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ICROBIOLOGY ecomprises the field of
M knowledge of various microscopic forms of
life including the bacteria, fungi, yeasts, ac-
tinomycetes, protozoa, and algae. This science em-
braces a study of the occurrence of microorganisms in
nature, their nutrition, their structure and life eycle,
their role in numerous natural processes, and their
relation to man, to domesticated and wild animals
and plants, and to one another.
Although various microbes have been utilized by

man since time immemorial and although some of the

diseases caused by microbes have been combated since
prehistoric man, the science of microbiology is of very
recent origin. One of the youngest of sciences, it was
hardly recognized as such a hundred years ago. Par-
ticularly striking progress has been made in late years,
however, in our knowledge of the fundamental aspects
of the physiology and nutrition of microorganisms
and in the practical applications of this knowledge.
In a relatively brief time, an important field of sei-
ence has come into being—a science with applications
in virtually every field of human endeavor. Micro-
organisms are recognized now as playing very im-
portant roles in natural processes; they are the most
important causative agents of human, animal, and
plant disease; they are the cause of fermentation and
therefore play an important part in certain industrial
processes and in the preparation of many foodstuffs
and beverages; they are largely responsible for food
spoilage, deterioration, and destruction of all types of
materials, ranging from textiles to steel pipes; and
finally they are recognized as the all-important agents
in a great number of soil processes. More recently,
with the development of our knowledge of the pro-
duection of antibioties and their use for combating a
wide variety of diseases, microorganisms have come to
occupy another highly important role in human econ-
omy. '

Unfortunately, microbiology was heretofore treated
as an inferior among the older sciences. It was usu-
ally considered a handmaiden of various applied sei-
ences and, as such, was accorded a second place. It
was always subservient to such fields as medicine,
where it was closely tied up with pathology; public
health, where it was associated with sewage disposal
and sanitary conditions in general; and agriculture,
where it was concerned largely with soil processes,

composts, and the preparation of silage and food-
stuffs.

Microbiology, it may be said, has not yet come into
its own. This may be due partly to the fact that the
two greatest early bacteriologists were interested not
in microbiology as a fundamental science, but rather
in its applications. Louis Pasteur was a chemist and
Robert Koch was a clinician. They were more con-
cerned with brewery and fermentation problems on
the one hand, and with infectious diseases on the
other, than with the organisms causing these. It is
true that Ferdinand Cohn, a botanist, fully appreci-
ated the significance of bacteria as biological systems,
but neither he nor the botanists following him recog-
nized the great importance of this observation; they
allowed the medical people and the fermentation in-
dustries to take over microbiology and, primarily, its
applieation. Microbes were thus considered as agents
responsible for certain diseases or for certain impor-
tant natural processes; they were to be either dis-
couraged or encouraged, whichever the case might be,
but they were to receive only seant recognition as in-
dependent biological systems.

It is further important to note that the general
tendency has been, until recently, to limit the subject
of microbiology largely to the study and utilization
of bacteria. It was, for example, only four or five
years ago that a group of botanists came to the con-
clusion that microbiology is a field of knowledge in
itself. They then proceeded to recognize it by or-
ganizing a new society of microbiology—apparently
in order to correct the blunder made by the botanical
world some seventy-five years ago, in failing to rec-
ognize the great potential importance of the bacteria
and other mieroscopie forms of life studied by Fer-
dinand Cohn.

On the other hand, many baeteriologists have also
erred in this direction, some going so far as to con-
sider the disease-producing bacteria as the only mi-
croscopie forms of life worth studying. The very
large number of saprophytic microorganisms which
comprise bacteria, fungi, and actinomyecetes, were usu-
ally either dismissed from consideration entirely or
referred to casually as organisms that belong to the
domain of soil bacteriology, and have, therefore, lim-
ited importance. One illustration will suffice. Wil-
liam Bullock, an outstanding British bacteriologist,
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who has contributed to the science of microbiology one
of the most comprehensive histories of the subject, not
only omitted consideration of the fungi and the ac-
tinomycetes, but even among the bacteria he gave
little or no attention to the autotrophic and to the
nitrogen-fixing organisms—two groups of bacteria
that occupy a unique place in microbiology because of
their specific physiological properties, their signifi-
cance in bacterial taxonomy, and their great economic
importance.

Because of such neglect, even on the part of ex-
perts in the field, many microbiologists felt rather
skeptical about proper recognition of their branch of
science. In addressing the Third International Con-
gress of Microbiology on the eve of World War IT,
Prof. Kluyver, one of the leading mierobiologists in
the world today, spoke bitterly of the lack of recogni-
tion of microbiology as a field of science. He even
anticipated attacks upon his lecture, and said that
some critic might write: “The lecture gave additional
evidence of the correctness of my earlier statement
that it is questionable whether bacteriology is entitled
to the rank of science. And if some benevolent judge
might be willing to answer this question in the affir-
mative sense, then it should be remarked that the
lecture showed once more that bacteriology is a sei-
ence which has no laws and almost no bacteriologists.”

Kluyver was not the only mierobiologist who voiced
bitter disappointment in the prevailing attitude to-
ward this science. By way of another illustration, I
cite a statement made privately to me by another
prominent microbiologist, Charles Thom, formerly of
the United States Department of Agriculture, to the
effect that a colleague of his once remarked that soil
microbiology had been the most futile field of labor—
judged by what it produced—that he had any knowl-
edge about.

It is not my purpose either to defend the science of
microbiology or to magnify its great theoretical and
practical importance. I only emphasize the faet that
during the last few years microbiology has had fo-
cused upon it the attention of both the scientist and
the practical man. I should like to give consideration
here to the importance of only two groups of micro-
organisms—namely, the fungi and the actinomycetes,
both of which previously were largely neglected, ex-
cept in certain limited fields of application.

At no time in past history have these two groups
of microorganisms played so great a part in the af-
fairs of man as during World War II. Few laymen,
even among those who participated in the war, ap-
preciated the great importance of the fungi—as
agents of destruction of essential materials, as ecausa-
tive agents of human diseases, and as producers of
drugs, such as penicillin, that could be utilized sue-

cessfully for combating many of the diseases caused
by bacteria. Because of these important activities,
the fungi tended to overshadow even the bacteria and
other microbes, notably the protozoa and the viruses,
in spite of the fact that these continued their impor-
tant role in human economy, especially in the causa-
tion of disease and epidemies.

It is true that fungi have long been recognized as
having great potentialities for destroying a great vari-
ety of materials. This was appreciated particularly
by the plant pathologist, who was continuously faced
with the fact that fungi are more concerned in the
diseases of cultivated and wild plants and ecause
greater damage than all other organisms combined,
with the possible exception of insects. The soil micro-
biologist, too has long known that fungi are respon-
sible for the major destruction of the plant and ani-
mal residues in composts and in soil, and thus not
“only contribute to the removal of wastes, but also lead
to the liberation in available form of the chemical
elements essential for plant growth. And fungi are
no strangers to the housewife, who in her attempt to
preserve jams, jellies, bread, and other foodstuffs, is
continuously faced with the problem of combating
spoilage by a great variety of molds. The lover of
mushrooms also appreciates the fungi, but as a friend
rather than as an enemy. The great potentialities of
fungi have also been recognized in certain other fields
of human endeavor. It is sufficient to mention the
manufacturer of foods, such as cheeses; of beverages,
such as beer and distilled liquors; and of industrial
produets, such as citric acid, gluconic acid, fumarie
acid, ethyl aleohol, and glycerol.

As already mentioned, it was only during the last
war that full recognition was given to the great im-
portance of fungi. With the concentration of large
quantities of serviece materials in tropical and sub-
tropical areas under the prevailing conditions of high
humidity and high temperature, the damage potential
of the fungi became apparent. Fungi attacked opti-
cal and electrical equipment, clothing, tents, and other
materials used by service personnel, and even infected
the human body. Although the physiology of the
fungi and methods of their control had received much
consideration, especially by plant pathologists and
soil mierobiologists, diseoveries in these fields did not
lend themselves readily for application to the prob-
lem at hand. Thus a rapid survey had to be made of
the nature of the fungi causing the damage, the added
role of bacteria, insects, mites, and other lower forms
of life, the nature of the damage brought about, the
nature of the fungistatic and fungicidal agents re-
quired to protect different kinds of service materials,
the methods for measuring the protection thus ren-
dered, and a host of other problems. It was only
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natural that all these problems, dealt with under pres-
sure of wartime conditions, were studied largely from
the point of view of immediate necessity and not
from that of a fundamental science. Here was a bi-
ological problem that should have been investigated
in great detail, so that information would have been
ready for immediate use. It required the coordinated
efforts of many investigators, and resulted in great
accomplishments, none greater than the emphasis laid
upon the importance of fungi in natural processes.

Antibiotics were another wartime development.
Just on the eve of World War II, I said in a publie
address: “We are finally approaching a new field of
domestication of microorganisms for combating the
microbial enemies of man and of his domesticated
plants and animals. Surely microbiology is entering
a new phase of development. This new phase has now
been called the subject of antibioties.”

Just what are antibiotics? This question was
placed before me less than eight years ago, in 1941.
The following definition is based upon my earlier
designation of the term: “An antibiotic or an anti-
biotic substance is a substance produced by microor-
ganisms, which has the capacity of inhibiting the
growth and even of destroying other microorganisms.”
The action of an antibiotic against bacteria and other
microorganisms, as distinet from common antiseptics
and disinfectants, is selective in nature, since only
some bacteria are affected by a given agent, and
others not at all, or only to a limited extent. Anti-
bioties vary greatly in their toxicity to animals and in
their activity ¢» vivo. Because of these character-
isties, only a very few of the antibioties so far iso-
lated have received recognition as chemotherapeutic
agents.

I need hardly dwell upon the great progress made
in the field of antibiotics during the last seven or
eight years. Although the chemist feels somewhat
slighted because the clinician is elaiming most of the
credit for developing this field, and although the phar-
macologist and physiologist have made their impor-
tant eontributions, you will agree with me that it is
the microbiologist who is entitled to the ecredit for
having opened up this field of science and for eontin-
uing to make substantial contributions to its devel-
opment.

What has been said of the importance of fungi ap-
plies to a greater extent, though in a somewhat differ-
ent way, to the actinomyecetes. Here is a large and
heterogeneous group of mieroorganisms which had
aroused little interest on the part of the microbiolo-
gists or any other group of investigators. An impor-
tant plant disease or two, a rare and peculiar human
or animal infection encountered at very infrequent
intervals, abundant oceurrence in the soil—this much

was known about the actinomycetes—but nobody
cared to waste much time in determining what these
delicate, mycelium-producing, odoriferous, miero-
secopic forms of life do either in the soil or in a
manure pile. It is the field of antibioties that has fo-
cused attention upon the possibility of utilizing cer-
tain hidden physiological properties of these organ-
isms. When one realizes that twenty percent or more
of all actinomycetes that are freshly isolated from
natural substrates have been found capable of inhibit-
ing the growth of bacteria or other mieroorganisms,
one comes to appreciate their great potentialities in
this respeet.

Thus our recently developed knowledge of vitamins
and their role in human nutrition, of the utilization
of penicillin, streptomyecin, aureomyecin, chloromy-
cetin, and other antibiotics in the control of disease,
of the potential part that bacteria may play as agents
of biological warfare, of the destruction of serviece
materials under tropical conditions, of industrial fer-
mentations, and of many other microbiological proe-
esses has focused renewed attention upon the vast
number of applications of microorganisms and their
great importance to our economy, public health, and
medicine. It is, therefore, essential to recognize these
developments and to plan a ecomprehensive study of
the fundamental aspeets of the nature and activities
of various groups of microorganisms, their role in nat-
ural processes, and their use in agriculture, industry,
public health, and other aspects of human economy.

With this in view, an Institute of Miecrobiology is
being established by Rutgers University. In this insti-
tute particular attention will be devoted to the fun-
damental aspects of the study of mieroorganisms,
their physiology, their biochemical aectivities, and
their relations to higher forms of life, notably to man
and to his domesticated animals and plants. In other
words, microbiology will be treated as a fundamental
science. Certain of the practical or applied phases
resulting from these studies will be earefully examined
by other divisions of the institute.

In planning the program of the Microbiological In-
stitute, the broad field of mierobiology is conceived
as covering six of the major groups of mieroorgan-
isms, namely bacteria, actinomycetes, filamentous
fungi or molds, yeasts, protozoa, and viruses. Minor
consideration may also be given to other groups, such
as the higher or mushroom fungi, the algae, certain
worms, and other microscopic forms of life.

The funections of the institute will comprise both
research and teaching, largely on graduate student
and postdoctorate levels. The staff of the institute
will offer courses in the various fields of microbiology
to graduate students at Rutgers University and will
conduct seminars for graduate and postdoctorate stu-
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dents. These courses will also include supervision of
various research problems, in both the fundamental
and the applied phases of the subject. The institute
will serve as a gathering place for seminars and con-
ferences on microbiological subjects. It will also
serve as a depository of cultures of microorganisms
of theoretical or practical importance.

Although it is not intended to overorganize or de-
partmentalize the Institute of Microbiology, it is
tentatively proposed that it should include six major
divisions or fields of research:

I. General Microbiology. This division will be
concerned with the study of the structure and funec-
tions of mieroorganisms. Particular attention will be
paid to morphology, cytology, genetiec characteristies,
taxonomic relationships, and ecology.

II. Microbial Physiology. This division will be
concerned with the study of the physiology of differ-
ent groups of microorganisms, their nutrition, inter-
mediary metabolism, and other biochemical properties.
Its program will include studies of the physiology
of certain representative types of organisms found
among the pathogenic and saprophytic baeteria, fungi,
actinomyecetes, viruses, and others.

III. Amntibiotics of Microorgamisms. This division
will be concerned with the study of the formation of
antibioties by mieroorganisms, their isolation and pu-
rification, their chemical composition, their mode of
action upon bacteria and other microorganisms, and
their utilization for disease eontrol. Particular at-
tention will be paid to the isolation of antibioties ac-
tive against Mycobacterium tuberculosis, against vi-
ruses, and possibly against tumor cells also.

IV. Vitamins and Enzymes. This division will
be concerned primarily with the study of the role of
vitamins and enzymes in the nutrition of microorgan-

isms, their production under different conditions of
growth, and their utilization.

V. Ecology of Microorganisms. This division will
be concerned with the occurrence, activities, impor-
tance, and control of mieroorganisms in soils, com-
posts and water basins, in various agrieultural prod-
uets, and in foodstuffs.

VI. Applied Microbiology. This division will deal
primarily with the application of microorganisms.
Problems given consideration here will be largely of
a practical nature. It is sufficient to mention such
fields as the mierobiology of foodstuffs, mierobiology
of soils and manures, microbial fermentations, causa-
tion of spoilage and methods of control, antiseptics
and disinfectants, and finally—and not least impor-
tant—the relations and interrelations of microorgan-
isms in human, animal, and plant diseases.

Although the highly important fields of medicine,
veterinary science, and various concomitant branches,
such as immunology and disease control, will be
avoided in principle, certain aspects will be consid-
ered in connection with some of the work proposed
for the institute whenever the problems under con-
sideration necessitate the study of disease-producing
organisms, their physiology, and methods of control.
This may involve collaboration with pharmacologists
and medical investigators in industrial laboratories
and in medieal institutes.

Surely micerobiology may be said to have come of
age. Surely the establishment of an institute which is
to be devoted to the task of training advanced stu-
dents in the field of microbiology and to planning a
program of research in the fundamentals of microbi-
ology needs no apology. It is a great field, rich in
scientific potential and in practical applications. The
future for this field is bright indeed.

Based on an address delivered May 3, before representatives of
the press and radio, on the organization of the Institute of Micro-
biology at Rutgers University, the State University of New Jersey.



