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UTILIZATION OF VARIOUS CARBOHYDRATES BY
STREPTOMYCES GRISEUS FOR PRODUCTION OF
STREPTOMYCIN AND GROWTH

C. V. HUBBARD a~xp H. H. THORNBERRY
University of Illinois, Urbana, Illinois

The development of a chemically
defined medium (4, 5) for erowth
and production of streptomyecin by
Streptomyces  griseus, (Krainsky)
Waksman and Henrici, 1943, pro-
vides accurate methods for nutri-
tional studies with this mieroorgan-
ism. This synthetic medium, consist-
ing of simple organic and inorganie
chemicals furnishes critical tests for
the utilization of other substance
when substituted for various constit-
uents because the nutritional fac-
tors are controlled and also because
in the absence of any constituent
growth is greatly diminished and
streptomyein production is reduced
or lacking. With these exact meth-
ods available, the utilization of vari-
ous carbohydrates by 8. griseus was
studied by substituting these for
glucose of the original medium. The
results of this study and a deserip-
tion of materials, methods, and ex-
periments are reported herein.

METHODS* AND MATERIALS

The culture of 8. griseus used
throughout these studies was secured
from Waksman (6) and is his strain
number 9 from No. 18-16 originally
cbtained from heavily manured field
soil (3, 7).

Streptomycin was  estimated by
the paper dise-plate assay method
(2) against Bacillus subtilis in Bae-
to-Streptothricin  Assay Agar and
reported as units per ml. (2).

H-ion concentrations were deter-
mined electrometrically with a Beck-
man pH meter,

Growth of the microorganism was
determined by weighing the vacuum
dried myecelial mat that developed
on the surface of the liquid medium.

Growth conditions were provided
by an air-conditioned culture room
in which the air was exchanged and
the temperature and humidity were
automatically controlled at 26°C.
and 40 percent relative humidity
(dry bulb 78-79°F. and wet bulb
60-65°F.). The cultures were grown
for ten days in 125 mls. Erlenmeyer
Pyrex flasks containing 50 mls. of
medium which was 2 em. deep with
an air surface of 0.66 em? per ml. of
liguid.

Inoculum for seeding the media
was obtained by growing the fungus
for 7-10 days on 200 ml. of beef-ex-
tract liquid medium in reetangular,
two-quart milk bottles laid horizon-
tally (air or mat surface of 192 em?
per bottle). Inoeulum on this me-
dium was utilized to prevent any
selective adaptation of the fungus to
the special medium through repeat-
ed transfers. The mat, consisting of
spores and mycelium, was added to
sterile distilled water (one mat per
100 ml.) and thoroughly broken up
by means of a Waring blender op-
erated at high speed for 10 seconds.
A small amount (4 to 5 drops) of
this inoculum was introduced asepti-
cally into each flask of medium. To
avoid submergence of spores the in-
oculum was applied to the glass sur-
tace of tilted flasks just above the
medium. This permitted the spores

" The methods are similar to those used in developing the synthetic medivm (4, 5).
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tc remain on the surface of the
liquid, a condition which is appar-
ently necessary for growth. There-
after, the inoculated flasks were sta-
tionary until the medium was as-
sayed for streptomycin.

The basal synthetic mediwm (4, 5)
was as follows: KH,PO, 2.38g;
IKLHPO, . 3H,0 5.65g; mg. SO,.
CTHLO 1.0g: ZnSO, . TH,0 0.0115g;

eSO, TH,O 0.0111g; CuSO,
0.0064g ; MnCl 4H,0 0.0070g;
and amonium lactate 5.4g. per 1000
mls. of distilled water. The H-ion
coneentration was pH 6.95.

The carbohydrates used were:
l-arabinose, 1-xylose, rhamnose, d-
mannose, d-calactose, maltose, lac-
tose, callibiose, melibiose, trehalose,
raffinose, melezitose, mannitol, dulei-
tol, dextrin, inulin, glycogen, salicin
and gum acacia.

TABLE
PRODUCTION OF STREPTOMYCIN

1—THE Errect oF CARBOIHYDRATES 1IN
AND CHANGES IN H-10N CONCENTRATION BY
Streptomyces Griseus 18 SURFACE CULTURE

EXPERIMENTS AND RESULTS

To determine what carbohydrates
were utilized by Streptomyces gri-
scus, experiments were designed to
substitute each of the earbohydrates
for glucose in the synthetic medinm
prior to sterilization at 15 lbs, pres-
sure for 20 minutes. With the ex-
periments in six replications a total
of 300 ml. of medium was used with
each carbohydrate and this was di-
vided accurately into 50 ml. por-
tions. (Approximately 0.1 percent
of powdered ealeium carbonate was
added to three of each series. As
there was but little effeet upon
growth and streptomycin produe-
tion, the results of the two series
were combined). Monosaccharides
were added in 0.05 molar coneentra-
tions and polysaccharides were used
in 0.025 molar concentrations. Those

A Syxrnerie MeEpivas ox GrROwTII,

Units of Weight of
Carbohydrate Concentration | Streptomyein per ml. | Mat. per 300 ml. | pH
1-Arabinose.......... | 0.05 M. 0 188.9 | 7.86
1-Xylose. . ........... 0.05 M. 15.1 701.5 | 7.04
Rhamnose. .. ......... 0.05 M. 11.1 448.5 7.52
d-Mannose............ 0.05 M. 42.3 624.6 7.50
d-Galactose. . ......... | 0.05 M. 34.6 724.0 | 7.32
Maltose. ............. 0.025M. 62.3 645.1 7.28
Lactose............... 0.025M. 1.1 363.5 | 8.14
Cellibiose. ... ......... 0.025M. 41.5 512.1 7.41
Melibiose............. 0.025M. 10.5 269.6 | 8.34
Trehalose............. 0.025M. 11.8 443 .8 7.96
Raffinose. ............ 0.025M. 10.7 337.8 | 8.27
Melezitose. . .......... 0.025M. 9.7 330.4 8.38
Mannitol. ............ 0.05 M. 42 .2 452.6 7.83
Duleitol. ...cvvivivees 0.020M. 9.1 192.0 | 8.35
Dextrin . ... vowvisins 0.5% 261 423.6 | 7.76
Pextrin v vorvesommems 1.0% 40.5 641.3 | 7.04
BT s i 0.5% 13.8 130.4 8.27
111 ] 1 (e 1.0% 18.7 91.9 | 8.31
Glyeogen: i s cwvaais 0.5% 18.0 129.3 | 7.66
Glycogen............. 1.09% 25.35 145.4 | 7.23
Saliein oy ieeii 0.5% 10.3 | 0 e 8.08
Salichn:ocoiridmemy 1.09% 80 | ... 8.11
Gum acacia........... 0.5% 13.8 285.9 8.19
Gum acacia........... 1.0% 12.8 230. 4 8.19
NODE .20 nis e irnsasns| iohemsdas 10.3 241.6 | 8.19
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compounds of which the molecular
weights were not known were added
in both 0.5 percent and 1.0 percent
concentrations. At the end of the
10-day growth period the streptomy-
¢in was assayed and I-ion concen-
tration was determined in the me-
dium of individual flasks. The
amount of growth was determined
by the dry weight of the six com-
bined mycelial mats, The results of
this preliminary survey given in
Table 1 (average of six flasks) show
that d-mannose, d-ealactose, maltose,

TapLe 2—THE RELATIONSHIP OF

CARBOHYDRATE

cellibiose, mannitol and dextrin sup-
ported good growth of the organism
as well as good produetion of strep-
tomyein.  1- Arabinose, 1-xylose,
rhamnose, lactose, melibiose, treha-
lose, raffinose, melezitose, duleitol,
inulin, glyeogen, salicin and gum
accacia gave little if any inerease in
growth or steptomyecin production.
Sinee our interest was chiefly in
sireptomyein production, only those
compounds giving relatively good
production were selected for further
study. These were: d-mannose, d-

CONCENTRATION IN A SYNTHETIC

MepIUA TO GrROWTH, PRODUCTION OF STREPTOMYCIN, AND CHANGES IN

CONCENTRATION BY Streptomyces Griseus 15 SURFACE CULTURE

Units of Weight of
Carbohydrate Concentration | Streptomyein per ml. | Mat. per 300 ml. | pH
d-Mannose............ 0.01 M. 23 390.2 | 8.10
0.03 M. 68 464 .2 7.95
0.05 M. 101 699 .4 7.74
0.08 M. 99 780.2 7.45
0.10 M. 82 924 .2 7.35
d-Galactose. ... ....... 0.01 M. 22 323.2 | 8.10
0.03 M. 42 503.2 | 7.93
0.05 M. 49 653.5 7.85
0.08 M. 59 | 788.1 | 7.60
0.10 M. 63 | 927 .4 7.40
Maltose. ............. 0.01 M. 18 407 .3 8.06
0.03 M. 62 781.9 | 7.83
0.05 M. 106 1,083.5 7.37
0.08 M. 86 1,476.8 6.84
0.10 M. 68 1,615.0 6.54
Cellibiose....... ...... 0.01 M, 59 603.6 | 7.67
0.03 M. 112 800.8 7.60
0.05 M. 79 1,100.9 6.92
Mannitol....... ...... 0.01 M. 22 332.4 8.06
0.03 M. 57 631.9 | 7.78
0.05 M. 101 802.5 7.49
0.08 M. 50 895.0 6.52
0.10 M. 69 1,319.6 6.72
Dextrin.............. 0.59% 31 593.7 7.72
1.09 73 952.4 | 7.19
2.09% 66 1,356.6 | 6.39
3.09 24 1,406.1 5.82
4.09% 17 1,280.7 5.97
e E) 1 T erreprion N [ 18 160.5 | 8.12
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galactose, maltose, cellibiose, manni-
tol and dextrin. To determine the
optimal concentrations for produec-
tion of streptomycin and growth
dextrin was employed at 0.5, 1.0, 2.0,
3.0 and 4.0 percent coneentrations,
and the others were all used at 0.01,
0.03, 0.05, 0.08 and 0.10 molar con-
centrations. Three hundred mls. of
medium equally divided into six
flasks were used at each concentra-
tion. At the end of the 10-day
erowth period streptomyein was as-
sayed and the weight of mycelial
mat and the H-ion concentrations
were determined. These results are
shown in Table 2.

DISCUSSION

It is evident from the results of
the first part of the studies shown in
Table 1 that some carbohydrates
may be substituted for glucose in
this medium and that they give good
production of streptomyein and
growth, but that others are not util-
ized by the organism.

The relationship of streptomycin
production to econcentration of cer-
tain ecarbohydrates is illustrated
graphically: figure 1, d-mannose;
ficure 2, d-galactose; figure 3, mal-
tose; ficure 4, cellibiose; figure 5,
mannitol ; figure 6, dextrin. With
mannose the peak of streptomycin
produetion as shown by the curve
occurred at a concentration some-
where between 0.05M and 0.08M.
Using d-galactose as the carbohy-
drate, streptomyecin production
steadily increased with the concen-
tration of galactose up to the highest
concentration used (0.1M). Whether
produetion would have continued to
inerease to even higher levels before
it started to decrease with increasing
concentrations of sugar was not indi-
cated. Maltose gave a peak produc-
tion at a concentration near 0.05M,
and at higher concentrations the
amount of streptomyecin decreased.
With cellibiose maximum produe-
tion of streptomycin occurred at
0.03M concentration, which is about
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Fig. 1.—Relation between Streptomycin production in units per
ml. and molar concentrations of d-mannose.
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F1c. 2.—Relation between Streptomycin production in units per
ml. and molar concentrations of d-galactose.
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Fie, 4—Relation between Streptomyecin production in units per
ml. and molar concentrations of cellibiose.
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Fig. 5.—Relation between Streptomycin production in units per
ml. and molar concentrations of mannitol. (.08 and .1 molar values
were probably reversed by error in numbering).
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Fic. 6.—Relation between Streptomycin production in units per
ml. and percentage concentrations of dextrin.

cue-halt the coneentration (0.05M)
of the more favorable monosacchar-
ides necessary for the peak. It is
interesting that the peak in produe-
tion for maltose and the monosaec-
charides occurred at the same con-
centrations, but about twice the con-
centration of cellibiose necessary for
the peak production of streptomy-
¢in. Sinee maltose and cellibiose are
similar except for the alpha and
beta linkage respectively between
the two glucose units, the results
suggest that the organism does not
break the alpha linkage, but utilizes
the maltose through direct fermen-
tation as mentioned by Leibowitz
and Hestrin (1). With cellibiose
the organism apparently is able to
break the beta linkage to form two
molecules of glucose, and thus would
need a concentration only half that
of maltose for maximum production.
Mannitol gave a peak production of
streptomyein at a concentration be-
tween one and two percent.

The relationship between growth
and production of streptomyein at
various concentrations is similar

with all the carbohydrates studied.
The peak for streptomyecin was
reached at a coneentration from
0.03M to 0.05M, but the weight of
the mycelial mat continued to in-
crease up to the highest concentra-
tions used in the experiments. Dex-
trin is an exception to this in that
maximum growth was obtained at
concentration of 3.0 percent and de-
creased at a higher concentration.
Figure 7 illustrates graphically the
relationship between streptomycin
units per ml., weight of mycelial mat
and pH at the eoncentrations of mal-
tese used. The streptomyeinunits per
ml. rise rather sharply to a maxi-
mum of 106 at 0.05M concentration
and gradually decrease to a value
of 68 at a concentration of 0.1M. The
weight of myecelial mat increases
steadily with inereased concentra-
tions of sugar. The weight of myce-
lial mat was greatest (1,615 mg.)
at 0.1M maltose and probably would
have continued to rise at higher con-
centrations.

In all cases with good production
of streptomycin there was a white,
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cottony aerial growth. At higher
concentrations of dextrin the organ-
ism produced a waxy growth that
had a tendeney to submerge.

SUMMARY
1. Streptomyces griseus in a
chemically defined basal medium
utilized d-mannose, d-galactose, mal-
tose, cellibiose, mannitol, and dex-
irin for production of streptomyein
and growth.
2. It does not utilize 1-arabinose,

biose, trehalose, raffinose, melezitose,
duleitol, inulin, glycogen, salicin or
cum acacia.

3. The optimum concentrations
for streptomyein production from
the monosaccharides utilized and
maltose appear to be between 0.05M
and 0.08M. With cellibiose this op-
timum concentration is near 0.03M.

4. Maximum growth oceurs at a
higher concentration of carbohy-
drate than the optimum concentra-
tion for maximum production of

l-xylose, rhamnose, lactose, meli- streptomyecin.
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