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Abstract

Molecular Ferment: The Rise and Proliferation of Y east Model Organism Research

Erika Langer

This study examines the history of yeast hereditary research out of the fermentation
industries and into the genetics laboratory, where a single-celled fungus underwent material,
technical, and conceptual transformations to become an experimental system, an ideal eukaryotic
cell, amodel organism, and a genetically-engineered cell factory with which to advance the
molecularization of human health and disease. The work draws from new and existing oral
histories and archives across academic and commercial institutions to follow the development,
circulation, and use of Saccharomyces cerevisiae wild-type yeast strain S288C and its mutants
along with their accompanying experimental practices and politics in arange of international
settings. The rise of the yeast model organism in U.S. biomedical research is shown to have been
apolitical application of eukaryotic molecular biology with particular utility, for example, in
accessing basic science funding for cancer research at the level of the cell. A final case study of
yeast-made recombinant Hepatitis B vaccine reveals how the biotech industry manufactured

therapeutics out of human molecules on the rise of eukaryotic molecular biology.
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I ntroduction

Yeast in the postgenomic era has been called an “ideal model genome” for systematic
analysis of gene function thought to be predictive of human disease processes.* Following
completion of the yeast genome sequence in 1996, it was suspected that nearly athird of all
human disease-associated genes have functional homologsin yeast.? Other human disease genes
lacking homology have been introduced into “humanized” yeast models as a way of enabling
their functional analyses, to conduct high-throughput screening of therapeutic targets, and to test
drug candidates for possible toxicity in humans. Y east models have been developed for human
diseases including breast cancer, Parkinson’s disease, Huntington’s disease, Alzheimer’s disease
and several other tauopathies, amyotrophic lateral sclerosis (ALS), proteopathies like cystic
fibrosis (CF), aswell as processes thought to be associated with the phenomenon of human
aging.?

This study of the yeast model organism asks the simple historical question: how isit that
asingle-celled fungus with no nervous system, tissues or organs came to be representative of
these complex human disease processes? Over the course of the next five chapters, | will argue

that the development and rise of yeast model organism research turns on a key shift beginning in

! A. Kumar and M. Snyder, "Emerging Technologiesin Y east Genomics," Nature Reviews
Genetics 2, no. 4 (2001): 302.

? Frangoise Foury, "Human Genetic Diseases: A Cross-Talk between Man and Y east," Gene 195,
no. 1 (1997): 7. Seealso A. Goffeau et al., "Life with 6000 Genes," Science 274, no. 5287
(1996): 546-567.

% See, for example, X. C. Li, J. C. Schimenti, and B. K. Tye, "Aneuploidy and Improved Growth
Are Coincident but Not Causal in aYeast Cancer Model," PLoSBiology 7, no. 7 (2009):
€1000161. Accessed June 6, 2016, doi:10.1371/journal.pbio.1000161; Mathias Verduyckt et al.,
"Yeast asaModel for Alzheimer’s Disease: Latest Studies and Advanced Strategies,” in Systems
Biology of Alzheimer's Disease, ed. |. Juan Castrillo and G. Stephen Oliver (New Y ork: Springer,
2016), 201; M. Breitenbach, S.M. Jazwinski, and P. Laun, Aging Research in Yeast (New Y ork:
Springer, 2012), 2.



the 1970s from the experimenta study of heredity to the hereditary study of human disease
processes. To understand it, we have to explore why common baker’s yeast was brought into the
genetics laboratory in the first place and how those motivations were transformed from the
earliest breeding experiments of the mid-1930s to the “eukaryotic turn” toward higher organism
biology at the end of the 1960s. The political advantages of biomedically-oriented research that
emerged after that time worked to transform an earlier anthropomorphization of moleculesto a
new project of “molecularizing humans” which continues in our own time.

Y east is not ataxonomic classification, but acommon name for many fungal species that
make up asmall portion of the eukaryotic (meaning they have a nucleus) fungi (meaning their
cell walls contain both glucans and chitin - and not, for example, cellulose). Y easts are so varied
that they hang together by more of what they do not share with plants, animals, protists, and
bacteria, than what they have in common with each other. They are predominantly unicellular,
although some are multicellular. They reproduce asexually by budding or by fission, but also
sexually by fusion. Some yeasts, like Saccharomyces cerevisiae (S. cerevisiae), are centra to the
human diet in the production of foods like bread, wine, beer, saki, and soy sauce, while others,
such as Candida albicans, are common infectious pathogens. Pichia pastoris and
Schizosaccharomyces pombe are two species that have been especially useful in the laboratory,
but none has had such an extensive scientific life as S cerevisiae. Most scientific and popular
culture references to “yeast” occur as shorthand for this species, and this study adopts this
common usage unless otherwise specified.

The very plurality of yeast - as a specific species, as strain, or genome - provides the lens
for analysisin this study, for it was the study of yeast variety, variation, and variability that

moved the organism from the industrial context into the research laboratory. There, prolific



reproduction of the experimental organism under various national interests, disciplinary
paradigms, and institutional practices has produced a heritable material never precisely replicated
but always interactive with its environment.

There were two inspirations which shaped this choice of topic and guided my path
through the archives. The first was the idea that yeast science traversed the many entangled
rel ationships between academia and industry to show not just the pursuit of knowledge at the
frontiers of science but its exploitation in many different kinds of applicationsin society. In the
course of thiswork, | found that practical knowledge of yeast heredity entered, existed, and
returned to the laboratory in a cycle shaping pertinent research questions and future opportunities
for extramural support. Rather than maintaining a false boundary between the laboratory and an
“external” sociological world, | entered the archives with a plan to read across the basic-applied
research dichotomy to look at how both academic and industrial scientists have contributed to
modern laboratory science with yeast and the contemporary notion of “research translation.”
Unlike Darwin’s forays into the “extra-scientific” culture of English pigeon fanciers, yeast
workers worked continuously, from the mid-nineteenth century, within or alongside the yeast-
based industries.* Within this long view, the exceptionalism of the 1950s and 1960s becomes
apparent for American yeast researchersin terms of the federal laboratories, contracts, and
consultation roles oriented to the interests of national defense, yet even then the boundaries with

yeast-based industries remained fluid.> When federal involvement continued in the yeast

* See James A. Secord, "Nature's Fancy: Charles Darwin and the Breeding of Pigeons,” Isis 72,
no. 2 (1981): 163-186.

> At mid-century, for example, yeast researcher Seymour Pomper completed his doctoral training
in microbiology at Yae University on afellowship from Standard Brands (the parent company
of Fleischmann’s Yeast). He went on to perform yeast radiation studies for the American Energy
Commission at Oak Ridge National Laboratory, leaving to do postdoctoral research at the
University of Californiain Berkeley, and next going on to direct Fleischmann Laboratories. At
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laboratories of the 1970s and 1980s, | found, the shift in national environmental and biomedical
interests fermented into new opportunities for industry.

The second inspiration stemmed from science studies scholarship on hybridity and drew
from both Bruno Latour’s sense of networked nature-culture and the collapsed duality and
contracted term of Donna Haraway’s naturecultures.® Here | hoped to explore the possibilities for
“multispecies history” on the model of anthropologists who are radically rethinking categories of
nonhuman otherness through new modes of multispecies ethnography.’ A recent defense of
Actor Network Theory (ANT) as a coherent methodology for incorporating nonhumans into

socia scientific accounts invited the question of how historians of the life sciences might

Fleischmann’s, reportedly, Pomper mixed all of the experimental yeast strains he had collected
over the years to develop Fleischmann’s brand of common baker’s yeast. See Seymour Pomper,
"The Biochemical Geneticsof Yeast" (PhD diss., Yae University, 1949); Seymour Pomper,
"Recent Developmentsin Y east Genetics,” ed. U.S. Atomic Energy Commission Technical
Information Division (Oak Ridge, Tenn.: Oak Ridge National Laboratory, 1950), 17, 20; Ora
Marshino, Research Fellows of the National Cancer Institute, vol. 658, U.S. Department of
Health and Human Services Public Health Service Publication (Washington, DC: U.S.
Government Printing Office, 1959), 82; R. C. von Borstel, "Taming the Oldest Domesticated
Organism,” in The Early Days of Yeast Genetics, ed. Michael N. Hall, and Patrick Linder
(Plainview, NY: Cold Spring Harbor Laboratory Press, 1993), 189.

® For example, Bruno Latour, We Have Never Been Modern, trans. Catherine Porter (Cambridge,
MA: Harvard University Press, 1993); Donna Jeanne Haraway, Smians, Cyborgs, and Women:
The Reinvention of Nature (New Y ork: Routledge, 1991). See also Paul Rabinow on
“biosociality” and the concept of nature modeled on culture. In Paul Rabinow, "Artificiality and
Enlightenment: From Sociobiology to Biosociality," in Anthropologies of Modernity: Foucault,
Governmentality, and Life Palitics, ed. J.X. India (Oxford, UK: Blackwell Publishing Ltd.,
2005), 179-193.

" The “species turn” in anthropology treats biological difference as a permeable boundary and
instead describes novel entanglements and relational emergence of creatures through their
encounters. See, for example, Stefan Kirksey and Stefan Helmreich, "The Emergence of
Multispecies Ethnography,” Cultural Anthropology 25, no. 4 (2010): 545-576; Eduardo Kohn,
How Forests Think: Toward an Anthropology Beyond the Human (Berkeley: University of
Cdlifornia Press, 2013). Posthumanist “species discourse” seeks to demonstrate entanglements
rather than parse who counts and how much in the humanist project of “animal rights.” The latter
isthought to reinstate differences. See Cary Wolfe, What |s Posthumanism? (Minneapolis:
University of Minnesota Press, 2010), 118.



interrogate model organisms within relational networks of the past.® It has been argued that
without any “stable prime mover, social or individual, to construct anything, no builder, no
puppeteer,” explanation in ANT must undergo a shift from “construction” to “relational

enactment.”®

This alows historians to investigate the material circumstances, social ties,
established practices, and bodies of knowledge that make up the networks in which model
organisms have functioned as research tools, but it also permits a historical “thinking with”
model organisms as companion species.'® By taking account of the waysin which “matter comes
to matter,” model organism history can examine how both yeast and scientists have emerged

from their “intra-action.”** This type of analysis, feminist scholar Karen Barad has said, requires

reading diffractively for “patterns of difference that make a difference.” * This she borrows from

8 Edwin Sayes, "Actor-Network Theory and Methodology: Just What Does It Mean to Say That
Nonhumans Have Agency?," Social Studies of Science 44, no. 1 (2014): 134-149.

® John Law, "Actor Network Theory and Material Semiotics,” in The New Blackwell Companion
to Social Theory, ed. B.S. Turner (Oxford, UK: Wiley-Blackwell, 2008), 151.

19 See Donna Jeanne Haraway, "Encounters with Companion Species: Entangling Dogs,
Baboons, Philosophers, and Biologists,” Configurations 14, no. 1 (2006): 97-114. AnnaTsing
has touched upon yeast as one of many fungal companion species, arguing that the ability of
yeast to ferment rum from sugar cane also served to produce slave trade as a masculine
adventure because “fermentation... detracted attention from the cruelty of shore-bound
domestication, both human and nonhuman” through the production of alcohol. In Anna Tsing,
"Unruly Edges. Mushrooms as Companion Species,” Environmental Humanities 1 (2012): 149.
See also Thinking with Animals: New Per spectives on Anthropomor phism (New Y ork: Columbia
University Press, 2005).

1 Karen Barad has described “intra-action” as a relational emergence involving boundary
drawing practices. She has proposed the use of this “agential realism” as a new materialism that
goes beyond the reproduction of causal explanations. See Karen Barad, "Getting Real:
Technoscientific Practices and the Materialization of Reality,” Differences. A Journal of
Feminist Cultural Studies 10, no. 2 (1998): 89; Malou Juelskjaa and Nete Schwennesen, "Intra-
Active Entanglements-an Interview with Karen Barad," Kvinder, Kgn & Forskning, no. 12
(2013): 21; Karen Barad, ""Matter Feels, Converses, Suffers, Desires, Y earns and Remembers:
Interview with Karen Barad,” in New Materialism: Interviews & Cartographies, ed. Rick
Dolphijn and Iris van der Tuin, Utrecht University (Ann Arbor, MI: Open Humanities Press,
2012), 48-70.

12 K aren Barad, Meeting the Universe Halfway: Quantum Physics and the Entanglement of
Matter and Meaning (Durham: Duke University Press, 2007), 72.
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Haraway, who has explained that “Diffraction is about heterogeneous history, not about
originals.”*® While this project has not relinquished the aim of making an original historical
contribution, a “diffractive reading” of the archives has allowed me to revisit some classic
evidence in the historiography of biochemistry, microbiology, biophysics, and genetics with
fresh eyes for yeast as historical actor.™ Y east isin many ways inseparable from the
development of human civilization. As the world’s oldest biotechnology, yeast does more than
prescribe back to us our own human relations. The contested origins of lager yeast are

illustrative.

The Case of Lager Beer

Lager beer is produced from barley grain and a strain of yeast which is named
Saccharomyces pastorianus to honor the nineteenth-century microbiologist Louis Pasteur —
unless, of course, the strain is called Saccharomyces carlsbergensis, in which case Emil
Christian Hansen is the intended honoree for his contributions to Carlsberg brewery. Today,
depending on their allegiances, textbook publishers, brewers, and yeast culture stock centers
choose one name over another to describe the same lager strain.™ Scientific legacies hang in the

balance.

13 Donna Jeanne Haraway, Modest_Witness@Second Millennium.
Femaleman©_Meets_Oncomouse™: Feminism and Technoscience (New Y ork: Routledge,
1997), 273.

4 perhaps “fingeryeyes” is a more accurate description. Eva Hayward, "Fingeryeyes:
Impressions of Cup Corals," Cultural Anthropology 25, no. 4 (2010): 577-599.

15 Currently, Pasteur is leading in popularity, although Carlsberg Brewery prefers the latter.
Carlsberg yeast geneticist Jurgen Wendland recently proposed that lager yeasts be differentiated
into two “groups”, known by these traditional names, but corresponding to total gene pools
rather than species. In Jurgen Wendland, "Lager Y east Comes of Age," Eukaryotic Cell 13, no.
10 (2014): 1256-1265.



The production of lager beer is believed to have begun in fifteenth century Bavariawith
the accidenta introduction of anew yeast strain which formed in a cross between the Northern
European ale yeast, Saccharomyces cerevisiae, and another strain capable of producing
fermentation at cooler temperatures. In 2011, a candidate for the mystery progenitor strain was
found among the beech tree forests of Patagonia. This strain, Saccharomyces eubayanus, was
99.56% match for the genome of the missing wild genetic stock.™® The findings immediately
introduced guestions about the origins of lager yeast and the connections of a cold-fermenting
strain to its human users. Did lager yeast arrive in Northern Europe as a transatlantic stowaway
from the New World?'” As geneticists set out to reconstruct the yeast’s evolutionary genealogy,
they began simultaneously to negotiate the shared cultural heritage of the yeasts and humans.

The task was further complicated in 2014, when a strain of Saccharomyces eubayanus
isolated from the Tibetan Plateau was found to be an even greater genetic match (99.82%) for the
proposed lager parental strain. Microbiologists of the Chinese Academy of Sciences who
performed the analysis proposed that their “Far East Asian origin hypothesis” better accounted

for lager yeast ancestry.*® Appearing in an entirely different hemisphere, nearly 1,500 years

'® Diego Libkind et &., "Microbe Domestication and the Identification of the Wild Genetic Stock
of Lager-Brewing Y east," Proceedings of the National Academy of Sciences 108, no. 35 (2011):
14539.

7 Libkind et. al hypothesized that, “The facile recovery of this species from Patagonia suggests
that S. eubayanus may have been absent in Europe until it was imported from overseas after the
advent of trans-Atlantic trade.” Ibid., 14543.

18 The scientists wrote that, “Europe and Asia are located in the same landmass, and it would
have been much easier for Tibetan S eubayanus strains to make their way to Europe through the
Eurasian continental bridge.” Noting that Bavarian lager brewing began almost a century before
Columbus’ first voyage to the new world, they suggested that trade along the Silk Road begun
2,000 years ago left “plenty of time for Tibetan S. eubayanus strains to colonize Europe before
they were domesticated.” In Jian Bing et al., "Evidence for a Far East Asian Origin of Lager
Beer Yeast," Current Biology 24, no. 10 (2014): R380-R381.
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earlier, Pasteur and Hansen’s fickle namesake suddenly became a far older global traveler along
the transcontinental Silk Road.

Construction of this yeast genealogy continues. Argentinian, French, Portuguese,
Canadian, and American collaborators have countered the Chinese claims with evidence that
greater biodiversity of strains on the South American continent supports the Patagonian origin.
After the discovery of Saccharomyces eubayanus in Wisconsin, USA, the “out of Patagonia”
evolutionary theory has been maintained by enlisting migratory birds, oak tree growth patterns,
and even “ski bums” along lager yeast’s path to both North America, Asia, and Europe.™ Y east
strains and species flicker in and out of distinction along the borders of scientific frames, as
evolutionary geneticists revise their interpretations to accommodate both the remoteness of
Patagonia’s beech forest and its popularity as an international ski destination. Y east and human

history are rewritten in the encounter.

A Model Historiographic Subject
These interests in amodel organism history of yeast can be further informed by the
existing literature on model organisms. Such work forms alate chapter in the historiography of

molecular biology, a subject which has undergone transformation in recent years as both its

19 See D. Periset al., "Population Structure and Reticulate Evolution of Saccharomyces
Eubayanus and Its Lager-Brewing Hybrids," Molecular Ecology 23, no. 8 (2014): 2031-2045; P.
Almeidaet a., "A Gondwanan Imprint on Global Diversity and Domestication of Wine and
Cider Y east Saccharomyces Uvarum,” Nature Communications 5 (2014): 4044. Accessed June
6, 2016, doi:10.1038/ncomms5044. These studies exploring the ability of organismsto locally
adapt have been justified on the basis that this knowledge will be critical for “determining the
outcome of rapid climate changes.” In J. B. Leducq et a., "Local Climatic Adaptationin a
Widespread Microorganism,” Proceedings of the Royal Society B: Biological Sciences 281, no.
1777 (2014): 1. The “ski bums” comment comes from University of Wisconsin-Madison
scientist Chris Hittinger, who is quoted in Brett Smith, "Brewer’s Yeast Used in European
Lagers Has Its Roots in South America," accessed April 10, 2014, redOrbit.com.
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disciplinary status and long-held scientific tenets have come under question. Historians have
taken issue with the “biology” portion of “molecular biology” as a coherent disciplinary or
institutional specialty. More recently they have preferred the broader analytical lens of
“molecularization of the life sciences.”® The “molecular” portion of “molecular biology” has
equally come under fire as hereditary explanations have been subject to their own
transformations in the postgenomic period. Historians concerned with Mendelian genetics and
neo-Darwinian evolutionary theory during the “century of the gene,” for example, must attend to
the movement of current biological research away from gene-centrism.?* The recent reemergence
of alternative concepts such as epigenetics do not discount the relative significance of earlier
dogma, but they do require new types of explanations to justify what that science was about in
the first place.?

The earliest histories of molecular biology were first-person accounts written by
practicing scientists who had something to win or lose by these portrayals. These men (for they
were men to a person) argued for disciplinary authority and sought to popularize and raise the
profile of their “advances” in an attempt to consolidate future resources. They debated the
relative importance of various actors, institutions, disciplinary approaches, and “schools.” While

these accounts offer rich sources of detail to the historian, they are largely uncritical of the

0 Hans-Jorg Rheinberger, "Recent Science and Its Exploration: The Case of Molecular
Biology," Sudiesin History and Philosophy of Biological and Biomedical Sciences 40, no. 1
(2009): 6.

“! The attribution of the twentieth century as the “century of the gene” is found in Evelyn Fox
Keller, The Century of the Gene (Cambridge, MA: Harvard University Press, 2000).

22 Staffan Miiller-Wille has recommended the utility of acultural concept of heredity sinceit is
possible that twentieth century genetics “was about something entirely different than histories
have so far told us.” See Staffan Mller-Wille, "Leaving Inheritance Behind: Wilhelm Johannsen
and the Politics of Mendelism,” in A Cultural History of Heredity IV: Heredity in the Century of
the Gene, ed. Max Planck Institut fir Wissenschaftsgeschichte (Berlin: Max Planck Gesellschaft,
2008), 8.



contributing geopolitical, sociocultural, or economic influences characterizing the work as
“progress.” Beginning in the 1960s, these earliest texts included, for example, Phage and the
Origins of Molecules Biology (1966), which located the origins of molecular biology in Max
Delbriick’s biophysical studies of the genetics of bacteria E. coli and its viruses (the
bacteriophage). At New York’s Cold Spring Harbor Laboratory of Quantitative Biology,
Delbriick had taught a course on phage genetics, and students of “the phage group,” including
James Watson, Gunther Stent, and John Cairns, assembled this volume in recognition of his
influence.?® British biochemist and crystallographer John Kendrew criticized the phage group’s
assumption of priority in “How Molecular Biology Started” (1967). Instead, Kendrew asserted
the significance of the British or “structural” school of molecular biology concerned with
macromolecules.?* In 1968, just before assuming the directorship of Cold Spring Harbor
Laboratory, Watson published on his own work on the elucidation of the double helical structure
of DNA as the pinnacle of biology “gone molecular.”? Early revisionist accounts asserted the
importance of neglected actorsin this story, such as Rosalind Franklin, whose work served as
critical evidence of the DNA model and was used without attribution.®

In the 1970s, the first historians to treat the emergence of molecular biology maintained
close ties with its high-profile actors. The forward of Robert Olby’s book, The Path to the
Double Helix (1974), for example, was written by Francis Crick, who had shared the 1962 Nobel

Prize in Physiology or Medicine with Watson for their discovery of DNA structure. Olby offered

23 J. Cairnset a., Phage and the Origins of Molecular Biology (Cold Spring Harbor, NY: Cold
Spring Harbor Laboratory of Quantitative Biology, 1966).

24 J.C. Kendrew, "How Molecular Biology Started," Scientific American 216 (1967): 141-144.
% James D. Watson, The Double Helix: A Personal Account of the Discovery of the Structure of
DNA (New Y ork: Atheneum, 1968).

% Aaron Klug, "Rosaind Franklin and the Discovery of the Structure of DNA," Nature 219
(1968): 808-844.

10



additional “founders’” interviews and reworked the account of the phage group’s relative
contributions while still conferring authority to their claims. As compromise, Olby recognized
Kendrew’s vision of the two schools: the “informational school” represented by Watson,
Delbriick, and the phage group which attributed a physical order to biology in the idea of a
genetic code, and a “structural school” represented by Crick, J.D. Bernal, and the application of
x-ray crystallography to hereditary material.?” These different approaches, he held, were correct
but incomplete without one another until they met along “the path” to the double helix - a
transformation Olby claimed to have spanned from 1900 with the rediscovery of Mendel’s laws
to Watson and Crick’s discovery in 1953.% Asthe 1970s progressed, French practitioners
defended their own discoveries of gene regulation as central to contemporary molecular practice
and asserted the importance of the French microbiological tradition.? Horace Judson’s
journalistic account, The Eighth Day of Creation, brought these claims together — the American,
British, and French contributors, and Franklin together with Watson and Crick — in a summary
account which traced the emergence of molecular biology from five disciplinary sources of equal
significance: physical chemistry, crystallography, biochemical genetics, microbiology, and

biochemistry.® Well-received for its satisfactory representation of institutional interests and the

%" Robert Olby, The Path to the Double Helix: The Discovery of DNA (Seattle: University of
Washington Press, 1974).

%8 Pnina Abir-Am has recognized the essential teleology of Olby’s title. Pnina Abir-Am,
"Themes, Genres and Orders of Legitimation in the Consolidation of New Scientific Disciplines:
Deconstructing the Historiography of Molecular Biology," History of Science 23, no. 1 (1985):
80.

2 A. Lwoff and A. Ullmann, eds., Origins of Molecular Biology: A Tribute to Jacques Monod
(New York: Academic Press, 1979).

% Horace Freeland Judson, The Eighth Day of Creation: Makers of the Revol ution in Biology
(New York: Simon and Schuster, 1979).
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day’s feminist politics, this work became a standard introduction to the discipline for new
practitioners in training.*

The next set of historians to approach the subject tried to make up for the defects of
hagiography. They reinserted contingency to explain the field’s growth from a relatively small
group of practitionersin the 1930s to the beginning of more widespread institutionalization after
1950. These historians looked, for example, to the unrecognized early influence of the
Rockefeller Foundation in shaping the field’s research agenda.*? They explored the commercia
lure of biotech asit reconfigured academic-industry relations and incentivized the use of new
genetic engineering tools in their own period.*® One of the distinctive characteristics of even this
professional historiography before 1980, however, was the extent to which it reproduced the
prokaryotic paradigm established by the first accounts of scientists working in bacteria and the
phage. Judson, for example, argued that the fundamental transformation in biology from the
1930s to the 1950s was working out the idea of specificity. He connected this concept to several
earlier research programs, including microbiology, by focusing on well-known prokaryotic

geneticists André Lwoff, Jacques Monod, Max Delbriick, and Salvador Luria.* Molecular

L In an early review of the book, John Edsall called it “essential reading.” See John T. Edsall,
"Horace Judson and the Molecular Biologists," Journal of the History of Biology 13, no. 1
(1980): 158; Abir-Am, "Themes, Genres and Orders of Legitimation in the Consolidation of
New Scientific Disciplines. Deconstructing the Historiography of Molecular Biology," 98;
Rheinberger, "Recent Science and Its Exploration: The Case of Molecular Biology," 8.

% Robert E. Kohler, "The Management of Science: The Experience of Warren Weaver and the
Rockefeller Foundation Programme in Molecular Biology,” Minerva 14, no. 3 (1976): 279-306;
Pnina Abir-Am, "The Discourse of Physical Power and Biological Knowledge in the 1930s: A
Reappraisal of the Rockefeller Foundation's 'Policy’ in Molecular Biology," Social Studies of
Science 12, no. 3 (1982): 341-382.

3 An early exampleis Edward Y oxen, "Life as a Productive Force: Capitalising the Science and
Technology of Molecular Biology," Science, Technology and the Labour Process. Marxist
Sudies 1 (1981): 66-123.

3 Horace Freeland Judson, "Reflections on the Historiography of Molecular Biology," Minerva
18, no. 3 (1980): 398-399.
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biology was astory of the gene, DNA, and the genetic code, and it was largely a story of E. coli.
These accounts did not turn a critical eye to practitioners’ claims at the end of the 1960s that they
had fulfilled the early promise of molecular biology and could move onto the next set of more
complex problems over the 1970s, including gene regulation, transcription, and development in
the higher organisms.®

Over the 1980s and 1990s, the widespread uptake of genetic engineering tools ushered in
another historiographic transition - one gaining momentum across the history and sociology of
science at that time: the practice turn.* Historians of molecular biology began to examine the
world of the laboratory and opened the door to common materials of experimental practice, such
as model organisms.*” The literature on model organisms has only continued to grow since the
early 1990s and today encompasses studies of the frog, the rat, the fruit fly, the worm, tobacco

mosaic virus, the mouse, cell culture, and the zebrafish, among many others.®

% Oneinternalist account at the end of the 1960s was Gunther Stent, "That Was the Molecular
Biology That Was," Science 160, no. 3826 (1968): 390-395.

% See L. Soler et al., Science after the Practice Turn in the Philosophy, History, and Social
Sudies of Science (New Y ork: Routledge, 2014).

37 For an early example of this genre see Soraya de Chadarevian, " Sequences, Conformation,
Information: Biochemists and Molecular Biologistsin the 1950s," Journal of the History of
Biology 29, no. 3 (1996): 361-386.

3 Frederic L. Holmes, "The Old Martyr of Science: The Frog in Experimental Physiology,"
Journal of the History of Biology 26, no. 2 (1993): 311-328; Bonnie Tocher Clause, "The Wistar
Rat as a Right Choice: Establishing Mammalian Standards and the Ideal of a Standardized
Mammal," Journal of the History of Biology 26, no. 2 (1993): 329-349; Robert E. Kohler, Lords
of the Fly: Drosophila Genetics and the Experimental Life (Chicago: University of Chicago
Press, 1994); Soraya de Chadarevian, "Of Worms and Programmes. Caenorhabditis Elegans and
the Study of Development,” Studies in History and Philosophy of Science Part C 29, no. 1
(1998): 81-105; Rachel A. Ankeny, "Fashioning Descriptive Modelsin Biology: Of Worms and
Wiring Diagrams,” Philosophy of Science 67, Supplement, no. 3 (2000): S260-S272; Angela
N.H. Creager, The Life of a Virus: Tobacco Mosaic Virus as an Experimental Model, 1930-1965
(Chicago: University of Chicago Press, 2002); Karen A. Rader, Making Mice: Standardizing
Animals for American Biomedical Research, 1900-1955 (Princeton, NJ: Princeton University
Press, 2004); Hannah L. Landecker, Culturing Life: How Cells Became Technologies
(Cambridge, MA: Harvard University Press, 2007); Robert Meunier, " Stages in the Development
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Model organism histories have developed in sync with the most recent transformation in
the historiography of molecular biology — dissolution of the disciplinary concept. These
narratives have continued to maintain their material lens on scientific practice to examine the
socia world of scientists through the disciplinary strategies, institutional ties, and funding
arrangements characterizing the production of scientific knowledge. They have more recently
taken up the politics of life at stake in processes of molecularization.*® Recent scholarship has
focused in particular on the influence of the genome sequencing projects in reconfiguring the
relationships, scale, and scope of molecular study. The distinctly collaborative form of science
represented in model organism research has been another line of interest leading scholars to
examine the development of shared community resources such as experimental stock, media,
newsl etters and sequence databases.*°

Additional historical analyses have sought to append the early prokaryotic historiography
and rewrite the history of heredity to not end with the gene. These reflect evolutions within the

science, for example, with the recent emergence of “epigenetic” theories about the heritable

of aModel Organism as a Platform for Mechanistic Models in Developmental Biology:
Zebrafish, 1970-2000," Sudiesin History and Philosophy of Science Part C: Sudiesin History
and Philosophy of Biological and Biomedical Sciences 43, no. 2 (2012): 522-531.

% Nikolas Rose has defined molecularization as the “reorganization of the gaze of the life
sciences, their institutions, procedures, instruments, spaces of operation and forms of
capitalization.” In Nikolas Rose, The Politics of Life Itself: Biomedicine, Power, and Subjectivity
in the Twenty-First Century (Princeton, NJ: Princeton University Press, 2007), 44.

0 Seg, for example, Christopher M. Kelty, "This Is Not an Article: Model Organism Newsletters
and the Question of ‘Open Science’," BioSocieties 7, no. 2 (2012): 140-168; Rachel A Ankeny
and Sabina Leonelli, "What’s So Special About Model Organisms?," Sudiesin History and
Philosophy of Science Part A 42, no. 2 (2011): 313-323; Sabina Leonelli and Rachel A. Ankeny,
"Re-Thinking Organisms: The Impact of Databases on Model Organism Biology," Sudiesin
History and Philosophy of Biological and Biomedical Sciences 43, no. 1 (2012): 29-36; Sabina
Leonelli, "Introduction: Making Sense of Data-Driven Research in the Biological and
Biomedical Sciences,” Studiesin History and Philosophy of Biological and Biomedical Sciences
43, no. 1 (2012): 1-3; Sabina Leonelli and Rachel A. Ankeny, "What Makes a M odel
Organism?," Endeavour 37, no. 4 (2013): 209-212.
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transmission and developmental influence of environmental exposures. Since Jan Sapp’s work
on the controversy in biology over the relative importance of the cytoplasm and the nucleusin
theories of heredity against the politics of the Cold War, others have shown how, by the end of
the 1960s, so-called “cytoplasmic heredity” became less of a heretical idea.** Evelyn Fox Keller,
for example, has attributed this shift to the gender politics of embryology which could recognize
the importance of the cytoplasm in developmental biology.* Michel Morange too, citing
molecular biologists’ experimental difficulties and doubts upon turning to higher organism
development, has described the contact of molecular biologists with embryology as causing a
“displacement of the descriptive level from the molecules to the cell.”*®

In arecent defense of longue durée history, David Armitage and Joanna Guldi have
argued that this once-common mode of analysis can now leverage an unprecedented availability
of materials and tools to make sense of them. At atime when knowledge production isin crisis,
they argue, there is an ethical need for this perspective, which can be more broadly impactful to
general audiences.* Several historians have utilized this longer view to explore what early and
late twentieth century molecular biology retain in common and what accounts for their

differences. Raphael Falk, for example, has approximated an end to the “century of

reductionism” in hereditary research and the start of a new “century of integration” in 1960, in

1 Jan Sapp, Beyond the Gene: Cytoplasmic Inheritance and the Struggle for Authority in
Genetics (New York: Oxford University Press, 1987), Xv, XVi.

“2 K eller, The Century of the Gene, 41.

3 Michel Morange, "The Transformation of Molecular Biology on Contact with Higher
Organisms, 1960-1980: From a Molecular Description to a Molecular Explanation,” History and
Philosophy of the Life Sciences 19, no. 3 (1997): 369.

“4 David Armitage and Joanna Guldi, "Le Retour De La Longue Durée: Une Perspective Anglo-
Américaine,” Annales. Histoire, Sciences Sociales 70, no. 2 (2015): 291-292.
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part motivated by the finding of different prokaryotic and eukaryotic gene regulation.* Steffan
Muller-Wille, too, has used the longer view to argue that in the nineteenth and twentieth
centuries the microbes, and not Darwin, appear at the center of the modern history of biology and
that microbiology served as an organizing agenda for the discipline.*®

Despite these acknowledgements of the turn to eukaryotic genetics, the central role of
microbiology, and the return to cytoplasm and the cell, yeast research is largely absent from the
historiography of genetics and molecular biology throughout the twentieth century. A yeast
history of molecular biology appends this prokaryaotic historiography with a more recent
eukaryotic chapter since the 1960s, but it also challenges the prokaryotic status quo by
acknowledging lesser known yeast workers working contemporaneously with the field’s more
familiar figures from the earliest days of biochemical (microbial) genetics. The longer view of
yeast science helps to explain developments in genetics and molecular biology as these fields
reworked in conceptual and technical terms their experimental material. As asimple eukaryotic
cell, therise of yeast model organism research at the start of the 1970s offers a conceptual bridge
between two transformative processes of the twentieth century: molecularization of thelife
sciences and biomedicalization of society across the laboratory, industry, and the clinic.’

Consider that in the twenty-first century, four Nobel Prizes have been awarded for work donein

> Raphael Falk, "Heredity and the Century of the Gene," in A Cultural History of Heredity IV
Heredity in the Century of the Gene, ed. Max Planck Institut fir Wissenschaftsgeschichte
(Berlin: Max Planck Gesellschaft, 2008), 280-281.

“6 Staffan Mulller-Wille, "Hybrids, Pure Cultures, and Pure Lines: From Nineteenth-Century
Biology to Twentieth-Century Genetics," Studies in History and Philosophy of Science Part C:
Sudies in History and Philosophy of Biological and Biomedical Sciences 38, no. 4 (2007): 796-
806.

4" Additional links between molecularization to biomedicalization are described in Soraya de
Chadarevian and Harmke Kamminga, eds., Molecularizing Biology and Medicine: New
Practices and Alliances, 1910s-1970s (Amsterdam: Harwood A cademic Publishers, 1998).
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yeast, three of these in Physiology or Medicine.*® Today, yeast is one of thirteen model
organisms designated by the National Institutes of Health (NIH) as relevant to the study of the
molecular mechanisms of human disease.*® The story of how yeast got there begins with

transformations in biology beginning in the nineteenth century.

The “Biography” of a Strain as a Path through the Archives

My research began in university and company archives of the yeast geneticists, and |
soon identified yeast “S288” as the model Saccharomyces cerevisiae strain that was circulated
between laboratories from the start of the 1960s as the genetic wild-type experimental system. |
used S288C to work backwards to the archives of biophysicists, biochemists, microbiologists,
food technologists, pressed yeast manufacturers, winemakers, and brewers who provided
material, concepts or techniques used in its construction as well as forward to geneticists,
molecular biologists, environmental health scientists, genetic engineers, and others who used the
strain in their research. | explored the historical legacy that yeast geneticists formally claimed for
themselves either through first person accounts or through their published citations, and |
revisited primary source material (for example, from the well-known historiography of
biochemistry and biochemical genetics) to examine their claims. | drew heavily upon the

published literature, and particularly the “materials and methods” and “acknowledgements”

“8 Since the year 2000, Nobel laureate yeast workers are Leland Hartwell, Tim Hunt and Paul
Nurse (Physiology or Medicinein 2001 for their discoveries of key regulators of the cell cycle),
Roger Kornberg (Chemistry in 2006 for work on the molecular basis of eukaryotic transcription),
Elizabeth Blackburn, Carol Greider and Jack Szostak (Physiology or Medicine in 2009 for their
discovery of the role of telomeres and telomerase in chromosome protection), and Randy
Schekman (one-third share in Physiology or Medicine in 2013 for work on the regulatory
machinery of cell transport).

9 National Institutes of Health, "Model Organisms for Biomedical Research,” accessed April 14,
2016, http://www.nih.gov/science/models.
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sections of scientific papers, to establish material transfers, which | could then follow up in
archival correspondence, oral histories, and the laboratory notebooks of scientists. | transated
scientific literature from multiple non-English languages to follow these rel ationships across
national borders. | utilized trade journals, textbooks, patent records, and federal records, and
brought in additional cultura references from newspapers, magazines, cookbooks, and
contemporary literature and poetry wherever possible. A complete list of the archives| utilized is
provided in the bibliography.

Y east workers, on the model of phage researchers before them, are and wereas a
collective group highly conscientious of the legacy of their work. From the earliest days of yeast
genetics, they too sought to preserve their contributions for posterity. Frequent review articles
and many personal recollections are a boon to the historian hoping for awindow into the early
yeast community. | have found extremely useful these insider recollections, among them a
volume of first-person accounts in The Early Days of Yeast Genetics and other commemorations
throughout the years, such as that of the yeast course at Cold Spring Harbor Laboratory.™ These
sources are cited throughout the text as they occur. Past issues of the community newsl etter,
Yeast, dating to its start in 1950, are publically available online courtesy of Western University
in Ontario.”* Since September of 1985, there has been an entire scientific journal devoted solely

to research in yeast (Yeast), whose pages offer frequent review articles.> After a half-century of

* Michael N. Hall and Patrick Linder, The Early Days of Yeast Genetics (Plainview, NY: Cold
Spring Harbor Laboratory Press, 1993); Peter W. Sherwood, "The Y east Genetics Course at Cold
Spring Harbor Laboratory: Thirty Y ears and Counting,” Genetics 157, no. 4 (2001): 1399-1402.
LY easts: A News Letter for Persons Interested in Yeasts," accessed June 6, 20186,
http://www.uwo.ca/biology/Y eastNewsletter. In later years the newsletter became “the Official
Publication of the International Commission on Y easts of the International Union of
Microbiological Societies.”

%2 Gianni Litti (ed.), Yeast (1985-2016), John Wiley & Sons Ltd., accessed June 6, 2016,
http://onlinelibrary.wiley.com/journal/10.1002/(1SSN)1097-0061.
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|aboratory work on yeast sugar utilization and systematics, James Barnett produced a remarkable
fourteen-part seriesin thisjournal on the scientific history of yeast research. | made ready use of
his comprehensive bibliography in the tenth article, “Foundations of Yeast Genetics.”* The
enormous compilation of experimental evidence recounted from the perspective of the present
state of knowledge in these fields was a useful reference which alowed me to better follow the
exceptions, failures, and deviations arising from in my own sources. Finally, there is a short
chapter on the scientific history of the yeast model organism given by Neurospora geneticist
Rowland Davisin his comparative study of microbial models, and another describing the
ambitions for its use as genomic “super model.”>* This text served as a helpful introduction to

some of the main centers producing yeast research, but was limited in historical explanation. In

>3 J.A. Barnett, "A History of Research on Y easts 1: Work by Chemists and Biologists 1789-
1850," Yeast 14, no. 16 (1998): 1439-1451; J.A. Barnett, "A History of Research on Y easts 2:
Louis Pasteur and His Contemporaries, 1850-1880," Yeast 16, no. 8 (2000): 755-771; J.A. and
Lichtenthaler Barnett, F.W., "A History of Research on Y easts 3: Emil Fischer, Eduard Buchner
and Their Contemporaries, 1880-1900," Yeast 18, no. 4 (2001): 363-388; J.A. Barnett and C.F.
Robinow, "A History of Research on Y easts 4: Cytology Part |, 1890-1950," Yeast 19, no. 2
(2002): 151-182; J.A. Barnett and C.F. Robinow, "A History of Research on Y easts 4. Cytology
Part 11, 1950-1990," Yeast 19, no. 9 (2002): 745-772; J.A. Barnett, "A History of Research on

Y easts 5: The Fermentation Pathway,” Yeast 20, no. 6 (2003): 509-543; J.A. Barnett, "A History
of Research on Y easts 6: The Main Respiratory Pathway," Yeast 20, no. 12 (2003): 1015-1044;
J.A. Barnett, "A History of Research on Y easts 7. Enzymic Adaptation and Regulation,” Yeast
21, no. 9 (2004): 703-746; J.A. Barnett, "A History of Research on Y easts 8: Taxonomy," Yeast
21, no. 14 (2004): 1141-1193; J.A. Barnett and K.D. Entian, "A History of Research on Y easts 9:
Regulation of Sugar Metabolism," Yeast 22, no. 11 (2005): 835-894; J.A. Barnett, "A History of
Research on Y easts 10: Foundations of Y east Genetics," Yeast 24, no. 10 (2007): 799-845; A.A.
Eddy and J.A. Barnett, "A History of Research on Y easts 11. The Study of Solute Transport: The
First 90 Years, Simple and Facilitated Diffusion(1)," Yeast 24, no. 12 (2007): 1023-1059; J.A.
Barnett, "A History of Research on Y easts 12: Medical Y easts Part 1, Candida Albicans," Yeast
25, no. 6 (2008): 385-417; J.A. Barnett, "A History of Research on Y easts 13. Active Transport
and the Uptake of Various Metabolites," Yeast 25, no. 10 (2008): 689-731; J.A. Barnett, "A
History of Research on Y easts 14: Medical Y easts Part 2, Cryptococcus Neoformans,” Yeast 27,
no. 11 (2010): 875-904. This series was compiled in James A. Barnett and Linda Barnett, Yeast
Research: A Historical Overview (Washington, DC: ASM Press, 2011).

> Rowland H. Davis, The Microbial Models of Molecular Biology: From Genes to Genomes
(New York: Oxford University Press, 2003), 61-72, 199-215.
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response to the question posed as to why “the glory days” of yeast model organism research were
delayed until the early 1970s, Davis offers the unsatisfactory conclusion that the research first
had to be perceived as the foundation of major advances in biology. This dissertation work aims

to identify and contextualize the reasons for those perceptions.

Chapter Organization

Thefirst two chapters cover broad transformations in the study of yeast heredity over the
approximate period 1860 to 1960. The gradual return of the complexity of the cell is the subject
of the next three chapters, during the 1960s, 1970s, and 1980s, respectively. These are followed
by abrief epilogue. Chapter 1 isdivided into three sections offering a “pre-history” of yeast
heredity along different lines of biochemical and statistical, microbiological, and genetic
research. The first section describes the recognition of yeast variation and variety as a practical
problem emerging out of the yeast-based industries from the mid-nineteenth century and the
formation of amodel describing yeast heredity as a matter of chemical difference. The second
section follows the adoption of this chemical model of heredity by general microbiologistsin
universities in Delft, Netherlands, and Berkeley and Davis, California. The third section follows
further adaptation and application of the chemical model of heredity in industrial and academic
|aboratories of the first biochemical geneticists.

Chapter 2 describes conflicting observations among the early laboratories of yeast genetic
researchers. It follows the extensive negotiations required to develop yeast into a shared
“experimental system” by 1956, and it traces the breeding of a particular yeast strain - asthe

conveyor of particular practices and possibilities — as the manifestation of this agreement in
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“wild-type” S cerevisiae. This analysis benefits from prior work on standards’ setting in
science.™

The third chapter investigates how the yeast experimental system was made
representative of higher organism biology through the analogy of the eukaryotic cell. The chapter
highlights the central role played by molecular geneticists at the University of Washington in
Seattle and the benefits that began to accrue to favor the study of a single-celled eukaryote. Since
the 1970s, yeast has served as amodel organism in the sense that it provided simple
representations of molecular structures and processes thought to be generalizable to higher
eukaryotes, including humans. Y east in these contexts has been used as a surrogate, or a
descriptive model of. But there is another normative sense in which yeast has served as an
exemplar or ideal. Thisis yeast asamode for.* In both senses, yeast models have served “as
research tools and means of communicating scientific visions,” to borrow from Nick Hopwood

on representational devicesin the sciences.”” Model organisms themselves are meant to serve as

% The literature on standardization is extensive. Select examplesinclude Adele E. Clarke,
"Research Materials and Reproductive Science in the United States, 1910-1940," in Physiology
in the American Context, 1850-1940, ed. Gerald L. Geison (New Y ork: Springer, 1987), 323-
350; Joan H. Fujimura, "Crafting Science: Standardized Packages, Boundary Objects, and
“Translation”," Science as Practice and Culture (1992): 168-211; Adele Clarke and Joan H.
Fujimura, The Right Tools for the Job: At Work in Twentieth-Century Life Sciences (Princeton,
NJ: Princeton University Press, 1992); Joan H. Fujimura, " Standardizing Practices. A Socio-
History of Experimental Systemsin Classical Genetic and Virological Cancer Research, Ca.
1920-1978," History and Philosophy of the Life Sciences 18, no. 1 (1996): 3-54; Geoffrey C.
Bowker and Susan Leigh Star, Sorting Things Out: Classification and Its Consequences
(Cambridge, MA: MIT Press, 1999).

*® See Evelyn Fox Keller, "Models of and Models For: Theory and Practice in Contemporary
Biology," Philosophy of Science 67, Supplement, no. 3 (2000): S72-S86; James Griesemer,
"Three-Dimensional Models in Philosophical Perspective,” in Models: The Third Dimension of
Science, ed. Soraya de Chadarevian and Nick Hopwood (Stanford, CA: Stanford University
Press, 2004), 433-442.

" Nick Hopwood, ""Giving Body" to Embryos: Modeling, Mechanism, and the Microtomein
Late Nineteenth-Century Anatomy," Isis 90, no. 3 (1999): 496.
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disciplinary tools. As stabilized material, they are expected to transfer technical and conceptual
standards from local, specific sites of production to wider research communities.®

The fourth and fifth chapters examine this expectation, which | hold to have been shaped
by the political advantages of research oriented to environmental health and biomedicine.
Chapter 4 follows the devel opment of new research and training opportunities at places like Cold
Spring Harbor Laboratory, which emerged as yeast became away to study the molecular
mechanisms of human diseases, and cancer in particular. Chapter 5 extends the applications of
yeast modeling to the biotech industry, where the genetically-engineered “cell factory” adopted
the eukaryotic vision of “molecularized human” to specify the manufacture of human molecules.
This chapter offers a case study of the first yeast-made human vaccine for Hepatitis B virus by
researchers at the University of Washington in Seattle, the University of California, San
Francisco, Chiron Corporation, and Merck, Sharp and Dohme Research Laboratories. The
dissertation ends with a brief epilogue describing the ongoing role of yeast models to
molecularize human health and disease. We are left to consider: have the humans or the yeasts

been the engineers?

%8 Rachel A. Ankeny, "Historiographic Reflections on Model Organisms: Or How the
Mureaucracy May Be Limiting Our Understanding of Contemporary Genetics and Genomics,”
History and Philosophy of the Life Sciences 32, no. 1 (2010): 95. Some have argued that the
scientific value of models derives from their inherent flexibility and hybridity, which makes
them useful as experimental systems to multiple users. Successful laboratory organisms have
“embodied a standard that could be reconfigured to suit local research agendas, while also
remaining highly defined and capable of representing natural forms of life.” Robert G.W. Kirk,
"“Standardization through Mechanization”: Germ-Free Life and the Engineering of the Ideal
Laboratory Animal," Technology and Culture 53, no. 1 (2012): 61. On the concept of
“interpretive flexibility” see Trevor J. Pinch and Wiebe E. Bijker, "The Socia Construction of
Facts and Artefacts: Or How the Sociology of Science and the Sociology of Technology Might
Benefit Each Other,” Social Studies of Science 14, no. 3 (1984): 399-441. See also Hans-Jorg
Rheinberger, Toward a History of Epistemic Things. Synthesizing Proteinsin the Test Tube
(Stanford, CA: Stanford University Press, 1997).
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Chapter 1

TheLaboratory Organism: Heredity as Chemical Variation

As heredity emerged in the mid-nineteenth century as one of the central problems of
biology, it was made a measurable and tractable research topic by the diagnosis and control of
variety and variation in the yeasts.* Decades before yeast genetics was established as a breeding
practice in the late 1930s and 1940s, these organisms helped to construct a set of statistical and
chemical practices designed to investigate and make use of biological specificity. These methods
became a source of hereditary speculation at the turn of the twentieth century. A new genetic
science at that time was developed in other organisms and was adapted in yeasts and other
microbes more than three decades later. This chapter will argue that the success of microbial
geneticsin the late 1930s and 1940s was a consequence of the reapplication of statistical and
chemical practices developed in the yeastsin an earlier period.

The first section of this chapter coversthat long transformation — the chemical,
physiological, medical and statistical investigations of yeast fermentation and practices which
emerged in and outside of the brewing industry. Asindustrially-useful yeasts became grouped
taxonomically under just afew species varieties, microbial culture collections outside of the
breweries served as aresource to identify what differentiated them from the wild infectious

yeasts responsible for food spoilage and medical pathologies. The second section of this chapter

! The word “yeast” has had various meanings in different settings over time. | use the plural form
at the start of the chapter since this group of organisms was undifferentiated for much of the
nineteenth century. Throughout the chapter, when the singular form is used, it should retain this
plural meaning unless reference is made to a single “type”, “race”, “species”, “strain” or
“population”, such as “baker’s” yeast, which today would be synonymous with the species
Saccharomyces cerevisiae. Such categories are, as this chapter explains, widely variable over
time.
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explores how early twentieth century winemakers, food technol ogists and yeast manufacturers
utilized an increasingly chemically-oriented microbiological classificatory system to achieve
greater specificity among the yeasts for a number of purposes. The chapter’s final section links
these devel opments to the emergence of microbia genetics — first in Neurospora, E. coli and the
phage — and later in a particular industrially-useful species of yeast. The next chapter will
examine how growing collections of yeast stock, media, and research devotees over the 1940s
and 1950s helped yeast geneticists make abid for recognition by the larger discipline of genetics,
and how yeast geneticists referenced the yeasts’ legacy of contributions in science and industry
as evidence of their likely continued relevance to genetics. This chapter examines those claims,
finding them more accurate than probably realized, by tracing a number of scientific and

industrial practices with the yeasts beginning in the nineteenth century.

SECTION I.

Pasteur’s Culture Medium

Louis Pasteur was not the first to recognize the ferments — yeasts — as living organisms,
but his experiments established the biological basis of fermentation and began to chemically
define the conditions under which living yeasts could act. Where others saw chemical
degradation of the fermenting broth, Pasteur anticipated causative microorganismsliving in the
air and growing in the broth’s nutrients. Fermentation was produced by different microorganisms
because the alkalinity, acidity, and chemical composition of the broth enabled differential growth

and fostered biological competition. Organisms could be isolated, therefore, by sowing them

24



directly onto the broth to see which would take hold since “the life of each does not adapt itself

to the same degree to different states of the environment.”?

Pasteur’s work on fermentation is perhaps best known for its refutation of the theory of
spontaneous generation and for its substantiation of the germ theory of disease. Scholars before
and since sociologist Bruno Latour have noted the significant transformation through which
brewer’s yeast became - in the mid-nineteenth century - “one instance of a whole class of
phenomena,” that isto say, microbial life. Few, however, have taken up what Latour briefly

referred to as the transformation of Pasteur’s “organic broth, which... is now made the food of

»3

organisms and becomes a medium of culture.”” The chemical composition of the broth — the

controlled environment of the yeasts — had attained organic significance because it had become
determinant of the living yeast’s survival. As Pasteur saw it in 1857:

[1]f brewer's yeast instead of the lactic ferment is sown in limpid, sugared,
albuminous liquid, brewer's yeast will develop, and with it, alcoholic fermentation
[will again occur]... One should not conclude from this that the chemical
composition of the two yeastsisidentical, any more than that the chemical
composition of two plants is the same because they grew in the same soil... One
of the essential conditions for good fermentations is the purity of the ferment, its
homogeneity, its free devel opment without any hindrance and with the help of a
nutrient well suited to itsindividual nature.*

2 Originally, “parce que leur vie ne saccommode pas au méme degré des divers états des
milieux” in Louis Pasteur, "Mémoire Sur La Fermentation Appelée Lactique [1857]," in
Mémoires De La Société Impériale Des Sciences, De L'agriculture Et Des Arts De Lille (Lille:
impr. L. Danel, 1858), 23.

3 Bruno Latour, "Pasteur on Lactic Acid Y east: A Partiadd Semiotic Analysis,” Configurations 1,
no. 1 (1993): 135.

* Originally, “Si I'on séme dans le liquide sucré albumineux limpide de la levire de biére et non
delalevire lactique, c'est de lalevire de biere qui se développera, et avec elle lafermentation
alcoolique... Il ne faudrait pas en concure qu'il y aura identité de composition chimique entre les
deux levdres, pas plus que la composition chimique de deux végétaux n'est |laméme parce qu'ils
ont vécu dansle méme sol...La pureté d’'un ferment, son homogeénéité, son développement libre,
sans aucune géne, al'aide d'une nourriture tres bien appropriée a sa nature individuelle, voila
I'une des conditions essentielles des bonnes fermentations,” In Pasteur, "Mémoire Sur La
Fermentation Appelée Lactique [1857]," 21-23.
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Biological specificity in this case was thus a matter of preferential interaction — a
“fitness” or correspondence — of the organism to its environment. Two yeasts fermenting in the
same broth were not identical and may have had different nutritional needs. The brewer’s
ingredient, “yeast,” could contain contaminants, but its individual “nature” could be nurtured by
the conditions of the organic broth. Because yeast varieties emerged from the broths they
created, conditions of the brewing broth were closely bound up in the organisms’ identity.” The
broth as culture medium was a central diagnostic tool in studies of yeast variety for nineteenth
century brewers and taxonomists, and it would remain so for twentieth century geneticistsin the

application to yeast variation t0o.°

Fermentation Science

Early chemical interest in the yeasts arose from observation of the phenomena of
fermentation. While athorough history of fermentation research is beyond the scope of this
chapter, it is significant to note that the plainly visible activity of the rising dough or fermenting
broth was long a subject of curiosity before yeast was ever observed to exist. It was from the
various products of fermentation that the first yeasts gained their identity and value.

The widespread natural occurrence of yeast in the air and soil - and on fruits and grains -

suggests that spontaneous uses of yeast are likely as old as their human users, making yeast

> In 1883, “Erratic Enrique” quipped in the weekly farm periodical Colman’s Rural World that,
“Yeast was invented in the year leaven.” The wordplay was sure to generate a few laughs from
the local Anheuser-Busch Brewing Association for St. Louis’ favorite fungus, and few people
would have challenged the ancient (11 CE) and environmentally-prescribed (leavened dough)
origins for yeast implicated in the pun. "Thisand That," Colman's Rural World, April 19, 1883.
See also George F. Lemmer, "The Agricultural Program of a Leading Farm Periodical, Colman's
Rural World," Agricultural History 23, no. 4 (1949): 245-254.

® Mediais medial. The word literally means the intervening substance through which
impressions are conveyed.

26



perhaps the world’s oldest biotechnology. As the fermented properties of food and drink became
desirable, preferred yeast species were selected empirically, and yeast was likely among the first
organisms to be domesticated. Whileit is not known when yeast was first used intentionally for
its fermenting and leavening properties, evidence continues to amass for yeast winemaking,
bread-making, brewing, and distilling by ancient peoples in regions around the globe: beer in
M esopotamia from 6000 BCE, viticulture in Southwest Asia before 5000 BCE, bread-making in
ancient Egypt from 2000 BCE, distilled spiritsin ancient Chinafrom 25 CE.” Early biblical
references to leavened and unleavened bread have given abasis to centuries of religious
practices. Wine jugs too seem to abound across human history, most significantly because wine
was free from the many disease-causing bacteria and viruses found in local water supplies.®
Yeast’s history is in a very real sense inseparable from the development of human civilization.
Many languages share a common root word for “yeast” and these cognates give a sense
of the concept’s age and significance. Shared derivations frequently serve as both nouns and
verbs, asisthe case with the English “ferment,” and suggest that the yeasts’ frothing or
leavening actions and products had meaning before these were attributed to any specific agent.
Select translations for yeast have been given as: “French levure; Italian lievito; Spanish levadura;
German Hefe [or] yes (to ferment) and gascht (ferment or boil); Dutch gist; Greek zéein (to boil),

zestos (fervent, boil, hot), zethos (beer)... Medieval English... zeest or yest, Danish... gjcer,

’ See, for example, Delwen Samuel, "Ancient Egyptian Cereal Processing: Beyond the Artistic
Record," Cambridge Archaeological Journal 3, no. 2 (1993): 276-283; Delwen Samuel,
"Investigation of Ancient Egyptian Baking and Brewing Methods by Correlative Microscopy,”
Science 273, no. 5274 (1996): 488-490; H.T. Huang, Fermentations and Food Science
(Cambridge: Cambridge University Press, 2000), 203-231; J.B. Lambert, Traces of the Past:
Unraveling the Secrets of Archaeology through Chemistry (Cambridge, MA: Perseus Publishing,
1997), 137.

8 Given the contemporary need for water sanitation improvements and infrastructure around the
globe, today’s ubiquitous plastic bottle may give some parallel to ancient amphorae.

27



Medieval Islandic jast, and medieval Scandanavian... jast.”® Prose from the eleventh century
gives the Old English “bearmtedge,” meaning yeast-box, aword that has aternatively been
translated to mean abox carried by its owner for safekeeping.'® The term “goddisgood” was an
alternate to “berme” in the fifteenth and sixteenth centuries and is a phrase indicating yeast’s
valuable action granted by “the grete grace of God,” knowledge of which indeed required
safekeeping.™

Early chemical research on alcohol fermentation is marked by a conspi cuous absence of
the yeasts. As chemistry emerged from its achemic rootsin the first half of the seventeenth
century, fermentation attracted the Flemish physician Jan BaptistaVan Helmont to characterize
“gas sylvestre” as a byproduct of the process that could also be found in caves, mines, and
wells.*? It was only later that the Dutch microscopist Antoni van Leeuwenhoek produced what is

believed to be the first recorded observation of germinating yeast, although he never supposed it

¥ Robert K. Mortimer, Technical Documents, 1950-1999, (November 13, 1997), Box 5, Folder
16, Robert K. Mortimer Collection (ARO-5425), Ernest Orlando Lawrence Berkeley National
Laboratory Archives and Records, Berkeley, CA.

19 The medieva English manor officer (the reeve) must have many objects, including yeast-
boxes. In M.J. Swanton, Anglo-Saxon Prose (London: J.M. Dent, 1993). Original source: "Be
Gescéadwisan Geréfan (Concerning Sagacious Reeves),” (Cambridge: Corpous Christi College,
11-12th century). The Dictionary of Old English (DOE) gives “bearmteag” as “yeast-box” or
alternatively “lap-box” (a money box or a jewelry box that was carried about by the owner for
safe-keeping). The addition of this alternative translation to the DOE is reported in Old English
Newsletter, ed. R.M. Liuzza, 2 ed., vol. 37 (Kalamazoo, MI: The Board of the Medieval Institute,
2004), 19.

! Asreported in Frederick James Furnivall, Early English Meals and Manners with Some
Forewords on Education in Early England (London: Oxford University Press, 1868), xcviii.

12 The sylvestre gas was released in making wine from the juice of grapes. Originally, “Nam ut
farinadiffert a pastafermentata, & massa farinacea a pane: ita vinum a succo uvarum. Atgue ut
farina, si coquatur, non parit flatus, fermentata autem, sponte flatus eructat: ita cibi flatum natura
sui non continent, quem fermenta eliciunt... Porrd de Gas musti, ac spiritus sylvestris
proprietatibus, alibi, satis.” In the posthumously-published work J.B. van Helmont, Joannis
Baptistae Van Helmont ... Opera Omnia: Additis His De Novo Tractatibus Aliquot Posthumis
Eiusdem Authoris,Maximecuriosis Pariter Ac Perutilissimis, Antehac Non in Lucem Editis ; Una
Cum Indicibus Rerum Ac Verborum Ut Locupletissimis, Ita Et Accuratissimis. Opuscula Medica
Inaudita (Francofurti: Erythropilus, 1682), 408.

28


