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Abstract In this study, a biosurfactant-producing bacterial
strain was isolated from oil-contaminated soil on the basis
of its ability to degrade crude oil and tributyrin (Cy.).
LSC04 was identified as Bacillus amyloliquefaciens L.SC04
via 16S tRNA gene analysis and partial gyr4 gene
sequence analysis. The biosurfactants were purified and
structural analysis results showed that B. amyloliquefaciens
LSC04 generated a lipopeptide biosurfactant. Two main
ions of 1,086.9 and 1,491.2 were measured via matrix-
assisted laser desorption/ionization time-of-flight mass
spectrometry. The m/z 1,491.2 was shown to correspond to
the lipopeptide fengycin B, but the m/z 1,086.9 ion did not
correspond to any known lipopeptide. As constituents of
the peptides and the lipophilic portion of the m/z 1,491.2;
10 amino acids (Ile-Tyr-GIn-Pro-Val-Glu-Ser-Tyr-Orn-Glu);
and B-hydroxy-C17 fatty acid were identified via ESI-MS/
MS. Structurally, the lipopeptide of a molecular mass of
1,491.2 differed from fengycin B and fengycin A by a
substitution of serine for the threonine residue in position
4, and the amino acid residue in position 6 was equal to
that of fengycin A. The major compound, which had a
molecular mass of 1,491.2 Da was designated “Fengycin
S”.
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1. Introduction

Many microorganisms generate a variety of biosurfactants
and can exist in a variety of environments, including soil,
marine, desert, and aqueous environments. Biosurfactants
are biologically surface-active agents that can be biosynthe-
sized by diverse microorganisms, including bacteria, fungi,
and yeasts. Biosurfactants are amphipathic molecules with
both hydrophilic and hydrophobic residues. Due to this
molecular structure, biosurfactants display many interest-
ing properties, for example, detergency, emulsification,
foaming, and dispersion [1,2]. Biosurfactants evidence a
number of advantageous abilities compared with those of
synthesized surfactants including, toxicity, biodegradability,
and environmentally compatible specific activities at ex-
treme temperatures, pH levels, and salinity [3-6]. Bio-
surfactants can be separated into low-molecular mass and
high-molecular mass variants; the low-molecular mass bio-
surfactants include compounds such as glycolipids, lipo-
peptides, corynomycolic acid, and phospholipids. High-
molecular mass biosurfactants include emulsans, alasan,
liposan, polysaccharides, and protein complexes [7]. The
lipopeptides of bacterially-produced low-molecular mass
biosurfactants have been identified as members of the
iturin families (iturin, mycosubtilins, and bacillomycin),
fengycin, surfactin, arthrofactin, and putisolvin [8-10]. These
are interesting groups of microbial biosurfactants due to
their many attractive properties, which include bioremedi-
ation, oil-degradation, in addition to anti-fungal, anti-
bacterial, and anti-viral properties.

Fengycin belongs to a group of lipopeptides generated
by Bacillus species [9,11-14]. Tt is a well-known anti-
fungal agent against phyto-pathogenic fungi [12,15]. Fen-
gycin exists as a mixture of isoforms with variations in
both the length and branching of the B-hydroxy fatty acid
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moiety, as well as, in the amino-acid composition of its
peptide ring [10]. For example, at position 6, D-alanine (as
in fengycin A) can be replaced by D-valine (as in fengycin)
[13]. The B-hydroxy fatty moiety of fengycin evidences a
variety of peaks from Cy4 to C;5, as evidenced by MALDI-
TOF mass spectra. Additionally, the mass spectra of fen-
gycin groups evidence peaks at m/z values between 1,450
and 1,550.

In this study, we have isolated and identified B. am-
yioliquefaciens 1.SC04, which produces effective biosur-
factants. Additionally, we purified and analyzed the struc-
ture of the biosurfactant. The isolated biosurfactant was
designated as fengycin S, and it was compared with
fengycin A and fengycin B.

2. Materials and Methods

2.1. Microorganism and culture conditions

B. amyloliquefaciens 1L.SC04 was employed throughout
this work, after being isolated from oil-contaminated soil
samples. The strain was cultivated in Luria-Bertani (LB,
Sigma-Aldrich Co., St. Louis, MO, USA) medium (10 g/L,
casein peptone; 5 g/, yeast; 5g/L, extract; and 5 g/L,
NaCl; pH 7.0) containing 2% (v/v) crude oil and tributyrin.
The chemicals used for the LB medium were obtained
from the Sigma-Aldrich Co. (St. Louis, MO, USA) and
crude oil produced by the United Arab Emirates was
obtained from the S-oil Refining Co. Ltd., Ulsan, Korea.
Individual bacterial isolates were stored at —70°C in LB
medium containing 20% glycerol.

2.2. Identification of biosurfactant-producing bacterium
Bacterial genomic DNA was isolated via the method of
Cutting et al. [16] with some modifications. In brief, bac-
terial cells were cultured in 25 mL of LB medium at 37°C
and 180 rpm until late-log phase (ODgg, 1.0~2.0) was
reached, then harvested via 10 min of centrifugation at
8,000 rpm. The harvested cells were washed in 10 mL of
lysis buffer (50 mM, EDTA; 0.1 M, NaCl; and 10 mM,
Tris-HCI; (pH 8.0)) and centrifuged, and the pellet was
resuspended in 4 mL of lysis buffer. Then, 10 mg of lyso-
zyme was added to this suspension and incubated for 10
min without shaking at 37°C. A 0.3 mL of N-lauroyl-
sarcosine (10% (w/v)) was then added and the mixture was
incubated for an additional 5 min. The mixture was extract-
ed with 4 mL of phenol, chloroform, and iso-amylalcohol
(25:24:1) and subsequently re-extracted with 4 mL of
chloroform and iso-amylalcohol (24:1). The DNA was
precipitated with ethanol and 3 M sodium acetate (pH 5.2),
and washed in chilled 70% ethanol, and finally resuspend-
ed in 10 mM Tris-HCI (pH 8.0). The extracted genomic

DNA was utilized as a template for the polymerase chain
reaction.

We conducted analyses of the partial 16S rRNA gene
and the gyr4 nucleotide sequences. The 16S rRNA gene
and the gyrd fragment, corresponding to Bacillus subtilis
16S rRNA gene sequence positions were as follows: 96398-
97941 (p16St, 5S'-GAGITTGATCCTGGCTCAG-3' p16Sr,
5'-AGAAAGGAGGIGATCCAGCC-3') and the gyr4 were
43-1065 (pGyrAf, S-CAGTCAGGAAATGCGTACGTCCTT-
3', pGyrAr, 5-CAAGGTAATG CTCCAGGC ATTGCT-3").
The DNA was PCR amplified under the following condi-
tions: 95°C for 3 min, 30 cycles of 95°C for 30 sec, 55°C
for 1 min, and 72°C for 2 min and a final 10 min extension
at 72°C. The PCR products were then extracted using a Gel
Extraction Kit (NucleoGen Inc., Dagjeon, Korea), and the
DNAs were cloned into pGEM-T-easy vector (Promega
Co., Madison, WI, USA) and transformed into Escherichia
coli IM109 cells (Takara Bio. Inc., Shiga, Japan). The
sequence was then compared to the rRNA gene and gyrd
nucleotide sequences in the Genebank database (“http://
www.ncbi.nlm.nih.gov/BLAST/”). Phylogenetic trees were
constructed via the Neighbor-Joining method and Clustal-
X software.

2.3. Surface tension of culture broth

The surface tension of the culture broth without cells was
measured via the Ring Method [17] using a Du Nouy
Tensiometer (Itoh Seisakusho, Ltd. Tokyo, Japan) every 6
h for 4 days.

2.4. Assay of emulsification activity and stability

The emulsification activities of the biosurfactants were
assessed via a modified version of the method developed
by Cirigliano and Carman [18,19]. The samples were
diluted with distilled water to a final volume of 4 mL and
the solution was mixed with 1 mL of a substrate (soybean
oil, kerosene, crude oil, tributyrin, and hydrocarbons).
Thereafter, the mixture was vigorously shaken for 2 min in
a vortex mixer and then allowed to stand for 10 min before
measuring turbidity at 540 nm. The absorbance was ex-
pressed as the emulsification activity.

The emulsion stability was analyzed on the basis of the
emulsification activity [18,19]. The emulsified solutions
were permitted to stand for 10 min at room temperature
and absorbance readings were taken every 10 min for a
period of 60 min. As such, the log of the absorbance was
plotted versus time and the slope (decay constant, K;) was
calculated to express the emulsion stability.

2.5. Purification of biosurfactants of B. amyloliquefaciens

LSC04
The bacterial cells were removed from the culture broth via
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centrifugation at 13,000 rpm for 15 min at 4°C and the
supernatant was acidified to pH 2.0 with 12 N HCI, follow-
ing the formation of a precipitate at 4°C overnight. The
precipitate was then collected via centrifugation (13,000
rpm, 4°C, and 15 min), washed 3 times in acidic water (pH
2.0 with 12N HCI), and dried by vacuum. The dried
surfactant was then extracted 3 times with methanol (100
%) for 3 h. The methanol was removed using an EYELA
rotary evaporator (Tokyo Rikakikai Co. Ltd., Tokyo, Japan)
under reduced pressure. The crude biosurfactant was
obtained as a brown-colored material using an EYELA
rotary evaporator, then purified by silica gel 60 chromato-
graphy (Merck Co. Inc., Damstadt, Germany; 2.5 %30 cm,
230~400 mesh). The sample was purified further using a
reverse-phase HPLC system and TLC.

2.6. Drop-collapsing assay of biosurfactant

The purified biosurfactant was evaluated for biosurfactant
activity via a drop-collapsing assay [8]. Twenty micro liter
of crude oil was placed on the surface of 20 mL of distilled
water in petri dishes (90 mm in diameter). A thin oil film
was immediately formed. Then, 10 uL of HPLC eluent
was gently placed in the center of the oil film. A clear halo
became visible under light and the diameter of the halo was
measured.

A _|7 B. mojavensis AY030339 B
Bacillus sp. AB050667

a8

B. licheniformis AF492486

B. Amyloliguefaciens AF489591

LSCo04

B. subtilis AF545570
B. subtilis AJ276351

B. subtilis DS8802
B. mojavensis AB021191

B. atrophaeus AB021181
L B. licheniformis AY479984

0.01

2.7. Thin-layer chromatography

Thin-layer chromatography was conducted on pre-coated
silica gel 60 F,s;, plates (Merck Co. Inc., Damstadt,
Germany). The hydrolysis products were separated by
thin-layer chromatography on silica gel using a mixture of
chloroform:methanol:water (65:25:4 v/v) as the mobile
phase. The plates were developed with sprayed water
followed by incubating the plates for air dry.

2.8. High-pressure liquid chromatography

HPLC was conducted using a Waters 400 HPLC reverse-
phase liquid chromatography system (Waters, USA) equipp-
ed with a BDS C18 column (Thermo Hypersil Ltd., Che-
shire, UK; 5 p, 4.6 x 250 mm) at room temperature. The
system was operated at a flow rate of 2.0 mL/min with a
solvent of 90% methanol as the mobile phase.

2.9. Mass spectrometry analysis

Matrix-assisted laser desorption ionization-time of flight
(MALDI-TOF) and Electro spray ionization mass spectro-
metry (ESI-MS/MS) were conducted on a Voyager-DE
PRO instrument manufactured by Perkin-Elmer Cetus
(Foster City, CA, USA), and a Waters/Micromass QTOF2
and Micromass (Milford, MA., USA). The samples were
infused with a syringe. The electro-spray source was

B. atrophaeus AF272016

B. mojavensis AY212986
B. mojavensis AF272019

B. amyloliquefaciens AF272015

B. amyloliquefaciens AF272026

LSC04

| B. licheniformis AF272017

B. licheniformis AF272018

—— B. vallismortis AF272025
B. subtilis AF272020

{ B. subtilis AF272023
B. subtilis AF272024

B. subtilis AF272021

- B. subtilis AF272022

0.1

Fig. 1. Phylogenetic tree based on (A) partial 16S rRNA gene and (B) gyr4 NT sequences.
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operated at a capillary voltage of 32 V, a spray voltage of
5 kV, and a capillary temperature of 320°C. £
£ 3
s )
3. Results and Discussion g £
g 5
3.1. Identification of biosurfactant-producing B. amylo- t 3
liquefaciens 1.SC04 @
A biosurfactant-producing bacterial strain was selected

from oil-contaminated soil owing to its ability to degrade
crude oil and tributyrin (C4p). LSC04 was grown with
crude oil or tributyrin as a sole source of carbon. Addi-
tionally, LSC04 evidenced marked crude oil and tributyrin-
degrading activity, as visualized by the clear zone that
developed around the colony after 12 h of incubation at
37°C. LSCO4 also evidenced an ability to reduce surface
tension.

The isolate was identified as B. amyloliquefaciens 1LSC04
via an analysis of the partial 16S rRNA and partial gyr4
nucleotide (NT) sequences. The phylogenetic trees based
on a neighbor-joining analysis of the 16S rRNA and gyr4
NT sequences are shown in Fig. 1. A 1,541 bp region of
the LSC04 16S rRNA gene was amplified with p16Sf and
p16Sr primers, and the sequence was compared to those in
the 16S rRNA database. The closely related 16S rRNA
genes in the database were from Bacillus species, which
evidence an identity of more than 98% to B. amyloligue-
faciens LSCO04. Also, a 927 bp region of B. amylolique-
faciens 1LSC04 gyrA gene was amplified using pGryAf and
pGryAr. The identities of gyr4 NT sequences were in
excess of 95% for B. amyloliquefaciens strains, but were
under 83% for a variety of Bacillus species, including B.
mojavensis, B. subtilis, B. licheniformis, B. halodurans, B.
anthracis, and B. cereus. The gyrA NT sequences are a
source of significantly higher genetic variation than the
16S rDNA sequences.

In this study, we have collected some bacterial isolates
from the soil samples. For the selection biosurfactant-pro-
ducing strains, we assessed crude oil and tributyrin degrad-
ation in the agar plates, as well as, surface tension in the
culture broth. LSCO04 isolated strain was selected for
production of biosurfactant. The biosurfactant-producing
LSC04 was similar to B. subtilis in terms of its size, colony
type, and physical properties. Accordingly, to identify
LSC04, we analyzed the nucleotide (NT) sequences of the
partial 16S rRNA gene and partial gyr4 sequences, and
identified the organism as B. amyloliquefaciens. Many
studies have been conducted recently regarding bacterial
diversity in soil, marine, desert, and aqueous environments,
using extensive 16S rRNA sequence evaluations [20-24].
However, as the partial 16S rRNA gene sequences of a
variety of Bacillus species are very similar to B. subtilis

0 6 12 18 24 30 36 42 48 54 60 66 72
Culture time (h)

Fig. 2. Cell growth and surface tension decreases in culture broth
by the LP04.

(over 99%), the partial 16S rRNA sequences provide
insufficient resolution to distinguish various subspecies and
close relatives of Bacillus species [25]. The partial gyrd
sequences were then compared with those of other Bacillus
species, an approach that has previously proven useful for
distinguishing between Bacillus species [26].

3.2. Surface tension of biosurfactant-producing bacteria
The surface tension of the culture filtrates of B. subtilis A8-
8, Bacillus atrophaeus DYL130, and LSC04 decreased
from 58 to 26 mN/m, 27 mN/m, and 26 mN/m, respectively
(Fig. 2). Generally, the surface tension of various bio-
surfactants has been reported to range from approximately
27 to 35 mN/m [27-29]. A reduction in the surface tension
of media as a consequence of biosurfactant production, and
accumulation during the period between the exponential
growth and stationary phases has already been reported for
several other microorganisms [27,29,30]. Biosurfactants
generated by microorganisms are of 2 main types: those
that reduce surface tension at the air-water interface and
those that reduce the interfacial tension between immi-
scible liquids or at the solid-liquid interface (bioemulsi-
fiers). Biosurfactants generally evidence emulsifying ability,
but bioemulsifiers do not necessarily reduce surface ten-
sion [31].

3.3. Emulsifying activity and stability of biosurfactant
from bacteria

The emulsification activity of the biosurfactants from B.
subtilis A8-8, B. atrophaeus DYL130, and LSC04 was
measured with a variety of water-immiscible substrates
(Table 1). The stabilization ability (Table 2) of the bio-
surfactants from isolates was described by the decay content,
K, (the slope of the emulsion decay plot). Additionally,
emulsion decay plots were constructed for a variety of
emulsifying substrates in the presence of the biosurfactants
from isolates, after which the respective K, values were
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Table 1. Emulsification activity of biosurfactant from B. subtilis
A8-8, B. atropaeus DYL130, and B. amyloliquefaciens LSC04

Table 2. Emulsification stability of biosurfactant from B. subtilis
A8-8, B. atropaeus DYL130, and B. amyloliquefaciens LSC04

Emulsification activity (ODs40 ym)?

Decay constant (K, 10 *)*

Substrate Substrate

A8-8 DYL130 LSC04 A8-8 DYL130 LSC04
Soybean oil 2.75 2.10 2.79 Soybean oil —-0.00 —-0.00 -0.13
Trybutyrin (Ca,) 1.94 1.99 1.54 Trybutyrin (Cay) —-1.88 -9.56 —2.22
Kerosene 1.46 2.88 1.75 Kerosene -2.32 -11.32 -0.54
Crude oil 1.08 1.16 1.18 Crude oil -5.89 221 -5.25
Hexadecane (C,¢) 1.06 1.59 0.79 Hexadecane (C,¢) -2.54 -3.18 -3.26
Tetradecane (C,4) 0.55 1.40 1.29 Tetradecane (C,4) —4.48 -5.08 -3.08
Dodecane (C,,) 0.71 1.39 0.39 Dodecane (C,,) —6.41 -3.65 -3.65
Decane (Cg) 0.60 1.30 0.30 Decane (Cy) -6.11 -5.43 -7.53

“The emulsification assay was performed in the presence of the
biosurfactant as described in the text. After an initial 10 min
holding period, absorbance readings were taken every 10 min for 60
min.

calculated (Table 2). Biosurfactants of B. subtilis A8-8 and
LSCO04 were showed highest emulsification activity with
soybean oil as a substrate, whereas B. atrophaeus DYL130
showed highest emulsification activity with Kerosene
(Table 1). The stability of biosurfactants was found to be
higher in substrates with high emulsification activity (Table
2), which is comparable to the results observed with the
biosurfactant from Nocordia sp. L-417 [28]. In our previous
studies, we isolated and characterized the biosurfactants
generated by B. atrophaeus DYL-130 [32] and B. subtilis
A8-8 [33]. Therefore, these characteristics of the LSC04
biosurfactant indicate that it might potentially function as a
substitute for chemically synthesized surfactants.

3.4. Comparison of biosurfactant with commercial sur-
factants

Several commercial surfactants have been investigated to
compare their emulsification activities and emulsion stabi-
lities with those of the biosurfactants from B. subtilis A8-
8, B. atrophaeus DYL130, and LSC04 against the sub-
strates with the highest emulsification activity (Table 3).
The results showed that the emulsification activities of the
biosurfactants from B. subtilis A8-8, B. atrophaeus DYL130,
and LSC04 were superior to those of several commercially
available surfactants, with the notable exception of the
Tween detergents (20, 40, and 80); however, its emulsifi-
cation stability was far superior to that of all the commer-
cial surfactants tested, thereby indicating that the biosur-
factants from B. subtilis A8-8, B. atrophaeus DYL130, and
LSCO04 might prove useful as emulsifying and emulsion-
stabilizing agents.

3.5. Purification of biosurfactant from B. amylolique-
Saciens L.SC04
The biosurfactant was purified from the culture filtrate of

“The log of the absorbance was plotted versus time and the slop
(decay constant, K,;) was calculated.

Table 3. Comparison of emulsification activity and stabilization by
biosurfactant and commercial surfactants (soybean oil as substrate)

Emulsification Decay constant

Surfactant

activity (ODsg ym)* (K 10 3)°
LSC04 2.79 -0.13
B. subtilis A8-8 2.75 —-0.00
Tween 20 2.71 -0.14
Tween 40 2.63 -0.12
Tween 80 2.60 -0.14
Span 40 1.80 -0.43
Span 85 0.88 -5.68
Triton X-100 2.36 -0.18
SDS 1.51 -16.05

The emulsification assay was performed in the presence of the
biosurfactant as described in the text. After an initial 10 min
holding period, absorbance readings were taken every 10 min for 60
min.
®The log of the absorbance was plotted versus time and the slop
(decay constant, K,;) was calculated.

B. amyloliquefaciens 1.SC04 grown in an LB-medium, as
described in the Materials and Methods section. The puri-
fication procedure consisted of 4 steps: HCI fractionation,
methanol treatments, silica gel column chromatography,
and HPLC. The brown-colored precipitate containing the
biosurfactant was acquired via treatment with 12 N HCI
and precipitation at 4°C overnight. The crude biosurfactant
was then extracted 3 times with methanol and concentrated
in a rotary evaporator. It was subsequently identified as
several spots on a TLC plate developed using solvent system
chloroform: methanol:water (65:25:4 v/v). Thereafter, the
crude biosurfactant was concentrated in a rotary evapo-
rator, dissolved in butanol (100%), and loaded onto a silica
gel 60 column equilibrated with butanol (100%). The
active fraction was then collected, concentrated, and dis-
solved in methanol in order to estimate its purity via
reverse-phase HPLC. The HPLC chromatogram showed
one major peak and evidenced a retention time of 10.183
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Fig. 3. (A) HPLC chromatogram and (B) oil film-collapsing of purified biosurfactant.
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Fig. 4. MALDI-TOF mass spectrum of the purified biosurfactant by B. amyloliquefaciens LSCO04.

min (Fig. 3A). The HPLC eluent evidenced oil film-
collapsing activity and the diameter of the halo zone was
74 mm (Fig. 3B). The purified biosurfactant was identified
as one white-colored spot (R, value, 0.69) on a TLC plate
sprayed with water (data not shown).

3.6. Structural characterization of the purified bio-
surfactant

The molecular mass of the purified compound was measur-
ed via MALDI-TOF mass spectrometry, providing 2 main
signals at m/z 1,086.9 and 1,491.2 as (M + H) (Fig. 4). The
m/z 1,491.2 corresponded to the lipopeptide fengycin B,
but the m/z 1,086.9 did not correspond to any known
lipopeptide. Each of the 2 ions was utilized as a precursor

ion for further ESI-MS/MS analysis. Fig. 5 shows the
product patterns determined by ESI-MS mass spectrometry
for m/z 1,491.2, but m/z 1,086.9 was not analyzed. As
constituents of the peptide and lipophilic part of the m/z
1,491.2, 10 amino acids (Ile-Tyr-GIn-Pro-Val-Glu-Ser-Tyr-
Orn-Glu) and B-hydroxy-C17 fatty acid were identified via
ESI-MS/MS. The product ions of m/z 980.8 and 1,094.9 in
Fig. 3 were identified as Ile <-Tyr <-Gln <-Pro <-Val <
-Glu <-Tyr and Ile < -Tyr <-GIn < -Pro < -Val <-Glu <
-Tyr <-Om (increased 114). The residue of m/z 1,941.2
was 397.25 (fatty acid (C;7)-Glu). Structurally, the novel
1,491.2 Da lipopeptide was similar to fengycin B, but a
component of the amino acid was different in that the
threonine residue in position 4 was replaced by serine. The
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Fig. 6. Structure of fengycin A, B, and novel fengycin S of lipopeptide biosurfactants.

structure of fengycin A, B, and fengycin S are displayed in
Fig. 6. Therefore, we designated the compound with a
molecular mass of 1,491.2 Da as fengycin S.

Bacillus species are well-known to produce lipopeptides,
such as bacillomycin, fengycin (or plipastatin), iturin,
lichenysin, mycosubtilin, and surfactin [10]. The fengycin
of lipopeptides is a well-known anti-fungal substance [11].
Moreover, it evidences strong properties as a lipopeptide
biosurfactant [14]. Prominent groups of mass peaks in lipo-
peptides were observed in a mass range between m/z 1,000
and 1,530 by MALDI-TOF mass spectra [13]. The m/z
1,491 in the fengycin cluster was identified as C;s-Fen-
gycin (M + H) [14,15]. Structurally, fengycin is composed
of a cyclic chain of 10 amino acid residues containing a [3-
hydroxy fatty acid in the side chain [14]. In our analysis of
ESI-MS/MS, fengycin S differs from fengycin A by 2
amino acid residues (threonine versus serine and alanine
versus valine), and fengycin B by only a single amino acid

residue (threonine versus serine). Fengycin exists as a
variety of isoforms [14,15] because it changes from a
carbon number in the fatty acid moiety of Ci4to C;7 and
from amino acid moieties of 4 to 6.

4. Conclusion

In this study, the isolated and purified biosurfactant
was designated as fengycin S, and was compared with
fengycin A and fengycin B. B. amyloliquefaciens LSC04
was identified as a potential producer. It may potentially
be used, either directly on oil spills in contaminated
environments, or for the biotechnological production of
biosurfactants.
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