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Abstract

During the screening programme for microbial cultures producing antimicrobial agents, an
active microbial strain of Streptomyces was isolated from the agricultural soil of Narnaul,
Haryana India. Physiological, biochemical characteristics and 16S ribosomal RNA
sequence homology studies revealed that it was similar to Streptomyces levis (sequence
similarity 100%). The microbial strain was submitted to Genomebio Technologies Pvt. Ltd.,
Pune, Maharashtra, India under Accession No. EU124569. The isolated strain was found to
produce extracellular active compound showing strong antimicrobial activity against Klebsi-
ella pneumoniae MTCC 109, Pseudomonas aeruginosa MTCC 741 and Staphylococcus
aureus MTCC 96. The antibacterial compound was successfully isolated and purified. Struc-
ture elucidation of antibacterial metabolite with EI-MS/ HRMS showed molecular ion peak
at m/z 686 [M+H]*. Whereas, elemental analysis of the said compound showed C = 61.31,
H=8.61,N=2.04 and O = 28.02, and indicated a molecular formula of C35H59NO5. The
presence of ‘chromone’ nucleus in the compound’s chemical structure was confirmed by
using "HNMR studies. The present study reports the purification of potential antibacterial
compound from Streptomyces levis isolated from the unexplored soil of north India and war-
rants for further characterization of this potential compound for optimum utilization for anti-
microbial purposes.

Introduction

During the past two decades, among gram negative bacteria group Klebsiella pneumonia and
Pseudomonas aeruginosa has emerged as an important pathogen that can cause severe diseases
in animals, including humans. K. pneumoniae is known to cause destructive changes to human
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lungs via inflammation and hemorrhage with cell death (necrosis) that sometimes produces a
thick, bloody, mucoid sputum [1]. Whereas, P. aeruginosa typically infects the pulmonary
tract, urinary tract, burns, wounds, and also causes other blood infections [2]. In addition,
with the emergence of resistance against commercially available antibiotics, an urgent need of
new compounds has been increased. Recently, Nekidy, et al., [3] describe the use of combina-
tion of ertapenem/meropenem with minimum inhibitory concentration (MIC) values for the
treatment of various infections caused by multi-drug resistant Klebsiella pneumonia. In a case
of immuno-compromised patients, the use of high doses of drugs again increases the risk of
side effects and creates the need of wide-spectrum potential drugs.

Natural products are the most consistent auspicious source of biologically active molecules
of greater chemical/structural diversity and offer opportunities for finding novel drug lead
compounds that are active against wide range of targets [4-6]. The main producers of the sec-
ondary metabolites are the microbes and they are continued to be useful source of novel sec-
ondary metabolites with a range of biological activities [7]. Among microbes, most of the
known antibiotics are isolated from actinomycetes group of bacteria and ~75% of commer-
cially useful antibiotics are produced by different Streptomyces species [8,9]. Therefore, screen-
ing, isolation and characterization of promising strains of actinomycetes capable of producing
potential antibiotics has been a major area of research for many years [10].

In the present study, isolation of Streptomyces levis producing antimicrobial metabolite
having potent activity against Klebsiella pneumonia and Pseudomonas aeruginosa has been
explained. Additionally, production, purification, structure elucidation and bioactivity of the
isolated antimicrobial metabolite have also been discussed.

Materials and methods
Isolation and fermentation of the strain showing antimicrobial activity

Antimicrobial metabolite producing actinomycetes strain was isolated from the soil sample
collected from a hospital surrounding of Narnaul (Haryana). Stock culture was maintained on
M6 slants (glucose 4 g, yeast extract powder 4 g, malt extract powder 10 g, CaCO; 2 g, agar
powder 2%, distilled water 1L, pH 6.8). Morphological, biochemical, cultural and physiological
tests were performed according to the methods described by Holt et al. [11]. Species level char-
acterization of the microbial strain was commercially performed at Genomebio Technologies
Pvt. Ltd., Pune, Maharashtra, India.

For the production of antimicrobial metabolite, the isolated culture was inoculated into 250
mL flasks containing 50 mL of X-medium (soyabean meal 10 g, CaCO5 3 g, MgSO,.7H,0 0.5
g, (NH,),HPO, 0.5 g, NaCl 3 g, K,HPO, 1 g, glycerol 15 mL, DW 1L, pH 6.9-7.0) as seed and
incubated at 28°C and 200 rpm on a rotary shaker for 48 h, which was used as seed culture.
0.5% of this seed was transferred to 1L flask containing 200 mL of X-medium as production
flasks and incubated at 28°C and 200 rpm on a rotary shaker for 96 h. Antimicrobial activity of
the isolated strain was checked by agar well method using 100 pl of the fermented broth against
Staphylococcus aureus MTCC 96, Pseudomonas aeruginosa MTCC 741, and Klebsiella pneumo-
niae MTCC 109.

Further, the activity of the isolated ‘active’ compound was quantitatively determined in
terms of minimum inhibitory concentration (MIC) employing broth dilution method using
200 pg/ml as the starting concentration of the compound. MICs of the isolated active com-
pound were studied with the serial dilution method as recommended by NCCLS (formerly
known as the National Committee for Clinical Laboratory Standards) guidelines [12]. All
chemicals and reagents were procured from Sigma Aldrich, Lancaster, Merck, SD Fine-Chem
Ltd, and Spectrochem Pvt. Ltd, and were used without purification.
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Purification of the antimicrobial metabolite

Ninety-six h old fermented culture was filtered using Buchner funnel to separate the biomass
from the broth. The cell free broth thus obtained was extracted twice with ethyl acetate. The
organic phase was concentrated to dryness under vacuum using a rotary evaporator (Buchi
labs, Switzerland). The activity of the concentrated crude extract against the pathogenic strain
was monitored by the agar diffusion paper-disc method.

The purification of antimicrobial metabolite was carried out using normal phase silica gel
(mesh size 230-400) column (1.8 X 70 cm) as a packing material. Loading slurry was made by
mixing 1gm silica gel with 0.5 gm antimicrobial crude in methanol and dried on rotary evapo-
rator. The column was eluted with stepwise methanol—chloroform gradient solvent system
(0.0:100%). Eluted solvent fractions were collected and dried on rotary evaporator at 37°C. All
the fractions were checked for antimicrobial activity against S. aureus MTCC 96, K. pneumo-
niae MTCC 109 and P. aeruginosa MTCC 741 by disc diffusion method. The purity of the
active fractions was tested by using HPLC system (Waters), equipped with 515 HPLC binary
pump, 2998 Photodiode array (PDA) detector, and 2707 autosampler. HPLC separation was
achieved on a reverse phase, reverse phase silica column (RP18) with a mobile phase consisting
of water—acetonitrile gradient at the flow rate of 1 ml/min.

Chemical characterization of the purified compound

IR Spectrum (potassium bromide) was recorded on Perkin-Elmer FTIR spectrophotometer
(Vmax in cm™). ESI mass spectrum was recorded on a V, 70-70H mass spectrometer (Manches-
ter, UK) at 70 eV with a trap current of 200 pA and 4 kV of acceleration voltage and ESI mode
positive ion trap detector. Elemental analysis was performed on a Perkin-Elmer 2400 series II
elemental CHNS analyzer. "H- and ">C-NMR spectrum were recorded on Bruker 200/300
MHZ instruments using CDCl; and DMSO as solvents. Chemical shifts (3) were reported

in ppm downfield using internal tetramethylsilane (TMS) standard.

Results
Antimicrobial activity

During the screening process, six isolates were found to have significant antimicrobial activity
against K. pneumoniae MTCC 109. One of the isolate (RS 25) showed significant antimicrobial
activity against gram-positive S. aureus MTCC 96 as well as gram-negative P. aeruginosa
MTCC 741 and K. pneumoniae MTCC 109 with the zone of inhibition of 24, 20 and 23 mm,
respectively, when checked by using agar well method. The MIC values against the above
stated test strains were found to be 6.25, 12.5 and 6.25 ug/ml, respectively.

Cultural and physiological characterization

The producer strain (RS-25) was characterized by using morphological and cultural character-
istics like growth intensity, colony morphology and formation of soluble pigments on various
International Streptomyces Project (ISP) media. The results of cultural and physiological char-
acteristics are summarized in Table 1. The bacterial culture was able to utilize various complex
(casein) and simple media (amylase) for the growth. The strain was found to produce certain
extracellular enzymes like protease, amylase, nitrate reductase, urease and asparaginase as veri-
fied by the growth on a variety of ISP media except tyrosine agar (ISP7) (Fig 1). Finally, RS-25
was characterized on the basis of 16S rRNA homology sequence studies at Genomebio Tech-
nologies Pvt. Ltd., Pune, Maharashtra, India and identified as Streptomyces levis under
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Table 1. Observation table of morphological characteristics on different ISP medium.

S. No.

ISP Medium

Growth Colony morphology Pigmentation
1 ISP-2 Moderate Circular; Convex and Pale white colonies Pink
2 ISP-3 Abundant Irregular; Slightly Convex and light pink colonies Red
3 ISP-4 Moderate Circular; Flat and Light green colonies Red
4 ISP-5 Abundant Circular; Convex and red colonies Red
5 ISP-6 Abundant Circular; Convex Black
6 ISP-7 Slight Irregular; Raised and blackish colonies Black

https://doi.org/10.1371/journal.pone.0200500.t001

Fig 1. Growth of S. levis on different growth medium, a: ISP-2, b: ISP-3, c: ISP-4, d: ISP-5, e: ISP-6, f: ISP-7, g: Mac Conkey Agar, h:

Casein Agar, i: Citrate utilization.

https://doi.org/10.1371/journal.pone.0200500.9001
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98 |gi|631251314|S. azureus strain NBRC 12744
92 Igi|636559407|S. stramineus strain NRRL 12292

gi|343204922|S. pseudogriseolus strain NRRL B-3288

65 gi|636559718| S. levis strain NRRL B-16370

gi|631251181|S. viridiviolaceus strain NBRC 13359

Fig 2. Phylogenetic tree showing evolutionary relationship of Streptomyces levis with other members of Streptomyces along with their
evolutionary distances.

https://doi.org/10.1371/journal.pone.0200500.9002

Accession No. EU124569. A total of 1152 nucleotide bases of the strain were used to generated
the phylogentic tree (Fig 2).

Purification of the active compound

Extracellular antibacterial compound present in the 96 h old fermented broth of S. levis was
extracted with ethyl acetate. Later, it was concentrated under reduced pressure. Reddish
brown colored crude thus obtained, was found to show antimicrobial activity against K. pneu-
moniae, P. aeruginosa and S. aureus. The compound was found to be maximum soluble in
methanol suggesting its polar nature; hence it was purified with silica column, and eluted with
methanol: chloroform solvent system. The purity of the fractions showing antibacterial activity
was further confirmed on HPLC using reverse phase C18 column with water-acetonitrile sol-
vent system, showing single peak with retention time of 14.434 min (Fig 3).

Chemical characterization of purified compound

The elemental analytical data (calculated) of the purified compound gave percentage compo-
sition of carbon, hydrogen, nitrogen, and oxygen equal to 61.31, 8.61, 2.04 and 28.02%,
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Fig 3. HPLC profile showing the pure compound eluted at 14.43 min.
https://doi.org/10.1371/journal.pone.0200500.g003
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Fig 4. IR spectrum of the purified compound.
https://doi.org/10.1371/journal.pone.0200500.9g004

respectively. These results suggested a molecular formula of C;5Hs9NO1,. The ultraviolet
(UV) absorption spectrum of the isolated compound recorded absorption bands at 240-250
and 332 nm. Absorbance within UV range confirmed the presence of unsaturation in the
compound. The EI-MS/HRMS spectra of the compound exhibited m/z at 686 [M+H]",

685 [M]", 684, 610, 536, 347, 301 217 and 157. The presence of peak at 157 [M+H]" further
confirmed the presence of ‘chromone’ nucleus. IR spectrum of the compound exhibited
hydroxyl and conjugated carbonyl absorption bands at 3425 and 1648 cm’", respectively (Fig
4). The absorption bands at 3020 and 2927 cm™* corresponded to aromatic C-H and alkyl
C-H stretching, respectively, while those at 1602 and 1504 cm™ attributed to C = C ring
stretching. The "HNMR spectrum of the compound showed signals typical of 2,6-disubsti-
tuted chromone derivative (Fig 5). Three aromatic protons appeared at  7.21 (1H, H-5), 6.98
(1H, H-7) and 6.61 (1H, H-8), whereas a singlet at § 6.15 attributed to H-3 of the y-pyrone
ring. The appearance of H-5 and H-8 as doublet with *J = 2.4 and *J = 8.4 Hz, respectively,
and H-7 as double doublet with °J = 8.4 and *J= 2.4 Hz clearly indicated that the ‘chromone’
ring was substituted at sixth position. In addition, the singlet signal for H-3 showed the pres-
ence of substituent at C-2 of chromone ring. The other protons of the isolated compound
appeared at 8 5.76-5.86 (5H, m), 4.59-4.99 (10H, m), 3.06-3.330 (14H, m) and 1.36-2.06
(27H, m). Double bond equivalent calculation revealed that the purified antibacterial com-
pound had seven degrees of unsaturation, which were well satisfied with the presence of
‘chromone’ skeleton and suggested that the side chains present on the 2’ and 6 positions of
chromone nucleus must be saturated in nature (Fig 6). Furthermore, the appearance of multi-
plet at § 1.36-2.06 and triplet at around & 0.9 in "H NMR spectra indicated the presence of
CH, moieties and CH; group, respectively, in the side chains.
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Fig 5. H-NMR of the purified compound.
https://doi.org/10.1371/journal.pone.0200500.9005

Discussion

In spite of the major success in the field of finding of new drug (antimicrobials) molecules,
and development in their production process, infectious diseases still remain the second lead-
ing cause of death worldwide [13]. One of the main reasons of this is the development of
multi-drug resistance among the pathogenic microbes, which in turn create a requirement of
continuous search for new and more potential bioactive molecules. Soothingly, microbes still
act as a source of novel drugs e.g., Huang et al. (2013) reported cyclic lipopeptide from Paeni-
bacillus ehimensis active against Pseudomonas aeruginosa clinical isolates [14]. Taechowisan

et al. (2013) reported antibacterial activity of 1-methyl ester-nigericin isolated from Streptomy-
ces hygroscopicus [15]. In this series during the screening of potential microbes against K. pneu-
moniae, six isolates were found to possess different degrees of antimicrobial activity against K.
pneumoniae MTCC 109. Out of which, the isolate Streptomyces levis showing significant anti-
microbial activity, was found to be the most prominent strain. The initial screening of this
strain has already been reported previously [16]. The results of morphological and cultural
characterization of strain, suggested that the organism belonged to the Streptomyces sp [17].
During the literature survey it was found that the strain S. levis has been known to the biologi-
cal society from long time but it was not investigated properly for metabolite production point
of view. Khaliq et al. (2013) isolated S. levis along with three other Streptomyces strains from
the soil samples from plant rhizosphere and agricultural field [18]. They examined the activity
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of S. levis against Bacillus subtilis, Escherichia coli, Rhodococcus facians, Pseudomonas aerugi-
nosa, Salmonella typhi and Aspergillus sp. and reported positive activity against first four strains
and negative against last two strains. Whereas, the isolated and characterized strain of S. levis
reported in the present study was found to show potent activity against Klebsiella pneumoniae
MTCC 109, Pseudomonas aeruginosa MTCC 741 and Staphylococcus aureus MTCC 96. Previ-
ously, El-Sayed et al. reported that S. levis isolated from the cultivated soil of Egypt was found
to be active against some bacterial pathogen, fungal pathogens and some weeds associated
with the wheat (Triticum aestivum L.) and maize (Zea mays) varieties [19].

During the structure elucidation of the active antimicrobial compound, strong absorbance
at 240-250 and 332 nm suggested the presence of ‘chromone’ nucleus in the active compound
[20]. Similar results were found during the characterization of the purified compound. The
presence of chromone nucleus was further confirmed by the H-NMR data, which were in
accord with the previously reported data of Cao and Cui, (2003) [21]. Exhaustive and exclusive
search using SCI FINDER tool resulted eleven compounds having same molecular formula as
our purified compound. Those compounds were oleandomycin, 2-piperidinone and deriva-
tives of either erythromycin or tylonolide. As none of these previously reported compounds
contained ‘chromone’ moiety, therefore it can be contemplated that the compound isolated
in this study is not reported earlier from this strain and to the best of our knowledge is being
reported for the first time from S. levis.

Conclusion

In the present study, the soil isolate Streptomyces levis was found to produce a potent bioactive
compound showing significant antimicrobial activity with molecular formula of C35HsoNO,.
The compound was identified as a 2,6-disubstituted chromone derivative by analyzing the
spectroscopic data, and to the best of our knowledge is being reported for the first time from
this strain. The present investigation also revealed the efficiency of the metabolite produced by

PLOS ONE | https://doi.org/10.1371/journal.pone.0200500 July 10,2018 8/10


https://doi.org/10.1371/journal.pone.0200500.g006
https://doi.org/10.1371/journal.pone.0200500

@° PLOS | ONE

Antibacterial compound from S. levis

S. levis as a good potential agent for controlling the infections against the pathogenic bacteria
K. pneumoniae, P. aeruginosa and S. aureus and can be used as a promising antimicrobial drug
in the near future.
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