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Abstract
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Background: The appearance of multi-drug resistant microorganisms is becoming
a global problem. Already several strategies have been employed to overcome
antibiotic resistance issue. Developing new antimicrobial compounds from
microbial sources could be a beneficial solution. Hence screening programs in
order to discover new antibiotics from microbial entities are interesting. Because
of high capabilities of extremophiles for adaptation to harsh environmental
conditions, the microbial communities of the extreme environments could be
regarded as rich resources for new antibacterial metabolites.
Materials and Methods: In this research different saline environments of Iran
have been subjected to screening of antibiotic producing actinomycetes using
overlaid method after the ingredient optimization of culture media. The strain
which was shown pronounce inhibition zone in the screening step, has been
phylogenetically analyzed followed by studying the effect of agar concentration
and cultivation time on the production of antibacterial agent(s).
Results: The strain RS1, a rare actinomycete, had antibacterial activity against
Escherichia coli (PTCC 1330) and Bacillus subtilis (PTCC 1023) and
taxonomically belongs to the genus Amycolatopsis with high similarity of 99.6%
to Amycolatopsis coloradensis IMSNU 22096T based on sequencing of 16S rRNA
gene nucleotide. The zone of growth inhibition of E.coli was the widest when the
base layer had contained 1.2% agar, while no significant differences were
observed on anti-gram-positive bacterial assay. This strain produced the
antibacterial agent at the highest level after 5 days when B. subtilis was used as an
indicator, but the production of antibacterial agent active against E.Coli was
reached to its highest level on the 3rd days of cultivation and then was decreased
significantly.
Conclusion: Due to the results of agar concentration and time course study as well
as possessing activity against both Gram-positive and Gram-negative indicators, it
could be concluded that the previously discovered active agent, avaporcin,
produced by Amycolatopsis coloradensis which is active only against Gramnegative bacteria, is not the same bioactive compound or , at least, the only
bioactive compound produced by RS1 strain and it is worth further investigation
in order to purify and identify the active agent.
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Introduction
Antimicrobial resistance (AMR) has been considered
as a worldwide health-threat. For example, 480000
new cases of multidrug-resistant tuberculosis (MDRTB) have been reported in 2013 (1). Standard
treatments are often failed to handle patients infected
with resistant microorganisms, resulting in an
increased risk of death. In the Europe, about 25000
deaths happen per year due to drug-resistant bacterial
infections (2). In the US alone, hospital-acquired,
antibiotic resistant bacteria kill 63000 patients per
year (3). Therefore, the emergence of antimicrobial
resistance is a global and alarming problem so that
World Health Day 2011 has been selected to raise the
awareness of combating antimicrobial resistance
(AMR) (4). Aminoglycoside-resistant klebsiella and
imipenem-resistant pseudomonas have been isolated
from Iranian hospitals (5, 6). One approach to address
this issue is to search for novel antibacterial
metabolites produced by
not
well-studied
microorganisms. A group of organisms that has not
been investigated much is that of extremophilic
bacteria, i.e. halophilic actinomycets. Actinobacteria
are in great importance regarding the pharmaceutical
resources of antibacterials (7), antifungals (8, 9),
antivirals (10), and anti-tumor drugs (11). Halophilic
actinobacteria in which extremophilic nature has been
combined to the great metabolic capacity of
actinomycets, occupy a valuable place in lead
identification of antimicrobial compounds (12).
The aim of this study was to look for antibacterial
producer strain among a less-explored group of
halophilic actinobacteria isolated from different areas
of Iran and partial identification of strains using 16S
rRNA sequencing
Materials and Methods
Microorganisms
All halophilic actinomycetes were supplied form
Extremophile laboratory of university of Tehran.
These strains were isolated from soil samples
collected from saline environments of Iran by
Amoozegar and his colleagues. All strains were
transferred to the culture collection of school of
Pharmacy at Mashhad University of Medical
Sciences, Iran. The antibacterial activity of all strains
was assessed against Escherichia coli (PTCC 1330)
and Bacillus subtilis (PTCC 1023) as representative
of Gram-negative and Gram-positive indicators,
respectively.
Actinomycete Isolation
The strains were isolated by diluting the soil sample
in sterile 3% (w/v) salts solution, plating on GlycerolCasein Agar (13) and incubating at 28 °C aerobically
for 3 weeks. The purified strain was maintained on
rmm.mazums.ac.ir

yeast extract-malt extract agar (ISP 2) medium (14) at
4 °C and as glycerol suspensions (20%, v/v) at -20 ºC
and -80 °C.
Chemotaxonomic characterization
In order to distinguish the non-streptomyces from
streptomyces ones, chemotaxonomic evaluation was
investigated. Cell biomass for diaminopimelic acid
(DAP) and whole cell sugars analysis was obtained
by cultivation of strains in shaken flasks containing
ISP 2 broth medium for 5 days. The biomasses were
harvested by centrifugation at 5000 rpm (Sigma
Model 4-16k) for 20 min, washed twice in distilled
water and lyophilized. Isomers of diaminopimelic
acid and whole cell sugars were determined by
established TLC methods (15, 16). Non-streptomyces
actinobacteria were selected for antimicrobial assays.
Salt content optimization
The antimicrobial screening test was performed using
a kind of two-layer agar method (17, 18). The
acitnomycetes were cultured on Modified ISP2 agar
plates as a base layer containing Malt extract 10 g/L,
Yeast extract 4 g/L, agar 18 g/L, Glucose mono
hydrate 4 g/L and different amounts of Calcium
carbonate. The seed layer containing the indicators
was overlaid to the surface of ISP2 agar plate. As the
salt concentration in the base layer could affect the
growth of the halophiles and the indicators differently
it seemed necessary, at first, to optimize the salt
content of the base layer so that both the producer
strain and indicators could grow properly. To achieve
the best sporulation as a stage of bioactive compound
production, the actinobacteria were normally
cultivated in the presence of salt like calcium
carbonate, which may result in indicator growth
inhibition. Therefore, the growth of indicators was
evaluated in the presence of different concentrations
of calcium carbonate. The base layer composed of 10
ml ISP2-agar (1.8% agar) containing varying
concentrations of calcium carbonate (0, 0.5, 1 and 2
g/L) was overlaid with 10 ml tryptose soy agar
containing the indicators as a seed layer. After
incubation at 37 ºC for 12 hours, the effect of salt
concentration on the growth of indicator bacteria was
evaluated.
Table 1. The effect of calcium carbonate enriched to the base layer
on the growth of indicator bacteria cultured in the seed layer.
CaCo3 Con.(g/l)
0

0.5

1

2

E.coli

++

++

++

++

B.subtilis

++

++

++

++

Indicator bacteria
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Screening of actinobacteria for antimicrobial activity
After selecting the proper calcium carbonate
concentration, the halophilic bacteria were streaked
on the center of ISP2 agar plate circularly with a
determined diameter. After at most seven days
incubation at 37 ºC, around 50-100 µl isopropanol
was poured over the actinobacter growth lawn in

order to wet its growth surface. Then, the TSA
medium containing indicator bacteria was seeded
over the base layer. After incubation at 37 ºC for 1214 hours, the appearance of inhibition zone was
checked. The strains that had shown the widest
inhibition zone were selected for further experiments.

Figure 1. Inhibition zone formed due to antibacterial compound which was produced by RS1 strain using Bacillus subtilis (A) and Escherichia
coli (B) as indicators.

Analysis of 16s rRNA sequence
Genomic DNA from producer strains (RS1 and M34)
was prepared using the modification of salting out
procedure described by Pospiech, N (19).
Approximately 50-100 mg biomass of growth was
taken from ISP2 broth medium and transferred to a
150 µl microfuge tube. Biomass was resuspended in
567 µl SET buffer (NaCl 75 mM, EDTA 25 mM (pH
8), Tris-HCl 20 mM (pH 7.5) and was mixed with
lysis solution buffer which contained 100 µl lysosyme
(30 mg/ml in 10 mM Tris pH 8) and was incubated at
37 °C for one hour. Lysis was accomplished by
adding 9 µl proteinase K (600 U/ml), 100 µl SDS
10% and 3 µl RNase (10 mg/ml) followed by brief
mixing and incubation at 55 °C for 2 hours. The lysate
was centrifuged at 10,000 rpm (Sigma Model 1-14)
for 15 min. The resulting preparation was extracted
according to the reference protocol. DNA was
precipitated with 2-propanol and was rinsed with
ethanol 70% (v/v). The pellet was dried at room
temperature and the DNA was dissolved in 50 µl TE
solution.
PCR amplification was carried out using 10F (5´GAGTTTGATCCTGGCTCA-3´) and 1500R (5´-AG
AAAGGAGGTGATCCAGC-3´) universal primers.
PCR reaction conditions included three temperature
cycles. It involved initial denaturation at 94 °C for 5
min followed by 25 cycles including denaturation at
94 °C for 1 min, annealing at 56 °C for 1 min and
extension at 72 °C for 90 seconds. That was followed
by a final extension at 72 °C for 10 min. The purified
PCR product was sequenced using an ABI 3730 XL
rmm.mazums.ac.ir

DNA sequencer at Macrogen (Seoul, South Korea).
Identification of phylogenetic neighbors was initially
carried out by BLAST (20) and mega BLAST (21)
programs.
The effect of agar concentration on inhibition zone
In order to evaluate the effect of agar concentration
on diffusion of the active agent, the strain that
showed remarkable inhibition zone was cultivated on
ISP2 medium as a base layer containing different
agar concentrations (ranging from 0.6 to 1.8 % (w/v)).
The effect of incubation time on bioactive compound
production
After selecting the best agar concentration, the effect
of incubation time on bioactive compound production
was investigated.
Statistical analysis
Experiments were accomplished in duplicate. The
arithmetic mean ± standard error on mean (SEM) of
control and experimental results were estimated using
the Tukey′s test and Student′s t-test. P< 0.05 was
regarded as statistically significant.
Results
Salt optimization regarding indicators
The growth of E. coli and B. subtilis in the seed layer
was not influenced by the salt presented in the base
layer. Table 1 show both indicator bacteria grew well
even by increasing the calcium carbonate
concentration to 2 g/L using over layer method.
Res Mol Med, 2016; 4 (3): 12
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T

Actinophytocola xinjiangensis QAIII60 (EU274339)

100

T

Actinophytocola sediminis YIM M13705 (KJ013500)
T

Actinokineospora soli YIM 75948 (JN005785)
T

Alloactinosynnema iranicum Chem10 (JX987892)

100

T

Amycolatopsis saalfeldensis HKI0457 (DQ792500)

89

95

T

Amycolatopsis mediterranei IMSNU 20056 (AJ293754)
T

Amycolatopsis pretoriensis NRRL B-24133 (AY183356)

84
99

Strain RS1

75
69

100

T

Amycolatopsis rifamycinica DSM 46095 (AY083603)

T

Amycolatopsis coloradensis IMSNU 22096 (AJ293753)

88

T

Amycolatopsis alba DSM 44262 (KB913032)
T

Amycolatopsis umgeniensis UM16 (DQ110876)
94

T

Amycolatopsis regifaucium GY080 (AY129760)
T

100 Amycolatopsis orientalis DSM 40040 (ASJB01000052)
T

Streptomyces narbonensis NBRC 12801 (AB184157)
T

Kitasatospora kazusensis SK60 (AB278569)
100

T

100 Streptomyces avellaneus NBRC 13451 (AB184413)
92

T

Streptomyces aureofaciens NBRC 12843 (AB184189)
T

Kitasatospora gansuensis HKI 0314 (AY442265)

71
74
75

T

Streptomyces indigoferus NBRC 12878 (AB184214)
T

Streptomyces aburaviensis NRRL B-2218 (AY999779)
T

Bifidobacterium gallicum JCM 8224 (D86189)
0.02
Figure 2. Phylogenetic tree of RS1 strain which was identified as Amycolatopsis coloradensis. The place of RS1 was determined based on its
16S rRNA gene sequences and its similarity to the closest relatives.

Non-streptomyces actinobacteria
Non-streptomycets actinobacteria was selected from
isolated strains using DAP assay. Around 40 strains
were coined as non-streptomyces actinobacteria
which were further analyzed for antibacterial
bioactivity.
Antimicrobial screening and phylogenic analysis
Among 40 halophilic actinobacteria, two strains
showed antimicrobial activity. RS1 and M34
produced a bioactive agent(s) which inhibited the
growth of Escherechia coli and B. subtilis properly.
Figure 1 depicts the inhibition growth zone of
Escherechia coli and B. subtilis due to the production
of antibacterial compound by RS1 strain.
rmm.mazums.ac.ir

16S rRNA sequencing and phylogenetic analysis
proposed that RS1 strain has 99.6% phylogenic
relationship to Amycolatopsis coloradensis IMSNU
22096T with the accession number of AJ293753 (Fig
2). Nocardiopsis unidischolae 66/93T (accession
number: AY063001) with 99.5 % similarity in rRNA
sequence would be the first candidate for the strain
M34.
Agar concentration
The base layer agar concentration affected the
inhibition growth zone differently using B. subtilis
and E. coli as indicators. Figure 3B shows that the
inhibition zone of E. coli growth was highest using
1.2% base layer-agar concentration (p value = 0.0001)
Res Mol Med, 2016; 4 (3): 13
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whereas no significant effect on Bacillus inhibition
zone was observed at different agar concentration of

base layer (p value = 0.0572)(Figure 3A).

Figure 3. The effect of agar concentration on the diameter of inhibition zone which is formed due to the bioactive compound produced by RS1
strain against Bacillus subtilis (p value=0.0572) (A) and Escherichia coli (p value=0.0001) (B).

The effect of time
The production of bioactive compound has
been followed for 1 week. Maximum production of

antimicrobial agents against E. coli and B. subtilis
was achieved after 3 and 5 days of cultivation,
respectively (Figure 4).

Figure 4. The effect of time course on the production of antibacterial compound (s) produced by RS1 strain which show (s) activity against
Bacillus subtilis (A) and Escherichia coli (B) using established overlaid method.

Discussion
Extremophiles have been interested for antimicrobial
screening studies since their adaptation to extreme
conditions could result in the production of useful
metabolites (22, 23). Halophiles are a group of
extremophiles which grow in high salt concentration.
The salt presence in the culture medium of halophile
may affect and inhibit the growth of indicator
bacterium when two-layer screening method has been
used, as it has been observed in other studies (24).
Therefore, it seemed that the first priority was to
optimize the base layer-salt concentration in which
indicator strains can grow properly. As shown in
Table 1, the calcium carbonate presented in the base
layer did not affect the growth of B. subtilis and
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E. coli. Thus the highest concentration of calcium
carbonate (2%) was selected for screening process
because calcium carbonate has a positive effect on
sporulation (25) which is usually considered as a
production stage.
The strain RS1 which had shown a great inhibition
zone in the antibacterial screening test, was partially
identified as Amycolatopsis coloradensis IMSNU
22096T using rRNA sequence analysis. Amycolatpsis
coloradensis produces a glycopeptide antimicrobial
agent, avoparcin (26). Avoparcin possesses
antibacterial activity against Gram-positive bacteria
(27). In the screening test of RS1, a clear inhibition
zone was observed when both Gram-positive and
Gram-negative bacteria were used as indicators.
Res Mol Med, 2016; 4 (3): 14
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Consequently, the bioactive compound produced by
RS1 should not be avoparcin or at least should not be
avoparcin alone. This assumption was further
confirmed by evaluating the results of agar
concentration and time course studies.
The agar concentration is known to affect the
diffusion of the bioactive compounds (28) and to
influence the overall screening process. Although
One-way ANOVA analysis (Tukey test) shows the
anti Gram-positive metabolite produced by RS1
strain diffuses nearly the same on the ISP2 medium
when varying amounts of agar are exploited, but
observed results of anti-Gram negative assay indicate
another thing. Agar concentration at 1.2% allows the
greatest diffusion of bioactive compound. It indicates
the presence of at least two active compounds. In
addition, difference between optimized cultivation
time in which production of active agent(s) against B.
subtilis and E. coli reached to highest level, is the
further evidence for the presence of two bioactive
compounds.
Because of showing activity against both Grampositive and Gram-negative bacteria, different
diffusibility of the active agent(s) in agar and also
varying cultivation time to produce the bioactive
metabolite(s) in a pronounce amount, it could be
concluded that RS1 strain should produce compounds
different from avoparcin. Considering the discovery
potential of new bioactive compound(s), further
studies to purify and identify the active agent(s) will
be interesting.
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