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Abstract
We studied a strain of Bacillus	isolated	from	an	artisanal	tannery	in	Salta,	Argentina.	It	was	identified	as	Bacillus licheni-
formis B6 by 16 S phylogenetic analysis and MALDI TOF (GenBank accession code No. KP776730). The synthesis of 
lipopeptides by B6 and their antibacterial activity against clinical pathogenic strains was analyzed both in the cell-free 
supernatant	(CFS)	and	in	the	crude	fraction	of	lipopeptides	(LF).	Overall,	the	CFS	did	not	significantly	reduce	the	viability	
of the studied strains (Staphylococcus aureus 269 and ATCC 43,300, Escherichia coli 4591 and 25,922, Klebsiella sp. 
1087 and 1101). However, LF at 9 mg/mL reduced the viability of those pathogenic strains by 2 and 3 log orders compared 
to	 those	of	 the	control.	When	 the	effects	of	LF	and	ampicillin	were	compared,	 they	showed	different	sensitivity	against	
pathogenic strains. For example, E. coli 4591 was the strain most resistant to ampicillin, requiring 250 mg/mL of antibiotic 
to	achieve	 the	same	inhibitory	effect	as	9	mg/mL	of	B6	LF.	SEM	observations	of	 the	effect	of	LF	on	biofilm	formation	
by E. coli 4591 and Klebsiella	sp.	1087	clearly	showed	that	biofilm	structures	were	destabilized,	these	strains	turning	into	
weak	biofilm	formers.	Signals	in	the	CFS	and	LF	corresponding	to	kurstakin	and	iturin	were	identified	by	MALDI	TOF.	
Interestingly, surfactin was detected, rather than lichenysin, the expected lipopeptide in B. licheniformis species. Signals 
of bacitracin and fengycins were also found, the latter with a higher number of homologues and relative intensity in the 
LF than the other lipopeptides. These results show that the lipopeptides synthesized by B. licheniformis B6 have both 
potential	antibacterial	and	anti-biofilm	activity	against	pathogenic	bacteria	of	health	importance.

Highlights
 ● Bacillus licheniformis B6 (Genbank accession code Nº KP776730, isolated from an artisanal tannery) synthesizes lipo-

peptides with biological activity.
 ● The crude fraction of lipopeptides (LF) had antagonistic action against Staphylococcus aureus 269 and ATCC 43300, 

Escherichia coli 4591 and 25922, Klebsiella sp. 1087 and 1101.
 ● 9	mg/mL	of	B6	LF	were	effective	to	inhibit	E. coli 4591, whereas 250 mg/mL of ampicillin were necessary to elicit a 
similar	effect.

 ● SEM	observations	of	the	effect	of	LF	on	biofilm	formation	by	E. coli 4591 and Klebsiella sp. 1087 clearly showed that 
biofilm	structures	were	destabilized.

 ● Signals	in	the	LF	corresponding	to	kurstakins	and	iturin	were	identified	by	MALDI	TOF;	surfactin	was	detected	instead	
of lichenysin.
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Introduction

Bacillus licheniformis is a Gram-positive thermophilic 
bacterium.	 Studies	 have	 confirmed	 that	 their	 strains	 can	
grow and produce biosurfactants such as lipopeptides 
under aerobic and anaerobic conditions, and under con-
ditions of high salinity and temperature (Lin et al. 1998). 
Biosurfactants are amphiphilic metabolites produced by a 
wide	group	of	bacteria	and	can	be	a	useful	tool	for	fighting	
against	biofilm-forming	bacteria.	Their	advantages	include	
low toxicity, high biodegradability, good environmental 
compatibility, high foaming capacity, high selectivity, and 
stability in extreme environments (Desai and Banat 1997). 
Lipopeptides are particularly interesting due to their high 
surface tension activity and antibiotic potential (Bonmatin 
et al. 2012;	Zhao	et	al.	2017). B. licheniformis is Generally 
Recognized as Safe (GRAS) by the European Food Safety 
Authority (FAO 2011;	 EFSA	2021). Moreover, due to its 
capacity to control the growth of pathogens, the species has 
been considered/suggested as an alternative to conventional 
antibiotics (Ramasubburayan et al. 2014). The lipopeptides 
synthesized by B. licheniformis, such as lichenysin, iturin, 
bacitracin, and fengycin, have the potential to inhibit the 
growth	and	biofilm	formation	of	human	and	animal	patho-
genic bacteria, mainly Gram-positive ones, like Staphylo-
coccus aureus, Listeria monocytogenes, and B. cereus, and 
some Gram-negative bacteria, including Escherichia coli, 
Salmonella Typhimurium, and Aeromonas sp.(Cladera-Oli-
vera et al. 2004;	Shobharani	et	al.	2015;	Giri	et	al.	2019;	Lin	
et al. 2020). Antibiotics and commercial drugs are essential 
to	 treat	 and	control	 infections	caused	by	pathogens;	how-
ever, their misuse has been associated with the emergence 
and spread of highly resistant strains (WHO, 2018). E. coli, 
S. aureus, and Klebsiella sp. are among the most drug-
resistant pathogenic bacteria, causing nosocomial diseases 
that call for substantial medical and economic resources 
(Lautenbach et al. 2001;	Newell	et	al.	2010;	WHO	2018). 
These	bacterial	genera	are	characterized	by	biofilm	forma-
tion, thus being a matter of major health concern both in 
hospitals (Donelli and Vuotto 2014) and in the food indus-
try (Van Houdt and Michiels 2010).	Biofilms	are	a	common	
lifestyle of bacterial communities where cells are embed-
ded in a self-produced, highly hydrated matrix composed 
of common biopolymers like polysaccharides, proteins, 
and extracellular DNA (Flemming et al. 2016).	In	biofilms,	
bacterial cells exhibit increased resistance to antimicrobial 
agents because the matrix acts as a barrier, and most cells 
are	metabolically	inactive.	Biofilms	produced	by	multidrug-
resistant (MDR) strains in nosocomial infections are of par-
ticular medical interest as they pose serious risks to patients 
and produce high social costs. (Fux et al. 2005). As a result, 
treatments	aimed	at	preventing	or	limiting	biofilm	formation	

are currently being researched. In this work, we studied a 
strain of Bacillus isolated from an artisanal tannery (Salta, 
Argentina) in terms of lipopeptide synthesis, antibacterial 
activity,	and	capacity	to	inhibit	the	biofilm	formation	of	bac-
terial	pathogens	of	public	health	significance	according	 to	
the last WHO reports (WHO 2018;	WHO	2021).

Materials and methods

Bacillus strain growth and maintenance conditions

The strain Bacillus B6 was isolated from an artisanal tan-
nery (Salta, Argentina) and phylogenetically characterized. 
It was routinely grown at 37 ºC for 24 h in Luria-Bertani 
(LB) medium without agitation and preserved in vials con-
taining LB broth plus 10% v/v glycerol at -20 °C.

Indicator microorganisms

The clinical strains used as indicator microorganisms were 
Staphylococcus aureus 269 and ATCC 43,300, Escherichia 
coli 4591 and 25,922, and Klebsiella sp. 1087 and 1101. All 
strains were grown in brain-heart infusion broth (BHI, Bri-
tania, Argentina) at 37 ºC without a special atmosphere and 
kept at -20ºC in BHI broth with glycerol (10% v/v). These 
strains were obtained from Mother and Child Public Hos-
pital of Salta, Pablo Soria Hospital of Jujuy, and American 
Type Culture Collection (ATCC).

Phylogenetic characterization of Bacillus B6

DNA extraction was carried out with an active culture 
according to Miller (1972). For the genotypic characteriza-
tion, the isolate was genetically characterized by analysis of 
the subunit 16 S of rRNA and sequencing was performed 
on both strands by the commercial services of Macrogen 
Inc.	(Seoul,	Korea).	Briefly,	intergenic	16-23	S	transcribed	
spacer PCR (ITS-PCR) was carried out using nucleotide 
single universal strand primers S-D-Bact-0008-a-S-20 
(AGAGTTTGATCCTGGCTCAG) and S-D-Bact-1495-
a-A-20	 (CTACGGCTACCTTGTTACGA)	 (Daffonchio	 et	
al.	1998).	The	extracted	genomic	DNA	was	amplified	in	a	
25-µL reaction mixture containing 0.2 µL Taq polymerase, 
2.5	µL	10	X	buffer	STR,	0.1	µL	primer,	17.1	µL	PCR	water	
and	5	µL	DNA.	Amplification	consisted	of	an	initial	dena-
turation step at 94 ºC for 5 min, followed by 35 cycles at 94 
ºC	for	1	min,	50	ºC	for	2	min	and	72	ºC	for	2	min,	and	a	final	
extension at 72 ºC for 7 min. Control reaction mixtures lack-
ing template DNA were also included in each experiment. 
The PCR products were separated on 1% (w/v) agarose gel 
electrophoresis set at 70 volts for 60 min. Gel patterns were 

1 3

181 Page 2 of 13



World Journal of Microbiology and Biotechnology (2022) 38:181

visualized with UV by staining with “SYBR safe DNA gel 
stain (INVITROGEN)”. On-line search for similarity was 
carried out at GenBank using the BLAST program (http://
www.ncbi.nlm.nih.gov).

Microbial identification by UV-MALDI Mass 
Spectrometry

Bacillus	B6	strain	was	identified	by	obtaining	spectra	using	
MALDI-TOF MS technology (Ultraviolet Matrix Assisted 
Laser Desorption Ionization Time-of-Flight Mass Spec-
trometry);	the	spectra	were	analyzed	with	the	VITEK®	MS	
database (by Cibic Cepide- Rosario, Argentina). It was used 
as	a	complementary	method	to	confirm	the	identification	of	
this strain.

Preparation of Bacillus cell-free supernatant

The	inhibitory	effect	of	B. licheniformis B6 cell-free super-
natant (CFS) was evaluated. LB medium was inoculated 
with a pure culture of B6 and incubated at 37 ºC for 6 days, 
without agitation. Then, the CFS was obtained by centrif-
ugation (10,000 g	 for	10	min	at	4	 ºC)	 and	filter-sterilized	
(0.22	μm	pore-size	cellulose	acetate	membranes).	CFS	was	
kept at 4 ºC until further analysis.

Extraction of lipopeptides

Lipopeptide synthesis was analyzed according to Sabaté 
et al. (2009).	 Briefly,	 the	CFS	was	 obtained	 as	 described	
above.	The	 lipopeptides	were	 then	precipitated	by	acidifi-
cation	with	concentrated	HCl;	recovered	by	centrifugation	
(14,000 g	 at	 4	 ºC	 for	 25	min)	 and	 finally	 extracted	 with	
methanol, according to Youssef et al. (2004). The solvent 
was	 evaporated	 and	 the	 precipitate	 containing	 different	
lipopeptides	was	dissolved	in	sterile	distilled	water	(pH	8);	
the resulting sample was denominated lipopeptide fraction 
(LF).

MALDI-MS analysis of lipopeptides

Lipopeptides produced by B. licheniformis B6 were iden-
tified	 by	UV-MALDI-MS	 in	CFS	 and	LF	 samples.	 Spec-
tra were recorded on the MALDI TOF/TOF UltraFlex II 
(Bruker Daltonics, Bremen, Germany). Mass spectra were 
acquired in linear positive mode and with LIFT device on 
MS/MS mode. External mass calibration was performed 
using	 β-cyclodextrin	 (MW	 1134)	 with	 9	 H-pyrido[3,4b]-
indole (norharmane, nHo) as matrix. The matrix signal was 
used as an additional standard for calibration. Sample solu-
tions were spotted on an MTP 384 target plate polished steel 
from Bruker Daltonics (Leipzig, Germany). MALDI-MS 

matrix solutions were prepared with nHo (1 mg/mL) in 
acetonitrile/water (1:1, v/v). For UV-MALDI-MS experi-
ments, the sandwich method was used according to Nonami 
et	al.	(1998);	0.5	mL	of	matrix	solution,	0.5	mL	of	analyte	
solution (or suspension) and matrix solution (0.5 ml ox 2) 
were loaded successively after drying each layer at normal 
atmosphere and room temperature. The matrix to analyte 
ratio was 3:1 (v/v) and the matrix and analyte solution load-
ing sequence was: (i) matrix, (ii) analyte, (iii) matrix, (iv) 
matrix. Desorption/ionization was obtained using the fre-
quency-tripled Nd:YAG laser (355-nm). Experiments were 
performed	using	the	full	range	setting	for	laser	firing	posi-
tion in order to select the optimal position for data collec-
tion,	and	then	fixing	the	laser	firing	position	in	the	sample	
sweet spots. The laser power was adjusted to obtain high 
signal-to-noise ratio (S/N) while ensuring minimal frag-
mentation of the parent ions and each mass spectrum was 
generated by averaging 100 laser pulses per spot. Spectra 
were obtained and analyzed with the programs FlexCon-
trol and FlexAnalysis, respectively. Experiments were 
conducted on two spots (duplicate) prepared with each indi-
vidual sample. In order to check reproducibility of the data, 
each sample was prepared and measured independently at 
least	 on	 two	 different	 days.	 Thus,	 our	 conclusions	 come	
from observations of results obtained for each sample, at 
least	4	times	9	H-yrido[3,4-b]indole	(norharmane,	nHo)	and	
β-cyclodextrin	 (cyclomaltoheptaose)	were	purchased	 from	
Sigma-Aldrich Chemical Co. HPLC grade acetonitrile was 
used. Water of very low conductivity (Milli Q grade) was 
used.

Minimum inhibitory concentration of ampicillin by 
the well diffusion assay

The minimum inhibitory concentration (MIC) of ampicil-
lin was determined in a range of 500–0.001 mg/mL against 
all the indicator strains (Staphylococcus aureus 269 and 
ATCC 43,300, Escherichia coli 4591 and 25,922, Klebsi-
ella	sp.	1087	and	1101),	using	the	well	diffusion	assay,	as	
described by Audisio et al. (2005). Twenty-two µL of each 
sample were dropped in 5 mm wells made in MH agar plates 
inoculated with 107 CFU/mL of the indicator strain. Plates 
were incubated at 30 °C for 24 h and examined for inhibi-
tion halos (mm).

Minimum inhibitory concentration of B6 samples 
determined by the microplate direct contact assay

The minimal inhibitory concentrations (MIC) of LF and 
CFS from B. licheniformis B6 against Klebsiella sp. 1087, 
S. aureus 269 and E. coli 4591 were evaluated. Cells 
from overnight cultures grown in BHI broth were diluted 
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samples were left up to a complete drying. Finally, the dehy-
drated samples were metallized and observed at 15 kV on a 
Joel JMS 6480 LV computer (Scanning Electron Micros-
copy and Microanalysis by X-ray Scattering), LASEM lab-
oratory—INIQUI (Laboratory of Electron Microscopy and 
Microanalysis).

Statistical analysis

The	 antibacterial	 and	 antibiofilm	 activity	 assays	 against	
pathogenic bacteria, both from the CFS and LF of B. lichen-
iformis B6, were carried out in triplicate. Average values 
and standard deviations represent the outcomes of these 
effects.	The	data	were	analyzed	by	the	Infostat	2017	statisti-
cal program and the result of each treatment was informed 
as the average value +- standard deviation.

Results

Bacterial identification by phylogenetic and UV-
MALDI Mass Spectrometry methods

Analysis of the 16 S rRNA subunit revealed that strain B6 
presents 98% homology with known strains of Bacillus 
licheniformis of the GenBank database, according to the 
BLAST program. The nucleotide frequency was deposited 
at GenBank under KP776730 accession code number. The 
genetic homology of B. licheniformis B6 with related spe-
cies can be observed in the phylogenetic tree constructed 
using the neighbor-joining method (Fig. 1). The phyloge-
netic distance between this strain and the pathogenic species 
B. cereus is remarkable. The identity of this strain was also 
confirmed	by	MALDI	TOF	assay,	using	 the	VITEK	data-
base (http://go.biomerieux.com/vitek-v3).

in peptone water in order to obtain a suspension ca. 103 
CFU/mL.	The	antibacterial	effect	was	analyzed	as	follows:	
96-well	microplates	were	used	and	different	concentrations	
of LF (2, 4, 9 and 20 mg/ mL) were put in direct contact with 
suspensions of the indicator strain at a 1/10 ratio at 37 ºC 
for 2, 4 and 6 h. Viable culturable indicator cells were deter-
mined by plate count in duplicate using BHI (1.5% w/v) 
agar. The plates were incubated at 37 ºC for 24 h (Ibarguren 
et al. 2010). In addition, the antibacterial activity of the LF 
was compared with the MIC of ampicillin for each patho-
genic strain studied.

Quantification and classification of biofilm 
formation

The	anti-biofilm	effect	of	LF	at	9	mg/mL	on	E. coli (strains 
4591 and ATCC 25,922), and Klebsiella sp. (strains 1087 
and 1101) was evaluated. Pathogenic strains were grown 
under static conditions on 24-well polystyrene microtiter 
plates. In each well, an active pathogenic strain was inocu-
lated in water at pH 8 and in the LF of B6 at a dilution 1:40. 
The	negative	control	consisted	of	sterile	water	at	pH	8;	B. 
subtilis subsp. subtilis Mori 2 were used as positive con-
trol,	 since	 it	 is	a	 strong	biofilm	producer	strain	 (Sabaté	et	
al. 2012). Plates were incubated at 30 °C for 24 h. Then, the 
liquid from the plate was removed, washed three times with 
sterile distilled water and left to dry in an inverted position 
for	30	min.	Biofilm	formation	in	each	well	was	determined	
using crystal violet staining (O’Toole and Kolter 1998). 
The excess of crystal violet was removed with successive 
rinses with distilled water, and then the stained cells were 
solubilized	with	95%	ethanol.	Biofilms	formed	in	polysty-
rene	wells	were	quantified	at	an	absorbance	of	595;	based	
on	these	values,	biofilm	formation	was	classified	into	four	
categories: Non-forming;	weak;	moderate and strong (Mer-
ritt et al. 1947;	Borucki	et	al.	2003;	Stepanović	et	al.	2004).

Scanning electron microscopy analyses

To	observe	the	anti-biofilm	effect	of	B6	strain	by	Scanning	
Electron Microscopy (SEM), slides (1 cm2) were placed in 
the wells of a culture plate containing dilutions (1:40) of the 
active pathogenic strain with water pH 8 and LF 9 mg/mL. 
The plate was incubated at 30 °C for 24 h. Then the slides 
were	 recovered,	 smoothly	washed	and	 the	 formed	biofilm	
was	 fixed,	 as	 mentioned	 by	 Torres	 et	 al.	 (2016).	 Briefly,	
the samples were treated with glutaraldehyde 2.5% v/v in 
a	 0.1	M	phosphate	 buffer	 solution	 of	 pH	7.2,	 for	 24	 h	 at	
4 °C. Then, an alcohol dehydration was performed using 
10%,	30%,	50%,	70%,	96%	and	100%	of	ethanol	96°	(v/v);	
the samples were left in contact with each alcoholic solution 
for 15 min, except for the 100% concentration, in which the 

Fig. 1 Phylogenetic tree based on the rRNA analysis of the 16 S 
subunit revealed that strain B6 presents 98% homology with known 
strains of Bacillus licheniformis
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biofilm	 formation	 of	 pathogenic	 bacteria	 were	 performed	
with LF at 9 mg/mL concentration.

Comparison of inhibitory effect of LF with ampicillin 
MIC

The MIC of ampicillin was determined for further use as a 
positive control of inhibition and compared with LF MIC 
(at	a	final	concentration	of	9	mg/mL)	against	E. coli 4591, 
E. coli ATCC 25,922, Klebsiella 1101, Klebsiella 1087, S. 
aureus 269, and S. aureus ATCC 43,300 (Fig. 3). As shown 
in Fig. 3, the sensitivity of E. coli	strains	differed	between	
LF and ampicillin. After 6 h of contact, the viability of E. 
coli ATCC 25,922 incubated with LF was reduced by 2 
orders, whereas its growth fell by 3 logarithmic orders in 
the presence of ampicillin (0.075 mg/mL), compared to that 
of the control (Fig. 3a). On the other hand, E. coli 4591 was 
more resistant to the synthetic antibiotic, since a 250 mg/mL 
concentration was required to produce the same inhibitory 
effect	 (i.e.,	 a	 viability	 reduction	 of	 about	 1.5	 logarithmic	
orders) as that of 9 mg/mL of LF (Fig. 3b).

On the other hand, both Klebsiella sp. strains exhibited 
a similar behavior in contact with both LF and ampicillin 

Inhibitory activity of the cell-free supernatant (CFS) 
and the lipopeptide fraction (LF)

As shown in Fig. 2a, Staphylococcus aureus 269 was resis-
tant	 to	 the	inhibitory	effect	of	CFS	of	B6	and	no	viability	
reduction was observed using the direct content technique. 
However,	 this	strain	was	sensitive	 to	partially	purified	B6	
lipopeptides, since LF at 9 mg/mL reduced viability by 2 
orders of magnitude, whereas LF at 20 mg/mL was more 
active, inhibiting growth by 2.5 orders of magnitude. On the 
other	hand,	CFS	showed	an	inhibitory	effect	on	Klebsiella 
sp. 1087, reducing its viability by 1 order in relation to the 
control.	However,	 this	 inhibitory	 effect	was	more	marked	
when the pathogen grew in contact with 9 and 20 mg/mL 
of the LF, with reductions of 2 and 3 orders of magnitude, 
respectively, compared to the control (Fig. 2b). Similarly, 
CFS reduced growth of E. coli 4591 by 1 logarithmic order 
and LF at 9 mg/mL and 20 mg/mL reduced viability to 
around 1.5 and 2 logarithmic orders compared to the con-
trol (Fig. 2c). Finally, LF at 2 and 4 mg/mL showed no sig-
nificant	inhibitory	activity	against	the	evaluated	pathogenic	
strains. Since the antibacterial activity of LF at 9 and 20 mg/
mL was similar, further assays for viability inhibition and 

Fig. 2	 Antibacterial	effect	of	SLC	and	FLs	of	B. licheniformis B6 against: (A) S. aureus 269, (B) E. coli 4591 and (C) Klebsiella sp. 1087. Culture 
medium	control	(square,	continuous	line);	H2O	at	pH	8	(circle,	continuous	line);	CFS	(triangle,	continuous	line);	LF	20	mg/mL	(open	square,	dot-
ted	line);	LF	9.0	mg/mL	(open	triangle,	dotted	line);	LF	4.0	mg/mL	(open	rhombus,	dotted	line);	LF	2.0	mg/mL	(open	circle,	dotted	line)
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LF and to ampicillin (0.01 mg/mL), with a reduction of its 
viability of 1 and 2 logarithmic orders, respectively, com-
pared to that of the control (Fig. 3e). However, S. aureus 
ATCC 43,300 was more resistant to the activity of LF, since 
its growth was similar to that of the control. In turn, MIC of 
ampicillin (0.025 mg/mL) reduced S. aureus ATCC 43,300 
viability by 3 logarithmic orders at 6 h of contact (Fig. 3f).

(Fig. 3c-d). After 6 h of contact, LF reduced the viability 
of both strains to about 2 logarithmic orders compared to 
that of the control, whereas ampicillin MIC (1.5 mg/mL) 
reduced it by 4 logarithmic orders. These results suggest 
a bacteriostatic activity of lipopeptides and a bactericidal 
effect	 of	 the	 synthetic	 antibiotic	 against	 these	 pathogenic	
strains.

Finally, both strains of S. aureus	 showed	 a	 different	
response to the lipopeptides. S. aureus 269 was sensitive to 

Fig. 3	 Direct	contact	of	pathogenic	strains	with	LF	9	mg/mL	and	ampicillin	MIC.	Dotted	line-	circles	(Control);	Continuous	line-Squares	(LF	
9	mg/mL);	continuous	line-	Triangles	(ampicillin).	The	ampicillin	MIC	for	pathogenic	strains	was	determined	and	used	as	a	positive	inhibition,	
E. coli	4591	MIC	250	mg/mL;	E. coli	ATCC	25,922	MIC	0.075	mg/mL;	Klebsiella	1101	MIC	1.5	mg/mL;	Klebsiella	1087	MIC	1.5	mg/mL;	S. 
aureus	269	0.01	mg/mL;	S. aureus ATCC 43,300 MIC 0.025 mg/mL
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values were drastically reduced and both strains became 
weak	 biofilm	 formers	 (Table	 1). The strains Klebsiella 
sp.	 1087	 and	 1101	 showed	moderate	 and	 strong	 biofilm-
forming capacity under normal conditions, respectively 
(Table 1). As found for E. coli, Klebsiella	sp.	was	affected	
by LF activity, with both strains showing a reduced capacity 
to	form	biofilm	(Table	1).

UV-MALDI-MS analysis of lipopeptides produced by 
B. licheniformis B6

Production of cyclic lipopeptide compounds by B. licheni-
formis B6 was analyzed by UV-MALDI-MS. Mass spectra 
of CFS (Fig. S1a) and LF (Fig. S1b) revealed mass peaks 

Anti-biofilm effect of lipopeptides produced by B. 
licheniformis B6

The	LF	at	a	final	concentration	of	9	mg/mL	was	studied	in	
terms	of	 its	capacity	 to	affect	biofilm	formation	of	E. coli 
and Klebsiella strains (Fig. 4). E. coli control cells showed 
a	high	intrinsic	ability	to	form	biofilm	(Fig.	4a), whereas, in 
the presence of LF, lack of staining with crystal violet in the 
well	 showed	 that	 lipopeptides	 affected	 the	 biofilm	 forma-
tion of E. coli	strain.	The	biofilm	structure	of	E. coli 4591 
was observed under SEM, both in the control and treatment 
with MIC of LF. In the control, abundant cell communi-
ties embedded in a dense matrix were observed, with the 
mature	biofilm	structure	being	adhered	to	the	glass	surface	
(Fig. 4a). In contact with LF, E. coli 4591 showed no struc-
tures	 resembling	 a	 biofilm,	 but	 only	 scarce	 cells	 attached	
to the glass (Fig. 4a). Furthermore, LF showed an inhibi-
tory	 activity	 of	 biofilm	 formation	 in	Klebsiella sp. 1087 
(Fig. 4b). In the control, sessile cells alone or grouped 
within	a	compact	matrix,	forming	a	clear	biofilm	structure,	
were observed under SEM (Fig. 4b). However, when the 
strain	grew	in	contact	with	LF,	its	capacity	to	form	biofilm	
was notably reduced, since only a few cells were attached to 
the glass and, in some cases, they were elongated and their 
external	structure	was	modified	(Fig.	4b).

Finally,	we	decided	to	quantify	the	anti-biofilm	effect	of	
LF at 9 mg/mL against E. coli ATCC 25,922, E. coli 4591, 
Klebsiella sp. 1101, and Klebsiella sp. 1087 (Table 1) by CV 
assay after 24-h treatment. The obtained measures allowed 
us to classify both E. coli	strains	as	strong	biofilm	formers	
(Table 1). However, after contact with LF, CV absorbance 

Table 1	 Quantification	of	the	impact	of	the	LF	(9	mg/mL)	on	biofilm	
formation by E. coli and Klebsiella strains
Treatment aAbsorbance 

(Media ± SD)
bClassification

E. coli4591
H2O pH 8 (control) 1.26 ± 0.24 Strong
LF 9 mg/mL 0.55 ± 0.01 Weak
E. coliATCC 25,922
H2O pH 8 (control) 1.51 ± 0.02 Strong
LF 9 mg/mL 0.38 ± 0.05 Weak
Klebsiellasp. 1087
H2O pH 8 (control) 0.86 ± 0.06 Moderate
LF 9 mg/mL 0.48 ± 0.02 Weak
Klebsiellasp. 1101
H2O pH 8 (control) 1.56 ± 0.02 Strong
LF 9 mg/mL 1.13 ± 0.31 Moderate
a Measurement of the absorbance of crystal violet at 595 nm
b	Type	of	biofilm	produced

Fig. 4	 Anti-biofilms	effect	of	the	lipopeptides	synthesized	by	Bacillus licheniformis	B6.	Biofilms	formation	of	(A)	E. coli 4591 and (B) Klebsiella 
sp. 1087 in polystyrene wells stained with crystal violet and on slides observed by SEM microscopy
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S3-S6). Fig. S3 shows the MS/MS spectrum of the precur-
sor	ion	[M	+	Na]+ ion detected at m/z = 1031.49 in LF frac-
tion of B6. The fragmentation of the precursor ion yielded 
ions at m/z 916.91 (ion 3, Fig. S3), m/z 803.83 (ion 4, Fig. 
S3), and m/z 688.79 (ion 7, Fig. S3). These fragments cor-
respond to the sequential losses of the amino acid residues 
of L, L, and D (Scheme1, Table S1). Moreover, fragment 
ions	 that	 represent	 characteristic	marker	 ions	 for	 identifi-
cation of surfactins were found (Fig. S3) (Ma et al. 2016, 
Torres et al. 2015). For instance, peaks at m/z = 685.74 
[y6	+ H2O +	H]+, m/z =	594.55	 [y5	+ H2O +	Na]+, and 
m/z =	481.43	 [y4	+ H2O +	Na]+ were detected (Fig.S3). In 
addition, fragmentation of the chain side of the amino acids 
was also observed. For instance, loss of COOH moiety (44 
Da) (ion 1, Fig. S3) and of CH2CH2COOH moiety from glu-
tamic acid (72 Da) (ions 2 and 6, Fig. S3) was also detected 
in the spectrum shown in Fig. S3. The sequence was then 
determined	 from	 the	 fragmentation	 profile	 as	 β-OH	 fatty	
acid-E- L-L-V-D-L-L/I.

Similarly, Fig. S4 shows the MS/MS spectrum of the 
precursor	 ion	 [M	+	Na]+ ion detected at m/z = 1059.11 in 
LF fraction of B6. Its fragmentation yielded ions at m/z 
946.29 (ion 3, Fig. S4), m/z 833.13 (ion 4, Fig. S4), m/z 
717.00 (ion 7, Fig. S4), and m/z 618.76 (ion 8, Fig. S4). 
These fragments correspond to the sequential losses of the 
amino acid residues of L, L, D, and V. Moreover, fragment 
ions that represent characteristic marker ions for identi-
fication	of	surfactins	were	observed,	as	shown	 in	Fig.	S4,	
Table S2 (Ma et al. 2016, Torres et al. 2015). For instance, 
peaks at m/z =	595.68	 [y5	+ H2O +	Na]+, m/z = 572.74 
[y5	+ H2O +	H]+, m/z =	482.44	[y4	+ H2O +	Na]+, m/z = 459.49 
[y4	+ H2O +	H]+, and m/z =	268.03	 [y2	+ H2O +	Na]+ were 
registered. Fragmentation of the chain side of the amino 
acids was also observed (Fig. S4). Then the sequence was 
determined	 from	 the	 fragmentation	 profile	 as	 β-OH	 fatty	
acid-E- L-L-V-D-L-L/I.

Moreover, the MS/MS spectrum of the precursor ion 
[M	+	H]+= 1477.85 was measured (Fig. S5). The complex 
pattern shown by the precursor ion m/z region (Fig. S5 inset) 
suggests	that	a	mixture	of	precursors	with	[M	+	H]+ values 
between m/z 1465 and m/z 1480 contributes to the MS/MS 
spectrum. Diagnosis signals of fengycin B2 homologue (Lin 
et al. 2020) were observed in the MS/MS spectrum when 
the peptide bond between Y3 and T4 was broken (Scheme 
2, Table S3) at m/z = 1094.21 (y9 + H+), m/z = 1077.13 
(y9-H2O + H+), m/z = 980.04 (y8 + H+) and m/z = 739.00 
(y6 + Na+) (Fig. S5). Additionally, signals at m/z = 1252.71 
(b6 + H+) and m/z = 226.00 (y2 + H+) were registered when 
the peptide bond between P7 and V6 was broken (Scheme 
3, Table S3). Then the sequence was determined from the 
fragmentation	 profile	 as	 E1-O2-Y3-T4-E5-V6-P7-Q8-Y9-V10 
with	a	C16	β-OH	fatty	acid.

ranging from m/z 850 to m/z 1200 Da (Fig. S1), assigned 
to the isoforms of kurstakins, surfactins, and iturins ranging 
from m/z 1300 and m/z 1650 Da (Fig. S2), which can be 
assigned to fengycins and bacitracins using data from the 
literature (Vater et al. 2002;	Price	et	al.	2007;	Pecci	et	al.	
2010;	Pathak	et	al.	2012) and MS/MS analysis (see below). 
The particular mass peaks obtained in CFS and LF are listed 
with their corresponding lipopeptide family (Table 2). Peaks 
at m/z 988.2, m/z 1001.7, m/z 1015.5, m/z 1030.6, m/z 
1044.5, and m/z 1058.3 were detected in both samples. They 
revealed	differences	of	14	m/z	units,	suggesting	a	series	of	
homologous	molecules	with	different	 lengths	of	 fatty	acid	
chains (i.e., CH2 = 14 Da). Those peaks were assigned as a 
sodiated adduct of surfactin with fatty acid chain lengths of 
C10-C15 (Table 2). C15 surfactin was additionally found 
as a potasiated adduct at m/z 1074.4. Surfactin homologues 
were the most intense signals of all homologues in the 
spectra. Moreover, homologues observed at m/z = 1052.4 
(CFS), m/z 1066.6 (CFS), m/z 1080.4 (CFS and LF), and 
m/z 1096.3 (CFS and LF) were assigned to bacillomycin 
D or iturin A homologues (Table 2). Additionally, kurstakin 
homologues (C10-C12 and C16) were registered as sodi-
ated adducts at m/z 888.4 (LF), m/z 902.4 (LF), m/z 916.9 
(CFS and LF), and m/z 970.7 (CFS). Mass spectra of CFS 
(Fig. S1a) and LF (Fig. S1b) were similar in the 900-1,200 
Da range, the region where kurstakins, surfactins, and itu-
rins (or bacillomycin) homologues were detected. The total 
number of signals observed for CFS and LF samples was 
very similar (Fig. S1), yet, the relative intensity of peaks 
at	m/z	1074	and	m/z	1080	was	different	in	LF	in	relation	to	
CFS. However, the number and relative intensity of fengy-
cin homologues found in both samples were completely dif-
ferent, demonstrating that recovery of fengycin homologues 
was	more	efficient	in	LF	compared	to	CFS	(Fig.	S2b).

Homologues of fengycin A were detected in the CFS 
sample	 at	 m/z	 1450.9	 (C15	 [M	+	H]+), m/z 1464.6 (C16 
[M	+	H]+),	m/z	 1480.4	 (C16	 [M	+	Na]+), m/z 1494.4 (C17 
[M	+	Na]+),	 and	 m/z	 1515.7	 (C17	 [M	+	K]+). In addition, 
sodiated adducts of fengycin B were observed at m/z 1508.9 
and 1536.9 (C16 and C17, respectively) (Fig. S2a). More-
over, protonated adducts of bacitracin C were observed at 
m/z 1392.5, and protonated and sodiated adducts of baci-
tracin A were registered at m/z 1421.2 and m/z 1443.7, 
respectively. Fig. S2b shows mass spectra of LF. Peaks were 
assigned	as	bacitracin	A	(m/z	1422.26	[M	+	H]+), fengycin 
A	(m/z	1449.6	(C15	[M	+	H]+),	m/z	1467.9	(C15	[M	+	Na]+) 
and	m/z	1495.8	 (C17	[M	+	Na]+), fengycin B (m/z 1476.7 
(C16	 [M	+	H]+),	 m/z	 1506.6	 (C17	 [M	+	H]+), m/z 1524.3 
(C17	 [M	+	Na]+),	 m/z	 1540.5	 (C17	 [M	+	K]+), and m/z 
1556.16	(C18	[M	+	K]+). For structural characterization of 
lipopeptides, UV-MALDI-TOF MS/MS (Laser-Induced 
fragmentation/Decomposition, LID) was performed (Fig. 
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Discussion

In recent years, the resistance to antibiotics developed by 
bacteria has posed risks to the prevention and treatment of 
bacterial infections. Due to this highly severe increase, in 
2018, a report published by the World Health Organization 
(WHO) included Klebsiella sp., E. coli, and S. aureus in a 
group of eight priority pathogenic bacteria of human health 
significance,	since	they	cause	hospital-	and/or	community-
acquired infections, generating high economic costs to 
public health. In 2021, the WHO informed that the search 
for new antibiotics to control these drug-resistant infec-
tions continues and addressed the need for urgent solutions. 
Accordingly,	 different	 approaches	 are	 being	 developed	 to	
treat this global problem.

The MS/MS spectrum of the precursor ion 
[M	+	H]+=1505.95 is shown in Fig. S6. Diagnosis signals 
of fengycin B homologue were observed in the MS/MS 
spectrum when the peptide bond between Y3 and T4 was 
broken (Scheme 4, Table S4) at m/z = 1238.98 (y10 + H+), 
m/z = 1108.90 (y9 + H+), and m/z = 997.05 (y8 + H+). More-
over, signal at m/z = 1279.81 (b6 + H+) was found when the 
peptide bond between P7 and V6 was broken (Scheme 5, 
Table S4). Then the sequence was deduced from the frag-
mentation	profile	as	E1-O2-Y3-T4-E5-V6-P7-Q8-Y9-I10 with 
a	C17	β-OH	fatty	acid.

Calculated
m/z

Family Assigment Molecular formula CFS LF

887.44 Kurstakins C10[M	+	Na]+ C38H62N11O12Na - +
901.46 Kurstakins C11[M	+	Na]+ C39H64N11O12Na - +
915.48 Kurstakins C12[M	+	Na]+ C40H66N11O12Na + +
971.54 Kurstakins C16[M	+	Na]+ C44H74N11O12Na + -
988.58 Surfactin C10	[M	+	Na]+ C48H83N7O13Na + +
1002.60 Surfactin C11	[M	+	Na]+ C49H85N7O13Na + +
1016.62 Surfactin C12	[M	+	Na]+ C50H87N7O13Na + +
1030.63 Surfactin* C13	[M	+	Na]+ C51H89N7O13Na + +
1044.65 Surfactin C14	[M	+	Na]+ C52H91N7O13Na + +
1053.52 Bacillomy-

cin D
C14	[M	+	Na]+ C48H74N10O15Na + -

1058.66 Surfactin* C15[M	+	Na]+ C53H93N7O13Na + +
1067.64/
1065.53

Bacillomycin 
D/
iturin A

C15[M	+	Na]+/
C14[M	+	Na]+

C49H76N10O15Na/ 
C48H74N12O14Na

+ -

1074.64 Surfactin C15	[M	+	K]+ C53H93N7O13K + +
1081.55/
1079.55

Bacillomycin 
D/ iturin A

C16[M	+	Na]+/ 
C15	[M	+	Na]+

C50H78N10O15Na/ 
C49H76N12O14Na

+ +

1097.52/
1095.52

Bacillomycin 
D/ iturin A

C16[M	+	K]+/ 
C15[M	+	K]+

C50H78N10O15K/ 
C49H76N12O14K

+ +

1394.62 Bacitracin C [M	+	H]+ C64H99N17O16SH + -
1422.75 Bacitracin A [M	+	H]+ C66H103N17O16SH + +
1444.75 Bacitracin A [M	+	Na]+ C66H103N17O16SNa + -
1449.79 Fengycin A C15[M	+	H]+ C71H108N12O20H + +
1463.80 Fengycin A C16[M	+	H]+ C72H110N12O20H + -
1467.74 Fengycin A C15[M	+	Na]+(2) C71H104N12O20Na - +
1477.82 Fengycin 

B2*
C16[M	+	H]+ C73H112N12O20H - +

1481.75 Fengycin A C16[M	+	Na]+(2) C72H106N12O20Na + +
1495.77 Fengycin A C17[M	+	Na]+(2) C73H108N12O20Na + +
1505.85 Fengycin B* C17[M	+	H]+ C75H116N12O20H - +
1509.78 Fengycin B C16[M	+	Na]+(2) C74H110N12O20Na + -
1513.82 Fengycin B C16[M	+	Na]+ C74H114N12O20Na - +
1515.77 Fengycin A C17[M	+	K]+ C73H112N12O20K + -
1523.80 Fengycin B C17[M	+	Na]+(2) C75H112N12O20Na + +
1541.79 Fengycin B C17[M	+	K]+(1) C75H114N12O20K - +
1557.82 Fengycin B C18[M	+	K]+ C76H118N12O20K - +

Table 2 Main peaks detected by 
UV-MALDI TOF mass spectrometry 
analysis of the lipopeptides produced 
by Bacillus licheniformis B6

Samples: cell-free supernatant (CFS), 
lipopeptides fraction (LF). Matrix: 
norharmane. Positive ion mode. 
Fengycin A (Ala in position 6), B (Val 
in position6, Ile in position 10) and B2 
(Val in position 6 and 10). Unsaturated 
bound was detected in some fengycin 
homologue, shown between paren-
thesis in the table. Culture on liquid 
culture (LB). * shows assignment base 
in MSMS spectrum
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Biofilm	 formation	 during	 bacterial	 infection	 poses	 an	
additional problem to natural resistance, since it is a mech-
anism that does not allow bacteria to be easily eradicated 
using conventional antibiotics (Høiby et al. 2010;	Birarda	et	
al. 2019). It is estimated that about 65% of all bacterial infec-
tions	are	associated	with	biofilm	formation	(WHO	2018). As 
a result, various biological alternatives for treating bacterial 
biofilms	 have	 been	 investigated,	 and	 biosurfactants	 have	
gained particular attention. In this work, we demonstrated 
that 9 mg/mL of a LF synthesized by B. licheniformis B6 
significantly	 reduced	biofilm	formation	by	cells	of	E. coli 
and Klebsiella	sp.	This	effect	can	be	due	to	the	capacity	of	
lipopeptides to modify bacterial surface hydrophobicity, 
to	affect	development	of	flagella,	and	to	interfere	with	cell	
adherence to glass, plastic, and tissue surfaces (Rivardo et 
al. 2011;	Moryl	et	al.	2015;	Chen	et	al.	2017). These results 
agree	with	 those	showing	a	great	anti-biofilm	potential	of	
lipopeptides. For example, Giri et al. (2019) reported that 
a 1.5 mg/mL concentration of lipopeptides produced an 
anti-biofilm	 effect	 on	 Sal. Typhimurium and S. aureus. 
Another work described the inhibition of adherence of E. 
coli CFT073 and S. aureus ATCC 29,213 to polystyrene 
surfaces induced by lipopeptides synthesized by B. subti-
lis and B. licheniformis (Rivardo et al. 2011). The present 
results contribute to the growing need for new antimicrobial 
compounds	with	anti-biofilm	activity,	since	it	has	been	dem-
onstrated that the minimum inhibitory concentration (MIC) 
and minimum bacterial concentration (MBC) of synthetic 
antibiotics	used	against	bacteria	that	grow	in	biofilms	can	be	
up to 100-1,000 times higher than those of planktonic bac-
teria (Høiby et al. 2010;	Donelli	and	Vuotto	2014). Using 
UV- MALDI TOF mass spectrometry, we found signals 
corresponding to kustakins, surfactins, and iturins within a 
900-1,200 Da range, and bacitracins and fengycins within a 
1,300-1,600 Da range in the CFS and LF of B. licheniformis 
B6;	surfactin	was	the	lipopeptide	with	the	highest	intensity	
in the mass spectra. According to the literature, some strains 
of B. licheniformis produced lichenysins and were mostly 
detected as sodium adducts at m/z 1029 and 1057 Da (Joshi 
et al. 2015;	Suthar	and	Nerurkar	2016). Our results contrast 
those	findings:	when	signals	of	m/z	1031.49	and	m/z	1059.11	
were fragmented, fragment ions representing characteristic 
markers	for	identification	of	surfactins	were	seen	(Torres	et	
al. 2015). Therefore, our MSMS results demonstrated that 
B6 produced mostly surfactins, rather than lichenysins, in 
agreement	 with	 findings	 reported	 by	 Pecci	 et	 al.	 (2010). 
Surfactin causes cell lysis, mainly in Gram-positive bacteria 
(He and Chen 2006). This lipopeptide can destabilize lipid 
packing and form pores in biological membranes. It can also 
penetrate the membrane through hydrophobic interactions, 
thus	influencing	the	ordering	of	the	hydrocarbon	chain	and	
varying membrane thickness (Carrillo et al. 2003). The 

In this work, we analyzed the antagonistic activity of a 
bacterial strain isolated from an artisanal tannery located 
in Salta, Argentina, and phylogenetically characterized as 
Bacillus licheniformis B6, against E. coli, Klebsiella sp. 
and, S. aureus. This bacterial species can synthesize bio-
active compounds, such as enzymes, lipopeptides, and 
bacteriocins	(Berić	et	al.	2014;	Lawrance	et	al.	2014;	Mus-
lim et al. 2016). In particular, lipopeptides are compounds 
known for their wide spectrum of antagonistic activity 
against pathogenic bacteria (Rivardo et al. 2011;	Chen	 et	
al. 2012;	 Chen	 and	 Yu	 2020). Such inhibitory spectrum 
would	 be	 specific	 to	 each	B. licheniformis strain. Hence, 
the strain B. licheniformis P40 isolated from the Amazon 
basin was found to inhibit Listeria monocytogenes, Bacil-
lus cereus, and clinical isolates of Streptococcus	sp.;	yet,	it	
did not produce activity against S. aureus (Cladera Olivera 
et al. 2004). Shobharani et al. (2015) studied two isolates 
of B. licheniformis, MCC2514, and MCC2512, from sheep 
milk	 and	 rhizospheric	 soil;	 authors	 found	 that	 the	 antimi-
crobial compounds of these strains had inhibitory activity 
against Micrococcus luteus, S. aureus, Klebsiella sp., and 
Aeromonas hydrophila, although they tested only one strain 
of each species. In addition, they reported that the inhibi-
tory activity of both B. licheniformis	strains	differed,	since	
MCC2512 also inhibited L. monocytogenes and Salmonella 
Typhimurium. On the other hand, B. licheniformis M104, 
isolated from soil samples, reduced the viability of S. aureus 
ATCC25918 and two strains of E. coli, ATCC11775 and 
ATCC11246 (Gomaa 2012).

Here, we found that the lipopeptide fraction (LF) of B. 
licheniformis B6 had inhibitory capacity against S. aureus, 
E. coli, and Klebsiella sp. This antibacterial activity was 
achieved by incubating the B6 strain for 6 days, a period in 
which the maximum production of lipopeptides is obtained 
(Díaz, 2017). Note that LF reduced growth of E. coli 4591, 
a clinical strain with high resistance to antibiotics. This 
pathogenic strain was sensitive at 250 mg/mL of ampicil-
lin onwards, whereas at 9 mg/mL of B6 LF, an inhibitory 
effect	 on	 viability	 was	 seen.	 In	 addition,	 both	 strains	 of	
Klebsiella sp. showed sensitivity to antibacterial activity of 
lipopeptides synthesized by B6. On the other hand, the stud-
ied strains of S. aureus	revealed	a	differential	sensitivity	to	
LF: ATCC43300 was resistant at 9 mg/mL of LF compared 
to the high sensitivity shown by strain 269. These results 
reveal	 that	 the	 antibacterial	 effect	 of	B. licheniformis B6 
lipopeptides is strain-dependent. Therefore, it is necessary 
to study more than one strain per bacterial genus to report 
the “real” inhibitory capacity of a biometabolite. Thus, if 
only a single strain of each genus or species is analyzed, 
results	may	be	inconclusive,	not	fully	reliable	and	difficult	
to reproduce (Audisio et al. 2005).
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second most intense signals corresponded to the family of 
fengycins.	Although	they	show	activity	against	filamentous	
fungi,	their	antibacterial	efficacy	against	Gram-positive	and	
Gram-negative pathogens was also demonstrated (Hu et al. 
2007;	Torres	et	al.	2016;	Lin	et	al.	2020).

The fragmentation and diagnosis of the complex pattern 
of	signals	at	m/z	1476.71	as	[M	+	H]	+ and m/z 1505.95 as 
[M	+	H]	+	confirmed	 their	 identity	 as	 fengycins	A	 and	 B,	
respectively, as reported by (Lin et al. 2020). This surfac-
tant acts by forming pores, leading to changes in membrane 
permeability (Deleu et al. 2005);	 it	 may	 alter	 or	 modify	
the alignment of the phospholipid acyl chain and globally 
decrease the cooperativity of the lipid–lipid and lipid–fengy-
cin interaction in the bilayer membrane (Deleu et al. 2008). 
Another lipopeptide found in LF by UV- MALDI TOF cor-
responds	to	bacitracin	A,	with	an	m/z	1422.75	as	[M	+	H]+. 
The production of this dodecapeptide by B. licheniformis 
was early demonstrated by Bernlohrl and Novell (1960). It 
should be noted that its synthesis is rare in other species of 
the genus Bacillus, which shows the importance of its detec-
tion in the LF of B. licheniformis B6. This antibiotic can 
inhibit the synthesis of the cell wall of most Gram-positive 
and some Gram-negative bacteria. Moreover, it has a rapid 
excretion rate and low absorption, which allows its use in 
the food industry as an additive for animal feed (Cai et al. 
2020). Lipopeptides synthesized by B. licheniformis B6 
might be acting synergistically against the pathogenic bac-
teria analyzed in this work, which explains their potential in 
the	reduction	of	viability	and	biofilm	formation	of	bacteria	
s of clinical importance, such as E. coli, Klebsiella sp., and 
S. aureus.	However,	further	studies	including	biofilm-form-
ing multi-drug-resistant (MDR) strains, of medical interest 
found in nosocomial infections (Birarda et al. 2019), are 
required.

Conclusion

The results of this work show that lipopeptides synthesized 
by B. licheniformis B6 have potential antibacterial and anti-
biofilm	activity	against	pathogenic	bacteria	of	health	impor-
tance. Therefore, they may be considered an alternative for 
the biocontrol of these pathogens. Further in-depth studies 
of the structure, administration dose, and toxicity of these 
compounds should be conducted for their future application.
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