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In this study, 102 actinomycetes were isolated from the marine environment from three different loca-
tions at Saudi Arabia. Among the actinomycetes isolates, Streptomyces sp. AS11 showed significant activ-
ity against methicillin-resistant Staphylococcus aureus (MRSA) was selected for further studies. It has
grown well at pH 7.3, 29 �C and with 34% seawater. Based on colony morphology, biochemical, and
16S rDNA sequencing the selected organism was identified as Streptomyces sp. AS11. Among the selected
culture medium, ISP4 showed more activity against S. aureus and the zone of inhibition was 29 ± 2 mm.
The factors such as, pH and temperature of the culture medium significantly affected secondary metabo-
lite production. Secondary metabolite production was found to be maximum at pH 7.5 (31 ± 1 mm) and
marginal decrease in antibiotics production was observed at pH 8.0 (27 ± 1 mm). Antibiotics production
was found to be high at 38 �C and the zone of inhibition was 32 ± 2 mm. Among the carbon sources tested,
supplementation of glucose and starch enhanced antibiotics production and the zone of inhibition was
31 ± 2 mm and 30 ± 3 mm, respectively. Among the nitrogen sources tested, sodium nitrate enhanced
antibiotics production. The secondary metabolite concentration at 2�minimum inhibitory concentration
(MIC) and 4�MIC was effectively reduced MRSA. 4�MIC concentration was found to be effective than 2�
MIC values and reduced bacterial count considerably. In our study, the crude extract showed cytotoxic
effect against cancer cell line and the IC50 value was 0.250 mg/ml. The crude extract acts on HeLa and
abnormal cell morphology was observed due to cytotoxic effect.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Antibacterial resistance among bacterial pathogens is an impor-
tant public health problem (Al Dhabi et al., 2016, 2019a, 2020a).
The bacterial pathogens such as, Enterococcus species and multiple
drug resistant Staphylococcus aureus presently pose the serious
threat (Al-Dhabi et al., 2020b). The pathogenic bacterium,
methicillin-resistant Staphylococcus aureus has become an impor-
tant source of community associated and nosocominal MRSA infec-
tions (Al-Dhabi et al., 2019; Boucher and Corey, 2008; Al-Dhabi
et al., 2016, 2019a, 2019b, 2020a). The clinical strains of MRSA
have very high mortality and morbidity than methicillin sensitive
S. aureus (Chen et al., 2010; Al-Dhabi et al., 2018a). Like MRSA,
Enterococcus faecium was also reported as multiple drug resistance
against high-levels of aminoglycosides, ampicillin and vancomycin
and associated with human infections (Al-Dhabi et al., 2018b).
Vancomycin was frequently used as antibacterial drug to treat
Enterococcus and MRSA (Al-Dhabi et al., 2019d). In Japan, the first
case of MRSA was reported and the clinical isolate showed resis-
tance against vancomycin (Al-Dhabi et al., 2014; Arasu et al.,
2017). To cure this pathogen, antibacterial drugs such as, linezolid,
synercid and daptomycin have been used; however report stated
that these bacterial strains also have emerged resistance against
these drugs (Sharma et al., 2008; Arasu et al., 2013a; Arasu et al.,
2013b). Recently, MRSA cases have been reported outside of the
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hospitals, mainly affecting healthy individuals (Braun and
Kahanov, 2018). Antibiotics such as tetracycline, aminoglycosides,
clindamycin, macrolides and rifampin inhibit protein synthesis of
bacteria. In recent years, aminoglycoside resistance, tetracycline
resistance in bacteria and their mechanisms were reported by var-
ious research groups (Ong et al., 2017; Arasu et al., 2019). At pre-
sent, vancomycin is the most useful drug to treat MRSA
infections. Moreover, the emergence of MRSA with activity against
vancomycin, daptomycin and resistance to linezolid were reported
(Ghahremani et al., 2018). In recent years, many potent therapeutic
lead molecules have been isolated and characterized from actino-
mycetes. Among actinomycetes, Streptomyces species have
immense potential as they are well known producers of various
lead molecules with novel biological properties (Kumar et al.,
2012; Al-Dhabi et al., 2020d).

Streptomyces species account for about 70% of the total produc-
tion of antibiotics and the genus such as, Micromonospora showed
less amount of antibiotics production. In a study, Kumar et al.
(2010) isolated 117 secondary metabolite synthesizing actino-
mycetes from compost rich garden soil and wasteland alkaline soil.
Cwala et al. (2011) isolated four new actinomycetes from the aqua-
tic environment for antibacterial activity. In a study, Valli et al.
(2012) isolated various actinomycetes from extreme environment
and the screened actinomycete showed actibacterial activity
against the selected bacteria. Kalyani et al. (2012) isolated more
than 20 actinomycete species from the soil sample and among
the 20 actinomycetes, three showed potent antibacterial activity
against Escherichia coli and Staphylococcus aureus. Although, about
two third of the commercially available antibiotics are produced
from Streptomyces sp. however, only little have been explored.
Hence, to fight with multiple drug resistance and to find novel lead
molecules, it is essential to screen various Streptomyces sp. from
various sources. Considering this view point, we isolated actino-
mycetes from soil sample showing activity against multidrug resis-
tant bacteria.
2. Materials and methods

2.1. Samples and isolation of actinomycetes

Actinomycetes were isolated from the marine environment
from three different locations at Saudi Arabia. Soil was collected
and air dried for a day then heated at 40 ± 2 �C for five days. This
pre-treated soil was used for the isolation of actinomycetes. For the
isolation of actinomycetes, Bennet’s agar (g/l) (yeast extract-1, beef
extract-1, casein enzymic hydrolysate-2, dextrose-10 and agar-15)
and Starch casein agar (g/l) soluble starc-10, casein-0.3, potassium
nitrate-2, magnesium sulphate-0.05, dipotassium hydrogen
phosphate-2, sodium chloride-2, calcium carbonate-0.02, ferrous
sulphate-0.01 and agar-18) was used. The sample was extracted
with sea water and used for the isolation of actinomycetes. To
the culture medium antibiotics such as, nalidixic acid (25 mg/ml)
and cycloheximide (25 mg/ml) were supplemented.

2.2. Screening of actinomycetes for the secretion of antibiotics

About 20 ml cell free supernatant was loaded on filter disks. The
plate was incubated for 24 h at 37 �C. All actinomyces isolates were
screened against the selected bacterial isolates and the zone of
inhibition was assayed (CLSI, 2015).

2.3. Characterization of actinomycetes

The potent actinomycete isolate was subjected for characteriza-
tion studies. It was subjected to cultural, morphological, biochem-
ical and physiological characteristics (Prauser, 1964). Spore chain
morphology, spore bearing hyphae with aerial and substrate myce-
lium of actinomycete was evaluated by light microscope (Pridham
and Gottlieb, 1948). Growth of mycelium and colour of colonies
were observed. Growth of actinomycetes towards carbon sources
were performed by supplementing carbon sources at 1% level.
DNA extraction from the selected actinomycete isolate was per-
formed as suggested by Marmur (1961). The purity of the extracted
DNA was performed using a nanodrop spectrophotometer. The pri-
mers used were: 50AGAGTTTGATCATGGC TCAG 30 (forward) and 50

TACGGCTACCTTGTTACGACTT-30 (reverse) for 16S rDNA amplifica-
tion (Lane, 1991).

2.4. Optimization of secondary metabolite production

Initially, the selected bacterial strain was grown in various cul-
ture media (starch casein agar medium, nutrient agar (g/l)
(peptone-5, sodium chloride-5, HM peptone B-1.5, yeast extract-
1.5 and agar-15), Bennett’s agar, ISP Medium 1 (g/l) (pancreatic
digest of casein-5 and yeast extract � 3), ISP medium 2 (g/l) (yeast
extract-4, malt extract-10, dextrose-4 and agar – 20) and ISP med-
ium 4 (g/l) (soluble starch-10, dipotassium phosphate-1, magne-
sium sulphate-1, magnesium sulphate-1, sodium chorode-1,
ammonium sulphate-2, calcium carbonate-2, ferrous sulphate-1,
manganous chloride-1, zinc sulphate-1 and agar-20) and optimum
medium was screened. The effect of sodium chloride on culture
medium (2–6%), pH (5.0–8.0), and temperature (20–50 �C). The
required concentration of carbon and nitrogen sources was per-
formed as suggested by Fourati-Ben Fguira et al. (2005).

2.5. Submerged fermentation and extraction of secondary metabolites

The selected Streptomyces sp. AS11 was inoculated in to 500 ml
culture flask containing 150 ml medium (ISP 4) supplemented with
optimum carbon and nitrogen source. Then the culture was incu-
bated for seven days and cell free extract was used for analysis.
The cell free extract was obtained after extraction with ethyl acet-
ate and bioactive compound was obtained by evaporating organic
layer.

2.6. Time kill assay

To determine time kill assay the anticancer secondary metabo-
lite was prepared as 2� MIC and 4� MIC concentrations. It was
added to the drug resistant culture broth and the growth was mon-
itored for every 2 h up to 24 h. The broth was diluted appropriately
and plated on MHA and incubated for 24 h at 37 ± 2 �C. The reduc-
tion in viable bacteria was counted and killing rate was analyzed
(log10 CFU/mL) Pucci et al. (2011) and NCCLS (1999). Experiments
were performed in triplicates and killing curve was plotted.

2.7. Cytotoxicity analysis

In this study, anticancer properties of the secondary metabo-
lites were determined using HeLa (cervical carcinoma) cell line
according to the method suggested by Roch et al. (2017) with
minor modifications.

3. Results

3.1. Recovering and screening of actinomycetes for secondary
metabolite production

In this study 102 actinomycetes were initially isolated from the
marine environment collected three different locations. Among the



Fig. 2. Influence of various culture media on secondary metabolites production by
Streptomyces sp. SA 11.
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actinomycetes isolates, the strain named as, Streptomyces sp. AS11
showed significant activity against MRSA was selected for further
studies. The cell free extract showed potent antibacterial activity
against MRSA. The selected actinomycetes isolate showed grey col-
our, aerial mycelium and observed spore chain under microscope
(1000 �). Also, spore surface was very smooth. The selected actino-
mycete grown well in the ISP 4 medium supplemented with sea
water. The growth of this organism was found to be high than that
of Actinomycetes isolation agar. It was grown well at pH 7.3, 29 �C
and with 34% seawater. The selected actinomycete utilized sugars
such as, arabinose, xylose, rhammose, raffinose, sucrose and man-
nitol (Table 1). The selected organism utilized various inorganic
nitrogen sources such as, L-phenylalanine, L-asparagine and L-
hydroxyprolone at 0.2% level. It was tolerated at various concentra-
tions of NaCl (upto 15%). Based on colony morphology, biochemi-
cal, physiochemical factors and 16S rDNA sequence, the selected
organism was identified as Streptomyces sp. SA 11. Fig. 1 shows
antagonistic activity of extract of Streptomyces sp. SA 11 against
selected bacteria.

The crude extract was tested against various pathogenic bacte-
ria and showed potential activity against most of the organisms.
Zone of inhibition varied widely among the bacteria. Zone of inhi-
bition was 18 ± 2 mm, 21 ± 1 mm, 10 ± 1 mm against E. coli, P.
aeruginosa andM. luteus, respectively. Among the selected bacterial
isolates, S. aureus was highly sensitive to the crude extracts. The
Fig. 1. Antimicrobial property of secondary metabolites against various bacterial
pathogens. Values are mean ± SD of duplicate experiments.

Fig. 3a. Effect of pH on secondary metabolite production. Values are mean ± SD of
duplicate experiments.

Fig. 3b. Effect of temperature on secondary metabolite production. Values are
mean ± SD of duplicate experiments.

Table 1
Morphological and biochemical characteristics of Strepto-
myces sp. SA11 isolated from the marine environment.

Streptomyces sp. SA 11 Characteristics

Gram’s staining Positive
Shape Filamentous
Anaerobic growth Negative
Motility test Non-motile
Growth range (pH) 6.0–8.5
Optimum pH 7.3
Growth range (Temperature) 25–40 �C
Optimum temperature 29 �C
NaCl tolerance Survives up to 15%
Melanoid pigments Negative
Aerial mass colour White
Soluble pigments Negative
Reverse side pigments Negative
Xylose positive
Arabinose Positive
Mannitol Positive
Rhammose Negative
Raffinose Positive
Sucrose Positive
tested bacteria such as, P. mirabilis and S. typhi showed
20 ± 2 mm, 16 ± 2 mm zone, respectively (Fig. 1).
3.2. Effect of various culture media on antibiotics production

The selected culture medium influenced on secondary metabo-
lites production. The actinomycete isolate was inoculated at 5%
level and incubated at 28 �C for 7 days and the zone of inhibition
was assayed. Among the selected culture medium, ISP4 showed
more activity against S. aureus and the zone of inhibition was
29 ± 2 mm. For further studies, ISP4 was selected until otherwise
stated (Fig. 2).
3.3. Optimization of physical factors to enhance secondary metabolites
production

In this study, pH and temperature of the culture medium signif-
icantly affected secondary metabolite production. The activity was
noted maximum at pH 7.5 (31 ± 1 mm) and marginal decrease in



Fig. 4a. Effect of carbon sources on secondary metabolite production. Values are
mean ± SD of duplicate experiments.

Fig. 4b. Effect of nitrogen sources on secondary metabolite production. Values are
mean ± SD of duplicate experiments.

Fig. 5. Time kill assay of compounds at 2� MIC and 4� MIC concentrations against
S. aureus. The culture was incubated for 24 h at 37 �C in an optimized medium and
antibiotics were supplemented at two different doses (2� MIC and 4� MIC).
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antibiotic production was observed at pH 8.0 (27 ± 1 mm) (Fig. 3a).
Temperature is one of the important factors affect on antibiotics
production. Antibiotics production was found to be high at 38 �C
and the zone of inhibition was 32 ± 2 mm (Fig. 3b).

3.4. Effect of nutritional components on antibiotics production

In the present study, carbon sources such as, glucose, sucrose,
lactose, fructose, maltose and starch were supplemented with
the culture medium. To the control, carbon sources were not
included. Among the carbon sources tested, supplementation of
glucose and starch enhanced antibiotics production and the zone
of inhibition was 31 ± 2 mm and 30 ± 3 mm, respectively
(Fig. 4a). Among the nitrogen sources tested sodium nitrate
enhanced antibiotics production. The control experiment showed
32 ± 2 mm zone of inhibition and the organic nitrogen sources such
as, tryptone, beef extract and yeast extract affected antibiotics pro-
duction. However, supplemented peptone showed positive impact
on secondary metabolites production (Fig. 4b).

3.5. Time kill assay

The secondary metabolite was incubated with S. aureus at 37 �C
for 24 h. The antibiotics concentration at 2� MIC and 4� MIC were
effectively reduced the bacterial pathogen. 4� MIC concentration
was found to be effective than 2�MIC values and reduced bacterial
count considerably. At 2� MIC concentration, it reduced inoculum
level with 18 h incubation, however within 14 h incubation 4�
concentration eliminated all pathogens. The present finding
revealed bactericidal activity of secondary metabolites synthesized
by Streptomyces sp. AS11 (Fig. 5).

3.6. Crude Streptomyces sp. AS11 extract and cytotoxicity against
cancer cell line

In our study, the crude extract showed cytotoxic effect against
cancer cell line and the IC50 value was 0.250 mg/ml. The crude
extract from Streptomyces sp. extract was highly active against
HeLa cell line. The crude extract acts on HeLa and abnormal cell
morphology was observed due to cytotoxic effect.
4. Discussion

In these days, the emergence of multiple drug resistant patho-
gens poses serious risk throughout the world. Among these drug
resistance organisms, MRSA is important one; it is a common noso-
cominal pathogen in human population (Cardozo et al., 2013;
Arasu et al., 2015; Arokiyaraj et al., 2015; Balachandran et al.,
2015; Valsalam et al., 2019a; Valsalam et al., 2019b). The cell wall
of MRSA is very thick and showed high resistance against almost
all b-lactam antibiotics such as, penicillin, methicillin, amoxicillin
and oxacillin. Earlier, many marine (Al-Dhabi et al., 2020c) Pseu-
domonas species were subjected for the isolation of various types
of anti-MRSA molecules. In a study, Darabpour et al. (2012) iso-
lated Pseudoalteromonas piscicida PG-01 from the soil sediment
from Persian Gulf showing novel anti-MRSA properties. Also,
Isnansetyo and Kamei (2009) isolated potent anti MRSA molecule
from Pseudoalteromonas phenolica O-BC30 isolated from the mar-
ine environment. Likewise, Lee et al. (2013) isolated and character-
ized anti MRSA molecule from the marine bacterium, Pseudomonas
sp. Also, anti-MRSA molecules such as, Bogorol A, Abyssomicin C,
2,4-Diacetylphloroglucinol, Loloatins A–D, Fijimycin A, Marinopy-
rroles A, Lipoxazolidinone A–C were isolated frommarine microor-
ganisms (Eom et al., 2013; Rajkumaria et al., 2019). However,
Streptomyces species has the potential to produce various bioactive
molecules. In our study, the anti-MRSA producing Streptomyces sp.
was isolated from the marine environment and lead molecule pro-
duction was found to be maximum in the optimized culture med-
ium. Previously, it was reported the influence of process
parameters such as, pH, temperature, incubation period, nitrogen
and carbon sources on secondary metabolites production (Wang
et al., 2011). In this study, the environmental and nutritional fac-
tors were optimized to enhance antibiotics production in ISP4
medium. The optimum temperature was 31 �C, 4.5% sodium chlo-
ride and pH 7.3 in ISP4 medium enhanced the production of anti-
MRSA molecules. Previously various anti-MRSA molecules, mainly
phenolic compounds have been synthesized for antagonistic activ-
ity against drug resistance pathogens.

In a study, Mohammad et al. (2015) synthesized anti-MRSA
molecules, phenylthiazole compounds against MRSA pathogens
and MIC was determined. In another study, Patel et al. (2013) syn-
thesized anti-MRSA molecules and it was found to be effective
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against various ATTC strains. Many synthesized compounds
showed activity against MRSA and these compounds showed opti-
mum MIC values. These synthesized compounds have various haz-
ards to biological system and also to the natural environment.
Hence, naturally occurring antimicrobial compounds are benefi-
cial. In recent years many novel Streptomyces species were isolated
from the marine environment and it covers about 70% of earth sur-
face (Beygmoradi and Homaei, 2017), however most of the
resources were unexplored (Mora et al., 2011). More than 42 Strep-
tomyces strains were isolated from marine environment and have
the ability to produce potent anti-MRSA activity (Kemung et al.,
2018). These findings critically suggest an increasing trend in the
discovery of various anti-MRSA molecules from the marine
environment.

In our study, the Streptomyces AS11 showed cytotoxicity against
cancer cells. Actinomycete such as, Streptomyces sp. VITSDK1 and
Streptomyces sp. LCJ85 showed potent anticancer activity and it
effectively inhibit angiogenesis. These investigations showed that
actinomyctes from marine environment are a potent source for
the synthesis of anticancer cytotoxic alkaloids. Also, various
research groups have also observed anticancer secondary metabo-
lites from non-alkaloid origin from Streptomyces sp. VITSDK1
(Suthindhiran and Kannabiran, 2013). Streptomyces purpurascens
produced rhodomycin-B and this molecule showed cytotoxic activ-
ity against HeLa cancer cell line (Holkar et al., 2013). Kadiri et al.
(2013) screened a cytotoxic compound, aporphine alkaloid SSV
from Streptomyces sp. KS1908 against HL-60, MCF7cells, Hep2
and HeLa and cytotoxic effect was reported. Mohanraj and Sekar
(2013) isolated a novel cytotoxic compound 1-(3-bromo-5-methyl
phenyl)-1H-indole from Streptomyces sp. LCJ85 which was found to
be highly effective against HePG2 cell line.

5. Conclusion

The extensive screening of actinomyces conducted in this study
indicates Streptomyces sp. AS11 is a novel source of antibiotic and
anticancer molecules. The crude extract was highly effective
against S. aureus (25 ± 2 mm), followed by P. mirabilis
(20 ± 2 mm) and S. typhi (20 ± 2 mm). The crude extract from Strep-
tomyces sp. AS11 extract was highly active against HeLa cell line.
The antimicrobial and anticancer activity of the compound clearly
demonstrated its application as pharmaceutical products.
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