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Abstract The resistance of 220 coagulase-negative Staphylococci (CNS) (associated with
animal disease) to 13 antibiotics were determined using the disk diffusion method. 35.9% of
multidrug-resistant coagulase-negative Staphylococci (MR-CNS) exhibited resistance to
five or more than five antibiotics; all of these bacteria were resistant to methicillin too. The
new Streptomyces sp. ABRIINW111 was isolated from the Zagros Mountains Hamadan,
Iran. The 16S rDNA sequence of the isolate indicated that it has 98% similarity to S. levis,
but some mutations in the alpha and gamma regions of the 16S rDNA sequence emphasize
the probability of the existence of a new species. Preliminary and secondary antibacterial
screenings revealed that the isolate is active against gram negative and positive bacteria.
The diethyl ether extracted metabolite of the Streptomyces sp. ABRIINW111 showed an
effective antibacterial activity against MR-CNS. So the diethyl ether extract of the new
Streptomyces sp. strain ABRIINW111 can inhibit the MR-CNS in vitro, and it can offer a
new approach to treat MR-CNS infectious patients.
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Introduction

The Staphylococcus genus contains 41 validly described Species. These are traditionally
grouped into coagulase positive (CPS) and coagulase-negative Staphylococci (CNS) (Resch
et al. 2008). Main habitats of these bacteria are skin, skin glands and mucous membranes of
humans and animals (Sudagidan et al. 2005; Lis et al. 2009; Koksal et al. 2007). CNS have
become the most frequently isolated organisms from bovine intra mammary infections in
several countries and their prevalence is generally highest at calving (Katsuda et al. 2005;
Schultz et al. 2009). CNS may behave as opportunistic pathogens, often introduced by
medical devices or colonizing exposed wounds (Faria et al. 2009).

Due to the intensive using of antibiotics in public health and animal husbandry, antibiotic
resistance in pathogens including the genus Staphylococcus has been an increasing medical
problem during the last decades (Schultz et al. 2009; Resch et al. 2008).

Streptomyces, and related Actinomycetales, continue to be prolific sources of novel
secondary metabolites with a range of biological activities that may ultimately find application
as anti-infective, anti-cancer agents or other pharmaceutically useful compounds (Bibb 2005).
These genera are widely recognized as industrially important microorganisms, and produce
many commercially and medically useful antibiotics (Baltz 2008).

It is generally accepted that the ‘golden age’ of antibiotic discovery from Actino-
mycetales has passed (Higginbotham and Murphy 2010). Nonetheless, these bacteria are
source for the discovery of novel bioactive secondary metabolites (Lam 2006); Nowadays
75-80% of the commercially and medicinally useful antibiotics have been derived from this
genus (Thakur et al. 2007), thus many more antibiotics remain to be identified.

At a time when antibiotic resistance amongst pathogens is a chronic clinical problem, the
diminishing numbers of new antibiotics being discovered is highly worrying (Higginbotham
andMurphy 2010). In this paper we describe the isolation and characterization of a bacterium
that exhibits strong antibacterial activity, notably against multidrug-resistant coagulase-
negative Staphylococci (MR-CNS), and describe some of the antibiotic’s properties.

Material and methods

Isolation and maintenance

Streptomyces sp. isolate ABRIINW111 (Agriculture Biotechnology Research Institute of
Iran, North West Branch) has been derived from the Zagros Mountains Hamadan, Iran. It
was grown on starch casein agar medium at 28°C for ten days. Plates containing the isolate
were stored at 4°C. For long storage, it was grown in International Streptomyces Project
medium 2 (ISP-2) broth for seven days and glycerol was added to make the final
concentration 15%. Storage was at -70 C.

Screening of Actinomycetales for antimicrobial activity

For the preliminary screening, Escherichia coli ATCC 1399, Klebsiella pneumoniae ATCC
1290, Shigella flexneri ATCC 1234, Listeria monocytogenes ATCC 33090, Bacillus cereus
ATCC 1431, Yersinia enterocolitica ATCC 35669, Staphylococcus aureus ATCC 29213
were used as test organisms.

The bacteria were grown overnight at 37°C in Mueller-Hinton agar, and inocula for the
assays was prepared by diluting cell mass in 0.85% NaCl solution, adjusted to McFarland
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scale of 0.5 and confirmed by spectrophotometrical reading at 620 nm (0.08 O.D.). Cell
suspensions were finally diluted to 108 cfu mL-1 for being used in the antibacterial assays.

Mueller-Hinton agar was used as an assay medium. The medium at 45°C was mixed
with the pathogen bacterial suspension containing approximately 108 cfu ml-1. Next, the
mixture was poured on 9 cm Petri dishes and mixed with 108 cfu ml-1 Streptomyces sp.
ABRIINW111 in same volume and allowed to solidify, then incubated at 37°C for 10 days.
At the end all plates that had a Streptomyces culture without pathogenic bacteria, were
assessed as a positive result.

Extraction of antimicrobial metabolites

ISP-2 was used for antimicrobial compound production (for in the previous step active
isolates). The medium (200 ml in 500 ml Erlenmeyer flask) was inoculated with 5 ml of
homogenous bacteria suspension (620 nm, 0.08 O.D.) and incubated at 30°C on a rotary
shaker (120 rpm) for five days (Taechowisan et al. 2005). The Streptomyces sp.
ABRIINW111 culture broth was centrifuged at 8000 g for 10 min. The antimicrobial
compound containing supernatant was extracted using an equal volume of 7 different polar
and non-polar solvents such as hexane, chloroform, ethyl acetate, diethyl ether, dichloro-
methane, methanol and water. Solvents were concentrated to 1 ml by evaporator at 40°C.

Secondary screening antimicrobial test

Antibacterial tests were carried out by the disk diffusion method, using 108 cfu ml-1 of
inoculums (E. coli ATCC 1399, B. cereus ATCC 1431, Y. enterocolitica ATCC 35669, S.
aureus ATCC 29213) (620 nm, 0.08 O.D.). The sterile disks (Whatman No. 1, 6 mm in
diameter) were impregnated with 200 μl/disc of each metabolite, then were dried and
placed on the inoculated agar. Negative controls were prepared using sterile water. The
inoculated plates were incubated at 37°C for 24 h. Antibacterial activity was evaluated by
measuring the zone of inhibition against the test organism.

Clinical Staphylococci isolates

CNS (n=220) were obtained from the strain collection of the veterinary microbiological
diagnostic center (veterinary medicine microbiology laboratory, Azad University). CNS
were detected based on colony morphology, Gram staining, biochemical reactions and the
absence of coagulase activity (Quinn et al. 1994).

This strain collection contains CNS isolated from clinical infections of dogs, cats,
horses, cattle and other animal species. All these isolates were from different patients. The
isolates were cultured from various clinical infectious disease processes including mastitis,
pyoderma, cystitis, arthritis, and infections of the respiratory and genital tract. CNS isolates
used in this study were collected in the period 2007–2009.

Antibacterial susceptibility testing

Antibiotic resistances were tested by applying the disk diffusion assay according to the
guidelines of the National Committee for Clinical Laboratory Standards (NCCLS, 2003)
using Mueller Hinton agar. The tested antibiotics were Ciprofloxacin, Oxacillin,
Gentamicin, Tetracycline, Erythromycin, Co-Trimoxazole, Rifampicin, Vancomycin,
Penicillin G, Cephalothin, Cloxacillin, Methicillin and Azlocillin. Staphylococcus aureus
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ATCC 25923 and Escherichia coli ATCC 35218 served as reference strains for disk
diffusion testing.

The categories sensitive (S), intermediate (I) or resistant (R) were assigned on the basis
of breakpoints recommended by the NCCLS. In this step MR-CNS (resistant to 5 or more
antimicrobials) were selected (Higuchi et al. 2007).

Active metabolite test on MR-CNS

In this step, active metabolites of "Secondary screening antimicrobial test" were tested on
MR-CNS by the disk diffusion as described.

Spectroscopic studies with active metabolites

The absorption spectrum of the active metabolites was determined by a Park Elmer Vis/UV
spectrometer at 200-400 nm.

The infrared spectrum was obtained by dispersing the material to be analyzed in
potassium bromide and working with a Shimadzu FTIR-8400 S spectrometer at 400-
4000 cm-1.

Molecular identification of the Streptomyces strain

The isolate ABRIINW 111 was grown during four days at 28°C with agitation in 500 ml
flasks containing 100 ml of ISP-2 medium. The biomass was harvested by centrifugation at
8000 g for 10 min and washed twice with double-distilled water. About 200 mg of mycelia
was used for DNA extraction as follows: the sample was dispersed in 800 ml of the
aqueous lysis solution (100 mM Tris-HCl, pH 7; 20 mM EDTA; 250 mM NaCl; 2% SDS;
1 mg mL-1 lysozyme). About 5 μl of a 50 mg ml-L RNase solution was added, and the
suspension incubated at 37°C for 60 min. About 10 μl of a proteinase K solution
(20 mg ml-L) was added, and the lysis solution was re-incubated at 65°C for 30 min. The
lysate was extracted with an equal volume of phenol and centrifuged at 7000 g for 10 min.
The aqueous layer was re-extracted with phenol (50-50%, v/v), then by chloroform (50-
50%, v/v). DNA was recovered from the aqueous phase by the addition of NaCl (150 mM
final concentration) and two volumes of cool 95% (v/v) ethanol prior to centrifugation. The
precipitated DNA was cleaned with 50 ml of 70% (v/v) ethanol, centrifuged at 7000 g for
10 min, re-suspended in 50 ml of TE buffer (10 mM Tris-HCl, pH 7.4; 1 mM EDTA, pH 8)
and stored at -20°C. The purity of DNA solutions was checked spectrophotometrically at
260 and 280 nm, and the quantities of DNA were measured at 260 nm.

Identification was done with 16S rDNA gene sequencing. The 16 S ribosomal RNA
gene was amplified by using the PCR method with Taq DNA polymerase and primers AF
(5' AGAGTTTGATCCTGGCTCA 3') and AR (5' AAGGAGGTGATCCAGCCGC 3'). The
conditions for thermal cycling were as follows: denaturation of the target DNA at 96°C for
5 minutes followed by 30 cycles at 94°C for one minute, primer annealing at 55°C for one
minute and primer extension at 72°C for 2 minutes. At the end of the cycling, the reaction
mixture was held at 72°C for 10 min and then cooled to 4°C. PCR amplification was
detected by agarose gel (1.5%) electrophoresis and was visualized by ultraviolet (UV) after
ethidium bromide staining. The amplified products (~1500 bp) were purified individually
using the high pure PCR product purification kit (Roche) according to manufacturer’s
instruction. The 16S rDNA amplicon was cloned in pTZ57R/T vector according to the
manufacturer’s instruction (T/A clone TM PCR product cloning kit, Fermentas).
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Sequencing of the 16S rDNA gene (~1500 bp) of the isolate was carried out in Macrogen
(Seoul, Korea). The obtained sequences were assessed, analyzed and manually edited by
using of the Choromas lite software package and compared with sequences with in the
NCBI database (http://www/ncbi.nlm.nih.gov/) using the basic local alignment search tool
(BLAST). Multiple sequence alignment was carried out using CLUSTALX. Bootstrap
analysis was performed to validate the reproducibility of the branching pattern with Mega 4
software.

Statistical analyses

Data were examined using a commercially available statistical package (SPSS version 17
for Windows), and comparisons were made using the descriptive statistics.

Results

Properties of various isolated soil samples were initially screened for antibiotic activity. 110
different Streptomyces isolates were recovered, but antibacterial activity was exhibited in
12.72% of all isolates and only one isolate had antibacterial effects on CNS. The isolate that
displayed strong antibacterial activities was identified by sequence comparisons of its 16S
rDNA. Comparison of the 16S rDNA gene ABRIINW111 (GenBank accession number
GU433228) (~1500 bp) with sequences in the GenBank data base revealed that the bacterium
was a Streptomyces sp. with a 98% similarity to the S. levis strain NRRL B-16370 (Fig. 1).

Permissive temperature ranges for growth of the strain ABRIINW111 were 22 to 40 ◦C
with an optimum at 28 ◦C. Culture characteristics of strain ABRIINW111 were followed on
the basis of observations made after 7, 14 and 21 days of incubation on nutrient agar and
starch casein agar. Generally, strain ABRIINW111 grew well; the colonies were elevated
and spreading. The colors of the vegetative and aerial mycelia were light gray and grayish
respectively. The spore chains were white and moderately developed. The characteristics of
strain ABRIINW111 were compared with those of the known species of Actinomycetales
described in Bergey’s manual of systematic bacteriology (Brenner et al. 2004), and the
obtained morphological properties suggested strongly that strain ABRIINW111 belonged to
the genus Streptomyces.

The metabolites of strain ABRIINW111 exhibited significant antibiotic activity against
gram-positive and gram-negative bacteria. Table 1 shows secondary screening antibacterial
activities of metabolites of Streptomyces sp. ABRIINW111. Most interestingly, some of the
cultured metabolites were highly active against clinical isolates of MR-CNS. Table 2 shows
the percentages of antibiotic resistance in CNS.

35.9% of MR-CNS have exhibited resistances against five or more than five antibiotics,
all of these bacteria were resistant to methicillin too.

The UV spectrum of the compound showed that the maximum absorption was at 275 nm
in diethyl ether.

Discussion

The presence of antibiotic resistant bacteria or resistance determinants has been reported
sporadically for more than 20 years in different countries (Faria et al. 2009; Resch et al.
2008; Ruscher et al. 2009; Lis et al. 2009; Seyler et al. 2004). CNS were the most
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Fig. 1 Phylogenetic dendrogram based on 16S rDNA gene sequence analysis, reconstructed from evolutionary
distances by using the neighbour-joining method, showing the phylogenetic position of strain ABRIINW111
(GenBank accession number GU433228, pointed by ■) with the most similar species. Bootstrap values (>50%,
value above branch: neighbor joining) are indicated at the relevant branching points
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frequently isolated organisms in animals, in agreement with several studies too (Luthje and
Schwarz 2007; Schultz et al. 2009; Koksal et al. 2007; Malik et al. 2007).

According to Moodley and Guardabassi (2009) occurrence and distribution of
methicillin-resistant CNS among horses, personnel and environmental sites at equine
facilities was 69%. In another study some strains of CNS were to 95% resistant against up
to seven antibiotics (Resch et al. 2008). Resistance to methicillin was detected in 67.5% of
CNS isolates of septicemic patients in Turkey (Koksal et al. 2007). However, Higuchi et al.
(2007) found 26.8% MR-CNS isolates from medical students in Japan. This fact indicates
that the prevalence of resistant CNS may differ considerably between countries and host
(Duijkeren, et al. 2004).

In this study the prevalence of MR-CNS in clinical specimens of different animal species
was defined by investigating a total of 220 clinical samples. Of all samples examined, 79
were positive for MR-CNS, giving an overall prevalence of 35.9%.

The percentage of resistance in CNS isolates is given in Table 2.

Table 1 Secondary screening antibacterial activity and active metabolite test of Streptomyces sp.
ABRIINW111 metabolites

Microorganisms Diameter of inhibition zone (mm) in 200 μl/disk (Mean±S.D.)

Diethyl
Ether

Dichloromethane Ethyl
acetate

Hexane Chloroform Methanol Water

Escherichia coli 14±0.9 - - 10±0.6 11±1.2 - -

Bacillus cereus 13±0.4 - - - - - -

Yesinia
enterocolitica

12±0.2 - - 6±0.7 - - -

Staphylococcus
aureus

16±0.3 13±0.2 12±1.4 - - - -

MR-CNS 15±0.8 - - - 7±0.9 - -

Table 2 Percentage of antibiotic resistance in clinical CNS isolates

Used Antibiotics Percentage of resistant CNS Number of resistant CNS

β-lactam antimicrobials Penicillin G 91.81 202

Cloxacillin 95.9 211

Azlocillin 97.72 215

Oxacillin 70.45 155

Methicillin 57.72 127

Cephalothin 3.63 8

Non-β-lactam antimicrobials Vancomycin 38.63 85

Tetracycline 25.9 57

Erythromycin 15 33

Rifampicin 11.36 25

Co-Trimoxazole 7.72 17

Ciprofloxacin 3.63 8

Gentamicin 1.36 3
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According to Koksal et al. (2007) methicillin resistant Staphylococci are resistant to all
other penicillins, carbapenems, cephems and beta-lactam/beta-lactamase inhibitor combi-
nations. It is important that 100% of this study MR-CNS were resistant to methicillin.

Nowadays morbidity and mortality rates due to MR-CNS infections remain high, and
determining the best therapeutic agent for treatment is an ongoing challenge.

On the other hand we are in the early stages of a "renaissance" in antibiotic discovery
from Actinomycetales (Baltz 2008) and in recent year's investigation of resources for
isolation of new active bacterial strains were resumed (Higginbotham and Murphy 2010;
Nithya and Pandian 2009).

In one study, from 10 farming soil samples collected from the Manisa province, 50
isolates of Actinomycetales were obtained. Approximately 34% of the isolates produced
antibiotics against gram-positive and gram-negative bacteria (Oskay, et al. 2004). In
another study a total of 20 different Streptomyces isolates were recovered from 33 soil
samples. Antibacterial activity was exhibited in 44.5% of all isolates (Ilic, et al. 2005). In
the work of Thakur et al. (2007), among the 110 isolates, 65 (59.09%) strains showed
antibacterial effects.

In the present study, 110 different Streptomyces isolates were recovered but antibacterial
activity was only exhibited in 12 (12.72%) of all isolates. We have described the isolation
and identification of a new Streptomyces sp., strain ABRIINW111 that produces highly
active secondary metabolites that have a broad spectrum of activity and are particularly
active against clinical isolates of MR-CNS. Table 1 shows that the diethyl ether extracted
metabolite of Streptomyces sp. strain ABRIINW111 exhibits a 15±0.8 mm inhibitory zone
in MR-CNS. All these MR-CNS strains were resistant to most beta lactam and non-beta
lactam antibiotics.

According to the 16S rDNA, strain ABRIINW111 has 98% similarity to the S. levis
strain NRRL B-16370 but this strain has some mutations in the alpha and gamma regions of
the 16S rDNA sequence (Stackebrandt et al. 1991), that have a high potency to define
species. So this bacterium is probably a novel species of the Streptomyces genus (Fig. 1).

The UV visible spectrum exhibited maxima at 275 nm, suggesting the presence of
chromophores or other kinds of conjugated pi-electron systems such as unsaturated
aldehydes, ketones and aromatic ring compounds (Mellouli et al. 2003).

The FTIR spectrum indicates that the compound had an O-H group (2927 cm-1). The
absence of carboxylic acid (COOH), ester (COOR), and alkyne (C=C-), was confirmed by
the lack of a band in the region of 1670-1740, 1700-1750 and 2100-2260 cm-1, respectively
(Dhanasekaran et al. 2008).

More investigations are needed to discover the structure of this antibacterial compound
and additional in vivo studies are necessary for clinical evaluation. But generally, the diethyl
ether extract of the new Streptomyces sp. strain ABRIINW111 can inhibit the MR-CNS in
vitro, and it can offer a new approach to treatment of MR-CNS infected patients in future.
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