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Production of emulsifier by a strain of Pseudomonas aeruginosa
(C1 LBPVMA-UFAL) using lubricant oil as main carbon source
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ABSTRACT. The intention of this work was to evaluate the growth of Pseudomonas
aeruginosa (C1 LBPVMA-UFAL) on lubricant oil and verify the production of rhamnolipid
biosurfactant. Tests in solid medium containing lubricant oil supplemented with different
sources of nitrogen were used to evaluate the growth of P. aeruginosa. The growth medium
used for production of rhamnolipid was (g L™): yeast extract, 0.1; NaCl, 1.0; MgSO,, 0.2;
MnSO,.H,0, 0.02; 0.5% lubricant oil (w v!). The biosurfactant concentration was detected
24h after the inoculation, during the exponential phase, with the maximum value obtained
up to 120h, although no drastic alteration of pH had been verified. The emulsifier activity
was also first detected after 24h of incubation, with maximum production after 120h. The
characterization of the produced biosurfactant was performed through thin layer
chromatography, which showed the presence of two spots with Rf values equal to 0.71 and
0.5, revealed by reagents specific to rhamnolipids. These results suggested that two types of
rhamnolipidic biosurfactant are produced by the strain of P. aeruginosa in limited conditions
of nutrients, able to use lubricant oil as main carbon source. This bacterium, isolated from
agro-industrial effluent, showed potential to bioremediation assays of contamination with
petrol and his derivates.
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RESUMO. Producio de emulsificante por linhagem de Pseudomonas aeruginosa (C1
LBPVMA-UFAL), usando 6leo lubrificante como tnica fonte de carbono. O
objetivo deste trabalho foi avaliar o crescimento de Pseudomonas aeruginosa (C1 LBPVMA-
UFAL) sobre 6leo lubrificante e verificar a produgio de biosurfactante ramnolipidico.
Testes em meio sélido com 6leo lubrificante suplementado com diferentes fontes de
nitrogénio foram usados para avaliar o crescimento de P. aeruginosa. O meio de crescimento
utilizado para a produgio de ramnolipideo foi (g L™!): extrato de levedura, 0,1; NaCl, 1,0;
MgSO,, 0,2; MnSO,.H,0O, 0,02; 0,5% de Sleo lubrificante (p v''). A concentragio de
biosurfactante foi detectada 24 h apés a inoculagio, durante a fase exponencial, com valor
miéximo obtido a 120h, sem verificar alteragio dristica de pH. A atividade emulsificante foi
também detectada apds 24h de incubagio, com mdixima produgio apds 120h. A
caracterizagio do biosurfactante produzido foi avaliada por cromatografia de camada
delgada, revelando a presenca de duas bandas com valores de Rf iguais a 0,71 e 0,5, revelada
por reagentes especificos para ramnolipideos. Estes resultados sugerem que dois tipos de
biosurfactantes ramnolipidicos sio produzidos pela linhagem de P. aeruginosa em condigoes
limitadas de nutrientes, sendo capaz de utilizar 6leo lubrificante como udnica fonte de
carbono. Esta bactéria, isolada de efluente agroindustrial, revelou potencial para ensaios de
biorremediacio de contaminacio com petrdleo e seus derivados.

Palavras-chave: Pseudomonas aeruginosa, biosurfactante, 6leo lubrificante, atividade emulsificante,
efluente agroindustrial.

Introduction

Petrol is a complex mixture of many compounds
such as alkanes, aromatics, resins and asphaltenes,
which could potentially be eliminated by microbial
degradation (BARATHI; VASUDEVAN, 2001). In

general, microorganisms may require some

physiological adaptation to mineralize or grow on
substrates with low solubility in water. Through
evolution, bacteria have adapted themselves to
feeding on  water-immiscible  materials by
manufacturing and using a surface active product

that helps them in the aqueous phase. So, they
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adsorb, emulsify and disperse or solubilize the water
immiscible material (HEALY et al., 1996).

The use of synthetic surfactants in treating
hydrocarbon systems contaminating soil improves the
restoration of these areas, increasing the surface for
microbial attack. However, they may promote
accumulation in the ecosystem causing serious
environmental damage (CUNHA; LEITE, 2000).
Biosurfactants in many cases have proved to be more
effective than chemical surfactants, and have added
benefit to be biodegradable (BANAT, 1995). The rate
of hydrocarbon biodegradation is dependant of the
biosurfactant effect, in two ways: by increasing
solubilization and dispersion of the hydrocarbon, and
by changing the affinity between microbial cells and
hydrocarbons, by inducing increases in cell surface
hydrophobicity (ZHANG; MILLER, 1995).

The best studied class of glycolipidic biosurfactants
is the rhamnolipidc one, produced by several species of
Pseudomonas. P. aeruginosa can produce them from
substrates including alkanes, glycerol, olive oil and
mannitol (LANG; WULLBRANDT, 1999). The great
metabolic diversity of the Pseudomonas genus makes
possible the wuse of these microorganisms for
environmental treatment. The objective of this work
was to evaluate the growth of different species of
Pseudomonas on lubricant oil and verify the production
of rhamnolipid biosurfactant.

Material and methods

Microorganism and screening of nitrogen source

The bacteria used in this work were isolated from
agro-industrial effluent (‘S.A. Usina Coruripe Agicar ¢
Alcool’), in the ‘Laboratério de Bioquimica do
Parasitismo Vegetal e¢ Microbiologia Ambiental —
LBPVMA, at the ‘Instituto de Quimica e Biotecnologia’
— ‘Universidade Federal de Alagoas/Brazil — UFAL".
Later, this isolate was identified by morphological and
biochemical analysis as Pseudotmonas aeruginosa.

The influence of nitrogen source was studied in the
medium containing 0.5% lubricant oil (w v'), 0.1%
NaCl, 0.1% of one of the three different nitrogen
sources [yeast extract, NaNO; or (NH,),SO,] and
15.0 g L' agar. The inoculum volume was estimated to
obtain approximately 1 x 10° cells mL™. The plates
were incubated at 30°C, in the dark, for 72h. The
number of viable cells was measured in parcels of the
liquid medium (cells mL"), using a Newbauer
chamber and light microscope (640 X).

Growth conditions

The growth medium used for production of
rhamnolipid was (g L"): yeast extract, 0.1; NaCl,
1.0, MgSO,, 0.2; MnSO,H,O, 0.02. The
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fermentation process was carried out in 150 mL
Erlenmeyer flasks, containing 50 mL of medium, in
triplicate. After that, 0.5 % of lubricant oil (w v
was added. The final pH in the medium was
adjusted to 7.0, using 0.1 N KOH. The inoculum
volume was estimated to obtain approximately
1 x 10° cells mL". Submerged microbial cultures
were incubated in the dark, at 30°C, 200 rpm, for
120h. The growth was monitored each 24h, by cell
counting as well as optical density at 600 nm.

Analytical methods

Rhamnolipid concentration was determined in
triplicate by using orcinol assay (CHANDRASEKARAN;
BEMILLER, 1980). To 0.1 mL of each sample from the
cells culture supernatant, 0.9 mL of a solution was added
containing 0.19% orcinol (in 53 % H,SO,), and the
mixture was heated at 80°C for 30 min. Then, the
samples were cooled for 15 min. at room temperature
and the A, ., was measured. The rhamnolipid
concentration was evaluated based on a standard curve
prepared with different concentrations of L-rhamnose
(equivalent mg rhamnose mL™).

The assay of emulsification activity was determined
by the method of Cirigliano and Carman (1984)
modified. To 2 mL of each sample from the cells
culture supernatant, it was added 1 mL of cyclohexane,
and then mixed using vortex for 2 min. The resulting
uniform emulsion was allowed to sit for 10 min. After
that, its absorbance was measured at 540 nm. The
blank contained 2 mL of the filtered sterilized medium.

The difterent types of rhamnolipids were separated
by thin layer chromatography (TLC). The cell culture
supernatant was concentrated by liophylization. The
concentrate was treated twice with CHCl;:MeOH
(2:1, v v") and then solvents were removed by
evaporation. The material was dissolved in
CHCI;:H,O (1:1, v v'") and analyzed by TLC on silica
gel plates (G60, F,;, ,.; Merck, Germany).
Chromatograms were developed with the system
CHCl,;:CH,OH:H,O (65:25:4, v v' v') as eluent, and
visualized with different reagents (PARRA et al., 1989).

Results and discussion

Screening of nitrogen source

The influences of the nitrogen source (yeast extract,
ammonium and nitrate) on the growth of P. aeruginosa
isolated was studied using the medium containing
0.5% lubricant oil expressed in log of the number of
cells mL™, after 72h of incubation, in the dark, at 30°C.
The maximum concentrations of cells in media
supplemented with yeast extract, NaNO; or
(NH,),SO, were respectively 5.3 x 107, 5 x 10° and 3.8
x 10° mL" (Table 1). The choice of the nitrogen
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sources was based on the results here obtained and on
the observations reported by Guerra-Santos et al.
(1984), which demonstrated the influences of nitrogen
source (yeast extract) on biosurfactant production from
P. aeruginosa DSM2659. According to these authors, in
the absence of yeast extract, the biomass concentration
of P. aeruginosa decreases, and a moderate accumulation
of glucose occurs during the biosurfactant production.

Table 1. Screening of different nitrogen sources for growth of
Pseudomonas aeruginosa (C1*) in medium containing 0.5% of
lubricant oil.

P. aeruginosa (cells mL™")

Culture medium

Oh 72h
**Yeast extract 1x10° 53x 10
Sodium nitrate 1x10° 5.0x 10°
Ammonium sulfate 1x10° 3.8x10°

*P. aeruginosa C1 — isolate from agro-industrial effluent, identified at the LBPMA-
UFAL.

**Yeast extract (0.5%; w v') was chosen as the nitrogen source for the medium
containing lubricant oil as the main source of carbon for growth and biosurfactant
production. The study was performed in triplicate.

Production of biosurfactant in lubricant oil medium

The results of both turbidity and viable cell
counting indicate the production of biosurfactant by
P. aeruginosa C1 using lubricant oil as the main carbon
source. The initial concentration of biosurfactant was
29.62 eq mg rhamnose L, reaching the maximum
value around of 36 eq mg rhamnose L at 120h after
the inoculation. The results of cellular growth and
biosurfactant production are shown in Figure 1.
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Figure 1. Production of rhamnolipid and bacterial growth of
Pseudomonas aeruginosa C1 (LBPVMA) isolated from agro-industrial
effluent on liquid media with lubricant oil as main carbon source,
during 120h of incubation (in the dark, at 30°C, 200 rpm). Equivalent
olipids L' (m); Optical density ({)); pH (-); Emulsification
.The study was performed in triplicate.

In comparison with data obtained by Déziel et al.
(1996), who investigated the capacity of
biosurfactant production by P. aeruginosa 19S] on salt
medium supplemented with 2% of naphthalene or
2% mannitol, separately, the isolate of P. aeruginosa
studied here was more efficient in the production of
biosurfactant, since the 19S]J strain had its maximal
productivity around 1.6 and 0.4 eq mg rhamnose L™
using mannitol and naphthalene, respectively.

Zhang et al. (2005) suggested that the
hydrocarbon biodegradation probably occurs with
increase of cell surface hydrophobicity after
extraction of lipopolysaccharides from the cellular
envelope by rhamnolipids, which subsequently
stimulates uptake via direct contact between cells
and hydrocarbon droplets. This observation is
supported by data of Ozdemir and Malayoglu
(2004), which showed the role of R1 and R2
rhamnolipids produced by P. aeruginosa in the
transport and assimilation of hydrocarbon. Abalos
et al. (2004) verified that the consortium between
P. aeruginosa and other microorganisms increased the
biodegradation of crude oil, with subsequent
rhamnolipid production.

Property emulsifier of biosurfactant produced in lubricant
oil medium

The emulsification activity was first detected
after 24h the incubation, with maximum production
after 120h (Figure 1). Surface active agents assist
degradation of hydrocarbon pollutants by facilitating
desorption from the soil, and/or by dispersing small
droplets that are more easily attacked by
microorganisms. In previous work, Zhang and
Miller (1995) demonstrated surfactant effects on
hydrocarbon biodegradation, and it depends on the
structure of the surfactant, on the physical state and
amount of alkane dispersion and emulsification, and
on the degrading isolate of microorganism.
Although these factors are interdependent, each one
can be considered separately in order to help
interpret the system as whole.

Characterization of the biosurfactant obtained

The  biosurfactant  extracted  from  the
concentrated culture supernatant was analyzed by
TLC, and visualized with specific reagents,
producing spots with different Rf values (retention
factor). The spots with Rf 0.71 and Rf 0.5 showed
positive reactions for glycids (Molish reagent) and
lipids (rhodamine B reagent), but negative reactions
for amino groups (ninhydrin and UV), and can be
seen in Table 2. These results suggested that
P. aeruginosa C1 (LBPVMA-UFAL) produces two

types of rhamnolipids in lubricant oil medium.
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Table 2. Thin layer chromatography parameters of the different
forms of rhamnolipids found in the growth medium of
Pseudomonas  aeruginosa C1 (LBPVMA-UFAL), after 120h of
incubation (in the dark, at 30°C, 200 rpm).

“Spots Rf *UV "Ninhydrin ‘Carboxylicacid “Lipid ‘I, 'Sugar
1 0,71 - - + + o+ +
2 050 - - + + o+ +

*Solvent system CH,Cl:CH;OH:H,O (65:25:4 v v' v''); *UV: Detection of compounds
with native fluorescence; "Ninhydrin: reagent used for detection of free amino groups;
“Bromocresol green: reagent used for detection of free carboxylic acid; ‘Rhodamine 6G:
reagent used for detection of lipids; “lodine vapours: reagent used for detection of
organic compounds; ‘Molish: reagent used for detection of glycids.

In  general, some  authors  reported
monorhamnolipids as the predominant component
of rhamnolipid surfactant mixture, whereas many
reports described the dirhamnolipids as the main
component present. In contrast, the predominance
of mono or dirhamnolipid forms and the
relationship with surfactant production
characteristics are not well understood, but some

attempts have been made (NITSCHKE et al., 2005).

Conclusion

These results suggest a correlation between
growth of the isolate of Pseudomonas aeruginosa
obtained from agro-industrial effluent (C1
LBPVMA-UFAL) in oil lubrificant medium and the
production of biosurfactant with emulsifier activity.
Because of its origin, this strain of P. aeruginosa has
also potential application in consortium of
microorganisms to remediation of environments
polluted by hydrocarbon oil derivatives.

Acknowledgements

This work was supported by Finep/CTHidro-
CNPq; S.A. Usina Coruripe Agtcar e Alcool; and
Capes.

References

ABALOS, A.; VINAS, M.; SEBATE, J.; MARESCE, M.
A.; SOLANAS, A. M. Enhanced biodegradation of
casablanca crude oil by a microbial consortium in presence
of a rhamnolipid produced by Pseudomonas aeruginosa
AT10. Biodegradation, v. 15, n. 4, p. 249-260, 2004.

BANAT, I. M. Biosurfactants production and possible
uses in microbial enhanced oil recovery and oil pollution
remediation: a review. Bioresource Technology, v. 51,
n. 1, p. 1-12, 1995.

BARATHI, S.; VASUDEVAN, N. Ultilization of
petroleum hydrocarbons by Pseudomonas fluorescens isolated
from a petroleum-contaminated soil. Environment
International, v. 26, n. 5-6, p. 413-416, 2001.

CHANDRASEKARAN, E. V. BEMILLER, ]. N.
Constituent analysis of glycosaminoglycans. In: WHISTLER,
R.L; WOLFROM, M. L. (Ed.). Methods in carbohydrate

Pereira et al.

chemistry. New York: Academic Press, 1980. p. 89-96.

CIRIGLIANO, M. C.; CARMAN, G. M. Isolation of a
bioemulsifier from Candida lipolytica. Applied and
Environmental Microbiology, v. 48, n. 4, p. 747-750,
1984.

CUNHA, C. D.; LEITE, S. G. F. Gasoline biodegradation
in different soil microcosms. Brazilian Journal of
Microbiology, v. 31, n. 1, p. 45-49, 2000.

DEZIEL, E,; PAQUETTE, G.; VILLEMUR, R
LEPINE, F.; BISAILLON, J. Biosurfactante production
by a soil Pseudomonas strain growing on polycyclic
aromatic hydrocarbons. Applied and Environmental
Microbiology, v. 62, n. 6, p. 1908-1912, 1996.
GUERRA-SANTOS, L.; KAPPELI, O.; FIECHTER, A.
Pseudomonas  aeruginosa  biosurfactant production in
continuous culture with glucose as carbon source.
Applied and Environmental Microbiology, v. 48, n. 2,
p. 301-305, 1984.

HEALY, M. G.; DEVINE, C. M.; MURPHY, R.
Microbial production of biosurfactants. Resources,
Conservation and Recycling, v. 18, n. 1, p. 41-57, 1996.
LANG, S.,; WULLBRANDT, D. Rhamnose lipids-
biosynthesis, microbial production and application
potential [Minireview]. Applied Microbiology and
Biotechnology, v. 51, n. 1, p. 22-32, 1999.

NITSCHKE, M.; COSTA, S. G. V. O.; CONTIERO, J.
Rhamnolipid surfactants: An update on the general aspects

of these remarkable biomolecules. Biotechnology
Progress, v. 21, n. 6, p. 1593-1600, 2005.

OZDEMIR, G.; MALAYOGLU, U. Wetting
characteristics of aqueous rhamnolipids solutions.

Colloids and Surfaces B: Biointerfaces, v. 39, n. 1-2,
p- 1-7, 2004.

PARRA, J. L; GUINEA, J; MANRESA, M. A;
ROBERT, M.; MERCADE, M. E.. COMELLES, F.:
BOSCH, M. P. Chemical Ccharacterization and
physicochemical behavior of biosurfactants. Journal of the
American Oil Chemists Society, v. 66, n. 1, p. 141-145,
1989.

ZHANG, Y.; MILLER, R. M. Effect of rhamnolipid
(biosurfactante)  structure on  solubilization and
biodegradation ~ of  n-alkanes. = Applied  and
Environmental Microbiology, v. 61, n. 6, p. 2247-2251,
1995.

ZHANG, G.; WU, Y. QIAN, X; MENG, Q.
Biodegradation of crude oil by Pseudomonas aeruginosa in
the presence of rhamnolipids. Journal of Zhejiang
University Science, v. 6, n. 8, p. 725-730, 2005.

Received on _June 30, 2009.
Accepted on July 8, 2009.

License information: This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Acta Scientiarum. Technology

Maringi, v. 32, n. 1, p. 33-36, 2010



