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ABSTRACT

The production of rhamnolipid biosurfactant by Pseudomonas fluorescens MFS03 isolated from
mangrove ecosystem was investigated. Optimization of carbon, nitrogen and carbon to nitrogen ratio was
carried out with an objective to achieve maximum production of biosurfactant by Pseudomonas
fluorescens MFS03 using mineral salts medium as the growth medium. Production of biosurfactant was
estimated in terms of emulsification (E24%) index. The best carbon, nitrogen source were glucose and
sodium nitrate shows high rhamnolipid yields of 8.76 g I* and 7.52 g I respectively. The best result of
maximum rhamnolipid production of 8.63g I was observed when glucose and sodium nitrate with a C:N
ratio of 20. The biosurfactant production was an growth associated and it was represented with the biomass
and the emulsification index E»,% in 48 to 70 hrs. The biosurfactant was extracted with ethyl acetate and the
positive result for the rhamnose test indicates the biosurfactant was rhamnolipid-type. FT-IR spectrum
revealed that the important adsorption bands at 3466.24 cm™, 2926.45 cm™, 1743.47 cm™, 1407.30 and
1162.26 cm™ confirms the chemical structure of rhamnolipid. It showed stability during exposure to high
temperatures upto 120°C for 15 min, high salinity 10% NaCl and a wide range of pH. The characteristics
study of rhamnolipid produced by Pseudomonas fluorescens MFS03 leads to application in bioremediation
activities of oil contaminated sites.

Key words: Biosurfactant, C:N ratio, stability, Pseudomonas fluorescens MFS03, Emulsification activity
and Antimicrobial activity.

1. INTRODUCTION

Microbial ~ surfactants are  surface-active
metabolites produced by microorganisms when
grown on water miscible or oily substrates. They
possess the characteristic property of reducing the
surface and interfacial tensions using the same
mechanisms as chemical surfactants.
Biosurfactant constitute a diverse group of surface
- active molecules and are known to occur in a
variety of chemical structures, such as glycolipids,
lipopeptides and lipoproteins, fatty acids, neutral
lipids, phospholipids and polymeric and
particulate structures.

Thus, interest towards these biomolecules has
increased considerably in recent years, as they are
potential candidates for several industrial and
environmental processes > * 4 eg. in the
bioremediation ~ of  hydrocarbons,  organic
pollutants and heavy metal-contaminated sites,
treatment of oil spills, enhanced oil recovery,
petroleum, food and beverages, mining,
agriculture, pharmaceutical, textile, leather,
cosmetic, health care, building and construction,
paints and protective coatings, detergent industry,
industrial cleaning, water treatment, and chemical
The features that make them commercially  and other industries .

promising alternatives to chemically synthesized
surfactants are their lower toxicity, higher
blodegr_aQa_bnny and hencg, greater e_nVIronmentaI their low productivities and high production costs.
compatibility, better foaming properties and stable

tivity at ext £ oH. salinity and t t Different strategies including the wuse of
ﬁ(]: IVity at extreme of pH, salinity and temperature inexpensive substrates have been suggested

In spite of their important biological activities, the
main bottlenecks in their commercialization are
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towards making their production economically
viable 1!,

The genus Pseudomonas was found as capable of
using glycerol, mannitol, fructose, n-paraffins and
vegetable oils as carbon sources to produce
rhamnolipid-type biosurfactants, which are amon
the most effective surfactants known today [
Studies have been carried out to verify the effect
of the nitrogen source and the C/N ratio in order
to increase the production of rhamnolipid & *
Y- Optimizing factors that affect growth in
biosurfactant producing organisms with potential
for commercial exploitation is of paramount
importance.

The aim of the present study was to evaluate the
effect of carbon source, nitrogen source and
carbon to nitrogen ratio on the production of
biosurfactant by Pseudomonas fluorescens
MFS03 isolated from mangrove ecosystem and
characterization of the biosurfactant.

2. MATERIALS AND METHODS

Isolation and Identification of Microorganisms
Pseudomonas fluorescens MFS03 used in this
study was isolated from crude oil enriched
Mangrove forest soil, Pitchavaram, Tamil Nadu,
India. To isolate the organism’s serial dilution of
the soil sample were introduced into Nutrient agar
medium. The plates were incubated at room
temperature 28 + 2°C for 48 hrs. The isolated
colonies were again introduced into King’s B
medium to identify the strain. The culture were
maintained on Nutrient agar slant at 4°C and sub-
cultured every week. The inoculums was prepared
by transferring a loopful of culture from the slant
to 250 ml Erlenmeyer flask containing 50 ml of
mineral salt medium and 2 % glucose as carbon
source and incubated at 30°C in an orbital shaker
for 24 hrs.

Screening for Biosurfactant production

Biosurfactant production was examined with drop
collapsing test %, Qil spreading test **!, CTAB
plate assay M Haemolytic activity ™ was
detected as the occurrence of a define clear zone
around the colony. Lipase activity was measured
using the Tributyrin agar plates as described
according to ™. Emulsification activity was
performed according to ™. The entire assays

were performed in triplicates.

Growth medium
Mineral salt medium (MSM) with the following
components (g/I"*) was used for the growth of the

© 2010, 1JPBA. All Rights Reserved.

strain, KH,PQO,4, 2.0; K;HPOy4, 5.0; (NH4),SOy,,
3.0; NaNOs, 2.0; NaCl, 0.10; MgS04.7H,0, 0.2;
FeSO,.7H,0, 0.01; CaCl,, 0.01. The trace
elements solution presents in the medium with the
following composition (mg 1) ZnS0,4.7H,0,
5.25; MnS04.4H,0, 200; CuS0O4.5H,0, 70.5;
NH4MOO4.2H20, 15; COCIZ.GHZO, 200; H3803,
15. The pH of the medium was adjusted to 7 using
1 M NaOH and sterilized by autoclaving at 121°C
for 15 min. Glucose (2%) was used as the sole
source of carbon which was sterilized separately
and added to the flask containing MSM
aseptically.  Laboratory scale biosurfactant
production was carried out in 250 ml Erlenmeyer
flasks containing 50 ml of the medium inoculated
with 3 ml of inoculums and the incubated in an
orbital shaker for 5 days at 30 ° C.

Effect of carbon and nitrogen source on
biosurfactant production

The MSM medium described above was used for
the biosurfactant production. To evaluate the
effect of carbon sources (glucose, olive oil,
groundnut oil, sucrose and diesel) on the
production of biosurfactant, 2% of each of the
carbon sources was aseptically added to the MSM.
Using the most appropriate carbon source, the
nitrogen sources (NH4Cl, NaNO3, NH4NO3, urea
and yeast extract) were evaluated for the
production of biosurfactant.

Effect of carbon to nitrogen ratio on the
biosurfactant production

Using the selected carbon source and a variable
concentration of the selected nitrogen source,
different C/N ratios were tested; 20, 40, 60, 80
and 100. The C/N ratio (with optimized carbon
and nitrogen sources) was varied from 10 to 100
by keelping a constant carbon source concentration
459 1.

Extraction, purification and characterization of
biosurfactant

The culture broth was centrifuged at 10,000 rpm
for 15 min to separate the cell debris. The
biosurfactant was extracted from the cell-free
supernatant by acidifying with conc. HCI to attain
the pH 2.0 and extracted with an equal amount of
ethyl acetate. The resultant aliquot was
concentrated to dryness in a rotary vacuum
evaporator. The purification of the biosurfactant
was performed by liquid column chromatography
according to the method of 8. The orcinal assay
was used for the estimation of glycolipid in the
sample . To 1 ml of sample 9 ml of a solution
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containing 0.19 % orcinol (in 53% H,SO,4) was
added. After heating for 30 min at 80 ° C the
samples were cooled at room temperature and the
OD4; was measured. The  rhamnolipid
concentration was calculated from a standard
curve prepared with L-rhamnose and expressed as
mg ml™. The purified biosurfactant was subjected
to the FT-IR spectra was recorded in a Thermo
Niocolet, AVATAR 330 FT-IR system, Madison
WI 53711- 4495, in the spectral region of 4000-400
cm™ using potassium bromide (KBr) solid cells. The
analysis was done in the Department of Chemistry,
Annamalai University, India. The spectra were
recorded and analyzed using the standard methods
described by the previous authors 2% 2,

Stability characterization

Determination of the effect of temperature, pH
and NaCl on the activity of the biosurfactant

The stability of the biosurfactant was determined by
dissolving the active fraction in 2-10% of NaCl and
the emulsification index was calculated. The
stability of the biosurfactant with pH values was
performed by dissolving the biosurfactant in 0.1 M
sodium acetate buffer (pH 4.0-7.0) and 0.1 M
sodium phosphate buffer (pH 8.0-12). After 1 hrs
incubation ~ with  reciprocal  agitation, the
emulsification activity was measured as previously
described. To determine the stability of the
biosurfactant the biosurfactant solution was
maintained at different temperature range of 25 —
125 ° C for 15 min, and cooled at room temperature.

Antimicrobial activity of biosurfactant

The extracted compound as well as the culture
supernatant was tested for antimicrobial activity
using well diffusion method and area of the halo
was calculated ®2. The extracted active
compounds were tested against human pathogens
such as Candida albicans, E. coli, Proteus
mirabilis, Klebsiella pneumonia, Haemolytic
Streptococcus. Muller Hilton agar plates were
prepared and swabbed with pathogens well was
made with a steel cork borer (1 cm in dm) and 50
ul of each of extracted compound was added in
wells, incubated at 30°C for 24 hrs after
incubation, the clear halo was measured and the
area of inhibition in mm? was calculated.

3. RESULTS AND DISCUSSION

Isolation and identification of bacteria

Totally five strains were isolated from the crude oil
enriched mangrove forest soil. Among these strain
Pseudomonas fluorescens MFS03 shows higher
activity, for the further studies Pseudomonas
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fluorescens MFS03 was selected and studied in
detailed for the biosurfactant production. The
cultural, morphological and biochemical characters
of the isolate was studied and the species level is
identified by following Bergey’s Manual of
Determinative Bacteriology %!,

Screening of biosurfactant production

Haemolysis of Blood agar was included in this study
since it is widely used to screen biosurfactant
roduction and in some cases, it is sole method used
21" The results obtained from Pseudomonas
fluorescens MFS03 haemolyzed Blood agar with
wide zone of clearance as the diameter of the zone
of clearance is a qualitative method used as an
indicator of biosurfactant production . In the
CTAB plate it forms halos around the well, which
detect the production of extracellular anionic
glycolipids by Pseudomonas spp. @ The
biosurfactant ~ synthesized by  Pseudomonas
fluorescens MFSO3used in this study are most
probably a mixture of rhamnolipids, the amphiphilic
surface-active glycolipids usually secreted by P.
aeruginosa . The drop collapsing test, oil
spreading method and lipase activity was also
performed as a part of screening. In drop collapsing
test a flat drop was observed and in oil spreading
method, a clear diameter of 6mm was observed
(Table 1). The lipase acts on water — oil surfaces
and therefore it was suggested that the lipase
production is one of the characteristic of
biosurfactant/bioemulsifier producers 1. The
reduction in surface tension in the liquid- liquid
interface leads to complete spreading of liquid
drop over the surface of oil ®2. So the drop
collapsing and oil displacement tests are the
easiest and effective method for screening
biosurfactant production. Time course study on
the growth of Pseudomonas fluorescens MFS03
on MSM medium showed a maximum biomass
yield of 4.78 g after 72 hrs. It indicates the end of
the exponential phase and the beginning of
stationary phase of the growth. The cell free
supernatant of the Pseudomonas fluorescens
MFS03 shows high emulsification activity (86%)

(Fig 1).

Table 1: Screening results for the isolate Pseudomonas
fluorescens MFS03

Screening methods Results
Haemolytic activity 9 mm
CTAB assay +

Drop collapsing test +

Oil spreading test 12 mm
Lipase activity 78 U/mg
Emulsification activity 86%
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Fig 1: Time course study on the growth of Pseudomonas
fluorescens MFS03 and the emulsification activity

Effect of carbon source on biosurfactant
production

Among the carbon source tested, glucose shows the
high biosurfactant yield of 8.76 g I while olive oil
shows the least yield (2.78 g I'Y). The biosurfactant
production with different carbon sources were as
follows: glucose, groundnut oil, diesel, sucrose and
olive oil (Fig 2). The lower rhamnolipid yield by
Pseudomonas aeruginosa from olive oil and
soybean oil than that from glucose and glycerol 22,
Vegetable oils have been frequently used as the
carbon source for the rhamnolipid production by
Pseudomonas aeruginosa ?*. The reports by earlier
studies support the finding of the present study
which shows that glucose is preferred as the carbon
source for the rhamnolipid production by
Pseudomonas fluorescens MFS03.
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Fig 2: Effect of different carbon source on the production of
rhamnolipid biosurfactant by Pseudomonas fluorescens MFS03
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Effect of nitrogen source on biosurfactant
production

Nitrogen source also plays an important role in the
biosurfactant production. The limitation of nitrogen
source increased the biosurfactant production ™. In
the present study, sodium nitrate shows high yield of
rhamnolipid 7.52 g I which was followed by yeast
extract (Fig-3). The least amount of biosurfactant
yield was observed in Urea. Sodium nitrate was a
good substrate for the growth with good
productivity was reported by . The earlier reports
have shown that rhamnolipid production is more
efficient under nitrogen-limiting conditions %32,

10 4
g -

Biosurfactant yield (g1}
N =

Mal o3 Ures

Nitrogen source

Yemst extract

Fig 3: Effect of different Nitrogen source on the production of
rhamnolipid biosurfactant by Pseudomonas fluorescens MFS03

Effect of carbon to nitrogen ratio on rhamnolipid
yield

The carbon-nitrogen ratio is one of the most
important factors which induce the biosurfactant
production. By using the best carbon source
(glucose) and the nitrogen source (sodium nitrate),
the effect of carbon to nitrogen ratios on
biosurfactant production was studied. The best C/N
ratio was 20 which gave a biosurfactant yield of
8.63 g I while the least yield was 3.26 g I which
was recorded for C/N ratio of 60 (Fig 4). The
concentration of carbon and nitrogen sources
affected the yield of rhamnolipid production was
reported by . In the present study, the C/N ratio of
20 shows high yield in biosurfactant production, this
result correlated with the findings of Wu et al. 2008.
The present results were supported by B* * the
increased rhamnolipid production under the
limitation of nitrogen rather than carbon sources.
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Fig 4: Effect of carbon to nitrogen ration on the production of
rhamnolipid biosurfactant by Pseudomonas fluorescens MFS03

Characterization of biosurfactant

The rhamnose test was positive which indicates
that the separated biosurfactant could be of
glycolipid type. Fourier Transform Infrared (FT-
IR) spectrum revealed that, the most important
adsorption bands located at 3466.24 (OH bond,
typical polysaccharides), 2926.45 and
2856.23(CH band: CH,-CH3, hydrocarbon
chains), 1743.47 and1601.26 cm-1(for C=0, C=0
ester bond), 1407.30 cm™(C-N amide groups).
The C-O stretching bands at 1162.26 - 1232.88
cm™ confirm the presence of bonds formed
between carbon atoms and hydroxyl groups in the
chemical structures of the rhamnose rings and
846.93, 652.05 (for the CH, groups) (Fig 5).
Based on the FT-IR analysis, the biosurfactant
produced by Pseudomonas fluorescens MSF03
was elucidated as rhamnolipid. FT-IR spectrum of
cyclic lipopeptides like surfactin produced by B.
subtilis and lincheysin  produced by B.
licheniformis as the most effective biosurfactant
3¢ In this study, the FT-IR spectral analysis of
biosurfactant produced from Pseudomonas
fluorescens MFS03 was further corroborates with
the findings of 1373839,
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Fig 5: FT-IR analysis of the rhamnolipid biosurfactant
produced by Pseudomonas fluorescens MFS03

Stability of biosurfactant

The biosurfactant was analyzed under different
environmental conditions including pH, temperature
and salinity to elucidate the stability of the
biosurfactant. ~ The biosurfactant produced by
Pseudomonas fluorescens MFS03 was shown to be
thermostable. Heating of the biosurfactant solution
to 100°C caused no significant effect on the
biosurfactant performance. The biosurfactant was
stable at a broad pH range between 4 and 12. The
biosurfactant activity was restored upto 10% sodium
chloride concentration. Similar findings were
reported for Pseudomonas aeruginosa isolate Bs20
which exhibited excellent stabilities at high
temperatures (heating at 100°C for 1 hrs and
autoclaving at 121°C for 10 min), salinities upto 6%
NaCl and pH values up to pH 13 1,

Antimicrobial activity of the biosurfactant

The biosurfactant from P. fluorescens MFSO03
showed a wide activity against the pathogenic
culture, E. coli (11 mm? and Proteus mirabilis
(10 mm?®) showed a higher activity followed by
Candida albicans (6 mm?) and Klebsiella
pneumoniae (5.6 mm?), Haemolytic Streptococcus
( 4.0 mm?) (Fig 6). This showed strain ability to
inhibit  various pathogenic  microorganisms.
Biosurfactants antimicrobial activity has been
reported earlier by several authors % 42 43
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Fig 6: Antimicrobial activity of rhamnolipid produced by
Pseudomonas fluorescens MFS03 against different clinical
pathogens using well-diffusion method

4. CONCLUSION

In conclusion of the present study, shows that
natures of carbon source, nitrogen sources and
carbon to nitrogen ratio are known to be main
factors  influencing the performance of
biosurfactant ~ production by  Pseudomonas
fluorescens MFS03 isolated from mangrove
ecosystem. In this study, the best carbon source,
nitrogen source and C/N (glucose/sodium nitrate)
were glucose, sodium nitrate and 20 respectively.
Biosurfactant that are stable in environments with
high pH, temperature and salinity would find
applications in bioremediation. Hence, in the
present study the attributes mentioned above
makes the biosurfactant as a potential candidate
for various bioremediation application processes.
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