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Abstract

A bacterium strain isolated from freshwater sediment of San Pablo river of Santiago de Cuba, Cuba was identified as a
Bacillus sp. by Matrix-Assisted Laser Desorption/Ionization Time Of Flight Mass Spectrometry. A 16S rRNA gene analysis
showed that the isolate A3 belongs to the operational group Bacillus amyloliquefaciens, while the phylogenetic analysis of
the gyrA gene sequence grouped it within B. amyloliquefaciens subsp. plantarum cluster, referred now as Bacillus velezensis.
In vitro antibacterial studies demonstrated the capacity of the isolate A3 to produce bioactive metabolites against Bacillus
subtilis ATCC 11,778, Bacillus cereus ATCC 6633, and Staphylococcus aureus ATCC 25,923 by cross-streak, overlay,
and microdilution methods. The strain also showed a high potential against the multidrug-resistant Staphylococcus aureus
ATCC 700,699, ATCC 29,213, and ATCC 6538. At pH 8 and 96 h in the medium 2 of A3 culture conditions, the produced
metabolites with antibacterial potential were enhanced. Some alterations in the morphology of the phytopathogens Asper-
gillus niger ATCC 9642, Alternaria alternata CECT 2662, and Fusarium solani CCEBI 3094 were induced by the cell-free
supernatant of B. velezensis A3. A preliminary study of the nature of the bioactive compounds produced by the strain A3
showed the presence of both lipids and peptides in the culture. Those results highlight B. velezensis A3 as a promissory
bacterium capable to produce bioactive metabolites with antibacterial and antifungal properties against pathogens.

Introduction beta-lactamase producing Gram-negative bacteria [1]. Fur-

thermore, the use and overuse of these therapeutic com-
The appearance of multidrug-resistant bacteria is one  pounds in the agriculture and veterinary have generated
of the problems that affect the worldwide health, with a  globally various problems [2]. Fungi of the genera Asper-
great incidence of methicillin-resistant Staphylococcus  gillus, Alternaria, and Fusarium represent a threat to both
aureus (MRSA), vancomycin-resistant enterococcus, and  agricultural production and human health. Several public
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health organizations have cataloged this resistance as a “cri-
sis” or “nightmare scenario” that could have “catastrophic
consequences” [3]. Therefore, to find new bioactive metabo-
lites (BMs) with novel action mechanisms to overcome this
current problem is an urgent necessity.

Several Bacillus spp. have been identified as good
antibiotic-producers. They produce lipopeptides and non-
ribosomal peptides with different structures and biological
activities [4]. In this sense, Bacillus amyloliquefaciens group
species commonly produce compounds that promote plant
growth and that are effective against pathogenic microorgan-
isms [5, 6].

MALDI-TOF MS (Matrix-Assisted Laser Desorp-
tion/Ionization in Time of Flight Mass Spectrometry) has
emerged as a powerful high-throughput tool in the taxo-
nomic identification and diagnosis of bacteria [7]. Various
Bacillus spp. and Bacillus-like strains have been accurately
identified using this phenotypic technique [8, 9]. However,
one of its challenges in the bacterial identification might
arise from close-relatedness species [10].

Traditionally, the phylogeny and taxonomy of members
of genus Bacillus have been delimited through the sequenc-
ing of 16S rRNA gene. But, the limited taxonomic resolu-
tion of this gene among closely related bacteria prevents
accurate species level identification of several clusters of
closely related Bacillus species [11]. Protein-coding genes
exhibit much higher genetic variation and can be used for
classification and identification of closely related taxa of
this genus [12].

In this study, the strain A3 was isolated from the freshwa-
ter sediment of San Pablo river, Santiago de Cuba city, Cuba.
The bacterium was taxonomically identified using MALDI-
TOF MS, and the analysis of the genes 16S rRNA and gyrA.
Its antibacterial and antifungal activity was screened. Altera-
tions of the morphology of the phytopathogen in interaction
with the strain A3 were also examined via microscopy stud-
ies. Optimal conditions for a higher metabolite production
were determined. Finally, a preliminary study to know the
possible nature of the BMs produced by strain A3 was per-
formed as well.

Materials and Methods
Sample Collection and Isolation

Strain A3 was isolated from sediment sample of the San
Pablo river, La Risuefia community, Santiago de Cuba,
Cuba, positioned at — 75°49"21.9" (N) and 20°3"36.7" (W).
The sample was aseptically taken in nylon bags at a depth
of 27.0 cm and stored at 4 °C. One gram of fresh sediment
was added into 9 ml sterilized distilled water and vigor-
ously shaken on a vortex mixer. Then, 1 ml of sediment
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suspension was cultivated at room temperature in a 250 ml
Erlenmeyer flask with 100 ml of nutrient broth (BioCen)
for 24 h, while shaking at 120 rpm. Multiple serial dilutions
(107'-10®) were prepared and placed in a thermostatic bath
at 55 °C for 15 min, and 100 pl of the culture was spread
onto starch-casein agar (composition (g/1): starch, 10; casein,
0.3; KNO;, 2.0; K,HPO,, 2.0; MgSO,.7H,0, 0.05; CaCOs;,
0.02; FeSO,.7H,0, 0.01; pH 7.0). The plates were incubated
at 30 °C for 7 days. Bacterial isolate was selected to sub-
culture on tryptone soy agar (Oxoid) and confirmed by the
Gram’s stain.

Preliminary Screening of Isolate A3 for Antibacterial
and Antifungic Activities

Antibacterial Activity

The in vitro antibacterial screening was performed by disk-
diffusion method [13] against the reference Gram-positive
bacteria Bacillus subtilis ATCC 11778, Bacillus cereus
ATCC 6633, and Staphylococcus aureus ATCC 25923. The
isolate A3 was cultivated in tryptone soya broth (TSB; Bio-
Cen) at room temperature for 96 h. The culture was centri-
fuged (15 min at 8000 rpm) and filtered sterilized through
bacteriological filter (0.22 um) into sterile screw-capped
glass vials. Sterilized paper disks of 6 mm of diameter were
impregnated with 20 ul of the free-cell culture, and placed
them into Miieller-Hinton agar (MHA) plates. Prior, the
plates were spread with 100 pl of a culture adjusted to 0.5
McFarland standard (1—5x 108 CFU/ml) of the test bacteria.
A clear zone around the colony evidenced a positive anti-
bacterial activity and was expressed as the diameter of zone
of inhibition in mm.

A further antibacterial screening was tested only against
the multidrug-resistant strains S. aureus ATCC 700699 and
S. aureus ATCC 29213 using the overlay method, accord-
ing the procedures of the LMG bacteria culture collection,
University of Ghent, Belgium. The bacterium A3 was grown
on tryptone soya agar (TSA; Oxoid) at 37 °C for 24 —-48 h
and tested against the pathogen bacteria. A dissolution of
TTC (2,3,5-triphenyltetrazolium chloride) redox indicator
was added to the culture with a final concentration of 0.02%
(w/v) and used as revelator to visualize a positive anti-staph-
ylococci activity.

Antifungic Activity

The antifungal activity was performed through the determi-
nation of the percentage of inhibition of the radial growth
(PIRG) of Alternaria alternata CECT 2662, Aspergillus
niger ATCC 9642, and Fusarium solani CCEBI 3094 by
agar well-diffusion method [14]. The phytopathogen fungi
were cultivated on petri dishes with malta agar medium
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(MA) for 5—7 days at 30 °C. One plug of mycelium (6 mm
of diameter) was placed at the center of MA petri dishes.
Twenty microliters of the A3 supernatant was transferred
into the wells of 6 mm diameter made with a cork borer at a
distance of 30 mm of the center. Then, the plates were kept
for one hour at room temperature (25-27 °C) for a well diffu-
sion of the cell-free culture through the agar, and incubated
at 30 °C for 7 days. The PIRG was measured according the
following expression:

PIRG (%) = Rl —R2/R1 x 100

R1 is the average value of the colony radius (mm), and
R2 is the average value of the inhibited colony radius (mm).

Secondary Screening by Broth Microdilution Method

The extracellular metabolites released by A3 in TSB medium
were extracted with chloroform and n-butanol solvents, and
tested only against S. aureus ATCC 6538 by broth microdi-
lution method. The organic phases were collected by using
a separating funnel and evaporated to dryness employing
a rotatory evaporator with a slight rotation at 45 °C. The
extracts were dissolved at a concentration 20 mg/ml in dime-
thyl sulfoxide and tested in a 96-well microtiter plate accord-
ing to the protocols from the Laboratory of Microbiology,
Parasitology and Hygiene (University of Antwerp, Belgium)
[15].

Selection of Suitable Conditions for Maximum
Production of BMs by Isolate A3

Culture Media

Four culture media were tested to improve the production of
BMs by the bacterial isolate: medium 1 [composition (g/1):
yeast extract, 3; soluble starch 5; NH,(SO,),, 2], medium
2-ISP2 [composition (g/1): malt extract, 10; yeast extract, 4;
dextrose, 4], medium 3 [composition (g/1): soluble starch,
10; yeast extract, 4; peptone, 2; CaCO;, 10; Fe (SO4);, 8],
and medium 4 [composition (g/1): dextrose, 32.5; soy trypti-
case broth, 9]. All culture media were adjusted at pH 7. Ten
milliliters of each media were inoculated with 10% (v/v)
of a culture of A3 in TSB kept in shaking at 200 rpm dur-
ing 24 h at 37 °C. Supernatants were obtained as described
above and subjected to disk-diffusion assay against B. cereus
ATCC 6633.

Incubation Time
The suitable incubation time was determined by adding

a seed inoculum of A3 at a concentration of 10% (v/v) in
10 ml of medium 2. Samples were taken at 48, 96, and 168 h,

and used to determine the antibacterial potential against B.
cereus ATCC 6633 as described before.

pH

Optimum pH for the maximum production of BMs by A3
was determined by seeding an inoculum of 10% (v/v) in
10 ml of medium 2 adjusted to pH values of 6, 7, 8, and 9
using 0.1 N NaOH and 0.1 M HCI before sterilization. The
incubation was done at 37 °C at 200 rpm for 96 h. Anti-
bacterial activity of supernatants was similar to the early
performed.

Inoculum Size

Erlenmeyer flasks with 10 ml of ISP2 medium, adjusted at
pH 8, were seeded with inoculums of the isolate A3 at con-
centrations of 5, 10, and 20% (v/v) to test the maximum pro-
duction of BMs. Incubation and antibacterial activity were
carried out as above mentioned.

Preliminary Chemical Screening of the BMs
Produced by B. velezensis A3

Thin-Layer Chromatography (TLC)

A thin-layer chromatography using silica gel plates RP-
18F254S (Merck), 5% 10 cm, 0.25 mm thick was performed.
The culture was loaded on the plates with the help of capil-
lary tube. Single chromatographies to determine the pres-
ence of peptides/amino acids, lipids, and reducer sugars in
the culture of the strain A3 were performed. A mobile phase
consisting of n-butanol-acetic acid—water (4:4:2) was pre-
pared for determining peptides compounds. The TLC plate
was sprayed uniformly with ninhydrin solution (0.2% in
distilled water) and placed to dry at room temperature. The
presence of blue violet spots indicated the presence of both
peptides/amino acids compounds when the TLC plates were
observed with a transilluminator.

A chloroform-toluene (85:15) mixture was used to detect
the presence of lipids. The plates were revealed with 10%
(v/v) phosphomolybdic acid in absolute ethanol. The stained
sheets were heated at 110 °C for 10—15 min. Blue spots
indicated a positive result for this compound.

Reducer sugars were detected by using methanol-n-
butanol-phosphate buffer pH 7 [5:4:1 (v/v)]. MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide] was used as revelator. Retardation factor (Rf) values
of the spots were calculated.
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UV-Vis Spectrophotometry

The UV-vis spectra of the BMs produced by A3 were
obtained and recorded on a Spectrophotometer Ray Leigh
UV-2601 (China) at wavelengths from 200 to 800 nm. Sam-
ple was prepared taken into account the optimal conditions
for the maximum production of BMs by A3.

Taxonomic Studies
MALDI-TOF MS

Strain A3 was identified by MALDI-TOF MS. Isolate was
subcultured thrice on TSA, and MALDI-TOF MS was per-
formed using the third generation of pure cultures by means
of a 4800 Plus MALDI-TOF/TOF™ Analyzer (AB SCIEX,
Framingham, MA, USA), as was previously described by
Wieme et al. [16]. The spectrum was visualized with mMass
program version 5.5.0 [17].

16S rRNA Gene Sequencing

In order to corroborate the MALDI-TOF taxonomic identifi-
cation, further 16S rRNA gene sequencing was performed as
was described by [18]. For sequencing, the primers *Gamma
(5'-CTC CTA CGG GAG GCA GT-3') and BKL1 (3'-GTA
TTA CCG CGG CTG CTG GCA-5") were used. The result-
ing partial sequence of strain A3 was used to compare with
those reference strains from EZBioCloud database [19]. The
multiple alignments were done against the SILVA SSU refer-
ence database using SINA (v1.2.11) (https://www.arb-silva.
de/aligner/) [20]. The neighbor-joining [21], maximum-like-
lihood [22], and maximum-parsimony [23] methods were
used for phylogenetic tree reconstruction using the software
MEGA version 7.0.26 [24]. Evolutionary distances were
calculated using Kimura two-parameter model [25]. A dis-
crete Gamma distribution was used to model evolutionary
rate differences among sites, and the rate variation model
allowed for some sites to be evolutionarily invariable. The
confidence values of branches of the phylogenetic trees were
determined using bootstrap analysis based on 1000 resam-
plings. Gaps and ambiguous nucleotides were eliminated
from the calculations.

gyrA Gene Sequencing

We also attempted to amplify and sequence the gyrA gene
(DNA gyrase subunit A) as was described by Chun and Bae
[26]. A multiple alignment of the gyrA gene sequence of
strain A3 against fifty-eight sequences of Bacillus subtilis
group was carried out using the MUSCLE tool [27] avail-
able in the MEGA v.7.0.26 software [24]. The phylogenetic
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trees were constructed as previously described. Evolutionary
distances were also calculated using Kimura two-parame-
ter model [25] with a gamma-distributed among site rate
variation.

Nucleotide Sequence Accession Number

The 16S rRNA gene and gyrA gene sequences were depos-
ited in the GenBank/EMBL/DDBJ databases with the acces-
sion number MG545728 and MG641042, respectively.

Results
Isolation and Characterization of Isolate A3

In this study, 106 bacteria were isolated from freshwater
sediment of San Pablo river. Preliminary screening was car-
ried out for all strains that inhibited the growth of B. cereus
ATCC 6633, B. subtilis ATCC 11778, and S. aureus ATCC
25923. Strain A3 was chosen by having a higher antibac-
terial and antifungal potential. Microscopical observations
evidenced that A3 is a rod-shaped, endospore-forming
Gram-positive bacterium with a wrinkled appearance on
TSA medium.

Taxonomic Identification of Isolate A3

The mass spectrum profile of A3 evidenced an incongruent
taxonomic identification toward Bacillus amyloliquefaciens
and Bacillus methylotrophicus with scores of 2.5 and 2.3,
respectively. The partial 16S rRNA gene sequence (1204 nt)
was subsequently compared with sequences in the EzBio-
Cloud database, and the results confirmed that the strain A3
belongs to the genus Bacillus. Strain A3 was closely related
to Bacillus velezensis CR-502 T (100%), Bacillus siamensis
KCTC 136131 (99.9%), Bacillus amyloliquefaciens DMST*
(99.7%), Bacillus subtilis subsp. subtilis (99.7%), Bacillus
nakamurai NRRL B-41091T (99.7%), Bacillus tequilensis
KCTC 13622 T (99.6%), Bacillus subtilis subsp. inaquo-
sorum KCTC 13429 T (99.6%), Bacillus atrophaeus JCM
9070 T (99.5%), Bacillus valimortis DV1-F-3 T (99.5%),
Bacillus subtilis subsp. stercoris D7XPN17(99.5%), Bacillus
mojavensis RO-H-1T (99.4%), Bacillus subtilis subsp. spiz-
izenii NRRL B-23049 T (99.4%), and Bacillus halotolerans
ATCC 25096 T (99.4%). Phylogenetic analysis placed the
strain A3 into the “Operational group B. amyloliquefaciens”
(belonging to Bacillus subtilis complex) as ML, NJ, and MP
treeing algorithms showed (Fig. 1).


https://www.arb-silva.de/aligner/
https://www.arb-silva.de/aligner/

Isolation and Identification of a Bacillus sp. from Freshwater Sediment Displaying Potent...

Page50f12 398

Fig. 1 Maximum likelihood tree
based on partial 16S rRNA gene
sequence (842 bp) of isolate

A3 showing its phylogenetic
position within Bacillus subtilis
complex strains. The evolution-
ary distances were computed
using Kimura two-parameter
model. A discrete Gamma
distribution was used to model
evolutionary rate differences
among sites (5 categories (+ G,
parameter =0.5681)). The rate
variation model allowed for
some sites to be evolutionarily
invariable ([+1], 45.87% sites).
Bootstrap percentage values
(=50), based on 1000 replica-
tions, are shown at branch
points. Bacillus anthracis
ATCC 14578 T was used as

an outgroup. Black dots mean
those branches that match

with Neighbor-Joining and
Maximum Parsimony trees. Bar,
0.005 substitutions per nucleo-
tide position

60

We performed a further gyrA (DNA gyrase subunit A)
gene sequence analysis to clarify the degree of strain A3’s
relatedness with its nearest phylogenetic neighbors. The phy-
logenetic analysis of gyrA gene sequence (827 nt) placed the
strain A3 within the clade of B. amyloliquefaciens subsp.
plantarum strains (Fig. 2). An additional analysis with thir-
teen reference strains of B. velezensis available on NCBI
database (https://www.ncbi.nlm.nih.gov) confirmed its clas-
sification within this taxon (Supplementary material; Fig.
Al).

Bacillus tequilensisKCTC 13622T(AYTO01000043)

Bacillus subtilis subsp. inaquosorumKCTC 13429 T(AMXN01000021)
Bacillus subtilis subsp. stercoris DTXPN1T (JHCA01000027)

Bacillus mojavensis RO-H-1T (JH600280)

Bacillus halotolerans ATCC 25096 T (LPVF01000003)

Bacillus subtilis subsp. spizizenii NRRL B-23049T (CP002905)
Bacillus subtilis subsp. subtilisNCIB 3610T (ABQL01000001)

Bacillus nakamuraiNRRL B-41091T(LSAZ01000028)

Bacillus vallismortis DV1-F-3T (JH600273)

63 A3 (MG545728)
Bacillus velezensis CR-502T (AY603658)
Bacillus siamensis KCTC 13613T(AJVF01000043)

Bacillus amyloliquefaciensDSM 7T (FN597644)

]
I~ Bacillus atrophaeus JCM 9070T(AB021181)

s, Bacillus altitudinis 41KF2bT (ASJC01000029)

Bacillus xiamenensis HYC-10T (AMSH01000114)

Bacillus australimaris NHTI 1T (JX680098)

acillus safensis subsp. safensis FO-36bT (ASID01000027)
Bacillus safensis subsp. osmophilus BC09T (K'Y990920)
Bacillus zhangzhouensis DW5-4T(JOTP01000061)
Bacillus pumilus ATCC 7061T(ABRX01000007)

Bacillus galliciensis BFLP-1T (FM162181)

99

Bacillus gobiensisFJAT-4402T(CP012600)
Bacillus sonorensis NBRC 101234T(AYTN01000016)
Bacillus swezeyi NRRL B-41294T (MRBK01000096)
Bacillus aerius 24K" (AJ831843)

'Bacillus glycinifermentans’ GO-13 (LECW01000063)
6| <pacillus paralicheniformis’KJ-16 (LBMN01000156)
Bacillus haynesii NRRL B-41327T(MRBL01000076)
Bacillus licheniformis ATCC 14580T(AE017333)
Bacillus salacetis SKP7-4T (LC367333)

Bacillus oryzaecorticis R1T (KF548480)
Bacillus marisflavi JCM 115447 (LGUE01000011)

67 Bacillus vietnamensis B-23890T (CLG 48530)
Bacillus aquimarisKCTC 3903T (CLG 48663)
— Falsibacillus albus GY 10110T(MH135316)
Bacillus acidicola 105-2T(AF547209)
Bacillus anthracis ATCC 14578T(AB190217)

Antibacterial Activity of A3

Cell-free supernatant of B. velezensis A3 showed a growth
inhibition toward B. cereus ATCC 6633, B. subtilis ATCC
11778, and S. aureus ATCC 25923 of 16.5+0.7 mm,
17.0+ 1.4 mm, and 11.54+0.7 mm, respectively, by disk-
diffusion method. The effect of the cell-free supernatant
against the pathogenic bacterium ATCC 25923 was noted.
Therefore, a further study on the activity of the strain
A3 included different multi-resistant S. aureus strains. A
growth inhibition zone of 19.0 4+ 0.4 mm, approximately, was
observed when the whole cells of A3 were tested against S.
aureus ATCC 29213 and S. aureus ATCC 700699 by overlay
method. The chloroform extract evidenced an ICs, against
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Fig.2 Maximum likelihood
tree based on partial gyrA gene
sequence (312 bp) of isolate

A3 showing its phylogenetic
position into the clade of Bacil-
lus amyloliquefaciens subsp.
plantarum (Bacillus velezensis).
The evolutionary distances were
computed using Kimura two-
parameter model. A discrete
Gamma distribution was used to
model evolutionary rate differ-
ences among sites [5 categories
(+ G, parameter =0.2678)].
Bootstrap percentages values
(=50), based on 1000 replica-
tions, are shown at branch
points. Bacillus anthracis

83 UCM B-5113(AY212974
6L ALl (AY2129
CM -5033(;“(212973)

At4 (AY2129 5)\’2
UCM B-5017(A 12970;

B. amyloliquefaciens

DJ-5 SA 22026 subsp. plantarum
FZB113 (FN662843 (Bacillas velezensis)
NAU B2 62841
0/| NAU B85 662842

NAU B3 652

dANR was used as an outgroup.
Bar, 0.05 substitutions per
nucleotide position

Bacillus pumilus NRRL NRS-272T

FZB109 (FN662837)
KC’I%‘ 1660"'&;\1')27125)81‘_’,5 . B. amyloliquefaciens
o NRRE B g e oEe% k.
13330&%?41 662838) amyloliquefaciens
A osT(AF272019 S
BD-60(:§;:U1386 )) B. mojavensis
KCTC 3701 (AF272016
99NRRLNRS 137(EU138654] B atrophaeus
7 sa1: 2532NRRI6T . BD-622 (EU138651)
71Tg«:0138625) B. tequilensis
N 5036 GQ4887
BD.571 33739{
NRRL BD-571 (EU138633
NRRI B-14697 (EU13859 .
NRRIE. B-23053 113??2?23) e —
L79| =
I NRRL B S 103000y inagquosorum
NRRL B-23058 (EU13860
NRRI. B-23052T(EU1386 59)) p,
UCM B-5008 (AY21296
94 A13 (AY2
MRRL 23055 %38%63057) B. subtilis subsp.
54 NRRLB-23051(EU13860 spizizenii
NRRI. B-23050 (EU13860
NRRI. B-23049 2AF272020 y
NRRI B 1489 T(AF27202 | B valtismorss
95KCTC 3239 AF272023;
60153 KCTC 3014 (AF272024
KCTC 3494 (AF272022 B. subtilis subsp.
KCTC3135T(AF272021) cubtills
UCM B-5184 (AY212979)
AL (A 983;
4\:52 Y212984 p.
_93§CTC 1918 &Fnzon) B. licheniform
—Badllussonormm - 138611 -

138655)

Bacillus anthracis AANR (AY291534)

0.05

S. aureus ATCC 6538 of 84.18 ng/ml. The n-butanol extract
did not show any antagonist effect against this pathogenic
bacterium.

Antifungic Activity of A3

Supernants of A3 inhibited the radial growth of A. alternata
CECT 2662, A. niger ATCC 9642, and F. solani CCEBI
3094 in a 53, 35, and 25%, respectively. Microscopical
observations showed alterations in the hyphae of the phy-
topathogenic fungi related with the hyphae swelling, bulb
formation, hyphae twist, zig-zag growth, and abundant vacu-
olization (Fig. 3).
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Optimization of Culture Media, Incubation Time pH,
and Inoculum Size for the Maximum Production
of BMs by A3

Antibacterial activity results of strain A3 against B. cereus
ATCC 6633 by disk-diffusion method according the suit-
able conditions to produce BMs are shown in Table 1. The
recorded results showed that the strain grew in all culture
media. However, A3 showed an antibacterial activity when
it was cultivated in the media 2 and 4 only. Medium 2 was
considered the most suitable for the best production of BMs
(Table 1). The maximum BMs production was yielded at the
96 h, supported by the larger hale of inhibition, although an
initial antibacterial activity was observed at 48 h (2 days).
The study of the pH effect (6, 7, 8, and 9) through mul-
tiple range test showed statistically significant differences
(p=0.0348; 95.0% level of confidence) when A3 was cul-
tivated at pH 6-7 and pH 8-9 for the highest productivity
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Fig.3 Microphotographies
(1000x) showing the alterations
produced by BMs of Bacillus
velezensis A3 in the hyphae of
Fusarium solani CCEBI 3094
(1), Alternaria alternata CECT
2662 (2), and Aspergillus niger
ATCC 9642 (3). Control (a);
hyphae swelling and bulb for-
mation (1b, 2b, and 3b), hyphae
twist and zig-zag growth (3c)

of BMs. The inoculum size had not a significant influence
in the production of BMs by A3, but the better antibacterial
activity was obtained with an inoculum of 20%.

Preliminary Characterization of the Nature
of the BMs Produced by B. velezensis A3

The detection of blue violet spots in the chromatography
plate indicated the presence of peptide/amino acids com-
pounds (Fig. 4a). Blue spots were also observed when the
plates were sprayed with fosfomolibdic acid in ethanol
indicating the presence of lipid compounds (Fig. 4b).
The presence of reducing sugars was also demonstrated
by the apparition of violet spots on a yellow background
(Fig. 4c). Additional chemical assays (Suplementary
material; Fig. A2a and Fig. A2b) with the Dragendorff
reactive and potassium permanganate supported the pres-
ence of amino acids (pink precipitate) and compounds
with unsaturations (dark brown precipitate), respectively.
A low concentration of reducing sugar equivalent to
2.4+ 0.6 mg/ml was obtained using anthrone method. On
the other hand, the TLC results showed spots with Rf val-
ues of 0.66 for petroleum extract and, 0.19 and 0.64 for

n-butanol extract in the detection of peptides/amino acid
residues. For lipids detection, a diffuse spot at the ori-
gin of the application point (RF=0) was observed for the
n-butanol extract. TLC-reducing sugars evidenced spots
with Rf =0.6 and Rf =0.43 for n-butanol and petroleum
extracts, respectively.

For determine the BMs UV-Vis spectra, a diluted frac-
tion in ISP2 medium (1:3) was scanned by the spectro-
photometer previously mentioned. Figure 5 shows the
absorption results within the range from 250 to 600 nm,
characterized by a wide asymmetric band with overlapped
bands around 293 to 480 nm, approximately. The highest
intensity occurred at 315 nm. Partially occluded bands
(referred as “shoulders”), with a third part of intensity
less than the first bands, were observed at 350 and 392 nm.

Discussion

Screening for new antibiotics from natural sources is
becoming increasingly important for the biopharmaceu-
tical industry. Microorganisms represent a promissory
source of novel medically, veterinary, and agriculturally
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Table 1 In vitro antibacterial activity of B. velezensis A3 against B.
cereus ATCC 6633 under standardized conditions

Antibacterial
activity (mm)

Culture conditions

Culture media 1 -
2 8.25+0.4%
3 _
4 7.0£0.0°
Incubation time (h) 48 7.5+0.5%
96 16.0+1.4°
168 8.0+ 1.4°
pH 6 123+1.5*
7 123+2.6*
8 17.0£3.6°
9 16.8+1.5°
Inoculum size (%) 1 145+2.1*
5 19.0+1.4°
10 17.8+3.2°
20 19.5+0.4°

Antibacterial activity was expressed as average + standard deviation.
Cultura media (g/l): 1 [yeast extract, 3; soluble starch 5; NH,(SO,),,
2]; 2 [malt extract, 10; yeast extract, 4; dextrose, 4], 3 [soluble starch,
10; yeast extract, 4; peptone, 2; CaCO;, 10; Fe (SO4),, 8], and 4 [dex-
trose, 32.5; soy tripticase broth, 9]. -, not activity. Different letters
mean significant differences among the conditions of each parameter,
for a 95% level of confidence (multiple range test)

Fig.4 Chemical characterization of the BMs produced by B. velezen-
sis A3. (a) TLC plate sprayed with ninhydrin solution (0.2% in dis-
tilled water) produced blue violet spots indicating the presence of
peptides/amino acids (b) TLC plate sprayed with 10% (v/v) fosfo-
molibdic acid in absolute ethanol produced blue spots indicating the
presence of lipids, and (¢) TLC plate sprayed with MTT showing the
presence of reducing sugars (violet spots) in the (1) petroleum and (2)
n-butanol extracts
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Fig.5 UV-Vis spectra of the cell-free supernatant of B. velezensis
A3 at wavelengths of 250-600 nm

useful compounds, which may serve not only as direct
drugs but also as lead compounds for structural modifi-
cations and templates for the rational drug design [28].
Here, a strain named A3 isolated during the course of bio-
prospecting study from a freshwater sediment was cho-
sen by its antibacterial and antifungal potentials for its
taxonomic identification and characterization of its (their)
bioactive metabolite(s).

Classification and identification of antibiotic-producing
species are utmost importance in the dereplication process
of natural products. MALDI-TOF MS is one of the high-
throughput techniques that has emerged in the last years
for rapid identification and dereplication microbial [29].
In this study, the isolate A3 had an incongruent identifica-
tion when the main mass profile was obtained toward two
close-related species from Bacillus subtilis strains com-
plex: B. amyloliquefaciens and B. methylotrophycus. Close
relatedness of species has been documented as a challenge
for MALDI-TOF MS identification at species level [10,
30]. On the other hand, 16S rRNA gene has been used
in the typing of numerous bacteria and for constructing
bacterial phylogenetic relationships. However, our results
and previous studies demonstrated that this gene is not
sufficiently divergent to delimit the phylogeny of Bacil-
lus subtilis species complex [11]. Many authors consider
that the evolution rate of protein-encoding genes is higher
than 16 rRNA gene, being an alternative to delimit close-
related species [12]. At last, the analysis of the gyrA gene
sequence allowed grouping of strain A3 in the monophyl-
etic clade of B. amyloliquefaciens subsp. plantarum strains
(Fig. 2), now reclassified as a heterotypic synonym of B.
velezensis [31], which corroborates the value of this gene
as discriminative phylogenetic marker within the B. sub-
tilis group [26].

B. velezensis A3 showed antibacterial and antifungic
properties. These activities could be related with amphi-
philic molecules such as lipopeptides which have marked
antimicrobial activity against pathogens [32—-34]. Biocontrol
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effects against Gram-positive bacteria similar to those
reported in this study have been referred by other researchers
for this species. In concordance with our results, Baharudin
et al. [35] demonstrated the activity of B. velezensis against
methicillin-resistant S. aureus strains, but with lower activ-
ity than the determined in our study against S. aureus ATCC
700699. The activity revealed for B. velezensis A3 against
MRSA strains becomes relevant, since this coccus has devel-
oped multiple resistance mechanisms against antibiotics,
being a serious problem for the worldwide public health.
This antibacterial activity of B. velezensis A3 could be due
to surfactins which are lipopeptides with a recognized anti-
bacterial activity. They have been found to be active against
multidrug-resistant bacteria, either disrupting the bacterial
cell membrane via pore formation with a subsequently cell
lysis or entering the cell; and/or inhibiting essential intra-
cellular functions by binding to nucleic acids or intracel-
lular proteins [36, 37]. In addition, it is well known that B.
velezensis is able to produce other potent antibacterial agents
that include bacillaene, bacilysin, bacillomicin-D, bacilli-
bactin, difficidin, and macrolactin [34].

The cell-free supernatant of B. velezensis A3 inhibited the
radial growth of the tested phytopathogens. The PIGR (53%)
of A. alternata CECT 2662 was higher to that reported by
Silva et al. [38]. In a study, Meena et al. [39] showed that
surfactins and iturins from lipopeptide fraction of B. velezen-
sis KLP201 inhibited the growth of A. niger by 45.0 +1.2%.
In this study, the results showed an inhibition of 35%. There-
fore, pure compounds of the active fraction of the extract of
the strain A3 might exceed the previously reported value.
Our results also demonstrated that the bioactive compounds
of B. velezensis produced alterations in the structure and
morphology of the hyphae (Fig. 3), which were comparable
with those obtained by Orbera et al. [40] when tested the
strain Bacillus subtilis SR/B-16 against phytopathogenic
fungi. Iturins and fengycins, the best characterized bioac-
tive lipopeptides of Bacillus with antifungic activity, limit
normal mycelium growth due to their ability to perturb fun-
gal cell membrane integrity resulting in cytoplasm leakage
and finally hyphae death [34, 41]. These compounds can also
act in the inhibition of spore germination. Surfactins are also
mentioned as antifungal compounds by inhibiting the glucan
synthase involve in cell wall synthesis of fungi and inducing
apoptotic markers [32, 42].

Preliminary characterization of the BMs produced
by Bacillus velezensis A3 revealed the presence of both
lipid and peptide compounds. Although these compounds
could be part of either culture medium or remain of cel-
lular structural components, Rf-values are in concordance
with those reported for lipopeptides compounds in previ-
ous studies [32, 34, 39]. The presence of these compounds
was also corroborated using a UV—Visible spectroscopy.

Usually, peptides/amino acids absorb ultraviolet light at

wavelength of 260-280 nm. Nonetheless, its maximum
wavelength and intensity of the absorption bands depend
of the amino acid backbone. Characteristic bands of
amino acids with aromatic residues could be the respon-
sible of the nascent band at 293 nm. On the other hand,
the spectrum revealed the presence of vibrational compo-
nents of transitions n—x* due to unsaturations by multiple
bonds. An increase in conjugation causes the band to be
bathochromically shifted to longer wavelengths. Mol-
ecules with four or more conjugated double bonds associ-
ated with some chromophores, which correspond to lipids,
have their maximum at values of 300 nm or more. The
results of this study suggest either the presence of aromatic
structures of the related amino acids or the presence of
lipids with four or more conjugated unsaturations, giving
as result a bathochromic shift at a maximum of 315 nm.
Meena et al. [43] showed peaks with maximum between
201 and 382 nm for the pure lipopeptides iturin A and
surfactin. Qiu and Kirsh [44] obtained a wide band around
330-380 nm in a UV spectrum of the daptomycin, an
antistaphylococcal lipopeptide produced by Streptomyces
roseosporus. The presence of tryptophan in this molecule
makes a bathochromic shift toward these wavelengths.

The presence of both peptides/amino acids and lipids
compounds in the culture of B. velezensis A3 allowed us
to hypothesize about the lipopeptide nature of the bioac-
tive compounds produced by the strain A3, such as have
been already mentioned in previous reports for this spe-
cies [32, 34, 39]. Lipopeptides are amphiphilic molecules
that contain a lipophilic fatty acid chain and a hydrophilic
peptide ring. Still, an extraction and purification process
of the compounds, and a deep characterization by high-
performance chromatography and spectroscopic methods
should be performed to know the real nature of the BMs
related with the antibacterial and antifungic activities of
B. velezensis A3.

The influence of culture conditions on lipopeptide pro-
duction was previously described for other strains of Bacil-
lus [45—47]. B. velezensis A3 was able to grow in the media
1 and 3 but did not produce BMs. Starch has been described
by enhancing the microbial metabolism [48], but the degra-
dation of this complex carbon source by A3 for metabolite
production and lack of glucose in these culture media could
be the reasons of this result. A high concentration of glucose
triggers the metabolite repression and production of unde-
sirable metabolites [47, 48]. However, most studies have
shown that glucose concentration at 20-40 g/ favors lipo-
peptide production [45, 47]. Antimicrobial activity using the
media 2 and 4, with glucose at 4 and 32.5 g/1, respectively,
supports the above mentioned (Table 1). ISP2 (medium
2) has been the most suitable to produce BMs by Actin-
obacteria. It contains low amount of glucose and readily
available nitrogen sources (malt extract and yeast extract).
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Differences in composition likely account for the antibacte-
rial results, such as showed the media 2 (8.25 + 0.4 mm) and
4 (7.0 +£0.00 mm).

Maximum BMs production by B. velezensis A3 was
yielded at the 96 h, which is in concordance with other stud-
ies [47, 49, 50]. It is well known that bioactive metabolites
are produced either at the end of log phase or in the station-
ary phase of growth when nutrients become depleted [51].
Our results evidenced no significant differences in the BMs
production when the medium is adjusted at pH 8-9, with a
maximum at pH 8. Similar results were obtained by Jamil
et al. [49] in the antibiotic production by B. subtilis MH-4.
Nor the inoculum size (5, 10, and 20%) had effect in the
production of BMs by B. velezensis A3. Nonetheless, it has
great influence in the duration of lag phase, specific growth
rate, biomass yield, and quantity of the final product [50].

Conclusions

In this study, we isolated and identified a Bacillus sp. with anti-
bacterial and antifungic activity: Bacillus velezensis A3. The
preliminary characterization of A3’s bioactive compounds evi-
denced the presence of lipids and peptides in the culture, which
might suggest the lipopeptide nature thereof. The lipopeptides
are a novel class of potent versatile weapons by this bacterium
to deal with a variety of pathogens. Bacillus velezensis A3
could be considered as a potential alternative to treat pathogens
in the biopharmaceutical industry and agriculture.
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