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experiments. It has the disadvantage of re-
quiring anesthesia and surgery early and of
initiating thrombosis and edema late. There
is, however, a period frequently lasting several
days during which the animal is bright and
active and in good general condition. Ob-
servations during this period seem reasonably

reliable.

Blood pressure observations employing this
technic confirm the impression that there is a
normal range rather than a normal blood
pressure level for the dog varying with the
degree and nature of activity.
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With the exception of streptothricin,* most
of the antibiotic substances known at the
present time, including penicillin and other
mold products as well as gramicidin and
actinomycin, act largely upon gram-positive
bacteria. The activity of these substances
upon gram-negative organisms is highly selec-
tive, as in the case of penicillin, which affects
the Neisseria group and has little activity
upon Escherichia coli and other gram-negative
bacteria,® or else much larger quantities are
required to bring about the inhibition of these
bacteria, as in the case of actinomycin.?®
Among the antibiotic agents that act selec-
tively alike against both gram-positive and
gram-negative bacteria, streptothricin occu-
pies a prominent place; since this substance
is water-soluble and possesses limited toxicity

* Journal Series paper, New Jersey Agricultural
Experiment Station, Rutgers University, Depart-
ment of Soil Microbiology.

t With partial support from a grant made by
the Commonwealth Fund of New York.
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to animals, it is of particular interest from a
chemotherapeutic point of view. Unfor-
tunately, streptothricin has very little activity
against a number of bacteria found among
both the gram-negative (Pseudomonas flu-
orescens, Ps. aeruginosa) and the gram-
positive (Bacillus mycoides and B. cereus)
groups.

In a search for antagonistic organisms that
are active against gram-negative bacteria, and
from which antibiotic substances could be
isolated, the actinomycetes were found* to
offer extensive potentialities. Although most
of the antibacterial agents produced by these
organisms are also active against gram-
positive bacteria, certain few of them exert a
marked selective activity against many of the
gram-negative types of bacteria. Actino-
myces lavendule, which produces streptothri-
cin, is such an organism. After detailed exam-
ination of a large number of cultures, either
isolated at random from different natural
and enriched soils and composts, or selgcted
from the culture collection, another organ-
ism was found that produces an antibiotic
substance which apparently combines many
of the desirable antibacterial properties. This
organism is similar, in most of its cultural
characteristics as well as in its morphology,

4 Waksman, S. A., Horning, E. S,, Welsch, M.,
and Woodruff, H. B., Soil Sci., 1942, 54, 281;
Welsch, M., J. Bact., 1942, 44, 571.



STREPTOMYCIN, NEW ANTIBIOTIC SUBSTANCE 67

TABLE 1.
Produetion of Antibiotic Substances by 5 Actinomycetes.*

Dilution unitst

. Nuture of y — Diffusion
Organism substance Medium  B. subtilis S.aureus E.coli  units}
A. antibioticus Actinomyein Tryptone-starch 750 500 0 —
” ” ’ Nutrient broth 500 200 0 123
A. lavendule Streptothriein Tryptone-starch 500 150 75 115
i . ” Nutrient broth 20 <30 <30 10
A. griseus (18-16) Streptomyein Tryptone-starch 150 30 75 123
” » ” ” Nutrient broth 500 30 73 190
A. griseus (D-1) Streptomyein Tryptone-starch 75 <30 <30 30
»” ’ i ” Nutrient broth 100 30 <30 70
Micromonospora sp. Micromonosporin Tryptone-starch 30 — 0 6
” ” ” Nutrient broth 100 — 0 5

* The cultures were grown in a submerged and agitated state, at 28°C for 6 days.

t Plate method used.

} Caleulated against a streptothricin standard, using B. subtilis spores as the test organism.

to A. griscus isolated from the soil some 28
years ago.> The active substance is in many
respects similar to streptothricin, although it
differs from it in its greater activity against
various gram-negative bacteria, notably the
Ps. aeruginosa group, as well as against those
aerobic spore-forming bacteria, such as B.
mycoides, which are resistant to strepto-
thricin. Because of its similarity to strepto-
thricin, this substance may be designated as
streptomvcin, derived from the generic name
that has recently been given to the aerial-
mycelium producing and sporulating group of
actinomycetes, namely, Streptomyces.® Two
strains of the organism producing streptomycin
were obtained, one (No. 18-16) from a heavily
manured field soil and the other (D-1), a
somewhat less active form, from a smear plate
of the throat of a chicken; it is doubtful,
however, whether this organism is a normal
inhabitant of the animal system.

In order to compare the antibacterial prop-
erties of the culture filtrate of the two strains
of this organism with those of other actino-
mycetes producing antibiotic substances, the
results of a typical experiment are reported in
Table I. The filtrates of A. antibioticus and
of Micromonospora sp. gave no activity
against E. coli; however, A. lavendule and

5 Waksman, S. A., Soil Sci., 1919, 8, 71.
6 Waksman, S. A., and Henrici, A. T., J. Bact.,
1943, 46, 337.

the 2 strains of 4. griseus exerted an apprecia-
ble effect upon this bacterium. Results ob-
tained by the agar diffusion method were
found to be comparable to the dilution units
for B. subtilis and Staphylococcus aureus.
The nature of the medium in which the organ-
isms were grown is of considerable importance
in the production of the different antibiotic
agents: streptothricin is produced most abun-
dantly in a tryptone-starch medium, and
streptomycin in ordinary nutrient broth,
namely, a peptone-meat extract medium.

A further study of the influence of the
composition of the medium upon the produc-
tion of the active agent by A. griseus brought
out the fact that, whereas streptothricin is
formed abundantly in a simple medium, strep-
tomycin requires the presence of a specific
growth-promoting substance supplied by meat
extract. Corn steep liquor can take the place
of the meat extract. Addition of glucose
further increases the yield of the substance.
The nature of the protein hydrolyzate is
apparently immaterial, since tryptone gave
about the same degree of activity as peptone.
A medium was finally adopted, consisting of
1% glucose, 0.5% peptone, 0.3% meat extract
or 1.2% corn steep, and 0.5% NaCl.

The course of production of streptomycin
under submerged and stationary conditions is
brought out in Table II. The organism did
not form any acid either in the submerged or
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TABLE II
Metabolism of 4. griseus and Course of Production of Streptomyein.

Shaken cultures

Stationary cultures

— o
Dilution units o Dilution units

———————— Diffusion Growth ,————— Diffusion Growth

Days  B.subtilis E.coli units P mg Days  B.subtilis E.coli units pH mg

2 150 40 10 7.8 270 3 40 5 6 7.7 73

3 250 50 70 7.7 185 5 150 20 12 78 171

4 200 40 60 7.8 — 7 225 20 53 79 163

7 500 125 70 8.2 —_ 9 275 75 — 8.3 264

12 >300 100 55 —_ —_—

TABLE III.

Comparative Bacteriostatic Spectra of Streptomycin and Streptothricin.
On basis of crude, ash-free dry material.

Units of activity per gram
ash-free dry material

' R
Streptomyein  Streptothricin*
Organism Gram stain X 1000 X 1000
B. subtilis 0 + Y125 500
B. mycoides 0 + 250 <3
B. mycoides 317-911 + 20 <3
B. cereus + 30 <3
B. mesentericus + 15 —
B. megatherium + 100 150
S. aureus + 15 200
S. lutea + 100 150
M. phlei + 100 50
M. tuberculosis + 30 —
Phytomonas pruni — 100 400
Listerella monocytogenes — 10 —
Shigella gallinarum — — 150
E. coli — 25 100
S. marcescens 25 5
A. acrogenes — 10 50
P, vulgaris — 10 50
8. aertrycke — 2.5 _—
S. schottmiilleri —_— — 50
Ps. fluorescens — 2 . <3
Ps. aeruginosa —_ 1 <3
Cl. butylicum —_ 3 <3

* These results are partly based on data reported previously; data obtained more recently
with purified preparations give the same type of spectrum. Since streptothricin represented a
more purified and, therefore, more concentrated preparation than streptomycin, a better com-
parison would be with the activity against E. coli as a unit; the units for the other test organ-
isms would, therefore, have to be multiplied by 4.

in stationary cultures, as was found to be the
case of A. lavendule,” the reaction of the me-
dium becoming alkaline even in the presence
of glucose. Growth was much more rapid in
shaken cultures, although very good activity
was also obtained in a stationary condition.
The growth of the organism was allowed to
proceed for 5 to 12 days and the streptomycin
isolated from the culture filtrate, using a

7 Woodruff, H. B., and Foster, J. W., Arch.
Biochem., 2, 301.

method similar to that developed previously
for the isolation of streptothricin.

The antibacterial behavior of streptomycin,
as compared with that of streptothricin, can
best be illustrated by an examination of the
respective bacteriostatic spectra for the two
substances, as presented in Table III. Con-
centrated preparations, although not of the
same degree of purification, of the materials
were used. Taking the activity against E. coli
as a standard, streptomycin was found to have
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the same activity as streptothricin against
B, subtilis, A. aerogenes, and P. vulgaris; it
was less active against S. aureus and certain
strains of Salmonella; it was much more
active against B. mycoides, B. cereus, Mvco-
bacterium phlei, Serratia marcescens, Ps.
aeruginosa, Ps. fluorescens, and Cl. butylicum.

Streptomycin, like streptothricin, possesses
strong bactericidal properties, and prelim-
inary experiments tended to indicate that the
two substances are also comparable in their
low toxicity to animals and in their in vivo
activity. The various chemical and biological
properties of streptomycin tend to point to
this compound as one closely related to strep-
tothricin; the fact that it differs from the
latter in the nature of its antibacterial activity

may indicate a closely related but not the
same type of molecule.

Summary. A new antibacterial substance,
designated as streptomycin, was isolated from
two strains of an actinomyces related to an
organism described as Actinomyces griseus.
This substance resembles streptothricin in its
solubility in water, mode of isolation and con-
centration from culture medium, its selective
activity against gram-negative bacteria, and
its limited toxicity to animals. However, the
two substances differ in the nature of their
respective bacteriostatic spectra as well as in
their quantitative action upon different bac-
teria. It is suggested that one is dealing here
with two closely related chemical compounds.
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From the Department of Biochemistry, College of Agriculture, University of Wisconsin,
Madison.

In a recent report from this laboratory!
it was demonstrated that the rhesus monkey
(Macaca mulatta) grows well and remains in
excellent health for at least 14 months on a
highly purified diet consisting of sucrose 73,
purified caseint 18, salts 4, corn oil 3, cod
liver oil 2, and adequate quantities of the
pure vitamins together with a “folic acid”
concentrate. Through the use of this diet we
have attempted to produce specific vitamin
deficiencies by withholding the vitamin con-
cerned from the daily supplement. The “folic
acid” concentrate (norite eluate according to

* Published with the approval of the Director of
the Wisconsin Agricultural Experiment Station and
aided in part by a grant from the National Foun-
dation for Infantile Paralysis, Inc.

We are indebted to Merck and Co., Rahway, N.J.,
for the synthetic vitamins and to Abbott Labora-
tories, North Chicago, Illinois, for halibut liver oil.

1 Waisman, H. A., and Elvehjem, C. A., J. Nutri-
tion, 1943, 26, 361.

t Smaco vitamin-free casein, obtained from SMA
Corp., Chagrin Falls, Ohio.

the method of Hutchings et al?) was assayed
for its content of each of the B group of
vitamins and found to contain between 1 and
2 y of riboflavin per gram equivalent of
original “solubilized liver extract’ from which
the concentrate was made. The maximum
riboflavin furnished by a 5% level of the con-
centrate was therefore 10 y. Negligible quan-
tities of riboflavin were contained in the puri-
fied casein and in the sucrose used in the diet.

The monkeys were given the basal diet
ad libitum and all the vitamins except ribo-
flavin were supplied in the daily supplement
according to the procedure previously
described.?  Recently obtained monkeys
placed on the deficient diet showed growth
failure after 6 to 8 weeks while other monkeys

2 Hutchings, B. L. Bohonos, N., and Peterson,
W. H., J. Biol. Chem., 1941, 141, 521,

} Obtained through the courtesy of Wilson Lab-
oratories, Chicago, Illinois.

3 Waisman, H. A., Rasmussen, A. F., Jr., Elve-
hjem, C. A., and Clark, P. F., J. Nutrition, 1943,
26, 205.





