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ABSTRACT

Due to specific environmental and ecological conditions, mangrove forests are known as marine transitional zones between sea
and land, and, as such, they host organisms with high ecological plasticity. The mangrove forests of Qeshm Island (Iran) are relatively
pristine habitats and represent an ideal target for investigating patterns of either aquatic or benthic biodiversity. To provide insights on
microbial diversity in this area, nineteen halophilic and halotolerant bacteria were isolated from the sediments in 2017 during low
tide. The extracted bacterial strains were studied morphologically by streaking, initial observation of colonies and bacterial staining,
and characterized using a battery of biochemical tests including KOH, MR, VP, urease, TSI, S/I/M, Mac, LIA, ODC, ADH, oxidase,
catalase, and tryptophan deaminase. The optimum growth of halophilic bacteria was observed in salt concentrations from 5 to 20%
NaCl, whereas the extreme halophilic Gram-positive strain grew in salt concentration of up to 30% NaCl. Molecular analyses were
also carried out on four halophilic strains and one extreme halophilic gram-positive bacteria. Phylogenetic taxonomy analysis, after
16S rDNA gene Sanger sequencing, revealed that the halophilic bacteria were closely related to the strain types of the genus Bacillus
including Bacillus licheniformis, Bacillus velezensis, Bacillus Paralicheniformis and Bacillus sp. with 99% bootstrap value. The
extreme halophilic strain was associated to strains of Planococcus plakortidis with 100% bootstrap value.

INTRODUCTION

Mangrove forests are located in intertidal and
transitional zones between aquatic and terrestrial
environments (Lee et al., 2006) with special ecological
conditions (Thu and Populus, 2007) and occur in up to
70% of tropical and subtropical coastlines worldwide.
They are important for their ecological values, highly
production (Ghosh et al., 2010), economic activities -
such as fisheries and aquaculture - and biogeochemical
cycles (Thu and Populus, 2007; Zahed et al., 2010). They
provide breeding and feeding areas for many macro- and
micro-organisms.

The microbial community living in the sediments of
mangrove forests are exposed to several spatially and
temporally variable ecological, biogeographical and
anthropogenic fetors, including abundance of organic and
inorganic matter, food web structure, nutrient cycling and
pollution (Ghosh et al., 2010). Since mangrove ecosystems
endure periodic tidal flooding, environmental factors, such
as nutrient availability and salinity, are highly variable,
which make mangroves a unique ecosystem with specific
characteristics (Holguin ef al., 20006).

Qeshm Island is the largest island in the Persian Gulf
(Salehipour Milani and Jafar Beglu, 2012), and its
mangrove forests, covering about 67.5 km? and located
within the northwest estuaries of the island, in Khoor-e-
khooran and sandy islands apposite villages of Tabl and
Laft to Gooran (55° 63’E - 26° 75°N and 55° 80’E - 26°
93°’N), are protected areas, international wetlands and
biosphere reserves (Zahed et al., 2010). They are also the
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largest area of mangrove forests in the northern part of the
Persian Gulf (Khosravi, 1992).

The Persian Gulf is experiencing stressful conditions
due to high seasonal variations in temperature (<10°C in
winter and >30°C in summer) (Khosravi, 1992; Zehzad
and Majnounian, 1997). Annual rainfall in Iranian
mangrove forests is typically <200 mm, evaporation
exceeds rainfall (Joekar and Razmjoo, 1995) and, thus,
salinity is high (38 to 50) (Zahed et al., 2010; Salehipour
Milani and Jafar Beglu, 2012). As a consequence, life in
these environments shows a high tolerance to salinity and
heat stress (Yan and Sinica, 2007).

The hypersaline environments which are derived from
the sea could be divided into four groups according to the
salinity range and organism origin: i) 6-7 to 10% salinity
includes originally marine various biota, ii) 10-14% salinity
includes usually halotolerant, halophilic or adapted biota,
ii1) 14-30% salinity includes both extremely and moderately
halophilic bacteria, iv) more than 30% salinity contains only
bacterial community living on the organic matter (Por,
1980). According to the microorganism’s ranges of salinity
tolerance, they are categorized into three groups: slightly,
moderately and extremely halophiles (Ventosa et al., 2006;
Zhang et al., 2014). Halophilic bacteria can be present in
almost all hypersaline environments including marine or
terrestrial, anaerobic or aerobic, polar and tropical, or acidic
to alkaline environments (Javor, 2012).

Microorganisms from extreme environments are able
to enhance oil recovery and bioremediation (Lima et al.,
2011), and produce important secondary compounds with
potential to be used in pharmaceutical industries,
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agriculture, etc. (Janek et al., 2010). Isolated strains
including Bacillus sp. from more tough environments, such
as marine and salty sediments can produce surfactin
products (Kiran et al., 2010; Donio et al., 2013). As an
example, Bacillus subtilis is able to produce a cyclic
lipopeptide surfactin, which is known as one of the most
powerful surfactants (Kiran et al., 2010). This product is
active at extreme salinity, temperatures and pH levels
(Pacwa-Plociniczak et al., 2011). Other biological products,
such as biosurfactants and antibiotics, are also produced by
microorganisms living in extreme environments (Abdel-
Mawgoud ef al., 2008). Although the molecular evolution
of stability and life of macromolecules has not been fully
revealed yet (Vasavada et al., 2006), the survival and
proliferation of microorganisms in extreme environmental
conditions could depend on their ability to produce
biologically active compounds (Valentine 2007), which in
turn, could reasonably have a pharmaceutical importance.
As an example, a pharmacologically important
biosurfactant isolated from a halophilic Bacillus sp. BS3 at
extreme environment of solar salt work has anticancer
activity in breast cancer and antiviral activity in shrimps’
white spot syndrome (Donio et al., 2013). Also, halophilic
bacteria are suitable choices for bioremediation of
hypersaline habitats (Zhang et al., 2014).

Many studies have indicated that due to the high
diversity of bacterial species, evaluation of bacterial
diversity using culture-dependent methods may lead to
inaccurate information. Therefore, over the past two
decades, many researchers have turned from culture-
dependent approaches to molecular (16S rRNA-dependent)
approaches. Although this change of method has led to the
discovery of many new species of microbes, bacterial
cultivation, wherever possible and with exclusion of viable
but non-culturable (VBNC) bacteria (Li et al., 2014),
remains the best method to investigate their physiology
under variable ecological conditions (Yeon et al., 2005).

Culture-dependent methods can be technologically
enhanced by molecular techniques and molecular
analysis. Also, PCR-based methods following DNA
technologies could be complementary for cultivation-
dependent studies in order to discover the biodiversity or
genetic differences of bacterial communities (Yoon et al.,
2003; Fry, 2004; Yeon et al., 2005).

Studies on bacteria communities of soils and sediments
have been conducted worldwide. In mangrove sediments,
among the others, studies have been carried out on the
diversity and biotechnology potential of bacteria in Brazil
(Dias et al., 2009), isolation of Bacillus swezeyi sp. nov.
and Bacillus haynesii sp. nov. from Negev Desert of Isreal
(Dunlap et al., 2017), bacterial biodiversity in Sundarban,
India (Ghosh et al., 2010), recovery of novel bacteria
diversity in China (Liang ef al., 2007), and so on.

To provide insights on microbial diversity in

mangrove sediments, we have isolated and characterized,
for the first time ever, some bacterial strains from the
sediments of the Qeshm mangrove forests in Iran.

METHODS
Sampling

Sediment sampling was carried out with sterile pestles
in September 2017 from the northwestern part of the
mangrove forests in Qeshm Island, at Soheili jetty (26°
78' N, 55° 76" E) (Fig. 1) during the maximum low tide
from three zones of upper intertidal - near tree coverage
(A); intertidal (B); and under tidal zones - near the sea
water (C). The sediment samples were collected in sterile
glass jars, put into ice powder and then transported to the
laboratory in 4°C refrigerator for further analyses.

Bacteria cultivation, purification, and staining

Sediment samples from the three zones (A, B and C)
were initially dissolved in 0.85% NaCl solutions.
Different dilutions of 107!, 102 and 103 were then
prepared and cultured in Nutrient Agar (NA) at 30°C for
24 and 48 hours. Then, the grown colonies were isolated
on new NA cultures for subsequent biochemical tests,
staining, and molecular studies. NaCl tolerance of strains
and their growth were tested. More specifically, for assays
of salt tolerance, Nutrient Broth (NB) medium was
supplemented  with  different sodium chloride
concentrations of 5%, 10%, 15%, 20%, 25% and 30%
(W/v). The isolated strains in different NaCl concentrations
were incubated at 30°C and monitored for growth after 24
and 48 hours. The Gram reaction of bacteria was
determined by Gram staining set (Qatran Shimi, Iran).
Gram staining is a useful method for detecting the structure
of bacterial cell wall. According to the wall structure of
bacterial cell, after staining, they show a purple appearance
in Gram-Positive bacteria or red in Gram Negative ones.
Staining was followed in accordance with manufacturer’s
protocol. Growth and common biochemical tests for
identification of microorganisms were performed as
follows: KOH test (potassium hydroxide test) with 3%
KOH solution was carried out for confirming the gram
staining process. Catalase test was conducted for finding
out whether the strains had catalase enzyme for
decomposition of H,0,; MR (Methyl Red)/VP (Vogues-
Proskauer) test was used to distinguish and identify the
general forms of bacteria and identify the final product of
bacterial fermentation pathway. Urease test was done in
urease broth medium culture to determine which strain
produced the urease enzyme that hydrolyzes urea to
ammonia and carbon dioxide. Sugar fermentation test was
used in differential TSI or Triple Sugar Iron Agar culture
medium containing three types of sugar (lactose, sucrose
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and glucose). This test was carried out to differentiate the
microorganisms according to their ability in reduction of
sulfur and fermentation of carbohydrates. Sulfur reduction,
indole production ability, and motility of strains were tested
through culturing in SIM (sulfur, indole, and motility)
medium to differentiate the strains.

Culturing in MacConkey agar was carried out for
detection of gram-negative bacteria. The decarboxylation
tests show the microorganism’s ability in removing the
carboxyl group from an amino acid, and are useful for
the differentiation of Enterobacteriaceae. The
decarboxylation test for Lysine amino acid was carried
out in lysine iron agar (LIA). Ornithine decarboxylation
test was conducted in ornithine decarboxylase agar
(ODC). Arginine dihydrolase test was done with
culturing the bacteria in arginine dihydrolase broth
(ADH) medium to detect the bacteria producing arginine
dihydrolase enzyme that decarboxylates arginine.
Oxidase test was carried out to identify the organisms
producing cytochrome oxidase enzyme. Indole test was
carried out by culturing strains in tryptophan broth. This
test shows the ability of bacteria in converting tryptophan
into indole.

55.y66

DNA extraction, PCR conditions, and molecular
identification

The bacteria were cultured in 10 cc tryptophan broth
and yeast extract with 10% salinity for proliferation. DNA
was extracted by Genomic DNA Extraction Kit from
Gram-Positive Bacteria (Gene Transfer Pioneers, Iran)
and suspended in 30 ml elution buffer. Extracted DNA
quality was evaluated by 1.5% agarose gel electrophoresis
using Tris-borate-EDTA as the buffer and RedSafe™
(iNtRON, South Korea) for gel staining.

The extracted DNA was used as a template for
amplification and sequencing. The universal bacterial
primers, 27F (Forward: 5’-AGA GTT TGA TCM TGG
CTCAG-3) (Lane, 1991) and 1525R (Reverse: AAG GAG
GTG WTC CAR CC) (Lane, 1991) were used for
amplification of 16S rDNA genes by Polymerase Chain
Reaction. PCR reactions were carried out in 25 pL of master
mix, with 2.5 pl of 10X PCR buffer (BIORON, Germany),
1.25 ul of 100 mM MgCI12 (BIORON, Germany), 1 pl of
25 mM dNTPs (GeneAll, Korea), 1 pl of each 10 pM
forward and reverse primer (Pishgam, Iran), 5 U Taqg DNA
polymerase, and about 15 ng uL™! of template.

The 16S rDNA was amplified using a DNA thermal
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Fig. 1. Map of sampling site on Mangrove forest, Soheili jetty, the Northwestern part of Qeshm Island, Iran. Credit: Eghbal Zobeiri.
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cycler with the following profile: 95°C for 4 min; 38
cycles of 94°C for 1 min, 56.5°C for 1 min, and 72°C for
2 min and 30 s; and a final cycle of 72°C for 10 min. PCR
products were visualized through 1% agarose gel, and the
PCR products were sequenced through Sanger DNA
sequencing method by BIONEER Company, South
Korea. The sequences were blasted in the National Center
of Biotechnology Information (NCBI) in order to identify
the strains. According to the blast results in NCBI, the
strains with the most similarity and high percentage of
identity were selected for finding the phylogenetic
taxonomy relationships. The sequencing data were
aligned and edited using CLUSTALX (Larkin et al.,
2007) to obtain overlapping and equal segments. Then
the phylogenetic analysis was done in MEGA 7 (Kumar
et al., 2016) for designing the tree and finding the
relations between strains. Bootstrap consensus tree was
obtained by NJ analysis from 1000 replicates. Bootstrap
analysis was done to determine the limits of the
branching. The phylogenetic tree was rooted in
Alicyclobacillus acidocaldarius as the outgroup.

RESULTS
Biochemical and growth features of bacterial strains

From Qeshm mangrove sediments, 19 cultivable
strains were isolated on the basis of morphology, color,
Gram staining, biochemical tests, growth activity and
salinity resistance. Molecular identification was carried
out on five out of the 19 strains. All bacteria were Gram-
Positive. Tab. 1 shows the biochemical and growth
features of five molecularly identified strains and Tab. 2
shows the growth status of strains in different salinities.
Strains 1 and 2 were isolated from sediments of zone A,
strain 3 was isolated from sediments of zone B, and strains
4 and 5 belonged to sampled sediments from zone C.

Molecular identification and phylogenetic analyses

The 16S rDNA gene sequences consisted of 967 bp for
strain 1, 1436 bp for strain 2, 1442 bp for strain 3, 1441 bp
for strain 4 and 1047 bp for strain 5. They were blasted in
the NCBI database, and were compared with other species.

Tab. 1. Biochemical and growth features of 5 molecularly identified strains.

Features/Strains  Strain 1: PG-1-MS

Strain 2: PG-2-MS

Strain 3: PG-3-MS

Strain 4: PG-4-MS Strain 5: PG-5-MS

Gram + +
KOH o -

MR - -
VP + -

Urease - -
TSI Alk/Alk Alk/Alk

Alk/Ac Alk/Ac Alk/Alk

S/UM -/-/+ -/-/+
Mac - -

-+ -/-/+ -/-/+

LIA - +
ODC = -

ADH
Oxidase

+ |+
+

Catalase
Ttryptophan deaminase - -

Alk, alkaline reaction; Ac, acid production.

Tab. 2. Bacterial growth in different concentrations of sodium chloride. The bold columns show the strains identified by molecular
study (1: PG-1-MS; 4: PG-2-MS; 7: PG-3-MS; 16: PG-4-MS; 19: PG-5-MS). Positive items show the strains’ growth in different con-

centrations of NaCl.
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Molecular identification of the 16S rDNA gene
sequences includes 12 strains of Bacillus sp. Bacillus
licheniformis and Bacillus paralicheniformis in Clade 1
(CI1), 6 strains of Bacillus velezensis in Clade 2 (C12) and
9 strains of Planococcus plakortidis and Planococcus
maritimus in Clade 3 (Cl13) along with one outgroup. The
analysis in this study showed that strains in the same clade
are sister groups and clade 1 and 2 are supported as
monophyletic groups with a bootstrap value of 100%. The
blast results of Cl11 showed that PG-1-MS is associated with
the species of Bacillus licheniformis strains of this clade
with 99.90% (KJ526876.1, KJ526860.1, and EF472268.1)
and 99.79% (MG980062.1) identities. In the same clade,
the strain PG-3-MS has high identity with other strains of
Bacillus paralichenifirmis (100% identity with strain
MHS538129.1 and 99.93% identity with strains CP023666.1
and MF321832.1). Meanwhile, MH538129.1 and
CP023666.1 have lower identity (99.79%) with Bacillus
licheniformis. In addition, PG-4-MS was identified as
Bacillus sp., and had 100% identity with other Bacillus sp.
strains (MG814028.1 and MG814024.1) in the blast result,
while the identity of PG-4-MS with Bacillus
paralicheniformis is 99.93%. Another bootstrap value of
100% shows that clade 3 is paraphyletic for the previous
monophyletic groups. The Clade 1 contains strains 1, 3 and
4 of the recorded mangrove sediment bacteria. Clade 2 has
all Bacillus velezensis strains including our strain 2. Clade
3, as a paraphyletic group in the phylogenetic tree, includes
the species Planococcus plakortidis, which corresponds to
our strain 5. Strains PG-1-MS, PG-2-MS, PG-3-MS, and
PG-4-MS belong to genus Bacillus, whereas PG-5-MS
belongs to genus Planococcus. About 967 bp for PG-1-MS
(Accession Number: MH847742.1) and 1442 bp for PG-3-
MS (Accession Number: MH842119.1) were analyzed in
the final alignment.

PG-1-MS and PG-3-MS were closely related to
Bacillus licheniformis and Bacillus paralicheniformis,
respectively (99% bootstrap value). The PG-4-MS
(Accession Number: MH842120.1) was related to strains
PG-1-MS and PG-3-MS and genus Bacillus with 99%
bootstrap value, but other tests and biochemical analyses
showed different results from other identified species
mentioned in Tab. 1. The Neighbor-Joining phylogenetic
tree (Fig. 2) revealed that strain PG-2-MS (Accession
Number: MH838019.1) belongs to species Bacillus
velezensis and is related to the other strains of species
Bacillus velezensis with 99% bootstrap value. Blast results
also showed that PG-2-MS has 100% identity with other
strains of Bacillus velezensis (MF662480.1, MF662477.1,
MF662476.1, MF662472.1, and MF662470.1) presented
in clade 2. The last strain PG-5-MS (Accession Number:
MHS842121.1) is associated with other species of
Planococcus plakortidis with 100% bootstrap value in
phylogenetic taxonomy analysis.

Blast results revealed that PG-5-MS has more than
95.52% (MG705879.1, and MG705828.1) and 99.60%
(MH384429.1, CP016539.2, NR_109414.1) identity with
identity with Planococcus plakortidis. Although these blast
results showed close relation between PG-5-MS and
Planococcus maritinus (MG705829.1) with 99.52%
identity, biochemical characteristics showed more
similarity of PG-5-MS to P. plakortidis. Thus, the highest
bootstrap values among our strains and other species of
genus Bacillus and Planococcus were 99% (Bacillus sp.,
Bacillus  licheniformis, Bacillus paralicheniformis,
Bacillus velezensis) and 100% (Planococcus plakortidis),
respectively.

Strains PG-1-MS, PG-2-MS, PG-3-MS, and PG-4-MS
showed common features with genus Bacillus as they
were all Gram-positive, rod-shaped, endospore-forming,
motile and aerobic. PG-1-MS and PG-2-MS grew in up
to 10% salinity in NB, but not in higher NaCl
concentrations. PG-3-MS and PG-4-MS tolerated more
salinity and grew in enriched NB with 20% NaCl. The
growth condition in NB enriched by NaCl, interestingly,
showed that PG-5-MS is an extreme halophilic strain that
grew in 30% NaCl concentration.

Strain PG-1-MS belongs to aerobic, endospore-forming
motile rod bacteria that produced yellow glossy round
shaped with regular margin colonies in the NA. This
halotolerant strain was molecularly identified as a strain of
Bacillus licheniformis (more than 99.79% identity with
other strains of Bacillus licheniformis in clade 1; Accession
Number: MH837742.1). Strain PG-2-MS, molecularly
identified as a strain of Bacillus velezensis (100% identity
with other strains of Bacillus velezensis in clade 2 and
100% bootstrap value; Accession Number: MH838019.1),
was aerobic Diplococcus bacteria with creamy white flat,
viscose and irregular-margin colonies in the NA. Strain PG-
3-MS, recorded as a strain of Bacillus paralicheniformis
(more than 99.93% identity with other strains of Bacillus
paralicheniformis in clade 1; Accession Number:
MHS842119.1), was an aerobic bacteria that formed convex,
multilayered mounds of flower-like or amorphous, slime,
approximately colorless (very light creamy-white) colonies
with 2-3 mm in diameter in the NA culture. Strain PG-4-
MS, identified as a strain of Bacillus sp. (99.93% identity
with other strains of Bacillus sp. in clade 1; Accession
Number: MH842120.1), formed spreading edged mucoid
transparent light pinkish colonies on NA culture. Strain PG-
5-MS, the strain of Planococcus plakortidis (more than
99.5% blast identity and 100% bootstrap value; Accession
Number: MH842121.1), was gram-positive, non-spore
forming, slow-growing, aerobic coccoid bacteria, and
produced colonies with approximately 1 mm in diameter
after about 72 hours at 30°C. The colonies were smooth,
glossy, circular, small and round-shaped with regular-
margin in orange on NA culture.
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DISCUSSION AND CONCLUSIONS

Mean seawater salinity is ca. 35, and many
microorganisms which live at this salinity can endure
slightly higher salinities, whereas only halotolerant and
halophilic species can grow in extremely hypersaline
environments (Javor, 2012). Although, in comparison to
other habitats, hypersaline environments possess low
prokaryotic diversity (Guixa-Boixareu ef al., 1996), they
are home to a high diversity of halotolerant bacteria and
extremely halophilic bacteria (Yoon et al., 2003). The
microorganisms that tolerate very high salinity values
show different metabolic features adapted to such
extreme conditions (Zhang et al., 2014).

The genus Bacillus consists of various species with
some general characteristics: rod-shaped, and chain-
forming gram-positive bacilli which can grow
anaerobically or aerobically (Thwaite and Atkins, 2012),
the majority of them being motile and having lateral

flagella (Stoica and Ionut, 2017). Their function in
biochemical tests, growth features and even the phenotype
of sporangia can influence their classification, and they can
cope with unfavorable growth conditions due to their
endospores (Zeigler and Perkins, 2015). Members of the
genus Bacillus possess variable features and can live in
different environments, or endure environmental variations
of oxygen availability, humidity, temperature and nutrient
accessibility (Nicholson, 2002). For example, different
species of Bacillus might be aerobic or anaerobic, Gram-
positive or Gram-variable and live in all environments from
dust, soil and water (La Jeon et al. 2012) to skin and human
gut (Mandell et al., 2010). Bacillus anthracis and Bacillus
cereus are human pathogens (Farrar, 1963). Bacillus cereus
populations are endosymbionts in the gut of cockroach
species Blaberus giganteus and have nutritional advantage
for these insects (Feinberg et al., 1999). It is reported that
the species Bacillus infernus has been found nearly 3 km
below the surface of earth (Boon ef al., 1995). Some even

MH842120.1 Bacillus sp. (in: Bacteria) strain PG-4-MS
MF321832.1 Bacillus paralicheniformis

MG980062.1 Bacillus licheniformis

MG814028.1 Bacillus sp. (in: Bacteria)

MG814024.1 Bacillus sp. (in: Bacteria)

gg | KJ526876.1 Bacillus licheniformis

KJ526860.1 Bacillus licheniformis

MH837742.1 Bacillus licheniformis strain PG-1-MS
EF472268.1 Bacillus licheniformis

MHB842119.1 Bacillus paralicheniformis strain PG-3-MS
MH538129.1 Bacillus paralicheniformis

Cl1

100

CP023665.1 Bacillus paralicheniformis
MF&62480.1 Bacillus velezensis
MF662470.1 Bacillus welezensis
MH838019.1 Bacillus velezensis strain PG-2-MS | (2

99 | MF662477.1 Bacillus welezensis
MF862476.1 Bacillus velezensis
MF662472.1 Bacillus welezensis

0.01

100

MG705828.1 Planococcus plakortidis

MH842121.1 Planococcus plakortidis strain PG-5-MS
CP016539.2:9319-10368 Planococcus plakortidis
NR_109414.1 Planococcus plakortidis

MG705879.1 Planococcus plakortidis

MG892899.1 Planococcus maritimus

MG705829.1 Planococcus maritimus

MH384429.1 Planococcus plakortidis

MG892898.1 Planococcus plakortidis

JQ946334.1 Alicyclobacillus acidocaldarius

C13

Fig. 2. Neighbor-joining phylogenetic tree for 27 strains, including Qeshm Mangrove Sediment species (PG-1-MS to PG-5-MS), based
on 16S rDNA sequences. The numbers beside the branches are bootstrap values with 1000 replications. Alicyclobacillus acidocaldarius

is selected as the outgroup.




Phylogeny of bacterial community of mangrove forest sediments 7

could be found in extreme salty ecosystems such as solar
salt works and condenser water with 155 ppt of salinity
(Donio et al., 2013). Any species might include different
strains, which are sympatric (Palmisano et al., 2001), so it
is obvious that different strains of a species do not show the
same features. Although there are strains of bacteria which
are not potentially halophilic, with the passage of time, they
can tolerate salinity as they adapt to their environment
(Zhang et al., 2014). The species of genus Bacillus have
been increasingly important in applied microbiology and
biochemical studies such as production of natural products,
antibiotics, surfactants and enzymes (Ruiz-Garcia et al.,
2005; Jasim et al., 2016). They have been studied also as
probiotics in fish food and used as feeding supplement in
aquaculture (Martinez Cruz, 2012; Ramesh et al., 2015;
Meidong et al., 2017) and livestock (Kaewtapee et al.,
2017) for improving performance and health in animals
(Meng et al., 2010). Especially, Bacillus licheniformis and
Bacillus subtilis have been used as pig supplementary diet
(Larsen et al., 2014; Jorgensen et al., 2016). Different
species of genus Bacillus could be found in various habitats
from nature and plants (Arnesen ef al., 2008; Jasim et al.,
2016), and in intestinal tract of insects and mammals
(Arnesen et al., 2008) to soil (Palmisano et al., 2001;
Dunlap et al., 2017) and water (Arjmand et al., 2016).
Bacillus enfolds about 70 species (Thwaite and Atkins,
2012) four of which have been recently presented as
surfactant-producing  bacteria, including  Bacillus
licheniformis (Weigmann, 1898) and Bacillus velezensis
(Ruiz-Garcia et al., 2005) isolated from Velez River in
southern Spain for the first time, Bacillus paralicheniformis
(Dunlap et al, 2015) that have been isolated from
fermented soybean paste for the first time, and Bacillus sp.
which have been studied in the present paper.

As it was mentioned before, according to the
continuously increasing number of identified bacteria with
high similarity to each other, recognition via classical
identification methods - such as analysis of physiological
and morphological characteristics, the composition of cell
walls and biochemical features - is very difficult (Fan et al.,
2017). There might be some other features other than
morphology and biochemistry characteristics which make
microorganisms distinguished from each other such as
DNA sequences, fatty acid composition and even resistance
to genetic transformation; these kinds of differences might
exist even among the species of the same genus (Bacon and
Hinton, 2011). Thus, there might exist some biochemical
features which vary among species of a genus or strains of
a species. The genus Planococcus was identified more than
one century ago by Migula (1894), and was later modified
by Nakagawa et al. (1996) (Migula, 1894; Nakagawa et al.,
1996; Kaur et al., 2012). Some species of this genus are
alkaliphilic and thermotolerant. A novel strain of species
Planococcus plakortidis was isolated from a marine

sponge, Plakortis simplex (Kaur et al., 2012) and received
the authority by Kaur et al. (2012).

Planococcus plakortidis isolated from a genus of
marine sponge showed positive activity for both catalase
and oxidase (Kaur ef al., 2012) while Planococcus sp.
MCO1 (99.3% nucleotide identity with Planococcus
plakortidis) (Ma et al., 2013) and Planococcus maritimus
(Yoon et al., 2003) were found to be Catalase-Positive and
Oxidase-Negative. Additionally, in our study,
Planococcus plakortidis PG-5-MS had negative and
positive activity for catalase and oxidase, respectively.

Our phylogenetic taxonomy analysis using 16S rDNA
through NJ phylogenetic tree showed that clade Cl1
includes Bacillus licheniformis, Bacillus
paralicheniformis, Bacillus sp. and their similar strains in
a species, clade CI2 consisted of Bacillus velezensis and
similar strains and clade CI3 possess Planococcus
plakortidis and its strains (Fig. 2). The affinity of
molecularly identified strains in trees showed 99% or
more bootstrap value with other strains.

Bacillus licheniformis is a halophilic species, and
different studies have shown that the presence of NaCl in
the medium has better effects on bacterial growth and the
production of bacterial products. There was positive
growth on the medium enriched by 7% NaCl (v/w), and
the grown bacteria successfully produced tannin acyl
hydrolase (Mondal and Pati, 2000). NaCl concentration
in the modified medium of a strain of Bacillus
licheniformis isolated from saline soil had positive effect
on y-PGA production resulting in the most volumetric
yield of this product (13.86 g I'!) as the medium was
enriched by 8% NaCl; the strain had positive growth in
12% concentration of NaCl as well (Wei et al., 2010).
Interestingly, the phylogenetic analysis has also revealed
that two strains of genus Bacillus (Bacillus swezeyi and
Bacillus haynesii) had a close relationship with the clade
that included Bacillus licheniformis and its members, and
they showed tolerance to up 12% NaCl (w/v) (Dunlap et
al., 2017). Shivaji et al. (2006) showed that Bacillus
licheniformis forms white irregular, fried-egg-like
colonies on NA, tolerated up to 11.6% NaCl (v/w) but not
17.4% and 23.4% concentrations of NaCl (v/w).

Bacillus velezensis showed growth capability at 12%
w/v NaCl concentration and a temperature range of 15-
45 °C; also, grew on TSA medium while producing rough
white-creamy colonies with irregular edges (Ruiz-Garcia
et al., 2005), which was not far from our observations on
this strain grown in NA. Bacillus velezensis was reported
as a bacterium which acts as a plant growth promoting
strain (Fan et al., 2017). Presence of strain Bacillus
velezensis in the collected sediments close to the plants in
our research further proves the role of this strain in
rhizosphere colonization. Dunlap et al. (2015) recorded a
strain of Bacillus paralicheniformis as absolute anaerobic
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gram-positive, motile strain that can form creamy mucoid,
semitransparent colonies with 3-4 mm in diameter on
R2A agar that can tolerate NaCl concentrations up to 10%
(w/v) (Dunlap et al., 2015).

Planococcus plakortidis was identified as a gram-
positive coccoid strain for the first time in 2012 from the
Bay of Bengal (Kaur ef al. 2012). Planococcus sp. has
been reported as a halotolerant and alkaliphilic slow-
growing bacterium with orange-red colonies and 2-3 mm
in diameter that grew after two days while the optimal
temperature was 30 °C; in this study, the growth occurred
at from 2% to 17% (w/v) NaCl (Ma et al., 2013). The
strains of Planococcus maritimus with 100% bootstrap
value in CI3 with Planococcus plakortidis and its strains
in our study showed high affinity. Planococcus maritimus
was isolated from seawater of the tidal zone in Korea for
the first time. The biochemical characteristics of this
species, however, showed either similarities (Gram-
positive, cocci, motile, positive growth in 0% NaCl,
negative urease) or dissimilarities (positive catalase,
negative oxidase, tolerant to different salinities) (Yoon et
al., 2003) to the putative Planococcus plakortidis strain
isolated in our study. Positive growth in 15-17% (v/w)
concentration of NaCl by Planococcus maritimus in Yoon
et al. (2003) survey and the same result in up to 12% NaCl
(v/w) by the strains of Planococcus sp. in Dunlap ef al.
(2017) study showed that this genus is halotolerant.

Thus, based on our findings, we conclude that the
identified halophilic bacteria isolated from the sediments
of the mangrove forests in Qeshm Island, South of Iran,
were mostly from genus Bacillus and Planococcus, which
possess variant species and strains with different degrees
of tolerance to salinity. Our phylogenetic analysis showed
a close relationship between different identified strains with
previous studies and recorded strains. Strains PG-1-MS,
PG-3-MS and, PG-4-MS in Cll1, Strain PG-2-MS in CI2
and Strain PG-5-MS in CI3 lie in monophyletic groups. The
noted strains generally formed clades in a phylogenetic tree
with more than 98% bootstrap value protection.

The results presented in our spot survey in the mangrove
sediments of Qeshm Island, South of Iran, confirm that this
ecosystem hosts a peculiar diversity of halophilic bacteria
with bio-ecological and functional characteristics either
similar or different from those of similar strains isolated
from other environments. The results presented here suggest
that the prokaryotic diversity of this peculiar ecosystem
deserves further attention, also in order to identify
microorganisms that could possess a valuable potential in
bioremediation and better growth of halophile plants.
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