of one of the chemist/materials science post-doctoral researchers, Dr. 
Shiu, shown here filled with vials and containers of “quantum particles” from previous 
syntheses (Photograph by the author, 27 June 2011).  
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* * * 
 
 
  Recall that for Bourdieu, social fields are arenas of struggle in which individual 

actors invested in the “code” of a given field vie for positions of domination with respect 

to one another and in accordance with the parameters of that field. Importantly, although 

actors may not necessarily intend to dominate one another, for Bourdieu they 

systematically misrecognize the fact that the logic of practice is, at root, the logic of 

domination, and even the very best of outward intentions may camouflage this. Actors 

therefore behave ironically, often accomplishing the sociological opposite of what they 

may believe they are doing. What the latter actually expresses is, according to Bourdieu, 

illusio: a notion that refers neither to the specific forms of profit that a social field might 

yield nor to the particular forms of practical efficiency most conducive to acquiring them 

but rather to the affective and ethical significance that a social field has for the actors 

invested in it. Illusio is effectively produced by subjective experience of the “game” and 

as such it provides meaning, purpose, and direction to the social actors invested in it. As 

Bourdieu has pointed out “outsiders may be totally indifferent to a field of science despite 

possibly having extensive knowledge about it.” Thus we may begin to understand that 

inter-scientific collaboration is not simply about what actors can know or understand 

about the concepts of other disciplines, but rather and more importantly it is also about 

something much deeper. Applying this model to the present ethnographic situation, we 

might suggest that while the Snare laboratory outwardly explains its role as providing a 

"foundational base" for the work of other scientists and clinicians nearer to “necessity,” 

beneath this coding of action they simultaneously adhere to a strategy for the continued 

reproduction of the boundaries guaranteeing its own autonomy – a value with which it 
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has a very deep connection – and within the autonomous fields of scientific contest in 

which it is invested the reproduction of positions of domination. Simultaneously, those 

explanations and codes of action are to be taken quite seriously, for they manifest the 

illusio operative in the social lives of these scientific actors.  

To reiterate once more, in the present social fields of various scope and structure - 

whether scientific, artistic, bureaucratic, academic, etc. - are situated within the larger, 

all-encompassing domain of modern capitalist society more broadly, within which the 

greater struggle among classes takes place and within which the dominant form of capital 

is economic or money capital precisely because it is the most readily convertible resource 

available to actors. For Bourdieu, material and symbolic capital are both “valuable,” 

although they stand in an antagonistic relationship to one another, as symbolic capital 

connotes a kind of honor that is irreducible to crude lucre. While the exchange of 

symbolic for material capital may transpire quite quickly, it is the more “degrading” of 

the two directions of conversion. Conversely, the conversion of material into symbolic 

capital, or the accumulation of symbolic capital more generally, always requires an 

investment of time and effort. In the analyzing the Snare-chemistry collaboration from a 

Bourdieuesian perspective, we may start by acknowledging that both the life scientist and 

the materials scientist possess symbolic (social and cultural) capital as well as economic 

capital. The chemists have much more funding than the Snare laboratory, and hence more 

economic capital, and Dr. Snare can be considered part of the "dominated sector of the 

dominant class." 

  I had hypothesized that the exchange of “scientific gifts” including materials, 

access to equipment, and the lending of specialized expertise might amount to a 
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something of a system of mutual obligations among the inhabitants of the collaboration 

building, and that this system might constitute the basis for a productive solidarity among 

these variously trained researchers, thereby leading to the emergence of novel lines of 

inquiry. In the end, the collective social life of the collaboration building did not coalesce 

into a gift-based economy in which all of the occupants were mutually invested. For one 

thing, researchers draw their most valued forms of “honor” from achieving success 

within the fields of science, not from their ability to place neighbors in positions of debt 

as a result of gifts received. While I did come to the realization that perhaps there is 

something unique about the exchange-based relations of science, in that there is an 

ambiguity in certain “scientific gifts” that effectively captures the original etymology of 

the term, for a researcher may set out to work on something provided by another that will 

alternately turn out to be ground-breaking, time-wasting, or inconsequential. As opposed 

to a mechanism of solidarity, a more appropriate treatment of inter-scientific exchange is 

to consider it as one among other strategic practices. Structurally speaking, however 

actors might choose to code a particular exchange; the intrinsic logic of its agonistic 

procession is to effectively “win the game.” In the case of so-called primitive societies 

and in the modern field of the academy alike, an actor from a lower position of prestige 

may offer something - a gift, a challenge - to a more dominant figure that subsequently 

has the option of responding to it or not. If the actor making the offering is ignored, and if 

the offering is rejected, then there has been no change in the structural relations between 

the two, for the dominant actor occupies a position that enables him or her to effectively 

deem the giver unworthy of his or her engagement. However, the honor of the former 

becomes vulnerable should they choose to accept the gift, as they are effectively obliged 
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to reciprocate to with a prestation of equal or greater value, so as to reproduce the 

original positions of status. If the dominant actor accepts the initial gesture and either 

does not return it or returns one of lesser value, then a loss of status ensues, and the 

relations of domination with respect to each other may become overturned. 

In their joint-research undertaking with a chemistry laboratory located just a few 

floors below in the collaboration building, the Snare laboratory received vials of 

“quantum probes” consisting of a heavy metal core and an organic surface, entities 

possessing unique spectroscopic properties explainable by reference to the mathematical 

laws of quantum mechanics and bearing significant potential for application and therefore 

revenue generation in the setting of clinical medicine and industry. Before these quantum 

probes could actually be utilized for such purposes, however, the task of determining 

whether or not they might actually be safe for use in humans remained. As an initial step, 

and in the “spirit” of collaboration, these groups set out to work together in order to 

determine exactly how these probes get taken up into cells and where exactly they go 

once internalized. A series of iterations were planned, such that the Snare laboratory 

would report back to the chemistry group with their findings, in order that the latter might 

alter their organic surfaces so as to direct them toward a desired mechanism of uptake or 

a specific intracellular pathway. Dr. Snare effectively received an offering from the 

chemistry group of quantum probes whose inherent physical properties are well known, 

although their behavior and interactions within organic life (i.e. cells) are not. 

Although the chemists’ familiarity with the physicochemical properties of 

quantum probes in vacuo was of a more formal nature than the Snare laboratory’s 

experimentally-derived knowledge of their own objects of research, and while they 
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interestingly rendered the collaboration as a more or less straightforward biological 

application of their fundamental research, on the other side of the coin the Snare 

laboratory considered the project to be too “phenomenological” to capture its interest in a 

more sustained manner. Simply tracking the path of glowing particles in the cell 

represented an activity that was too near ordinary sense perception for the tastes of these 

life scientists, and it did not approach the level of scientificity at which their own research 

program normally operates. In fact, they were actually more interested in using quantum 

probes in one of their own projects, as tools to investigate the mechanism of protein 

translocation into the peroxisome. The Snare laboratory nevertheless proceeded with their 

arm of the project and supplemented the straightforward visualization of quantum probes 

under the microscope with a series of experiments based on their knowledge of the 

individual “biomarkers” specific to each of the cellular compartments and the known 

mechanisms of endocytosis, and they systematically knocked these out one by one in 

order to assess their effects. 

Taken by itself, the chemists’ knowledge of the physicochemical properties of the 

quantum probes – grounded in the rigorous mathematics of modern quantum mechanics – 

has likely crossed the threshold of formalization in Foucault’s scheme, whereas Dr. 

Snare’s knowledge of the elements and functions of cellular life has likely crossed the 

threshold of scientificity, but not the threshold of formalization. It could be argued that 

biological knowledge as a whole (of which Dr. Snare’s contribution is but a part) is still 

hovering at the threshold of scientificity and perhaps has not (and might not ever) cross it. 

Nevertheless, when moving from consideration of the inherent physicochemical 

properties of the quantum probes (a form of knowledge that has crossed the threshold of 
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formalization) to consideration of their behavior in cells, such knowledge may no longer 

be said to have crossed the threshold of formalization. The chemist is in command of the 

"pure" science of the quantum probes themselves - i.e. their spectral properties, and other 

physicochemical properties unique to that material, but not the "pure" science of their 

interactions with biological life. While the chemist’s familiarity with the quantum probes 

themselves tends toward a more formal understanding, from the perspective of the 

academic field the chemistry group’s remains “closer to necessity” as a result of its direct 

investment in generating a “successful” – toxicity-free – method of employing quantum 

probes for extra-epistemic purposes. Bearing “heteronomous” connotations and 

representing potential “economic capital” down the road, this collaborative undertaking 

did not originate from within a purely autonomous scientific field. By lending his “pure” 

expertise as a “pure” and disinterested scientist from a distance sufficient to maintain that 

symbolic standing, Dr. Snare therefore plays something of a “legitimator” in the 

collaborative undertaking by bringing to it the social capital of scientific authority earned 

within the highly autonomous fields of biochemistry and cell biology research. In this 

manner, the project is given a type of legitimacy that might not otherwise have been 

available to it. An investigator that is too invested in the “success” of quantum probes in 

this and other settings (i.e. becoming highly lucrative or contributing downstream to other 

heteronomously-guided projects) and therefore has their “hands directly on them”) would 

not have had the structural distance required to provide such epistemic legitimation.  

The first gesture in the exchange essentially entailed Dr. Snare receiving from the 

chemistry group an offering of potentially significant financial value – a material offering 

that might eventually turn out to be of use in generating revenue. In the second gesture of 
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the exchange, Dr. Snare’s group provides to the chemistry group (and therefore to the 

“collaboration” as a whole), a purely informational offering – knowledge of what exactly 

these quantum probe probes do in the cell, how they are taken up by the cell (i.e. by 

endocytosis), etc. In comparison to Dr. Snare’s offering of “pure” knowledge based on his 

expertise as a “basic” scientist, the initial offering of the chemistry group is takes on a 

lesser value from the reference point of the academic field, while Dr. Snare’s return gift 

carries more prestige than the initial offering of the materials scientists. To sociologically 

simplify the exchange, the quantum probes in this context are more representative of 

economic value whereas the “return gift” of knowledge itself – given that it originated 

from a largely disinterested, basic science laboratory - more closely approximates 

symbolic or cultural capital. Although Dr. Snare’s research program has crossed the 

threshold of scientificity (and not the threshold of formalization), his return gift to the 

chemistry group nevertheless may still be considered “pure” knowledge – and thus 

symbolic or cultural capital. In this manner, Dr. Snare does not have to “get his hands 

dirty,” so to speak, with the heteronomous connotations of the quantum probe research 

project taken as a whole. In this manner, and in accordance with the dominant system of 

symbolic status distinction within the academic field, he thereby distinguished his 

contribution as “pure” symbolic capital. Dr. Snare was able to maintain a certain distance 

from necessity while acknowledging his respect for the value of other modes of research 

including applied science. He effectively participated in this exchange all the while 

maintaining a strict boundary between his disciplinary identity and that otherwise implied 

by the more heteronomous goals of the collaborative undertaking as a whole. On this 

basis, Dr. Snare contributed to this more heteronomous research “autonomously” - his 



418 
 

 

delineated portion of the research falls within the bounds of his body of knowledge – 

stays within his own delineated realm of expertise. Simultaneously, he was therefore able 

to participate in what he called the “spirit” of collaboration despite an apparent aversion 

to participating directly in the heteronomous aspects of the research. In doing so, he 

maintaining his group’s “distance from necessity” and was effectively able to “wash his 

hands” of the potentially cruder economic connotations of the collaboration. Dr. Snare 

stayed true to the ethos of his disciplinary tradition and “re-performed” its status as a 

highly autonomous and symbolically prestigious collectivity. In effect, the actors have 

reproduced in their very social relations the system of status distinction within the 

academy. Following Bourdieu and, more distantly one might argue, Kant, connotations of 

“autonomy” and “heteronomy” are some of the factors that might influence the initiation 

and historicity of inter-scientific research undertakings in the basic life science 

disciplines.   

In conclusion, it has been largely presumed that collaboration among researchers 

from different disciplines will either lead to the emergence of new lines of inquiry if not 

the “melding” of different traditions - or that it will not. As I have shown, there are other 

dimensions to these relationships. I was not expecting to observe the reaffirmation and 

reproduction of disciplinary distinctions in the actual procession of collaborative 

research. Inter-scientific collaboration is not simply an opportunity to constitute emergent 

forms of inquiry that advance knowledge and its application, for such instances may also 

represent opportunities to reaffirm and reproduce already established disciplinary 

affiliations, all the while adhering to one or another ideological of “collaboration.” One 

may collaboration without sacrificing one’s commitment to disciplinary traditions and 
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autonomy: this might very well be the only condition in which some groups agree to 

collaborate. Considerations of the autonomy or heteronomy of various research bodies – 

and the degree to which certain epistemic norms are conserved or delegitimated – are 

helpful for modeling the social relations of scientists, and perhaps in predicting the way 

in which their collective undertakings might unfold on the basis of the respective volume 

and structure of capital possessed and the nature of the more or less autonomous 

scientific fields in which the respective collaborators are primarily invested.  

 
* * * 

 

Thomas Allen’s now somewhat famous 1971 paper, “Communication Networks 

in R&D Laboratories,” was based on a 10-year study of large R&D organizations and 

showed that “distance” influences “productivity.” Diminishing the space between primary 

workspaces not only enhanced “chance” encounters between the researchers and 

technicians of the R&D laboratory, it also independently correlated with the metrics of 

“performance” that Allen employed. Allen recommended centralizing certain “interaction 

promoting devices” such as coffee machines, photocopiers, and (oddly enough) 

bathrooms. The paper remains important because it links the architectural layout of 

offices and laboratories to communication pathways and face-to-face interactions and 

scientific and technical outcomes. The findings of this study and others like it are by now 

well-known and indeed are common sense to the architects of scientific buildings and the 

managers of science, actors that would like to see these interactions arrayed in as a 

“flexible” a manner as possible, so as to promote the flow of information and technical 

wherewithal. Allen’s study, nevertheless, was undertaken quite a long time ago – 
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telecommunications and transportation technologies have changed dramatically, for one 

thing - and compared to the conventional university laboratory, a site that remains fully 

embedded in the academic field and by and large continues to operate in accordance with 

its constitutive mechanisms, Allen’s R&D laboratory constitutes the kind of integrated 

unit working toward the achievement of goals handed down “from above,” a 

configuration that is increasingly influenced more and more directly by what Lyotard has 

called the imperative of “performativity,” a logic that is increasingly rendered in the 

idioms and grammars of the supranational financial markets (Westbrook 2004). Much of 

the Snare group’s informal interactions in the collaboration building have become 

organized around its instrumental apparatuses and stores of reagents; however, these 

material conditions alone have not completely determined this laboratory’s relations with 

these and other researchers, including those committed to other epistemic ends. 

Thomas Gieryn (2002), recipient of the 1999 Robert K. Merton Book Award from 

the American Sociological Association, has also attended to the relationship between 

science and space in his analysis of a “biotechnology building” built in the late 1980s, a 

structure whose researchers are more immediately engaged in heteronomously-guided 

research initiatives in comparison to the more autonomous academic pursuits of the Snare 

laboratory. With reference to this biotechnology building, Gieryn raises the question of 

how and whether buildings matter for science, and he argues that buildings stabilize 

social life, albeit imperfectly. Curiously, Gieryn organized his approach around the 

question of the “meaning” of this biotechnology building and he argues that buildings not 

simply from a material perspective but form a “semiotic” perspective as well. Gieryn 

points out that the “theorists” occupy the top floors as a symbolic reflection of their high 
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degree of scientificity and autonomy. With the wiggle room they have at their disposal, 

the occupants of the biotechnology building may nevertheless “make” and “re-make” its 

“meanings” over time. This is all fine: the sheer materiality of the collaboration building 

itself certainly structures certain relations to some degree. For instance, hallways set 

regular paths that will continue to be well-traversed long into the future. Scientific actors 

will regularly cross paths with one another, some more than others. Buildings are one 

means among others to “consociate” actors (Zhao 2004) individual actors in particular 

and predictable ways.  

The collaboration building undoubtedly takes on a number of meanings as well: to 

the differently trained managers of the university and its major benefactors, to the faculty 

members representing different disciplinary traditions, to the students laboring at 

different stages of the educational ladder, to the local biomedical institutions, to the local 

community, and to the general public. For some managers, the collaboration building 

constitutes, among other things, one element in a recruitment strategy for some of the 

world’s best scientists and engineers, while for the some of the university’s financial 

donors it represents a symbol of progress in fight against human disease and suffering. 

Whatever else, over-emphasis on “meanings” in lieu of “practices” essentially constitutes 

a return to the well of a long-exhausted constructionist sensibility that increasingly 

provides less and less in the way of marking the specificity of social relations within and 

beyond the structures in which these practices unfold. On another level, however, I do 

agree with Gieryn (2002: 61): “Put simply, buildings emplace sociations and practices.” I 

would also argue that they emplace entire fields of great social significance, fields that 

value certain forms of capital above others, fields that largely operate according to 
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parameters determined not by the nature of the three-dimensional spaces occupied by the 

individual actors invested in them, but also by the definite and hierarchical subject 

positions these actors occupy in relation to one another in these “other” spaces. Equally if 

not more impressive than the influences of three-dimensional spaces on the micro-scale 

of social interaction (and whether one wants to extend that to nonhuman “actants” or 

not), are the immense connections that the individual spaces of research have with a 

multitude of other spaces, many of which differentially emplace other “fields” with 

sometimes markedly different systems of status distinction. While Gieryn does 

acknowledge that the design of research facilities like his biotechnology building most 

assuredly involves the negotiation of competing interests, without ethnographic treatment 

of actual social relations in structures like the “biotechnology building” or the 

“collaboration building” considered here one gains little specific understanding of the 

“rules” of inter-scientific relations. Buildings like the “biotechnology building” may 

stabilize certain things, both “material” or “semiotic” in Gieryn’s terms, and undoubtedly 

the specific arrangement of the collaboration building, with a multitude of actors from 

other laboratories consistently using the Snare laboratory’s equipment and reagents 

certain very specific “rules” of collaboration did emerge within this individual group. 

Nevertheless, these instances of territoriality amidst a scientific race to priority of 

discovery alone do not account for the “rules” of collaboration. Indeed, the nature of the 

disciplinary tradition to which investigators belong importantly factors into the genesis 

and unfolding of inter-scientific relations. Specifically, we witnessed that a laboratory 

may “play the game” of collaboration – really, actually collaborating with researchers 

form other disciplines – all the while re-performing and re-establish a distinct and 
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separate disciplinary identity within this agonistics of this very interaction –there are 

indeed some significant barriers to disciplinary “fusion.” For the sake of science itself, 

this may very well end up being the more “productive” configuration.  

A more adequate conceptualization of the space of the collaboration building can 

therefore be found, I believe, in the work of Michel Foucault (1986 [1967]). Foucault 

(1986 [1967]: 23) argued that the present era is an “epoch of simultaneity” centered 

primarily on issues of space rather than matters of time. In an effort to capture something 

of the specificity of space he therefore theorized the notion of “heterotopia.”  One 

suspects that Foucault may have first heard the term “heterotopic” from his surgeon 

father, as “heterotopic tissue” represents tissue normally found in one part of the body 

(say, gastric mucosa…)  abnormally presenting in another part of the body (…such as in 

the distal ileum – as in the case of a Meckel diverticulum). More specifically, however, 

Foucault employed the term “heterotopia” in contradistinction to the idea of “utopia,” 

which for Foucault (1986 [1967]: 24) constitutes an idea or image of some perfected 

social space - central to many nineteenth-century theories of historical and societal 

continuity -  that are in essence sites “with no real place” - “fundamentally unreal places.” 

Heterotopias, by contrast, are real, individual spaces that suspend certain norms and 

emplace others. They are “parallel” spaces that in relation to other sites but are 

nevertheless irreducible to them (Foucault 1986 [1967]: 23). A heterotopia might include 

the space of a phone call or the virtual image of a mirror: duality and contradiction are 

not excluded from this kind of place. In general, heterotopias juxtapose several, 

sometimes incompatible spaces and temporalities and may therefore contain many 

different layers of meaning, significance, and relationship. Foucault (1986 [1967]: 24) 
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argued that every single society that history and prehistory has ever known has more than 

likely produced its own unique heterotopias, and while heterotopias might be identified 

within the various forms of social life  they nevertheless “obviously take quite varied 

forms, and perhaps no one absolutely universal form of heterotopia can be found.” 

Foucault called for a society of many heterotopias, not only for the purposes of affirming 

difference but also as spaces of escape from powers of oppression and domination. 

According to Foucault (1986 [1967]: 25) every heterotopia “has a precise and determined 

function within a society and the same heterotopia can, according to the synchrony of the 

culture in which it occurs, have one function or another.”  

Foucault (1986 [1967]: 26) provides the seemingly simple example of a garden: it 

is “the smallest parcel of the world and then it is the totality of the world.” While the 

garden exists in the three-dimensional space that is given to ordinary sense perception, it 

also represents a “microcosmic” type of space, for “the plants within it represent many 

different environments from around the world.” Foucault also illuminates the heterotopic 

status of the cemetery by reference to a specific historical example. He argues that, in 

accordance with the increasingly salient imperatives of industrial production, the state-

authorized transfer of Paris’ cemeteries beyond the city gates in 1786 constituted one 

element within a broader bourgeois strategy of sequestering and ultimately 

individualizing the responsibilities surrounding death, and that this event coincided with a 

“disenchanting” break between “eternal” time and “territorial” time, a rupture all but 

eradicating any guarantee of life after death in exchange for a taphonomy of dead bodies 

and language. Subsequently, the cemeteries of nineteenth-century Paris began to take on 

“other,” often contradictory connotations. Throughout the nineteenth century, Foucault 
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tells us, cemeteries served not only as the final resting place of expired flesh but also as a 

“carnivalesque” site for “deviant” and “illicit” pleasures of the living flesh. As a final 

example, Foucault suggests that the modern teaching hospital which emerged in the last 

decades of the eighteenth century in Paris might also be considered a heterotopia 

(Foucault 2007 [1974], 1994 [1963]). Prior to this time, the profession of medicine and 

the structure of the hospital itself were thoroughly distinct institutions (Foucault 2007 

[1974]: 142). According to Foucault, the historical process by which the hospital became 

a “medical institution” – or a technology of diagnosis and therapy - is inseparable from 

the transformation of medical knowledge itself that transpired during this time. Toward 

the end of the eighteenth century, medical students emerged from the dimly lit cloisters of 

the lecture hall to experience the hospital for the first time, both at the bedside and in the 

morgue, and Foucault argues that this experience was transposed onto the very 

disciplinary mechanisms by which medical students were to be transformed into doctors 

from then on. No longer would the doctor’s body serve as a repository for “remedies” 

passed down over generations, rather the doctor’s body would come to serve as the site 

whereby the experience of disease itself would be internalized, henceforth re-deployed in 

the form of specialized “gaze” that had learned to correlate its signs and symptoms made 

possible by the increasingly specialized apparatuses of isolation and observation made 

possible by the new model of the teaching hospital, beginning with a simple chart placed 

at the foot of the patient’s bed containing his name and a list of notes including daily 

observations of this individual’s progress  (Foucault 2007 [1974]; 1994 [1963]). This 

entire shift occurred, according to Foucault, as a result of a series of co-incidences toward 

the end of the eighteenth century:  
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Economic reasons, the value attributed to the individual, the desire to avoid the 
propagation of epidemics explains the disciplinary control to which the hospitals 
are subjected (Foucault 2007 [1974]: 148).  
 

 
Importantly, the teaching hospital is a heterotopia that emplaces the specific space and 

temporality of the disease itself in direct “confrontation” with the very patient in whom it 

causes suffering and with the doctors bearing witness to it all, and as a result of this 

emplacement the heterotopia of the teaching hospital therefore turns on the notion of 

“crisis” (Foucault 2007 [1974]:  144).  

Foucault (1986 [1967]) identifies other “heterotopias of crisis,” those separate 

spaces that might be more generally defined as emplacing social transitions of various 

sorts, such as a boarding school, the physical space of a newly-wed honeymoon, or those 

partitioned-off spaces in so-called primitive tribes whereby liminal “coming of age” 

rituals are enacted. Others types of spaces Foucault alternately marks as “heterotopias of 

deviation,” including asylums (2006 [1961]), hospitals (1994 [1963]), prisons (2012 

[1975]), and the retirement home. In certain cases, individual heterotopias might 

encompass more than a few of such categorizations. In every case however heterotopias 

“presuppose a system of opening and closing that both isolates them and makes them 

penetrable” (Foucault 1986 [1967]: 26).  

Heterotopias may be heterochronic as well as heterotopic, “linked to slices in 

time” (Foucault 1986 [1967]: 26). Some specific “heterotopias of time” include museums 

and libraries, spaces that co-mingle objects and texts from different eras and places. 

These types of heterotopias exist in real time but also “outside of time,” precisely because 

they preserve certain aspects of the world against the eroding forces of time itself. 
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With all of this said, I wish to argue that the collaboration building is both 

heterotopic and heterochronic in its constitution, for it encompasses multiple scales of 

space, historicity, and temporality. The collaboration building is heterotopic in its control 

of access– both from without and within the building, and especially in its 

"meticulousness" with respect to the “everyday” spaces of social life beyond its walls 

(Faubion, personal communication). It is heterochronic in its encompassing various 

voices calling for the convergence of the disciplines contained therein on the basis of 

biological ideologies past (i.e. the “informational” or “cybernetic” model of executive 

function in organized biological systems) as well as in its co-situation of different 

temporalities, from that slow pace of research common to those disciplines aiming to 

patiently and painstakingly build up knowledge of the “integrated” cell in contrast to 

those efforts to expedite the “translation” of basic research into more immediately and 

clinically useful technologies and pharmaceuticals, diagnostics and therapeutics. It might 

not in and of itself constitute a “heterotopia of deviation,” although it is immediately and 

thoroughly connected to that heterotopia of deviation, the hospital, not to mention its 

myriad other connections to “other” sites, including the state and private industry. The 

collaboration building might also be considered a “heterotopia of crisis,” not only in its 

marking the transition from dependent student to autonomous scientist, and from assistant 

to associate to full professor, not to mention those many other “crises,” such as the time 

the Snare laboratory found itself unable to figure out why it had been unable to 

synthesize and purify proteins of interest. The collaboration building emplaces alongside 

one another the various systems of class and status distinction operative within the 

academy and in society more broadly, whereby the hegemony of modern financial 
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markets pushes up against those partitioned spaces of “pure” symbolic contest. It is a 

place where, according to Terence, people like him must “make something of 

themselves” (Field note, 5 November 2009).  
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APPENDIX 1:  
NOTES ON THE HISTORY OF BIOCHEMISTRY & CELL BIOLOGY 

 
 

Although one could establish a connection as far back as Antoine Lavoisier and 

his work on the combustion of oxygen and respiration, or a bit later to Justus von Liebig 

or Claude Bernard and the earliest studies on “animal chemistry,” the most immediate 

disciplinary antecedents of Dr. Snare’s laboratory are to be found in the labors and 

guiding ethos of the “physiological chemists” of Europe and the United States in the last 

decades of the nineteenth century, in combination with the work of the nineteenth-century 

microscopists.  

Beginning with the earliest observations of cellular structures by botanists in the 

1830s, continuing with Theodor Schwann’s “theory of the cells,” and culminating in the 

cellular pathology of Rudolf Virchow (“omnes cellula e cellula”), investigators carefully 

noted the exquisite histological arrangements of various tissues and, with the increasing 

refinement of optic techniques, the more detailed structures of cells themselves (Coleman 

1977 [1971]; Florkin 1972). Indeed, with the advent of electron microscopy during the 

middle years of the twentieth century, the ultrastructure of the cell came into view and for 

the first time the organelles with which Dr. Snare has been most concerned were 

visualized – the endoplasmic reticulum, the Golgi apparatus, the “vesicles” trafficking 

between them, and the outer (plasma) membrane of the cell itself.  

While the role of chemical reactions and reactivity remained important to the 

program of biochemistry that was developing in the early twentieth century, as did 

considerations of biological form and organization, early proponents for the autonomy of 

biochemistry explicitly sought to distinguish their discipline as a legitimate research and 
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teaching program by delineating a specific subject matter that it alone was suited to 

investigate better than either traditionally-conceived organic chemistry or microscopy-

centered biology (Kohler 1975: 318; Teich and Needham 1992).  This, as Kohler (1975) 

and others have shown, is the “intermediary” level of biological organization between 

that which can be seen with the microscope (the cell and its ultrastructural elements) and 

that which can be treated with the conventional methods of organic chemistry (the 

carbon-based molecule and its mechanisms of chemical reactivity). In this arrangement, 

macromolecules – in particular, polypeptides or proteins – assume a central position as 

the primary functional agents of the cell. F.G. Hopkins of Cambridge, for instance, went 

beyond the view which sought to equate biochemistry with the straightforward 

application of the principles of chemistry to biological problems (Teich and Needham 

1992: 510). Underscoring the immediate relevance of biological thought to biochemical 

practice, Hopkins came to regard biochemistry as a branch of the biological sciences. 

These developments pushed the biomedical and biological communities in both the 

university and the hospital to take a broader view of the cell – no longer was it to remain 

the sole possession of the microscopic anatomist, the cell also comes under the purview 

of biochemistry to the extent that it studies the chemical composition and structure of the 

cell, as well as “the distribution of the effectors of biochemical activities [and] the 

regulation of these activities,” (Florkin 1972: 11). Increasingly over the course of the 

twentieth century, therefore, the cell comes to be recognized as both the fundamental unit 

of biological morphology and metabolism.  

Following Lavoisier, the “elementary analysts” had demonstrated by the middle 

of the nineteenth century the existence of basic biological chemicals including fats, 
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carbohydrates, and proteins, and by the turn of the twentieth century it was agreed that 

the latter entities were primarily responsible for the “vital” properties of living things. 

Exactly how proteins carried out so many chemical reactions not seen outside of living 

things remained unknown. In one of the more noteworthy collaborative failures between 

the physical and biological sciences, the 1920s saw the rise of the colloid theory of 

biological matter, in which it was assumed that small peptides coalesce in a kind of 

“mixed phase” state via “secondary valences” in order to generate the “mysterious” 

catalytic properties of living things (Hunter 2001, Hunter 2000: 155-56). It was in this 

theory of “biocolloidology” of the 1920s that the strong form of “vitalism” arguably 

gasped its last breaths. By 1930 new physical methods including chromatography and 

especially the ultracentrifuge had provided supplemental proof that proteins are in fact 

linear polypeptides of enormous length - often up to a thousand amino acids - and not 

simply coalescences of smaller amino acid units (Hunter 2001; Hunter 2000: 176). For 

the first time:  

 
Enzymes themselves could then become subject to studies of composition, 
structure and shape after they were recognized to be of the nature of proteins, 
themselves identified as definite chemical compounds (Florkin 1972: 5). 
  

 
Following these developments, biochemistry has never since departed from its “cold” and 

“calculating” posture towards the analysis of life. According to Kohler (1975: 292; see 

also Kohler 1964):  

 
The macro-molecule and the enzyme were the apotheosis of the striving of 
biochemists for a comprehensive explanatory concept on the biochemical level, 
between the passive metabolite and the organized cell. Moreover, there is a 
suggestive parallel between the uncertainties of colloid theory in the 1920's and 
the failure of biochemistry to consolidate as a discipline until after the revolutions 
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of the 1930s, in which the enzyme concept was reinstated and the macromolecular 
concept emerged.  

 
 

Soon thereafter, the advent of radio-labeling techniques enabled biochemists to 

further expand their scope of research by providing them with the means of 

characterizing the reaction sequences of intermediate metabolic pathways alongside the 

coupling of oxidation and reduction reactions related to energy transduction. Hans Krebs’ 

elucidation of the tricarboxylic acid cycle at Cambridge is perhaps the crowning 

achievement of the era (Coley 2001). Working with pigeon breast muscle, Krebs showed 

that the fundamental mechanism of energy extraction in the eukaryotic cell is mediated 

by the sequential oxidation and recycling of certain carbon skeletons in a cyclical 

process. Biochemists began to conceptualize macromolecules primarily in terms of their 

cellular functions, and a vision of the cell as a biochemical unity consisting of a 

coordinated network of coupled reactions and energy transfers emerged (Kohler 1975: 

298). This was the program of biochemistry on the eve of the Second World War.: “a 

conceptually coherent and glamorous discipline” (Kohler 1975: 300). There were, of 

course, significant ramifications of this for the purposes of discipline building. According 

to Kohler (1982: 325), the problems of intermediary metabolism, cellular respiration, and 

oxidation-reduction reactions represented an “ideal compromise for a generation of 

biochemists who were making a graduate transition from clinical to more biological 

concerns.”  

Although the discipline of biochemistry continued to receive institutional support 

on the basis of its “routine service” to medical research and teaching, the notion of a 

general biochemistry did not gain widespread traction until after the Second World War 
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(Kohler 1982). Beginning in the mid-1940s, a brief era of “classical biochemistry” 

ensued, in which researchers set out to sequence proteins of interest by detaching and 

identifying the constituent amino acids in order, a programmatic initiative initially aided 

by new methods and techniques including electrophoresis, paper chromatography, and 

purified proteinase extract administration and later by  the method of Stein and Moore’s 

1948 method of ion-exchange column chromatography combined with 

spectrophotometric quantitative analysis of fractionated amino acid constituents,  a fully 

automated procedure by 1958 (Brock 2001).  

 
The point here is simply that they exemplify the increasing interest of biochemists 
in the molecular basis of biological phenomena, growing out of but going beyond 
an immediate relevance to human physiology and pathology. Biochemists were 
much less involved in cell physiology and biochemical genetics, where there were 
fewer points of contact with traditional biochemical interests (Kohler 1982: 327).  

 
 
In this midst of this so-called era of “classical biochemistry,” Beadle and Tatum 

conclusively proved that the function of genes is to make enzymes while working 

together at Stanford on the mold, Neurospora (Power 2004, Hunter 2000. Whereas prior 

to the 1940s geneticists attempted to correlate phenotypic or physical characteristics with 

the deductions of chromosomal mapping strategies, following Beadle and Tatum genetics 

research began to investigate heredity at the level of its biochemistry. Beadle and Tatum 

irradiated thousands of cultures of Neurospora in order to generate mutant genes within 

the organisms, defects leading to the inability of some of the cultures to synthesize certain 

nutrients required for growth. They showed that the mutant Neurospora could be enticed 

to thrive when provided exogenous nutrient and that the acquired defect could be passed 

on to offspring. By combining these methods with the methods of gene mapping Beadle 
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and Tatum established a direct connection between genes and elucidated the metabolic 

pathways by which common nutrients are synthesized.  
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APPENDIX 2:  
NOTES ON THE MODERN UNIVERSITY 

 
 
The basis of the modern American research university is to be found in the 

German universities of the nineteenth century (Bishop 2006). As William Coleman (1977 

[1971]: 8) has written, the idea of learning and research as values in their own right, 

outside of immediate worldly benefit, finds its first modern expression in the “the 

vaunted ideals of the German universities, Lernfreiheit and Lehrfreiheit, the individuals’s 

freedom to learn and to teach, subject only to the control of his own good judgment.” It 

was within this setting, for instance, that biology first achieved a degree of institutional 

autonomy from clinical medicine, in order that it might examine the “forms, functions, 

and transformations” of all living organisms (Coleman 1977 [1971]: 3). And yet, while 

the research university has by and large continued to fulfill its original function as that 

institution of society responsible for generating and disseminating “the truth,” and while 

this role continues to underpin its continuing legitimacy and authority, an accelerated 

reorganization of the institutional structure of the research university has transpired, such 

that it is increasingly called upon to serve the instrumental needs of the nation-state and 

its industries (Lyotard 1984 [1979]; Wernick 2006). Many have argued that the 

“electronic revolution” of the mid to late twentieth century has integrated science and the 

economy even further, and on this basis a number of theorists have sought to register the 

shift from an industrial to an information-based economy (See Lyotard 1984 [1979]; Bell 

1974; Touraine 1971 [1969]). Bishop (2006: 564) has suggested that during the second 

half of the twentieth century a clear line of demarcation emerged within the university, 

separating “that portion which archives” from “that which produces,” including that 
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which “can be converted into patents and revenue for the university, for private 

companies, for hybrid academic-commercial entrepreneurial enterprises, and for the 

economy at large.” While the more conservative systems of professional ascent through 

disciplinary specialization have remained, and while here the privileging of “pure” 

knowledge remains, more than ever before university knowledge production is called 

upon to meet the demands of the “post-industrial” or “knowledge-based” economy, and it 

is very likely that these pressures will only increase. With these changes, “centrally 

determined priorities” have come to dominate the distribution of research funding while 

within the academy “rival visions of knowledge and its uses” have emerged (Wernick 

2006: 560). Alongside those embracing the “work-oriented,” “performance-based,” and 

“self-marketing” style of the contemporary “corporate” university are those who in an 

effort to preserve autonomy resist real or perceived instrumentalist pressures in ways both 

subtle and not (Wernick 2006).  

  Prior to the nineteenth century, the “pure” sciences of physics and chemistry were 

largely manifested within the demonstrations and debates of the “gentleman scholars” 

and aristocratic congregations comprising the earliest professional societies (Shapin and 

Shaffer 1985), while natural historians sought to neatly organize the panoply of living 

things within taxonomic tables based on surface resemblances and differences (Foucault 

1973 [1966]). Whatever else may have been the case inside the cloistered academy 

during this time, it is generally understood that on a broad societal level what might now 

be called “applied” science held a greater degree of prestige than “pure” scientific 

hobbies of “gentlemen scholars” and “natural historians.” Increasingly throughout the 

nineteenth and twentieth centuries a gradual reversal of the privileging of the “applied” 
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over the “pure” began to emerge. Following the dramatic success of basic science during 

the Second World War, including the accelerated emergence of technologies from 

theoretical physics and the remarkable success of massive, team-based science in 

assisting the war effort reaffirmed the dominance of pure knowledge in demonstrating the 

sheer power of basic science in enhancing technological capabilities. Thus, the 

prestigious standing of the “pure” basic science became firmly secured and ever since its 

preeminence within the hierarchy of epistemic values specific to the academy has been 

assured. On the basis of a distinction between “applied-privileged” and “pure-privileged” 

knowledge within the university, science and engineering have more or less maintained 

their autonomy from one another and, again more or less, from society. The distinction 

between academic and other forms of knowledge production remains quite pertinent, 

precisely because the former is “privileged” in that its creation transpires within the 

“autonomous” setting of the university, a bastion allegedly free of the potentially 

corrupting influences of economy and politics upon the research therein.   

In addition to these developments, more generally the Second World War wrought 

the “Era of Big Science,” characterized primarily by large-scale research undertakings in 

the physical sciences (Galison and Hevly 1992). These large-scale science projects took 

root in the laboratories of universities and other state-affiliated institutions receiving 

unprecedented federal funding, in the R&D organizations of private corporations (Allen 

1971), and in ‘emergent’ institutional configurations such as Bell Labs, the site of many 

revolutionary inventions including the transistor, and producer of six Nobel laureates 

following the Second World War.  
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Some specialties such as materials science and engineering have thrived, if only 

because of the many, often military applications to which they have contributed, and, in 

doing so consolidated and legitimated an autonomy as a “composite” discipline, much as 

computer science following the Second World War (Bensaude-Vincent 2001). On the 

other hand, however, many lines of physical science research including high-energy 

particle physics have not fared quite so well into the present. The social movements of 

the 1960s and especially the 1970s questioned the autonomy of science and its 

relationship to partisan politics. With rising costs of research and little grounds for 

legitimating such practices in the interests of the public, and in the absence of any 

significant advances or discoveries anytime soon, the fate of some of these disciplines 

hangs in the balance.  
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APPENDIX 3:  
“INNOVATION” AND THE BUSINESS OF NANOSCALE SCIENCE 

 
 

A symposium on “innovation” in November of 2009 at the university’s school of 

business management provided an ethnographic opportunity to witness the comingling of 

industry, state, and academic actors and to assess the connections and potential tensions 

among these domains. Figures representing each of these sectors delivered speeches and 

fielded questions from a primarily business-oriented audience. A recurring theme 

throughout the day was the benefit and indeed necessity of fostering productive 

connections between the academy and for-profit scientific enterprises.  

  One figure involved in the discussion throughout the day is a leader in the 

nanotechnology industry and the CEO of a corporation he founded. The CEO was 

convinced that the major advances in nanotechnology are not going to take place in the 

academy but rather in the industrial sector. He shares the enthusiasm of so many others 

that advances in nanotechnology will enhance the quality of life on the planet. The CEO 

expressed to the audience his a grand vision, an ideology of progress for scientific 

knowledge, the economy, and society that noticeably assumes an acutely anti-academic 

stance.  

 
Nanotechnology is key. Twenty years from now, if we do things right, people are 
going to be making nanotechnologies that take all of the carbon dioxide out of the 
air, and we are going to build stuff with it – build cars out of the carbon dioxide in 
the air. And it comes down to many of [the exciting advances] in nano-composite 
materials engineering. It is going to change everything about computers, cars, and 
medical devices. And they will be telling us that capitalism is evil, and that profit 
is evil, and that we shouldn’t take carbon dioxide out of the air because people are 
going to freeze. No - nanotechnology is the key to the future (Public speech, 
November 2009).  
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The nanotechnology CEO noted furthermore that:  
 
 

I think [we ought] to get back to the old way of doing things, which is 
bootstrapping, start out moving the money there, and grab it with the best 
business advice I ever had. I had lunch with…the inventor of the integrated 
circuit, and I was talking about how all of the research that I was doing at [the 
time], I was very proud of having funded a nanotech center…and [he] shook his 
head and said, oh, I don’t know about all of this research stuff. Why don’t you just 
make stuff and sell it? I thought, wow. This was the best advice in the world, from 
engineer to engineer (Public speech, November 2009). 

 
 
In this manner the nanotechnology CEO hopes to perfect what he calls “anatomically 

precise manufacturing” by the middle of the current. This is, quite literally, building 

things “one atom at a time” – which according to CEO does not mean “making a lot of 

really small stuff” but rather “making atomically precise stuff.”    

The CEO went on to talk about the numerous times that “professors burst out 

laughing” when he informed them of his plans to do such a thing. He knows that atoms 

exist at a scale of ten to the negative twenty-three nanometers. He knows that human 

beings are extremely limited in their technological capacities to design materials from the 

“ground up” - literally, one atom at a time. However, with the help of computation 

developments and life itself, the CEO is convinced that he can reach the “Holy Grail” of 

nano-manufacturing.  

  The key to the nanotechnology CEO’s business plan is based not on asking 

chemists to “pick off at one atom at a time” but rather to ask nature to do it. Nature “is as 

precise as it gets.” He articulated a distinction within nanotechnology – “wet” and “dry.” 

The “wet” side of nanotechnology has to do with biological matter in aqueous 

environments, whereas the “dry” side pertains to what many chemists, physicists, and 

computer scientists deal with – either the matter at hand is literally “dry” or in some 
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solvent other than water. To this distinction he added the distinction of “active” and 

“passive” nanotechnology. According to the CEO, the “passive” side is where nearly all 

research is focused. For instance, in the case of drug development, most attention is paid 

to chemical characteristics including charge, shape, configuration, and especially the 

reactivity of compounds with other entities possessing their own respective charge, shape, 

and configuration. In contrast, nature itself embodies what he means by the “active” side 

of nanotechnology. For instance, the ribosome of the cell is not “just something that sits 

there and serves as a static cog with a definite function in the process of translation - it 

moves, it transports things, it builds things with atomic precision.” This is just one of 

many “molecular motors” found in nature. That human beings must utilize increasingly 

large-scale machinery to manipulate matter at increasingly smaller scales represents a 

fundamental misunderstanding of the problem - “I think that we ought to learn from 

nature. If we are going to make small, precise things, then we are going to have to use 

small, precise machinery, the way that nature does it.” For the CEO, if we would only 

“listen” to nature we would realize that it has already solved many manufacturing 

problems that we humans might never solve on our own.  

Amidst noting the many successes he has had in “spinning off” a number of still-

operating nanotechnology corporations, the CEO provided an update on the state of his 

research: “We are starting to get some results.” One of his scientists recently informed 

him of a breakthrough in manipulating the hydrogen atoms of a silicon molecule, proof 

that “we are starting to be able to reach in and touch the atoms and pop them off.” 

According to the CEO, “The next step is to do what nature does, which is to arrange these 

molecular manipulations in parallel.” And this is his proposed solution to the most 
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pressing problems of time and space in conducting nanoscale science. Said the CEO, “I 

myself do not have enough time in the universe – a thousand years – to build something 

one atom at a time. We need to build machinery - massively parallel machinery. And this 

is the ideal solution to the problem that that caused all those professors to laugh at me.”  

The nanotechnology CEO hopes one day to create the “ideal factory” – one that is 

quite literally a hybrid of human and cellular machinery, interconnected at the level of 

production toward the creation of atomically precise materials. The CEO’s reckoning is 

not merely biological, however.  

 
With nanotechnology and atomically precise manufacturing, the parts that we 
make get cheaper and cheaper as we get better at making them. The factory is 
built out of those parts – and a lot of software. So the software is free once we 
design it, and so building that next generation factory with cheaper and cheaper 
parts means that the cost of the factory goes down as the cost of the products go 
down (Public speech, November 2009).  

 
 
The CEO hopes to internalize atomically precise life processes in parallel with the 

equipment and machinery of human beings “in a factory that bootstraps up from those 

[molecular] components,” after which “we can apply semiconductor economics to the 

exponentially declining pricing, with the exponentially decreasing complexity.” “If we 

really wanted to focus on something important here, in this country...we ought to be 

focusing on how to achieve atomically precise manufacturing – getting every atom as 

close as it can to where it should be.”  

Many industrial and entrepreneurial scientists believe that for-profit settings are 

better than university settings for advancing societally-impactful science. Throughout the 

seventeenth and well into the eighteenth century, science remained largely distinct from 

the economy, the intellectual hobby of “gentlemen” scholars. Today science is 
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remarkably entwined with the economy. Although many actors continue to pursue science 

for purely symbolic reasons others have increasingly since the 1970s “made the turn” to 

entrepreneurial science, an activity that has increasingly received commensurate support 

from within the university (Stuart and Ding 2006; Louis et al. 1989).  

As the ethnographic observations above suggest, the merger of the liberal arts 

college and the school of business within the research university has had the effect of 

consociating remarkably different systems of status distinction within it, not to mention 

entirely different parameters of “knowledge,” its evaluation, and associated reward 

structures. The passage of the Bayh-Dole act in 1980, which established the right of 

universities, small businesses, and non-profit institutions to pursue exclusive ownership 

of invention otherwise funded by the government, has significantly altered the relations 

of knowledge within the university, especially in the life sciences. 
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