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ABSTRACT

A new actinomycete strain designated as Streptomyces sp. SZS39 was
isolated along with other 61 bacterial strainsfrom asoil in Japan using | SP2
agar medium. Asaresult of antimicrobial screening, the acetone extract of
the strain SZS39 exhibited promising antimicrobial activities against Bacil-
lus subtilis, Saccharomyces cerevisiae, and Schizosaccharomyces pombe.
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Isolation and identification of the antimicrobial principles from the strain
SZS39 was accomplished. As a result of analysis using NMR and MS
spectra, the main antimicrobial compound was identified as actinomycin
X,. Toidentify thestrain SZS39, apartial 16SrRNA gene sequencefromthe
strain SZS39 was determined and found to have high identity (99%) with
known actinomycin producer Streptomyces padanus MITKK-103.
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INTRODUCTION

Actinomycinscondtituteafamily of chromopeptide
anti bi oti cs contai ning an aminophenoxazinone chro-
mophore (actinocin) attached to two pentapeptidelac-
tonerings. Thevariousnaturaly occurring actinomycins
differ by amino acid substitutionsin pecific positions of
their peptidechans, whiletheactinocinmoiety remains
conserved!. Becauseof theplanar structureof actinocin,
actinomycinshavetheahility tointercaateinto GC-rich
DNA, whichresultsininhibition of transcriptioninboth
prokaryotes and eukaryotes?3. Among actinomycins,
actinomycin D isoneof theolder chemotherapy drugs,
and has been used in treatment of avariety of cancers

including gestationa trophoblastic neoplasid®, Wilms’
tumor® and rhabdomyosarcomd®. Dueto the signifi-
canceof actinomycin, thesearchfor the producing bac-
teriahasbeen accomplished sofar. Therearemany re-
portsregarding streptomyceteswhich produce actino-
mycin related compounds™®. Micromonospora
floridensis NRRL 8020 was reported as only actino-
mycin producing bacterid srainwhichwasnotin Srep-
tomyces genus?. Still the search for producing strain
wasanimportant issueto find moreefficient producer.
Onthese circumstances, we performed screening
for actinomycin producing actinomycetes. Asaresullt,
wefound newly isolated strain SZS39 asan actinomy-
cin producer. Herewe describethedetail of identifica
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tion of Sreptomycessp. SZS39 using 16SrRNA gene
sequenceandysis.

MATERIALSAND METHODS

General methods

All NMR spectrawere obtained with JEOL ECA-
600 using DM SO-d, assolvent at 27.0 °C. The reso-
nances of residual DM SO-d, at 54 2.49 was used as
internal referencefor *H NM R spectrum, respectively.
ESI-TOF M S spectrawererecorded by JEOL IMS-
T100L P mass spectrometer.

Testing bacterial strain for antimicrobial assay

The bacteria strains including Bacillus subtilis
(NBRC 13719), Escherichiacoli (NBRC 1002203),
Pseudomonas aeruginosa (NBRC 12689), Saccha-
romyces cerevisiae (NBRC 2376), and
Schizosaccharomyces pombe (NBRC 0340) were
obtained from Biologica Resource Center (NBRC),
Nationd Ingtitute of Technology and Evauation, Japan.

| solation of bacteriaand antimicrobial screening

Thesoil sampleswere collected fromthegroundin
SizuokaUniversity, ShizuokaPrefecture, Japan. The
soil sampleswere spread onto | SP2 agar medium™?,
After 4-5 daysof incubation a 30 °C, colonies devel-
oped wereisolated and stored in arefrigerator at -80
°C. Total of 62 strains were collected and cultured for
antimicrobia screening. ISP2 agar culture (25 mL) of
each strain wasextracted with equa volumeof acetone.
Each acetone extract was evaporated and dissolved in
DM SO to adjust the concentration to 10 mg/mL. The
antimicrobial activity waseva uated by theinhibitory
zonethat was caused by 10 pginocul ation of acetone
extract sample on thetesting microorganism’s culture
using 1SP2 agar medium.

Polymer ase chain reaction (PCR) amplification,
sequencing, and phylogenetic analysis of 16S
rRNA genes

Theextraction of total DNA fromthecellsof SZS39
was performed according to the previous paper™. The
16SrRNA-encoding sequencewasamplified fromthe
total DNA by PCR method using two setsof universa
primer pairs. 9F (5-GAGTTTGATCCTGGCTCAG-
3)and926R (5-CCGTCAATTCCTTTGAGTTT-3),
686F (5-TAGCGGTGAAATGCGTAGA-3) and

1510R (5'-GGCTACCTTGTTACGA-3'). The
reaction mixturefor PCR was prepared by adding 1.0
uL of total DNA of SZS39 (100 ng), 1.0 uL of Pfu
DNA polymerase (Bioneer, Korea), 5.0 uL of X10
reaction buffer (Bioneer, Kored), 4 uL of 2.5mM
dNTPmix solution (Bioneer, Korea) and 31 uL of
distilled water into the PCR reaction tube. PCR
amplificationwascarried out withathermal cycler usng
thefollowingprogram: initid denaturationfor 10minat
94°C, followed by 34 cycles consisting of denaturation
for 40 sat 94°C, annealing for 60 s at 55°C, and DNA
synthesisfor Lminat 72°C. A final extension of 5 min
at 72°C was added at the end of the 34 cycles. The
PCR product was purified with QIAGEN PCR PURE
kit following the manufacturer’s instruction. The
reactionsfor sequencing wereperformed using Beckman
DTCS-Quick Start Kit following manufacture’s
ingruction. The4 primersare used for thereacton: 339F
(5-CTCCTACGGGTGAGTAACAC-3), 536R(5-
GTATTACCGCGG CTGCTG-3'), 686F (5'-
TAGCGGTGAAATGCGTAGA-3), 1099F (5'-
GCAACGAGCGCAACCC-3). Thesequencingwas
performed with capillary DNA sequencer CEQB8000X L
(beckman coulter).

I'solation of actinomycin D and X,

| SP2 agar medium (500 mL) wasused for culture
of Sreptomyces sp. SZS39. After 7 dayscultureat 30
°C, equal volume of acetone was added to the agar
culturefor extraction. After concentration, the acetone
extract was subj ected to open column chromatogra-
phy (Silica-gel) euted with CHCI,, CHCI/MeOH(9:1),
CHCI./MeOH(7:3). The CHCI /MeOH (9:1) fraction
was subjected to reversed-phase HPLC using ODS
column (Nacdai Tesque, Cosmosil C8, 4.6 x 250 mm)
withisocratic e ution of 53% MeCN containing 0.05%
TFA. The UV detector of HPL C was st at the absor-
bance of 220 nm.

RESULTSAND DISCUSSION

Thenew bacterial strain SZS39 wasisolated from
theground soil of ShizuokaUniversity in Japan using
|SP2 agar medium dong with other 61 bacterid strains.
Withtheaim of screening for antibacterial compounds,
these strainswere cultured with ISP2 agar mediafor 7
days. Each culturewas extracted with acetone, and the
acetone extract was concentrated and adjusted to the
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concentration of 10mg/mL in DM SO. Theextract
subjected to antibacteria assay using 5 bacterid str

(Bacillus subtilis, Escherichia coli, Pseudomonas

aeruginosa, Saccharomyces cerevisiae,
Schizosaccharomyces pombe). Asaresult, high

centage of extracts (80%, 50/62) showed antibacteria
activity against at | east onetesting strain. Among the
bacteria, the extract of the strain SZS39 showed in-
tense antibacterial activity against B. subtilis, S.

cerevisiae, and S. pombe.
Thecultureof strain SZS39 using | SP2 agar

dium wasextracted by acetone and the acetone extract

wasfiltered and concentrated to aqueousresidu

the rotary evaporator. The acetone extract was sub-
jected to open column chromatography using silica-gel
with CHCI./MeOH solvent system. Asaresult of anti-
bacterial assay, CHCI./MeOH (9:1) fraction showed

potent activity and further HPLC analysis was
formed onthefraction.
OnHPLC analysis, two major peaksat reten

timeof 16.3 and 20.2 minwere observed asshownin
Figure 1. The compounds 1 and 2 showed characteris-
ticsof yellow powder after lyophylization. High resolu-
tion ESI-M S spectrum of compound 2 (retentiontime

—> Regulor Peper

H]* at m/z 1269.6065, calculated for 1269.6155,
C,,HgN,,O,.). Identification was accomplished by
analysisof NMR spectrum dataincluding *H, COSY,
HMBC, HMQC, ROESY spectra. Sincethe spectra
datawasidentica with literaturedata, compound 2 was
identified asactinomycin X.,. The ESI-M Sspectrum of
compound 1 (retentiontime 16.3minin Figurel) indi-
cated theion peak at 1255.1. The compound 1 was
deduced to be actinomycin D by judging by thereten-

tiontimeand molecular weight.

was
ans

and
per-

me-

eby

per- Act X2

tion
ActD

20 min

20.2mininFigure1) established themolecular formula Figurel: HPL C chromatogram of extract of strain SZS39
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62" "84 "12 17

based onthe HR-ESI-M S ([

M + (Act X, actinomycin X,, Act D: actinomycin D)

Micromonospora floridensis JCM 3266 (X92621)*

268

Streptomyeces flavus NBRCS3359 (AB184749)*
Streptomyces anulatus NBRC15393 (AR 184644)*
Streptomyces anulatus NBRC12853 (AB184195)*

1000 Streptomyees anulatus NBRC12861 (AB184199)*
Streptomyces sindenensis MTCC8122 (EF422787)*
6921 Streptomyeces sp.STE177 (GU130178)*

Streptomyees michiganensis NBRC12797 (NR041071)*
Streptomyces avermitilis NCTMB 128047 (AF145223)
Streptomyces scabiei ATCC49173 (D63862)

893

e Streptomyces griseoinearnatus CTF15 (EU301831)*
_|_f5tmptumyccs coelicolor DSM40233" (Z276678)
484 | B4 Streptomyces parvulus NBRC13193 (AB184326)*
Streptomyces lanatus NBRC12787 (NR041220)*
Streptomyces padanus JAU4234 (JFT01605)*

Streptomyees padanus MITKK-103 (AY941263)*

SZ539*
Streptomyces murinus NBRC14802 (AB184622)*

462

1000

Streptomyces triostinieus CKMT7 (EUB35725)*
Streptomyces regensis NBRC13448 (AB184410)*

Streptomyces galbus NBRC12864 (AB184201)*
Streptomyces griseoruber NBRC12873 (NR041086)*
Streptomyeces antibioticus NBRC3117 (AR 184729)%

10001 Streptomyces antibioticus NBRC12838 (AB184184)*
Sireptomyces chrysomallus subsp.fumigatus NBRC15394 (AB184645)*

202

Figure2:

Phylogenetic position of thestrain SZS39 (*: actinomycin producer)
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Thesequenceof 16SrRNA genefrom SZS39was
amplified by PCR method using universal primersand
sequenced with automated capillary DNA sequencer.
The 16SrDNA sequence of Sreptomycessp. SZS39
was deposited in DDBJ database under the accession
number AB695291. The nearly complete 16SrRNA
gene sequence of SZS39 was compared with 16S
rRNA gene sequencesof 3 representative Sreptomy-
ces species (S. coelicolor, S. avermitilis, and S.
scabiei) and known actinomycin producersavailable
indatabases (Figure 2). Sofar, 16 STRNA genesof 20
strainsin Sreptomyces genus and Micromonospora
floridens's, which produces actinomycins have been
deposited in database. Asaresult, the strain SZS39
wasclosdly related to Sreptomyces padanusMITKK -
103 and JAU4234 with the high identity of 99 %. S.
padanus MITKK -103 showed high production of ac-
tinomycins X, and D", Its production pattern of acti-
nomycinswassimilar to that of thestrain SZS39. Re-
cently, Sreptomyces padanus JAU4234 wasalso re-
ported to produceactinomycin X, aongwith new poly-
ene macrolide antibiotic®. Although thereare severa
clustersof actinomycin producersin thisphylogenetic
analysis, the actinomycin production seemed to be
widely distributed over streptomycetes.
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