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ABSTRACT

Interspecies interaction of actinomycetes will express new gene clusters and may therefore affect the pigmentation,
sporulation and production of secondary metabolites. Actinomycetes strains were isolated from Howze Soltan Salt
Lake. Binary actinomycete interaction assay was conducted to evaluate its effect on colony morphology and antibiotic
production. The molecular identification of the induced strains was performed. A total of 18% of isolates induced
antibiotic production of 22% of the other strains against methicillin resistance Staphylococcus aureus (MRSA) and
44 % of them inhibited that of 31 % of antibiotic production in other actinomycete strains. The extract of the selected
strains had an inhibitory effect on the pathogen growth. Based on molecular identification, the selected isolates, called
act 32, shared 98% similarity with Streptomyces peucetius. It is expected that by screening of actinomycetes from
untouched environments and co-culture method, new metabolites can be found to treat antibiotic-resistant infectious

diseases.
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Introduction

Natural products play today an important role in the
discovery and development of new drugs, including
antitumors, antimicrobials and anti-hypertensives (1,
2). However, there are problems with the industrial
production of natural products in microorganisms.
Genomic studies on certain groups of bacteria and
fungi have shown that several secondary metabolite
pathways are not expressed in the laboratory under
standard growth conditions (3-4). Therefore, it is

assumed that some potential antibiotic producing gene
clusters exist in the actinomycetes genome (5). One
method for more access to this potential of cultivable
microorganisms is mix-culturing them as the presence
of neighboring microbes can lead to the synthesis of
new secondary metabolites. Today’s research suggests
that co-culturing of microbes can lead to induction of
unknown pathways to produce bio-active materials.
One report stated that in the binary culture of 76 strains
of Streptomyces, 34% of strains induced antibiotic
production in 13% of them (6).
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Actinomycetes are a group of gram-positive and
filamentous bacteria and have long been a great source
of useful therapeutic products. These bacteria produce
half of the antibiotics used to treat diseases (7, 8).
Recent studies on genome sequencing and trans-
criptomics have shown that these bacteria also have a
large reservoir of genes that are likely to produce new
secreted small molecules. Still, many of these gene
clusters have not been expressed under routine culture
conditions (9).

In this report, we tried to do binary interspecies
interaction assays in order to extract new secondary
metabolites and investigate the relationships between
actinomycetes. Since methicillin  resistance in
Staphylococcus aureus (MRSA) is one of the most
challenging pathogens in infections and there is no
research on interspecies interactions of halophilic and
halotlerant actiomycetes around Howze Soltan Lake,
we intend to describe the effect of dual culture on
induction/inhibition of anti-MRSA metabolite produc-
tion, as well as morphological changes, pigment
production and sporulation of these strains.

Materials and methods
Study area and sampling

The study area was Howze Soltan Salt Lake located
approximately 100 km east of Qom City in Iran (34°
30" N, 51° 52' E). Sampling was done in winter 2017.
Four samples were collected from two different parts
from sediments in 5 cm of rhizosphere depth and far
from the roots of plants around the lake. The samples
were collected in sterile screw cap bottles and were
brought to the laboratory for isolation of actinomycete
strains. One gram of each sample was suspended in 2
ml of distilled water and shaked for 20 minutes. The pH
was measured after the sediment settled down.

Pretreatments of samples and isolation of actinomycete
strains

One gram of sediment samples was heated at 100°C for
60 min. An aliquot of 100 ul of the pretreated 102, 1073,
and 10~* dilutions was spread over the surface of the
starch casein agar plates, including (g/l) 10 starch, 3
casein and 15 Agar containing two different NaCl
concentrations (0 and 5%). Also, these plates were sup-
plemented with nalidixic acid (50 pg/ml) and cyclo-
heximide (100 pg/ml) to inhibit fast-growing Gram-
negative bacteria and fungal growth, respectively.
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After 1 to 4 weeks, the colonies were picked up and re-
cultured in a new plate to obtain pure colonies. Salt
tolerance experiments were performed on the ISP2
medium (pH 8.2). The isolates that could have been
optimally grown in media containing between 3% and
15% (w/v) salt were considered as moderately
halophilic bacteria (10).

The isolates were cultured on plates for short-term
storage, and long-term strain maintenance was set up in
medium supplemented with 30% glycerol at —20°C.
Binary Actinomycete Interaction Assays
To test the effect of 32 actinomycete dual culture on
colony morphology and metabolite production such as
pigmentation or antibiotic synthesis, glycerol casein
agar plates were used. One pl of spore stock of a strain
was cultured 0.5 cm away from another strain, and so
each of strains alone served as as a control (9). This
experiment was repeated three times. Plates incubated
at 29°C for 5 days until developmental progress was
visible in control colonies. Plates were examined every
day to observe any changes in colony morphology or
pigment production. In addition, the effect of dual
culture of isolated actinomycetes on antibacterial meta-
bolite production was tested against MRSA. An over-
night culture of MRSA was added to 1% LB agar
(~45°C) to prepare 1% v/v mix, which were poured
over the interaction assay plates. The plates were
incubated overnight at 37°C and checked for altered
zones of inhibition.

Extraction of dual culture plate and anti-MRSA
metabolite test

The selected induced strain along with the inducing
strain was cultured in a plate in a triangular shape
alongside each other to do induction. Plate was incu-
bated at 28°C for 5 days. The medium containing
bacteria was mashed and mixed with ethyl acetate for
1 hour and tested for antimicrobial activity by the agar
well diffusion method (11). MRSA was spread on
Miiller-Hinton agar plate and a 6 mm diameter well was
prepared. The well was filled with 100 ul of the extract
and the plate was incubated at 37°C for 48 h.

Morphological study and molecular identification
Actinomycetes colonies were characterized on the
basis of colony color and morphology and gram
staining by light microscopy according to International
Streptomyces Project (ISP).
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For molecular identification, the induced strain was
grown for 5 days at 28°C with agitation in 100 ml flasks
containing 10 ml of ISP-2 medium. Biomass was
harvested by centrifugation at 4000 rpm for 25 min and
washed twice with 0.9% sodium chloride. About 200
mg of pellet was used for DNA extraction as described
by Kieser et al. (12). The 16S rDNA was amplified
using PCR with pfu DNA polymerase and primers 9F
(5" AAGAGTTTGATCATGGCTCAG 3') and 1542R
(5" AGGAGGTGATCCAACCGCA 3"). The reaction
mix (25 pl) included 0.4 mm of each primer and 4%
DMSO. The reaction was started with an initial dena-
turation at 95°C for 300 sec followed by 30 cycles of
denaturation at 95°C for 30 sec, annealing at 54.5°C for
30 sec and extension at 72°C for 90 sec, with a final
extension at 72°C for 300 sec. The PCR products were
analyzed by agarose gel electrophoresis and submitted
for purification and sequencing to Macrogen Inc.
(Seoul, Korea).

The identification of phylogenetic neighbors and
the calculation of pairwise 16S rDNA sequence
similarities were achieved using the ez taxon server
(http://lwww.ezbiocloud.net/eztaxon). Sequences were

aligned using CLUSTAL X software (version 2.0,
Conway Institute, USA), and a phylogenetic tree was
constructed by the Neighbor Joining (NJ) method using
MEGA software (version 6.0, Biodesign Institute,
USA). The bootstrap was calculated from 1,000
replicates to assess the clade reliabilities.

Results

Isolation of actinomycetes

The measured pH in all samples was 8. A total of 32
actinomyecetes were isolated from saline samples. 78%
of strains belonged to rhizospheric sample. The halo-
philic test showed that 81% of isolated actinomycetes
were halophiles.

Actinomycetes inhibited pigmentation, sporulation and
growth
Dual

cultures were observed for any colony

morphology, growth and pigmentation production
changes. Several actinomycetes triggered inhibition of
pigmentation and sporulation. A total of 13% of them
inhibited soluble pigmentation production of 9% of the
others (Fig. 1) and 15% of them inhibited sporulation
of 20% of the others (Fig. 2).

Figure 1. The pigmentation inhibition of some strains triggered by dual culture with other actinomycetes strains. The
strains have been cultured individually as a control and binary in order to observe the inhibition of pigment

production.

Figure 2. The sporulation inhibition of some strains triggered by dual culture with other actinomycetes strains.
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Also actinomycete interaction caused phenotypic res-
ponses ranging from no stimulation development to
partial colony formation. The negative control showed
good growth of all the tested isolates. 35% of strains
had inhibitory effects on growth of 48% of action-
mycetes (Fig. 3).

Actinomycetes induced/inhibited antibacterial meta-
bolite production

Given that regulation of actinomycetes development
have been linked by the production of natural products,

it was assumed that the induced changes in the strain
phenotype may be associated with a change in the
production of secondary products. Antibiotic produc-
tion also may be induced or inhibited by an interaction.
A total of 18% of isolates induced zone of clearance of
22% of the other strains which did not have any zone
of inhibition against MRSA before induction (Fig. 4A).
Two pairs of strains were selected for anti-MRSA
metabolite extraction. Also 44% of isolated action-
mycetes inhibited partially or completely the clearance
zone of 31% of anti-MRSA producing strains (Fig. 5).

Figure 3. The growth inhibition of some strains triggered by dual culture with other actinomycetes strains.

Figure 4. The anti-MRSA antlblotlc |nduct|on of the strain act 32 trlggered by dual culture with act 23. The
strain act 32 also has been cultured individually as a control (A). Binary culture of strains act 23 and act 32
and the ethyl acetate extraction effect of the plate against MRSA with agar well diffusion method (B).

Figure 5. The anti-MRSA inhibition of some strains triggered by dual culture with other actinomycetes strains.
The inhibited strain has been cultured individually as a control and the binary culture was performed to

observe the inhibition of anti-MRSA production.
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Induced anti-MRSA metabolite extraction

The plate of candidate interactive actinomycetes was
extracted and tested with well diffusion agar method
(Fig. 4B). The clearance zone of extracted anti-MRSA
metabolite induced in act 23: act 32 plate (41 mm) is
shown in Figure 4B. Act 32 represents the induced
strain.

Bacterial identification and phylogenetic analysis

All the strains were studied for culture characteristics
based on colonial morphology, ability to form aerial
hyphae and substrate mycelia. Most of the isolates were
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strain act32
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slow growing, aerobic, chalky or glabrous, folded and
with substrate and aerial mycelia of different colors,
viz. pink, yellow, white, brown and orange with an
earthy odor.

16S rDNA gene sequence of the isolate act 32 shared
the highest level of sequence similarity (98%) with
Streptomyces peucetius. DNA sequence was deposited
in GenBank under accession number: MK376964.
Phylogenetic trees based on the 16S rDNA sequences
of the strain act 32 using Neighbor Joining (NJ) method
is shown in Figure 6.

— Streptomyces purpeofuscus AJ781364
93 === Streptomyces avellaneus AB184413
| Streptomyces chrysomallus subsp fumigatus AB184645

Streptomyces peucetius AB122778
100 E Streptomyces plicatus AY999922
Streptomyces brasiliensis AB249981
Streptomyces herbaceus FR692091
Streptomyces araujoniae EU792889

Streptomyces griseus AY207604
Streptomyces flavogriseus AJ494864

0.07

Ornithinimicrobium humiphilum AJ277650

Figure 6. Phylogenetic tree based on 16S rDNA sequences using Neighbor Joining algorithm, showing the position of
isolate act 32 and its closely related species of the genus Streptomyces. Bootstrap values are indicated at branch-points.
Ornithimicrobium humiphilum AJ277650 was used as the outgroup. Bar= 7% sequence divergence.

Discussion
Since bacteria in their local ecosystem are interacting
with other living organisms such as animals, plants,
fungi, algae and other bacteria, the expression of some
of their genes is regulated for adapting to such
conditions. This means that some metabolites are likely
to be synthesized solely in a synergistic or antagonistic
relationship (13). Therefore, since microorganism
metabolite production is mostly checked in the lab-
oratory under cotrolled conditions, the metabolites of
certain genes which are crucial under stress conditions
have not yet been discovered. New methods such as
dual cultures or multi-species cultivation have opened
up a new route to these metabolites.

The current report attempts to illustrate some of

these interspecies interactions among actinomycetes
that produce changes in pigment production, colony

morphology, sporulation, and the production of
secondary metabolites. In this report, for the first time,
according to a planned schedule, halophilic and halo-
tolerant actinomycetes were isolated from the Howze
Sultan Salt Lake and their interspecies relationships
were investigated. It was shown here that the greatest
effects of actinomycetes co-culture were growth and
sporulation inhibition as well as changes in colony
morphology. About half of the strains did not grow or
slightly grew under the influence of the adjacent strain,
indicating the prevalence of an antagonistic relation-
ship between actinomycete species. Another report also
shows that many inter-relationships lead to a lack of
growth or sporulation (14).

We also show that the relationship between action-
mycetes leads to the induction or inhibition of anti-
bacterial metabolites, and the inhibition of anti-MRSA
inhibition zone was more than induction of a new one.
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Therefore, this experiment also confirms the pre-
valence of antagonistic and inhibitory relationships
among actinomycetes. In this report, for the first time,
anti-MRSA metabolite produced based on interspecies
relationships was extracted from Streptomyces
peucetius.

Several other reports have shown that cross-species
relationships result in induction or inhibition of anti-
bacterial metabolites (9). This kind of inter-relation-
ships has also been reported in some fungi (15). Studies
have also been conducted on the relationship between
kingdoms and the discovery of new metabolites. Pettit
et al. (2009) indicated that a new metabolite called
levorin was produced by a bacterium in a symbiotic

relationship between Actinomyces levoris and Candida
tropicalis (16).

According to our investigation, it is expected that by
screening actinomycetes from untouched environments
and co-culture method, new metabolites can be
discovered to treat antibiotic-resistant infectious
diseases, which is among the current challenges in
medical treatments.
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Editorial Note
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