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Summary

Science is divided and compartmentalised into distinct areas of research. As science
develops new research areas emerge and nurture new technologies, new
methodological approaches, new disciplines and new research communities. These
demarcations are socially constructed spaces that impose a sense of order on science
by authenticating the new forms of knowledge that surface. Simply stated, the
specific research areas and the social relations contained within them, enable science
to progress in a proficient, communal, and sometimes cumulative manner. In this
sense the constructed boundaries can be viewed as a set of ordering devices.

The mapping of the Human Genome was a significant technical event that reordered
biological activity by creating a number of these new socially constructed spaces.
This celebrated scientific achievement helped yield a number of emerging ‘omic’
disciplines, numerous innovative high-throughput technologies, and a myriad of
embryonic scientific communities, each with its own distinct identity. In this thesis
the Human Genome Project is viewed as the genomic stage of the omic revolution or
stage one. The period directly after the sequencing has been coined the post-genomic
era and this is described in the thesis as stage two of the social reorganisation of
biology. Underpinning the whole thesis is the understanding that omic science is
driven by a systems biology (SB) approach to twenty-first century biology. The
realisation of this will constitute stage three.

Computational biologists are also using a similar model of scientific practice in order
to map, trace and direct future scientific practice. However in using this
developmental model, the organisation of scientific practice may turn messy when
boundaries need to be permeated, re-aligned and re-ordered in the movement from
post-genomic science to systems biology science. Consequently the specific aim of
this research is to trace how two of these maturing research areas, ‘proteomics’ and
‘bioinformatics’, are emerging and stabilising within stage two of the omic model,
and to explore some of the social issues that are being reordered within their
infrastructure. Drawing upon thirty-one interviews the research provides valuable
insight into the social construction of post-genomic knowledge and adds to the
growing literature in the field of science and technology studies (STS) by revealing
how socially constructed knowledges are translated and transferred within and
between newly created scientific communities. This is achieved through an
examination of scientific identity, interdisciplinary expertise and community-based
standardisation.
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CHAPTER ONE:
STUDYING SCIENCE - SCIENCE AND
TECHNOLOGY STUDIES (STS)

PROLOGUE

Being based in the School of Social Sciences at Cardiff University, my peer group
during the process of the doctorate has comprised social science, education and
criminology Ph.D. students. Over the course of the four years, I have discussed
my work both formally, in presentations, and informally, in social gatherings,
with my contemporaries. However, when my peers initially hear about the focus
of the research I often get the response: “oh don’t tell me about your work, I don’t
understand science”. This reaction has led to an increasing awareness of how
inaccessible science seems to students from other disciplines. Whereas other
areas of research might be readily translated across social worlds', natural science®
has a way of demarcating ‘insiders’ and ‘outsiders’. 1 have therefore made a
conscious effort to make this research accessible to a wider audience; a skill that
science itself, through public engagement policies, is always endeavouring to
master. In line with the above ethos the introduction to this thesis has been
written with the intention of being as accessible and comprehensible as possible

for a science studies thesis.

INTRODUCTION

In this thesis I track, map and analyse how twenty-first century science is
managed and organised. The primary aim is to look at the impact ‘omic’ science
has had on biology as a profession, and as a form of knowledge production.
Focussing on issues of scientific identity, research collaboration, disciplinary

expertise and pedagogical routes, the thesis examines the ways in which two

' I am using the term ‘social worlds’ as described by Clarke (1991).

2 Throughout the thesis I have used the term natural sciences to classify physics, chemistry and
biology and to differentiate from the social sciences such as sociology or psychology. I realise
that some authors separate the first category into natural and life sciences.



emerging research fields are attempting to secure coherence and stabilise into

recognisable disciplines.

One significant development that has occurred in the wake of the Human Genome
Project (HGP) has been the formation of new research areas. Two of these post-
genomic research areas have been termed ‘proteomics’ and ‘bioinformatics’. In
line with the contemporary nature of new omic sciences these emerging research
areas are inherently interdisciplinary, and are ordered in such a manner so as to
produce multi-skilled researchers. The impact of this re-alignment has meant
computer scientists, mathematicians, chemists and engineers have crossed
traditional disciplinary boundaries and been welcomed as relatively new actors

working in biological science.

This new style science is also a rich arena for studying the social practices
involved in science since it is an area that truly reflects science and technology in
motion. Concentrating on the task of ordering the complex web of new biological
knowledge, this thesis highlights how new boundaries are being negotiated and
renegotiated, constructed and reconstructed, and maps how post-genomic
knowledge, objects, technologies and actors are translated across them. In
essence, the thesis traces the development of proteomics and bioinformatics and
analyses the ways in which these research areas are beginning to stabilise and

solidify into recognisable and identifiable fields of research.

‘SENSATIONAL’ SCIENCE

“The desire to complete the ‘big picture’ put forth by Newton, Darwin or

Einstein has required the mass retraining of scientists in new techniques
and methods, new ways of seeing the world, and sometimes the
developments of new instruments of investigation. This reorientation,
while invariably resisted by the scientific orthodoxy was at least
financially tolerable. But as science has come to be so thoroughly
involved in the economic and political maintenance of the societies
housing its pursuit, any truly revolutionary project in science today would
pose as great a threat to societal stability as a political revolution normally
would” (Fuller 1997, p142).



To understand science we need to understand how social actors understand the
world. In essence, we need to understand human socio-cultural interests. In this
thesis I make sense of science by linking the way in which social actors
understand the world, which I argue is through stories’, with the way in which
biologists are trying to comprehend developments in twenty-first century biology,
or as Fuller (1997) phrases it: “...the[ir] desire to complete the big picture”
(p142). Biographical accounts and oral justifications are also useful devices to
translate knowledge across the social worlds of the scientists, with their
specialised language, and the non-scientists, with their ubiquitous language. For
example, Geesink, Prainsack and Franklin (2008) argue that in relation to stem
cell research: “a good story to tell is crucial to fundraising for research, be it

public or private, and for making the field acceptable to the public” (p1).

As far back as the ancient Greek natural philosophers whose interests were
exploring matters of epistemology and logic, through to large-scale modern
biological projects such as the Human Genome Project (HGP), the story that has
connected all autonomous scientific disciplines with one another, and the story
that has connected scientific theory to religious theory is the story of their
ultimate goal. Each discipline or theoretical position, in one way or another,
attempted and continues to attempt to understand why and how we are here by
furthering our understanding of how life was created and helping to explain how
it continues to exist. They are all accounts of comprehension in which each
discipline endeavours to reveal some secret of life ‘on earth’ in order to help
explain the ‘essence’ behind our existence. Individually, the disciplines want to
place a sense of order on the particular parts of the world that they are detailing,
whether it is biological, physical, chemical, psychological or social, and then
explain those generated ‘facts’ to the rest of the human race. Collectively they

each want to justify their own perspectives, ideas and community identity.

* It is pertinent to empbhasise at this juncture that this thesis is not a narrative approach to science
and medicine in the tradition of Mulkay and Gilbert (1984), Williams (1984) or Frank (1995).
Rather, I have drawn upon ideas of what stories convey to illustrate how the use of the dominant
method of interviewing lends itself to a type of storytelling on behalf of participants. This
produces an interviewees’ retrospective of science in which they may expand and contract their
accounts of the science they perform.



Since the mapping of the Human Genome, particular expectations are being
relayed about the future of biomedical science. Such phrases as ‘finding the holy
grail’ and ‘unlocking the code’ have been used to describe the aims, expectations
and achievements within biology. This has been represented in literary texts such
as: The Code of Codes: Scientific and Social Issues in the Human Genome Project
(Kevles and Hood 1992); The Book of Man: The Human Genome Project and the
Quest to Discover Our Genetic Heritage (Bodmer and McKie 1995) and The
Human Blueprint (Shapiro 1992). Thus it would appear that this breakthrough in
science has been met with great ‘imaginations’ that finally biomedical scientists
can make giant leaps in understanding why we are here and how we continue to
exist. It is built on the premise, to use a tag line from the television show the ‘X-
Files’, that ‘the truth is out there’. The truth being that biology is more than just a
descriptive science and that there is an underlying digital code behind the
biological mystery of life (Hood 2003). Moreover, this code can be unravelled
and deciphered so that scientists can reveal an answer to how nature really works.
It is assumed that all scientists need to do is crack the code and then reach a

resolution.

Despite omic biology resurrecting, reintroducing and reinterpreting a number of
the seventeenth and eighteenth century principles of modernity such as truth,
progress and scientific universality (Chapter Three), discovering that there is a
‘chest of treasure’ at the end of the treasure map, or unearthing the ‘holy grail’, is
epistemologically, scientifically and organisationally distinct from the process of
working out how to open it, and then understanding its contents. As in the case of
many pirate movie stories, once a box is discovered, characters need to learn how
to unlock it. In many instances the discovered chest is shut or the final door
closed, and so keys need to be cut and shaped to fit the locks in order to reveal the
contents. This is also true in the biological world where discovering and
sequencing a genetic code is one step but deciphering what it all means involves
further research.

The genetic or genomic code is not an easy one. It should be no ‘mystery’ it has
taken so many hundreds of years to reach today’s level of understanding. Most of

the codes formulated on the four nucleic acid bases, Adenine (A), Guanine (G),



Cytosine (C) and Thymine (T), are interwoven with one another. They have
evolved over many thousands of years, and despite their startling level of
conservation, the right tools for the job (Clarke and Fujimura 1992) are required
to unlock them. It is believed in the biological world that one of these right tools
is bioinformatics. This thesis argues that not only must the correct tools be used
to cut, craft and shape the keys (bioinformatics), but the correct people must be
found to deploy and manipulate the tools. As is described in Chapters Seven and
Eight, these people are interdisciplinary researchers and cross-boundary

demiurges*.

Thus, if the dominant aspiration of new biological science is the quest to crack the
code of life, then the dominant aspiration of those studying how science works is
to examine how science positions and equips itself to crack the code, and how the
revelation of the code is then interpreted by scientists and (re-)presented to the
remainder of society. As Gary Alan Fine (2006) states: ‘‘the mission of science is
to present the contours of the ‘real world’ in a way that audiences accept” (p12):
making sense of the world in an ordered and understandable way and translating

that story to those that science is intended to serve.

SENSING SCIENCE

The breakthroughs in science in the twentieth and twenty-first century have
simultaneously affected and been affected by the transition from ‘small science’
to ‘big science’ (Price 1965). In biology this has meant that science today is not
just new but it is also remarkably large in scope (Hevly 1992). It is bigger
organisationally (in terms of the numbers of actors, countries and organisations
involved), bigger mechanically (as a result of advances in bio-technologies), and
bigger epistemologically (as some of its epistemological boundaries have been
loosened). Biology’s aspirations of what it can reveal have grown, and its outputs
accelerated, yet it remains fascinating and bewildering to actors both inside and
outside its community. One such outsider was the nineteenth century American

satirist Mark Twain. On discovering that the Mississippi River had reduced in

* See Chapter Seven for an explanation of cross-boundary demiurges.



size, Twain summed up the fascination that we have with science by observing

that:

“There is something fascinating about science. One gets such wholesale
returns of conjecture out of such a trifling investment in fact” (Mark
Twain 1883, p173).

Today, with the development of high-throughput technologies that generate
masses of raw data, Twain’s comment can be turned on its head. Instead of
getting such wholesale returns of conjecture out of such trifling investment in
fact, it could be argued, that one gets such small returns in conjecture out of such

huge investment in fact.

It is fair to state that science can no longer be assessed and studied without
including the technologies that have been created to generate masses of data.
This data is represented within biology as accomplished facts. Within the social
worlds of genomics and post-genomics these technologies may include the
physically imposing mass spectrometer (MS) or the comparatively much smaller
and compact microarray technology. What they have in common however, is
that they generate voluminous data on a scale never before seen in biology. The
automation of technology has created a new sense of what biology can achieve,
not least the possibility of mapping the genetic conundrum (the As, Cs, Ts and
Gs) that nature has provided. The high-throughput technologies are able to
extract biological information by metaphorically drilling down to the core of an
organism’s existence and elucidating these ciphers. This is not the Artificial
Intelligence age however, but rather it may be better termed the Automated
Information age, since in the current climate it could be argued that we do not
have the wisdom to match the rapid development of technologies (Chapter
Seven). It seems we might have the biological data (information) but we do not

necessarily have the understanding (intelligence).

Yet if it is science’s role to study nature, whose role is it to study science?
Questions need to be asked by those outside of the scientific community to
investigate how science has developed and how it has acquired its current

position. Such questions may include: How closely does science represent



nature? Are the aspirations of the new biology realistic? In what ways are the
identification of codes by technologies presented as scientific ‘facts’? How are
scientists making sense of such an abundance of ‘facts’? Is there a discrepancy

between data generation and data understanding?

The answer to the question of whose role it is to study science has often been left
to scholars who have been described as ‘historians’ or ‘philosophers’ of science.
The remit of the former has been to record the history of scientific development
under the ethos that yesterday’s biology is today’s history, while the remit of the
latter is to ask the philosophical question: what actually is science? In fact, John
Ziman (1984) begins his book, ‘An introduction to science studies: the
philosophical and social aspects of science and technology’ by asking that same
question, what is science? In his response, Ziman (1984) concedes that it is
“much too grand a question to be answered in a few words” (pl). Nonetheless,
he does suggest that the answer may lie in which part of science the questioner
focuses on, and on what the same researcher is hoping to identify from the
questions they ask. In stating this, Ziman recognises a comparatively new breed
of researchers studying science: “...the history of science, the philosophy of
science, the sociology of science, the psychology of creativity, the economics of
research, and so on...”, whom he states have different agendas to the philosopher
or historian and so may ask different questions: “each of the metascientific
disciplines...seems to concentrate upon a different aspect of the subject, often

with quite different policy implications” (p1)°.

This thesis may come under the classification of what Ziman (1984) presents as
the sociology of science, or its more contemporary terms - science studies or
science and technology studies (STS), which emphasise the fundamental role
technologies are now playing within science. My focus is analysing creativity
and expertise within biology, and investigating how the movement to omic
biology has affected knowledge generation and transfer within different scientific

sub-disciplines. Moreover, the specific interest is on interdisciplinary research

* This is a simple but important methodological point, because by asking different questions you
will undoubtedly collect different answers. It is at this early juncture where the researcher begins
to have an influence on their research project.



and the use of socio-bureaucratic devices such as the creation of community
standards to facilitate, organise and make sense of emergent sciences. Therefore I
am also interested in Ziman’s (1984) question, what is science? And, in part, I
have already begun to answer the question ‘what is twenty-first century biology’
during this introduction. More specifically, however, and perhaps more
sociologically, I am interested in how omic biology has been able to manoeuvre
itself into a position to create ‘facts’, the process by which those ‘facts’ are
institutionally verified, the ways in which scientists overcome the obstacles and
uncertainties involved in omic biology, and how knowledges and identities are
created, debated and translated. These questions are the generic themes that run
through a thesis focussing on an area of science which, some authors have
suggested, has gone through a Kuhnian-type paradigm shift (Collins et al. 2003).
To this end, it could be argued that big biology has (i) transformed the nature of
work within science and with it changed science’s relationship to funding, (ii)
altered the dynamic between scientist and machine, and (iii) changed the meaning
behind scientific claims on truth. New imaginations of what biology can achieve
(unravelling the truth) are also beginning to be supported by scientific substance
(new genetic information). Yet there is still the further question of how biologists
are managing to make sense of this substance? Subsequently, the ultimate aim of
this thesis is to examine how omic biology impacts upon the work of scientists

and to discover some of the implications of this scientific reorganisation.

THESIS THEMES AND QUESTIONS

According to some authors biological science in the early part of the twenty-first
century can be termed the post-genomic era (Campbell and Heyer 2003). In
adopting this term they are not advocating the cessation of sequencing and
analysing genomes (genomics), but rather the terminology signifies that some of
the technical barriers preventing high-throughput biology are now being or have
been resolved. This has meant biology has seen the emergence of new post-
genomic research areas that have the potential to revolutionise health, medicine
and scientific knowledge, which in turn will have an enormous impact on society.

Two of these emerging post-genomic sciences are proteomics and bioinformatics:



two research fields at the heart of biology’s new aspiration and two areas which

have considerable research council funding. They are defined as:

Proteomics is the high-throughput science of identifying and analysing the full set
of proteins produced by an organism during its life (Liebler 2002).

Bioinformatics is the interdisciplinary field of biology, computer science and
applied mathematics. Bioinformatics’ primary role in the new biology has been
to make sense of large amounts of unorganised ratio data by reordering them into

coloured clusters (Campbell and Heyer 2003).

In this thesis I focus on these cutting-edge interdisciplinary areas within biology,
and assess how science is creating a stable scientific infrastructure in order to

begin answering its own twenty-first century biological questions.

The development of new biological techniques such as bioinformatics and
proteomics has led Atkinson and Glasner (2007) to observe that: “established
ways of working as biologists or clinical scientists must be complemented by new
skills and new inter-disciplinary teams” (p9). Others take this a little further and
claim that old, traditional disciplinary boundaries are shifting and that new
scientific paradigms are being constructed. This in turn is having a direct impact
on the identities of scientists as new scientific infrastructures are created, and new
skills and languages required (Evans, Plows and Welsh 2007). Issues surrounding
new scientific identities and new types of interdisciplinary communication are
explicit within the five empirical chapters of the thesis (Chapters Five to Nine),
while this study follows a similar line of questioning to that of Evans et al. (2007)

by asking the following five research questions:

(1) How do scientists claim an identity in a post-genomic era?

(i1)) How do scientists make sense of emergent interdisciplinary research?

(iif) How have the research areas of bioinformatics and proteomics emerged and
how are they beginning to stabilise?

(iv) How is the concept of expertise in new research fields constituted?

(v) How ‘modern’ is contemporary biology?



The focus therefore is on the importance of communication and collaboration in
omic biology, and particularly on how specialised scientific knowledge is
transferred between heterogeneous actors. In summary, the thesis evaluates how
scientists go about cracking the ‘code of life’ that they are attempting to map, and
provides data describing the way in which dry (computational) science is aiding

more traditional wet (bench) science in this mammoth quest.

WHY STUDY SCIENCE?
NEW BIOLOGY’S IMPACT ON SOCIETY IN THE UK

The Department for Trade and Industry (DTI) states on its web-site that over the
last ten years the UK government has substantially increased spending on science
(DTI 2006)¢. From 1997 to 2007 the overall science and technology budget has
doubled. The web-site confirms that the budget for the year 2007-2008 will have
risen to nearly £3.5 billion per year. As part of the increased expenditure, the UK
government has increased funding to the Biotechnology and Biological Sciences
Research Council (BBSRC), which along with the Medical Research Council
(MRC) is the principal funding organisation for research across the biosciences in
the UK. In turn the BBSRC will continue to promote multidisciplinary research
by invésting £25 million in Integrative and Systems Biology. This new
investment will be used, in part, to enhance computational methods and
bioinformatics across research in bioscience. It is clear from these statistics that
science, and in particular biological science, is growing in the UK. There is also a
suggestion that the way science is being structured is having an increased impact
on society (Brenner 1998). This new emphasis and significance placed upon
biological science is possibly reflected in the UK by the increase in expenditure

on biological science supported by public taxes.

When discussing my research title with non-STS Ph.D. students they have often
asked why a social scientist is working in a traditionally natural scientist’s field.
My response to this line of questioning is to state that if science is really for

society and not just funded by society, as the statistics illustrate, then science and

§ Although this may well change as a result of the current economic downturn in the UK.

10



society need to have a closer relationship. One way to do this is to open up the
‘blackbox’ of laboratory science in order to lay bare the concerns, issues, feelings
and hard work conducted by cutting-edge scientists. It is from this position that I
believe sociologists of science may analyse scientific practice from an alternative

perspective to the alternative researchers that Ziman (1984) lists.

HOW TO STUDY SCIENCE: SCIENCE COMMUNITIES
AND SCIENTIFIC PRACTICE

Collins (1992) states that within science:

“the locus of knowledge is not the written word or symbol but the
community of expert practitioners (this includes communities of theorists).
Individuals’ knowledge must be acquired by contact with the relevant
community rather than by transferring programmes of instruction” (p159).

His statement is a strong voice for empirical social science. Collins’ belief is that
a community of knowledge cannot just be found within the production of texts
that are disseminated in the public domain. Collins (1992) and his
contemporaries (Knorr-Cetina 1999; Pickering 1984) argue that if someone wants
to do science, they cannot do it by simply mimicking text books, since text book
science does not reveal how science actually works. In other words, text book
science does not present the inner workings of scientific practice; it just records
the outer surface and provides a cleansed story. This view is shared by Mulkay
(1976) who advocates the “close analysis of the development of research
networks and of the social processes [particularly] by means of which standards
of scientific adequacy and value are negotiated and applied to knowledge claims”
(p639). For both Collins and Mulkay the starting point for any analysis of science
is the scientific community; a social group whose members may share the same
cultural, social or theoretical beliefs. The community is the locale where
scientific knowledge is created, and is the point of departure in making sense of

how science makes sense of scientific substance.

Science communities are constituted by relationships in which tacit, specialised
and emergent knowledge is transferred and transmuted. Within the socially

constructed spaces scientific practice is validated and knowledge transmission is
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encouraged (Chapter Five). The scientific community is the setting where
theoretical ideas are negotiated and where self-identity is institutionally verified
and regulated. The boundary created by the community, whether physical as in
the walls of a laboratory, or social as in a disciplinary boundary, establishes and
legitimates the actions contained within it’. For example, scientists can become
experts in a particular domain and can perform valid scientific experiments within

that space, which if performed elsewhere may look like an absurd cultural ritual.

When small scientific communities (scientific laboratory groups for example) are
combined and linked together they can create a larger scientific community, as for
example the proteomics community. These communities network together
through communication and collaboration to create the structural framework of
science. In particular the scientific networks reinforce the scientific organisation
as the dominant ideology within society by creating more disciplinary facts that
can be used as evidence for science’s accuracy and rationality. It is no
coincidence then that STS scholars have used these settings to study local groups
in action (Collins 2004a; Knorr-Cetina 1999; Latour and Woolgar 1979; Law
1994; Traweek 1988). They have done so in order to explore, in detail, how the
interaction at this intermediate level affects the wider global structure. Their
assumption is that the universal is often contained in the particular and the
particular lies at the community level. The focus of this thesis is similar, although
arguably not as straightforward. The objective is to study both physical groups
and communities such as the European Bioinformatics Institute (EBI), but also
wider physical and virtual networks such as proteomics and bioinformatics
communities, which in the case of this research are spread across the whole of the
United Kingdom (UK). Consequently I argue that the term ‘community’,
building on Kadushin’s theory of the social circle effect (Kadushin 1966, 1968),
can have more than one level of definition. In the proteomics social world, there
is the laboratory or departmental community level (the EBI) with direct ties
between members, and also a larger informal networked community based on

areas of interest and affinity (affiliated scientists).

” But obviously not scientific malpractices such as the Hwang Woo-Suk stem cell affair (see
Rincon 2006).
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The focus in this thesis is predominantly on this second tier of communities
situated at the network (interest) level; a kind of disciplinary network or epistemic
community (Knorr-Cetina 1999). Nevertheless the research is still performed by
concentrating on local areas within the UK. In accordance with this, the study
researches how processes of standardisation, communication, expertise,
knowledge-transfer and boundary formation are changeable and social activities
negotiated at the local level, but proceed to have a large impact on the wider

structural framework. This is achieved by studying communities.

THESIS SYNPOSIS

The thesis consists of ten chapters including five analytical chapters. The short
descriptions of these chapters that follow are intended to act as navigational
guides for the reader by offering a synopsis of their contents. It is hoped that this
compendia will assist the reader in understanding the research aims and research

questions illustrated earlier and also the rationalisations behind these choices.

Chapter Two: ‘Proteomics and Bioinformatics — A Social Scientists’ Primer’

The aim of this chapter is to familiarise the reader with the historical
developments in both bioinformatics and proteomics. It is written in a style
intended to provide an accessible understanding of the technical and scientific

detail. This forms part one of two literature review chapters.

Chapter Three: ‘Standards, Boundary Classifications and Paradigm Shifts’

This chapter is the second of the two literature review chapters and focuses on
scientific standards, scientific methods and scientific collaborations. The first
part of the chapter highlights the way in which standardisation is a major
component of scientific communication, scientific collaboration and scientific
stabilisation and presents three short stories (the Linnaean taxonomy model, the
UK drug classification system and the QWERTY keyboard design) as examples
of this. The second section of the chapter positions omic biology within the

literature of Kuhn’s (1970) scientific paradigms.
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Chapter Four: ‘Methodological Reflections: A Social Scientist in a Natural
Scientist’ Setting’

In this chapter I reflect upon the experiences of performing qualitative fieldwork
in a scientific setting. It pays particular attention to the specific issues of
Interviewing Elites and Interactional Expertise. The idea of Action Research is
also discussed from the position that I found myself inadvertently changing the
scientific setting I was studying. By presenting an account of personal
experiences and particular incidents that occurred during the fieldwork, the aim of
the chapter is to show how Qualitative Inquiry (QI) is a flexible process resulting

from negotiation between the researcher and the research participants.

Chapter Five: ‘Beyond Boundaries: Performing the Promise of Proteomics’

Chapter Five is the first of the five data chapters. The chapter presents
proteomics as a buzz word, and analyses it as ‘proto-boundary object’ in a period
of scientific stabilisation that I call phase zero. The chapter also focuses on
science’s relationship to funding and demonstrates how the new research area of
proteomics is able to mobilise disparate scientific actors because of the hype and
promise invested in the term. In recognising that science is a social world, the
chapter argues that a proto-boundary object may fail to stabilise into a more
robust boundary object and illustrates how scientific research areas continually

attempt to re-brand themselves.

Chapter Six: ‘Scripting the Gold-standard: Whose Standard is it Anyway?’

In this chapter I focus on an organisation called the Proteomics Standards
Initiative (PSI). Their remit is to construct community-based data reporting
standards for the proteomics community. I track the development of these
standards as devices to improve communication between actors within the
proteomics community and also between other post-genomic communities. I also
illustrate that a secondary function of the standard is to help identify and
authenticate proteomics as a maturing research area. In this sense, standards in
proteomics, which I represent as being driven by a particular scientific future, are
helping to stabilise the research field by transforming it from a proto-boundary

object towards a more robust boundary object.
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Chapter Seven: ‘Computing Biological Identities’

The fundamental research question of this chapter is to discover whether
bioinformatics is a service to biology or a freestanding discipline in its own right.
As such the chapter explores ideas of creativity in science, and separates the ideas
of information generation from knowledge creation. Specifically it assesses
whether the technical use of technologies is being recognised as a creative task or
not, while also highlighting how bioinformaticians believe that their profession is
having trouble claiming its rightful identity in twenty-first century biology. The
chapter also illustrates how some bioinformaticians separate their own discipline
into bioinformaticians and bioinformaticists as ways of highlighting their creative

input.

Chapter Eight: ‘Matchmakers and Speed Daters: Cross-collaborative
arrangements in bioinformatics and proteomics’

Bioinformatics and proteomics are highly interdisciplinary fields in which
biologists, chemists, mathematicians and computer scientists find themselves
working together. In this chapter I present some of the different languages that
are involved in post-genomic science. I then present five communicative and
collaborative mechanisms that matchmakers utilise to aid communication and
comprehension within emergent fields. This is during a period that I tentatively

call permodern science.

Chapter Nine: ‘Educating New Chameleon Scientists’

Chapter Nine is the final data chapter. The chapter concentrates on craft
knowledge-transfer within science and on learning within cutting-edge
interdisciplinary research areas. It focuses on how bioinformatics may develop,
the ways in which interdisciplinary research in post-genomic science is taught,
and how experts become trained in a new research field. In this regard the
chapter portrays the construction of academic degree courses as forms of

scientific stabilisation.

Chapter Ten: ‘New Disciplines: Emergence and Stabilisation’
In the concluding chapter I comment and reflect on the findings of the research.

In particular, I discuss the status of the arguments as they have been developed
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during the thesis and integrate the conclusions made in Chapters Five to Nine.
Finally, the chapter concludes by proposing some questions that require further

research.
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CHAPTER TWO:
PROTEOMICS AND BIOINFORMATICS:
A SOCIAL SCIENTIST’S PRIMER

PART ONE - PROTEOMICS

INTRODUCTION

The purpose of this chapter is to introduce the reader to two emerging and inter-
dependent post-genomic scientific disciplines, ‘proteomics’ and ‘bioinformatics’.
Written by a social scientist and with a social science audience in mind, the
chapter follows the lead of other works in science and technology studies (STS)
(Law 1994; Rabinow 1996) by explaining some of the basic principles of
molecular and computational biology, without delving into deep technical detail.
The initial focus is to explain the function and structure of proteins, and the level
of description portrayed there sets the tone for the level of detail the reader can
expect in the remainder of the chapter. Following Crane (1972), it is understood
that ‘the sociologist’” must at least be able to engage with the technical ideas

produced by the intellectual subject that they are studying:

“It is not surprising that the sociological analysis of the production of
science, ideology, philosophy, religion and the arts has been largely
neglected since few sociological problems are so complex as that of
understanding the social institutions that produce ideas. In dealing with
these types of phenomena, the sociologist is faced with the problem of not
only understanding the social relationships between individuals but also of
understanding the ideas themselves, which can be highly technical and
abstruse. Even if the sociologist elects not to become an expert on the
details of his subjects’ intellectual productions, he cannot ignore the nature
of these activities entirely since presumably they affect in some way the
social relationships among his subjects, and the latter in turn affect the
production of ideas” (p2).

This chapter also acquaints the reader with the relevant knowledge required to
understand the scientific issues and terms embedded within the thesis. By

providing this, the chapter illustrates some of the complexity found in cutting-
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edge science, highlights the need for a functioning, efficient and collaborative
scientific network to make sense of this intricacy, and portrays all the convoluted
stories of scientific, technological and informatic development that create the
present ‘post genomic’ era coined by, among others, Blackstock and Mann

(2001).

In summary, the chapter provides brief accounts and histories® of scientific
developments in the worlds of ‘proteomics’ and ‘bioinformatics’ as a way of
recording their current level of stabilisation. The purpose behind this is to help
the reader better understand the worlds of the actors studied. The period of
history explored in the chapter begins in the early part of the twentieth century,
but is particularly focused on the period from the 1950s to present day scientific

activity.

WHAT ARE PROTEINS?

There are far more proteins than genes in the human body. In August 2005, it
was calculated with confidence that there are 22,118 genes in the human body
(see McNally and Glasner 2007). In comparison, it is estimated that humans
could contain anywhere between 150,000 to over 1,000,000 proteins (Twyman
2004), the substantial discrepancy highlighting the difficulty and complexity in

recording an accurate count’. But what exactly are proteins and what do they do?

When most people consider proteins they possibly think of the protein content in
foods or perhaps protein shake supplements used to increase muscle strength. In
fact, proteins are a type of intricate class of molecule called polypeptides.
Polypeptides are made up of thousands of tiny units called amino acids created in
a “condensation reaction between the amino acid group of one amino acid and the
carboxyl group of the next” (Strachan and Read 1999, p2). The resulting
creations (the proteins) perform numerous essential functions within the body.
These include acting as an enzyme to control the reactions within cells and

helping to repair and replace human tissue. Proteins are so central to human

% Presumably derived from the words his and stories.
® Of the total number of proteins in the human body approximately 20,000 to 25,000 are thought to
be encoded by genes (Liew et al. 2006).
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biology that they constitute approximately twenty percent of the mass of an
average person (Harwood 2002). Furthermore, they are the critical ingredients for
most of the ‘good’ and ‘bad’ things that happen in the body. On the one hand,
proteins perform most of life’s indispensable functions by behaving as antibodies
and hormones, while on the other - most diseases in the human body manifest
themselves at the protein level of activity. Craig Venter, president of Celera
Genomics, highlighted the importance of proteins in the body when he
proclaimed that: “most biology happens at the protein level and not the DNA
level” (as cited in Dennis and Gallagher 2001, p19). Proteins then are the
ultimate performers in both ‘health’ and ‘sickness’ and are responsible for most of

the cellular function in organisms.

Historically, the complex structure behind the make-up of proteins made
attempting to understand proteins extremely troublesome. The hidden helix and
multiple mosaic structure behind protein chains (their formation) meant proteins
were not well understood well until relatively recently. A possible reason for this
is that chains of proteins are synthesised by a linear sequence of approximately
twenty amino acids (Frauenfelder 2002). Indeed, the structure of proteins is so
dependent on the complex string of amino acids that amino acids are
metaphorically known as the ‘building blocks’ of protein structure. The result of
this intricate chain means that the first complete sequence of a peptide (a small
chain), namely the hormone insulin, was not accurately annotated until the mid-
1950s (Ryle et al. 1955). Furthermore, prior to 1945, as Attwood and Parry-
Smith (1999) explain, there was not a “single quantitative analysis available for
any one protein” (pl.), while it was another five years before the first enzyme,
‘ribonuclease’ was completely sequenced in 1960 (Hirs et al. 1960). Although
some areas of science move extraordinarily quickly, understanding proteins is

taking a comparatively long time.

A decade later, and throughout most of the 1970s, it was widely believed within
the scientific community that a single gene was responsible for one polypeptide
and that the human body contained more genes than proteins (Lewontin 1992).
But in the twenty-first century, and as a consequence of increasingly developed

automated technologies, it is now recognised that there are indeed many more
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proteins than genes. In the mid-1990s researchers calculated that on average one
gene could code from between three and twenty protein spots, many of which
being modified polypeptide chains (Wilkins et al. 1996a). The idea of
modification and mutation in the amino acid sequence, combined with the
multifaceted structural make-up of the chain is the key to understanding the
complexity of protein structure, and perhaps the reason why proteins have been so

poorly understood to date (Lesk 2002).

COMPLEX AND CONVOLUTED CHAINS

According to Attwood and Parry-Smith (1999) there are five different levels of
protein composition. This structure is central to how proteins function. The
secondary and tertiary levels of the structure refer to folds within the protein,
which determine its complex final three-dimensional (3-D) shape. The convoluted
3-D shape intensifies the thousands of different functions that a protein may
perform. The intricacy of protein folding is such that it has led Grof (1998) to
state that: “protein folding appears to be almost too complex for a complete
description or for accurate structure prediction from sequence data” (pR308).
Thus, many scientists agree that proteins are much more complicated than nucleic
acids, illustrated by the fact that only sketchy estimates of the exact number of

proteins in the human proteome exist.

To make matters more complicated, proteins are also prone to modification. This
is partly due to the fact that messenger RNA (mRNA), the central copy of DNA,
which is used as an original pattern when a cell creates a protein, can undergo a
series of edits after it is originally copied. The result is that a number of different
proteins can be created from the same gene and these proteins can appear in a
number of different guises. Even after the translation from mRNA to DNA, a
protein can undergo a number of further transformations. So while biochemists,
before the advent of large-scale biological projects and improved technologies,
made quite accurate educated guesses about the number of genes in the human
body (approximately 20-30,000), estimates of the number of proteins proved to be
less precise. In essence, the relationship between sequence and structure in

proteins is such a challenging problem for biochemists and informaticians alike,
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that it has led some to believe that “the world of individual proteins is...far larger,
more complex and potentially more rewarding than the world of the genome”
(Anderson, Matheson and Anderson. 2001, p4). The story of protein (under-)
development during the 1950s to 1970s helps therefore to explain how the
complexity of protein structure comprehension is still a major challenge for

scientists in twenty-first century omic biology.

WHAT IS A PROTEOME? FROM PROTEINS TO THE
PROTEOME

If we move on thirty years, leaving the ambiguous protein research of the 1970s
behind, one of the burning question in molecular biology today is: ‘What is the
proteome’? According to Service (2001), if you were to “ask a dozen people that
question you might get a dozen different answers” (p2074). Garavelli (2002)
even goes as far as to suggest that attempting to define a proteome is a challenge
within itself for scientists, let alone making sense of one. Nevertheless, it seems
that most specialist definitions concur to characterise a proteome as an organism’s
complete complement of all proteins in a cell or the “protein complement of the
genome” (Liebler 2002, p3). Whereas a protein is an individual polypeptide, the

proteome is the interlinking total number of proteins in any one organism.

The invention of the term ‘proteome’ is credited to the Australian postdoctoral
fellow, Marc Wilkins, now a lecturer at the University of New South Wales
(UNSW) and co-founder of the company Proteome Systems in the 1990s (Wilkins
et al. 1996b). It is reported that Wilkins got tired of having to repeatedly write
the sentence “all proteins expressed by a genome, cell or tissue” (Cohen 2001,
p56) when writing a scientific paper to support his Ph.D. thesis. After rejecting
his initial choice of ‘proteinome’, he replaced the sentence with his new word
‘proteome’ meaning “the total set of proteins expressed in a given cell at a given
time” (Dove 1999, p233). In 1994, during a meeting of the two dimensional
polyacrylamide gel electrophoresis (2DPAGE) conference held in Siena, Italy,
Wilkins publicly used the word proteome for the first time to describe the “protein
complement of a genome” (Anderson and Anderson 1982). The term has since

seemingly prospered, unfurling through the protein chemistry and molecular
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biology communities to attract large amounts of money. This relationship

between scientific funding and proteomics is explored in Chapter Five.

PROTEOMICS: A SUCCINCT DEFINITION AND HISTORY

The word protein originates from the Greek word ‘proteos’ meaning primary
(McNally and Glasner 2007) or ‘of first rank’ (Strachan and Read 1999) and is
derived from the Greek sea God, ‘Proteus’, son of ‘Poseidon’ (Graves 1955).
From the term proteus came the adjective protean meaning flexible and capable
of taking many forms. This meaning explains why Mulder first suggested the
name ‘protein’ in 1838 to describe this highly varied and complex- shaped

organic molecule (Stent 1971).

The methodological study of the proteome is called proteomics. Its etymology
derives from the prefix ‘prot’ from protein and the ending ‘omic’ from genomics.
Proteomics is used to describe the identification, analysis and quantification of
large amounts of proteins, almost always with the aid of computers (Pandey and
Mann 2000). Anderson and Anderson (1998), stalwarts in the field of protein
research, define proteomics as: “the science that uses quantitative protein level
measurement of gene expression to characterise biological processes and decipher
the mechanisms of gene expression control” (p1853). Essentially, proteomics is

the global scientific study of the multiprotein system (Hood 2003; Liebler 2002).

In comparison to other contemporary scientific fields such as genomics and
metabolomics, proteomics has developed quite slowly though. The discipline, if
not the actual word, can be traced back thirty to forty years to the late-1970s and
before ideas of the Human Genome Project (HGP) had even been discussed
(McNally 2005, McNally and Glasner 2007). To this end it benefited from two
rather different techniques: mass spectrometry and electrophoresis. A short
history of these techniques and an illustration of their impact on proteomics

development is outlined below.
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ELECTROPHORESIS, MASS SPECTROMETRY AND
PROTEOMICS

Electrophoresis is a technique that uses electric currents to separate mixtures with
varying surface charges. The method can be traced back to the 1930s when
Swedish scientist Arne Tiselius (1902-1971) developed a tool for separating
proteins in solution (Tiselius 1937). Tiselius was later acknowledged for his
efforts in this field with the Nobel Laureate in Chemistry in 1948. Nonetheless, it
was not until the 1970s and early-1980s, after the mass production of
electrophoresis machines that this specialised technique became widespread.
After initial publications on the isoelectric method” by Klose and Spielman
(1975), O’Farrell (1975), and Scheele (1975), new technologies were developed
that built around two-dimensional electrophoresis (2DE). This technique enabled
human proteins to be separated in a gel, tracked, mapped and then analysed on a
substantial scale by applying the technique simultaneously in two opposite
directions. In one dimension the proteins can be separated by molecular weight
and in the other dimension by charge (Liotta and Petricoin 2000). The result
leaves a variegated and intricate map on a gel, often with over one thousand
scattered spots, each one representing an individual protein (Wade 1981).
Although this technique is slow in comparison to many high-throughput
automated technologies in big biology today, the capability of the electrophoresis
technique in isolating and identifying proteins explains the early strong bind that

still exists between proteomics and electrophoresis into the early twenty-first

century.

Mass spectrometry (MS), on the other hand, is a technique used for measuring the
molecular mass of ions. Using soft ionisation methods (by adding enough energy
to the molecule) it allows proteins and peptides to fly through a spectrometer.
The fragments are then analysed based on their attributions including their

sensitivity, their mass range and their charge.

The development of MS can be traced back to the work carried out by Joseph
John Thomson (1899) and his protégé Francis William Ashton (1920) at

YA technique used to separate different molecules by their electric charge.
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Cambridge University in the nineteenth century. Ashton used the mass
spectrograph to discover a number of isotopes in non-radioactive elements. His
work was an extension of Thompson, who developed the first mass spectrometer
when investigating the conductivity of gases. Both men were awarded Nobel
prizes for their work, Thompson in 1906 in Physics, and Ashton in 1922 in
Chemistry.

However, it was not until the 1950s and the development of the gas
chromatography mass spectrometer (GC/MS) that the origins of the modern MS
emerged (Gohlke 1959). This technique was based on the coupling of the two
instruments — GC and MS - to produce the prototype of many of the mass
spectrometers in use today. Over the next thirty to forty years new developments
in MS have seemingly appeared every few years. The primary types associated
with the development of proteomics are the Matrix Assisted Laser
Desorption/Ionisation Time-Of-Flight Mass Spectrometer (MALDI-TOF/MS)
devised by Franz Hillenkamp and Michael Karas (1991), and the Electrospray
Ionization Tandem Mass Spectrometry (ESI/MS) technique devised by John B
Fenn (1989).

Despite both MS and GE having long and distinguished histories it was not until
the early 1990s, a few years before Wilkins coined the term proteomics, that a
breakthrough in proteomics activities occurred. In 1993, Henzel and colleagues
combined the MALDI-TOF mass spectrometry technique with the modified 2-D
gel electrophoresis technique to study proteins. Ever since this initial idea,
protein mass mapping fingerprinting technique has been an indispensable tool

used in proteomics research.

Today technologies are continuing to develop with the introduction of the
Tandem Mass Spectrometer Peptide Sequencing with Nano-Electrospray Qtof
(quadruple Tof) — MS/MS. On top of the analysis by the MALDI, this type of
technology allows peptides to be analysed individually in a liquid rather than in a
solid state. The development of this type of improved automation in technologies
is removing many of the technical and scientific barriers that prevented

proteomics prospering in the 1980s. Below, I describe some of these barriers and
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illustrate how close the field of proteomics came to emerging in the 1970s and

1980s.

THE HUMAN PROTEIN INDEX (HPI)

It was on the strength of the two dimensional electrophoresis (2DE) techniques
profiling proteins that initial murmurings of constructing large-scale protein
databases emerged within the discipline of protein chemistry (Patterson and
Aebersold 2003). In 1980, the Human Protein Index (HPI) task force was
initiated following a review of the uses of two-dimensional electrophoresis (2DE).
The group was asked to produce a human database of proteins®* providing a
wealth of information about each individual protein (Anderson and Anderson
1982). They proposed that each protein should be accompanied by a description
listing the name of each protein, attaching any credible literature references on the
function of the particular protein, and affixing a molecular map illustrating the
encoded gene and the protein’s corresponding amino acid sequence (Anderson et
al. 2001). The result was an associated report (Anderson ef al. 1980)
recommending a single central protein laboratory to maintain the standardisation
and verification of all protein data generation. The empirical work in Chapter Six

will examine the construction of community based proteomics standards.

Regrettably for those behind the HPI task force, the election Reagan
administration in the US marked a shift away from large-scale and expensive big
scientific due to lack of funding. Without such support, work on mapping the
Human Proteome was effectively suspended for over twenty years, until the idea
was revived by Marc Wilkins’ paper at the 1994 Siena meeting. The two major
barriers therefore that prevented proteomics from flourishing in the 1980s were
the complexity of protein structure (a technical issue)™? and the lack of financial

resources (a political issue). This example illustrates the complex relationships

"' This was one of the first allusions towards big biology; big biology being a branch of big
science, a phrase used initially in large-scale physics and chemistry projects funded by
governments often during periods of wartime. For example see the Manhattan Project (Price
1965).

2 Gupta and Guglani (2001) even suggest that if proteins did not have such intricate structures an
in-depth proteomics database could have been set up long before the Human Genome Project
(HGP) was devised.
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science has with politics, society and culture (Jasanoff 2004). Focussing on
issues of funding and technical barriers Chapters Five to Nine will consider how

proteomics is stabilising in the 21* century.

BIG SCIENCE PROJECTS: FROM REDUCTIONISM TO
HOLISM

Protein chemistry and protein studies are examples of two scientific disciplines
that clearly represented the reductionist approach to science within biology during
the 1980s. In respect to protein chemistry, Patterson and Aebersold (2003) argue
that the discipline provided “the link between the observed activity of a
biochemically isolated protein and the gene that encoded it” (p311). This method
was then the epitome of reductionism as it entailed dissecting proteins on a small

scale into their four or five levels of structural organisation.

The technological advancements in the 1980s in both computer and laboratory
technology however, were an indicator of the changing tide: there was a
movement from reductionist approaches in biology to large-scale sequencing
projects. This development occurred alongside significant events such as; the
launch of the first Compact Disc, the National Science Foundation (NSF) network
linking up every university in the US, the emergence of Polymerase Chain
Reaction (PCR) - a technique which allows copies of DNA to be reproduced
quickly and easily (Rabinow 1996), and the production of the first automated
DNA sequencer (Smith ef al. 1986). The difference between the two approaches
is subtly summed up by Fujimura (2005) who states that “in contrast to
reductionist genetics [and protein chemistry], one could argue that systems
biology is attempting to model biological complexities as organised systems in
order to understand them” (p198). Therefore, even though technical and political
barriers were apparent in the 1980s, there was still a gradual movement from
studying individual proteins in isolation towards a more systemic view of

proteins.

26


































































































































































































































































































































































































































































































































































































































































































































































































































































