- ACTINOMYCETES
"THEIR NATURE,
OCCURRENCE. ACTIVITIES

AND
IMPORTANCE

S.A.WAKSMAN



Tur
ACTINOMYCETES

Thewr Nature, Occurrence,

Actroities, and Importance

by

SELMAN A. WAKSMAN, Pu.D.

of Microbiology, Rutgers University
Micr, bwlogwt New Jersey Agricultural Experiment Station

1950
WALTHAM, MASS., US.A.
Published by the Chropica Botanica Company



First published MCML
By the Chronica Botanica Company
of Waltham, Mass., U.S.A.

Aﬁovv}maur. 1%50 ‘Z:d SELE:N Ahl t:l.\tmn
r reserved, including the rig reproduce
mthu book or parts thereof in any form

Authorized Agenis:—

New York, N. Y.: StecHERe-HAFNER, INc.,
31 East 10th Street.
San Francisco, Cal.: J. W. Stacey, Inc.,
551 Market Street.
Ottawa, Ont.: THORBURN AND ABBoTT, LTD.,
104 Sparks Street.
Mexico, D. F.: AxeL MoRmeL Sucss.,
San Juan de Letran 24-116; Ap. 2762.
[..ima- LiBRERIA INTERNACIONEL DEL PERU,
Casa Matriz. Boza 879; Casilla 1417.
Santiago de Chile: LIBRERIA ZAMORANO Y CAPERAN,
Compaiifa 1015 y 1019; Casilla 362.
Rio de Janeiro: Livraria Kosmos,
Rua do Rosario, 133-137; Caixa Postal 3481.
Sao Paulo: LivRariA CrviLiza¢ko BRASILEIRA,
Rua 15 de Novembro, 144.
Buenos Aires: AcME AGENCY, Soc. pE Resp. Lrpa.,
Suipacha 58; Casilla de Correo 1136.
London, W. C. 2: WM. DawsoN anp Sons, Ltp.,
Chief Agenis for the British Empire,
Cannon House, Macklin Street.
London, W. C. 1: H. K. LEewis anp Co., Lrp.,
136, Gower Street.

Uppsala: A.-B. LunpEQUISTSKA BOKHANDELN.
Groningen: N. V. Erven P. NooORDHOFF,
Chief Agenis for Continental Europe.

Paris, VI: Lisrairie P. Raymann & Cie.,
17, Rue de Tournon.

Torino: ROSENBERG & SELLIER,

Via Andrea Doria 14.

Madrid: LiBrRErIA J. VILLEGAS,
Preciados, 46.

Lisbon: LiveRaria SA pa Cosrta,

100-102, R. Garrett. .
Moscow: MEZHDUNARODNAJA KnNi1Ga,
Kuznetski Most 18.
Peiping: FrREncH BoOOKSTORE,
14 T’ai-chi-ch’ang - Tung-chiao min-hsiang.
Tokyo: Maruzen Company, Lrp.,

6, Tori-Nichome Nihonbashi; P. O. Box 605.
Calcutta, Bombay, and Madras: Macmiian ano Co., Lrp.
Cape Town: Oxrorp UnNIvERsITY PREss
Markham'’s Buildings.

Sydney: Ancus anp RoBeErTson, Lrp.,

89 Castlereagh Street, Box 1516D.D. G.P.O.
Melbourne, C. 1: N. H. SEwarp, PrY., L1D.,
457, Bourke Street.

Made and printed in the U.S.A.
Designed by Frans Verdoorn

viii



The Chronica Botanica Co., International Plant Sclence Publishers

Noteworthy Books:—

Baldwin: Forest Tree Seed. .........
Bawden: Plant Viruses and Virus Dis-
eases, third, enditly revised edition. . . .
Camp et al.: International Rules of
Botanical Nomenclature. .......
Chardon: Los Nnturnluta- enla Amo-
rica Latina, Vol. 1
Chester: The Cereal Rusts
Clements, Martin and Long: Adapta-
tion and Origin in the Plant World
Condit: The FIg. ..c.. . . s ssvieinn s vaivia ’
Copeland: Genera Filicum...........
Correll: Orchids of North America
Bhortly). . ; cecivmis s meosasome « S dai
Crafts, Currier, and Stocking: Water in
the Physiology of Plants..........
Dachnowski-Stokes: Peat (in press). ...
Darwin: A Natnralist’s Voyage with
the Beagle (1839/1950) (in press) ca.
Elliott: Bacterial “Plant Pathogens
(in press). .. ca.
Erdtman: Introduction to Pollen
ABRLYSES: - . . . v sne e dTEE s b wes
Finan: Maize in the Great Herbals. .
Foxworthy: Forests of Tropical Asia
(in press

Frear: Chemical Insecticides. .......
Frear: Chemical Fungicid and
Plant Insecticides......... S abas
Fulford: Bazzania in C. and S.
AXINOFROR .o 00 0550 4 s a0 drioin ¥ & Sisbrele s 5

Garrett: Root Disease Fungi.........
Guilliermond: Cyptoplasm of the
Plant Cell
Gundersen: Families of Dicotyledons
BHOPEYY ) o oiunie o siiiimian o e asismivian s
Hoagland: Inorganic Nutrition of
s P L R e G T et &
Honig, Verdoorn et al.: Recent Ad-
vances in Tropical Biology and
Agriculture (in press)
Horsfall: Fungicides and their Action
Howes: Vegetable Gums and Resins
Jessen: Botanik der Gegenwart und
Vorzeit in Culturhistormcher Ent-
wickelung (1864/1948)..
Johansen: Plant Embryology (shorﬂy)
Kelley: Mycotrophy of Plants. ......
Knight: Dictionary of Genetics. .....
Lloyd: Carnivorous Plants. . ........

Moldenke: Plants of the Bible (in
PROIBY. .0 oo « o civion ws s & Wibesan g @8

Murneek et. al.: Vermalization md
Photoperiodism. .................

Nickerson et al.: Biology of Patho-
gendo Fungh. ....... o000 ciccanes

Sarton: Gulde to the History of Sci-
ence (in press)
Schopfer: Plants and Vitamins. . ....
Sirks: The Evolution of Biology (in
press)
G. M. Smith et al.: Manual of Phy-
cology (shortly)
Stevens: A‘ricultur-l Plant Puthol-
ogy (in
Vavilov: Scleoted Writings (in press)

6.00
3.50

4.50
5.00

6.00
5.00
6.00
7.50

6.00
5.00

4.75
6.00

5.00
3.00

6.00
6.50

5.50

5.00
4.50

5.00
4.50
4.50
6.00

5.00
5.00

6.00
6.00

4.50
7.00

6.00
4.50
5.00

5.00
5.00

4.75
6.00
4.75
5.00

Verdoorn et al.: Plants and Plant

Science in Latin America
Wak : The Acti yeetes.......
Wallace et al.: Rothamsted Sym

elum on Trace Elements (si
Wilde: Forest Soils and Forest

Crowth .. . ..o sokammi e e ERT
Wulff: Historical Plant Geography. .
ZoBell: Marine Microbiology........

* * *

CHRONICA BOTANICA, An_ Intef-
national Collection of Studies in
the Method and History of Biol-
ogy and Agriculture (annual sub-
scription)

Special issues of Chronica Botanica which
are available to non-subscribers:—

Arber: Goethe’s Botany.............
Asmous: Fontes Historiae Botanicae
BOBBIORG.. . visre o visiviniornimps sigaasol
BIOLOGIA, An International Year-
Book (per annual volume)..........
Browne: A Source Book of Agricul-
tural Chemistry..................
Browne: Thomas Jefferson and the
Scientific Trends of His Time....
DeTurk (ed.): Freedom from Want,
A Symposinmm.., . ...ses 5.0 sswies s o
Howard: Luther Burbank, A Victim
of Hero Worshi
Jack: Biological Field Stations of
the World
Lanjouw—Sprague: Botanical Nomen-
clature and Taxonomy, A Sympo-
RN & a5 eia el o ol e e v 3 Svalioione s/l A
Merrill: Merrilleana—Selected Gen-
eral Writings........ccco00ce0eneee
Rafinesque: A Life of Travels........
Reed: Jan Ingenhousz—Plant Physi-
OMOGIRE. < oo o v iain g o W ST SR e g
Rickett: Botanical Expedition to
New Spain..
Saint-Hilaire: Voyngee au Brésil. .. ...
Stevens: Factors in Betanical Publi-
cation and other Essays. .........
Verdoorn et al.: Plant Scieace and
Plant Scientists during the Qeeond
World War (in press)........... ca.
Verdoorn (ed.): 21st World List of
Plant Science Institutions and
Soeicties (in press) ca.
Wyman: Arboretums of North Amer-

Imports which we handle
for the Americas only:—

Lindquist: Genetics i.n Swedish For-
estry
Meyer-Abich  (ed.):
Goethe-Zeit..............ccc0i0eee
Nelson: Introductory Botany........
Verdoorn et al.: Manual of Bryology
Verdoorn (ed.): Manual of Pteridology
Weevers: Fifty Years of Plant Physi-
ology..........

Catalogue and Book Depariment List on Request

$6.00
5.00

4.50
5.00

5.00

7.50

1.25
4.75
5.00
1.25
2.00
3.75
2.50

2.50

4.00
2.50

3.00

2.50
2.00

2.00

3.75

4.00
1.50

3.50

5.50
3.75

11.00
5.00

The Chronica Botanica Co., Waltham, Massachusetts, U.S.A.




-
.



SELMaAN A. WAkSMAN was born July 2, 1888, in Priluka, a small
town in the Ukraine, Russia. His parents were JaAcos and Frabia (Lon-
poN) WaxsMAN. After graduating in 1910 from the Fifth Latin School
in Odessa, he left for the United States.

He entered the College of Agnculture of Rutgers University in 1911
and ived his b of degree in 1915. He became a natu-
ralized citizen the same year. He then was appointed research assistant
in soil microbiology at the New Jersey Agricultural Experiment Station,
and later Research Fellow at the University of California. He obtained
a master of science degree from Rutgers University in 1916 and a doctor
of philosophy degree from the Unwerslty of California in 1918

The same year, Dr. WAKSMAN 7 d an intment as Microbiolo-
gist at the New Jersey Agricultural Experiment Station at New Brunswick,
New Jersey, and as lecturer in soil microbiology at Ruigers University.
He became associate professor in 1925, and in 1930 was made professor.
He now is the head of the Microbiology Depariment of the College of
Agriculture and Experiment Staﬁ(m at Rutger.t University.

In 1931, he was invi org a division of marine bacteriology
at the newly established Woods Hole Oceanographic Institution and was
appointed marine bacteriologist of that institution.

He is a member, honorary member, or fellow of a number of scien-
tific socicties in this country and abroad (Brazil, France, Germany, India,
Mexico, Russia, Sweden). Among the Amerlcan societies to which he be-
longs are the Society of Amencan Bacteri. ts, of which he is a former
president, the National Academy of Sci , and the National Research
Council. He won the Na‘tru!e of Soda Nitrogen Research Award in 1929,
was president of Commission III on Soil Microbiology of the International
Society of Seoil Science (1927-1935), and was elected a corresponding
member of the French Academy of Sciences in 1937.

In the summer of 1946, Dr. WaxsMAN lectured before scientific groups
in Europe and was given an honorary degree of doctor of medicine by the
University of Liége in Belgium. He holds also honorary degrees of doctor
of science, awarded to him by Rutgers in 1942 and by Princeton Univer-
sity in 1947, and an honorary degree of doctor of laws from Yeshiva Uni-
versity, New York, in 1948.

Dr. WaksMAN’s work in his field has been recognized by several scien-
tific societies in recent years. He received the Passano Foundation Award
in 1947; the Emil Christian Hansen medal and award from the Carlsberg
Laboratories in Denmark the same year; the New Jersey Agricultural So-
ciety medal; the Albert and Mary Lasker Award by the American Public
Health Association, and the Amory Award by the American Academy of
Sciences, all in 1948.

He has published more than 300 scientific papers, and has written,
alone or with others, eight bocks. Among these are Enzymes (1926),
Principles of Soil Microbiology (1927, 1932), The Soil and the Microbe
(1932), Humus (1936, 1938), Microbial Antagonisms and Antibiotic Sub-
stances (1945, 1947), and The Literature on Streptomycin, 1944-1948
(1948). Another recent work, edited by Dr. WARSMAN, is Streptomycin—
Nature and Practical Avplications.




ANNALES CRYPTOGAMICI et PHYTOPATHOLOCICI

Volume 9

_ THE ‘
ACTINOMYCETES



ANNALES CRYPTOGAMICI
et PHYTOPATHOLOGICI

(incorporating Annales Bryologict)

edited by

FRANS VERDOORN, Pu.D.

Managing Editor, Chronica Botanica
Research Fellow, Amold Arboretum, Harvard University
Botanical Secretary, International Union of Biological Sciences

Wij en konnen den Heer en maker van het geheel
Al niet meer verheerlijken, als dat wij in alle zaken, hoe
kleindteookl oaeblooteoogenmog zijn, alsze
maar leven e zifn al h
en volmaa ktheit met de uiterste verwonde ering sien. uit
steken.

Antoni van Leeuwenhoek

1950
WALTHAM, MASS., US.A.
Published by the Chronica Botanica Company



PREFACE

Three and a half decades ago—in the spring of 1914—the writer,
then a senior at Rutgers College, dug a spade into the earth of the New
Jersey Agricultural Station experimental plots, to study the distribution
of different groups of microorganisms occurring at different depths in
the soil. This operation was repeated monthly, and sterile soil samples
were removed to the laboratory and examined by use of ordinary plat-
ing procedures. A relatively simple agar medium was used.

Among the soil organisms that attracted the particular attention of
the youthful investigator were the actinomycetes. Although he also
enumerated the bacteria and the filamentous fungi, he was struck pri-
marily by this much-neglected group of soil inhabitants, frequently
spoken of as ray fungi and said to belong to the genus Actinomyces or
Streptothrix. On December 28, 1915, he presented before the 17th
Annual Meeting of the Society of American Bacteriologists, a paper on
the subject of “Bacteria, actinomyces and fungi in the soil.” In this,
his first contribution to the knowledge of the microbiological population
of the soil, he said:

“The actinomyces grow very slowly; they begin to develop from the
bottom of the plate, and to the casual observer the colonies formed look
like those of bacteria, even after 5-6 days’ incubation; only the some-
what mealy or rough surface will disclose the fact that they are not
bacteria. It requires careful observation to tell whether those white,
pink or grey colonies are bacteria or mot. Many counts of bacteria
might have been confused, when this point was not known, and the
fungi and actinomycetes were not taken into consideration.”

Since this early survey of the occurrence and abundance of actino-
mycetes at different soil depths and in different soil types, the writer
and his numerous associates and students have devoted much time to
the study of the actinomycetes, their cultural characteristics, recognition
of type species, their classification, their physiological properties and
biochemical activities, their importance in the decomposition of pure
organic compounds as well as of complex plant and animal residues in
soils, peats, and composts, and finally their ability to produce antibiotic
substances. -

The writer has thus been concerned, during virtually his entire sci
entific lifetime, with the study of the actinomycetes. In summarizing
our present knowledge of this interesting and important group of micro-
organisms, he has attempted to assemble the work of other investigators,
with somewhat greater emphasis 'upcmi the work done in the laboratories

X
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of the Department of Microbiology of Rutgers University and the New
Jersey Agricultural Experiment Station.

To his many associates, who have helpe] in making this work pos-
sible, the author wishes to express his sincere appreciation for their
unfailing enthusiasm and continuous interest and collaboration.

The writer also wishes to express his gratitude to Lt. Col. M. L.
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THE COMPOST

O how can it be that the ground does not sicken?

How can you be alive, you growths of spring?

How can you furnish health, you blood of herbs, roots, orchards,
rain?

Are tghey not continually putting distemper'd corpses within you?

Is not every continent work'd over and over with sour dead?

Where have you disposed of their carcasses?

1 do not see any of it upon you today—or perhaps 1 am deceiv'd.

Behold this compost! behold it well!

Perhaps every mite has once form'd part of a sick person—Yet
behold!

The grass of spring covers the prairies,

The summer growth is innocent and disdainful above all those strata
of sour dead.

What chemistry!

That the winds are really not infectious,

That when I recline on the grass 1 do not catch any disease,

Though probably every spear of grass rises out of what was once a
catching disease.

Now I am terrified at the Earth! it is that calm and patient,
It turns harmless and stainless on its axis, with such endless succes-
sions of diseas'd corpses,
It distils such exquisite winds out of such infused fetor,
It gives such divine materials to men, and accepts such leavings
from them at last.
Wart WHITMAN.
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Bacteria belong to the most wide-spread of organisms; we may say
they are omnipresent; they never fail either in air or water; they at-
tach themselves to the surface of all firm bodies, but develop in masses
only where decomposition, corruption, fermentation or putrefaction
are present. (FerDINAND Comnn, transl. by C. S. DoLLEY).
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