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In this study we isolated and identified the lipopeptides produced by Bacillus amyloliquefaciens strains 1/6k and 4/9, which were
isolated from Adriatic Sea. Lipopeptides belong to the family of cyclic biosurfactants representing a group of surface active compounds
produced by various microorganisms. Studied Bacillus spp. strains were able to produce cyclic lipopeptides surfactin, iturin A and
fengycin. The characterisation of lipopeptides was studied by various analytical techniques (high-performance liquid chromatography —

HPLC and matrix-assisted laser desorption/ionization time-of-flight analysis for molecular mass determination — MALDI-TOF/MS).
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These methods confirmed co-production of three lipopeptides — surfactin, iturin A and fengycin by Bacillus amyloliquefaciens.
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INTRODUCTION

Surfactants are defined as surface active agents with attractive properties and can
be produced by chemical or biological way (Al-araji et al., 2007). Surfactants
produced by biological synthesis are biosurfactants (BSs) and can be generated
by various species of microorganisms (bacteria, fungi and yeasts) (Akbari et al.,
2018). BSs offer a variety of advantages over the chemical surfactants, e. g.
better biodegradation, bioavailahility, biocompatibility, stability and low toxicity
for the environment (Hentati et al., 2019; Mulligan, 2005). Biosurfactants are
able to reduce the surface tension of liquids, gases and solids, and thus enable
their mixing in the form of emulsions in liquids (Cappello et al., 2012). These
facts lead to use of biosurfactants in the fields of food, cosmetic, agriculture,
petrochemistry, medicine and pharmacy as antibacterial and antifungal
compounds (Banat et al., 2014; Roy, 2017).

Chemically, the biosurfactants can be divided into glycolipids, lipopeptides,
phospholipids, fatty acids or neutral lipids (Roy, 2017). A common feature of all
the mentioned types of compounds is their composition from the lipophilic
(hydrocarbon chain of fatty acid or steroid ring) and hydrophilic (carboxylic
group of fatty or amino acids, hydroxyl group of saccharides, eventually, the
phosphoryl group of phospholipids) moieties (Kim et al., 2004).

Surfactins, fengycins and iturins are the mostly known types of lipopeptide
biosurfactants. Surfactin and fengycin contain a cyclic lactone ring consisting of
S-hydroxy fatty acid containing 14 or 15 carbons and heptapeptide (surfactin) and
decapeptide (fengycin) with various amino acids (Bonmatin et al., 1995; Sun et
al., 2006), iturin forms a lactam ring with S-amino acid attached to heptapeptide
(Volpon et al., 2007). The fatty acid chain of iturin A lipopeptide varies from 13
to 17 carbon atoms (Delcambe et al., 1977). All the mentioned types of
lipopeptide biosurfactants exhibit many important biological activities due to the
growing problem of resistance of conventional antibiotics, for example
antimicrobial properties, on the other hand indicate also antiviral, antifungal or
cytolytic activity (Kim et al., 2004; Meena & Kanwar, 2015).

The aim of this study was to investigate several methods including TLC, HPLC
and MALDI-TOF/MS for detection of biosurfactant metabolites produced by B.
amyloliquefaciens strains.

MATERIAL AND METHODS
Lipopeptide biosurfactants isolation

Bacillus amyloliquefaciens 1/6k, and 4/9 strains were isolated from marine water,
sand, and seaweed obtained from the Adriatic Sea as we presented in our
previous study (Englerova et al., 2019). Biosurfactants (BSs) were isolated using
a modified method by Plaza (Plaza, et al., 2015). 300 mL aliquot of McKeen
medium was inoculated by a night culture of Bacillus amyloliquefaciens strains.
The medium was then cultivated for 72 h at 27 °C, and 140 rpm (Shaker SKO-D
XL, ARGOlab, Capri, ltaly). After cultivation, the appropriate bacterial culture
was centrifuged (4 754 g/65 min/4 °C) and the supernatant was acidified by 6 M
hydrochloric acid to pH 2. During the night the precipitation was formed at 4 °C,
and then it was centrifuged again (4 754 g/55 min/ 4°C). The sediment was
dissolved in 100 mL of distilled water. The pH of the samples was adjusted to the
value of 7 by adding of 1 M NaOH. Lipopeptides were extracted to the organic
phase consisting of ethyl acetate and methanol in 4:1 (v/v) ratio. The organic
layers were combined and dried by sodium sulphate, filtered off, and the solvent
was evaporated (IKA RV 10 Digital, Germany). The yellow oil product was then
lyophilized and stored at -20 °C.

Thin-layer chromatography

Thin-layer chromatography analysis of the extracted lipopeptide biosurfactants
was performed using ethyl acetate as the eluent. A 20 pL aliquot of the product
was applied to a silica gel TLC plate (TLC Silica gel 60 Fjs4, Merck, Darmstadt,
Germany). After development of the chromatogram and evaporation of the
eluent, the plate was visualized using 0.5 % ninhydrin solution in n-butanol with
1 mL of acetic acid addition as the developing agent for the detection of amino
groups of peptides.

High performance liquid chromatography

The isolated BSs mixtures were dissolved in acetonitrile and filtered through a
0.22 um membrane filter. A 20 pL volume was injected onto a reverse-phase
column YMC MeteoricCore C18 Bio (150 x 4.6 mm) with particle size of 2.7 pL
(YMC Co., Ltd., Japan). The analysis was carried out using a Dionex UltiMate
3000 UHPLC system equipped with a Chromeleon Chromatography Data
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System, version 7.2 (Thermo Fisher Scientific, Braunschweig, Germany) using
photodiode array detector (DAD). The analyses were performed at the
wavelength of 214 nm. The 0.5 mg.mL™ concentrations of standards surfactin,
fengycin and iturin A (all purchased from Sigma Aldrich, Germany) were used.
The mobile phases consisted of 0.05 % trifluoroacetic acid (TFA, Merck,
Germany) in acetonitrile (Sigma Aldrih, Germany) (eluent A) and 0.05 % TFA in
water (eluent B). Optimization of the separation strategy was done stepwise using
a gradient elution focused on the mobile phases flow, ratio and time of analysis.
The final gradient strategy for the acetonitrile-water mobile phase system was as
follows: 0 — 5 min 100 % B with flow rate of 0.5 mL.min™; 5 — 10 min linear
gradient from 0 % to 10 % of eluent A with flow rate of 0.8 mL.min%; and 10 —
75 min linear gradient from 10 % to 90 % of eluent A with 1.5 mL.min™ flow
rate.

MALDI-TOF/MS analysis

HPLC purified isoforms were analyzed by a matrix-assisted laser
desorption/ionization time-of-flight analysis (MALDI-ToF MS Biotyper, Bruker
Daltonics, Germany) for molecular mass determination. One microlitre of the
sample was applied to a target plate (Bruker Daltonics, Germany, MSP Target)
and allowed to dry at room temperature. The matrix used for co-crystallization
was 2-a-cyano-4-hydroxycinnamic acid, HCCA (Sigma, USA. The UV laser
(337 nm) was used for desorption and ionization and the voltage of 20 kV. The
mass spectra were acquired using a Microflex LT mass spectrometer with the
flexControl 3.0 software (Bruker Daltonics, Germany). M/z values were
measured in the range from 800 to 2,000. Spectra were measured randomly by
100 laser shots. For analysis a flexAnalysis 3.0 software (Bruker Daltonics,
Germany) was used. Detection of peaks was done by Centroid detection
algorithm with a signal-to-noise threshold of 1, relative intensity threshold of 0
%, minimum threshold of 0, and a peak width of 0.2 m/z.

RESULTS AND DISCUSSION

Thin-layer chromatography

The chemical characterization of BSs isolated from Bacillus amyloliquefaciens
strains 1/6k, and 4/9 was firstly performed by TLC. The TLC analysis suggested

that the produced BSs were peptides as they developed colour change (purple
spots were observed) when ninhydrin was used for visualisation.

High-performance liquid chromatography

Optimized conditions for the reverse phase HPLC method with UV/Vis detection
were developed for direct detection of iturin A, fengycin and surfactin (Figure
1a). Relevant parameters for HPLC analysis were varied, such as the flow rate
and ratio of solvents used as mobile phase. Finally, the 0.05 % of trifluoroacetic
acid in acetonitrile and water was utilized as a mobile phase. For the examined
sample, three main groups of peaks were observed in the HPLC chromatogram of
lipopeptides from studied strains of B. amyloliquefaciens spp., as shown in figure
1b and 1c. The retention time from 11.25 — 22.5 min was attributed to iturin A
standard, followed by peaks of fengycin (35.0 — 45.0 min), and for surfactin there
were observed three peaks at 15.73; 18.46 and 20.90 min and the group of peaks
eluted in the range of 51.0 — 60.0 min.

As shown in Figure 1b, the HPLC chromatogram of the studied LPs from B.
amyloliquefaciens strain 4/9, contained components of surfactin and fengycin, the
most common families of LPs. The peaks of fengycin and surfactin isomers could
be attributed by the retention times to standards of the mentioned LPs. The
retention times for iturin A standard isomers were observed at 11.79, 12.18,
13.37, 1447, 1513, 1590, 16.14, and 16.21 min, while in the B.
amyloliquefaciens 1/6k (Figure 1c) strain the retention times observed for iturin
A were 11.78, 13.13, 14.01, 15.01, and 16.16 min. In the sample obtained from
B. amyloliquefaciens 4/9 no iturin A peaks were observed in HPLC
chromatograms. The retention times for surfactin standard isomers were 15.73,
18.46, 21.93 min and the group of peaks including 51.44, 53.98, 54.43, 54.55,
55.96, 56.12, and 56.23 min. In the 4/9 strain there were detected peaks of
surfactin at 21.72, 51.04, 53.94, 54.54, 55.05, 55.63, 56.08, and 56.26 min.
Surfactin isoforms peaks were observed at 14.92, 47.62, 50.75, 50.99, 51.81,
52.81, 54.51, 55.02, 55.59, 56.08, and 56.26 min. for B. amyloliquefaciens 1/6k
strain. The retention times for fengycin standard isomers, were 36.43, 37.49,
38.42, 39.64, 40.19, 40.79, 40.97, and 42.31 min while in the 4/9 bacterial strain
there were noticed peaks of fengycin at 36.59, 37.23, 40.67, 41.64, and 42.34
min. and for strain 1/6k at 36.40, 37.23, 38.34, 39.28, 40.11, 40.71, 41.04, and
42.30 min. These results allowed us to conclude that B. amyloliquefaciens 4/9
and 1/6k may produce the LPs surfactin, iturin A and fengycin. This confirms the
results of the genetic study mentioned in previous work (Englerova et al., 2019).
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Figure 1 HPLC chromatograms of lipopeptides: a) standards of iturin A, fengycin, and surfactin; b) obtained from B. amyloliquefaciens 4/9 strain; c) obtained from B.

amyloliquefaciens 1/6k strain

Lipopeptides isolated using extraction method from the isolates B.
amyloliquefaciens 4/9, and 1/6k were further characterised by HPLC and
MALDI-TOF/MS analysis. Several papers showed the possibility of using HPLC
methods for characterization of BSs (Ashraf et al., 2016; Hentati et al., 2019;
Kim et al., 2010; Kim et al., 2004; Plaza et al., 2015; Sarwar et al., 2018). For
example, Yang and his colleagues (Yang et al., 2015) developed a three-stage
gradient elution strategy for acetonitrile-water mobile phase with a flow rate of
0.8 mL/min. The total time of analysis was 25 min. Our analysis performed under
the mentioned conditions was unsuccessful, as the LPs were not separated, so we
decided to modify this method. The first step was to change the mobile phase by
adding TFA, which was also used by some authors (Gong et al., 2015; Mubarak
et al., 2015). The addition of 0.05 % TFA to acetonitrile and water resulted in
better separation of the studied LPs in the samples. By using our gradient elution
strategy, iturin A, fengycin and surfactin isoforms were separated within the
retention times of 11 — 17 minutes for iturin A, 36 — 43 minutes for fengycin and
51 — 57 minutes for surfactin isoforms. To summarize, we can conclude that
under the conditions used, we were able to separate successfully LPs from B.
amyloliquefaciens 4/9, and 1/6k, and in the future we plan to apply this method
for identification of lipopeptide BSs isolated from other Bacillus spp.

MALDI-TOF/MS analysis

LP-producing B. amyloliquefaciens 4/9, and 1/6k was grown under pre-
established conditions in the McKeen medium and its extract was obtained by
ethyl acetate/methanol (4:1, v/v) extraction. The lyophilized extract was then
subjected to MALDI-TOF/MS analysis as an acetonitrile solution. In the spectra

of isolated LPs there were detected peaks having masses very similar to LP
compounds.

As shown in Figure 2, the most intensive signals in the m/z range of 1400 — 1600
were observed in the MALDI-TOF/MS spectra of the isolated LP mixture. The
peak at m/z = 887.9 was attributed to iturin A, peaks at m/z = 1029 and 1044 to
surfactin and the ions between m/z = 1400 — 1600 were regarded as belonging to
fengycin (1479.7, 1465.5, 1451.5, 1437.1, 1423). These results confirmed that B.
amyloliquefaciens 4/9 (Figure 2a) produces surfactin, fengycin and iturin A,
while the strain 1/6k (Figure 2b) only surfactin and fengycin, the families of
lipopeptide BSs.
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Figure 2 MALDI-TOF/MS spectra of lipopeptides: a) obtained from B.
amyloliquefaciens 4/9 strain; b) obtained from B. amyloliquefaciens 1/6k strain

MALDI-TOF/MS analysis is a method broadly used for identification of cyclic
LPs. This method affords high sensitivity and exhibits sequence ions of the cyclic
peptides (Yang et al., 2015). For identification of LPs from B. amyloliquefaciens
4/9, and 1/6k we detected ions at m/z = 1093.9 (attributed to iturin A), 1016.4,
1029 and 1044 (surfactin) and 1465.5 (fengycin). Our results are in line with the
available literature, for example the study of B. subtilis CMB32 strain by Kim et
al. (2010), in which they analysed the structures of LPs. The authors observed
several peaks in the range of 1016 and 1044 attributed to surfactin class, then the
peaks in the range of 1452 and 1542 for fengycin group and between 1066 and
1094 they observed iturin class peaks. A similar mass intensity was described in
the study by Bernat et al. (2016), who used the MALDI-TOF/TOF method.

CONCLUSION

Studying microbes able to produce bioactive compounds is a promising approach
to the management of infectious diseases. Our study demonstrated that Bacillus
spp. isolated from the Adriatic Sea are good candidates for isolation of BSs. The
isolates demonstrated responsibility for production of surfactin, fengycin and
iturin, the three main lipopeptide families. Afterwards, LPs were successfully
isolated from B. amyloliquefaciens 4/9, and 1/6k. Results obtained by HPLC and
MALDI-TOF/MS analyses confirmed co-production of surfactin, iturin A and
fengycin by mentioned isolates. The antimicrobial and antibiofilm activities of
isolated LPs require further investigation.
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