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Abstract

This work aimed to identify biosurfactant-producing bacterial strains isolated from hydrocarbon-contaminated
sites and to evaluate their biosurfactant properties. The drop-collapse method and minimal agar added with
a layer of diesel as carbon source were used for screening, positive strains were able to grow in a liquid
medium, and surface tension and emulsification index were determined in cell-free supernatant and cell
suspension. 250 bacterial isolate were tested, and 16 were positive for the drop-collapse and hydrocarbon-
layer agar method. Most of the strains were Pseudomonas, except for three strains (Acinetobacter, Bacillus,
and Rhodococcus). Surface tension was similar in cell-free and cell suspension measurements, with values
in the range of 58 to 26 (mN/m), and all formed stable emulsions with engine oil (77-92% E,,). Considering
the variety of molecular structures among microbial biosurfactants, they have different chemical properties
that can be exploited commercially, for applications as diverse as bioremediation or degradable detergents.
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Introduction

One of the main causes of global contamination
is the release of contaminants to the environment,
including petroleum and petroleum-derived products
M which also exert a risk for human and animal health
since many of these contaminants have demonstrated
to be toxic and carcinogenic . Microorganisms has
proven to be effective to remove the effects soil and
water contamination caused by hydrocarbon, using their
metabolic abilities that can modify or use hydrocarbons
as a source of carbon and energy. The compounds’
chemical structure and its bioavailability (concentration,
toxicity, mobility, and access) can affect the efficiency
their degradation®. Many microorganisms produced
Biosurfactants, to metabolize water-immiscible
substrates, allowing its adsorption, emulsification,
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or dispersion . Aerobic microorganisms, using as
carbon sources, hydrocarbons, animal or vegetal oils,
or a mixture of them mainly synthesizes microbial
biosurfactants®> ©. Biosurfactants can be remain
attached to the cell wall (intracellularly) and/or could be
released to the media >®. A wide range of variation
in biosurfactants physical and biological properties are
allowed by the main difference in the hydrophilic head
chemical nature ©.

The term biosurfactant and bioemulsifier
are considered interchangeable, but although all
bioemulsifiers are considered biosurfactants, not all the
biosurfactants produce stable emulsions. Biosurfactants
reduce surface tension between two liquids, while
bioemulsifiers induce dispersion of undissolved material
throughout the liquid, by formation and stabilization
of droplets of the dispersed phase 1% ©. Biosurfactants
produced by Microorganisms are classified by its
chemical composition and its microbial origin (19,
Glycolipids or lipopeptides (Low molecular weight
biosurfactants) can diminish surface tension but does not
form stable emulsions @)

The biosurfactant-producing microbial strains is an
interesting research area, due tothe wide variety of uses
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and the diversity of those molecules!"). Several method
were used for isolation and screening of interesting
bacterial strains; the easiestcommon method is the
drop-collapse test (! which has been described that
the used carbon source to grow the microorganisms,
is important on the identification of biosurfactants
producing strains®®. This work is an attempt to
identify biosurfactant and/or bioemulsifier producing
bacteria from soil bacterial isolates obtained from sites
contaminated by hydrocarbon.

Methods

Bacterial Strains: Bacterial strains were
isolated from soil contaminated obtained by selective
enrichment®. Soil samples were taken and screened
for hydrocarbon-degrading bacteria by inoculation into
mineral salt agar (Na,HPO, 6g, KH,PO, 3g, NaCl 0.5g,
NH,CI .1 g, MgSO,-7H,0 0.24g, and CaCl, 0.01g,
Bacto-Agar 15 g, distilled water 1 1) without carbon
source added to the plates, and were incubated at 25°C in
a chamber saturated with gasoline vapors from 5-7 days.
Colonies with different morphology were selected and
inoculated into Tryptic Soy Agar (TSA) to obtain pure
cultures, and periodical transfer into TSA to maintain
strains('),

Growth Conditions: Pure cultures were grown on
broth added with glucose (2% w/v) olive oil, paraffin
or sucrose (1% w/v), and incubated at 120 rpm for
five days, according to Bodour and Miller ). After
incubation, biosurfactant production was tested. Cells
were recovered by centrifugation (12,000 x g, 5 min)
and suspended in 1 ml of minimal saltbroth..

Biosurfactant production evaluation and Surface
Tension Determination: The initial identification of
biosurfactant-producing bacteria were done by drop-
collapse method ('), The tests were carried by triplicate,
using culture supernatant and cell
Biosurfactant production was monitored in mineral salt
agar plates added with a layer of a combustible material,
according to the method proposed by Kiyohara et
al.1®. Plates were inoculated aseptically transferring a
bacterial colony with sterile toothpicks were incubated
at 28°C for 7 days.

suspensions.

In the drop-collapse test, Positive bacterial strains
were also evaluated for surface tension and stable
emulsion formation. Strains were grown in minimal
saltbroth added with sucrose (1% w/v for Acinetobacter,
Bacillus, Rhodococcus) or glucose (2% w/v for

Pseudomonas) and incubated for five days at 120 rpm.
For measurements of surface tension, five ml of broth
supernatant tube that was submerged in water bath at
28°C. Surface tension was calculated by measuring
the height reached by the liquid when freely ascended
through a capillary tube(!®). The surface tension was
calculated according to the formula (2):

rhég
2

"I." =
v = Surface tension (mN/m);
r = capillary radius (0.05 cm);
d = Density (g/mL);
g = gravity (980 cm/s?);
h = height of the liquid column (cm).

Emulsification Index Determination: Two ml of
supernatant or cell suspension and 3 ml of a selected
hydrocarbon were mixed and vortexed in a test tube for
2 min and then maintained at 25°C. The height of the
emulsions layer were measured after 24 h to calculate

the emulsification index® according to the following
equation used to determine the emulsification index

(Epq):

(height of emulsion la}rer) 100
~ \ height of total solution

Results

Bacterial Screening: Bacterial isolate were obtained
from two different soils contaminated with hydrocarbons
(diesel and used engineoil!”). 250 bacterial isolates were
selected for the test of biosurfactants production based
on their growth on minimal saltagar plates without a
carbon source and incubated in a gasoline-saturated
atmosphere.. Of all isolates, 82 were obtained from a
site contaminated with used engine oil and 168 from a
site contaminated with diesel. According to the initial
characterization (colonial morphology, Gram stain,
and biochemical tests), bacterial isolates belonged
to the genera Pseudomonas, Rhodococcus, Bacillus,
Micrococcus, Staphylococcus,
Serratia. All these genera were reported to be present
in hydrocarbon-contaminated sites, and hydrocarbon
degraders!8:D,

Acinetobacter, and

Some microorganisms produce biosurfactants in
water-insoluble substrates, such as vegetable or mineral
oils, while other microorganisms can produce these



metabolites in presence of carbohydrates as carbon
sources®. All 250 bacterial isolates were grown in
mineral salt supplemented with glucose, sucrose or
olive oil, and the supernatant was used to select for
biosurfactant-producing bacteria by the drop-collapse
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test. Sixteen isolates were positive and of those, 11
strains were growing in glucose, six in olive oil, and
only three in sucrose; of those, three strains produced
biosurfactants in olive oil as well as in glucose as
substrates (Table 1).

Table 1: Production of Biosurfactant and identification of isolates grown in glucose, sucrose and olive oil as
the carbon source

Isolate Source Genera Gram stain Glucose Sucrose Olive oil
S4M5 Diesel Pseudomonas N - - +
S4M9 Diesel Pseudomonas N + - +
S4Nb Engine oil Pseudomonas N + - -
S4Nc Engine oil Pseudomonas N + - +
S5B20 Diesel Rhodococcus P - + -
S5C2 Diesel Pseudomonas N + - -
S5C2c Diesel Pseudomonas N - - +
S572 Diesel Acinetobacter N - + -
S6Ba Engine oil Pseudomonas N - - +
ST-7 Engine oil Pseudomonas N + - -
S1M2 Diesel Bacillus P - + -
S2M7 Engine oil Pseudomonas N + - -
S33c Engine oil Pseudomonas N + - -
S22a Engine oil Pseudomonas N + - -
S4d1 Engine oil Pseudomonas N + - -
S4M2 Diesel Pseudomonas N + - -

The substrates used had been reported to promote
biosurfactant production!!+!1? and 20 Ajthough the
biodegradation capacity of the 250 isolates has not been
tested by the reduction of hydrocarbons in pure culture,
many are likely to degrade hydrocarbons since they
were isolated in mineral salt agar plates, incubated in
a hydrocarbon-saturated atmosphere as carbon source.
However, only a small proportion were biosurfactant
producers, which support the concept of the bacterial
community, that will help other microorganisms to

degrade the wide variety of hydrocarbons found at the
site@1H),

The drop-collapse test was considered positive
when within one minute, the drop expanded on the oily
surface of the microplate lid. Besides the 16 positive
isolates, another 21 strains (18 in olive oil, one in maize
starch, one in sucrose, and one in paraffin) showed a
partial collapsed drop after one minute, suggesting that

those microorganisms produced only a small amount of
biosurfactant, or it remained intracellular 14,

The majority of the positive strains were identified
as Pseudomonas spp., which are one of the most
reported biosurfactant producer, and rhamnolipid
had been reported that the most known biosurfactant
that they produce®*?3). Other Pseudomonas related
microorganisms, such as Burkholderia plantarii®®
and Ps. chlororaphis'® also reported as biosurfactants
producer.

The 16 isolates described in Table (1)were
inoculated in amineral salt agar plate covered with a
layer of a combustible material, a clear zone around
the colonies was observed in the glucose-free plates
after 24 h of incubation. Biosurfactantsare liberated to
the surroundings and emulsification occurs as the main
mechanism to introduce water-insoluble substrates to
the cell interior %),
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Surface tension measurement showed that to give
a positive drop collapse test, a surface tension lower
than 45 mN/m was necessary. The surface tension of
Mineral salt broth was 69.97 mN/m. No differences were
observed in the surface tension of cell-free supernatants
and cell suspensions for all bacterial strains tested
(p>0.05, data are shown), opposing results obtained by
Batista et al.(!D. The lower surface tension values, both
with or without cells, was reached by Pseudomonas
strains (26.7 mN/m) and were closely followed by the
Bacillus strain (33.32 mN/m) (Table 2).

Even though lipopeptides produced by Bacillus
are known as one of the most powerful microbial
biosurfactants ), Pseudomonas rhamnolipids are also
effective, and both of them are extracellular ?%. The
important point is, if a surfactant that reduces the surface
tension of water can form stable emulsions ('), The term
emulsifier is often used in an application-oriented manner
to describe the combination of all the surface-active
compounds that constitute the bioemulsifier secreted
by the cell to facilitate the assimilation of an insoluble
substrate (9. As described in Table 2, most of the strains
that had lower surface tension values were also the ones
that formed the largest and more stable emulsions. In
addition, there was no significant difference between
the emulsions formed by the released biosurfactant or
the cell suspension (p>0.05). For all water-insoluble
compounds tested, emulsions were more stable in the
hydro carbonated portion of the oil-water mixture. When
a supernatant without cells was used, emulsification
index (after 24 hours) ranged from 0 to 99.9% for diesel,
from 0.0 to 99.9% for kerosene, and from 76.2 to 92.8%
for engine oil (Table 2).With high statistical differences
between strains within each compound (F=15.55 for
diesel, F=99.9.60 for kerosene and F=2.35 for engine oil
respectively; p<0.01). For decane, the emulsion index
was in the range of 0-10% and there were no differences
among strains (p>0.05).

The emulsification index can vary with bacterial
growth phase(!®. The highest emulsification index
values of diesel, kerosene, and engine oil were detected
for Pseudomonas strains. Monteiro et al. ?? reported
an emulsification index of 70% after 30 days of
incubation, demonstrating that emulsions produced by
P. aeruginosa thamnolipids are stable, and can be used
in the control of environmental contamination. Only
Bacillus and Acinetobacter formed stable emulsions
with decane. Emulsions formed by Acinetobacter were
small, but optically clear, probably due to vesicles rich in

phosphatidylethanolamine that are formed, as observed
by Desai & Banat (!9, and the emulsion formed by
Rhodococcus cells incorporated air in the emulsion,
giving a column height higher than the controls.

Conclusion

Hydrocarbon contaminated sites can be considered
as enrichment environments for the selection of
hydrocarbon degrading and/or biosurfactant producing
microbial strains. Production of biosurfactants and
bioemulsifiers by soil microorganisms provides them
with an advantage in contaminated sited, since they can
use water-insoluble carbon sources for growth.
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