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Abstract
Purpose Marine environments, especially sediments, are
rich sources of actinomycetes that provide many bioactive
compounds, primarily antibiotics. The goal of this study was
to investigate the diversity of cultivable actinomycetes and
their potential to produce antibiotics from sediments collect-
ed from the coastal zones of Turkey.
Materials and methods Thirty sediment samples were col-
lected from nine different coastal sites in three seas surround-
ing the Anatolian Peninsula of Turkey. Of the samples, 6 were
collected from one site in the Black Sea, 18 from seven sites in
the Aegean Sea, and 6 from one site in the Mediterranean Sea.
Strains of pure actinomycetes were isolated by modified acti-
nomycetes isolation agar (MAIA), M1 agar, M6 agar, and
modified R2A agar. Ethyl acetate extracts and fermentation
broths were used for the evaluation of antimicrobial activity
against antibiotic resistant test microorganisms. The identifi-
cation of the isolates was undertaken by 16S rRNA gene
sequencing.
Results and discussion A total of 261 strains of actinomy-
cetes were isolated, of which 66 (25 %) were active against at
least one antibiotic-resistant microorganism. Sixty-five of
the actinomycetes isolates with antimicrobial activity were
Streptomyces spp. and one was Nocardia sp., which implied

that genus Streptomyces was predominant. Whereas MAIA
agar was the best medium to recover actinomycetes, M6 agar
was superior to others for the isolation of antibiotic-producing
strains.
Conclusions Extensive screening of the extracts from the 261
isolates for antimicrobial activities revealed considerable po-
tential to produce antibiotics. These findings imply that acti-
nomycetes from marine sediments of the Anatolian Peninsula
coasts have potential for the discovery of novel bioactive
compounds.

Keywords Anatolian Peninsula . Antimicrobial activity .

Biodiversity . Coastal marine sediments . Marine derived
actinomycetes

1 Introduction

Actinomycetes (Actinomycetales; Actinomyces) is derived
from the Greek word “actis” for beam and “mykes” for
mucus, fungus. Actinomycetes are Gram-positive bacteria that
are mostly aerobic and mycelial, and are characterized by high
guanine–cytosine (GC) contents. Actinomycetes are morpholog-
ically rod-shaped and their colonies form fungus-like branched
networks of hyphae (Holt 1994). These bacteria play vital roles
in turnover of organic matter and the formation of humus by
decomposing recalcitrant organic materials such as keratin, lig-
nocelluloses, and chitin (Goodfellow and Williams 1983;
McCarthy and Williams 1992). Actinomycetes also produce
volatile substances such as geosmin that give soils their charac-
teristic “wet earthy scent” (Wilkins 1996). Actinomycetes of the
genus Streptomyces are known to produce commercial antimi-
crobial compounds. For instance, nearly 80 % of the antimicro-
bial compounds that have been characterized are derived from
Streptomyces spp. (Jensen et al. 2005a; Bull and Stach 2007).
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Due to the rapid emergence of fatal antibiotic-resistant
pathogens, it is necessary to continue the search for novel
antibiotics. Despite considerable efforts to chemically syn-
thesis new antimicrobial compounds, nature still remains the
richest and the most versatile source for novel antibiotics
(Bredholdt et al. 2008). During the second half of the last
century, the abundant soil bacteria, actinomycetes, have been
extensively screened to discover new bioactive molecules
(Anzai et al. 2008). To date, most of the bioactive com-
pounds have been derived from terrestrial actinomycetes.
However, in the recent years, the chance to discover novel
bioactive compounds from terrestrial actinomycetes has re-
duced significantly (Alvan et al. 2011). Therefore, it is nec-
essary to search for novel bioactive compounds from diverse
sources such as marine environments.

Previously, a bacterial strain isolated from a marine envi-
ronment was thought to be a function of terrestrial contami-
nation because these environments were regarded as very salty
and nutritionally inadequate to support bacterial diversity.
However, recent research has revealed that some actinomy-
cetes taxa are natural or well-adapted inhabitants of marine
environments (Williams 2008). Such marine-derived actino-
mycetes have been shown to have great potential in the
synthesis of diverse bioactive metabolites such as antibiotics
and anticancer agents with unusual structures and properties
(Jensen et al. 2005a). Sediments are the most common source
of marine-derived actinomycetes; other sources include plank-
ton, weeds, stones, algae, shellfish, mangroves, sea grass,
coral reefs, fjords, and sponges (Mukku et al. 2000; Pukall
et al. 2001; Kim et al. 2005; You et al. 2005; Anzai et al. 2008;
Bredholdt et al. 2008; Eccleston et al. 2008).

The seas that surround the Anatolian Peninsula of Turkey
have a high biodiversity. For instance, the coastal waters of
the Aegean Sea are one of the global biodiversity hotspots
(Meyers et al. 2000). However, despite the rich marine biodi-
versity in Turkey, only a few studies have been performed to
screen for bioactive compound in actinomycetes (Hames-
Kocabas and Uzel 2007). Therefore, the aim of this study was
to screen for cultivable actinomycetes isolates in the coastal
sediments of Turkey and to evaluate the antimicrobial activities
of compounds present in these isolates.

2 Material and methods

2.1 Sediment samples

Nine biologically rich areas, determined based on biodiver-
sity, along the coastal zone of Turkey were selected for
sediment sampling (Fig. 1). Sediment samples were obtained
by SCUBA diving and a total of 30 samples were collected
during marine expeditions in 2009 and 2010 (Table 1). Six
samples were collected from one site in the Black Sea, 18

samples from seven sites in the Aegean Sea, and 6 samples
from one site in the Mediterranean Sea. Sediment samples
were taken from different depths ranging from 0.5 to 35 m
after removal of the 3–5 cm surface layer using a sterile
spoon and placed into sterile 50-ml plastic falcon tubes by
the diver with the aid of a sterile scoop and the container was
immediately sealed. The diver was positioned downstream
of the sample site and paid attention so as not to disturb the
fine sediment.

2.2 Isolation of actinomycetes

Four different media were used for the isolation of actinomy-
cetes from sediment samples: (1) modified actinomycetes
isolation agar (MAIA) (Difco); (2) modified R2A agar
(MR2AA) (Difco); (3) M1 agar: 10.0 g soluble starch, 4.0 g
yeast extract, 2.0 g peptone, 20 g agar, and 1,000 ml natural
aged seawater; and (4) M6 agar: 4.0 g beef extract, 4.0 g
peptone, 1.0 g yeast extract, 10.0 g glucose, 20.0 g NaCl,
20.0 g agar, and 1,000 ml distilled water. MAIAwas prepared
according to the manufacturers’ instructions by using 50 %
(v/v) natural filtered and aged seawater. All media were
supplemented with nystatin (50 μg ml−1) and nalidixic acid
(20 μg ml−1) in order to suppress fungi and fast-growing
Gram-negative bacteria, respectively, in isolation plates.

Sediment samples were brought to the laboratory in cold
boxes and processed in two different ways (Mincer et al. 2002;
Jensen et al. 2005a). Ten grams of wet sediment sample were
added to 90 ml sterile natural aged seawater and homogenized
for 2 h at 100 rpm at room temperature. After serial dilutions,
200 μl aliquots were plated onto the isolation media in tripli-
cate. The sediment samples were air-dried aseptically in a
laminar flow hood and homogenized by mixing with a sterile
spatula. After separation of large granules, a small round foam
plug (2 cm diameter) was pressed onto the dried sample and
stamped onto the surface of the agar by gently tapping the
swab onto the surface of the agar. A continuous stamping
process with the same swab gave the desired serial dilution
effect. The plates were incubated at 28 °C for up to 4 weeks,
and the isolates were purified in their original isolation media
by repeated streaking. The seawater requirement of the puri-
fied isolates was determined by using the same isolation
media as those free of seawater or NaCl.

2.3 Fermentation and antimicrobial activity screening

Fermentations of the purified strains were performed in 250-
ml flasks containing 50-ml media. Both versions of the orig-
inal isolation media were used for fermentation experiments.
Selective antibiotic supplements were also omitted from media
formulations. Fermentation media were inoculated with 2.5 %
(v/v) activated strains and the flasks were incubated by shaking
(150 rpm) at 28 °C for 7–10 days (depending on the average
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cell density). The fermentation broths were separated from the
cells by centrifugation and filtration and divided into two
portions. One part of the fermentation broths was extracted by
half volume of ethyl acetate twice. The combined extracts were
evaporated under vacuum (Heidolph, Germany) at tempera-
tures of ≤40 °C. The extracts were dissolved in 300 μl
EtOAc. Both cell-free fermentation broths and Ethyl acetate
(EtOAc) extracts were used for assessing antimicrobial activity.

Disk diffusion assays were used to determine the antimi-
crobial activities of cell-free fermentation broth and sol-
vent extracts (CLSI 2007). Enteropathogenic Escherichia coli
0157:H7 (RSKK 234), methicillin-resistant Staphylococcus
aureus ATCC 43300, vancomycin-resistant Enterococcus
faecium DSMZ 13590, Candida albicans DSMZ 5817
(antifungal agents testing strain), andPseudomonas aeruginosa
ATCC 27853 were used as test microorganisms. Active cul-
tures for experiments were prepared by transferring a loopful of
cells from the stock cultures to Mueller–Hinton agar (MHA)
for bacteria and Sabouraud dextrose agar (SDA) forC. albicans
that were incubated for 24 h at 37 and 25 °C, respectively. The
cultures were diluted with sterile water to obtain optical densi-
ties corresponding to 0.5 McFarland, and they were spread on
MHA and SDA in Petri dishes. Sterile paper disks (6 mm in
diameter) impregnated with 30 μl of the fermentation broth in
parts were placed on the inoculated plates and allowed to
diffuse for 2 h at 4 °C. In the case of EtOAc extracts, disks
are impregnated with 30 μl of the EtOAc extracts in parts then
allowed to dry for 30 min. After, they were placed on the
previously inoculated plates and allowed to diffuse for an
additional 2 h at 4 °C. All plates were incubated at 37 °C for
24 h. The diameters of the inhibition zones were measured in
millimeters.

2.4 DNA extraction and PCR amplifications

Total genomic DNA was extracted from the marine-derived
actinomycetes isolates by FastDNA™ 2-ml SPIN Kit for Soil
(MP). All polymerase chain reactions (PCR) were performed
with the G-Storm® PCR system (Applied Biosystems). The
PCR amplifications were carried out in 50μl reaction volumes
containing 10 mM PCR buffer, 1.5 mM MgCl2, 0.4 mM
dNTP, 0.2 mM primer, 1.25 U of Taq DNA polymerase (Go
Taq® Hot Start Polymerase), and 20–50 ng of genomic DNA
template. The primers used for the amplification of the 16S
rDNA were FC27 (5′-AGAGTTTGATCCTGGCTCAG-3′)
and RC1492 (5′-TACGGCTACCTTGTTACGACTT-3′).
The PCR conditions for 16S rDNA reactions were: one cycle
of denaturation for 5 min at 94 °C; 30 amplification cycles
consisting of denaturation (94 °C for 30 s), primer annealing
(56 °C for 40 s), and primer extension (72 °C for 90 s); and a
final extension of 5 min at 72 °C. The 16S rDNA amplicons
were cleaned with a GeneJET™ PCR Purification Kit
(Fermentas) according to manufacturers’ recommendations.

2.5 Phylogenetic analysis

Sequencing of the purified PCR products was performed
bidirectionally by an ABI 3730xl automated sequencer
(GATC-Biotech, Germany). The sequencing reads were used
for phylogenetic analyses. The nucleotide sequences of ref-
erence species were downloaded from NCBI Gene Bank.
Nucleotide–nucleotide Basic Local Alignment Search Tool
(BLAST) analysis was performed for isolates using 16S
rDNA sequence data. The evolutionary history was inferred
using the neighbor-joining method (Saitou and Nei 1987).

Fig. 1 Map of the Anatolian
Peninsula indicating the
sampling locations along the
coastal area of Turkey
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The evolutionary distances were computed using the maxi-
mum composite likelihood method (Tamura et al. 2004) and
are in units of the number of base substitutions per site. All
positions containing gaps and missing data were eliminated
from the dataset (complete deletion option). There were a
total of 215 positions in the final dataset. Phylogenetic anal-
yses were conducted in MEGA4 (Tamura et al. 2007).

3 Results

A total of 261 actinomycetes strains were isolated from 30
sediment samples by the four different isolation media. All of
the isolates showed similar growth patterns on seawater-free
media, which indicated that the isolates are not strictly de-
pendent on seawater.

The distribution of the marine-derived isolates according
to the locations (see Fig. 1) was as follows: Bodrum/Muğla,
23 (8.8 %); Saros/Çanakkale, 13 (4.9 %); Çanakkale, 26
(9.9 %); Kekova, 46 (17.6 %); Marmaris/Muğla, 48
(18.3 %); Didim/Aydın, 29 (11.1 %); Artvin, 28 (10.7 %);
Yuvarlakçay/Muğla, 27 (10.3 %); and Azmak/Muğla, 21
(8.0 %). For each sediment sample, an average of 3.8–27
morphologically different colonies was obtained. Generally,
estuarine sediments produced more diverse colonies than
marine sediments. The average number of isolates per estu-
arine sediment was 12.5; the marine sediments had an aver-
age of 6.8 per sediment. Additionally, the distribution of the
total isolates according to the isolation media revealed that
the performance of the isolation media as follows: 46 isolates
from M1 (17.6 %), 74 from M6 (28.4 %), 72 from MR2AA
(27.6 %), and 69 from MAIA (26.4 %; Fig. 2a). The distri-
bution of the active isolates is shown in Table 1. When
subjected to the antimicrobial activity test, 25.3 % (66/261)
of the actinomycetes strains were active against at least one
test microorganism (Table 2). However, when considering
the performance of the media in regard to the recovery of
active isolates, different results were obtained: 7 from M1
(10.6 %), 32 from M6 (48.5 %), 16 from MR2AA (24.2 %),
and 11 from MAIA (16.7 %; see Fig. 2b). In general, 68.2 %
of the marine isolates were active against at least one test
microorganism, whereas 31.8 % of the estuarine isolates
were active.

The isolates were sequenced for their 16S rDNA genes
following PCR amplification and purification. Gene bank
accession numbers were as follows: JX051234, JX051235,
JX051236, JX051237, JX051238, JX051239, JX051240,
JX051241, JX051242, JX051243, JX051244, JX051245,
JX051246, JX051247, JX051248, JX051249, JX051250,
JX051251, JX051252, JX051253, JX051254, JX051255,
JX051256, JX051257, JX051258, JX051259, JX051260,
JX051261, JX051262, JX051263, JX051264, JX051265,
JX051266, JX051267, JX051268, JX051269, JX051271,

JX051272, JX051273, JX051274, JX051275, JX051276,
JX051277, JX051278, JX051279, JX051280, JX051281,
JX051289, JX051290, JX051291, JX051292, JX051293,
JX051295, JX051296, JX051297, JX051298, JX051301,
JX051302, JX051303, JX051304, JX051305, JX051306,
JX051308, JX051309, JX051310, and JX051311. 16S rDNA
sequence data were used for BLASTanalysis and construction
of a phylogenetic tree (Fig. 3).

4 Discussion

In recent years, marine sediments have become an attractive
source of novel isolates of actinomycetes. Due to the wide
diversity of bioactive natural products that have been

a.

b.

M1
18%

M6
28%MR2AA

28%

MAIA
26%

Total isolates

M1
11%

M6
48%

MR2AA
24%

MAIA
17%

Active isolates

Fig. 2 Distribution of marine derived actinomycetes isolates: a number
of total isolates according to the used culture media and b number of
active isolates according to the isolation media. The four different
media were: (1) modified actinomycetes isolation agar (MAIA), (2)
modified R2A agar (MR2AA), (3) M1 agar, and (4) M6 agar (see text
for details)
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Table 2 Antimicrobial activity results of the isolates

Isolate no 16SrDNA BLASTn results Isolation medium Inhibition zone (mm)a

MRSA EEC VREF CA PA

1CM1 Streptomyces argenteolus M6 0 0 0 21/40 0

1CM4 Streptomyces odorifer M6 0 0 0 0/35 0

1CM5 Streptomyces flavoviridis M6 0 0 0 0/12 0

1CM6 Streptomyces lividans M6 0 0 0 32/44 0

1CM7 Streptomyces sampsonii M6 0 0 0 0/36 0

1CM11 Streptomyces champavatii M1 0 0 0 21/38 0

1CM13 Streptomyces fungicidicus M1 0 0 0 28/35 0

1CM17 Streptomyces massasporeus M1 0/11 0 0/11 0 0

1CM20 Streptomyces labedae MR2AA 0/17 0 0 0 0

2CM9 Streptomyces xiamenensis M6 11/15 0/11 10/10 10/12 0

2CM12 Streptomyces viridochromogenes MR2AA 0 10/10 0 0/27 0

2CM13 Streptomyces albidoflavus M6 9/9 10/10 0 26/26 0

3CM7 Streptomyces bikinienis AIA 0/9 0 0 0/45 0

3CM11 Streptomyces vinaceus M6 0/20 0 0 0 0

3CM14 Streptomyces sporovirgulis M6 0 0 0 34/37 0

3CM18 Streptomyces ambofaciens M1 0/9 0 0 0/14 0

3CM21 Streptomyces variabilis MR2AA 18/25 0 0/17 0 0

3CM28 Streptomyces albus M6 8/10 9/9 9/9 27/42 0

3CM30 Streptomyces limosus M6 0/10 0 0 27/40 0

3CM32 Streptomyces lavendulae M6 9/9 0 10/10 10/10 0

3CM35 Streptomyces saprophyticus M1 0 0 0 37/38 0

7CM6 Streptomyces griseus M6 0 0 0 30/46 0

7CM7 Streptomyces olivochromogenes M6 0 0 0 17/30 0/9

7CM9 Streptomyces erythrogriseus AIA 0/12 0 0 0 0

7CM12 Streptomyces rutgersensis M6 0 0 0 16/25 0

7CM15 Streptomyces albus MR2AA 0 0 0 17/24 0

7CM17 Streptomyces sioyaensis AIA 17/18 15/18 15/16 0/17 0

7CM18 Streptomyces akiyoshiensis AIA 15/22 13/20 11/18 0/18 0

7CM20 Streptomyces cacaoi M6 10/18 15/22 13/23 0/15 0

7CM26 Streptomyces glauciniger AIA 15/41 13/36 18/40 0 26/27

7CM27 Streptomyces fragilis M6 0 0/14 0/18 34/38 0/11

7CM29 Streptomyces gougerotii AIA 0 0/20 13/25 13/22 0

7CM33 Streptomyces halstedii MR2AA 0 0 0 13/25 0

7CM35 Streptomyces krainskii M6 0 0 0 30/40 0

7CM52 Streptomyces fumigatiscleroticus M6 0/10 0 0 0/42 0

8CM1 Nocardia alba MR2AA 0 0 0 0/26 0

8CM15 Streptomyces chartreusis MR2AA 0/15 0 0 0/12 0

8CM24 Streptomyces roseogilvus M6 21/20 0/13 0/17 0/11 0

8CM25 Streptomyces californicus M6 0/29 0/18 0/28 0/22 0

8CM35 Streptomyces pluricolorescens M1 0 0/9 0 0 0

8CM48 Streptomyces griseoincarnatus MR2AA 0/14 0 0 0 0

9CM5 Streptomyces lateritius AIA 40/25 17/18 0/17 0 0

9CM11 Streptomyces bacillaris AIA 0/12 0 0 0 0

9CM15 Streptomyces badius AIA 0/11 0 0 0 0

9CM17 Streptomyces parvus MR2AA 15/25 0 0/13 20/28 0

9CM18 Streptomyces griseorubens MR2AA 30/22 0/22 0/22 0/30 0

9CM19 Streptomyces odorifer MR2AA 0/10 0 0 21/30 0
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isolated from these microorganisms, and their subsequent
application in various biotechnological fields (Bérdy 2005),
understanding the distribution of these microorganisms in
marine environments has proven to be valuable, from both a
scientific and an economical point of view (Fenical 2006).

Different pretreatment methods such as drying in
SpeedVac (30 °C, 16 h), dry heat (120 °C, 60 min), phenol
(1.5 %, 30 min at 30 °C), dry heat and phenol, and dry heat
and benzethonium chloride (0.02 %, 30 min at 30 °C) prior to
inoculation can be used to increase the relative numbers of
actinomycetes (Bredholdt et al. 2008). For instance, Jensen
et al. (1991) heated the sample dilutions in a water bath
(50 °C, 60 min) to reduce the number of unicellular bacteria.
Eccleston et al. (2008) used a dry heat treatment at 55 °C
for 30 min to air dry sediment samples, followed by micro-
wave irradiation (at 80 W for 30 s). Bredholdt et al. (2007)
also used physical factors for the pretreatment of sediment
samples, such as: UV irradiation (effective for the isolation
of Nocardiopsis,Nocardia, and Pseudonocardia spp.), super-
high frequency radiation (efficient for the isolation of
Streptosporangium and Rhodococcus species), and extremely
high frequency radiation (mostly favorable for Nocardiopsis,

Nocardia, and Streptosporangium spp.). In the present study,
we directly inoculated the wet sediment samples after serial
dilution in sterile seawater and used stamping from air-dried
sediments.Many different modified culture media can be used
with or without specific antibiotic supplements in addition to
the media originally used for terrestrial actinomycetes to iso-
late actinomycetes from sediments and other marine sources
(Mincer et al. 2002; Jensen et al. 2005b; Hames-Kocabas and
Uzel 2012). In this study, four different media were used for
isolation. According to the recovery rate of actinomycetes
strains from sediment samples, MR2AA and M6 were the
best media (see Fig. 2a). However, when the isolation rates of
the bioactive isolates were compared, M6 showed a superior
performance (see Fig. 2b). Given that the aim of the study was
to investigate phylogenetic diversity, MR2AA, M6, and
MAIA might be useful since the number of cultured isolates
was the highest among the other culture media. However, the
percentage of active isolates from the M6 medium was found
to be significantly higher among other isolation media. This
phenomenon may be attributed to differences between the
compositions of the two media in question. Higher amounts
of complex nitrogen sources, such as beef extract and peptone,

Table 2 (continued)

Isolate no 16SrDNA BLASTn results Isolation medium Inhibition zone (mm)a

MRSA EEC VREF CA PA

11CM4 Streptomyces fimicarius AIA 0/22 0/21 0/23 0/20 0

11CM5 Streptomyces globisporus M6 0/17 0/15 0/18 0 0

11CM7 Streptomyces tricolor M6 0/18 0 0/9 0/26 0

11CM8 Streptomyces flavolimosus M6 0 0 0/31 0/41 0

11CM12 Streptomyces coelicor M6 0 0 0 0/44 0

11CM19 Streptomyces intermedius M6 0 0 0 0/32 0

11CM21 Streptomyces diastaticus M6 0 0 0 0/12 0

11CM24 Streptomyces collinus M6 0 0 0/9 0 0

11CM25 Streptomyces mediolani M6 0 0 0 0/17 0

11CM31 Streptomyces cyaneofuscatus M6 8/16 9/0 0 0/13 0

11CM32 Streptomyces baarnensis M6 0 9/0 0 0/16 0

12CM11 Streptomyces flavogriseus MR2AA 20/0 0 0 0/11 0

12CM13 Streptomyces rubiginosohelvolus MR2AA 0 0 9/9 0/14 0

12CM14 Streptomyces odorifer MR2AA 0 0 0 0/22 0

12CM17 Streptomyces limosus M1 0/15 30/0 0 15/38 0

13CM1 Streptomyces albidoflavus MR2AA 0 0 0 0/22 0

13CM4 Streptomyces parvus AIA 17/21 0/21 0/18 0 0

13CM8 Streptomyces albospinus M6 10/20 0 0/20 0 0

13CM21 Streptomyces acrimycini MR2AA 0/11 0 11/11 0/11 0

No. of active strains for each microorganisms 36 21 25 51 3

The activity of fermentation broths and ethyl acetate extracts are expressed as a ratio numerator/denominator, respectively

MRSA methicillin resistant S. aureus ATCC 43300, EEC enteropathogenic E. coli 0157:H7 (RSKK 234), VREF vancomycin resistant E. faecium
DSMZ 13590, CA C. albicans DSMZ 5817, PA P. aeruginosa ATCC 27853
a Inhibition zones include the diameter of the disks (6 mm)
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and the presence of glucose as carbon sources in M6—rather
than low concentrations of yeast extract, proteose peptone,
casein hydrolysate, glucose, and soluble starch that were
found in MR2AA—may preferably promote the growth of
antibiotic-producing strains.

In order to determine the antimicrobial activity of the
marine-derived isolates, the fermentation broths and pre-
pared EtOAc extracts were used. The reasons for employing
this method were: (1) to prevent cytotoxic interactions ob-
served in the cross-streak method between the tested actino-
mycete strain and the reference microorganism; (2) to hit the
minor compounds produced by the actinomycete strains with
high antimicrobial activity, but in very low concentrations;
and (3) the high salt concentration in isolation media may
negatively interfere with the growth of test bacteria. After
obtaining EtOAc extracts via partitioning, the lower water
phases were also screened for antimicrobial activity to avoid
missing the water-soluble bioactive secondary metabolites
(see Table 2). Inspection of the activity results revealed that the
EtOAc extracts had higher activity compared with the water
phases, probably due to a higher concentration of antimicrobial
metabolites. The thin layer chromatography profiles and

antimicrobial activity results of the isolates seems quite encour-
aging for large-scale fermentations and bioactivity guided iso-
lation and characterization of the active compounds.

Of the five test microorganisms, P. aeruginosawas the most
resistant. Only three Streptomyces strains isolated from
Bordum and Artvin showed activity against P. aeruginosa. A
total of 21, 25, 36, and 51 isolates were active againstE. coli, E.
faecium, S. aureus, and C. albicans, respectively. Both fermen-
tation broth and EtOAc extracts of the Streptomyces 7CM26
isolated from Kekova/Antalya were active against all test bac-
teria with the higher inhibition zones. This strain appears to be a
promising candidate to isolate more bioactive metabolites in
future. Fifty-one isolates showed activity against C. albicans,
implying that this test organism is the most sensitive to the
isolated bioactive (antifungal) compounds. Interestingly, 21 of
the 51 active isolates, including the single Nocardia strain,
showed activity against C. albicans only.

The members of genus Streptomyces were found to be the
dominating cultivable actinomycetes from the coastal sediments
of Turkey. All the isolates found belong to Streptomyces except
one Nocardia strain according to the 16SrDNA sequence re-
sults. This Nocardia strain was isolated from Marmaris/Mugla

Fig. 3 Evolutionary relationships of taxa. The optimal tree with the
sum of branch length=1.64455477 is shown. The percentage of repli-
cate trees in which the associated taxa clustered together in the bootstrap

test (1,000 replicates) is shown next to the branches. The tree is drawn
to scale, with branch lengths in the same units as those of the evolu-
tionary distances used to infer the phylogenetic tree
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estuarine sediment. Moran et al. (1995), using 16S rRNA
probes, reported that the first indigenous Streptomyces popula-
tions were a part of the marine bacterial community, and the first
widespread distribution and persistent actinomycetes occurrence
in the marine environment was reported byMincer et al. (2002).
The marine-derived actinomycetes strains isolated in the current
study did not contain any obligate marine actinomycetes either
from estuarine or marine sediments. This is probably due to the
nature of the sediments and indigenous microflora. The samples
were taken from areas relatively close to land, and were proba-
bly dominated by fast growing halotolerant strains. Consistent
with previous results (e.g., Jensen et al. 1991), it is suggested
that sampling from deeper zones and far from the coast is
required to isolate obligate marine actinomycetes, where the
numbers of streptomycetes decrease with depth and distance
from the shore (Bredholdt et al. 2008). Taking samples far from
the coastal areas is important to avoid isolating terrestrial
actinomycetes as possible contaminants from runoff.

5 Conclusions

Based on evaluations of the numbers and antibiotic-
producing potentials of the isolates in defined experimental
conditions, the estuarine sediments produced actinomycetes
isolates almost twice as often as marine samples. However,
the marine isolates were found to be twofold more active
than the estuarine isolates. These rates possibly reflect the
fact that coastal marine sediments harbor more active strains
than estuarine sediments. Taken together, the data presented
in this study appear to suggest that the coastal sediments of
Turkey may provide a good source of actinomycetes strains
that could produce potent antimicrobial compounds.
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