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Streptomycete isolate, strain M0137 showed cytotoxic effect on THP-1 cells. One of the purified sub-
stances produced from the strain was identified as nonadecanoic acid. Morphological and physiological
properties, phylogenetic analysis, and genomic fingerprinting of strain M0137 were determined. Strain
M0137 showed a high similarity with Streptomyces scabiei, phenotypically and phylogenetically. In con-
trast, genomic fingerprinting and G+C content analysis revealed that strain M0137 could be distin-
guished from S. scabiei ATCC49173". We propose to name strain M0137 as Streptomyces scabiei subsp.

chosunensis.
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Actinomycetes are widely distributed in natural and man-
made environments, and play an important role in the
degradation of organic matter. They are also well known
as a rich source of antibiotics and bioactive molecules,
and are of considerable importance in industry. Tissue cul-
ture microtiter-plate based screens were developed for the
screening of novel microorganisms producing antitumor
or cytotoxic agents (Mirabelli ez al., 1985; Iwai and Taka-
hashi, 1992; Kanzaki et al., 2000).

Until now, cytotoxic substances such as actinomycin D,
mitomycin C, bleomycin and doxorubicin originating from
streptomycetes were used for cancer therapy. To over-
come the secondary effects of these compounds, intensive
approaches aimed at searching for more selective and
novel structural agents have started. In recent years, vice-
nistatin M, albonoursin, migrastatin, valinomycin, and fat-
tiviracin Al produced by Streptomyces spp. have been
under screening (Nakae et al., 2000; Paananen er al., 2000,
Matsushima et al., 2001).

It is one of the major concerns of the researchers whether
the screened agents are novel or not. Thus, the screening
programs for the isolation of novel microorganisms, such
as the use of diverse sources and pretreatments have been
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improved. Recognition as a novel taxa of the isolate has
been very important for both practical and taxonomical
purposes. Recently, molecular systematic methods, nota-
bly 16S rDNA sequencing, are having an ever increasing
impact on streptomycete systematics (Stackebrandt ef al.,
1991; van Wezel et al., 1991; Kim er al., 1996). DNA or
chemical fingerprinting was recognized as one of the most
useful tools for the definition of a novel strain (O'Donnell,
1985).

Six hundred streptomycete isolates were obtained from
soil samples from various locations in the province of
Chonnam, Korea. Among them, one streptomycete iso-
late, M0137, was found to produce a potent cytotoxic sub-
stance. The conditions for culturing microorganisms and
for extracting substances were described in Nam (2002).
The purified compound 0116p, which was recovered from
Sephadex LH-20 column chromatography and silica-gel
column chromatography, showed in vitro anticancer and
immunosuppressive activities. Compound 0116p was identi-
fied to be a nonadecanoic acid (C H,,0,, M.W. 301.10) by
NMR spectral analysis (Nam, 2002). Nonadecanoic acid
has been known to be isolated from several sources such
as fungi, marine sponges, plants, and larvae, which have
inhibitory effects on fibrinolysis and plasmin activity
(Kawashiri et al., 1986). Thus, M0137 is the first strain
producing nonadecanoic acid among the genus Strepto-
myces. Also, there have been no reports on the anti-tumor



Vol. 40, No. 2

and immunosuppressive activities of nonadecanoic acid.

Morphological and physiological properties of strain
MO0137 were determined as described in Williams et al.
(1983). Aerial spore mass color and spore chain morphol-
ogy of the strain was observed on inorganic salts-starch
agar (ISP medium 4: Difco) (Shirling and Gottlieb, 1966).
Physiological properties were examined using procedures
described in a previous study (Williams ez al., 1983).

In order to characterize strain M0137 by molecular
methods, G+C content of the DNA, 16S rDNA sequenc-
ing and genomic fingerprinting were carried out. Chro-
mosomal DNA was isolated from the test strain using a
procedure (Chun and Goodfellow, 1995) slightly modified
from that of Pitcher et al. (1989). The G+C contents were
determined using the thermal denaturation (7m) method
(Mandel and Marmur, 1968).

PCR amplification of 16S rDNA was performed as
described by Kim er al. (1996). The amplitied fragments
were directly sequenced by using a Tag DyeDeoxy ter-
minator Cycle Sequencing Kit (Applied Biosystems) and
previously described oligonucleotide primers (Chun and
Goodfellow, 1995). Sequencing gel electrophoresis was
carried out and nucleotide sequences were automatically
obtained using an Applied Biosystems DNA sequencer
(model 373A) and software provided by the manufacturer.
The 16S rDNA sequence of strain MO137 has been
deposited in the GenBank database under accession num-
ber AY057090. The nucleotide sequence was aligned
manually against corresponding streptomycete nucleotide
sequences retrieved from the GenBank database. An
unrooted evolutionary tree was constructed by the neigh-
bor-joining method (Saitou and Nei, 1987).

Repetitive sequence based PCR was performed using a
thermal cycler (Perkin-Elmer). Each 25 pl PCR reaction
contains 50 pmol each of two opposing oligonucleotide
primers (Versalovic ez al., 1994), 100 ng of chromosomal
DNA, 1.25 mM of each of 4 dNTPs, 2 units of Tag DNA
ploymerase (Bioneer) in a reaction buffer with 10%
DMSO (v/v). The following conditions were used for
amplification: denaturation at 95°C for 30 sec, annealing
at 40°C (for BOXAIR, 52°C) for 1 min, and elongation at
65°C for 8 min for each cycle. A total of 30 cycles were
performed followed by a final elongation step at 65°C for
16 min. For the comparative analysis of DNA fingerprint
patterns, 5 pl of each PCR reaction was electrophoresed
at 5 V/cm directly on 1% agarose gels containing 1xTris
acetate-EDTA(TAE) and 0.5 pg/ml ethidium bromide.

Strain M0137 was closely related to S. scabiei strains
including the type strain S. scabiei ATCC49173" (Lambert
and Loria, 1989). Strain M0137 formed extensively branched
substrate mycelia and aerial hyphae which carried recti-
flexible/open spiral and grey spore chains, produced mel-
anin and contained LL-diaminopimellic acid. The strain
was also sensitive to most of the antibiotics, and did not
inhibit the growth of target microorganisms. Strain M0137
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Table 1. Phenotypic properties of strain M0137

Streptomyces scabies

Mo137 ATCC 491737+

Unit Character

Aerial spore mass color Grey Grey
Spore chains Open spiral Spiral
Substrate mycelium color -
Melanin production + +
Diffusible pigment - -
Lipolysis -
Pectin hydrolysis +
Earthy odor - +
Degradation of:
Elastin -
Xanthine - -
Growth in the presence of (%):
NaCl(7) - -
Sodium azide (0.01) - -
Thallous acetate (0.01) - -
Phenol (0.1) - -
Growth at 45°C - -
Resistance to antibiotics (LLg/ml)
Rifampicin (50) -
Oleandomycin (100) - -
Penicillin G (10 i.u.) - -
Growth on carbon sources (1.0%):
meso-Inositol
L-Rhamnose
Raffinose
D-Melibiose
Dextran
Growth on nitrogen sources (0.1%):
DL-o-Amino-n-butyrate
L-Cysteine
L-Valine
L-Hydroxyproline
Antibiotic activity against:
Bacillus subtilis -
Escherichia coli -
Micrococcus luteus

o+ o+ o+ o+
+

+ + + +

Candida albicans
Saccharomyces cerevisiae -

*data from Lambert and Loria (1989).

did not produce an earthy odor. Other characteristics are
described in Table 1.

Strain M0137 had similar 16S rDNA sequences with S.
scabiei ATCC49173", and only 7 out of 1342 nucleotides
differed from each other (99.48% similarity; Fig. 1). But,
this value was lower than the levels between strains
belonging to the species S. scabiei which were more than
99.9% (Takeuchi er al., 1996). The G+C content of strain
MO137 was 76.13 mol%, while S. scabiei ATCC49173"
was 71% (Lambert and Loria, 1989). Moreover, genomic
fingerprinting using repetitive sequence-based PCR showed
that strain M0137 differed from S. scabiei (Fig. 2). The
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Amycolatopsis sp. MG417(X77959)
Streptomyces acidiscabies ATCC 49003"(D63865)

Streptomyces griseochromogenes DSM 404997(AJ310923)
Streptomyces setonii ATCC 254977(D63872)

Streptomyces neyagawaensis ATCC 274487(D63869)
Streptomyces bottropensis ATCC 25435T(D63868)
Streptomyces diastatochromogenes ATCC 122097(D63867)

Streptomyces europaeiscabiei CFBP '4497T(AJOQ7423)

Streptomyces scabiei ATCC 491737(D63862)

Streptomyces scabiei ATCC 33282(D63863)

Streptomyces scabiei SNS-26(D63864)

MO0137(AY05790)
Streptomyces tendae ATCC 198127(D63873)

Streptomyces sampsonii DSM 403947(Z76680)
Streptomyces gougeroti DSM 403247(Z76687)

Streptomyces infermedius DSM 403727(Z76686)
001
Fig. 1. Neighbor-joining tree based on nearly complete 16S rRNA
sequences of strain M0137 and representative species of related taxa.
The scale bar indicates 0.01 substitutions per nucleotide position.

Fig. 2. Band patterns obtained from repetitive sequence-based PCR
product. Lanes: 1, M0137 (BOXAIR); 2, S. scabiei ATCC 491737
(BOXAIR); 3, MOI37(REP-); 4, S. scabiei ATCC 49173"(REP-); M,
Ladder.

size of amplified DNA fragments were significantly dif-
ferent when the two REP primer sets were used.

The taxonomic definition of Streptomyces scabiei has
been confused for many years. Strain IMRU 3018 (= ISP
5078) represented S. scabiei in the International Strepto-
myces project (ISP) of the 1960s (Shirling and Gottlieb,
1966; Gordon and Horan, 1968). A disproportionate num-
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ber of “S. scabies” reference strains isolated from potatoes
have subsequently been placed in other species such as S.
griseus, S. olivaceous, and S. aureofaciens (Lambert and
Loria, 1989; Takeuchi et al., 1996). Thus, the species was
considered invalid, and was listed in Bergey's Manual of
Determinative Bacteriology, 8th ed. as species incertae
sedis (Buchann and Gibbons, 1974). In 1989, Lambert
and Loria (1989) proposed that the name Strepromyces
scabies should be revived. They demonstrated that S. sca-
bies strains were not closely related to any of the other
strains phenotypically which caused potato scabs. Takeu-
chi et al. (1996) determined the phylogenetic relationship
among Streptomyces spp. that caused potato scabs, and
confirmed the previous study (Lambert and Loria, 1989).

Although strain M0137 is very similar to S. scabies,
phenotypically and phylogenetically, it can be distin-
guished from the strains belonging to S. scabiei when
genomic fingerprinting and G+C content are compared.
Moreover, most of the strains of S. scabiei that were iso-
lated from diverse geographical areas are pathogenic
(Lambert and Loria, 1989; Takeuchi et al., 1996). In con-
trast, strain M0137 shows weak pathogenicity on potato
and produces a potent cytotoxic substance.

In conclusion, it is proposed to name M0137 as S. sca-
biei subsp. chosunensis. The description of Streptomyces
scabiei subsp. chosunensis is as follows: Streptomyces
scabiei subsp. chosunensis (M.L. adj. chosunensis from
Chosun University). Aerial mycelium produces open spi-
ral and grey spore chains, produces melanin and pecti-
nase, does not grow at 45°C and is sensitive to rifampicin
and penicillin G. Other phenotypic properties are given in
Table 1. The G+C content of the DNA is 76.1 mol% (Tm
method). Isolated from a soil collected in Chonnam,
Korea. The type strain is M0O137 (KCTC 9927).

This study was supported by research funds from Chosun
University, 1998.
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