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ABSTRACT

When various strains of Streptomyces griseus and S. galbus were examined for the ability on the production of
streptomycin in tryptic soy(TS) broth, S. griseus ATCC 27001 was found to be the best. S. griseus ATCC
12475 and ATCC 23345 showed also good growth and favorable production of streptomycin. Examination of

various complex media reported in fermentation literatures for the industrial production of streptomycin indi-
cated that glucose-soybean meal-sodium chloride (GSS) broth and K (Chucken) broth gave higher yields of
streptomycin than others studied by us. Examination of the ingredients of media producing streptomycin in

high yield indicated that some components in soybean activated the production of streptomycin. Addition of

meat extract enhanced the yield of streptomycin but it could be substituted with distillers” solubles without

much effect on the yield. Addition of corn steep liquor decreased the production of streptomycin.

INTRODUCTION

Recently we have performed a series of experiments
for the production of aminoglycoside antibiotics. During
this work, we found that many industrial strains for the
production of streptomycin are currently deposited in
American Type Culture Collection (ATCC) and in Insti-
tute of Fermentation in Osaka (IFQ), and further more
that many patents and scientific literatures concerned ab-
out the production of streptomycin list many industrial
media in which they claimed that the media be very
good for the production of streptomycin. Although strep-
tomycin itself has been produced for 30 years of more
and its fermentation technology has been well estab-
lished, we could not find any literature covering sys-
tematic studies on the media for the production of strep-
tomycin. Also, we import a large amount of streptomycin
every year and we need to establish the fermentation

production process in this country. To perform a sys-
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tematic research on the processes for the production of
streptomycin, we could not help clearing out which
strains or which meida are really good for the industrial
production and for the study of media and the improve-
ment of industrial strains. In this paper, we want to re-
port the results about the production of streptomycin by
performing comparative studies of the production of
streptomycin by performing comparative studuies of the

processes reported by other people
MATERIALS AND METHODS

Microorganisms

Streptomyces griseus  ATCC 12475, ATCC 23345,
ATCC 15395, ATCC 31087, ATCC e10137, ATCC
27001, IFO 3357, NRRL B-2682 and W. galbus ATCC
14077 were purchased from American Type Culture Col-
lection (ATCC) or Institute of Fermentation in Qsaka, or
were donated by Nothern Regional Research Laboratory
(NRRL), Peoria, ILL, USA. The Organisms were stock-
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ed on ISP No. 4 agar slants.

Determination of the amount of antibiotic in borth
culture.

The amount of antibiotics in broth culture was deter-
mined by paper disc agar diffusion assay method. The
test organism was Bacillus subtilis ATCC 6633. Calibra-
tion curves were obtained with authentic streptomycin
purchased from Fluka A.G. Five separate assays were
carried out. Identification of the antibiotic produced in

broth culture was carried out by bioautography.

Dry weight of mycelium

The mycelium in the cultured broth (1.0ml) was har-
vested in Eppendorf tube and its dry weight was deter-
mined. Five separate weights were averaged to give the
final weight.

Production of streptomycin by strains of Streptomy-
ces griseus and S. galbus in tryptic soy(TS) borth.

Spores of various strains of S. griseus and S. galbus
were scratched out from an agar plug(l.8cm) in Petn
dish cultured with an organism by a loop and they were
used to inoculate in TS broth (50 ml). The broth was
incubated at 28°C on a rotary shaker (180 rpm) for 36
hrs and used as a seed culture. The seed culture was
transferred to a production media (500 ml, TS broth),
which was incubated under the same condition. During
the incubation, the cultured broth (5X1ml) was analyzed
for the growth of microorganisms and for the production
of antibiotics.

Examination of the production of streptomycin in
various complex media.

Spores of 8. grisens ATCC 27001 obtained from the
agar plate (ISP No. 4) were used to inoculate in the S
medium(1) (60 ml), which was incubated for 4 days at
27C on a rotary shaker. The seed culture (5 ml) was
used to inoculate 8 complex media (100 ml). The com-
plex media were cultured under the same condition and
examined for the production of streptomycin. The com-
plex media were the Waksman broth (2): glucoselO g,
peptone 5g, meat extract 5g (instead of meat extract,
beef extract was used), NaCl 5g, in tap water 1L(pH 7.0,
adjusted) ; GSS (Glucose-Soybean meal-Sodium chloride)
broth (3): glucose 25g, soybean meal 40 g, Distilleres’
solubles 5g, NaCl 2.5g, in distilled water (1 L, pH 7.0);
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GSP(Glucose-Starch-Peptone) broth: glucose 15g, starch
5g, peptone 10g, yeast extract 3g, K,HPO, 50mg,
(NH,)»S0, 2.5g, NaCl 3g, and beef extract 5g, in distil-

led water (1L, pH 7.0); chuken broth(K broth) (4):glucose
20g, meat extract (instead of meat extract, beef extract
was used) 10g, soybean flour 10g, KCl 4g, dry yeast
(instead of dry yeast, yeast extract was used) 2.5g,
(NHy), SO, 5.0g, CaCO4 4.0g, K.HPO, 0.2g, in distilled
water (1 L, pH 7.0, adjusted); GSA(Glu-
cose-Soybean-Ammonium sulfate) broth (5): glucose 60g,
soybean meal 30g, comn steep solid (the solid precipi-
tated in com steep liquor purchased from Sigma was
used) 4g, (NHy), SO, 9g, NaCl 25g, KH,P0, 0.025¢,
CaC0; 0.5g, soybean oil (Dong Bang Yu Ryang Co)
7.0g, in distilled water (1L); and GA (Glucose-Ammo-
nium sulfate) broth (6): glucose 70g, (NH,),S0O, 60g, lard
oil (the oil extracted from the lard fat by heating to ab-
out 50C was used) 2g, in distilled water (11, pH 7.0).

The glucose in each medium was autoclaved separately.
RESULTS AND DISCUSSION

Many streptomycin producing strains are currently
stocked in American Type Culture Collection and in
other institutes. When we studied various streptomycin
producing strains for the growth and for the production
of streptomycin in TSB broth, S. griseus ATCC 27001
produced the highest amount of streptomycin (Figure 2).
The production of streptomycin and the characteristics
of growth of other strains are shown in Figure 1. §.
griseus ATCC 23345 grew best but the production of
streptomycin was low. All the streptmycin producing
strains showed characteristic patterns of growth and pro-
duction of antibiotics; they started to produce antibiotics
at the log phase of the growth and showed maximum
production at the stationary phase. The pH of the broth
was slowly increased to pH 8.5-9.0. S. galbus ATCC
14077 and S. griseus ATCC 31087 showed poor growth
in TS broth. Survey of literatures indicated that Schat et
al(2) used a medium containing glucose, meat extract,
peptone, and sodium chloride (Waksman broth) at the
early time. The effect of other carbon sources (7,8,9) nit-
rogen sources (10), supplemented minerals (11) and vita-
mins (12), and the effect of concentration of the compo-
nents (13) in the Waksman broth have been studied. La-
ter several other industrial media, such as Glucose-Soy-
bean meal-Sodium chloride (GSS; 3), Glucose-Star-
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Fig. 1. The growth (2 — 2), the amount of streptomycin (O — 0), and the pH (O — 0) of the broths
cultured with streptomycin producing Streptomyces in TSB broth. A: S. griseus ATCC
23345; B: . griseus ATCC 12475;C: S. griseus ATCC e10137;D: S. griseus ATCC 15395;

E: S. griseus ATCC 31087; F: S. griseus NRRL B-2682; G: §. griseus 1FO 3357; and H:
S. galbus ATCC 14077.
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Fig. 2. The growth (& — 4), the amount of streptomycin (O — O), and the pH (0 — O) of the broths
cultured with S. griseus ATCC 27001 in the various complex media. A: TSB medium; B:
. Waksman medium; C: GSS medium; D: GSP medium; E: Chucken medium; and F: GSA

medium.

ch-Peptone (GSP), Chuken broth (K broth; 4), Glu-
cose-Soybean-ammonium sulfate broth (GSA; 5), and
Glucose-Ammonium sulfate (GA; 6) were used for the
production of streptomycin. We compared these complex
media and found that the K broth was the best one
among the ones we examined for the production of strep-
tomycin. The results of our comparative study are
summarized in Figure 2. The K medium was good in
many respects: at the short period of fermentation, high
production of antibiotics was observed. However, the
media containing meat extract make industrial applica-
tion difficult. The GSS medium, which is composed of
simple ingredients, showed maximum production of anti-
biotics after 7 days’ culture at the same level as that of
the K medium. GSA medium and TS broth were also

comparatively good for the production of streptomycin.
The TS-broth purchased from Difco or Sigma contains
tryptone(17g), soytone(3g), dextrose(l.5g), NaCl(5g), and
Na,HPO,4(2.5g). The Waksman and GSP media were
good for the growth but poor for the production of anti-
biotics. The media(K. GSS. GSA, and TS) showing
good streptomycin production contain soybean flour or
soybean meal. Some components in soybean seem to
activate the streptomycin production as reported by
Donovick(14). Donovick already mentioned that beef ex-
tract was not required for streptomycin production in a
medium containing soybean meal; supplementation of
beef extract to the soybean meal broth seems to increase
the yield of streptomycin a little. Beef extract could be
replaced by distiller solubles as in GSS medium.
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Sodium chloride should be supplemented to the soybean
meal media for high streptomycin production. Donovick
also indicated that certain constituents of the beef extract
contaminated the purified streptomycin. Defatted soybean
flour was reported to decrease the production of strep-
tomycin by Kazanskaya(15). Partial replacement of glu-
cose with soluble starch was reported to decrease strep-
tomycin yield and to accumulate AcOH in the media by
Surikova(16). Dulaney(17,18) reported that complete re-
placement of glucose in basal medium decrease the pro-
duction of streptomycin. The GA medium showed poor
growth. Different results from those reported by perlman
and Wagman(19) were obtained in this study. Lipids
seem not utilized very effectively by the organism for
the production of streptomycin.

In conclusion, among many industrial strains deposited

in ATCC and other institutes, S. griseus ATCC 27001
was the best producer of streptomycin; . griseus ATCC
23345 and S. griseus ATCC 12475 seem to be accept-
able. Among the media reported in the literatures, the
GSS medium seems the best for industrial production of
streptomycin; the K medium showed alos good produc-
tion of streptomycin.
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