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Abstract In the course of our screening program for anti-
Mycobacterium bovis bacillus Calmette-Guérin (BCG) and
anti-Mycobacterium tuberculosis H37Rv (MTB H37Rv)
agents from our marine natural product library, a newly isolated
actinomycete strain, designated as MS449, was picked out for
further investigation. The strain MS449, isolated from a sedi-
ment sample collected from South China Sea, produced acti-
nomycin X2 and actinomycin D in substantial quantities, which

showed strong inhibition of BCG and MTB H37Rv. The
structures of actinomycins were elucidated by nuclear magnetic
resonance and mass spectrometric analysis. The strain MS449
was taxonomically characterized on the basis of morphological
and phenotypic characteristics, genotypic data, and phyloge-
netic analysis. The 16S rRNA gene sequence of the strain was
determined and a database search indicated that the strain was
closely associated with the type strain of Streptomyces avermi-
tilis (99.7 % 16S rRNA gene similarity). S. avermitilis has not
been previously reported to produce actinomycins. Themarine-
derived strain of Streptomyces sp. MS449 produced notably
higher quantities of actinomycin X2 (1.92 mg/ml) and actino-
mycin D (1.77 mg/ml) than previously reported actinomycins
producing strains. Thus, MS449 was considered of great po-
tential as a new industrial producing strain of actinomycin X2

and actinomycin D.
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Introduction

Tuberculosis is a contagious disease, caused byMycobacteri-
um tuberculosis (MTB). MTB infection results in more than
two million deaths per year and it is considered the leading
cause of mortality in people co-infected with HIV/AIDS
(World Health Organization 1999). About one third of the
world’s population has been infected with MTB and new
infections occur at a rate of one individual per second (Dye
et al. 1999). Tuberculosis is becoming a serious threat for
disease control and its deadly synergy with HIV/AIDS and a
surge in drug-resistant strains make it a primary objective for

Caixia Chen, Fuhang Song, and Qian Wang contributed equally to this
paper.

Electronic supplementary material The online version of this article
(doi:10.1007/s00253-012-4079-z) contains supplementary material,
which is available to authorized users.

C. Chen : F. Song :Q. Wang :W. M. Abdel-Mageed :H. Guo :
C. Fu :H. Dai :X. Liu :N. Yang : F. Xie :K. Yu : L. Zhang (*)
Key Laboratory of Pathogenic Microbiology and Immunology,
Institute of Microbiology, Chinese Academy of Sciences,
Beijing 100190, China
e-mail: zhanglixin@im.ac.cn

W. M. Abdel-Mageed
Pharmacognosy Department, Faculty of Pharmacy,
Assiut University,
Assiut, Egypt

W. Hou
Laboratory of Molecular Vector Biology,
Haidian Center for Disease Prevention and Control,
Haidian District,
Beijing 100094, People’s Republic of China

R. Chen (*)
Institute of Medicinal Biotechnology, Chinese Academy
of Medical Sciences & Peking Union Medical College,
Beijing 100051, China
e-mail: chrx888@sohu.com

Appl Microbiol Biotechnol (2012) 95:919–927
DOI 10.1007/s00253-012-4079-z

http://dx.doi.org/10.1007/s00253-012-4079-z


our team in recent years to discover entirely novel agents that
can markedly shorten the time to cure tuberculosis and sim-
plify the treatment.

To date, a lot of work has been done in our lab to accelerate
the lead discovery process (Song et al. 2010; Yu et al. 2010;
You et al. 2010) and to improve the yields of some bioactive
metabolites by biodiversity and taxonomy-guided natural
product library construction (Ashforth et al. 2010), high
throughput screening (Liu et al. 2010), and genetic engineer-
ing project (Zhang et al. 2005; Zhuo et al. 2010). Also, these
remarkable efforts facilitated our screening process for anti-
Mycobacterium bovis bacillus Calmette-Guérin (BCG) and
anti-M. tuberculosis H37Rv (MTB H37Rv) compounds and
enhanced the efficiency of the discovery of bioactive agents.
The construction of a large marine natural product library
(MNPL) (Bian et al. 2008) afforded a strong support for all
screening work based on different high throughput screening
models, such as synergic anti-fungal screening model (Zhang
et al. 2007), anti-methicillin-resistant Staphylococcus aureus,
anti-BCG, and anti-fungal screening models, and some other
antimicrobial or antitumor screening models at the cellular
and molecular levels.

We have developed a convenient high throughput screen-
ing model to identify inhibitors in an aerobic, logarithmic
growth screen of BCG (Cowley and Av-Gay 2001). The
BCG used here was transformed with green fluorescent pro-
tein (GFP) constitutive expression plasmid Puv3583 with
direct readout of fluorescence as a measure of bacterial
growth. In our screening for anti-BCG compounds from our
MNPL, a number of positive strains were picked out and their
secondary metabolites were analyzed by HPLC-diode array
detector. These organisms proved to be a rich source of
bioactive compounds. StrainMS449, which was isolated from
a sediment sample collected from South China Sea, gained our
special interest because of the potential activity against BCG
and diversity of metabolites in its fermentation broth. The 16S
rRNA gene sequence from the strain was determined and
proved to have high identity (99.7 %) with Streptomyces
avermitilis. As the type S. avermitilis strain which produces
avermectins was available, we compared its features with
MS449 and analyzed the HPLC-UV–Vis characteristic of its
secondary metabolites and found that it evidently differed
from the strain MS449 in morphological and metabolic char-
acteristics. Therefore, MS449 was picked out for further in-
vestigation and resulted in three actinomycins with potent
bioactivities.

Actinomycins are a family of chromopeptide lactone
antibiotics, among which actinomycin D has been studied
extensively and widely used clinically for the treatment of
several types of malignant tumors, notably Wilms’ tumor
(Green 1997) and childhood rhabdomyosarcoma (Womer
1997). Since the discovery of actinomycin D, it has become
an important tool in clinical, molecular, and cell biology

(Kurosawa et al. 2006) because of its unique structure and
biological properties by intercalating into duplex DNA, which
results in inhibition of DNA-dependent RNA polymerase and
thus protein synthesis (Wadkins et al. 1998). It was reported to
inhibit the coxsackievirus B3 (Saijets et al. 2003) and was
proposed for the treatment of AIDS because of its effective-
ness in inhibiting the minus-strand transfer process in HIV-1
(Rill and Hecker 1996). By contrast, the anti-tuberculosis
activity of actinomycins was not paid much attention, and
little research has been reported. The literature review indicat-
ed that subsequent research mainly focused on the structure
modification and biofunction of actinomycins with no more
attention to actinomycin X2 and X0β especially in the anti-
tuberculosis aspect (Sun and Yang 2011). The strain with high
production of actinomycin X2, actinomycin D, and relatively
less actinomycin X0β may be valuable for researchers’
investigation.

In this paper, we describe the marine-derived Streptomyces
strain MS449, which exhibits potent activities against BCG
and MTB H37Rv and is a stable high yield producer of
actinomycin X2, actinomycin D, and actinomycin X0β even
under non-optimized culture conditions. The strain MS449
was identified as S. avermitilis based on taxonomic experi-
ments and it is a novel source for actinomycins.

Materials and methods

Microbial strains

An actinomycete strain MS449, used as the producing
strain, was isolated from a sediment sample collected from
South China Sea (longitude 110:22:47.058 and latitude
17:33:35.661) and grown on an GT medium agar slant
consisting of soluble starch 2.0 %, L-asparagine 0.05 %,
KNO3 0.1 %, K2HPO4·H2O 0.05 %, NaCl 0.05 %, and
MgSO4⋅7H2O 0.05 % (pH 7.5) at 28 °C. MS449 was de-
posited at the China General Microbiological Culture Col-
lection Center (CGMCC)with the accession number CGMCC
No. 5452.

Mycobacterium phlei (ATCC 11758), used as an indicator
organism during the isolation process, was grown on an agar
plate consisting of peptone 1.0 %, malt extract 0.5 %, yeast
extract 0.5 %, casein acid hydrolysate 0.5 %, beef extract
0.2 %, glycerol 0.2 %, Tween-80 0.005 %, MgSO4⋅7H2O
0.1%, and agar 1.2 %, pH 7.2 at 37 °C.M. bovisBCG (Pasteur
1173P2) and Mycobacterium tuberculosis H37Rv
(ATCC27294) were used here for bioactivity screening and
assays.

Enterococcus faecalis HH22 (Shiojima et al. 1997),
carrying bifunctional modifying enzyme genes in plas-
mid PBE10, was clinically isolated and resistant to gen-
tamycin, penicillin, erythromycin, and tetracycline.
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Proteus mirabilis PM631 SE (Neuwirth et al. 2001) was
a clinical isolate producing TEM-3 β-lactamase. E. fae-
calis HH22 and PM631 SE were preserved in the Insti-
tute of Medicinal Biotechnology, Chinese Academy of
Medical Sciences & Peking Union Medical College. E.
faecalis HH22 and PM631 SE, together with Pseudomo-
nas aeruginosa (ATCC 27853), Escherichia coli (ATCC
25922), S. aureus (ATCC 29213), Mycobacterium smeg-
matis (ATCC 700044), and M. phlei (ATCC 11758),
were used to test antimicrobial properties of the fermen-
tation broth using paper disk-agar diffusion assay (Raahave
1974; Fosto et al. 2008).

Cultural and morphological properties of strain MS449

A set of cultural and phenotypic characteristics was exam-
ined using media and the International Streptomyces Project
procedures recommended by Shirling and Gottlieb (1966).
Mature aerial mycelium and substrate mycelium pigmenta-
tion were recorded on GT agar media following incubation
at 28 °C for 28 days. Morphological features of spores and
mycelia were observed by scanning electron microscopy
(Quanta 200) after growth on GT, desiccation, and coating
the cells with gold.

16S rRNA gene sequence and phylogenetic analysis

Extraction of MS449 genomic DNA was done as described
by the TINAamp Bacteria DNA Kit. Universal primers (27f:
5 ′-GAGAGTTTGATCCTGGCTCAG-3 ′; 1492r: 5 ′-
CTACGGCTACCTTGTTACGA-3′) were used to amplify
the 16S rDNA. PCR amplification [25 μl final volume—
0.4 μl 20 μM of each primer, 2.5 μl 10× buffer (TaKaRa,
Dalian, China), 2.5 μl 2.5 nM dNTP (TaKaRa), 2 U rTap
polymerase (TaKaRa), and 1 μl DNA template] of the 16S
rDNAwas performed on TaKaRa PCR Thermal Cycler with
the initial denaturation at 94 °C for 5 min, 30 cycles of
denaturation (94 °C, 1 min), annealing (55 °C, 1 min), and
elongation (72 °C, 1 min 15 s), and a final elongation at
72 °C for 10 min. Multiple alignments with sequences of
most closely related Streptomyces and calculations of levels
of sequence similarity were carried out using CLUSTALW
(Thompson et al. 1994). The phylogenetic tree was con-
structed using the neighbor-joining method (Saitou and
Nei 1987) by MEGA 4.0 (Tamura et al. 2007). The topology
of phylogenetic tree was evaluated by bootstrap resampling
method with 1,000 replicates (Felsenstein 1985).

Nucleotide sequence accession number

The nucleotide sequence of 16S rRNA gene reported in this
article was assigned to the GenBank accession number
JN104388.

Production of actinomycins by MS449 in different
producing media

A stock culture of the strain was grown and maintained on a
GT agar slant. The stock culture was transferred into 250-ml
Erlenmeyer flasks containing 40 ml of the seed medium
with the same components as the agar slant medium. The
culture was incubated on a rotary shaker (220 rpm) at 28 °C
for 96 h. Four milliliters of the seed culture was transferred
into 250-ml Erlenmeyer flasks containing 40 ml of the
producing medium. Three kinds of producing media were
used: (a) M21 medium consisting of glucose 0.5 %, lactose
4 %, cottonseed protein 3 %, Bacto Peptone 0.5 %, K2HPO4

0.05 %, MgSO4⋅7H2O 0.05 %, and KCl 0.03 % (pH 7.0); (b)
9A medium consisting of yeast extract 1.0 %, saccharose
5.0 %, K2HPO4 1.0 %, NaNO3 0.3 %, KCl 0.05 %, MgSO4

0.05 %, and FeSO4 0.001 % (pH 6.5); and (c) MPG medium
consisting of glucose 1.0 %, millet meal 2.0 %, cotton seed
gluten meal 2.0 %, and MOPS 2.0 %, pH 7.0. The cultures
were incubated at 28 °C for 17 days on a rotary shaker at
220 rpm. After incubation for 5 days, aliquots (2 ml) of the
cultures were collected every 48 h and prepared for HPLC
analysis as follows: After centrifugation (8,000 rpm, 3 min),
the mycelia were extracted twice with acetone to give the
organic fraction. The supernatants were added 0.5 ml HP-20
resins, rocked for 2 h on a shaker, and filtrated, and the
resins were washed with acetone three times. The acetone
fractions from the mycelia and the supernatants were com-
bined and dried to give crude extracts. Each crude extract
was then redissolved in 2 ml acetone, filtered through a
0.45-μm membrane filter, and analyzed by RP-HPLC
equipped with an Agilent XDB-C8, 5 μm column (4.6×
150 mm), and 70 % methanol in water as the mobile phase.
External standard method was used in the quantitative anal-
ysis with actinomycin X2 (Alexis), actinomycin D (Sigma),
and actinomycin X0β (Alexis) as standards and 446 nm as
the detection wavelength.

Fig. 1 Colony characteristics of MS449 grown on GT agar at 28 °C
for 28 days
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Susceptibility test of fermentation broth with MPG medium

P. aeruginosa, E. coli, S. aureus,M. smegmatis,M. phlei, E.
faecalis HH22, and PM631 SEwere grown for 24 h at 37 °C in
LB medium; 1 % (v/v) microorganism cultures were mixed
with sterilized LB agar medium to make uniform microorgan-
ism suspensions for pouring plates before the medium solidi-
fied. Six-millimeter filter paper disks impregnated with testing
samples were allowed to dry and then placed on the solidified
agar plates and incubated at 37 °C overnight. The area of no
growth around the disk was known as a “zone of inhibition”.

Purification and characterization of actinomycins

The fermentation broth of MS449 grown in MPG medium
(200ml) at 28 °C for 15 days was fractionated by centrifugation

to give the supernatant and mycelium. The mycelium was
soaked with acetone and filtered. The filtrate was diluted to
five times volume with the supernatant or water and then the
mixture was charged on a column of HP-20 resins, which was
washed with distilled water and then eluted with 50, 65, and
80 % acetone, respectively. The active fractions eluted with
65 % acetone were combined and removed acetone in vacuo,
and then the water residue was extracted twice with ethyl
acetate. The organic fractions were combined, dried (over
Na2SO4), and concentrated under reduced pressure. The resi-
due was then resuspended in acetone and gave a pure active
constituent (1) using preparative RP-HPLC equipped with an
Eclipse XDB-C18, 5 μm column (9.4×250 mm, Agilent), and
70 %MeOH in water as the mobile phase. The active fractions
eluted with 80 % acetone from HP-20 resins were also sepa-
rated into pure constituents using RP-HPLC and gave two pure
compounds (2 and 3). Antibiotic activity of the culture broth
was determined and the bioactive fractions were tracked by
conventional paper disk-agar diffusion assay using M. phlei,
and the zones of inhibition were measured after 18 h of incu-
bation at 37 °C.

The actinomycins were characterized using spectroscopic
analyses. Electrospray ionization mass spectra (ESI-MS) were
recorded on a Bruker Esquire3000 plus spectrometer and vari-
ous nuclear magnetic resonance (NMR) spectra were recorded
on a Varian Inova 600 MHz spectrometer and the solvent was
acetone-d6.

Anti-BCG and MTB assay

The anti-BCG and anti-MTB H37Rv assays utilize constitutive
GFP expression (pUV3583c-GFP) with direct readout of fluo-
rescence as a measure of bacterial growth (Cowley and Av-Gay
2001). The in vitro activity of compounds against BCG and
MTB H37Rv was determined in a 96-well plate as previously
described (Wang et al. 2010). BCG and MTB H37Rv were
grown at 37 °C to mid-log phase in Middlebrook 7H9

Fig. 2 Scanning electron micrograph of MS449 grown on GT agar at
28 °C for 28 days. Bar, 5 μm

Streptomyces canus NRRL B-1989T(AY999775)

 Streptomyces ciscaucasicus  NBRC 12872T(AB184208)

Streptomyces resistomycificus NBRC 12814T(AB184166)

 Streptomyces novaecaesareae  NBRC 13368T(AB184357)

 Streptomyces prunicolor  NRRL B-12281T(DQ026659)

 MS449(JN104388) 

 Streptomyces avermitilis MA-4680T(BA000030)

 Kutzneria albida  NRRL B-24060(EF543522)

95

100

63

74

61

0.01

Fig. 3 Neighbor-joining phylogenetic tree of strain MS449 based on 16S
rRNA gene sequence generated by Mega4.0. Numbers at nodes indicate
levels of bootstrap support (percent) based on a neighbor-joining analysis

of 1,000 resampled datasets; only values >50% are given. NCBI accession
numbers are given in parentheses. Bar, 0.01 nucleotide substitutions per
site. Also, Kutzneria albida was chosen as the outgroup
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broth supplemented with 10 % OADC enrichment (Becton
Dickinson), 0.05 % Tween-80, and 0.2 % glycerol. The cul-
tures were then diluted to a bacterial suspension with OD600

values of 0.025 with culture media. For primary screening,

aliquots (80 μl) of the bacterial suspension were added to each
well of the clear flat-bottom 96-well microplates, followed by
adding 2 μl of sample solutions (1 mg/ml). Isoniazid served as
the positive control while DMSO served as the blank control.

Fig. 4 The structures of
isolated compounds (1–3)

Fig. 5 HPLC analysis of crude extracts ofMS449 cultured inMPGmedium. Extracts were analyzed using Shimadzu 20AHPLCwith an Agilent XDB-
C8 column (5 μm, 4.6×150 mm), 70 % methanol as the mobile phase, 1.0 ml/min as the flow rate, and 254 nm as the detection wavelength
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Fig. 6 Time course production
of actinomycin X2 (a),
actinomycin D (b), and
actinomycin X0β (c) by MS449
cultured in MPG (square), M21
(circle), and 9A (triangle)
media. Results represent the
means ± standard errors
of the means (SEM) of three
independent experiments
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The plates incubated at 37 °C for 3 days for BCG or 10 days
for MTB H37Rv GFP fluorescence were measured with a
multi-label plate reader (Perkin-Elmer Envision 2103) using
the bottom read mode, with excitation at 485 nm and emission
at 535 nm. Hits were defined as compounds that could inhibit
more than 90 % of bacterial growth compared to the blank
control at a concentration of 64 μg/ml or less.

For MIC determination of the compounds, bacterial suspen-
sions were prepared and dispensed as described above, and
compounds were serially diluted twofold from 25 to 0.19
μg/ml in each column. Isoniazid as positive control (800 to
6.25 ng/ml) and DMSO as blank control were also included in
each plate. The plate was incubated at 37 °C for an appropriate
time, and after incubation, the plate was bottom-read to record
the GFP fluorescence. Here, MIC is defined as the minimum
concentration of drug that inhibits more than 90 % of bacteria
growth reflecting by fluorescence values. Anti-BCG and anti-
MTBH37Rv assays were performed in Biosafety level (BSL) 2
and BSL3 settings, respectively.

Results

Characterization and identification of isolated strain MS449

A number of actinomycete strains were isolated from a sedi-
ment sample collected from South China Sea and investigated
with small-scale fermentation. The strains with their crude
extracts were deposited in our MNPL and evaluated for their
ability to produce antibiotics by high throughput screening.
StrainMS449 showed strong anti-BCG activity and was picked
out to be further investigated. The colonial (Fig. 1) and mor-
phological properties (Fig. 2) suggested that MS449 was a
member of the genus Streptomyces. Substrate mycelium is
yellow in color. Aerial mycelium, where produced, on medium
such as GT is white to yellowish white with spinous surfaces.
Soluble yellow pigments are produced. Aerial hyphae differen-
tiate into short, straight chains of smooth-surfaced, cylindrical-

like spores (0.5–0.7 μm×1.5–2.0 μm) after 28 days of cultiva-
tion on GT plates.

The comparison between the 16S rRNA gene sequence of
strain MS449 (1448 nt) and sequence in GenBank indicated
that the novel isolate was closely related to the genus Strep-
tomyces and has the highest similarity with S. avermitilis
(99.70 %). Phylogenetic analysis based on 16S rRNA gene
sequence analysis revealed that strain MS449 formed a dis-
tinct phylogenetic cluster with S. avermitilis in the phyloge-
netic tree (Fig. 3) with a bootstrap value above 95 %.

Production of actinomycins by MS449 in different
producing media

Actinomycin X0β, actinomycin X2, and actinomycin D (1–3)
(Fig. 4) were detected in three crude extracts and the three
major components were eluted by HPLC at 8.6, 14.7, and
16.9 min, respectively (Fig. 5). The relative proportion of the
three identified antibiotics remained consistent in the three
media. The highest actinomycin productivity was observed in
MPG medium at 15 days (Fig. 6). The yields of actinomycin
X0β, actinomycin X2, and actinomycin D from MPG medium
were 0.15, 1.92, and 1.77 mg/ml, respectively.

Purification and characterization of actinomycins produced
by MS449

Active components were isolated from MPG medium culture
broth (200 ml) and three bioactive compounds were obtained
(1–3). Their structures were elucidated by UV, 1D NMR, 2D
NMR (1H-1H COSY, 1H-13C HSQC, 1H-13C HMBC), and
MS analysis as well as by comparison with the previously
reported NMR data of actinomycins. All isolated compounds
showed typical UV–Vis spectra with maximal absorbance at
241 nm (shoulder) and 446 nm similar to those of known
actinomycins (Fig. 5). ESI-MS of isolated compounds
revealed molecular ion peaks at m/z 1,271.3 [M+H]+ for 1,
1,269.1 [M+H]+ and 1,291.1 [M+Na]+ for 2, and 1,255.1
[M+H]+ and 1,277.1 [M+Na]+ for 3 (Supplementary materi-
als, Fig. S1), which were identical to those of actinomycin
X0β, actinomycin X2, and actinomycin D, respectively.
1H, 13C (Supplementary materials, Table S1) and 2D NMR
spectra of isolated compounds in acetone-d6 showed a great
similarity. From 1D, 2D NMR, and by comparison with the
previously reported data (Yu and Tseng. 1992; Zhang et al.
2009; Lackner et al. 2000), the structures of 1, 2, and 3 were
confirmed to be actinomycin X0β, actinomycin X2, and acti-
nomycin D (Fig. 4).

Susceptibility test of fermentation broth

Susceptibility of fermentation broth of MS449 in MPG medi-
um against a variety of microorganisms was performed by

Table 1 Susceptibility of the fermentation broth of MS449 to different
microorganisms

Microorganisms Diameters of inhibition zones (mm)

Pseudomonas aeruginosa –

Escherichia coli 30.0

Staphylococcus aureus 17.0

Mycobacterium smegmatis 19.0

Mycobacterium phlei 20.0

E. faecalis HH22 17.5

PM631 SE –

Negative control –

– no activity was detected
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paper disk diffusion assay. The relevant comparisons between
the zones of inhibition are shown in Table 1. The fermentation
broth showed no activity against P. aeruginosa and PM631
SE. According to the test results, we choose one of the positive
microorganisms, M. phlei, which also belongs to the genus
Mycobacterium, as the indicator organism (Supplementary
materials, Fig. S2) to track the bioactive components during
the isolation process.

Anti-BCG and anti-tuberculosis activities of actinomycins

The pure compounds 1–3 all showed activities against BCG
with MIC values of 0.25–0.5 μg/ml and MTB H37Rv with
MIC values of 8.0, 1.0, and 8.0 μg/ml, respectively. Acti-
nomycin X2 showed the best activity against tuberculosis
among these three compounds.

Discussion

MS449 is the first reported naturally occurring strain of S.
avermitilis producing a notably high yield of actinomycin
X2 and actinomycin D. To the best of our knowledge,
approximately 30 species of Streptomyces and Micromono-
spora were reported capable of producing actinomycins
(Kurosawa et al. 2006; Praveen and Tripathi 2009). How-
ever, only a few strains were reported to produce relatively
large quantities of one major component of actinomycins,
such as Streptomyces parvulus (0.152 mg/ml actinomycin D
under optimized conditions) (Praveen et al. 2008a), Strep-
tomyces griseoruber (0.21 mg/ml actinomycin D) (Praveen
and Tripathi 2009), a mutant strain of Streptomyces sinde-
nensis (0.85 mg/ml actinomycin D) (Praveen et al. 2008b),
Streptomyces MITKK-103 (0.11 mg/ml actinomycin X2)
(Kurosawa et al. 2006), Streptomyces spp. JAU4234
(0.62 mg/ml actinomycin X2 under optimized conditions)
(Xiong et al. 2008), and Streptomyces nasri strain YG62
(0.15 mg/ml actinomycin X2) (EI-Naggar 1998), whereas
strain MS449 exhibited a unique ability to produce large
quantities of actinomycin X2 (2), actinomycin D (3), and
actinomycin X0β (1) simultaneously with a production of
1.92, 1.77, and 0.15 mg/ml, respectively, under non-
optimized conditions. Actinomycin X2 production in MPG
medium reached a sub-maximum peak after 9 days and
increased slowly afterwards. The production of actinomycin
D and actinomycin X0β in MPG increased markedly after
11 days. Maximum levels of actinomycin productivity were
reached after 15 days (Fig. 6). Optimization of the culture
conditions was expected to be done to exploit the full
potential for industrial application of this strain.

Actinomycins, which were firstly discovered by
Waksman and Tishler (1942), represent a family of chro-
mopeptide antibiotics which differ solely in the peptide

portions of the molecules. To date, more than 30 ana-
logues have been described. Actinomycins have become
an important tool in molecular and cellular biology.
Among actinomycins, actinomycin D has been extensive-
ly studied and used clinically. The exciting potentialities
of actinomycin D have stimulated a great deal of re-
search into its chemical, physical, and biological charac-
teristics (Hollstein 1974; Henry 1985). Although little
research about actinomycin X2 and actinomycin X0β

was reported, actinomycin X2 showed better activity
against MTB H37Rv than actinomycin D and actinomycin
X0β in our research. It was also reported that actinomycin X2

showed higher cytotoxicity toward HL-60 cells than actino-
mycin D (Kurosawa et al. 2006). It is affirmative that actino-
mycin X2 will bemore andmore attractive. As a new source of
actinomycin X2, MS449 is considered of great potential for
industrial application.
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