From: Lee, V., 2021, The Arts of the Microbial World (U Chicago Press:
Chicago).

Antibiotics

DOMESTICATING PENICILLIN

Their habit in Japan, it seems to me, is to consider screening not as a
streamlined mechanical operation, but as research problems in techniques,
microorganisms, and chemistry. Screening is undertaken comprehensively,
and fans out in the directions of interest to the chief investigator.

—J. W. Foster, “A View of Microbiological Science in Japan,” 4461

On August 15, 1946, the presidents of thirty-nine Japanese companies gath-
ered with Ministry of Health and Welfare officials at the opening meet-
ing of the Japan Penicillin Manufacturing Association (Shadan hojin
Nihon penishirin kyokai) at the Seiyoken Hall in Ueno, Tokyo. The attend-
ees included the presidents of the largest permitted manufacturers at the
time — pharmaceutical companies Banyt Seiyaku, Morinaga Yakuhin, and
Wakamoto Seiyaku—as well as other pharmaceutical and chemical manu-
facturers such as Dainippon Seiyaku, Yaesu Kagaku, and Wako6do, and the
dairy company Meiji Nyiigyo. Iwadare Toru, then president of Banyt Sei-
yaku, later recollected that “it seems strange to think of it now, but at the
time both the government and firms were not very enthusiastic about de-
veloping penicillin.”? In fact, at the time almost no factories in Tokyo were
in operation at all, except small workshops turning out goods for the black
market. It was the first anniversary of the surrender that had ended World
War I1.

In the difficult conditions of sheer material scarcity that marked the
years immediately after the war, officials, academic scientists, and industry
leaders met to begin discussions on the domestication of penicillin mass
manufacture. To address the problem of raising the quantity and quality
of domestic production, the Ministry of Health and Welfare had proposed
two new associations on behalf of the Allied occupation government: one
a corporate body to encourage exchange between penicillin manufacturing
firms, the Japan Penicillin Manufacturing Association as described above;
and a second, separate, academic body to coordinate laboratory research
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on production problems, the Japan Penicillin Research Association (Nihon
penishirin gakujutsu kyogikai; hereafter JPRA). It is the work of the sec-
ond body, the academic association known as the JPRA, that is the focus
of this chapter.

The mass production of penicillin was originally a triumphant legacy
of the World War II biomedical research complex in the United States.
Penicillin was not difficult to produce in small quantities at the laboratory
bench, but the challenge was in making cheap large-scale manufacture pos-
sible so that penicillin could be widely available for clinical use. During
wartime, the British team of scientists who had attained small amounts of
penicillin from the Penicillium mold at the laboratory bench took it to the
United States to seek manufacturers willing to scale up production. At the
US Department of Agriculture’s Northern Regional Research Laboratory
in Peoria, Illinois, scientists made commercial-scale fermentation possible
using a submerged culture (also called deep fermentation) tank, where
strains were grown throughout the culture medium, rather than only on the
surface, as had been previously done at the bench. Unlike surface culture,
submerged culture for aerobic processes such as penicillin fermentation
was complex to engineer: it required a supply of air into the liquid culture
medium in the tank, and stirring to disperse the air bubbles to the strains,
as well as temperature control and sterile conditions. A major innovation
that allowed inexpensive manufacture was the use of corn steep liquor as
a culture medium, which was as effective as it was cheap and abundant in
the region.?

Because of the specific narrative of the American achievement in mass
production, historians who have considered Japanese penicillin as a case
of technology transfer within the pharmaceutical industry often identify
submerged-culture fermentation (deep fermentation) to be the heart of ex-
pertise in penicillin and antibiotic production technology.* Yet, although
the transfer of submerged-culture technology from the United States was
indeed new and pivotal to Japanese fermentation expertise, a story of the
technology transfer of submerged culture alone does not sufficiently ac-
count either for how Japanese scientists and manufacturers so rapidly as-
similated antibiotic technology in domestic material conditions, or for why
antibiotic science in Japan subsequently developed as it did. Penicillin pro-
duction during the Allied occupation period built upon as well as trans-
formed Japanese microbial science and industry. The country successfully
mass-produced penicillin domestically and achieved self-sufficiency as
early as 19438, the third country to do so after the United States and Britain.
In the subsequent decades, Japan emerged as a leading center of antibiotic
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research and innovation —including critical work in stabilizing fermenta-
tion methods, elucidating the genetic mechanisms of antibiotic resistance
in bacteria, and developing new mold-based drugs including statins and
avermectin. (The anticholesterol drugs known as statins are among the
best-selling drugs in pharmaceutical history, and work on the antibiotic
avermectin earned Omura Satoshi of the Kitasato Institute the 2015 Nobel
Prize in Physiology or Medicine.)>

Technology transfer, especially from the United States, is a persistent
theme in accounts of Japan’s postwar high-speed economic growth from
the 1950s to the early 1970s. In particular, accounts often emphasize the
guiding hand of the Ministry of International Trade and Industry (MITI) in
promoting technology transfer for strategic sectors and industry winners,
especially in the electronics and automobile industries. The story of peni-
cillin production, which took place before Japan’s economic miracle, casts
a different light on the high-growth era.® An examination of early antibiotic
science in the occupation years reveals the indigenous contribution of both
institutions and expertise to the postwar development of Japanese science
and technology. In his classic study of MITI, Chalmers Johnson highlights
the transwar origins of industrial policy itself, tracing MITI’s continuity
with wartime and prewar bureaucratic organizations.” More recently, his-
torians of Japanese engineering as well as biomedicine have argued simi-
larly that post-World War II achievements relied on experts’ wartime and
prewar experiences, rather than emphasizing post-World War II knowl-
edge transfer.®

In place of technology transfer, this chapter focuses on the phenome-
non of “domestication” (kokusanka) in order to explore the creativity that
is necessary in import substitution. How did scientists try to make things
work?® Experts in Japan faced a quite different set of material constraints
immediately after World War II than they would in the following decades.
Both Japanese and American perspectives from the period stress the stark-
ness of material scarcity. The term “domestication” was the main term used
by government officials, scientists, and manufacturers to describe the goals
for penicillin production in Japan at the time. In that context, the term spe-
cifically referred to achieving the capacity to manufacture penicillin—in
mass quantities and to an adequate quality —using raw materials available
locally.

But the word “domestication” had another, broader meaning, which
would have been equally resonant to Japanese technical experts in the
period. The historian Daqing Yang describes how the connotations of “do-
mestication” shifted from merely indigenous manufacturing to reduce im-
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ports of specialized equipment in the 1920s, to a movement that sought
to promote the completely independent development of innovative tech-
nologies that would use raw materials from Japan’s Asian empire in the
1930s and 1940s.1° Thus, the word kokusanka carried wartime associations
with both autarky and imperialism; while it is translated by Yang as “do-
mestic production,” it was also allied with the military-linked idea of self-
sufficiency. Here “domestication” is chosen as the translation for kokusanka
because the term conveys the attempt to achieve change (ka) along a con-
tinuum from technology transfer to import substitution, rather than posit-
ing a sharp distinction between the two in actors’ categories. It is worth re-
membering, however, that the related notion of Japan as a resource-poor
country was used to justify its imperial expansion."

Contrary to wartime rhetoric, Yang emphasizes that the shift in the
meaning of “domestication” was motivated by a combination of “material,
ideological, and personal” demands, and not solely by material need aris-
ing from geopolitical circumstances.”> Material scarcity was most apparent
only in the final years of the war and after the surrender.”® Japanese fermen-
tation scientists working immediately after World War II drew on similar
experiences from the wartime period and applied them to the problem of
penicillin domestication. For a variety of historical reasons, then, which
were partly but not entirely material, fermentation scientists’ knowledge
and institutions were organized around the salience of resource scarcity in
motivating experimentation. More specifically, they saw microbes as tools
of abundance that could transform an environment in the midst of resource
scarcity.

Such a perception of microbes as alchemists of the environment, I ar-
gue, organized the existent knowledge by which penicillin scientists made
the environment work, in a material as well as sociopolitical sense. This
chapter explores the specific dimensions of Japanese fermentation exper-
tise in the occupation era in two ways. First, I examine processes of the
domestication of penicillin production through the JPRA records, which
have not hitherto been analyzed historically.* Second, I compare Japanese
developments with a number of other national cases of penicillin domesti-
cation, drawing on a strong secondary literature on Europe in the wake of
World War II. The comparisons are both institutional and conceptual; since
skill is embodied in personnel, attention to institutions is required to fully
understand the nature of knowledge.!®

In this way I contribute to a growing literature on biological research in
the chemical industry. Production-related questions for penicillin—for ex-
ample, problems of screening (How does one select the microbial strains
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that can best perform the task of penicillin fermentation?) or contamina-
tion (How does one ensure that the stray presence of other microbial strains
in the fermentation tank will not impede penicillin fermentation?) — point
to a distinctive history of biological materials within chemical manufactur-
ing. Since the early twentieth century, medicines such as salvarsan, aspirin,
and the sulfonamides have represented the ideal of science-based drug de-
velopment: results of chemists’ efforts to purify, structurally characterize,
and then synthetically manufacture organic compounds. Yet preparations
from biological materials, especially plants, likely made up the majority
of drugs on the market.’® Penicillin domestication at midcentury was pre-
cisely the moment at which the overwhelming dominance of synthetic
organic chemistry as the ideal model of pharmaceutical research began to
shift. After World War II, governments across the world invested in micro-
bial expertise on an unprecedented scale, in order to produce penicillin
locally.”

I follow developments from the establishment of the JPRA in 1946 to
when the focus of the JPRA shifted from penicillin to other antibiotics, as
signified by its name change to the Japan Antibiotics Research Association
(Nihon késeibusshitsu gakujutsu kyogikai; hereafter JARA), in 1951. I con-
centrate especially on the first half of this period (up to mid-1948) during
which most of the basic problems of domestication were worked out by the
JPRA’s Central Laboratory. Production-related questions were academic
research questions at the scale of the laboratory bench; therefore, how
scientists approached them is revealing of the contours of Japanese fermen-
tation expertise.”® Beyond the transfer of submerged-culture fermentation
technology for antibiotic mass production, a distinctive engagement with
agricultural chemistry’s long-standing perception of microbes—as alche-
mists of the environment, with the ability to transform resource scarcity
into productive abundance —organized the knowledge by which penicillin
scientists made the domestic environment work, and deeply shaped anti-
biotic research in the subsequent decades in Japan.

PENICILLIN PRODUCTION IMMEDIATELY
AFTER WORLD WAR 11

The Japan Penicillin Manufacturing Association (Shadan hojin Nihon peni-
shirin kyokai; hereafter JPMA) was formed in response to a meeting held in
July 1946 at the Ministry of Health and Welfare under the directive of GHQ
(General Headquarters of the occupation government).!* There, the min-
istry offered clarification concerning GHQ’s decision in February to ban
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the sale of penicillin before issuing manufacturing permits again in May. It
was a necessary step toward raising the standards of domestic production,
which were unacceptably uneven. It was to this end that the ministry pro-
posed the formation of two new associations on behalf of GHQ, the JPMA
and the JPRA. In turn, the ministry promised that GHQ would do what it
could to aid the transfer of American technology and invite foreign experts
to Japan, as well as offer microbial strains and allow penicillin manufac-
turers special access to essential materials such as electricity and coal. The
occupation authorities thus presented penicillin, as they would also do for
the insecticide DDT, as a gift from the United States to Japan.2°

When American troops, riding in jeeps, entered Japan to occupy the
country after Japan’s unconditional surrender in 1945, they encountered a
people in exhaustion.?! Japan had been at war for fifteen years, as Japan’s
Kwantung Army had invaded Chinese territory in Manchuria in 1931 before
full-scale war broke out in China in 1937. Cities had been flattened by fire-
bombing; Hiroshima and Nagasaki, by atomic bombs. The occupation gov-
ernment was headed by General Douglas MacArthur, the supreme com-
mander for the Allied Powers (whose administration was often referred
to as SCAP, or GHQ for “General Headquarters”). SCAP arrived with an
agenda to implement sweeping reforms and democratize Japan—or;, in a
common phrase of the time, to enforce a “revolution from above.”?> Mean-
while, Japan was cut off from the former empire that had supplied much
of its food, and starvation and disease were rife: reports counted 146,241
deaths from tuberculosis in 1947 and 99,654 deaths from other infectious
diseases between 1945 and 1948.2% Trains between Tokyo and the country-
side overflowed with crowds in search of food for which they could barter
their clothes. As a part of public health policy, the Japanese government set
up a series of licensed brothels for American troops to contain the spread of
venereal disease (which SCAP at first condemned but eventually allowed),
while SCAP had fields sprayed with DDT to kill ticks.>4

Following the opening meeting of the JPMA on August 15, 1946, the
JPRA held its own opening meeting soon after, on August 26. In his intro-
ductory remarks, Katsumata Minoru, chief of the Public Health Bureau of
the Ministry of Health and Welfare, assured the scientists in attendance
that the domestication of penicillin production was a matter for which
GHQ too held “great concern.”?® The reasons for this concern remained
unspoken, but they would have been obvious to those present. Of the first
authorized batch of penicillin released by the pharmaceutical firm Banya
Seiyaku in May, a total of 167 bottles all subject to distribution controls,
50 bottles had gone to the Recreation and Amusement Association (the
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network of brothels set up by the Japanese government in preparation for
the arrival of US troops), and 27 bottles had gone to Yoshiwara Hospital in
Tokyo’s red-light district. As Robert L. Eichelberger, commanding general
of the Eighth US Army, remarked, there was more to fear from venereal
disease than from the atomic bomb.?¢ Japan was not alone in this situation;
in Europe, Allied forces were prioritizing penicillin for countering syphilis
in occupied West Germany.?” A SCAP pamphlet published by the Public
Health and Welfare Section in 1949 explained:

In planning to provide adequate medical supplies and equipment to meet
the needs of the civilian population, the problem of utmost importance that
confronted SCAP was (1) should all needed supplies be imported at the ex-
pense of the American taxpayer, or (2) should every effort be made to in-
crease and stimulate indigenous Japanese production and import only those
materials, preferably in raw form, which would not be available in Japanese
supply. It was decided that the latter course would be followed and immedi-
ate steps were taken to rehabilitate the Japanese medical supply and equip-

ment industry.2®

At the time that the JPMA and JPRA were established under GHQ’s
directive, penicillin was already being produced domestically —a remain-
der from the Japanese wartime project. During the war, based on informa-
tion in journals delivered from German submarines, scientists at the Army
Medical School in Tokyo formed the Hekiso Committee (“blue-essence,”
or penicillin committee) with the aim to industrialize penicillin manufac-
ture by surface culture. At the same time, the eclipse in scientific commu-
nication had made researchers hungry for information about new advances
abroad. The young researcher Umezawa Hamao (1914-86) later recalled
seeing the foreign periodical that would introduce him to penicillin on a
desk in 1943, and feeling “like a starving man coming across food.”?* The
wartime committee was a large-scale coordination of efforts by prominent
scientists, including agricultural chemists with expertise in both micro-
biology and microbial chemistry, plant physiologists and plant chemists,
medical bacteriologists, a synthetic organic chemist, and physicians.>® The
committee developed strains, culture methods, and refinement and assay
methods, and approached the confectioners Morinaga and Meiji Seika
(the latter then part of Yamagata Godo) as well as the pharmaceutical firm
Banya Seiyaku, to begin manufacturing penicillin by surface culture in
dairy bottles. Firebombing destroyed factories, but immediately before the
surrender Banyi produced the first batch of thirty grams.
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Under occupation, not only was the military disbanded and the large
business conglomerates known as the zaibatsu targeted for dismantling;
all research deemed relevant to military application was banned, surviving
facilities were suspended and allocated for reparations, and undertaking
any research project required GHQ’s permission. In November 1945 the
Institute of Physical and Chemical Research’s cyclotrons were torched to
pieces and dumped in Tokyo Bay.*? Drug stocks, which had been military
goods, were confiscated from October 1945, and the Ministry of Health and
Welfare took over distribution controls.?® Penicillin manufacturers slowly
repaired facilities, and more firms joined in production. The penicillin pro-
duced averaged 29 units per milliliter (u/mL) in 1946, and still under 100
u/mL in 1947. It was so impure that it made patients jump up in pain when
injected.?* The standard unit for penicillin is the Oxford unit, which is de-
fined by a fixed zone of inhibition of bacterial growth in a standard assay.
Pure penicillin, for example, contains 1,650 units per milligram (u/mg).
GHQ’s overall goal was to have penicillin manufactured to the same stan-
dard as the US product as quickly as possible, though in the meantime
the “working standard” was more relaxed than that of the US Food and
Drug Administration.®® The working standard that domestic manufacturers
aimed to meet was 152 u/mg in December 1946.3¢

In promoting the domestication of penicillin production in Japan,
SCAP’s primary concern was to reduce the cost of the occupation to the
American taxpayer, rather than give priority to protecting intellectual prop-
erty. Future competition from Japanese industries seemed anything but a
likely prospect at the time, and a GHQ Public Health and Welfare Section
pamphlet noted that, “due to the lack of raw materials and the deteriora-
tion of equipment, the remaining factories were producing only 20% of
prewar requirements.”®” The issue of intellectual property goes entirely un-
mentioned in the regular SCAP publications that summarized the occupa-
tion’s activities and accomplishments. GHQ’s focus was first and foremost
on bringing down prices by increasing the quantity of penicillin produc-
tion and, once mass-quantity production was achieved, on increasing the
quality of the penicillin produced to a satisfactory standard. Public Health
and Welfare Section publications summarizing achievements for the years
1949 and 1950 celebrate progress in domestic manufacture in terms of the
outcome in price reductions as well as the shift in emphasis from quantity
to quality improvement, and they delineate the limits of domestic manufac-
ture in terms of continued importation of supplies.>® The figures included
clearly show the dramatic increase in the quantity of domestic penicillin
manufacture (fig. 5.1) and the decrease in prices (fig. 5.2).
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PRODUCTION PENICILLIN
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FIG. 5.1. Graph showing monthly production amounts for penicillin. A dotted line at
152 billion units serves as a reference point for reading production amounts against
the working standard, which was 152 units per milligram. From General Headquarters,
Supreme Commander for the Allied Powers, Public Health and Welfare Section, Public
Health and Welfare in Japan, Annual Summary 1949, Volume | (1949), 124.

PENICILLIN PRODUCTION
’ Av  Price per Total Value

oY Units Units/100,000 100,000 wnitg Million/Yen
1946 negligible - - negligible
1947 13,821,390,000 138,21/ ¥1,333 (offi- 184,
19/8 297,029,810,000 2,970,298 500 cial) 1,485
1949  1,798,300,177,000 17,983,002 e n 2,518
1950 7,495,530, 385,000 74,955 , 304 45 (est av) 3,373

FIG. 5.2. Table showing the dramatic decrease in the cost of penicillin. “The value

in 1947, 1948, and 1949 is based on official prices established by the Japanese Price
Board. In 1950 the price control was removed. Value in 1950 is based on an estimated
average price of ¥45 per 100,000 units.” From General Headquarters, Supreme
Commander for the Allied Powers, Public Health and Welfare Section, Public Health
and Welfare in Japan, Annual Summary 1950, Volume I (1950), 83.

Patent rights became an issue only from September 1, 1949, onward,
when the Afterwar Remedy Order of the United Nations’ Industrial Prop-
erty came into effect. The law recognized patents registered by United Na-
tions members within the period dating back to one year before the start
of the war, and it meant that a number of penicillin producers in Japan
who had been manufacturing without licenses would now have to pro-
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cure licenses in order to continue. (Penicillin itself was not patented for
humanitarian reasons, though some of the manufacturing processes were
patented.)?® But until that moment—as the JPMA’s institutional history
explains — productivity and cooperation between firms in penicillin manu-
facture had been emphasized over the enforcement of patent rights, in the
name of widespread dissemination and application of the drug to patients.
This all changed in late 1949, despite an unsuccessful attempt on the part
of GHQ’s Public Health and Welfare Section to negotiate an exception for
penicillin with the US Department of State.*°

The son of the president of Banyii Seiyaku helped negotiate an agree-
ment with Bristol, the American pharmaceutical enterprise, for manufac-
turing the penicillin derivative G procaine in 1953 so that all twenty Japanese
producers were able to continue manufacturing penicillin G procaine with-
out conflict over rights.! However, as the business historian Julia Yongue
argues, that would be the last instance of open cooperation between firms
in pharmaceutical manufacturing, just as the penicillin boom was ending.
A new commercial era began in the 1950s and continued into the 1960s, in
which Japanese pharmaceutical firms individually negotiated their own li-
censes with foreign businesses for technology transfer, and competed with
each other in litigation over patents.*> But by then, the period of the most
crucial developments in the domestication of penicillin production was al-
ready over, as the country reached self-sufficiency in penicillin well before
the 1949 law came into effect. For the very first antibiotic, penicillin, it was
not firm-to-firm licensing agreements that served as the vehicle for tech-
nology domestication. Rather, it was the activities of the JPRA.

THE ROLE OF THE JAPAN PENICILLIN
RESEARCH ASSOCIATION

The JPRA, as an association of academic researchers, clearly had a role to
play as a designated intermediary between government and industry. This
made it distinct from the JPMA, which was a private body of firms. Dona-
tions from the JPMA and grants from the Ministry of Education funded
JPRA research, and a Ministry of Health and Welfare official was appointed
to sit in JPRA meetings. On November 1, 1946, at GHQ’s Public Health
and Welfare Section, with Ministry of Health and Welfare officials present,
GHQ officials introduced JPRA scientists to Jackson W. Foster from the
University of Texas at Austin.*® Foster was a student of Selman Waksman
and had worked at the New Jersey-based pharmaceutical company and
penicillin manufacturer Merck during the war. His role as a foreign consul-
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tant would be to embody the six years (and $25 million) of American ex-
perience in the field, which he said his government had asked him to bring
for Japan’s “peacetime battle” against disease.**

Afterward, GHQ officials issued an outline of objectives to the JPRA#
The JPRAs tasks included establishing a Central Laboratory in order to
expand basic research, which would use existing facilities in universities;
constructing a submerged-culture pilot tank, which would need to be built
anew at a university or research institute; and assessing factories and choos-
ing the most promising ones to support in order to use limited resources
effectively. The Ministry of Health and Welfare, with GHQ’s approval,
would appoint assistants to direct research in consultation with the minis-
try, and those assistants would in turn appoint the heads of each research
section in the JPRA. A central assay laboratory would be constructed under
the domain of the Ministry of Health and Welfare. The JPRA would con-
sult with GHQ on how to break through bottlenecks and strive toward the
increase in production that GHQ requested. Twice a month the Central
Laboratory would present detailed research reports to GHQ, the Ministry
of Health and Welfare, and each laboratory and factory; and twice a month
manufacturers would report on the production situation to GHQ.

The Technical Committee was the core of the JPRA’s Central Labora-
tory, and the scientists whom with Foster would work most closely in the
following months. It included medical researchers from the University of
Tokyo’s Institute of Infectious Diseases, such as Umezawa Hamao and Ho-
soya Seigo, but most of the members were senior researchers from the De-
partment of Agricultural Chemistry in the University of Tokyo’s Faculty of
Agriculture, such as Yabuta Teijiro, Sakaguchi Kin’ichir6, Asai Takenobu,
and Sumiki Yusuke.*¢ The committee was more or less the same as that of
the wartime project. Sakaguchi, a fermentation expert, would go on to set
up the Institute of Applied Microbiology at the University of Tokyo in 1953,
while Yabuta, a leading expert on molds, had been the scientist to isolate
the first plant hormone gibberellin. A Clinical Committee was also estab-
lished to collate clinical experiences of penicillin treatment; its members
were limited to researchers in state hospitals, since these were the only hos-
pitals receiving penicillin supplies under the distribution controls.

Foster gave a three-day series of lectures in Tokyo, attended by 120
scientists, 6 bureaucrats from the Ministry of Health and Welfare and the
Ministry of Education, and 201 representatives of 47 companies from the
51 members of the JPMA, in order to help bring Japan up to date on tech-
nical knowledge about penicillin.*’ Later, Foster served as a consultant on
submerged-culture plant construction, for manufacturers as well as the

ANTIBIOTICS 157



JPRA. In addition, some of the raw materials required —those which were
new, or simply difficult to obtain in late-1940s Japan—were flown over
from the United States, put in a jeep, and delivered to the JPRA Central
Laboratory’s Culture Section (then the laboratory of the agricultural chem-
ist Sakaguchi Kin’ichiro at the University of Tokyo), where Foster handed
them over to scientists on November 19, 1946. These materials included
various strains for surface culture and the Q176 strain for submerged cul-
ture, two liters of corn steep liquor, and lactose and phenyl acetate for cul-
ture media.*® The Q176 strain was four to five times more powerful than
the Japanese strains under investigation at that point.*® The tool of induced
mutation for creating more strain varieties was also new, and Central Labo-
ratory scientists quickly adopted the technique.®® GHQ reported that the
“latest American scientific literature has been made available and procure-
ment and allocation programs for certain critical raw materials such as
phenyl acetic acid, lactose and amyl acetate have been set up.”!

Section divisions within the Central Laboratory reflected the main re-
search problems involved in penicillin production. The Strains Section fo-
cused on screening, or selecting microbial strains most suitable to the task
of penicillin manufacture. The Culture Section developed media for mass
production that relied on domestic raw materials as much as possible, for
both surface culture and submerged culture —aiming ultimately for a tran-
sition to submerged-culture production, but using surface culture to bridge
the production gap that would otherwise be caused by the transition. The
Refinement Section similarly researched refinement methods. The Cen-
tral Laboratory was also tasked with building a submerged-culture pilot
tank, where contamination—the infiltration of miscellaneous microbes
that might decrease yield —was an especially challenging problem to solve.

The Assay Section assessed the quality of penicillin produced by manu-
facturers, and officially authorized them. On GHQ’s decision, the Assay
Section was relocated along with other antibiotic facilities from the Uni-
versity of Tokyo’s Institute of Infectious Diseases to the new National Insti-
tute of Health (Kokuritsu yobo eisei kenkyiijo, or NIH; this Japanese insti-
tution had been established early in 1947 and was attached to the Ministry
of Health and Welfare).5? In his lectures Foster had stressed the importance
of upgrading the assay method from the dilution method, which was result-
ing in large errors, to the internationally adopted cup method.>® But over-
coming the limitations of local resources was not a small challenge. One
of the main problems was that the cup was supposed to be made of alu-
minum. The economic conditions meant that scientists had to use instead
a cut-glass tube, but it was impossible to make the cut part flat, and Assay
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Section scientists were anxious about this problem even in March 1947, as
they were finalizing the draft of an assay method proposal to be sent out to
physicians and factory technicians.>* In December 1946, when the chemi-
cal company Yaesu Kagaku managed to produce penicillin at 152 u/mg, the
Assay Section noted that it met the working standard.>

The JPRA facilitated exchange between academic scientists and experts
in the industrial and clinical spheres. The academic scientists in the war-
time Hekiso Committee had not included engineering specialists. How-
ever, submerged-culture production required a new kind of large-scale
apparatus—the sterile aerobic fermentation tank—and thus demanded
participation from industry, in particular from chemical engineering and
heavy chemical firms.>¢ Thus it was the JPMA and not the JPRA that was
responsible for preparing two sections to develop industrial culturing
and refinement equipment.’ In 1948 the Central Laboratory added two
chemical engineers from the Tokyo Institute of Technology to oversee the
construction of the JPRA’s submerged-culture pilot tank and refinement
equipment, which in turn would be made by Mitsui and Hitachi respec-
tively.>® Commercial firms were faster than the JPRA to build submerged-
culture pilot plants, with the first opening at Toyo Rayon on March 11,1947,
and others quickly following.>® JPRA machinery association meetings in
Tokyo and Osaka allowed academic scientists and factory technicians to
exchange designs and data.®® In the meantime, JPRA representatives, in-
cluding a Ministry of Health and Welfare bureaucrat, visited the Acetone
Industrial Association in February 1947 to explain their need for solvents
for the refinement process.®! Even by September 1947, however, butanol
factories were still idle; the solvent industry would not revive until about
the end of the decade.®? It was as late as June 1948 when the Central Labo-
ratory’s full-sized pilot plant came into operation at the Japanese NIH, and
the refinement methods were upgraded with the latest high-performance
machines in the early 1950s.5

The JPRA’s Clinical Section allowed information from clinical trials to
be conveyed back to penicillin manufacturers by way of the Central Labo-
ratory, which was crucial in effecting product standardization, especially
after an adequate production quantity of penicillin had been achieved.
Physicians conveyed their views on product quality, pricing, and devel-
opment back to the Central Laboratory’s Assay Section via the Penicillin
Standards Investigation Committee, with Ministry of Health and Welfare
officials involved as intermediaries.5* In a November 1947 meeting, for ex-
ample, physicians’ concerns included increasing product potency to de-
crease side effects; limiting penicillin prices to facilitate physicians’ turning
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to penicillin as the first line of treatment; and requesting the development
of new forms of penicillin that would maintain the concentration of peni-
cillin in the blood for longer periods after injection. During a December
1947 visit to the factory of one supplier, Meiji Seika, Central Laboratory
scientists assured physicians that although previously it had been neces-
sary to focus on quantity over quality, scientists would now be working to
solve the problem of side effects, which were correlated with refinement
methods.® Side effects differed with the manufacturer due to varying re-
finement procedures, and also seemed to depend on the microbial strain
used in production.5®

The occupation state’s success in coordinating academic research on
the mass production process, rather than leaving the research initiative
to firms, is notable. The fact that the postwar penicillin project followed
fifteen years of war helped this particular organizational configuration to
function effectively.5’ Not only were the key researchers largely the same
as in the wartime committee; the centralized, state-led coordination of the
project, the devotion of prominent university scientists exclusively to one
production problem, and state policies that confined industrial possibility
to this sector by rationing raw materials and providing other economic in-
centives were all important parallels between technical projects in Japan
before and after 1945.

By contrast, in postwar Italy for example, the director of the Istituto
Superiore di Sanita (ISS) in Rome, Domenico Marotta, as well as the visit-
ing British penicillin scientist, Ernst Chain, held visions for the ISS’s peni-
cillin factory that were similar to the function of the JPRA: to function as
a public research establishment, a center for both biochemical and bio-
technological innovation, and a service to industry players through its
fermentation pilot plant linking laboratory science to manufacturing im-
provements. It was an important center for a time, with results such as the
discovery of 6-APA (the basis of semisynthetic penicillins). However, after
Chain left in 1961, the liberal protectionist climate of postwar Italy changed.
The ISS’s production component fared badly, and Marotta was prosecuted
and attacked for corrupting the ISS’s public health mission.®®

Reasons for the flourishing of the JPRA (and then the JARA) also lie in
the longer history of Japanese fermentation research. Functionally, as an
academic intermediary between government objectives and industrial pro-
duction, it was comparable to the national and regional experiment stations
(shikenjo) that were set up by Japanese government ministries from the end
of the nineteenth century to aid small and medium-sized enterprises. Like
the JPRA, this network of institutions was a state-supported information
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mechanism to facilitate novel technology domestication and raise the com-
petitiveness of domestic businesses via laboratory research on manufactur-
ing processes and industrial surveys.®® The experiment stations employed
scientists from the universities and technical colleges. For both academic
and industrial scientists in fermentation-related fields, such institutions
were familiar precedents for the kind of state-backed research coordina-
tion on commercial production problems that the JPRA represented.

APPROACHES TO PRODUCTION PROBLEMS
AT THE CENTRAL LABORATORY

All aspects of production that were under research in the Central Labora-
tory—strains, culture media, refinement methods, and even assaying pro-
cedures—required domestication. Apart from the chemical engineering
efforts that went into building the physical components of mass production
plants (which were largely overseen by the JPMA instead), the intellectual
skills for domestication were to be found in the fermentation knowledge
that was already existent from wartime, and which carried over directly
into the postwar JPRA’s Central Laboratory because of the continuity in
personnel.

From the beginning, JPRA scientists carrying out “general and basic
research on penicillin” indicated that along with achieving the penicillin
production objectives, they wanted to do research of their own free direc-
tion.”® At the first meeting of the Strains and Culture Sections, assignments
included not only penicillin-related topics such as submerged culture, sur-
face culture, and increasing the power of strains, but also looking for strains
outside of the blue mold that would produce antibiotics, and investigat-
ing strains that would produce antitoxins.”* At the same time, the JPRA
scientists held a pragmatic view of the local industrial conditions. Both they
and Foster knew that material limitations would compel Japanese firms to
continue surface-culture production for many months, even though sub-
merged culture would ultimately achieve the necessary step-up in produc-
tion quantities. Because of this, JPRA scientists developed strains and cul-
ture media for both production methods in parallel.

The French wartime penicillin project offers an illuminating contrast
because of the existence of comparable microbiological skill at the same
time as there were differences in the precise nature of that microbiologi-
cal knowledge. As in Japan, penicillin development in France was led by
academic research rather than firms—namely, by medical microbiologists
at the Pasteur Institute under a military administration. Scientists in the
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French project possessed a configuration of expertise similar to that of
the scientists in the Japanese project (though the Japanese team had more
chemical expertise), with a biological emphasis on strains, culturing, and
assays. Moreover, since the Pasteur Institute was also a vaccine and serum
factory, microbiologists were keen to extend the technological possibilities
of biological production. However, the French microbiologists’ excitement
about scientifically advanced biotechnology meant that they pushed for
taking the many more months required to build a submerged-culture plant,
whereas the military engineers disagreed about time and built a surface-
culture plant without the microbiologists’ support. In the end, production
failed to materialize before the end of the war, and penicillin production
was simply undertaken by the private sector after the war through licens-
ing agreements.”? Japanese microbiologists in the discipline of agricultural
chemistry, on the other hand, had had the wartime experience of develop-
ing production technologies for resource-intensive goods such as fuel alco-
hols, which was one reason behind their sensitivity to economic constraints
in industry when undertaking the postwar project.”?

Moreover, in the pre-World War II period, Japanese agricultural chem-
ists had developed ways of approaching microorganisms that would be-
come significant in both the theoretical and the applied spheres. For the
historian Robert Bud, the accumulation of know-how in applied sci-
ence through early research on organic acid fermentations, at the Ger-
man University in Prague and the New York firm Pfizer, was a key factor
in the success of the Anglo-American penicillin program.” Interwar Japa-
nese microbiological research within agricultural chemistry at Tokyo Im-
perial University (later the University of Tokyo) is a revealing comparison
because this work, too, focused heavily on organic acid fermentations of
Aspergillus and other molds, having expanded from studies of the molds
used in traditional sake and soy sauce brewing. From the 1920s, however,
the research was deliberately theoretical rather than practically oriented —
aimed at understanding the biochemistry of the mold, and without links to
breweries or other industrial spaces.”

Whereas Bud characterizes the work at Prague as being part of a “low
status butindustrially well-connected network,” the Japanese interwar work
in organic acid fermentations differs in being moderately high in status and
distant from industry.”® Its distance from industry may help explain why
the Japanese work did not produce the innovations in submerged-culture
fermentation that the German work produced, which would later prove
critical to penicillin manufacture. But the subsequent rapid domestication
of penicillin and antibiotic research in Japan indicates that there were as-
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pects other than submerged culture at the heart of antibiotic production
and innovation —namely, a biological approach to microbes, and a sense
for what microbes could do. The implications of the Japanese fermenta-
tion scientists’ approach can be seen especially in screening work — the task
of finding and selecting microbial strains with specific desired properties,
especially those that made the strains suitable for use in the mass produc-
tion of a metabolite (a substance formed as a result of biochemical pro-
cesses in a cell).””

Scientists indicated that they did not see screening work as entirely rou-
tine. At meetings there were steady reports of work on new antibiotics,
though they were often not given priority, and came after reports on peni-
cillin work. There was research on antibiotics produced by actinomycetes,
Penicillium, and Aspergillus candidus, for example, as well as gramicidin from
a B. brevis soil microbe, and streptomycin-lookalike compounds from acti-
nomycetes strains.”® In order to select strains, one researcher in the Strains
Section reported, it was necessary not only to be systematic but also to see
the physiological characteristics as important, and to use culture media that
would make the physiological differences easy to see.”®

Such consciousness of the variability and diversity of microbes as bio-
logical organisms, each with their own biochemical and physiological
capacities, suggests that scientists drew on prior practices in the discipline
of agricultural chemistry.?° It helps explain the vibrancy and rapid outcomes
of JPRA research on antibiotic-producing strains, whether directed toward
applied goals for penicillin production or toward gaining knowledge of mi-
crobial physiology and ecology more broadly through antibiotic research.
On March 20, 1948, Central Laboratory scientists announced that from
then on, they would not prepare particular shared topics of research, and
instead the laboratories would simply communicate with each other while
doing their own research individually; this marked a point when laboratory
research on penicillin was mostly complete.®! Yet the JPRA’s Culture Sec-
tion—with diligent adherence to JPMA firms’ requests— continued to give
along report on strain research for penicillin, and on a new mutant strain of
Q176 that would produce colorless as opposed to yellow penicillin, which
interested the industry side.?? In June 1948, research on bacterial acquired
resistance to penicillin and streptomycin as a laboratory (not clinical) phe-
nomenon came first in the list of research reports.®® Thus, interest in anti-
biotic resistance in the laboratory context preceded the wide occurrence
of antibiotic resistance in the clinical context, which was to emerge in the
next decade.

JPRA scientists possessed a strong sense of what materials were avail-

ANTIBIOTICS 163



able or not in Japan, making painstaking comparisons of US and Japanese
products, and not only because GHQ had instructed them to do so in their
list of directives. During the war, agricultural chemists had done similar
work to reconcile manufacturing technologies and natural resources when
developing alcohol production for fuels.®* Investigations of the culture
medium for surface culture to produce a higher-potency broth took up
much of the Central Laboratory’s energies until late in 1947. As the Univer-
sity of Tokyo agricultural chemist Sumiki Yusuke (1901-74) later described,
developing the best culture medium was a messy craft that could be accom-
plished only by trial and error, since it was impossible to grasp the condi-
tions of every strain that grew upon every culture medium and was affected
by many factors.®s Importing materials to use in the culture medium was
not appealing, so scientists attempted to investigate nitrogen sources other
than corn steep liquor and peptone, and carbon sources other than lactose.

The hunt for a substitute for the corn steep liquor as a nitrogen source
included tests of pupae, rice lees, the side products of Japanese brewing in-
dustries, and many other chemicals.?® From early on, soybean was tested
as a medium alongside the other standard media.?” All kinds of ingredients
for testing appear in the records of the Culture Section for the years of
1946 and 1947; burdock, rabbit bone, gomame, whole dried sardines, pota-
toes, taro, onion, and natto are only some of them, and this was for surface
culture, which was only a temporary means of penicillin production.®® At
a meeting of the Culture Section on June 20, 1947, the group announced
that experiments concerning surface culture were largely complete, and
that they would proceed to research on submerged culture.®® Even in a new
political environment where autarky was not a necessity, JPRA scientists’
approaches to the problem of penicillin production drew on autarkic ex-
periences from the wartime period.

In a manner comparable to that of the centralized, interdisciplinary
institutions of the wartime era, the JPRA facilitated exchange of results
among many scientists, which was especially useful for problems as highly
specific as the culture broth. In one meeting, for example, the explanation
for a particularly good culture result ran as follows:

Of the three types of waste fluid produced by the textiles factory, the sec-
ondary product of waste hot water is the best, and it is good to add starch
saccharifier (glucose conversion 1%) to it. To the waste hot water culture
broth do not undertake high-pressure sterilization; in the climate, especially

in summer, carry out low-temperature drying. If one adds the P substance
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donated by Foster then the potency increases and it is maintained for a long

time.”°

Along these lines, the best culture media were trial-and-error outcomes
for which there were no systematic or rational formulas, and which were
thus an area where information exchange was particularly valuable. That
such information was openly shared among laboratories was striking, since
manufacturing data for commercial products would normally be closely
guarded.

The refinement process for penicillin was a similarly messy procedure
to improve.®? Scientists tested the two methods of carbon adsorption and
solvent extraction for the products of each company. Most of all, they were
concerned about the limited supply of the solvents needed for the extrac-
tion method. They sought substitutions for the ammonium sulfate required
in the butanol extraction method, and tried butyl acetate as a replacement
foramyl acetate.”® In June 1947, scientists were still worrying about local re-
sources. If the acetone supply was insufficient, they needed a method with-
out acetone, and if butyl acetate was hard to obtain, they needed a substi-
tute; it was necessary to investigate alternatives systematically.**

One of the most punishing problems in submerged penicillin fermen-
tation was contamination, which could be addressed by keeping the tank
environment sterile with the utmost care. The degree to which it affected
yield was new to the fermentation industries worldwide.®> On March 15,
1947, before he left Japan, Foster reiterated to the JPRA the importance
of solving the contamination problem whatever the cost in money and
time.?S As elsewhere, this would eventually be addressed as an engineering
problem of sterilizing the tank components and air supply—but in their
early studies, Central Laboratory researchers also tried to draw on the
knowledge that the agricultural chemists possessed on traditional brew-
ing. At one point, the medical bacteriologist Hosoya Seigo of the Univer-
sity of Tokyo’s Institute of Infectious Diseases investigated substances,
such as monoiodoacetic acid, that might prevent the action of penicillin-
decomposing enzymes coming from contaminating bacteria in the air.®’
Counteracting contamination within the culture medium, instead of pre-
venting contact with contaminating microbes entirely, had resonance with
brewing practices of sake and soy sauce in which lactic acid bacteria were
deliberately allowed to acidify the broth to make it a less favorable environ-
ment for the growth of other microbes.

As in Germany, pharmaceutical companies in Japan had historically
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concentrated on chemical synthesis as the methodological path to novel
drug innovation.”® But even if some large Japanese pharmaceuticals might
have hesitated to invest in fermentation and hoped instead to create a com-
petitive niche for themselves in penicillin synthesis, they would have been
marginalized in penicillin development, due to GHQ’s institutional organi-
zation of the domestication project under the JPRA.?° For chemical firms
across a whole range of sectors from textiles to steel, penicillin offered a
means to revive at a time when raw materials were scarce, military procure-
ments had vanished, and GHQ rationing policies encouraged development
exclusively in penicillin.'®® The scope of incentives for penicillin produc-
tion went beyond inexpensive bottle (surface-culture) fermentation and
the more technologically demanding submerged-culture fermentation, to
the manufacturing of solvents for the refinement process and machinery
components. Academic scientists on behalf of the state directed research
and issued advice to companies—initially under the Hekiso Committee in
wartime, and then under the JPRA in the occupation era.

The prominent role played by agricultural chemists in the JPRA ensured
the involvement of both microbiological and chemical expertise, facilitat-
ing rapid assimilation of the new antibiotic fermentation technologies. This
was unlike the situation in Germany, where penicillin research was simi-
larly coordinated by state managers, and yet the leading initiative was left
to chemists in pharmaceutical firms as well as powerful academic chemists
in a consultancy relationship to them. In the case of the pharmaceutical
firm Schering and the Kaiser Wilhelm Institute-based biochemist Adolf
Butenandt, both favored the strategy of building upon prior expertise
to develop a commercial niche in chemical synthesis, given submerged-
culture fermentation’s technical difficulties, and other factors such as the
division of Berlin (where Schering and Butenandt were located), which
impeded the transfer of information regarding new technologies. The syn-
thetic venture failed, and in the end German pharmaceutical firms simply
imported American submerged-culture technology through patent licens-
ing agreements.'”!

ANTIBIOTIC SCIENCE AFTER PENICILLIN

In October 1948, the Clinical Section revised its penicillin user manual to
reflect the changes in product supply and quality: from under ten thou-
sand units per bottle (which set the dose) in November 1947 to one hun-
dred thousand units per dose. And whereas previously physicians could use
penicillin instead of sulfa drugs only for the most serious cases, now it was
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possible to use penicillin more generally.!°? In June 1948, JPRA physicians
had noted Staphylococcus aureus resistance to penicillin in a patient for the
first time.!%3 The problem of antibiotic resistance would only become more
serious. Nonetheless, by 1950 production was so ample that physicians
began to discuss using penicillin for the prevention rather than treatment
of human disease. A series of clinical trials were conducted, focusing on
prostitutes as testing subjects and potential users; it lasted for three years
in several urban centers across Japan.'®* At the time, physicians dismissed
worries about provoking “unconfirmed” antibiotic resistance phenomena
in favor of practical need. Central Laboratory microbiologists had already
encountered antibiotic resistance as a laboratory phenomenon, and under-
stood microbes to be part of a wider ecology; but, due to their need to deal
with immediate problems of illness on a day-to-day basis, physicians in this
period were more likely to take a militaristic approach that aimed to eradi-
cate infection in patients. This was similar to the British hospital context of
the 1950s.195

Leaving behind the focus on penicillin, in October 1948 the JPRA’s Jour-
nal of Penicillin became the Journal of Antibiotics, and in January 1951, the
Japan Penicillin Research Association changed its name to the Japan Anti-
biotics Research Association (JARA).1°6 The 1949 Afterwar Remedy Order
of the United Nations’ Industrial Property prompted a shift to more re-
stricted producer participation in which only firms that procured licenses
could undertake antibiotic manufacturing. As the historian Julia Yongue ar-
gues, this marked a shift from a business atmosphere of cooperation to one
of competition and patent litigation between antibiotic-producing firms.!°”
For the JPRA, on the other hand, the change meant that the academic asso-
ciation stepped back from the front-seat role it had previously taken in di-
recting developments in the antibiotic industry. In 1949, Japan imported
the new antibiotic streptomycin through mechanisms similar to those used
for penicillin—that is, through GHQ coordination and JPRA research on
domestication —but unlike for penicillin, only a handful of firms obtained
licenses to manufacture streptomycin.!°®

In the subsequent decades, beginning with a procurement boost from
the Korean War and continuing far beyond it, the antibiotic industry flour-
ished in Japan. A diverse array of antibiotics—including both new drugs
discovered domestically and imitations of foreign products developed
under the process-based patent system—came to market and were pre-
scribed frequently. The high consumption of a variety of antibiotics created
the widespread emergence of resistant strains of bacteria, which were often
resistant to multiple antibiotics at once.!°® With each appearance of strains
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resistant to an antibiotic came further therapeutic and commercial incen-
tives to search for new antibiotics. Research on antibiotics took place both
in company laboratories and in academic medical institutions including the
antibiotics section at the NIH and the Kitasato Institute.*° Although Japa-
nese pharmaceutical companies did acquire numerous licenses for anti-
biotic production from foreign companies, many new drugs were also pro-
duced by Japanese companies following their discovery and development
in Japanese academic laboratories.!!!

In the context of the country’s economic growth in the 1950s and 1960s,
screening work in laboratories could be seen as exploiting low-cost inten-
sive scientific labor.? Yet, to Japanese microbiologists, screening was not
routine. Rather, designing a suitable screening system required synthesiz-
ing chemical and microbiological knowledge across fields, and appreciat-
ing the variety of microbial physiology and ecology.!® The historian Maria
Jesus Santesmases’s account of 1950s antibiotic screening in the Spanish
firm Compania Espafiola de Penicilinas y Antibiéticos (CEPA) offers a
number of reasons for why screening is sometimes portrayed as a routine
task.!* One is the hierarchical international division of labor: the Ameri-
can firm Merck outsourced the screening program to CEPA, which took
instructions, training, and equipment from Merck. Another is the scale of
the program, involving tens of thousands of strain samples each year, and
its systematic nature, whereby the order of individual test procedures and
even the target output rate could be standardized like a “testing assem-
bly line.”*®s The original aspects of the work tended to be kept hidden or
at a low profile as commercial secrets; and moreover, CEPA antibiotic re-
searchers tended to be bound to that firm’s laboratory over their careers.

All of these reasons mean that it is easy to overlook the contribution
of such elements as knowing which microbes to screen, and the design of
the screening system. In Japan, the intellectual and integrative dimensions
of antibiotic screening would become institutionally recognized in the de-
cades after the domestication of penicillin production. Unlike in the United
States, antibiotic screening was a problem whereby a researcher could earn
a PhD degree.l's

Medical microbiologists and agricultural chemists had come to share
common intellectual approaches —such as to antibiotic screening—as a re-
sult of working together in the Hekiso Committee and then the JPRA. The
disciplinary lines were also sometimes blurred for particular individuals
(for example, Sumiki Yusuke was both an agricultural chemist and an anti-
biotic scientist). Even when research activities in corporate laboratories
took more prominence from the 1950s and 1960s, the occupation-era JPRA
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served as a precedent for later interdisciplinary academic institutions,
allowing scientists to engage simultaneously with practical problems and
broader microbiological research questions. The establishment of the Uni-
versity of Tokyo’s Institute of Applied Microbiology in 1953, for example,
created a central space that brought together researchers from across the
disciplines of agriculture, engineering, science, and medicine, including in
the antibiotic field."” Such institutions propagated intellectual approaches
to antibiotic research that were legacies of the domestication of penicillin
production in the JPRA —and which were, in turn, rooted in fermentation
expertise from the wartime and prewar periods.

CONCLUSION

Chemical engineers would often remark with tongue in cheek that peni-
cillin was “a medicine for companies, not a medicine for people.” ! Yet
companies themselves did not take the lead in directing the Japanese do-
mestication of penicillin production, and therefore a focus on firm-to-firm
technology transfer alone would miss the scientific aspects of the process.
This was especially the case at a time when government authorities priori-
tized raising the country’s overall production capacity over the enforce-
ment of intellectual property rights. Exploring the critical research role of
the interdisciplinary academic association that was the JPRA reveals the
specific challenges of domestication, and how academic traditions mat-
tered —both institutionally and intellectually—in providing a source of
creativity to address those challenges. The fact that penicillin domestica-
tion occurred relatively rapidly and smoothly, by coordinating academic
research on production problems through an interdisciplinary association
that mediated between the demands of government policy and those of in-
dustrial practitioners, suggests that the JPRA’s distinctive functioning re-
lied on organizational precedents in pre-World War II as well as wartime
fermentation research. Indeed, the personnel in the wartime Hekiso Com-
mittee were largely the same as those in the Technical Committee of the
JPRA’s Central Laboratory. This chapter’s examination of the occupation
period preceding Japan’s high-growth era and its concomitant expansion
of corporate laboratories, then, highlights the ways in which indigenous
expertise shaped the postwar development of antibiotic science in Japan.
With the growth of antibiotic mass production, fermentation ap-
proaches to microbial research became prominent in the medical and in-
dustrial fields of antibiotic science, whether in company or in academic
laboratories. During penicillin domestication, academic scientists in the
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Central Laboratory of the JPRA simultaneously pursued immediate prac-
tical problems for industry and broader, longer-term research questions. It
was not only the existence of microbiological expertise itself but the kind
of microbiological expertise that was specific to Japan, a kind that blurred
the lines between “pure” and “applied.” The configuration of expertise con-
trasts with that in the French wartime penicillin project, where the micro-
biologists involved did not share the military’s sensitivity to economic
limitations in manufacturing, as well as with the prewar Prague-centered
“applied science” fermentation knowledge, which later became impor-
tant in Anglo-American penicillin production and which was less engaged
with theoretical questions. The microbial engineering expertise showcased
in the Prague example became significant globally for antibiotic science
after World War II, but what was also important in antibiotic science and
often overlooked was a biological approach to microbes and a sense for
what microbes could do. In addressing the intellectual problems of peni-
cillin domestication —from strain development for both surface and sub-
merged culture to the investigation of culture media, refinement methods,
and contamination countermeasures — Central Laboratory scientists drew
on fermentation approaches from the discipline of agricultural chemistry,
seeing microbes as a way to manufacture essential chemicals locally in con-
ditions of resource scarcity. The bounty of their scientific toolbox resulted
from a historic perception of the salience of resource scarcity in motivating
experimentation, and they made the domestic environment work by con-
centrating on microbes’ various physiological and ecological capacities to
transform it.

Thus microbiologists would later speak of antibiotics as gifts not from
the occupation state, but from the microbes themselves.!'® Between 1947
and 1983, the average life expectancy at birth in Japan rose from 50.05 years
for men and 53.96 for women to the highest in the world at 74.20 years for
men and 79.78 for women, while the infant mortality rate dropped from
76.7 per 1,000 births to the lowest in the world at 6.2 per 1,000 births.2
The wide availability and consumption of a multiplicity of antibiotics con-
tributed to this transformation. It also provoked the pervasive incidence of
resistant strains, to which scientists responded with more antibiotics even
as they studied the mechanisms of resistance. Once attention to antibiotic
discovery had receded in Europe and North America, Japan became one of
the main centers that continued to produce advances in this field. The in-
dustrial view of microbes as an abundant source of new antibiotics, and the
clinical view of microbes as resistant pathogens to be fought, fed upon each
other. The historian Edmund Russell’s observation on pesticides is equally
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apt for antibacterials: “War and control of nature coevolved: the control
of nature expanded the scale of war, and war expanded the scale on which
people controlled nature.”'?! In the aim to preserve human life by pitch-
ing microbes against other microbes, the interactions between agricultural
science and medicine in World War II and occupation-era Japan created a
simultaneous vision of militaristic control and eradication, and beneficent
variety and innovation.
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