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Several Bacillus strains were isolated from “Ouled Yelass” hot spring soil, located in Setif city (Eastern
Algeria). Three isolates of them coded (4RH), (14 RH), and (Set-oxy), were screened for their ability to
inhibit the growth of some phytopathogenic fungi, such as Fusarium oxysporium, Botrytis cinerea,
Aspergillus niger, Cladosporium cucumerinium and Alternaria alternata. The molecular identification of
the strain (4RH) based on the 16S-DNA and gyrase-A genes sequences analysis, showed that it is
closely related (99.9%) to the Bacillus amyloliquefaciens species. This bacterium was characterized by
a high sporulation yield reaching 22+0.86 x 10° spores/ml and had important inhibition rates up to 80
and 70%, against F. oxysporium and B. cinerea, respectively. The bacterium (4RH) was able to produce
cell wall degrading enzymes of cellulase and protease, in contrast to chitinase activity which was
negative. Furthermore, it produced the three lipopeptides families, which are, iturins A (C14; C15),
fengycin A (C14, C15, C16, C17, and C18), and surfactin (C12, C13, C14, C15, C16). Interestingly, LC-MS
profiles of 80% acetonitrile fengycin extract of the (4RH) strain, showed the presence of some new
molecular ions (MH+) with masses different, but near to conventional fengycin variants, which
correspond to new variants described for the first time in this work. The isolate (4RH) produced 5 pg/ml
of the phytohormone (IAA), on TGE medium and sidérophores with more than 10 mm of yellow-orange
zones, on CAS medium. To conclude, B. amyloliquefaciens (4RH) strain possessed interesting
biocontrol and biofertilization characteristics, in vitro, in addition to its high sporulation yield, which
make it a potential agent for future biopesticide that could be efficient in the integrate pest management
and organic agricultural production systems.
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INTRODUCTION

Chemical pesticides are used worldwide to protect several negative impacts on their efficiency (development
agricultural crops against diverse enemies such as of pathogen resistance), on environment and on human
insects, weeds and pathogenic microbes (Strange, 2005). health (Gerhardson, 2002). Bacillus-based bio-pesticides
However, increasing use of such products had caused represent the most important class of microbial products



commercially available, including bio-insecticides, bio-
fungicides, and bio-fertilizers (Fravel, 2005). A Bacillus
genus, belonging to a Bacilli class | of phylum Firmicute,
encompasses Gram positive, aerobic, and endospores
forming bacteria (Subhash, 2011). Members of Bacillus
genus are classified among plant growth promoting
bacteria, which stimulate or promote plant health and
productivity. This is ensured thanks to diverse direct
(Biofertilization) and indirect (Biocontrol) mechanisms
(Lugtenberg and Kamilova, 2009; Abdalla et al., 2014).

Direct plant growth promotion is obtained in the
absence of pathogens through several ways, including:
(1) Production of phytohormones, such as auxins,
cytokinins, and gibberellins (Santner et al., 2009); (2)
Secretion of enzymes such as 1l-aminocyclopropane-1-
carboxylate deaminase which decrease ethylene levels;
(3) Enhancing asymbiotic nitrogen fixation (Adesemoye
et al, 2010); (4) Increasing the solubilization of
phosphorus and other trace element (Jorquera et al.,
2008); and (5) Synthesizing siderophores chelating
soluble iron (Schwyn and Neilands, 1987). In the other
side, PGPRs also can help plant growth indirectly by
reducing or preventing the deleterious impacts of plant
pathogens. The biocontrol is established due to many
mechanisms, including: (1) Producing antibiotics or other
metabolites that inhibit pathogen growth; (2) Out-
competing with phytopathogens for nutrients and niches;
(3) Inducing plant defense against pathogen infection
(Lugtenberg and Kamilova, 2009).

Microorganisms isolated from hot springs have
received considerable interest in recent years, especially
because microorganisms co-habiting such environments
are able to survive under stress conditions and may
possess new phenotypes that can be exploited in diverse
fields, that is, pharmaceutical, food, agriculture, and
cosmetics (Sandrin et al., 1990). The main objective of
the present study is to determine in vitro biocontrol and
biofertilization features of Bacillus strains isolated from a
hot spring soil of Ouled Yeless located in Setif city of
Eastern Algeria.

MATERIALS AND METHODS
Isolation of Bacillus genus bacteria

Bacillus strains were isolated from soil near the hot spring of Ouled
Yalass (Eastern Algeria), using a procedure involving a heat
treatment.

Ouled Yeless hot spring is located in the municipality of Mezloug,
daira Ain Arnat, at 23 km of Setif southwest. The water of this
source is characterized by a temperature varying between 25 and
43°C and a SO;-Ca chemical face (Boudoukha and Athamena,
2012).

Soil (1 g) was added to 250 ml of physiological water, after
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decimal dilutions were prepared until 10®. Dilutions tubes were
treated by heat at 80°C, during 12 min. 100 pl of spores’
suspension from each tube, were cultured on nutritive agar plates
which were incubated then at 30°C for 24 to 72 h.

Selection of antifungal strains

The selection of antifungal Bacillus strains was carried based on
the dual culture antagonism test, on PDA plates. The
phytopathogenic fungi used, were Fusarium oxysporium, Botrytis
cinerea, Aspergillus niger, Cladosporium cucumerinium and
Alternaria alternata. Mycelia inhibition rate was calculated as the
reduction percentage of mycelia expansion compared to control
plates without bacteria (Toure et al., 2004).

Identification of the strain (4 RH)

The total DNA was extracted from the bacterium (4RH) liquid
cultures, by the wizard Genomic DNA purification kit (Promega),
using the manufacturer's instructions. The primers used for the
PCR amplification were the universal primers 16SP0 and 16SP6 for
the 16S r-RNA gene (Almoneafy et al., 2012) and gyr-A.f and gyr-
Ar for the gyrase-A gene (Izumi and Aranishi, 2004). The
purification of the PCR products was achieved using the GFX PCR
DNA and Gel Band Purification Kit instructions. The genes
amplified were sequenced using the same primers cited earlier and
the sequences obtained were corrected by the Bio-edit program.
The sequences obtained were deposited in Genbank database and
their corresponding accession numbers were established (Table 1).
To identify the Bacillus isolate 4RH, the DNA sequences were
compared to those previously published in Genbank using the
BLASTN program.

Sporulation assessment

The Bacillus isolate 4RH was grown in the optimum liquid medium,
prepared as described by Jacques et al. (1999), for 72 h of
incubation, under a temperature of 30°C and an agitation of 180
rpm. The culture obtained was treated by heat chock at 80°C for 12
min, followed by immediate cooling to room temperature, in cooled
water. Spores concentration was calculated on NA medium by
counting colonies (Chen et al., 2000).

Production of antimicrobial compounds

Cell wall degrading enzymes

The enzymatic activities were assessed in a qualitative way through
a halo formation on solid media containing, milk powder and
carboxymethyl cellulose substrates to reveal protease and cellulase
activities, respectively (Ariffin and Abdullah, 2006).

Lipopetides production

The lipopeptides were analyzed by mass spectrometry coupled to

HPLC. The Bacillus strain 4RH was grown in agitated flasks (180
rpm) containing the optimum-medium, at 30°C for 72 h. Cultures
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Table 1. Molecular identification, spores yield production in optimum medium, and biocontrol in vitro biocontrol-

biofertilization traits of the strain B. amyloliquefaciens (4RH)

Molecular identification

Antagonism test (fungal growth inhibition %)*

Cell wall degrading enzymes production**

Spores yield (><1O8 spores/mL)
Indol3 acetic acid production (ug/mL)***
Sidérophores production (yellow orange zone in mm)

DNA 16S accession number KC341741
GyraseA accession number KC341752
F. oxysporium 80+1
B. cinerea 705
Protease +
Cellulase ++
22 +0.86
5+1
+++

*Antagonism test on PDA plates, data were expressed as the percentage of mycelium expansion reduction, compared to control
plates without bacteria. **In vitro protease activity (plate assay): +represents hydrolysis; - represents no hydrolysis; In vitro
cellulase activity: + represents 10-15 mm wide clear zone; ++ represents 15-20 mm wide clear zone; +++ represents more than
20 mm of a clear zone. **|IAA was dosed after growth of bacteria in nutrient broth containing L- Tryptophan, by using a
Salkowsky colorimetric method. ****Siderophores activity in vitro: +++represents >10 mm wide yellow orange zone.

were centrifuged at 15.000 g for 20 min. The resulting supernatants
samples were analyzed by reverse phase HPLC coupled with
single quad mass spectrometer (HPLC Waters Alliance 2695/diode
array detector, coupled with Waters SQD mass analyzer), on a X-
terra MS (Waters) 150x2.1 mm, 3.5 pm column as previously
described by Nihorimbere et al. (2012). In this work, a single elution
gradient allowing the simultaneous measurement of all three
lipopeptides families was used. The water acidified with 0.1% formic
acid (A) and acetonitril (ACN) acidified with 0.1% formic acid (B)
were used as a mobile phase. The flow rate was maintained at 0.5
mL min and the column temperature at 40°C, with a gradient of 35
min (43 to 80% v/v ACN in 18 min; 100% v/v ACN for 9 min, and
43% v/v ACN in 8 min). Compounds were identified on the basis of
their retention times compared to purified standards. In other hand,
the identity of each homologue was confirmed on the basis of the
masses detected in the SQD by setting electrospray ionization
conditions in the MS as source temperature, 130°C; desolvation
temperature, 250°C; nitrogen flow, 500 L/h; cone voltage, 70 V. The
positive ion mode was used for analyzing all the three lipopetide
families, because a higher signal/background ration was obtained
compared to a negative ion recording. It is to signal that, the same
LC-MS technique was used on fengycin extracts (80% acetonitrile),
in order to reveal the presence of some new variants.

Production of indole 3 acetic acid (IAA)

The isolate 4RH was grown in TGE medium with agitation (160
rpm) at 30°C for 4 days. The indol 3 acetic acid production was
assayed calorimetrically by using the Salkowski reagent (0.01 M
FeCl; in 36% H,SO,), as described by Benduzi et al. (2008). The
test was achieved in duplicate.

Production of siderophores

The Bacillus isolates were streaked on chrome azurol S medium
(CAS-medium) as described by Husen (2003) and siderophores
production was indicated by the formation of yellow-orange halos
around the colonies after plates incubation at room temperature, for
1to 3 days.

RESULTS AND DISCUSSION

Twelve Bacillus strains were isolated from “Ouled Yalass”
hot spring soil located in Setif city (Eastern Algeria).
Three isolates of them coded (4RH), (14 RH), and (Set-
oxy), were screened for their ability to inhibit the growth
of some phytopathogenic fungi such as F. oxysporium, B.
cinerea, A. niger, C. cucumerinium and A. alternata. The
isolation of Bacillus species displaying antifungal activity,
from a hot spring was investigated before by Ait Kaki et
al. (2013).

It is to note that in the present study, the best antifungal
activity was established by the strain coded (4RH). In
fact, it had important inhibition rates against F.
oxysporium and B. cinerea, reaching 80 and 70%,
respectively (Table 1 and Figure 1). This is why, this
isolate was chosen to complete our study, and was
subjected to further molecular and in vitro biocontrol and
biofertilization tests. The molecular identification of this
strain based on the analysis of 16S-DNA showed that the
bacterium was closely related to the Bacillus subtilis
group, while gyrase-A gene sequencing specified more
its identification and considered it as a Bacillus
amyloliquefaciens. Access numbers provided by
GenBank for 16S-DNA and gyrase-A genes were
KC341741 and KC341752, respectively. The necessity to
analyze gyrase A gene for determining the membership
of bacterial isolates belonging to a Bacillus genus was
investigated before by Ait Kaki et al. (2013) and Husen.
(2003).

The presence of B. amyloliquefaciens strains in
surrounding soil of hot spring was also investigated in the
study of Ait Kaki et al. (2013). In fact, they isolated B.
amyloliquefaciens (SEL, SEP and Sl), Bacillus
atrophaeus (6SEL), and Bacillus mojavensis (9SEL),
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Figure 1. Antagonism test developed by Bacillus strains (4RH, 14RH, and set-oxy) isolated from a hot
spring soil (Setif-Algeria) against phytopathogenic fungi Fusarium oxysporum and Botrytis cinerea. The
antagonism test was achieved on potatodextrose agar (PDA) plates. The bacteria and the fungi were
inoculated at the same time and the antagonism was scored after 2-5 days of incubation at 25°C.

from a hot spring of Oued Al-Athmanya.

Reduced levels of nutrients in the environment or in a
culture medium stimulate the sporulation process,
exclusively in two bacterial species, that is, Clostridium
and Bacillus (Jongsik et al., 2000). Spores have the
advantage to survive for long periods without nutrients or
water. This, make the production of bacteria belonging to
the Bacillus genus, at the industrial level, realizable and
profitable. In this work, the strain (4RH) was
characterized by a high sporulation yield up to 22+0.86 X
10° spores/ml (Table 1), estimated after three days of
incubation in optimum medium and under -culture
conditions, as described by Jacques et al. (1999). This
sporulation yield is considered important, in comparison
with the highest reported values estimated in a bioreactor
culture conditions as established by Monteiro et al. (2010,
2014).

Antagonistic performances among Bacillus species had
been widely noted in previous studies using diverse fungi
(Gong et al., 2006). This inhibition phenomenon observed
in Bacillus spp. results from one of the following
mechanisms or their combination, that is, the production
of antimicrobial molecules, the secretion of hydrolytic
enzymes, and the competition for nutrients (Compant et
al., 2005). In the present study, the bacterium (4RH) was
able to produce cell wall degrading enzymes (cellulase
and protease) and antibiotics of a cyclic lipopeptides
class (C-LPs). The ability of Bacillus spp. isolated from
hot springs to produce these enzymes was established
previously by Lele and Deshmukh (2016) and
Mohammad et al. (2017).

Cyclic lipopetides were mostly studied for their potent
antagonistic activities against various phytopathogens,

which constitute an important criterion, in using these
bioactive molecules or their microorganism producer, in
the field of a biological control of plant diseases. The
world market of this class of molecules reached peak
annual US revenue of >US$1 billion and there use has
been approved in more than 70 countries (Ongena and
Jacques, 2008). Members of the Bacillus genus are
considered as efficient microbial factories for the large
scale production of such type of bioactive molecules
(Emmert et al., 1999; Roongsawang et al., 2011).

In the present work, the analysis of the culture
supernatant of the strain B. amyloliquefaciens (4RH), by
the mass spectrometry coupled to the HPLC (LC-MS)
had shown that this bacterium was able to produce the
three C-LPs families, that is, iturins, fengycin, and
surfactin (Figure 2). In fact, the HPLC profile had shown
the apparition of different peaks at retention time ranges
corresponding to C-LPs families, that is, 2 to 5 min for
iturins family, 6 to 12 min for fengycin, and 22 to 26 min
for surfactin. Furthermore, the integration of HPLC peaks
gave masses which correspond to those of previously
reported lipopeptides, which are, iturins A (C14, C15),
fengycin A (C14, C15, C16, C17, C18), and surfactin
(C12, C13, C14, C15, C16). It is important to signal that
in the present work, the small peaks appearing at 6.8,
7.2, and 8.2 min (Figure 2) have masses near but
different from previously reported fengycin molecules.
The confirmation of this result was carried by analyzing
(80%) acetonitrile fengycin extract with LC-ESI-MS
technique. The interpretation of MS profiles obtained had
shown the presence of molecular ions MH+ having the
mass of previously reported fengycin A homologues
(C14, C15, C16 C17 and C18), as mentioned in Figure
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Figure 2. HPLC profile of LC-MS analysis of B. amyloliquefaciens 4RH supernatant.

3. On the other hand, other molecular ions with masses
different from known fengycin variants were present
(Figure 4). New masses with -2D (MH+=1462.61;
1490.52) may correspond to the presence of an
unsaturation in a fatty moiety, as previously sited by
Nagorska et al. (2007). However, concerning the other
new masses (1477.62, 1481.8, 1497.03), their further
characterization with MS.MS analysis is required, to
determine precisely the mutation carried in a peptide
moiety, as conducted by De Faria et al. (2011) and
Pathak et al. (2012).

The strain B. amyloliquefaciens 4RH produced a low
guantity of the phytohormone IAA, reaching 5 pg/ml
(Table 1). Same results were obtained in the case of B.
amyloliquefaciens strains isolated from a hot spring and a
salt lake of Eastern Algeria, as described by Ait Kaki et
al. (2013). From the other side, the production of
sidérophores, here, was important (Table 1 and Figure
5), with more than 10 mm of yellow-orange zones on
CAS medium. It had been reported that auxins, including
IAA have a positive effect on root growth and

morphology; and that siderophores are responsible for
the chelating of iron (Fe) depriving the phytopathogenic
fungi of it (Benduzi et al., 2008)

To conclude, B. amyloliquefaciens (4RH) strain
possesses interesting biocontrol and biofertilization
characteristics, in vitro, in addition to its high sporulation
yield, which make of it a potential agent for future
biopesticide that could be efficient in the integrate pest
management and organic agricultural productions.
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Figure 5. Siderophores production by B. amyloliquefaciens detected
on CAS medium.
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