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PREPARATION OF 14C-LABELED SHOWDOMYCIN
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When Streptomyces shoivdoensis (N2-209-56) mycelia were grown in the
presence of sodium acetate-2-uC, the radioactive carbon from acetate-2-uC
was fairly well incorporated into the showdomycin molecule ; with approxi-
mately 14 % of the total radioactivity of the added sodium acetate-2-14C being
incorporated during a 10-hour incubation. Although three antibiotic substances
were detected in the fermentation broth, the radioactive carbon from acetate-
2-uC was incorporated only into showdomycin. The radioactive showdomycin
was extracted with methanol from the lyophilized powder of the fermentation
broth, re-extracted with w-butanol, and finally purified by chromatography
on a silicic acid column. Over 98.1% of the total radioactivity of this pre-
paration was due to the 14C-showdomycin and approximately 0.33 juCi of the
preparation corresponded to 1^mole of showdomycin. About 2.8 % of the radio-
activity of the added sodium acetate-2-14C was recovered as that of the purified
showdomycin-uC.

Showdomycin (SHM), a maleimide-G-riboside antibiotic (Fig. I)1*2*3) inhibits growth

of bacteria4), Ehrlich ascites tumor cells in mice4'5) and the syntheses of various

macromolecules (DNA, RNA, protein and cell wall) in Escherichia coli cells6>7). These

inhibitions were cancelled by the addition of nucleosides4>6'7'8).

The inhibitory action of the structurally related analog, N-
ethylmaleimide (NEM), was not reversed by the addition of
nucleosides.

Since in cell-free extracts of E. colt the antibiotic inhibits
both the ribonucleotide reductase system and the dTMP synthe-

tase system9) and there was also a corresponding decrease in the
intracellular pool of the corresponding deoxyribonucleotides7),
it seemed likely that inhibition of these enzyme systems would
be a possible cause of the inhibition of the DNA synthesis in

E. coli cells. However, in cell-free systems the inhibitory action
of the antibiotic on both enzyme systems was not reversed by nucleosides9). Thus,

the question arose why nucleosides cannot reverse the inhibitory action of SHM in a
cell-free system.

Suhadolnik et al.10) reported that acetate serves as the precursor for either two

o

r four of the carbons of the maleimide ring of SHM.
In order to study the mechanism for the reversal of the SHM-inhibition by nuleo-

sides, the effect of nucleosides on the transport of SHM into E. coli K-12 cells was
examined, with 14C-labeled SHM (SHM-uC)n>12). The present paper describes a simple

Fig. 1. Structure
of showdomycin
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procedure for the preparation of SHM-UC by incubating acetate-2-14C with Strepto-

myces showdoensis N2-209-56.

Materials and Methods

Paper chromatographic analysis of SHM-UC : The analytical sample, e. g. fermentation
broth, supernatant fluid after removal of the mycelium, butanol extract or fractions, was
mixed with reference non-labeled SHM and developed with solvent I,?z-butanol - ethanol -
water (50: 15:35) or, where necessary, with solvent II, ^-butanol- formic acid-water

(77: 10: 13) or with solvent III, rc-butanol-methanol-water (20 : 7: 8) on Whatman 3MM
paper for 15~18 hours by the ascending method. For identification of the radioactive
SHM on the paper chromatograms, the spot of reference non-labeled SHM was located
using UV lamp. The chromatograms were then cut into pieces (0.5~1.0cm) and counted

using a liquid scintillation spectrometer with a toluene phosphor solution.
Streptomyces : Streptomyces showdoensis N2-209-56 was obtained from Dr. M. Mayama.

This strain is a mutant of Streptomyces showdoensis C-224, which produced SHM in a

h

igher yield than the original strain with synthetic medium13).
Chemicals : Sodium acetate-2-14C was purchased from Schwarz BioResearch Inc. Silicic

acid [100 mesh (powder), SiO2-xH2O] was purchased from Mallinckrodt Chemical Works.

Results

SHM-UCProduction by Growing Mycelium of Streptomyces
showdoensis N2-209-56

Lyophilized spores of Streptomyces showdoensis N2-209-56 were suspended in 5 ml
of Bennett's medium (1 % D-glucose, 0.2% Bacto Yeast Extract, 0.1% Bacto Beef
Extractand 0.2 % Difco Gasamino Acid) and inoculated onto Bennett's agar slants.
After incubation for one week at 28°G, one loop from an agar slant of the Strepto-
myces was inoculated into 15ml of Bennett's medium and incubated at 28°G on a

reciprocal shaker. After 22.5 hours, 2ml of this seed culture were added to a flask

Fig. 2-A. Paper chromatograms of the fermentation broth at
2-minute and 2-hour incubation.

The fermentation broth at 2-minute incubation or that at 2-hour incubation (each 20 ^1) was mixed
with reference non-labeled SHM and developed with solvent I for 18 hours by ascending method.
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Fig. 2-B. Paper chromatograms of the fermentation broth at
6-hour and 10-hour incubation.

The fermentation broth at 6-hour incubation or that at 10-hour incubation (each 20 ^1) was
developed with solvent I for 18 hours by ascending method. The paper chromatogram of the
fermentation broth at 10-hour incubation was bioautographed with E. coli K-12 as test organism.

24 å 

Q.

^ 20-i n

-I i 1
à"S16-\

<o !
o j à"à"- 6-hr, incubation

i t: 12- \ I -! 10-hr, incubation
"^ i :

|8-! iL; Lii

eg o 0.2 0.4 o.6 0.8 ;.o

absorption \ SHM)^^ j

B9?^°" 1 ®(S^) ® j

Origin fronf

containing 50ml of the medium for production [2% D-glucose, 0.4% urea, 0.1 % K2*

HPO4, 0.05 % MgSO,-7H2O, 0.05 % KC1, 0.001 % FeSO4-7H2O and tap water (pH 5.5)].

A sterile solution (0.4 ml) of sodium acetate-2-14C (250 ^Ci/4.9 //moles/ml) was added to

the flask just after inoculation.
The nature of the antibiotics produced was examined by paper chromatography

of the fermentation broth and bioautography of the developed chromatogram with

E

. colt K-12 as the test organism.
The incorporation of acetate-2-uC into the mycelium and into various metabolites

of the Streptomyces was followed at given time intervals. In the early stages of the
incubation, the radioactive carbon from acetate-2-uC was actively incorporated into
an unknown metabolite in the culture fluid, located at 0.13 Rf value on the paper

chromatogram developed with solvent I (Fig. 2-A). Incorporation of the radioactive

carbon from acetate-2-14C into SHM gradualy increased during further incubation,

while that into the unknown metabolite described above actually declined (Fig. 2-B).

Papaer-chromatographic analysis showed that approximately 3.5, 7.8, 10.8, 12.9 and

14.2% of the total radioactivity of added acetate-2-14C were detected at the same Rf

v

alue as the SHM reference sample after 2, 4, 6, 8 and 10-hour incubation, respctively.

In addition to SHM, two small spots (X and Y) were found on the bioautogram

of the fermentation broth. It is of interest to note that the radioactive carbon from

acetate-2-uC was not significantly incorporated into these unknown antibiotics (Fig.
2-B).

Since most of the radioactivity detected at the same Rf value as the SHM reference
sample remained in the supernatant solution after removal of the mycelium by cen-
trifugation (Fig. 3), it seems that most of the SHM is released from the mycelium

during fermentation.
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Fig. 3. Paper chromatograms of the mycelial supernatant
solution and the butanol extract.

The mycelial supernatant solution (20pi) or the butanol extract (10fxV) was mixed with re
ference non-labeled SHM and developed with solvent I for 18 hours by ascending method.
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Isolation of SHM-14C
After 10-hour incubation the mycelium of the Streptomyces showdoensis was re-

moved by centrifugation. The supernatant fluid (47ml) was lyophilized, and then
extracted three times with 15ml of methanol. The methanol extracts were combined
and evaporated to about one-tenth volume under reduced pressure. To the con-

centrated solution 15ml of ^-butanol was added and the methanol was exhaustively
evaporated off under reduced pressure. The resulting precipitate was removed by
centrifugation. The clear butanol extract containing SHM-14C (Fig. 3) was charged

onto a silicic acid column (1x10cm, packed with benzene). The column was washed
with 100ml of benzene-acetone (9: 1), and then with 200ml of benzene-acetone (4: 1).
SHM was eluted with benzene-acetone (1:4) as shown in Fig. 4. The fractions

Fig. 4. Column chromatography of the butanol extract on silicic acid.
Solvent A : benzene-acetone (9 : 1) Solvent B : benzene-acetone (4 : 1)
Solvent C : benzene-acetone (1 : 4) For further explanation see text.
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Fig. 5. Paper chromatograms of the
SHM"14C preparation.

The SHM"14C preparation was developed with solvent I,
II or III for 15 hours by the ascending method. The paper
chromatogram developed with solvent I was bioautographed

w

ith E. colt K-12 as test organism.
chromatogram developed with solvent I or
that with solvent II.
chromatogram developed with solvent III.
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containing SHM-UC (fraction 19
and 20) were combined and eva-
porated to dryness. Paper chro-
matographic analysis showed that

over 98.1 % of the total radioacti-

vity of this preparation was due to
SHM-UC (Fig. 5). This preparation

showed an antibacterial activity

identical to that of authentic SHM.
Approximately 0.331 juGi of the
preparation corresponded to 1

^mole of SHM in an antimicrobial

assay employing E. coli K-12 as a

test organism. Total radioactivity

of the SHM-14C obtained was

approximately 2.792 ^Gi. This

value corresponded to about 2.8%

of the sodium acetate-2-uC em-

ployed.

Discussion

The radioactive carbon from
acetate-2-14C was fairly well incor-

porated into the SHM molecule
under the incubation conditions des-

cribed above ; approximately 14%
of the total radioactivity of added

acetate-2-14C (at 37.4 ^M initial concentration) was incorporated into SHM during the 10-
hour incubation.

It is of interest to note that the radioactive carbon from acetate-2-14C was incorporated
exclusively into SHM among the three antibiotic substances present in the fermentation

broth of the Streptomyces.
The specific activity of the SHM-14C obtained from the fermentation broth after 10-

hour incubation was approximately 0.65 % that of the acetate-2-14C. This value would
probably be increased with increasing addition of acetate-2-14C or with shortening of the
incubation period, since the acetate-2-14C given at a concentration of 37.4 ^M was almost
exhaustedafter6-hour incubation. In fact, the specific activity of the preparation obtained
froma fermentation broth incubated for 8 hours was 2.6 times that of the preparation

o

btainedfrom a fermentation broth incubated for 10 hours.

We could easily isolate the SHM-UC by extraction with methanol from the lyophilized
powder of the mycelial supernatant solution, re-extraction from the methanol extract with
n-butanol and use of silicic acid column chromatography. About 2.8 % of the radioacti-
vity of the added acetate-2-14C was recovered in the purified SHM-14C.
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