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ABSTRACT
Introduction: Bacillus species are used as biological controllers for phytopathogenic fungi, and the mechanisms 
to produce controllers include biosynthesis of lipopeptide biosurfactants with antifungal activity.
Objective: To evaluate the antifungal potential of the biosurfactants produced by Bacillus strains, selected by 
molecular screening, on Fusarium oxysporum.
Methods: We selected four molecular markers, related to the biosynthesis of surfactin, fengicin, and lichenysin 
(srfA, spf, fenB, LichAA) in nine Bacillus strains. We used two mineral media with several culture conditions, 
for biosurfactant production, and a well diffusion test for antifungal potential.
Results: Only the biosurfactant produced by UFAB25 inhibits the mycelial growth of F. oxysporum (44 % ± 13): 
this biosurfactant was positive for srfA, spf, and fenB genes involved in the synthesis of surfactin and fengicine. 
Antifungal activity depends on culture conditions and the strain.
Conclusions: Genetic markers are useful to detect strains with antifungal potential, facilitating the selection of 
bio-controllers. The biosurfactant profile is influenced by the strain and by culture conditions.
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OTRO

INTRODUCTION

The excessive use of pesticides has several 
negative impacts on human health and in the 
environment such as the decrease in fertility 
of agricultural lands, contamination of water 
sources, and affectation of fauna and flora 
(Mahmood et al., 2016; Rajmohan et al., 2020; 

Wilson & Tisdell, 2001). One of the main draw-
backs has been the emergence of resistance and 
the involuntary destruction of natural predators 
of pest organisms (Litsinger, 1989; Wilson & 
Tisdell, 2001). Due to the problems associ-
ated with the use of pesticides, there is a need 
to seek new sustainable and environmentally 
friendly technologies in agriculture. Among 
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such alternatives, the study and development 
of biopesticides and bio-controllers stand out 
(Borriss, 2011).

Bacillus genus is a group of gram-positive 
bacteria forming endospore, with the abil-
ity to produce a large number of molecules 
with inhibitory potential against phytopatho-
gens (Ben-Dov et al., 1997; Ogena & Jacques, 
2008). These bacteria are able to colonize the 
rhizosphere with beneficial effects on plants. 
They can tolerate environments with high alka-
linity, acidity, salinity, and temperature (Hor-
ikoshi, 2007). Between 4 % and 5 % of Bacillus 
subtilis genome is involved in the synthesis of 
antibiotics, while 9 % of Bacillus amylolique-
faciens genome is dedicated to the production 
of secondary metabolites that suppress harmful 
microbes and nematodes (Chowdhury et al., 
2015; Ogena & Jacques, 2008)

Among the metabolites produced by the 
genus Bacillus, with biocontrol properties, are 
the lipopeptides of the surfactin, iturin, and 
fengicin families (Mnif et al., 2015; Ogena 
& Jacques, 2008). They are amphipathic mol-
ecules with surfactant properties. The latter 
possessed a strong antifungal activity and sur-
factins exhibit antibacterial properties. The 
coproduction of different families of lipopep-
tides generates a synergistic effect on their 
biological activities (Ongena et al., 2005)

A study demonstrated that surfactins and 
fengicins may be involved in the development 
of induced systemic resistance (ISR) acting as 
elicitors. The results suggest that they provided 

a significant protective effect in bean plants, 
similar to that induced by cells of the B. subtilis 
strain S449 (Ogena & Jacques, 2008; Ongena 
et al., 2007). 

The aim of this study is to use molecular 
screening to identify native strains that are able 
to produce biosurfactant with antifungal poten-
tial. These strains have been collected from 
different environmental sources in Ecuador and 
are meant to be researched at laboratory level.

MATERIALS AND METHODS

Microorganisms: The bacterial and the 
Fusarium oxysporum strains were provided by 
the Environmental Microbiology Laboratory of 
the Universidad de las Fuerzas Armadas ESPE 
in Ecuador. The strains were isolated from dif-
ferent environmental sources such as contami-
nated soils and hydrothermal springs from the 
tropical Andes of Ecuador, under the permit # 
MAE-DNB-CM-2017-0071 as granted by the 
Environment Ministry of Ecuador.

All the native strains were identified using 
the 16S rRNA molecular marker in previous 
studies (Table 1). The microorganisms were 
reactivated following the protocol of Freire 
& Sato (1999). Streaking technique was per-
formed in Nutrient Agar to confirm colony 
morphology and Gram staining.

Hemolytic activity: It is a qualitative, 
rapid screening method used to identify bio-
surfactant-producing microorganisms (Thavasi, 

TABLE 1
Bacilllus spp. strains and their environmental sources 

Strain Species (16S rRNA) Environmental sources

UFAB19 B. licheniformis Hydrothermal spring “Aguas Hediondas”- Province Carchi

UFAB25 B. subtilis Hydrocarbons contaminated soil “El Rosario Quinindé – Province Esmeraldas”

UFAB28 B. megaterium

UFAB31 B. toyanensis

UFAB29.1 B. cereus

UFAB18 B. licheniformis Hydrothermal spring “Guapán” – Province Cañar

UFAB29 B. subtilis Hydrothermal spring “El Riñón”- Province Azuay

UFAB26 B. circulans

UFAB37 B. licheniformis Hydrothermal spring “El Salado”- Province Tungurahua
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et al., 2007; Youssef et al., 2004). The test was 
performed on blood agar plates, where each 
strain was streaked onto blood agar plates and 
incubated at 37 °C for 42 h. Subsequently, beta 
hemolysis (clear area) was identified around 
the colonies as a positive result for the produc-
tion of biosurfactants, according to the protocol 
proposed by Youssef et al. (2004) with some 
modifications. Hereby, the notation “-” was 
used for no hemolysis, “+”; for incomplete 
hemolysis (greenish area), “++”; for complete 
hemolysis with a lysis diameter less than 1 cm, 
and “+++”; for complete hemolysis with a lysis 
diameter greater than or equal to 1 cm.

Molecular screening: Bacterial genomic 
DNA was extracted from a 24 h culture of each 
strain using the modified protocol of Jarrin 
(2010). The quality of DNA was determined 
by the A260/A280 absorbance ratio, consider-
ing values of 1.8-2 as pure DNA (Sambrook & 
Russell, 2001). Finally, DNA concentrations 
were adjusted to 40 ng/µL. 

PCR was performed for each gene (srf, 
srfAA, fenB, and LinchAA). Primers and 
annealing temperatures are listed in Table 2. 
PCRs were conducted in a total volume of 25 
μL with 6.5 μL of nuclease-free water, with 
12.5 μL of GoTaq® Green Master Mix 2X 
Promega, 0.6 µM of each primer, and 3 µL of 
genomic DNA. PCR programs were at 95 °C 

for 2 min, with 35 cycles of 95 °C for 30 s, 
while annealing temperature for 30 s and 72 °C 
for 30 s. A final extension step was realized at 
72 °C for 7 min, followed by storage tempera-
ture at 4 °C. PCR products were visualized on 
an agarose gel.

Biosurfactant production and extrac-
tion: Based on the results obtained in the molec-
ular screening and hemolytic activity, three 
strains (UFAB 19, UFAB 29, UFAB25) were 
selected out of nine. Subsequently, two proto-
cols were used for biosurfactant production.

Protocol one: The inoculum was prepared 
according to the protocol used by Ghribi & 
Ellouze-Chaabouni (2011). Each strain was 
inoculated into 3 mL of LB medium and incu-
bated at 37 °C overnight. A 0.2 mL aliquot 
was inoculated into 50 mL of LB medium in a 
250 mL Erlenmeyer flask and incubated with 
shaking at 37 °C until an absorbance of 3 was 
reached at a wavelength of 600 nm. An aliquot 
of the culture was inoculated in a mineral medi-
um until an initial optical density of 0.15 cor-
responding to 0.8 x 107 CFU/mL was reached.

The optimized medium, proposed by Mnif 
et al. (2013), was used. It contains 15 g/L 
glucose, 7.5 g/L urea, 1 g/L K2HPO4, 1 g/L 
ammonium sulfate, 0.5 g/L NaCl, 0.2 g/L 
MgSO4, 0.5 g/L KH2PO4, and 0.001 g/L of 

TABLE 2
Primers used in molecular screening

Bio-
Surfactant

Gen Primer – Sequence 5’- 3’ bp
Annealing 

temperature
Reference

Surfactin sfp F-5’ ATGAAGATTTACGGAATTTA 3’ 675 46 ºC Hsieh et al. (2004)

R-5’ TTATAAAAGCTCTTCGTACG 3’

srf-AA F-5’ TCGGGACAGGAAGACATCAT 3’ 200 55 ºC Chung et al. (2008)

R-5’ CCACTCAAACGGATAATCCTGA 3’

Fengicin fenB F-5’ CCTGGAGAAAGAATATACCGTACCY 3’ 670 57 ºC Chung et al. (2008)

R-5’ GCTGGTTCAGTT KGATCACAT 3’

Lichenysin Lich-AA F-5’ ACTGAAGCGATTCGCAAGTT 3′ 472 56.5 ºC Chung et al. (2008)

R-5’ TCGCTTCATATTGTGCGTTC 3’

PCR products were sequenced by Macrogen Korea using Sanger technology (Chan, 2005). Forward and reverse sequences 
were cleaned using Geneius and Mega7 programs until an acceptable quality was obtained (HQ > 85 %). Resulting counting 
sequences were compared with the tool BLAST of database NCBI (National Center of Biotechnology Information) 
(Sherry et al., 2001). 
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each of the following MnSO4, FeSO4, ZnSO4, 
1 and CaCl2. The culture was conducted in 150 
mL of medium in 500 mL flasks, at 30 °C, and 
150 rpm for three days.

Protocol two: A second medium, described 
by El-Sheshtawy et al. (2015) was tested. A 5 
mL aliquot of a 24 h bacterial culture on nutri-
ent broth was used as inoculum. The medium 
presented the following composition: 2 % glu-
cose, 3 % yeast extract, 2.5 g/L NaNO3, 0.1 g/L 
KCl, 3.0 g/L KH2PO4, 7.0 g/L K2HPO4, 0.01 
g/L CaCl2, 0.5 g/L MgSO4 x 7H2O and 5 mL of 
a solution of microelements; 0.116 g/L FeSO4 * 
7H2O, 0.232 g/L H3BO3, 0.41 g/L CoCl2 6H2O, 
0.008 g/L CuSO4 * 5H2O, 0.008 g/L MnSO4 
x H2O, 0.022 g/L [NH4]6 Mo7O24 and 0.174 
g/L ZnSO4. The culture was performed in 500 
mL, using completely filled screw cap flasks, 
incubated at 30 ºC and 150 rpm for three days.

Surfactant production verification: The 
biosurfactant production was verified using the 
crude dispersion test according to the method-
ology described by Youssef et al (2004) with 
modifications. 20 μL of crude oil was added to 
50 mL of distilled water in a Petri dish. Then, 
one drop (~ 10 µL) of cell-free culture was 
added. The formation of a clear zone on the 
surface of the crude oil was determined visu-
ally as positive for the production of microbial 
surfactants. The formation of clear areas was 
not observed with the control test when using 
distilled water.

Biosurfactant extraction: The biosurfac-
tant was extracted according to Li et al. (2010) 
with modifications. The broth culture was 
centrifuged at 6 000 rpm for 20 min in order to 
separate lipopeptides of interest from biomass. 
Hereafter, supernatant was acidified to a pH of 
2.0 by adding concentrated HCl and stored at a 
temperature of 4 °C for 12 h. The precipitated 
biosurfactant was collected by centrifugation 
and recovered in methanol. Finally, the solvent 
was removed by evaporation.

Antifungal potential: Agar-well diffusion 
method was used to evaluate the antifungal 
activity of the biosurfactant extracts. In a Plate 
of Potato Dextrose Agar (PDA) four wells were 
generated 3 cm away from the center of the 
plate, where a mycelial plug with a diameter 
of 0.5 cm of F. oxysporum was inoculated. 50 
µL of methanol was placed in the control well, 
then 50 μL of the biosurfactant solutions were 
loaded in the rest of the wells. 

The solutions tested were the following, 
“Bs1”: a 50 % v/v methanol solution with 
the biosurfactant produced with protocol one, 
“FBs1”:  an unsaturated methanol fraction 
obtained from the supernatant of the “BS1” 
solution after the precipitation of biosurfactant 
in excess. Finally, “Bs2”: a 50 % v/v methanol 
solution with the surfactant produced with 
protocol two. 

The inhibition of the phytopathogen 
was quantified when mycelial growth had 
reached the control well. The following for-
mula was used to determine mycelial growth 
inhibition percentage.

I=[(C - T)/C]*100

Where “C” is the radial distance of myce-
lial growth towards the control well, “T” is the 
radial distance of mycelial growth towards the 
well with the extract, and “I” is the inhibition 
percentage (Ramarathnam et al., 2007). The 
experiments were conducted by triplicate.

A normal distribution of the data was 
considered. A two-way ANOVA test and means 
comparison Bonferroni test were performed 
(St & Wold, 1989). The factors are strains 
(UFAB25, UFAB29, UFAB19) and biosur-
factant solution (Bs1, FBs1, Bs2). Origin Pro 
(OriginLab, 2018) was the program used.

RESULTS

Hemolytic activity: 55.5 % of the strains 
(UFAB25, UFAB28, UFAB29.1, UFAB29, and 
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UFAB31.5) generated complete hemolysis. 
Results are listed in Table 3.

Molecular screening: A molecular 
screening was used as a selection criterion 
for the strains used in the production of bio-
surfactants. 22.2 % of the nine strains tested 
presented the sfp and srf-AA genes, involved 
in the production of surfactin. Only UFAB25 
was positive for fenB gene. While 33.3 % of 
the reactivated strains (UFAB25, UFAB29, 
UFAB19) were positive for the Lich-AA gene. 
The results of the comparison, made in BLAST 
with the sequences obtained, are shown in 
Table 4. The other four strains (UFAB26, 
UFAB28, UFAB29.1, UFAB31) were negative 
for sfp, srf-AA, Lich-AA and fenB genes. 

Biosurfactant production: Strain Selec-
tion: Based on the results obtained in the 
molecular screening and hemolytic activity, 

three strains were selected: UFAB19 does not 
show any hemolytic activity, but it has genes 
associated with linchenysin biosynthesis (this 
strain was used as a negative control). UFAB25 
and UFB29, yielded hemolytic activity and dis-
played genes associated to fengicin and surfac-
tin. No other molecular screen-negative strains 
were selected to optimize resources and work.

The production of the biosurfactant in 
mineral medium was verified by the oil disper-
sion test. The largest crude oil dispersion diam-
eter of crude oil (26.3 mm) corresponded to 
strain UFAB29 strain, while the dispersion area 
with the smallest diameter (5.7 mm) was with 
strain UFAB19, both in the mineral medium 
proposed by Mnif et al. (2013). All the superna-
tants tested generated crude oil displacement, 
confirming the production of biosurfactants. 
Table 5 lists the results of the oil dispersion test.

Antifungal potential: The biosurfactant 
produced by the UFAB25 strain (B. subtilis) in 
the first mineral medium yielded the highest 
percentage inhibition of mycelial growth of F. 
oxysporum. The 50 % v/v methanol solution 
(Bs1) had a mycelial percentage inhibition of 
43.6 ± 13.16. The methanol fraction obtained 
from the 50 % v/v solution (FBs1) had an aver-
age percent inhibition of 40.9 ± 12.38. While 
a 50 % v/v methanol solution of biosurfactant 
produced with second mineral medium (Bs2) 
reaches an inhibition percentage of 19.7 ± 
10.84. The solution biosurfactant produced 
with UFAB29 (B. subtilis) Bs1, Bs2 and, FBs1 
showed percent inhibition of 7.46 ± 2.19, 0.91 

TABLE 3
Hemolytic activity results as screen for producer strains

Strains Species (16S rRNA) Hemolysis

UFAB25 B. subtilis ++

UFAB19 B. licheniformis -

UFAB29.1 B. cereus +++

UFAB31 B. toyanensis +++

UFAB28 B. megaterium ++

UFAB29 B. subtilis +++

UFAB26 B. circulans -

UFAB37 B. licheniformis -

UFAB18 B. licheniformis -

TABLE 4
Results of the comparison made of the sequencing of the PCR products in BLAST

Strains Gen Accession code % Identity Query Cover Product

UFAB25 sfp CP035397.1 99.85 100 % 4’-phosphopantetheinyl transferase

UFAB29 sfp CP032872.1 99.53 100 % 4’-phosphopantetheinyl transferase

UFAB25 srf-AA CP029609.1 97.66 98 % surfactin non-ribosomal peptide synthetase SrfAA

UFAB29 srf-AA CP032855.1 98.00 99 % surfactin non-ribosomal peptide synthetase SrfAA

UFAB25 fenB CP014858.1 99.84 99 % non-ribosomal peptide synthase

UFAB18 Lich-AA CP038186.1 100 99 % lichenysin non-ribosomal peptide synthetase LicA

UFAB19 Lich-AA CP025226.1 99.33 99 % non-ribosomal peptide synthetase

UFAB37 Lich-AA CP038186.1 100 99 % lichenysin non-ribosomal peptide synthetase LicA
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± 1.92 and 1.49±1.97, respectively. While Bs1 
and Bs2 produced with UFAB19 (B. licheni-
formis) reach 0.46 ± 0.80 and 0.10 ± 1.17, 
respectively (Fig. 1). The yield of UFAB19 
biosurfactant in the mineral medium being 
low, the quantity of extract was insufficient to 
conduct the methanolic solutions at 50 % v/v, 
consequently, the solutions were produced at a 
lower concentration. 

The ANOVA test established the interac-
tion between the factors. Hereby, “Biosur-
factant solutions” and “Bacterial strains” are 
statistically significant with a P-value= 0,046. 
Bonferroni test revealed significant differences 
between the means obtained with Bs1 and Bs2 
for all the strains (P-value= 0.021). The test 
demonstrated significant differences between 

the means of UFAB25 with the means of 
UBA29 and UFAB19 (Fig. 2).

DISCUSSION

The nine native strains used in the study 
were isolated in previous studies from different 
environments, such as oil-contaminated soils 
and hydrothermal springs with high mineral 
concentrations. Bodour et al. (2003) mention 
that a small fraction of the microbial commu-
nity is able to produce biosurfactants unless 
there is selective pressure. The production 
of biosurfactants is an important tool for the 
survival of producing microorganisms, as it 
increases the bioavailability of hydrocarbons 
used as a carbon source (Zang et al., 2021) and 

TABLE 5
Average values of the diameter of the clear zones in the oil displacement test

Culture medium Strains Diameter (mm) SD

Medium protocol 1 UFAB25 18.667 ± 1.155

UFAB29 26.333 ± 1.528

UFAB19 5.667 ± 1.155

Medium protocol 2 UFAB25 8.333 ± 1.527

UFAB29 10.333 ± 0.577

UFAB19 14.666 ± 2.309

SD: standard deviation.

Fig. 1. Agar- well diffusion method using F. oxysporum as a test microorganism.  Left plate: UFAB25 biosurfactant extracts, 
center plate: UFAB29. right plate: UFAB19. Well A. contains 50 µL of Bs1, B. 50 µL FBs1, C. 50 µL of Bs2, and D. 50 µl 
of methanol (control).
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it acts as a chelating agent, forming insoluble 
precipitates of toxic heavy metals (Saranya et 
al., 2015). That is why soils contaminated with 
organic substances or metals present a higher 
percentage of surfactant-producing microor-
ganisms, due to selection pressure. Native 
strains isolated from soils are valued as biopes-
ticides producers or as biocontrollers based on 
the long-lasting effect of the biosurfactants as 
well as the high environmental adaptability of 
microorganisms in the soil. 

Hemolytic activity has been widely used 
as a qualitative and inexpensive method of bio-
surfactant production (Mulligan et al., 1984). 
In the current study strains of B. subtilis, B. 
cerus, B. toyanensis and B. megaterium were 
positive for hemolytic activity. Hemolysis gen-
erated by B. subtilis has been widely reported 
since Bernheimer & Avigad (1970) verified 
the lysis of red blood cells due to the pres-
ence of surfactin. B. megaterium is generally 
reported as non-hemolytic (Hsieh et al. 2004). 
However, Thavasi et al. (2008) reported a strain 
of B. megaterium that produces glycolipic 
biosurfactants, with hemolytic activity. Some 
strains of B. cereus produce lipopeptides, such 

as mycocerein (Soberón-Chávez, 2011) and 
fengicin (Ogena & Jacques, 2008). Nonethe-
less, the hemolytic capacity may not only be 
due to the production of biosurfactants but 
also to the presence of BL hemolysin, a widely 
reported exotoxin in B. cereus (Beecher et al., 
1995). Youssef et al. (2004) mention that the 
hemolytic test has excluded good producers of 
biosurfactants, therefore, the rest of the strains 
cannot be definitively ruled out as biosurfac-
tant producers.

Based on the identification of the genes 
encoding for antimicrobial lipopeptides, it is 
possible to study the relationship between their 
products and biological activity. The isolation 
and identification of novel antimicrobial-pro-
ducing Bacillus strains is a promising area of 
research (Farzand et al., 2019). However, con-
ventional screening methods, in large groups of 
microorganisms isolated from natural sources, 
based on their direct antifungal activity are 
laborious and time-consuming. That is why 
the use of molecular markers is crucial for the 
detection of genes in the selection of potential 
biological controllers (Athukorala et al., 2009; 
Farzard et al. 2019). 

Fig. 2. Bar graph of mycelial growth inhibition results obtained with different biosurfactants solutions. The graph shows the 
differences between the inhibition actions of the biosurfactans solutions obtained with the tree strains. There is a significance 
difference (P-value: 0.024) between the results obtained with Bs1 and Bs2 produced with UFAB25.
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During the molecular screening, all the 
strains of B. licheniformis presented the Lich-
AA gene, involved in the synthesis of licheny-
sin. Madslien et al. (2013) determined that the 
vast majority of B. licheniformes strains pos-
sess this gene, indicating that a large proportion 
are capable of producing it. Lichenysin can be 
used as a surfactant agent in metal extraction, 
bioremediation processes, textile, paper, and 
food industries, and as a biofilms controller 
of pathogenic organisms (Coronel-León et al., 
2015a; Coronel-Leon et al., 2015b).

UFAB25 (B. subtilis) was positive for sfp 
and srfAA genes associated with surfactin pro-
duction, as well as for the fenB gene involved 
in fengicin biosynthesis. The discovery of 
strains capable of producing fengicin and sur-
factin has been widely documented in members 
of the species B. subtilis (Ongena et al. 2007; 
Płaza et al., 2015), even the co-production 
of surfactin, fengicin, and iturin A, has been 
reported, although it is very unusual (Kim et 
al., 2004). The biosurfactant extract produced 
by UFAB25 inhibited the mycelial growth of 
F. oxysporum in a percentage of 43.6 ± 13. 
The potential of B. subtilis biosurfactants to 
combat several species of the genus Fusarium 
has been previously reported (Mnif et al., 2015; 
Ramarathnam et al., 2007). Mnif et al. (2015) 
indicate that the inhibition of the phytopatho-
gen is due to the lysis of the excess mycelium, 
polynucleation and destruction of the spores 
by lipopeptides. Among the metabolites pro-
duced by B. subtilis with antifungal activity are 
lipopeptides of the fengicin and iturin fami-
lies, while surfactins are attributed antibacte-
rial potential (Ongena & Jacques, 2008). These 
compounds interact with the cell membranes 
of phytopathogenic microorganisms generating 
pores and an osmotic imbalance resulting in 
cell death (Liu et al., 2014). The mechanism of 
action of iturin is based on osmotic disturbance 
due to the formation of conductive pores of 
fungitoxic K+ ions. Surfactin causes rupture 
and solubilization of membranes. Fengicin 
alters the lipid bilayer of the cell membrane 
structure and affects its permeability (Farzand 
et al., 2019; Ongena, & Jacques, 2008). The 

co-production of lipopeptides is able to gener-
ate synergistic effects on their biological activi-
ties (Perez et al., 2017).

The UFAB29 strain reported as B. subti-
lis only presented the genetic markers associ-
ated with surfactin and showed no relevant 
inhibition against the phytopathogenic fungus. 
According to Peypoux et al. (1999) surfactin 
by itself is not antifungal, so the null action 
presented could be understood. Perez et al. 
(2017) reported the strain Bacillus sp. C3, posi-
tive for the sfp gene, had practically no action 
against F. oxysporum. Similarly, Farzand et al. 
(2019) determined that the B. subtilis OKB105 
strain, positive for surfactin, was ineffective in 
inhibiting the mycelial growth of filamentous 
fungi. However, the biosurfactant produced by 
UFAB29 with the first protocol has a crude oil 
dispersion diameter of 26.3 mm, the diameter 
of the dispersal zone correlates with the ability 
of samples to reduce surface tension (Mori-
kawa et al., 2000). Therefore, it could present 
other potential uses such as the environmental 
remediation of hydrocarbons.

The only strain that exhibited strong anti-
fungal activity was USFA25 and it was the only 
strain tested that had genes for fengicin synthe-
sis (fenB). While USFA29, which had srf-AA 
and sfp genes, had much weaker antifungal 
activity. These data support that fengicin is the 
main antifungal agent. 

Youssef et al. (2004) mention that oil dis-
persion test is a reliable method to detect the 
production of surfactants. This technique is a 
fast and inexpensive way to directly measure 
the surface activity of the biosurfactants pres-
ent in the cell-free medium (Morikawa et al., 
2000). Different measures were obtained for the 
same strain in different production mediums. It 
is established that the profile (concentration 
and/or type) of biosurfactants synthesized by 
the same strain varies according to the medium 
used, considering that the diameter of the clear 
area on the surface of the crude oil is related to 
the concentration and type of biosurfactant in 
the solution (Youssef et al., 2004) 

Differences were observed in the antifun-
gal activity of the lipopeptides synthesized by 
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the UFAB25 strain in different culture media, 
as well as the results obtained from the crude 
dispersion test, the influence of the culture con-
ditions is suggested in the biosurfactant profile. 
Coronel-León et al. (2015a) mention that the 
nature of the carbon source, the concentra-
tion of salts in the medium, and the operating 
conditions, such as temperature, agitation, and 
dissolved oxygen are involved in the nature and 
quantity of biosurtants synthesized.

The native strains isolated from contami-
nated soils, for instance strain UFAB25, posi-
tive for the genes involved in the production of 
surfactin and fengycin, produced biosurfactants 
that inhibited the mycelial growth of F. oxy-
sporum. UFAB25 was positive for hemolytic 
activity and for crude oil dispersion test. The 
detection of more than one molecular marker 
involved in the biosynthesis of different lipo-
peptides with rapid, simple and economic tests 
as crude oil dispersion and hemolytic activity 
help to preselect potential bio-controllers. The 
antifungal activities of the lipopeptides synthe-
sized by the UFAB25 strain in the two culture 
mediums were different, due to the influence 
of the culture conditions on the profile of the 
biosurfactant produced.
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RESUMEN

Potencial antifúngico de biosulfactantes producidos 
por cepas de Bacillus spp. (Bacillales: Bacillaceae) 

seleccionadas por tamizaje molecular

Introducción: Especies de Bacillus han sido empleadas 
como controladores biológicos contra hongos fitopatóge-
nos. Entre los mecanismos utilizados se destaca la bio-
síntesis de biosurfactantes lipopeptídicos con actividad 
antifúngica.
Objetivo: Evaluar el potencial antifúngico de los biosur-
factantes producidos por cepas Bacillus nativas, previa-
mente seleccionadas mediante tamizaje molecular, sobre 
Fusarium oxysporum.
Métodos: Se utilizaron cuatro marcadores moleculares, 
relacionados con la biosíntesis de surfactina, fengicina y 
liquenisina (srfA, spf, fenB, LichAA) sobre nueve cepas de 
Bacillus. Se utilizaron dos medios minerales con diferentes 
condiciones de cultivo para la producción del biosurfactan-
te. Se evaluó el potencial antifúngico de los biosurfactantes 
mediante la prueba de difusión en pozos.
Resultados: Se determinó que solo el biosurfactante pro-
ducido por UFAB25 actúa como inhibidor del crecimiento 
micelial de Fusarium oxysporum (43.6 % ± 13), esta cepa 
es positiva para los genes srfA, spf y fenB, involucrados en 
la síntesis de surfactina y fengicina. La actividad antifúngi-
ca depende de las condiciones de cultivo y la cepa. 
Conclusiones: Los marcadores genéticos ayudan a detectar 
cepas con potencial antifúngico, facilitando la selección de 
biocontroladores. El perfil del biosurfactante está influen-
ciado no solo por la cepa, sino también por las condiciones 
del cultivo.

Palabras claves: surfactantes microbianos; cepas nati-
vas; Bacillus subtilis; actividad antifúngica; marcador 
molecular.
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