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Introduction

Abstract

Introduction: The inevitable rise of
antibiotic-resistant bacteria is a global
health  problem. These pathogens
erode the utility of available antibiotics.
Staphylococcus aureus is one of the major
causes of community-acquired infections.
The aim of work was to evaluate the
marine actinomycetes for production of
the antibacterial agent against pathogens.
Methods: Halophilic actinomycetes were
isolated, ~characterized and screened
for production of antibacterial agent against pathogenic bacteria. The antibacterial compounds
were extracted by solvent extraction and separated by TLC based bioautography. Antibacterial
compound was further purified by flash chromatography followed by high-performance liquid
chromatography (HPLC) techniques. The active fraction was characterized by spectroscopy
techniques. The minimum inhibitory concentration of antibiotic was determined against
pathogens.

Results: A new halophilic actinomycetes strain rsk4 was isolated from marine water. It was
designated as Kocuria sp. based on the physiological, biochemical and 16S rDNA sequence-
based characters. It was able to produce broad-spectrum antibacterial compound and exhibited
significant inhibitory activities against antibiotic-resistant S. aureus. The antibacterial compound
was secreted optimally at 5% NaCl and neutral pH in the starch casein medium during stationary
phase. The crude ethyl acetate extract was separated by chloroform-methanol, 24:1, v/v having R,
value 0.45. Bioassay of HPLC fractions confirms the presence of antibiotics picks at retention time:
3.24 minutes. The UV-Visible and mass spectra of the compound revealed that the active compound
was different from other known antibiotics. The lowest minimum inhibitory concentration was
recorded against S. aureus (30 pg/mL).

Conclusion: The result suggests that a broad-spectrum antibacterial compound obtained from
halophilic actinomycetes is effective against pathogenic bacteria. This compound may be a good
alternative treatment against antibiotic-resistant pathogen S. aureus.

of more than 70% of the natural antibiotics available in the

Disease-causing bacteria resistance to commercially
available antibiotics has become increasingly widespread
in the recent decades.! Therefore, investigation of
antibiotic producer against antibiotic-resistant pathogens
is continued to be an important sector of research. Among
microorganisms, actinomycetes are the most reliable
groups from which a large number of economically and
industrially important antimicrobial compounds have
been obtained.? Actinomycetes are widespread in most
ecological niches. They are accountable for the production

market.? Most of the valuable antibiotics have been derived
from terrestrial actinomycetes. Intensive exploitation
diminishes the efforts for novel investigation of terrestrial
actinomycetes. Exploring members of actinomycetes
from other habitats have been continued to thrive; hence,
researchers switched over to new environments in search of
the novel antimicrobial structure against human and plant
pathogen.* Marine environments are extreme habitats,
where actinomycetes populations are mostly unexplored
for the discovery of novel bioactive secondary metabolites.
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Diverse actinomycetes have been isolated from the
marine environment. Phylogenetic diversity of marine
actinomycetes was reported from an Indian coastal solar
saltern.’ Bacterial strains isolated from marine habitats
were thought to be a function of terrestrial contaminants.
Recent research data unveiled that several actinomycetes
taxa are natural or well-adopted inhabitants of the marine
environment.

Marine environment has been shown to be a crucial
source for the discovery of novel antibiotics producing
microorganisms.” Marine derived actinomycetes shown
great potential in the synthesis of diverse novel bioactive
secondary metabolites such as antibiotics and other
chemotherapeutic agents with unusual structures and
properties.” Kocuria species is one of the poorly studied
microorganisms in terms of its industrial applications. The
genus Kocuria was named after Slovakian microbiologist
Miroslav  Kocur, to accommodate phylogenetically
distinct actinobacteria. Kocuria species belongs to the
family Micrococcaceae, suborder Micrococcineae, order
Actinomycetales and class Actinobacteria.® In this study,
isolation, separation and purification of an antibacterial
compound from a novel halophilic actinomycetes Kocuria
sp. strain rsk4 has been reported.

Materials and Methods

Sample collection

The halophilic actinomycetes strain rsk4 was isolated
from a marine water sample collected from Porbandar
region (21°37'48"N 69°36'0"E) at Gujarat, Western India.
The sample was collected using a sterile container and
instantly brought to the laboratory for further processing.
The physicochemical parameters such as pH, temperature,
and salinity were measured during sample collection.

Isolation of halophilic actinomycetes

Halophilic actinomycetes were isolated from marine
water sample by serial dilution method in three different
media: Actinomycetes Isolation Agar (Sodium caseinate,
2.0 g/L; Asparagine, 0.1 g/L; Sodium propionate, 4.0 g/L;
Dipotassium phosphate, 0.5 g/L; Magnesium sulphate, 0.1
g/L; Ferrous sulphate, 0.001 g/L; Agar 20.0 g/L; pH 7.0),
Starch casein agar (starch, 10 g/L; casein, 10 g/L; peptone,
5 g/L; yeast extract, 5 g/L; agar, 30 g/L; pH 7.2) and Seghal
and Gibbons agar (Yeast extract, 10 g/L; Casamino acids,
7.5 g/L; Na citrate, 3 g/L; MgSO,.7 H,O, 2 g/L; KCI, 2
g/L; FeCl,, 0.023 g/L; agar, 30 g/L; pH 7.2) supplemented
with 5%-15% NaCl for salinity. To minimize the bacterial
and fungal growth, each media was supplemented
with Nalidixic acid (20 pg/mL) and Nystatin (25 pg/
mL) respectively and incubated at 30°C for 2-4 days.
Morphologically distinct colonies were picked and further
re-streaked to ensure the purity of colony onto Starch
casein agar with respective salinities. All isolates were
preserved at 4°C on slants and as glycerol stocks at -20°C.

Antibacterial potential of strain rsk4

Strain was grown for 8 days and cell free supernatant was
check for its antibacterial activity using agar well diffusion
technique.” Samples were withdrawn at 24 hour intervals
periods and cell biomass were separated by filtration. Dry
weight of bacterial growth was measured as per ml of the
sample. Bacterial pathogens were obtained from Microbial
type culture collection (MTCC) and Gene Bank of the
Institute of Microbial Technology IMTECH), Chandigarh,
India. The bacterial pathogens used were: Staphylococcus
aureus (Clinical isolates), Enterococcus faecalis MTCC 439,
Bacillus megaterium MTCC 2444, Bacillus subtilis MTCC
441, Mycobacterium smegmatis MTCC 6, Escherichia coli
(Clinical isolates), Klebsiella pneumoniae MTCC 109,
Salmonella typhimurium MTCC 1251, Proteus vulgaris
MTCC 1771 and Pseudomonas aeruginosa MTCC 2453.
Bacterial pathogens were poured into Mueller Hinton
agar (MHA) (Himedia), 6 mm size well has been prepared
and 30 pl cell free supernatant was added into the well. 30
uL starch casein medium was added into one of the well
as a negative control. Zones of inhibition were measured
after 24 hours incubation at 37°C using Hi-Antibiotic
ZoneScale (HiMedia). Antibacterial assays were repeated
in three replicates to confirm the activity and consistent
production of antibacterial metabolites. Staphylococcus
aureus was pathogenic antibiotic resistant bacteria and
it was found to be comparatively more sensitive to the
antibacterial agent; therefore, further studies was carried
out with it.

Taxonomic and biochemical characterization

Colony characteristics of strain rsk4 were studied on
International Streptomyces Project (ISP) media yeast
extract-malt extract agar (ISP-2), inorganic salt-starch
agar (ISP-4), glycerol-asparagine agar (ISP-5), tyrosine
agar (ISP-7), nutrient agar, tryptone soya agar and starch
casein agar. Physiological characteristics were studied at
various salt (0-15%, w/v) and pH (5-10) concentration in
starch casein agar. Biochemical characteristics including
MR, VP, nitrate reduction, indole production, citrate
utilization, urease, catalase, oxidase test, H,S production,
melanin pigment production carbon utilization, nitrogen
utilization, extracellular enzyme production and antibiotic
resistance tests were carried for identification of organism
up to genus level.

16S rDNA regions-based characterization

The strain was inoculated into starch casein medium and
cultivated at 30°C for 3 days. The culture was harvested
by centrifugation and the resulting precipitates were
suspended in solution (glucose, 50 mM pH 8.0; Tris-HCI,
25mM, pH 8.0; EDTA 10 mM). Lysis buffer (200 mL of 5%
lysozyme, 20 mL of 1% pronase and 4 mL of 1% RNase)
was used to lysed the cells. Genomic DNA was extracted
with 250 mL of extraction buffer (Tris-HCI, 20 mM,;
EDTA, 100 mM; sodium dodecyl sulfate, 1%; proteinase
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K, 0.01%). The DNA solution was extracted 2 times with
an equal volume of phenol/chloroform/isoamyl alcohol
(25:24:1). DNA was precipitated with two-fold volume
ethanol, washed with 70% ethanol and finally resuspended
in 20 pL TE buffer (Tris-HCI, 10 mM; EDTA, 1 mM; pH
8.0). DNA was was quantified by spectrophotometer and
preserved at -20°C. The GC content of the DNA was
determined by the thermal denaturation method."

The 16S rDNA sequencing was carried out in thermal
reactor thermocycler (GeneAmp® PCR System 9700,
Applied Biosystems) using the universal bacterial primers
Fdl 5-TTCCGGTTGATCCTGCC-3' (forward); and
Rdl, 5-AAGGAGGTGATCCAGCC-3' (reverse). PCR
condition was: 94°C for 3 minutes in the first cycle;
denaturing at 94°C for 30 seconds, 30 second annealing at
55°C, 2 minutes elongation at 72°C and a final extension
step at 72°C for 10 minutes. The amplified product was
purified by 1.2% agarose gel using the GeNeiTM Quick
PCR Purification Kit.

DNA sequencing was carried out according to the
dideoxy chain termination method by M/s Macrogen
Inc., Seoul, Korea. The sequence was screened using
BioEdit software. 16S rDNA Sequence was subjected to
BLAST search to obtain similarity between sequences.11
The sequences were aligned using the ClustalW program
and submitted to the GenBank database. The 16S rDNA
sequence based phylogenetic tree was constructed using
MEGAG6 software by distance based Neighbour-joining
method with bootstrap testing.'?

Effect of media, NaCl, pH and incubation period on
growth and antibacterial agent

The effect of several media on antibacterial activity of
rsk4 was evaluated against S. aureus by agar well diffusion
method. The media used were: glucose yeast extract malt
extract broth (ISP2), inorganic salts starch broth (ISP4),
glycerol asparagines broth (ISP5), starch casein medium
(SCM), glucose yeast extract broth (GYEA) and Bennett
medium (BM).” The effect of the salt on growth and
production of the antibacterial compound was studied on
starch casein media at varying salt concentrations (0-15%
w/v) at pH 7 for 10 days. Similarly, the effect of pH on
growth and antibiotic production was studied in the range
of pH 5-10 on starch casein media having 5% w/v NaCl for
10 days. The effect of incubation period on the production
of the antibacterial agent was also studied by incubating
organism for 1-10 days at temperature 30°C and pH 7.

Fermentation and extraction of active compounds

The isolated strain was grown in 4 L starch casein
media seeded with 5% inoculums of active culture and
maintained 180 rpm at 30°C for 10 days. After incubation,
fermentation broth was filtered through Whatman No.1
filter paper. Filtrate was further centrifuged at 10000
rpm (10280 g) at 4°C for 15 minutes. The extraction
process was scaled up for extraction of the antibacterial
compounds with organic solvents on the basis of the

partition coefficient. The cell-free supernatant was
adjusted at different pH and extracted thrice with equal
volume of culture filtrate and ethyl acetate. The ethyl
acetate extract was dried using vacuum rotary evaporator
and recuperated in methanol. Extract was bioassayed for
the antibacterial activity against S. aureus as an indicator
microorganism.

TLC guided bioautography for separation of the
antibacterial metabolites

The residual crude active extract was separated by
ascending analytical thin layer chromatography (TLC)
in a running solvent system. The solvents tested for
separation of the antibacterial metabolites included;
solvent system 1 (Butanol-Acetic acid-Water, 30:20:70
v/v), solvent system 2 (Chloroform-Methanol, 24:1 v/v),
solvent system 3 (Ethyl acetate-Methanol, 6:4 v/v) and
solvent system 4 (Hexane-Ethyl acetate, 1:9 v/v). TLC
was carried out on commercially available aluminum
TLC sheets (20 x 20 cm with 0.2 mm thickness, silica gel
GF254, Merck, Darmstadt, Germany). The solvent fronts
were marked, R, values have been measured and the TLC
sheet was aseptically processed for bioautography. Agar
overlay bioautographic evaluation was conducted to
localize the separated antibacterial compound on TLC
chromatogram." Molten nutrient agar containing actively
grown S. aureus was aseptically sprayed over different
developed TLC chromatogram. Sheets were incubated
at 37°C in 100% relative humidity for 24 hours. Clear
inhibition zone around the separated active components
was recorded.

Purification of the antibacterial metabolites

The enormous quantity of antibacterial compounds has
been separated on preparative TLC plate with 1 mm
thick silica gel 60 (Merck Ltd.). TLC bands that exhibited
antibacterial activity on analytical TLC were scratched off
carefully. It was dissolved in methanol and centrifuged
at 10000 rpm for 5 minutes to eliminate silica. Then,
supernatant was filtered using 0.22 um filter and bioassayed
against test organism S. aureus for confirmation. This
process was repeated multiple times; all the supernatants
were merged and concentrated to 30 mg/mL using a
rotary evaporator. Antibacterial metabolites were further
purified by an efficient method of flash chromatography.
Light yellow colored TLC extract (30 mg/mL) was mixed
with 1 g Silica gel 60. Methanol was evaporated at 37°C
temperature. Silica gel mixture was packed in the column
(Silica Gel 30 um) and flash chromatography (Yamazen)
was performed.” Components were separated by
isocratic elution with Hexane/ethyl acetate. Flow rate was
maintained at 3 ml/min. Forty tubes with 7 mL fraction
volume were collected. Each fraction was analyzed for the
presence of active components by analytical TLC. After
visualization with ultraviolet light, components having the
same retention factor (R) were pooled, concentrated and
bioassayed for confirmation of antibacterial compound.
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The antibacterial compound was finally purified by
analytical high-performance liquid chromatography
using a reverse phase C18 column (Sunfire, 4.6 mm x 100
mm, 3.5 um) at a constant temperature of 40°C.'¢ Elution
was carried out at flow rate of 0.55 mL/min and the eluate
was detected using a UV detector. Fractions were collected
using fraction collector. It was concentrated (20 pg/mL)
and 30 pL extract were bioassayed. Penicillin (20 pug/mL)
was also used to confirm the antibiotic resistance capacity
of S. aureus. Streptomycin (20 pg/mL) was considered as
a standard antibiotic for comparisons of potency against
S. aureus. HPLC was repeated numerous times to get
adequate amount of antibacterial compound for further
analysis. According to the found antibacterial activity, the
active fractions were merged and further characterized.

Characterization of purified compound

The solubility, thermal stability and pH stability test
of antibacterial compound was carried out. The UV
absorption spectrum of the antibacterial compound was
recorded in methanol solution ranging 190 nm to 600
nm by Shimadzu UV 1800 spectrophotometer.”” The
Electro spray ionization mass spectra (ESI-MS) of active
compound of strain rsk4 was recorded with a liquid
chromatography-ion trap mass spectrometer (Shimadzu
LCMS-8030 Triple Quadrupole Liquid Chromatograph
Mass Spectrometer) at negative ion detection mode.'

Minimum inhibitory concentrations

Minimum inhibitory concentration (MIC) of pure
antibacterial metabolite was accomplished using
conventional agar dilution method against 10 test
microorganisms cited above.” Test microorganisms were
inoculated onto the Mueller-Hinton medium containing
different concentrations of the active metabolite (10-100
pg/mL). After an incubation period of 24 hours at 37°C,
the plates were examined for growth. The lowest antibiotic
concentration that inhibited the growth of one or more
organism was noted. The Mueller-Hinton media without
test pathogenic microorganisms and active compounds
was used as a control. MIC of broad-spectrum antibiotics
streptomycin was also carried out as a standard for
comparison.

Results

Isolation of halophilic actinomycetes

Halophilic actinomycetes strain rsk4 was isolated from
Porbandar region, Western India. It was gram-positive,
coccoid shaped, non-encapsulated, reddish orange
colored, aerobic, catalase-positive bacteria which do not
produce endospore.

Antibacterial potential of strain rsk4

Culture filtrate of strain rsk4 exhibited a broad spectrum
antibacterial activity against both Gram-positive and
Gram-negative bacteria. Among the all test pathogenic
organisms, Staphylococcus aureus was fund to be most

sensitive to the antibacterial agent.

Taxonomic characterization of the organism

The results of physiological characteristics illustrate
that rsk4 was halophile and able to grow up to 15% w/v
NaCl. Optimum NaCl tolerance was in the range of
5%-10% and optimum requirement of pH was found
to be ~7. Biochemical characters suggest that it utilizes
arabinose, galactose, rhamnose, glucose, lactose and
sucrose as sources of carbon along with acid production.
Nitrate reduction and alkaline phosphatase tests showed
positive results, whereas indole production, methyl red,
voges proskauer, coagulase, oxidase and urease showed
negative results. It was positive for starch, casein and
gelatin hydrolysis but negative for [-galactoside and
lipid hydrolysis. Strain rsk4 could also be distinguished
from other strain by showing resistance to ampicillin,
gentamicin, ofloxacin, penicillin-G and vancomycin
(Table 1).

The 16S rDNA sequence (1361 bp) of the strain rsk4
was submitted to GenBank under the accession number
HQ258887. The sequence was analyzed by BLAST search.
It was further aligned with reference species existing in

Table 1. Physiological and biochemical characteristics of strain rsk4

S. No. Characteristic Strain rsk4
1 Gram reaction +
2 Sporulation -
3 Melanin pigmentation +
4 Anaerobic growth -
5 Indole production +
6 Methyl red -
7 Voges Proskauer -
8 Nitrate reduction +
9 H,S production -
10 Oxidase -
11 Urease -
12 B-Galactosidase -
13 Catalase +
14 Coagulase -
15 Starch hydrolysis

16 Gelatin hydrolysis +
17 Lipid hydrolysis -
18 Casein hydrolysis +

Carbon source utilization
19 Arabinose +
20 Galactose +
21 Rhamnose +
22 Glucose +
23 lactose +
24 Sucrose +
25 Fructose -
Amino acid utilization
26 Arginine -
27 Lysine -
28 Histidine -
29 Proline +
“+” positive, “-” negative
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GenBank database for confirmation and identification of
the strain rsk4 at genus level. Fig. 1 shows phylogenetic
tree generated on the basis of 16S rDNA sequence of rsk4
and nucleotide sequences of closely related strains using
distance based neighbor-joining method with bootstrap
value.

Effect of media, NaCl, pH and incubation period on
growth and antibiotic production

Among several media studied, starch casein medium was
found to be most appropriate growth supportive as well
as the synthesis of antibacterial agents by rsk4 (Fig. 2).
Strain rsk4 grew at the range of 5-10% (w/v) NaCl and
secreted antibiotic optimally at 5% NaCl (Fig. 3). Fig. 4
shows that rsk4 secreted the antibacterial metabolites
in the wide range of pH 5-9, but optimum antibacterial
activity observed at neutral pH. Strain rsk4 secreted the
antibiotic in SCM after 5 days but produces optimally on
the seventh day at pH ~7 and temperature 30°C (Fig. 5).

NR 029297 1 Kocuria varians sfrain G33

NR 114674.1 Kocuria vanians sirain ATCC 15306
NR 117299 1 Kocuria salsicia sirain 104

NR 026452 1 Kocuria rhizophila sirain TAG2

NR 1486101 Kocuria arsenatis sirain CM1E1

NR 025723 1 Kocuria marina sirain KMM 3905

NR 1167441 Kocuria atrinae sirain P30

NR 116266.1 Kocuria gwangalliensis strain SJ2

NR 0271931 Kocuria camiphila strain CCM 132

NR 144586.1 Kocuria subfiava strain YIM 13062

NR 026451.1 Kocuria palustris sirain TAGA2T

NR 132604.1 Kocuria assamensis strain $9-65

HQ 258887 1 Kocuria sp rsk 4

NR 026199 1 Kocuria kristinae strain DSM 20032
NR 044025 1 Kocuria halotolerans sirain YIM 90716
NR 116745 1 Kocuria koreensis sfrain P31
NR 026189 1

NR 117546.1 Citricoccus nitrophenolicus strain PNP1
NR 116649 1 Micrococcus ferreus sirain V3M1

sirain DSM 20117

NR 044308 1 Kocuria fiava strain HO-8041

NR 1182221 Kocuria sediminis strain FCS-11
NR 043899.1 Kocuria turfanensis strain HO-9042

-
o
NR 043323.1 Kocuria himachalensis strain K07-05

= |_|: NR 044871.1 Kocuria rosea strain DSM 20447
2 NR 028924 1 Kacuria polaris strain CMS 76or
[—— NR 137239 1 Kocuria dechangenss strain NEAU-ST5-33
34| NR 043511.1 Kocuria aegyptia strain YIM 70003

Fig. 1. The phylogenetic tree of 16S rDNA gene sequences of
the strain rsk4.
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Fig. 5. Effect of incubation period on growth (circles) and antibiotic
production(triangles).

Fermentation and extraction of active compounds

The cell-free supernatant was concentrated and
antibacterial metabolite was extracted thrice by n-hexane,
benzene, chloroform, dichloromethane, ethyl acetate and
butanol. Ethyl acetate was found to be an appropriate
solvent for extraction. No antibacterial activity was
observed with ethyl acetate as a negative control. The
organic extract was concentrated to get yellow colored
crude extract which was re-dissolved in methanol for
bioassay.
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Separation and TLC bioautography of the antibacterial
metabolites

The results of the bioautography suggest that R, values
were different for diverse solvents but clear separated
bands with a sharp zone of inhibition were observed in
solvent system chloroform-methanol, 24:1 v/v. A single
sharp zone against S. aureus at R, value 0.45 was marked
in bioautography indicated the presence of a separated
antibacterial compound (Fig. 6).

Purification and characterization of the antibacterial
agent

The active band of preparative TLC was reconfirmed
by bioassay. The preparative TLC extract was further
separated by flash chromatography with isocratic elution
using Hexane/ethyl acetate gradient (100% Hexane /0%
ethyl acetate to 0% Hexane /100% ethyl acetate) solvent
system. Bioassay of fractions confirmed the presence
of antibacterial components in the fraction 21 to 23.
Antibiotic purification was finally carried out by HPLC
using 0.01% glacial acetic Acid (pH 3.7)-acetonitrile;
10:90, v/v. Active component was detected by UV detector
at 230 nm. Chromatogram of the separated antibacterial
compound obtained two peaks; one merged and one
sharp isolated peak (Fig. 7). Bioassay of each peak fraction
revealed that only fraction 2 (retention time: 3.24 minutes)
possess potent antibacterial activity against S. aureus
(Fig. 8). The characterization of antibacterial compound
suggests that it was readily soluble in a semi-polar solvent
mainly methanol, ethyl acetate and dichloromethane.
It was stable at pH 6.8-7.2 but degraded more rapidly
below pH 6. It was stable between temperature ranges of
20°C-40°C and degraded rapidly at more than 55°C. The
spectral analysis of the antibacterial compound produced
by strain rsk4 revealed the ultraviolet (UV) absorption
maxima recorded at 233 nm (Fig. 9). The obtained ESI-MS
spectra showed molecular ion peaks at m/z 472.4 [M-H]
which leads to a molecular weight of 473 g/mol (Fig. 10).

Minimum inhibitory concentrations
MICs of broad-spectrum antimicrobial metabolite are

R;=0.45

Fig. 6. TLC-based bioautography exhibit antibacterial activity at
the R, value of 0.45.
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Fig. 7. Chromatogram of the separated antibacterial compound
by HPLC (retention time = 3.24 min).

Fig. 8. Bioassay of the active fraction of HPLC.
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Fig. 9. Absorption maxima at 233 nm.

summarized in Table 2. The MIC values of antibacterial
compound was comprised between 30-60 pug/mL. The
lowest MIC was recorded against S. aureus (30 ug/mL)
and highest against Klebsiella pneumoniae (60 ug/mL).

Discussion

Actinomycetes are always recognized as potential
microorganism for the production of antibiotics.
Discovery of novel antibiotics from unexplored
extremophilic bacteria is still a thrust of many researchers.
The higher possibilities of production of antimicrobial
metabolites by bacteria from the halophilic environment
may be associated with the defensive or aggressive role of
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the organism for maintaining their ecological niche. The
thriving of organisms in such extreme and competitive
environment assumes that their metabolic compatibility
is strongly influenced by natural selection. Recent
discoveries suggested that halophilic actinomycetes
habitats are rich with bioactive antibiotics.” With
this perspective; halophilic actinomycetes rsk4 was
isolated from the marine water of Porbandar region,
Western India. This coastal area is still untouched for
the exploration of antibiotic-producing microorganism.
Actinomycetes strain rsk4 isolated from marine water
exhibited good growth in starch casein agar. Strain rsk4
exhibited antibacterial activity against both Gram-
positive and Gram-negative bacteria including multiple
antibiotic resistant S. aureus. S. aureus is one of the major
human pathogens and multiple drug resistance Gram-
positive bacteria which can cause various infections like
dermal, pulmonary and blood infections. These infections
are common on pediatric patients and healing options
are also limited.”' The result is being consistent with the
report of Manimaran et al.?

Strain rsk4 was characterized for their taxonomic
classification. The morphological and biochemical
properties were matched with Bergey’s manual of
determinative bacteriology.* The 16S rRNA gene sequence
of the rsk4 had only 94% homology with other Kocuria

Table 2. Minimum inhibitory concentrations (MICs) of the antibacterial
compounds produced by the strain rsk4 against several target
microorganisms

Target microorganisms MIC (ug/mt)
Rsk4 Streptomycin
Staphylococcus aureus MTCC 96 30 20
Mycobacterium smegmatis MTCC 6 50 20
Bacillus subtilis MTCC 441 30 20
Bacillus megaterium MTCC 2444 40 20
Enterococcus faecalis MTCC 439 40 20
Klebsiella pneumoniae MTCC 109 60 10
Proteus vulgaris MTCC 1771 50 10
Salmonella typhimurium MTCC 1251 40 10
Pseudomonas aeruginosa MTCC 2453 60 10
Escherichia coli MTCC 739 40 10

species which suggest that rsk4 is novel species. On the
basis of physiological, morphological, biochemical and
16S rDNA sequence based character, rsk4 was designated
as Kocuria sp. strain rsk4. The DNA G+C content is
derived as 55.89% but other known Kocuria sp. are ranged
from 60.0 to 75.3 mol% which illustrate the uniqueness of
our species.

The study on antimicrobial production requires a search
of a suitable culture medium. The antibacterial activity of
rsk4 was found to be optimum on “starch casein medium”.
The differential influence of antibacterial activity may
be due to specific nitrogen source present in “starch
casein medium” The result shows similarity with the
previous reports of optimum antibiotic production using
organic nitrogen sources for better yield.** Effect of salt
on antibiotic production reveals that it shows maximum
antibacterial activity at higher salt concentrations (10%
NaCl). A similar result was reported by Kekar which secret
antibacterial metabolites from halophilic Kocuria sp. SBSK-
120 against S. aureus at high salt concentrations.” Neutral
pH was found to be most suitable for optimum product
formation. This result is also comparable with halophilic
Actinobacter Q70, which produces broad-spectrum
antibiotic at pH 7. Study on the growth curve and
product formation confirms that antibacterial compound
was produced during stationary phase; therefore, the
antibacterial compound is the secondary metabolite.
The nature of antibacterial compound produced by
strain rsk4 must be considered as antibiotics. The bulk
production of antibiotic was proceeded by submerging
the culture. Presence of antibiotic in broth was confirmed
by bioassay. It was stated that most of the antibacterial
secondary metabolites were secreted in the extracellular
medium by actinomycetes.” Ethyl acetate was found to
be most suitable for solvent extraction. Ethyl acetate was
previously reported as an extraction solvent for crude
extracts of actinomycetes.”® Antibacterial bioassay of the
crude extract against S. aureus confirms that metabolites
are not degraded during solvent extraction.

The most appropriate solvent system for TLC separation
was found to be chloroform-methanol, 24:1 v/v. The
result is being consistent with Ravi and Atta who
separated antibiotics by TLC using the similar solvent
system.”?*® Localization of antibiotic on developed TLC
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chromatogram was confirmed by bioautography. Recently,
TLC guided bioautography was performed by Tomas for
visualization of an active band of antibacterial molecule
13-deoxytetrodecamycin against S. aureus.’’ Preparative
TLC was performed using the same solvent system to
get an enormous quantity of antibacterial compound.
Flash chromatography was further used to separate bulk
quantity in a single run. This technique is less familiar
for antibiotic separation but effective technique for
purification of compound. Presence of active antibiotic
compound in flash chromatographic fractions was
confirmed by bioassay. The bioassay-guided fractionation
using flash chromatography was recently used by
Pan for the purification of spirotetronate antibiotics;
Lobophorins.** Antibiotics was finally purified by HPLC.
Optimization of mobile phase for HPLC separation shows
that 0.01% glacial acetic acid (pH 3.7)-acetonitrile; 10:90,
v/v was suitable for the purification of compound of
interest. Acetonitrile - acetic acid mobile phase was also
used by several researchers for separation of ciprofloxacin
and sulfonamide antibiotics.*® Analytical HPLC was
repeated several times to get enormous fractions. The
active fraction was pulled and further characterized.
The antibiotic substance was readily soluble in the semi-
polar solvent, which suggests its nature as the semi-
polar compound. The molecular weight of antibacterial
compound (473 g/mol) does not match with any known
antibacterial antibiotics which advocate the uniqueness
of this molecule. MIC value was obtained by the agar
dilution method and compared with standard antibiotic
streptomycin. Similar method of MIC was done by
Aouiche against several test microorganisms using
broad-spectrum antibiotics saquayamycins.** The MIC
of the antibacterial compound (30 pug/mL) is comparable
with standard antibiotics streptomycin (20 pug/mL). The
present report is the first attempt to purify antibacterial
metabolites from Kocuria sp. Antibiotics isolated from
strain rsk4 could be an important therapeutic alternative,
especially against antibiotic-resistant pathogen S. aureus.

Conclusion

Screening of antibacterial metabolites from taxonomically
unique populations of extremophilic actinomycetes has
been considered to a promising option. Actinomycetes
from saline environments have potent biotechnological
applications, including production of antibacterial agents.
In this study rsk4 isolated from marine water has been
identified to be Kocuria sp. on the basis of physiological,
biochemical and 16S rDNA sequence analysis. Strain
rsk4 shows broad-spectrum activity against bacteria
including antibiotic-resistant bacterial pathogen S. aureus.
Purification followed by characterization of antibiotic
reveals that it is unique from other known antibiotics.
Further structural elucidation and investigations of this
compound may solve the problem in treating infections
caused by antibiotic-resistant bacteria.

Research Highlights

What is the current knowledge?

V' Staphylococcus aureus is one of the antibiotic resistant
pathogen, causes community acquired infections.

V Marine actinomycetes are relatively unexplored.

v Marine bacteria are considered as potential hub of novel
bioactive metabolites.

What is new here?

v Halophilic Kocuria sp. is able produces antibiotics against
S. aureus.

V Purified antibacterial compound is unique.
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