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In studies on the production of streptomycins by Streptomyces griseu8, Schatz
et al. (1944) and Waksman et al. (1946, 1948) used media containing glucose,
meat extract, peptone, and sodium chloride. While the meat extract and peptone
components of the media were replaced in later experiments by such materials
as soybean meal (Rake and Donovick, 1946), cornsteep liquor, asparagus butt
juice, and hydrolyzed proteins of various types (Bennett, 1947), glucose was re-
tained as the carbohydrate and main energy source. Hubbard and Thornberry
(1946), Saunders and Sylvester (1947), and Dulaney (1949) in studying the
composition of synthetic media suitable for the growth of S. griseus cultures
and the production of streptomycin, noted that other carbohydrates could be
substituted for the glucose component of these media without significantly chang-
ing the production of streptomycin. However, these reports indicated that little
advantage would be gained from such substitution. While the above-mentioned
studies were completed on a laboratory scale, it appears that in large scale opera-
tions media containing glucose have also been used (Porter, 1946).

Several years ago in a patent granted to F. J. Rudert (1945), examples were
given of the substitution of lipids such as corn oil for the glucose or sucrose
component of media to be fermented by Eremothecium ashbyii. Replacements of
this type resulted in equal or increased yields of riboflavin by this organism, and
examples in other patents confirmed this observation with E. ashbyii (Phelps,
1949) and suggested that this substitution could also be made in media on which
the related organism, Ashbya gossypii, was grown (Tanner et al., 1948).
While the literature contains many references to the use of oils in fermenta-

tions as antifoaming agents, there are few reports on the use of oils as energy
sources, and apparently lipid metabolism has not received much attention.
Pratt and Dufrenoy (1949), Koffler and Goldschmidt (1949), and Goldschmidt
and Koffler (1950) observed that the addition of many vegetable and animal oils
or of fatty acids to media resulted in increased penicillin production (submerged
culture process), but it is not certain from their data whether these substances
acted as energy sources. Holtman (1945) considered the possibility that corn
oil might act as an energy source in his experiments on the production of peni-
cillin in surface culture although he did not confirm this suggestion by further
studies. The experiments to be discussed hereafter indicate that S. griseus and
other actinomycetes utilize many lipids ijncluding those found in animal and
vegetable oils as energy sources, and that substitution of lipids for the glucose

I Presented in part before the Fermentation Section, Agriculture and Food Division of
the American Chemical Society, April 12, 1950.
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or other carbohydrates used in media for the cultivation of these actinomycetes
does not result in reduction in antibiotic production.

EXPERIMENTAL METHODS

All of the experiments to be discussed were done on a laboratory scale. Shaken
flask fermentations (100 ml of medium in a 5000 ml Erlenmeyer flask) inoculated
with vegetative growth of S. griseuw (Waksman strain 4) were placed on a recipro-
cating shaker located in a 25 C constant temperature room as used elsewhere
(Rake and Donovick, 1946). Samples were removed from replicate flasks during
the incubation period, pooled, and analyzed for a number of metabolic products.

Streptomycin content was determined by the tube-dilution test described by
Donovick et al. (1945) and by a modification of the chemical assay described
by Eisenman and Bricker (1949). Since both streptomycin and mannosidostrepto-
mycin are produced by this culture when grown under submerged culture con-
ditions, the chemical assay was used (where indicated) as an estimate of the
total weight concentrations of streptomycin and mannosidostreptomycin. The
fermentation samples were treated with acid (Rake et al., 1949) before strepto-
mycin assay in order to free the antibiotic adsorbed on the mycelium (Pernman
and Langlykke, 1949).

Aliquots of the samples were examined for the presence of residual sugar by
the Shaffer-Somogyi (1933) method (using reagent 50), acetic acid by a modi-
fication of the method of Virtanen and Pulkki (1928), lactic acid by the method
of Barker and Summerson (1941), and residual lipid by a modification of Bloor's
method (1928) using a sample of refined soybean oil (iodine number: 125) as a
standard.

Other strains of S. griseus were used in a number of other experiments, but
only the data obtained with the Waksman strain 4 are presented here. This
culture has been studied in a number of laboratories, and its characteristics are
well known.

RESULTS

Chemical changes occurring during the fermentation of soybean meal-lipid media.
Preliminary experiments revealed that this organism would grow well on a
medium containing 15 g of soybean meal (expeller process) and 20 g of glucose per
liter and that the glucose could be replaced by a number of lipids including corn,
soybean, lard, cottonseed, linseed, olive, and peanut oils. Several studies investi-
gating some of the chemical changes occurring during the fermentations are
summarized in figures 1 and 2. Figure 1 illustrates the course of fermentation of
a 2 per cent glucose medium and a calorically equivalent soybean oil medium.
Slightly more acetic acid was found in fermentations where soybean oil was the
energy source than in fernentations where glucose was the energy source.
The course of fernentation of a 4 per cent glucose medium and a 2 per cent

soybean oil medium is illustrated in figure 2. Increasing the glucose content of
the medium resulted in an increase in the quantity of acetic acid produced, as did
an increase in the soybean oil content. The rate of utilization of glucose was sig-
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nificantly higher than the rate of utilization of the soybean oil, resulting in rapid
disappearance from the medium and coincident autolysis and fragmentation of
the cellular structure and production of ammonia. This slow utilization of the

Figure 1. Chemical changes occurring during fermentation of a low energy source soy-
bean meal medium.

Figure 2. Chemical changes occurring during fermentation of a high
soybean meal medium.

energy source

soybean oil and the resulting delayed autolysis of the culture may account for
the relatively stable pH of the fermentations of soybean oil containing media.
While lactic acid was found in both fermentations, it apparently does not con-
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stute a major dissimilation product of either soybean oil or glucose by this
actinomycete when grown under these conditions.

Figure S. Effect of addition of inorganic phosphate to a soybean meal-glucose medium
on streptomycin production and glucose utilization. (1 g K2HPO4*3H20 added per liter.)

V. Figure74. Effect of addition of inorganic phosphate to a soybean meal-soybean oil me-
dium on streptomycin production and lipid utilization. (1 g K2HPOv3H20 added per liter.)

In figure 3 are presented some of the results of adding inorganic phosphate
to the streptomycin fermentation of the soybean meal-glucose medium. In con-
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1UTILIZATION OF LIPIDS BY S. GRIBEUS

firmation of earlier observations on the fermentation of a meat extract-glucose
medium (Dulaney and Perlman, 1947), the yield of streptomycin is reduced
with an associated increase in the rate of glucose metabolism. As the data of
figure 4 show, the reduction in streptomycin yield is probably not directly related
to the rate of utilization of the energy source, since the addition of inorganic phos-
phate to the soybean meal-soybean oil medium also results in reduced strepto-
mycin yields without, however, any effect on the rate of metabolism of the oil.
The inhibition of streptomycin production by phosphate may explain the re-
quirement for calcium carbonate in media which incorporate cornsteep water
which contributes a high proportion of phosphate (Fortune et al., 1950).

TABLE 1
Streptomycin production on soybean meal media containing vegetable oils as energy sources

STREPTOMYCIN PRODUCTION (UNITS/IL)

ENERGY sOUWRC G/L 3 days 5 days 7 days

Bioassay Bioassay Bioassay Chemical asay

None _ 64 78 67 105

Glucose 20.0 163 225 223 298
10.0 157 209 206 242

Soybean oil 20.0 151 173 196 380
8.8 188 381 279 415
4.4 279 331 249 422

Cottonseed oil 20.0 185 173 181 287
8.8 207 381 323 400
4.4 288 353 281 380

Coconut oil 20.0 100 105 92 315
8.8 235 323 341 440
4.4 334 288 266 340

* Basal medium (g/L): soybean meal, 15 g; water to 1 liter.

For the purpose of studying the oxidation of lipids by washed cells of S. griseus,
cells from a 48-hr fermentation were washed with and suspended in sterile dis-
tilled water and then replaced on the shaker for a 24-hr period. This aging period
was employed in order to reduce the endogenous respiration. Cells grown on
media containing lard oil appeared to be more active metabolically than cells
grown on media containing glucose (Qo2 on glucose media was 50 as compared
with 27). Addition of inorganic phosphate speeded the metabolism of glucose and
glycerol by both types of cells (as measured by oxygen demand) but did not
affect the rate of metabolism of stearate, acetate, or lard oil by these cells.

Effect of substitution of lipids for glucose on antibiotic production. The foregoing
discussion summarizes some of the observations made of the chemical changes oc-
curring when S. grieus is grown on media in which lipids are used to replace the
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TABLE 2
Streptomycin production on soybean meal media containing fatty acids and pure glycerides

as energy 8ources
STREPTOMYCIN PR2ODUCTION (UNITS/MeL)

ENELGY SOURCE* G/L 4 days 6 days

Bioassay Bioassay Chemical assay

None _ 70 72 155

Glucose 20.0 135 196 285
10.0 146 183 276

Stearic acid 20.0 91 137 203
8.8 121 178 247
4.4 134 201 281

Tristearin 20.0 67 101 189
8.8 101 163 231
4.4 122 189 257

Lauric acid 20.0
8.8 No growth
4.4

Trilaurin 20.0 43 79 131
8.8 71 131 208
4.4 76 157 224

* Basal medium (g/L): soybean meal, 15 g; water to 1 liter.

TABLE 3
Streptomycin production on soybean meal media containing lard oil and glucose mixtures as

energy sources

STREPTOMYCIN PRODUCON (UNITS/ML)
MEDIUM COMOSITION

4 days 6 days

Glucose, G/L Lard oil, G/L Bioassay Bioassay Chemical assay

20 - 96 156 330
15 200 190 310
10 - 166 182 215

15 2.2 91 151 230
10 10.0 96 97 210
10 4.4 96 172 262
5 15.0 159 175 260
5 6.6 125 137 245

20.0 96 162 195
8.8 96 264 350

- 6.6 114 285 395
4.4 193 183 250

* Other medium ingredients (g/L): soybean meal, 15 g, water to 1 liter.

258 [VOL. 63



UTILIZATION OF LIPIDS BY S. GRISEUS

carbohydrate component. The data collected indicate that the metabolism of the
actinomycete is not changed markedly when such a substitution is made. A
number of experiments studying the effect on antibiotic production of this sub-
stitution are summarized in tables 1 to 5. Preliminary studies had indicated
that highest antibiotic titers were usually obtained under laboratory conditions
when the actinomycete was grown on a medium containing 15 g of soybean meal
(expeller process) and 20 g of glucose for a 5- to 7-day period, and all experimental
media are compared here with this "standard medium."
The data summarized in table 1 indicate some of the results obtained when

soybean oil, cottonseed oil, and coconut oil are substituted for the glucose com-
ponent of the soybean meal medium. As the culture used in these experiments pro-
duces both streptomycin and mannosidostreptomycin, chemical assays gave
higher values than those indicated by the microbiological assays. However, there
is no definite suggestion that the use of oils in media leads to change in the rela-
tive proportions of the streptomycin produced. The data summarized in table 1
suggest that highest antibiotic activity is obtained when the replacement is made
on a caloric basis rather than a weight basis. This agrees with the hypothesis
that the actinomycete metabolizes the oil to carbon dioxide, as was suggested
by the metabolic studies mentioned before. Consideration of the possible meta-
bolic mechanisms used in this conversion suggests that the organism is able to
hydrolyze the oil to fatty acids although actinomycetes do not appear to be
strongly lipolytic organisms. Esterification of the fatty acids with glycerol does
not affect the utilization of stearic acid (as indicated by streptomycin produc-
tion) but reduces the toxicity of lauric acid as indicated in table 2. This latter
effect was anticipated as coconut oil, in spite of its high lauric acid content, sup-
ports good streptomycin production. Oleic and palmitic acids as well as their
glycerides are also satisfactory substitutes for glucose.
A number of other vegetable and animal oils including corn, peanut, sesame,

sperm, and lard oils and mutton tallow were studied as replacements for glucose,
and the results obtained generally confirm the examples presented in table 1.

In most large-scale aerated fermentation operations the utilization of anti-
foaming agents has been found necessary. Animal and vegetable oils have been
found useful for this purpose, and it seemed possible that the oils in question
could act as energy sources as well as antifoaming agents. Hence, laboratory-scale
fermentations were started, using mixtures of lard oil or soybean oil and glucose
as energy sources. In these experiments, lower streptomycin yields were ob-
tained than when either oil or glucose was used alone. Some of the data collected
with glucose-lard oil mixtures are presented in table 3. Further laboratory studies
suggested that in these fermentations the glucose was metabolized preferentially
although the results were not clear-cut. On the other hand, inoculation of media
containing oils as energy sources with inoculum grown on media containing
glucose as energy source did not apparently affect the rate of streptomycin pro-
duction when compared with similar fermentations inoculated with cells grown
on oil-containing media. It is possible that there was a difference in the rates of
utilization of these substrates during the early part of the fermentation period,
but this was not noted during the relatively long induction phase.
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TABLE 4
Streptomycin production on media containing ground seed8

STREPTOMYCIN PRODUCTION (UNTs/ML)

MzDIUM COMPOsiTION (GoL) 3 days 5 days

Bioasay Bioassay Chemical assay

Soybean meal, 15 g, glucose, 20 g 164 197 360

Ground soybean, 20 g 96 93 165
Ground soybean, 40 g 140 179 285

Ground peanuts, 20 g 123 161 265
Ground peanuts, 40 g 158 205 315

* All diluted to 1 liter with water.

TABLE 5
Streptomycin production on synthetic media containing lipids as energy source

. KZPTOMYCZ PRODUCTION (UNIS/ML)

ENERGY SOUICE G/L 4 days 6 days

Bioassy Bioassay

None 27 53

Glucose 20.0 83 133
10.0 149 133
5.0 80 85

Lard oil 20.0 50 174
8.8 80 180
4.4 43 84
2.2 64 90

Soybean oil 20.0 97 155
8.8 97 191
4.4 56 89
2.2 50 71

Soybean oil 4.4 43 71
Glucose 10.0

Soybean oil 10.0 38 75
Glucose 10.0

Soybean oil 6.6 80 89
Glucose 5.0

* Basal medium (g/L): -proline, 15 g; NaCI, 5 g; K2HP04, 2 g; MgS04.7HsO, 1 g;
CaCl1, 0.4 g; FeS04.7Hs0, 0.02 g; ZnS0,47H20, 0.01 g; water to 1 liter.
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As soybeans and other oil-bearing seeds contain rather considerable quanti-
ties of oil, in some cases reaching 30 per cent of the weight of the seed, it oc-
curred to us that perhaps ground seeds might be a suitable medium providing
both nitrogen and energy sources for the growth of the actinomycete. The data
summarized in table 4 tend to confirn this hypothesis, although the streptomycin
yields obtained with media containing the ground seeds were slightly lower
than those obtained with the soybean meal-glucose medium.

In all of the previous experiments soybean meal protein has been used as the
source of available nitrogen in the media. It seemed advisable to study the use
of lipids in media containing other nitrogen sources. The data summarized in
table 5 indicate that the glucose component of a synthetic medium (Dulaney,
1948) may be replaced by lipids without reduction in streptomycin production.
Also, it can be seen that the use of mixtures of lipid and glucose resulted in marked
reduction in antibiotic production as had been previously noted with the soybean
meal media. These experiments serve to emphasize that the nitrogenous compo-
nents of the medium do not directly affect the replaceability of carbohydrates
by fats or oils.
A few experiments have shown that other antibiotic-producing actinomycetes

will grow well on media containing lipids as replacements for glucose or other
carbohydrates. Highest antibiotic titers were obtained when this replacement
was made on a caloric basis, and in some cases, e.g., production of neomycin and
streptothricin, higher antibiotic production was obtained than when the carbo-
hydrate-containing media were used. Other laboratory studies indicated that
the production of chloramphenicol and aureomycin was not affected by this
substitution.
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SUMMARY

Lipids including animal and vegetable oils may be used as replacements for
the glucose in media for the cultivation of antibiotic-producing Streptomyces
griseus cultures without reduction in antibiotic production. Best results (as
measured by antibiotic production) were obtained when this substitution was
made on a caloric rather than on a weight basis.
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