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   The production of the antibiotic, indolmycin, was shown to be inhibited by glucose 

at 0.5 %. Concentrations of glucose of 0.005 % and 0.01 % produced a stimulation of 

indolmycin production. Of a selection of mono and disaccharides examined, glucose 

and to a lesser extent mannose, caused inhibition of indolmycin production. Galactose, 

fructose and sucrose all caused stimulation of indolmycin synthesis.

   The antibiotic indolmycin is produced by Stteptomyces griseus (ATCC 12648). This strain 

was formerly classified as Streptomyces albus1). Indolmycin has been shown to have antimicrobial 

activity against both Gram-negative and Gram-positive microorganisms2-4). The biogenetic 

origin and partial elucidation of the pathway leading to indolmycin synthesis has been reported 

by HORNEMANN, et al.5). These investigators have shown that the antibiotic is largely derived 

from tryptophan with contributions from methionine (methyl group) and arginine (guanido 

group). 

   Catabolite inhibition of antibiotic production by glucose has been demonstrated in a number 

of instancess6-10). In the case of streptomycin and actinomycin, glucose has been shown to 

repress the formation of enzymes involved in their biosynthesis17,11-13). We have examined the 

effect of glucose and other carbon compounds on indolmycin formation and wish to describe 

our results in the present communication.

Materials and Methods

   Chemicals and Radioisotopes 
   DL-[Alanine-3-14C]tryptophan (57 mCi/mmole) was purchased from Amersham/Searle. In 

all experiments except where otherwise indicated DL-[alanine-3-14C]tryptophan was added to the 
medium at 0.1 uCi/0.1 umole per ml final concentration. Indolmycin was obtained as a gift 
from U. HORNEMANN, Purdue University. Other chemicals used were obtained from com-
mercial sources. 
   Cultivation of the Organism 
   S. griseus ATCC 12648 was maintained on slants of EMERSON's agar at 24°C. To prepare 
a seed culture, spores were transferred aseptically to a 500-m1 Erlenmeyer flask containing 
100 ml of culture medium, which was incubated for 4-5 days at 24°C on a Eberbach rotatory 
shaker. A one milliliter sample of the seed culture was inoculated to a 500-m1 Erlenmeyer flask 
containing 100 ml of the same medium and this was incubated with shaking as before. After
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36 hours, one ml aliquots were used to inoculate the experimental flasks. In all experiments, 
the culture medium used (g/liter) consisted of polypeptone (BBL), 20.0; yeast extract (BBL), 
2.0; FeSO4•7H2O, 0.001 and a trace element solution (1 ml/liter)14) in distilled water, pH 6.95. 
   Radioisotope Feeding Experiments with S. griseus 

    (1) Long-time course experiment. Two series of parallel flasks were used in this experi-
ment. In one series of flasks (designated the test series) 26 hours after inoculation a solution 
of glucose was added to each flask to produce a final glucose concentration of 0.5 . 

   At 12-hour intervals, DL-[alanine-3-14C]tryptophan was added aseptically to pairs of flasks. 
Twelve hours after addition, the flasks were harvested, filtered to remove the mycelium, and 
the indolmycin was isolated from the medium as previously described". The percentage in-
corporation of tryptophan into indolmycin was determined as previously described115). 

   (2) Shorter time course experiment. Three flasks of the S. griseus culture were removed 
from the shaker after 33 hours and pooled. DL-[Alanine-3-14C]tryptophan was added and 100 ml 
aliquots of the culture were placed in two 500-m1 Erlenmeyer flasks. To one of these, glucose 
(0.5 %, final concentration) was added and the flasks were reincubated for 24 hours. At various 
times, 10 ml aliquots of the cultures were taken and the percentage incorporation of tryptophan 
into indolmycin was determined. 

   (3) The effect of glucose concentration and different sugars on indolmycin production. 
Cultures were removed from the shaker at 33 hours, pooled and DL-[alanine-3-14C]tryptophan 
at 0.05 uCi/0.1 umole per ml fiinal concentration was added. Forty ml aliquots were transferred 
to 250-ml Erlenmeyer flasks, the carbon source in question was added and then the cultures 
were reincubated for 24 hours. 

   Determination of Mycelial Dry Weight 
   Cultures were filtered on a Buchner funnel by suction on a tared Whatman #42 paper 

(5.5 cm) discs. After washing with distilled water, filter papers and mycelium were wrapped 
in paper towels and dried overnight at 105°C. After standing at room temperature for about 
3-4 hours to equilibrate, the paper and mycelium was reweighed and the weight of the my-
celium determined. 

   Quantitative Determination of Indolmycin 
   To the indolmycin isolated from the medium 1 ml of distilled water and 2 ml of VAN URK'S 
reagent15) were added to the residue. After 30 minutes, the optical density at 580 um was 
measured in a Spectronic 20 spectrophotometer (Bausch and Lomb). The amount of indolmycin 
in mg in a sample was determined by comparison with a standard preparation of pure indolmycin. 
Since the yield of purified indolmycin varied from one isolation to another, it was essential 
to adjust for the percentage recovery from each isolation. This latter figure was determined 
by following the amount of recovered radioactive indolmycin through to the end of the isola-
tion procedure. 

   Quantitative Determination of Glucose 
   D-Glucose concentration was determined by means of the Glucostat special assay system16) 

The amount of glucose in other carbon compounds was determined after standing overnight 
in aqueous solution (1 g in 10 ml) to allow the mutarotation to reach equilibrium. 
   Radioactive Measurements 
   Radioactive measurements were carried out in a Nuclear Chicago Liquid Scintillation 
Spectrometer. A solution (10 ml) containing 7 g of PPO and 0.3g of dimethyl POPOP in 1 
liter of toluene were used as scintillation solution. Radioactivity on chromatograms was de-
tected using a Packard Model 7201 Radiochromatogram Scanner. 

                                   Results 

   The influence of 0.5 % glucose on the growth of S. griseus is shown in Fig. 1A. The 
addition of glucose prolonged the period of active growth and resulted in an increase in the 

weight of mycelium of about 100 mg/100 ml of medium. Utilization of added glucose was
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complete within 36 hours after addition. 

   Glucose almost completely inhibited 

the incorporation of tryptophan into 

indolmycin until all the glucose had 

been utilized. However, the maximum 

incorporation achieved was lower than 

the control and the duration over which 

incorporation of tryptophan into indol-

mycin occurred was less than the con-

trol (Fig. 1B). Finally glucose delayed 

the phase of most rapid synthesis of indol-

mycin production until 96 hours. How-

ever, the length of time for which 

maximum production occurred and con-

sequently the final amount of indolmycin 

produced was less than in the control 
culture (Fig. 1C). 

   After a lag period of about 4 hours 

there is a linear increase in the incor-

poration of tryptophan into indolmycin 

in both the control and test flasks (Fig. 

2). Glucose at a final concentration of 

0.5 0~ produces a 75 o decrease in the 

incorporation of tryptophan into indol-

mycin. 

   The influence of varying concentra-

tions of glucose on the parameters fol-

lowed during this experiment is shown 

in Fig. 3. Glucose at concentration of 

0.005 % and 0.01 % produced no increase 

in the dry weight of mycelium over the 

two control cultures. At these same low 

concentrations of glucose there was an 

increase in percentage incorporation of 

tryptophan into indolmycin over the con-

trol flasks and also an increase in the 

amount of indolmycin produced during 

this period over the control. Conversely 

concentrations of glucose of 0.05 % and 

higher produced an increase in weight 

of mycelium produced, a decrease in 

percentage incorporation of tryptophan

Fig. 1. Effect of glucose (0.5 %) on, (A) the 

   growth of Streptomyces griseus, on (B) incor-
   poration of DL-[alanine-3-14C]tryptophan into 

   indolmycin and on (C) indolmycin biosynthesis. 
      Glucose was added at 26 hours to the test 
   flasks. Twelve hours prior to harvesting DL-

   [alanine-3-14C]tryptophan was added to pairs 
   of flasks from the control and test series.
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into indolmycin and amount of indolmycin 

produced over the control cultures. 
   The effect of various carbon sources on 

indolmycin biosynthesis is shown in Table 1. 

Of the various carbon compounds evaluated, 

it was found that glucose and mannose pro-

duced a decrease in indolmycin synthesis and 

percentage incorporation of tryptophan into 

indolmycin, whereas sucrose, fructose and 

galactose caused a stimulation. Lactose and 

glucosamine had no appreciable effect. 
   The results in Table 2 show a 50-fold 

difference between the differential indolmycin 

synthesized at 0.005% glucose and that at 

0.5% glucose. Other than at a concentration 

of 0.005% there appears to be an inverse 

relationship between the weight of mycelium 

produced and the amount of indolmycin syn-
thesized. The effect at 0.005 % glucose is 

atypical but is nevertheless reproducible.

Examination of the ef-

fect of carbon sources 

other than glucose re-

veals that whereas man-

nose, sucrose, lactose. 

galactose and gluco-

samine produce lower 

differential indolmycin 

synthesis values than 

the control, fructose 

produces an increase in 
this value. 

   Of the compounds 

examined only mannose 

and galactose were 

found to have appreci-

able amounts of con-

taminating glucose (Ta-

ble 3).

Fig. 2. Effect of glucose (0.5 %) on the in-
   corporation of DL-[alanine-3-14C]trypto-

   phan into indolmycin. 
       Streptomyces griseus cultures (33 hours 

   old) were pooled, and DL-[alanine-3-14C] 
   tryptophan was added. After dividing 
   into two equal parts, glucose (0.5%) was 

   added to the test flask and both flasks 
   allowed to incubate for 24 hours. At 
   various times, aliquots were taken from 
   both flasks and the percentage incorpora-

   tion of tryptophan into indolmycin de-
   termined.

Fig. 3. Effect of varying concentrations of glucose on growth, per-
   cent incorporation of DL-[alanine-3-14C]tryptophan into indolmycin 
   and indolmycin production. 

       Streptomyces griseus cultures (33 hours old) were pooled and 
   DL-[alanine-3-14C]tryptophan (0.05 uCi/0.1 umoles per ml) added. 

   After dividing into equal fractions, various concentrations of 

   glucose were added. The flasks were replaced on the shaker and 
   allowed to incubate for a further 24 hours, at which time they 

   were harvested and the various parameters determined for each 
   culture.

Discussion

Catabolite repression has been widely studied and documented in primary metabolism17,18).
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Table 1. Influence of various carbon compounds on indolmycin synthesis and incorporation 
   of DL-tryptophan-(3-14C) into indolmycin by Streptomyces griseus 

       Thirty-three-hour cultures of Streptomyces griseus were pooled, and DL-[alanine-3-14C] 
   tryptophan (0.5 uCi per 0.1 umole per ml) added. After dividing into equal fractions various 

   compounds at 0.5 % were added. The flasks were replaced on the shaker and allowed to 
   incubate for a further 24 hours, at which time they were harvested and the percent incorpo-

   ration of tryptophan into indolmycin and amount of indolmycin produced were determined.

Time 
(hrs.) 

33 

57 

57 

57 

57 

57 

57 

57 

57

 Compound 
  (0.5 %) 

Control 

Control 

Glucose 

D(+)-Mannose 

Sucrose 

D-Fructose 

a-Lactose 

Galactose 

Glucosamine

Indolmycin 

synthesized 
(ug)/ 100 ml 

    48 

   127 

   57 

    93 

   153 

   245 

   140 

   150 

   137

     Increase or 
decrease of 
indolmycin 

over control 

   - 88 

   - 44 

  + 35 

  +150 

  + 15 

  + 30 

  + 12

  Incorp. of 
  tryptophan 

into indolmycin 

     0.64 

     0.12 

     0.33 

     0.83 

     1.28 

     0.69 

     0.86 

     0.61

     %Increase or 
decrease of 

incorp. over 
  control 

   - 88 

   - 47 

  + 30 

  +100 

    ±+ 8 

  + 34 

  - 5

Table 2. The effect of various concentrations of glucose and different sugars on the amount 

   of indolmycin synthesized per increase in dry weight of mycelium 

       Thirty-three hour cultures of Streptomyces griseus were pooled. After dividing into equal 

   fractions, the sugars were added. The flasks were replaced on the shaker and allowed to 
   incubate for a further 24 hours, at which time the flasks were harvested and the weight of 

   mycelium and amount of indolmycin produced determined.

Carbon compound 

 None 

 Glucose 

 Glucose 

 Glucose 

 Glucose 

 Glucose 

 Glucose 

 D(+)-Mannose 

 Sucrose 

  D-Fructose 

  a-Lactose 

 Galactose 

  Glucosamine

Conc. 
(%) 

0.005 

0.01 

0.05 

0.10 

0.25 

0.50 

0.50 

0.50 

0.50 

0.50 

0.50 

0.50

Increase after 24-hour incubation

Indolmycin 

ug/100 ml 

   80 

  173 

   90 

   45 

   42 

   25 

9 

   45 

  105 

  197 

   92 

  102 

   89

Mycelium 
mg/100 ml 

   85 
   85 
  95 
  113 
  140 
  180 

  210 
  115 
  130 
  170 
  128 
  143 

  213

Differential indolmycin synthesis 
       during 24 hours 

     J,,ug Indolmycin 

    J mg Mycelium x 100 

              94.3 

            203.0 

             94.7 

              39.8 

              30.0 

              13.9 

                 4.3 

              39.2 

             80.7 

             116.0 

              72.0 

              71.0 

              41.8

However, in addition to causing repression of enzymes involved in primary metabolism, 

glucose has been shown to repress the synthesis of certain enzymes concerned with antibiotic 
production. These latter findings have resulted from studies on the effect of glucose on a-D-
mannosidase11) and phenoxazinone synthase" which are enzymes in the biosynthetic pathways 
to streptomycin and actinomycin respectively. 
   The long-term experiment in which glucose at 0.5 % was added before the main onset of
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indolmycin production produced an appreciable 
decrease in the rate of synthesis of indolmycin 

and the percentage incorporation of tryptophan 

into indolmycin. This data suggests that even 
when all the added glucose is utilized at 21/2 

days, its metabolites, which cause the repres-
sion or inhibition, are still present and only 

disappear gradually over a period of about 
another 2 days. Hence indolmycin is clearly 
another example of an antibiotic fermentation 

in which glucose can exert catabolite inhibi-
tion. Whether this inhibition is due to repres-

sion of synthesis of enzymes involved in the 
biosynthetic pathway leading to indolmycin or 

alternatively if it is due to other factors is as 

yet not clear and will have to await further
investigations where the levels of enzymes involved in the biosynthesis of indolmycin are 

measured under different conditions.

Table 3. The amount of contaminating glu-

   cose found in the mono and disaccharides 

   used in this investigation

 Compound 

D(+)-Mannose 

Sucrose 

D-Fructose 

a-Lactose 

Galactose 

Glucosamine

Contaminating 

glucose found 

       2.4 

   <0.001 

   <0.001 

   <0.001 

      0.7 

   <0.001

Calculated conc. 
of contaminat-
  ing glucose 

added to each 
    flask 

    0.012 

    0.000 

    0.000 

    0.000 

    0.004 

    0.000

   Since the long-term experiment was both very time-consuming and liable to large varia-
tion from one flask to another, the subsequent experiments carried out were of short-term 
duration and involved using representative samples from pooled cultures. From the long-term 

experiment, it was predicted that the period of maximum rate of synthesis of enzymes involved 

in the indolmycin pathway would take place over a period of time a few hours before the main 
onset of indolmycin production. This time period would probably occur between 30 and 

60 hours. It was postulated that this would be the time at which the production of indolmycin 
would be most sensitive to inhibition or stimulation. 

    As an evaluation of this system for further studies, a time course experiment over a 24-hour 

period was carried out to determine the effect of 0.5 % glucose on the incorporation of tryptophan 
into indolmycin. Biological variation between the control and test flasks was minimized by 

pooling the cultures and then subsequently subdividing them before adding glucose to the test 
flask. Glucose at a final concentration of 0.5 05 produced a 70--75 % decrease in the percentage 

incorporation of tryptophan into indolmycin. The four-hour lag period before incorporation of 
exogenously added tryptophan into indolmycin was unexpected and whether this is due to a 

corresponding lag in uptake of tryptophan into the cells or due to existence of the more than 
one intracellular pool of tryptophan is not known. 
   The short-term experiments carried out on 33 hours old cultures showed that concentra-

tions of glucose between 0.05 % and 0.5 % produced an inhibition of indolmycin production 
and incorporation of tryptophan into indolmycin. However, concentrations of 0.005 % and 

0.01 % glucose produced a stimulation of indolmycin production and percentage incorporation 
of tryptophan into indolmycin. A similar dualistic effect of glucose on mannosidase an enzyme 

involved in streptomycin production has been shown previously"'. In addition, it has been 
reported in other organisms for several enzymes"-"'. One possible explanation for this dualistic 

effect of glucose is that at low levels glucose acts as an energy source for enzyme synthesis 
but at higher concentrations glucose produces catabolite repression. 

   The fall in differential indolmycin synthesis between 0.01 % and 0.5 % glucose (Table 2) is 
due to an inverse relationship between growth and antibiotic production. An analogous effect 

has been previously shown by KATZ and co-workers but with respect to different carbon sources 
on actinomycin formation. 

   The different effects of various carbon sources other than glucose added at 0.5 % is not 
so readily interpreted. Mannose produced inhibition of indolmycin formation which is in 

agreement with the findings of KATZ and co-workers on actinomycin formation". Mannose 

contains a small amount of contaminating glucose which may contribute to the inhibition of
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indolmycin production. Galactose contrary to the findings of KATZ and co-workers produced 

stimulation of antibiotic production; however, if the amount of contaminating glucose present 
in galactose is taken into consideration this stimulation can be accounted for as follows: The 

amount of contaminating glucose in galactose present falls within the range which causes 
stimulation of indolmycin production and therefore, could be responsible for this effect. The 

stimulation of indolmycin production by fructose and sucrose cannot be explained in a similar 

manner since these compounds contained negligible amounts of glucose. Since both these 
compouuds are metabolized (as indicated by the increase in weight of mycelium over and above 

the control culture), glucose would be released. It is suggested that the stimulatory effect of 
these compounds is therefore due to the slow release of glucose to produce a constant but low 

level of glucose (i.e. less than 0.01 %), which would produce stimulation of indolmycin pro-
duction. Glucosamine and lactose although metabolized did not produce any appreciable effect 

on indolmycin formation. 
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