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Abstract

Endophytic Bacillus tequilensis ALR-2 isolated from Aloe vera plant, was
found to have antimicrobial activities attributed to a series of lipopeptide
antibiotics and biosurfactants produced. Partial-purification of ethylacetate
extracts by column chromatography revealed that fraction SF5 (5mg mL")
effectively inhibited Bacillus cereus and Staphylococcus aureus (28.6+0.5
and 30.320.5 mm zone of inhibition, respectively), and was significantly
more effective than the standard antibiotics Ciprofloxacin (5ug) (23.6 £0.5
and 18.6£0.5 mm, respectively) and Kanamycin (30png) (20.3£0.5 and 13.6
+0.5 mm, respectively). UPLC-MS analysis of SF5 showed three series
of ion peaks. The quadrupole-orthogonal ionization time-of-flight mass
spectrometer revealed [M+H]" of 678.4601; 679.4690 and 680.5076 which
corresponded to the oligopeptide antibiotic monamycin (mol. wt. 677.84).
The [M+H]" of 1119.8870; 1120.8992 and 1121.9119 corresponded to
antibiotic complex 61-26 (mol. wt. 1120.348), a lipopeptide. The third
peak of [M+H]* of 1356.0151 and 1358.0664 could not be classified to
existing known compounds in the literatures.

Keywords: Aloe vera; Biosurfactants; Microbes; Drug discovery;
Monamycin; UPLC-MS

Introduction

Endophytes are bacteria or fungi, which reside in the tissues of higher
plants without causing any symptoms or apparent harm to the host. These
microbes are not pathogenic to the host, neither are they providing benefit
to other microbial residents [1]. They have been found to have a wide range
of antimicrobial activities, hence are important sources of antimicrobial
substances [2]. In recent years, endophytes have been found to produce
novel metabolites exhibiting a variety of biological activities against different
pathogens [3,4]. Thus, endophytes have become increasingly popular for
isolation and characterization of bioactive compounds [5]. Some endophytes
have been found to produce bioactive compounds that may be involved in
a symbiotic association with a host plant [6]. In recent studies, it has been
recognized that endophytic bacteria play an important role in resistance
to diseases and mediate some beneficial role between the endophyte and
its host [5,7]. Similarly, various studies have been conducted on the plant
growth-promoting abilities of endophytes and this has indicated their ability
to increase plant growth through the improvement of nutrient/mineral
recycling, and their ability to inhibit invading phytopathogens [8]. Bacillus
tequilensis ALR-2 was isolated from Aloe vera, along with other endophytic
Proteobacteria, Firmicutes and Bacteriodetes, and was found to produce
the most potent antimicrobial bioactive compounds to inhibit gram-positive
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and gram-negative pathogens [9]. Although studies on
Bacillus sp. is quite common, there are not many on Bacillus
tequilensis, particularly on their antimicrobial potential [10].
As such, this study characterized the bioactive compounds
from B. tequilensis ALR-2 using Ultra-Performance Liquid
Chromatography (UPLC) and Mass Spectrometer, which
essentially determines accurate mass of compounds. This
method is superior due to its efficiency and high resolution
of molecular ions compared to other mass-to-charge ratio
(m/z) analyzers [11]. This study reports on the antimicrobial
activities of crude extracts of endophytic Bacillus tequilensis
ALR-2, and the characterization of the bioactive compounds
produced.

Experimental procedures
Culture establishment

The Bacillus tequilensis ALR-2 strain (KJ689792) was
isolated from A. vera and identified as described in our
previous study [9]. For this study, cultures were prepared on
nutrient agar (Sigma-Aldrich) and incubated at incubation at
30+ 2 °C for 18-24 h.

Extraction of bioactive compounds

Bacillus tequilensis ALR-2 colony was inoculated into
sterile Erlenmeyer flask (1L) containing 500 mL nutrient
broth (Sigma-Aldrich) and incubated at 35 + 2°C (150 rpm,
36 - 40 h) in Rotary Flask Shaker. The culture was centrifuged
at 8,000 x g for 5 min to obtain the cell free supernatant. The
extracellular metabolites in the cell free supernatant were
exhaustively extracted with ethylacetate, diethylether and
n-hexane separately in the ratio of 1:1 (supernatant:solvent).
The organic phase was concentrated in rotatory evaporator
(Rotavap) at 37°C, freeze-dried (LABCONCO freeZone 4.5
105°¢) and weighed. The percentage yield of each extracts (%
w/v) was calculated from the following equation:

% extract yield = weight of dry extract (mg)/volume taken
for extraction (1L) x 100

Antimicrobial activity screening of the extracts via
TLC-bioautography

The ethylacetate extract was fractionated on aluminium-
backed thin layer chromatography (TLC) plates (Merck,
silica gel 60 F254). The plates were developed under
saturated conditions with the eluent systems, developed
in our laboratory. The mobile phase used for separation
of the bioactive metabolites was Chloroform:Methanol
(4:1 v/v). The separations were detected under ultraviolet
light (254 nm) and the R, values were calculated. TLC-
bioautography assay was carried out as described in our
earlier publication [12] using immersion method. To develop
the chromatograms, 1pL (20 mg mL"!) of the extract was
loaded onto TLC plates in a narrow band and eluted using
the mobile solvent system in a covered chromatography jar.
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The developed plates were dried under the laminar flow for 6
h to remove traces of solvent on the TLC plates. One mL of
0.5 McFarland standard bacteria pathogens were mixed with
molten Mueller Hinton agar in sterile petri dish. The prepared
chromatograms were immersed in the molten Mueller Hinton
agar and removed to solidify. This process was carried out
in a laminar flow cabinet (Labotec, SA). The plates were
then incubated in petri dish overnight at 37 + 2°C and 100%
relative humidity in the dark. The chromatograms were then
sprayed with a 5 mg mL"! solution of tetrazolium compound
(TTC) and incubated overnight. Formation of white bands
indicated bacterial growth suppression due to the presence
of compounds that inhibited the growth of tested organisms
that prevented the reduction of TTC to formazan (reddish
coloration) [13].

Extraction and purification of bioactive compounds

The crude ethylacetate extract of ALR-2 was purified via
column chromatography using a LiChroprep RP-18 (15-25
pum) silica gel column (Merck, EMD Millipore Corporation,
USA) and chloroform:methanol (ratio 4:1) as eluent. A total of
10 (5 mL each) fractions were collected and were lyophilized
to obtain powder forms for the antimicrobial assay. Three
fractions with good antimicrobial activities were subsequently
combined and purified with acetonitrile:methanol as
eluent to obtain a further six subfractions. The purity of
each subfraction was analysed by reversed phase HPLC
(COSMOSIL Packed C, column, 4.6 ID x 150 mm, Agilent
Technologies 1260 infinity). The following mobile phase
was used; methanol:water with gradient elution method of
95% deionized water and 5% methanol for (0 — 20) min for
solvent-A, and 5% deionized water and 95% methanol for
(20 — 30) min for solvent-B.

Antimicrobial assay

The antimicrobial activities of the six subfractions were
assayed using the Kirby-Bauer disc diffusion method [14,
15], against bacteria and yeast pathogens, which include-
Pseudomonas aeruginosa ATCC 10145, Enterococcus
faecalis ATCC 29212, Staphylococcus aureus ATCC 33591,
Bacillus cereus ATCC 14579, Salmonella Typhimurium
ATCC 14028, Proteus vulgaris-ATCC 8427, Klebsiella
pneumoniae ATCC 10031, Escherichia coli ATCC 25922,
Streptococcus pyogenes ATCC and Candida albicans ATCC
90028. All pathogens were obtained from the Microbiology
Laboratory of Monash University Malaysia. The bacteria
pathogens were first pre-cultured overnight in Mueller
Hinton broth (Difco, USA.) at 35 + 2°C. Then, 5 mL of the
culture were pipetted and centrifuged at 6,000 x g for 5 min.
The pellets were re-suspended in sterile distilled water and
the cell density was subsequently adjusted to 0.5 McFarland
standard. The bacterial suspension was then seeded onto
Mueller Hinton agar (Difco, USA.) plates for antimicrobial
testing. The subfractions (10 uL of 10 mg mL"') were
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impregnated onto sterile discs and placed on seeded agar
plates. The plates were incubated at 35 + 2°C for 48 h and the
zone of inhibition was determined by measuring the diameter
of annular clear zone. The experiment was performed in
triplicates. Ciprofloxacin (5 pug) and Kanamycin (30 pg)
standard antimicrobial discs were used as positive control.

Minimum inhibitory concentration (MIC) and
Minimum bactericidal concentration (MBC)

Microdilution method was used as described by Andrews
[14]. The dilution range of the antimicrobial compound tested
was modified to 0.1 mg mL" to 10 mg mL"! concentrations.
The bacterial inoculum was prepared and adjusted to 108 cfu
mL" (0.5 McFarland standards). Each antimicrobial extract
(75 pL) was added into two rows of sterile 96-wells. This
was followed with 75 pL of tested bacterial inoculum which
was added into one row and 75 uL of control sterile broth was
added into the second row of wells. In addition, inoculated and
uninoculated wells of antimicrobial free broth were included
to determine adequacy of the broth to support growth and to
check for sterility of the broth. The microplate was covered
with lid and incubated at 37 = 2°C for 18 h. The absorbance
of the culture turbidity was then read at 625 nm using the
microplate reader (Infinite 200 TECAN). To assess MBC,
wells with absence of growth (non-turbid wells) detected
at the lowest concentration was sub-cultured onto Mueller
Hinton agar (Difco, USA.) plates to determine the MBC. The
concentration with no growth of tested organism is the MBC
for the antimicrobial agent against the tested organism.

Ultra-Performance Liquid Chromatography-Mass
Spectrometry (UPLC-MS) analysis of antimicrobial
compound

Ultra-Performance Liquid  Chromatography-Mass
Spectrometry (UPLC-MS) analysis was performed on the
partially-purified antimicrobial substance using AcquityTM
Waters Ultra Performance Liquid Chromatography (UPLC)
(Waters Corporation, USA). The electrospray source was
operated at a capillary voltage of 2.7kV. Column specification
used was ACQUITY UPLC BEH C18 1.7 um, 2.1 x 50 mm.
Mass spectrometer used was Synapt high definition mass
spectrometer quadrupole-orthogonal acceleration with time
of flight detector (Waters Corporation, USA). Mobile phase
used was: milliQ water + 0.1% formic acid (solvent A) and
methanol + 0.1% formic acid (Solvent B). Flow rate was 0.5
mL/min. Gradient program was pre-determined as follows:
95-95% (solvent A) 0-2.8 min, 5-5% (solvent B) 0-2.8 min,
95-5% (solvent A) 2.8-3.5 min, 5-95% (solvent B), 5-95%
(solvent A) 3.5-4.0 min 95-5% 3.5-4.0 min, 95-95% (solvent
A) 4.0-5.0 min 5-5% (solvent B) 4.0-5.0 min.

Statistical analysis

Results were expressed as mean + Standard deviation
(SD). One-way ANOVA was used to analyse all data
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obtained. The analysis was carried out using the Statistical
Package for Social Science (SPSS) version 20.0 and means
were compared using Tukey’s Studentized Range Test (HSD
(05> With differences considered statistically significant
when p<0.05.

Data availability

All data are contained in the manuscript. Accession
number of organisms used are also indicated in the manuscript.

Results and Discussion

Bacillus tequilensis ALR-2 is a Gram-positive, endospore-
forming, motile and rod-shape bacterium. As reported in our
earlier study, the nucleotide sequence of this isolate (16S
rDNA) showed the closest similarity to that of Bacillus
tequilensis (with a homology of 97%) [9]. This strain is
reported as an endophyte from Aloe vera plant for the first
time, with the GenBank accession number KJ689792 assigned
[9]. This isolate has excellent antimicrobial activity towards
Staphylococcus aureus, Bacillus cereus, Proteus vulgaris,
Klebsiella pneumoniae, Escherichia coli, Streptococcus
pyogenes and Candida albicans as documented in our earlier
studies [9].

Antimicrobial activities screening of extracts via
TLC-bioautography

The results indicated that only ethylacetate-derived
extracts showed bioactivities in the TLC-bioautography (Fig.
1). This suggested the bioactive components are present in
the more polar solvent (ethylacetate with polarity index 4.4)
than the less and non-polar solvents such as diethylether
and n-hexane, respectively. The ethylacetate extract, when
subjected to TLC, indicated 2 separate fractions in the
chromatogram: A2-1 and A2-2 with R, values 0.98 and
0.86, respectively (Figure 1). The two fractions showed
antimicrobial activities against S. aureus and B. cereus (Fig.
1) as the zone of inhibition was wider and appeared to map the
two fractions with R, values (0.98 and 0.86). Hence, the TLC-
bioautography technique has enabled us to rapidly identify
the fractions with bioactive compounds of interest and the
right separating mixture for the isolation of the bioactive
compounds [16]. Therefore, B. tequilensis (ALR-2) may be
said to possess very promising antimicrobial compounds
as revealed by the prominent zone of inhibition seen on the
chromatogram.

Extraction and purification of bioactive compound

The ethyl acetate extraction of Bacillus tequilensis ALR-
2 yielded 3.4 mg of lyophilized powder forms (from 1 L
broth culture), the highest yield compared to diethylether
(2.02 mg) and n-hexane (0.69 mg). Upon fractionation
via the LiChroprep RP-18 (15-25 pm) silica gel column
(Merck, EMD Millipore Corporation, USA), 10 fractions
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were obtained (see supplementary Table 1). Fractions F6
and F7 have the highest yield with 6443 and 6283 mg mL",
respectively, while fractions F2 and F3 produce the lowest
yield of 110 and 156 mg mL"!, respectively. Since ALR-2 was
extracted with polar solvent, it is expected to contain more
polar compounds than non-polar compounds. The combined
three fractions of F7, F8 and F9 gave six subfractions (see
supplementary Table 1).

Data are mean +SD values. One-way ANOVA was
used to analyse all data and means were compared using
Tukey’s Studentized Range Test (HSD  .), with differences
considered statistically significant when p<0.05 represented
by alphabets (a-d). F1-F10 represent the fractions from first
fractionation. Pathogens-Pseudomonas aeruginosa ATCC
10145, Salmonella Typhimurium ATCC 14028, Proteus
vulgaris ATCC 8427 and Escherichia coli ATCC 25922
were resistance to all the fractions. () represent no inhibition
zone. One of these compounds was detected in SF3 and SF6
at retention time 22.9 min with 25.6% and 2.0%, respectively.

(A)

ATR-2
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It was also observed that SF3 was equally active against S.
aureus, B. cereus and K. pneumonia, with zone of inhibitions
9.3 £0.5, 13.6 0.5 and 10.6 0.5 mm, respectively (Table
2). We also observed SF6 was active against S. aureus and B.
cereus, and this may be attributed to the compound detected
at peak 24.4-minute retention time of 26%. This compound
was also detected in SF3 (8%), SF4 (7%) and SF5 (2%)
retention time of 24.4 min. The results agreed with statements
of researchers’ bioprospecting for new antibiotics from either
soil microbes or endophytes, that these microbes produce
several antimicrobial and antifungal compounds in their
culture, and some exist in isoforms [17-19]. Hence, the most
potent of the compound was targeted for identification which
we believed can be found in SF5.

Data are mean +SD values. One-way ANOVA was
used to analyse all data and means were compared using
Tukey’s Studentized Range Test (HSD ), with differences
considered statistically significant when p<0.05 represented
by alphabets (a-e). SF1-SF6 represent the sub-fractions

(B)

ALR-2
(5. aureus)

ALR-2
(B. ceraus)

Figure 1: (A) Bioautography plates. Chromatograms plate of ethylacetate extracts of ALR-2 showing fractions (A2-1, A2-2). (B) Clear areas
showing inhibition zones of chromatograms when immersed in molten agar seeded with bacterial pathogens, incubated at 37 + 2°C for 18 h
then sprayed with tetrazolium compound and then incubated at 37 + 2°C for 24 h. (Images scale x2)

Table 1: Antimicrobial activities of fractions (F1-F10) against bacteria and C. albicans pathogens

Fraction (20 mg mL-1) E. faecalis B. cereus S. pyogenes S. aureus K. pneumoniae C. albicans
F1-F3 - - - - - -
F4 13.60.5%° 16.3+0.5 - 18.3£0.5° - -
F5 13.6+0.5%¢ 17.6+0.5° - 19.3£0.5% - -
Fé 13.0£0.5% 16.3+0.5 - 20.3+0.5° - -
F7 15.60.5¢ 15.320.5° 14.3+0.5° 19.3£0.5% - -
F8 14.6+0.5% 15.3+0.5° 14.3+0.5° 20.0+0.5¢ - -
F9 14.3+0.5° 16.0+0.5 15.0+0.5° 20.6+0.5¢ - -
F10 12.3+0.52 12.6+0.5% 12.3+0.5% 16.3+0.52 - 12.0£0.5
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Figure 2: HPLC chromatogram of subfraction SF5 at 293 nm showing five major peaks (1) = 42.8% area at retention time 22.7 min.,
(2) = 12.4% at retention time 22.9 min., (3) = 16% area at retention time 23.3 min., (4) = 9.4% area at retention time 23.5 min. (5) = 2%, 24.4 min.

Table 2: Antimicrobial activities of subfractions (SF1-SF6) against bacteria pathogens

Subfraction (10 mg mL™") S. aureus B. cereus
SF1-SF2 - -

SF3 9.340.5° 13.6+0.52

SF4 13.610.5° 13.3£0.52

SF5 30.3+0.5¢ 28.60.5¢

SF6 21.3+0.5¢ 17.6+0.5°
Ciprofloxacin (5ug) 18.6+0.5° 23.6+0.5¢
Kanamycin (30 pg) 13.6+0.5° 20.3+0.5¢

from the second fractionation. Pathogens-Pseudomonas
aeruginosa ATCC 10145, Salmonella Typhimurium ATCC
14028, Proteus vulgaris ATCC 8427, Escherichia coli ATCC
25922 and Candida albicans ATCC 90028 were resistance to
all the fractions. (=) represent no inhibition zone.

Antimicrobial activity

Seven fractions (F4 — F10) inhibited three to five
pathogens tested with zone of inhibition from 12.3 to 20.6
+0.5 mm, while the first three fractions (F1-F3) appeared to
have no inhibition against all the pathogens tested (Table
1). Gram-positive bacteria: S. aureus, B. cereus, E. faecalis
and S. pyogenes were more susceptible to fractions F7-F10
while C. albicans was only inhibited by F10 with inhibition
zone of 12.0 £0.5 mm. Other studies have also reported
that the bioactive compounds produced by Bacillus species
is active against gram-positive bacteria pathogens [20, 21].
However, it appeared fractions-F7, F8 and F9 relatively
inhibited the pathogens more than fractions F4, F5, F6 and
F10 (Table 1). Hence, they were considered to have high
bioactivity and were selected for further purification analysis.
The antimicrobial activities of the subfractions (SF1-SF6)

S. pyogenes E. faecalis K. pneumoniae
- - 10.6+0.52
- - 16.6+0.5°
15.6+0.52 8.610.5° 18.6+0.5°
25.0+0.5° 26.0+0.5° 34.6+0.5¢
24.6+0.5° 18.0+0.5° 16.6+0.5°

revealed subfraction SF5 to have the highest antimicrobial
activity against all the Gram-positive bacteria (with zone of
inhibition from 8.6 to 30.3+£0.5 mm) (Table 2). It is interesting
to note that antimicrobial activities of SF5 against S. aureus
and B. cereus were significantly higher than the standard
antibiotics used; Ciprofloxacin (5 pg) and Kanamycin (30
pg) as positive control (Table 2, Figure 3). Subfractions SF3
and SF4 also showed antimicrobial activities against three
of the five pathogens tested, with zone of inhibition from
9.3 to 16.6 £0.5 mm. Only subfraction SF6 inhibited two
pathogens with zone of inhibition from 10.6 to 21.3 0.5
mm. The inhibitory activities can be seen to increase as the
major bioactive compound(s) increases in the subfractions.
Consequently, this result confirmed the presence of the most
active bioactive compound in the subfraction SF5 which has
also been revealed by the result of the quantification analysis
done with HPLC (Figure 2).

Minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) was evaluated to ascertain
the potency of the subfractions. The MIC and MBC values
of the subfractions against the bacteria pathogens were 0.1
to 5 mg ml! (Table 3). The most susceptible pathogen to
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Figure 3: Zone of inhibitions shown by SF5 (10 mg mL™"), Ciprofloxacin (5 pg) and Kanamycin (30 pg) standard antibiotics against B. cereus
ATCC 14579 and S. aureus ATCC 33591. (A) Zone of inhibition of SF5 on B. cereus, (B) Zone of inhibition of Ciprofloxacin on B. cereus,
(C) Zone of inhibition of SF5 on S. aureus and (D) Zone of inhibition of Kanamycin on S. aureus.

Table 3: Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of Subfractions SF1-SF6 against five

bacteria pathogens

Subfraction SF3 (mg mL") SF4 (mg mL") SF5 (mg mL") SF6 (mg mL")
Organisms MiC MBC MiC MBC MIC MBC MIC MBC

S. aureus 1 10 0.5 1 0.1 0.1 0.5 1

B. cereus 1 5 0.1 1 0.1 0.5 1 5

S. pyogenes 5 - 5 - 0.1 0.5 5 -

E. faecalis 5 - 5 - 0.1 0.5 5 -

K. pneumoniae 1 5 1 5 0.1 1 5 -

subfraction SF5 is S. aureus. The results indicated that SF5,
with concentrations between 0.1 and 1 mg mL", could inhibit
(bacteriostatic) and kill all the five pathogens (bactericidal)
effectively. The three subfractions SF3, SF4 and SF6, with
concentrations of 1 to 5 mg mL"!, were only able to inhibit
(bacteriostatic) and kill (bactericidal) B. cereus and K.
pneumoniae. In addition, 5 mg mL™! of SF6 could only inhibit
K. pneumoniae (bacteriostatic). Consequently, it is highly
suggestive that SF5 comprise of the most active compounds
against the five pathogens (Table 3).

SF1-SF6 represents the sub-fractions from the second
fractionation. Pathogens-Pseudomonas aeruginosa ATCC
10145, Salmonella Typhimurium ATCC 14028, Proteus vulgaris
ATCC 8427, Escherichia coli ATCC 25922 and Candida
albicans ATCC 90028 were resistance to all the fractions.

Ultra-Performance Liquid Chromatography-Mass
Spectrometry analysis (UPLC-MS)

The chromatogram of UPLC/MS analysis of the
subfraction SF5 showed three series of ion peaks at [M+H]"

m/z = 197.1575 and 169.0823, at [M+H]" m/z = 678.4408,
at [M+H]* m/z = 244.1696; 270.1950 and 270.2010 (Fig.
4A). In the first series, a set of mass peaks with an interval
of 28 was observed and it has been reported that for the
lipopeptides (depending on the type) a set of 14 or 28
molecular weight is often observed with different numbers
of methylene (~CH,-) or ethylene (-CH,~CH_-) in fatty acyl
chains [22-24]. The second series of peaks corresponds to a
class of oligopeptide antibiotics such as monamycin (mol. wt.
677.84) and Alphostatin (mol. wt 668.637) produced by B.
megaterium [25]. The third series of peaks with an interval
of 26 molecular weight, cannot be immediately classified to
compounds reported in the literature, though the mass data
shows that it could be an ionic product of larger compounds.
The first and second series of peaks in this study can be said
to represent different fengycin and surfactin homologues
by comparing their mass data with product ions obtained
in previous studies [23,26,27]. The ion peak results showed
product ions of [M+H]" m/z = 965.6798; 966.7001 and
967.7208, which corresponds to the collision ionization
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Figure 4: (A) Chromatogram of UPLC-MS of Subfraction SF5 for the time of flight (TOF) of 5 mins., showing the three series of ion peaks at
[M+H]" m/z = 197.1575; 169.0823, at [M+H]* m/z = 678.4408, at [M+H]" m/z = 244.1696; 270.1950; 270.2010 and (B) Magnified spectra of
precursor ions of m/z = 1356.0151; 1358.0664 and 1105.8010; 1119.8870; 1120.8992; 1121.9119 (Lipopeptides homologues).

dissociation (CID) spectra of precursor ions of [M+H]
m/z = 1356.0151 and 1358.0664 (Fig. 4B). The product ion
fragments of [M+H]" m/z=965.6798; 966.7001 and 967.7208
can be said to be losses of fatty acid-Glu (amino acid residue)
from the N-terminus segment of a lipopeptide antibiotic
(fengycin B) [23,27]. Similarly, the product ions of [M+H]*
m/z = 678.4601; 679.4690 and 680.5076 can be explained as
ionized product of oligopeptide antibiotics, i.e. Monamycin
(mol. wt. 677.84), as its accurate mass correspond to the
[M+H]" 678.4601, which has also been reported as one of
the products of Bacillus sp. [17,28]. The third series of peaks
[M+H]* m/z = 120.0921; 233.1971; 277.2599; 361.2691;
460.3424; 544.3967; 545.4211; 554.4237 and 560.4314 see
Figure 4B, can also be explained to be product ions from
the precursor ions of [M+H]" m/z =1105.8010; 1119.8870;
1120.8992 and 1121.9119 that belonged to fengycin isoforms
[23]. The precursor ion [M+H]" m/z = 1119.8870 observed,
corresponded to Antibiotic complex 61-26 (mol. wt.
1120.348) produced by Bacillus sp. isolated by Wakisaka and
Koizumi [29] and Shoji, Sakazaki [17]. Bacillus strains have
been reported to produce several lipopeptide antibiotics and
lipopeptide biosurfactants that have the capacity to inhibit
Gram-positive bacteria and phytopathogenic fungi. They are
so diverse that different strains of Bacillus produce different
types of these substances [27,30]. It is evident that endophytic

Bacillus tequilensis ALR-2, has equal potential to produce
series of lipopeptides antibiotics and fengycin isoforms which
are responsible for its antimicrobial activities. This study is
also the first to report on the production of Antibiotic complex
61-26 (mol. wt. 1120.348) and Monamycin (mol. wt. 677.84)
by the endophytic Bacillus tequilensis ALR-2. Conclusively,
the UPLC-MS analysis has suggested that the precursor ions
are lipopeptides (fengycins) and surfactins. Fengycins and
surfactins are natural lipopeptides that show antimicrobial,
antiviral and antitumor activities [23] and they are said to be
safer in the environment when compared with other chemical
agents. Fengycin are known to inhibit filamentous fungi but it
does not inhibit yeast. In this study Bacillus tequilensis ALR-
2 was found to be a co-producer of fengycins and surfactin
as its antimicrobial activities and UPLC-MS have suggested.
These natural lipopeptide compounds can be of use in the
food preservation and control of plant diseases. Moreover, we
suggest the determination of its amino acids and fatty acids
residues to be able to elucidate its structure which may be
useful in predicting it mechanism of action.
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