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Oil contaminating in the soil will lead to serious pollution problems.
Bioremediation involves the use of organisms to remove pollutants from a
contaminated site. Biosurfactant are structurally diverse compounds mainly
produced by hydrocarbon utilizing microorganisms which makes them
potential candidates for enhancing oil recovery. Pseudomonas aeruginosa
PSPA15 strain is isolated from oil contaminated soil. It is screened to
confirm the ability in the biosurfactant production. The surface tension value
is 26mNm-1 and the emulsification indices are 83%, 79%, and 77% with
petrol, diesel and kerosene respectively. The sequence of the 16srRNA and
PSPA15 are compared and it shows 100% similarity to Pseudomonas
aeruginosa gene bank. Biocompatibility assay exhibited no cytotoxicity
against VERO cells. HPLC analysis shows retention time of 4.37
representing the rhamnolipids type of biosurfactant.

Introduction
Oil contamination in the soil has been a
major threat to the environment because of
the poor solubility. Crude oil can be
accidentally or deliberately released into the
environment leads to serious pollution
problems (Trindale
et al., 2005).
Bioremediation
is
a
waste
management technique that involves the use
of the organisms to remove or
neutralize pollutants from a contaminated
site. An alternative and an eco friendly
method of remediation technology of

environments contaminated with these
pollutants is useful to the biosurfactant and
biosurfactant-producing
microorganisms.
Microbial compounds which exhibit
particularly high surface activity and
emulsifying activity are classified as
biosurfactants. These are structurally diverse
compounds,
mainly
produced
by
hydrocarbon util10ising microorganisms
reduce surface and interfacial tensions in
both aqueous solutions and hydrocarbon
mixtures, which makes them potential
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candidates for enhancing oil recovery
(Sarkar et al., 1989, Singer 1985).

partial 16srRNA gene sequences using the
universal primer (Tamura et al., 2007). To
identify the unknown bacterial isolates, the
16srDNA
sequences
obtained
were
subjected to the basic local alignment search
tool (BLAST) search (Weisburg et al.,
1991).

As biosurfactants are readily biodegradable
and can be produced from the renewable and
cheaper substrates, they might be able to
replace their chemically synthesized counter
parts (Patel and Desai, 1997). Biosurfactants
are extracellular macromolecules produced
by bacteria, yeast and fungi and in particular
by natural and recombinant bacteria when
they grown on the different carbon sources.
(Raza
et
al.,2005).
Specifically
Pseudomonas species is well known for its
ability
to
produce
rhamnolipid
biosurfactants with potential surface active
properties when grown on the different
carbon substrates (Tahzibi et al., 2004) and
rhamnolipid biosurfactants produced by
these species have a great potential for the
industrial application and bioremediation.

Extraction of the biosurfactants
The growth and production of the
biosurfactants were studied in the screened
carbon sources mineral salt media.
Erlenmeyer flasks of 1000ml capacity
containing 250 ml of the mineral salt
medium with glycerol as the carbon sources
were individually inoculated with 5ml of
particular inoculums (Sekar et al., 2010).
The flasks were incubated in the rotary
shaker incubator at 30ºC for 24-48 hrs. The
culture obtained was used for the extraction
of the biosurfactants. The culture medium
was centrifuged at 350g for 20 min and then
the supernatant was adjusted to pH of 2.0 by
adding 5mol/H2SO4 for the biosurfactant
precipitation.
The
precipitates
were
extracted in the two volumes of diethely
ether/methanol
(1:1,v/v)
mixture.
Evaporation of the solvent yielded
biosurfactants (Zhang et al., 2005)

Materials and Methods
Isolation and enumeration of bacteria
from the samples
1 gram of oil contaminated soil sample was
diluted with 99 ml of sterile distilled water.
The sample was kept in the shaker at
200rpm for 24-48 hrs. After incubation,
sample was serially diluted from 10-1 to 10-6
in sterile distilled water. From the dilutions
0.1ml was spread over the 20ml of sterile
Nutrient agar and Cetrimide agar at 370C for
24 hrs (Lowbury and Collins 1955).

Characterization of biosurfactants
Surface Tension Measurement
(Tadros 2005)
Surface tension of the biosurfactant
containing broth was measured using a drop
weight method. Measurements were done in
the triplicate.

Identification of the selected isolate by the
conventional and molecular methods
The selected isolate was subjected to the
biochemical and molecular assessment for
the identification. Gram staining and all the
biochemical test were carried out. The
identification and phylogenetic relatedness
of the isolates were assessed based on the

Surface tension (ST) = mg/3.8rNm-1
Where m= mass of one drop of the liquid
g = acceleration due to gravity
r = radius of the capillary tube.
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To determine the ST, mass of the medium
has to be calculated by simply weighing the
drop of medium. Mass of one drop of the
medium;

mixed gently. The colour formation was
observed.

Where m= W2-W1/Total droplet
W2- Weight of the sample with beaker
W1- Weight of the empty beaker

2 ml of Barfoed’s reagent was added to the
little amount of biosurfactant. The tube was
heated in a boiling water bath. The
formation of colour and also the time taken
for its appearance was noted.

Barfoed Test

Emulsification Activity measurement
(Cooper and Goldenberg 1987)

Analysis of Lipids
Biosurfactants have the ability to emulsify
various hydrocarbons. The emulsifying
property of the biosurfactant was carried out
with petrol, diesel and kerosene. The
emulsification index on the hydrocarbons
was calculated by the standard method.

Solubility Test
Small amount of biosurfactant was taken in
the three test tubes. Water, alcohol and
chloroform were added to the each tubes.
Their solubility was tested.

E24= (Height of the emulsified layer/Total
height of the hydrocarbon) x 100.

Saponification Test

Chemical analysis of Biosurfactants
(Sawhney and Singh 2000)

2ml of 2% NaOH solution was added to the
small amount of biosurfactant and shaken
well. The formation of soap was observed.

Analysis of Amino acids
Ninhydrin Test

Acrolein test for Glycerol

It is a general test for all amino acids. 2-5
drops of ninhydrin solution was added to a
small amount of biosurfactants. The tube
was mixed well and keep for 5 min in the
boiling water bath and observed the colour
formation.

1.5 g of potassium hydrogen sulphate was
taken in a test tube and little amount of
biosurfactant was added. The added
biosurfactant was covered completely by
adding more of solid potassium hydrogen
sulphate on top of it. The test tube was
slowly heated and noted the odor of the
fumes evolved from the tube.

Analysis of Carbohydrate
Anthrone Test

Biocompatibility assay (Mosmann 1983)

A tiny amount of biosurfactant was added to
the 2ml of anthrone reagent and it was
thoroughly mixed. Colour changes was
observed.

The
biosurfactant
was
tested
for
biocompatibility against the VERO cell lines
in 24 well tissue culture plates. VERO cell
suspension and biosurfactant were added to
each well in triplicate. Cells were incubated
at 37ºC for 24 hrs in an atmosphere of 5%
CO2. Biocompatibility was determined by
MTT assay and expressed as IC50 i.e.,

Iodine Test
4-5 drops of iodine solution was added to a
little amount of biosurfactant and it was
710
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concentration inhibiting 50% cell growth
compared to the untreated cell.

growth on the MSM medium within 12 hrs
if glycerol was used as carbon source.
Biosurfactant was extracted by solvent
method and the extracted biosurfactant was
found to be turbid and yellowish brown in
colour (Fig. 3).

Quantitative analysis of biosurfactant by
HPLC
To investigate whether the obtained
biosurfactant
included
the
multiple
components or not, it was analyzed by
LCMS-2010 EV (SHIMADZU) system
(Deziel et al., 1999). The mobile phase
consisted of 70% methanol and 30%
methylene chloride, which was injected into
a 20 µl in C18 (250 mm×4.6 mm×5 μm)
reverse phase column isocratically. The
injection flow rate was 0.5 ml min-1 and
absorption of the output was detected by the
detector (SPD-M20A).

Characterization of biosurfactant
The surface tension of the extract was
lowered to 26mNm-1. The decrease in
surface tension indicated the production of
surface
active
compounds.
The
emulsification activity (E24) was 83,79 and
77% for petrol, diesel and kerosene
respectively.
Chemical
analysis
of
biosurfactant was observed and the results
were
tabulated
(Table:
2).
The
biocompatibility potential for PSPA15 was
quantitatively evaluated by MTT assay
(Table. 3). The disaccharides analysis using
HPLC showed the fraction with retention
time 4.37, representing Rha-Rha-C10-C10
dirhamnolipids (Fig:5).

Results and Discussion
The soil samples were collected from the oil
contaminated sites in Chennai, Tamil Nadu.
The cultural and morphological traits of
bacterial isolates Pseudomonas aeruginosa
PSPA15 was studied. The isolate
Pseudomonas aeruginosa PSPA15 has
shown green coloured colonies on cetrimide
agar contain glycerol as carbon source
(Fig:1). Physiological and biochemical
characters of the Pseudomonas aeruginosa
PSPA15 were examined. The biochemical
characterization results were provided in the
Table 1.

To
isolate
bacteria
beneficial
to
biotechnology and bioremediation in soil
samples from hydrocarbon contaminated
soil located in the city of Chennai, Tamil
Nadu, India. A high prevalence of
Pseudomonas species was found with a high
average when compared with the other
genera of bacteria isolated from the same
samples (Noura et al., 2009). This may be
due to the moisture and warmness of the
soil. Some species of Pseudomonas have
been recently used as a bioremediation
which is able to clear the environmental
pollution and improve the hygienic
measures and partially or completely
degrade the Pollutants (Haas and Defago
2005). Pseudomonas sp. form the second
largest group of bacteria producing the
biosurfactants.
Many
strains
of
Pseudomonas have been reported in
producing the glycolipids especially

To confirm the identity of isolate PSPA15,
PCR parameter were optimized for the
maximum amplification of 16s ribosomal
RNA gene and was identified by the partial
sequencing of the PCR amplified 16srRNA
gene. The obtained sequences were
submitted to the BLAST in order to find a
homology with other 16srRNA sequences
(Fig :2A,2B).
The strain PSPA15 achieve the saturated
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rhamnolipids. The structural and regulatory
genes encoding the rhamnolipids synthesis
pathway had been isolated and characterised
(Palashpriya Das et al., 2008)

PCR ribotyping relies on polymorphisms
within the 16S-23S intergenic spacer
regions. A characteristic pattern is obtained
and it represents the size variations in the
multiple rRNA operons ( Shula et al.,2001).
Comparing the sequence of the 16srRNA of
the isolate with the sequence in gene bank
revealed that PSPA15 showed 100%
similarity to Pseudomonas aeruginosa. The
surface tension (ST) values of PSPA15 was
26mNm-1and the emulsification activity
(E24) were 83, 79, 77% for petrol, diesel
and kerosene respectively. It also
emulsifying the petrol than diesel and
kerosene and it can be detected by
Emulsification Index Method. These results
indicated that the PSPA15 remained a vital
source of microbial metabolites production.
Chemically the presence of carbohydrates,
lipids were confirmed. That particular
carbohydrates were found to be a pentose
sugar and the glycerol was absent in the
lipid, hence this indicates that the isolated
biosurfactant was a glycolipid. Glycolipids
containing sugar and lipid component and
do not containing glycerol. Pseudomonas
aeruginosa produces glycolipids which act
as emulsifiers or surface-active agents;
consequently reducing the surface tension of
hydrophobic molecules and leading to their
breakdown (Femi et al., 2015). According to
the ST, E24 and Chemical value, isolates
PSPA15 were further studied for the
biosurfactant production in a large scale.

The
fermentation
of
Pseudomonas
aeruginosa was first investigated by using a
couple of carbon sources. Rhamnolipid
production by glycerol is much higher than
that of the other substrates including
glucose, vegetable oil and liquid paraffin.
So, glycerol is the more effective substrate
in the production of biosurfactants among
the other substrates. This suggested that
there is a carbon source preference of the
strain for biosurfactant production, which
seems to be strain dependent. Most
microbial surfactants were substrate
specific, solubilizing or emulsifying
different hydrocarbons at different rates
(Moussa et al., 2014).The fermentation of
biosurfactant was carried out using 30g/L
glycerol as the sole carbon source (Matsufuji
et al., 1997).
The results obtained from the present
investigation revealed that the ability of
Pseudomonas aeruginosa in producing
biosurfactant in MSM containing glycerol.
During the growth of Pseudomonas
aeruginosa undergoes two distinct types of
metabolism; exponential growth linked with
amino acid catabolism and stationary growth
which is linked with the glucose
metabolism. This behaviour is known as
diauxic (Hamilton and Dawes 1960). At this
transition point, biosurfactant production
was initiated. Rhamnolipids are also
produced by Pseudomonas aeruginosa in
media containing the glycerol as a carbon
source (Mulligan and Gibbs 1989;Wagner et
al., 1983)

Cell culture assays can be used to assess the
biocompatibility of a material or extract by
using the isolated cells in-vitro. These
techniques are useful in evaluating the
toxicity or irritancy potential of the materials
and chemicals. Cell culture systems may be
of the value in testing the biocompatibility
of materials before they are introduced.
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Table.1 Biochemical Characterisation of Pseudomonas aeruginosa PSPA15
Name of the test
Gram Staining
Motility
Indole
MR/VP
Citrate
TSI
Gelatin Liquefactin
Oxidase

Isolates PSPA15
Gram (-)
Motile
(-)
(-)
(+)
K/K
(+)
(+)

Table.2 Illustrate the ST, E24 and Chemical analysis of Pseudomonas aeruginosa PSPA15:
Name of the test
Surface tension test

PSPA15
Emulsification test
Twenn 80

PSPA15
Control
Petrol
Diesel
Kerosene
Petrol
Diesel
Kerosene

Nin hydrin test

Anthrone test

Iodine test

Barfoeds test

Solubility test
Saponification test
Achrolein test
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Result
26mNm-1
72mNm-1
83%
79%
77%
85%
85%
85%
Absence of Violet blue complex
indicates the absence of Amino
acids
Bluish green colour changes
indicates
the
presence
of
carbohydrates
Absence of blue or reddish brown
complex indicates the presence of
mono/disaccharides.
Presence of red precipitate with 25min indicates the absence of
monosaccharides
Insoluble in water and soluable in
alcohol and chloroform
NaoH saponifies the lipid indicated
by the formation of foam
Absence of the pungent smell
indicates the absence of glycerol.
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Table.3 Biocompatibility of the Pseudomonas aeruginosa PSPA15 on VERO cell line.

S.No

1
2
3
4
5
6
7
8
9

Concentration
(µg/ml)
1000
500
250
125
62.5
31.2
15.6
7.8
Cell control

Absorbance
(O.D)

Dilutions
I
0.39
0.41
0.43
0.45
0.48
0.50
0.51
0.52
0.54

Neat
1:1
1:2
1:4
1:8
1:16
1:32
1:64
-

II
0.39
0.41
0.44
0.47
0.48
0.51
0.52
0.53
0.54

III
0.38
0.40
0.43
0.46
0.48
0.49
0.51
0.53
0.54

Average
0.39
0.406
0.433
0.46
0.48
0.50
0.513
0.526
054

Fig.1 Pseudomonas aeruginosa PSPA15 - growth on Cetrimide Agar
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Cell
Viability
(%)
72.22
75.18
80.18
85.18
88.88
92.59
95.00
97.40
100
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Fig.2a BLAST Analysis Report for Pseudomonas aeruginosa PSPA15

Fig.2b Sequence Allignment of Pseudomonas aeruginosa
>141216-34_A01_54_518F
GGGGGAACCTTTTCCGGATTCTGGGCGTAAGCGCGCGTAGGTGGTTCAGCAAGTTGGATGTGAAATCCCCGGGCTCAACCTGGGA
ACTGCATCCAAACTCTGAGCTAGAGTACGGTAGAGGGTGGTGGAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAA
CACCAGTGGCGAAGGCGACCACCTGGACTGATACTGACACTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGG
TAGTCCACGCCGTAAACGATGTCGACTAGCCGTTGGGATCCTTGAGATCTTAGTGGCGCAGCTAACGCGATAAGTCGACCGCCTG
GGGAGTACGGCCGCAAGGTTAAAACTCAAATGAAGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACG
CGAAGAACCTTACCTGGCCTTGACATGCTGAGAACTTTCCAGAATGGATTGGTGCCTTCGGGAACTCAGACACAGGTGCTGCATG
GCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCTTAGTTACCAGCACCTCGGGTGG
GCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCAGGGCTACA
CACGTGCTACAATGGTCGGTACAAAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCATAAAACCGATCGTAGTCCGGATCGCA
GTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGTGAATCAAAATGTCACGGGTGAATACCTTCCCCGGGCCTTGTA
CACACCGCCCCGTCACACCCATGGGGAGTGGGTTTGCTCCCAAAAGTAACTAAGTCTAACCCGCAAGGGGGGGACGGGTTACCCA
CGGGAGTTGATTCATGGACTTGGGGTGGAAGTCCTACAGGGGGGTTAACCCCTTAAAAAACACCCCCCCCTACCCCCCCCCTTCCT
TTACCAC
>141216-34_C01_54_800R
GGGGCTCTTTCGCACTCAGTGTCAGTATCAGTCCAGGTGGTCGCCTTCGCCACTGGTGTTCCTTCCTATATCTACGCATTTCACCGC
TACACAGGAAATTCCACCACCCTCTACCGTACTCTAGCTCAGTAGTTTTGGATGCAGTTCCCAGGTTGAGCCCGGGGATTTCACAT
CCAACTTGCTGAACCACCTACGCGCGCTTTACGCCCAGTAATTCCGATTAACGCTTGCACCCTTCGTATTACCGCGGCTGCTGGCA
CGAAGTTAGCCGGTGCTTATTCTGTTGGTAACGTCAAAACAGCAAGGTATTAACTTACTGCCCTTCCTCCCAACTTAAAGTGCTTT
ACAATCCGAAGACCTTCTTCACACACGCGGCATGGCTGGATCAGGCTTTCGCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGT
AGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGACTGATCATCCTCTCAGACCAGTTACGGATCGTCGCCTTGGTAGGCCTTTACCC
CACCAACTAGCTAATCCGACCTAGGCTCATCTGATAGCGTGAGGTCCGAAGATCCCCCACTTTCTCCCTCAGGACGTATGCGGTAT
TAGCGCCCGTTTCCGGACGTTATCCCCCACTACCAGGCAGATTCCTAGGCATTACTCACCCGTCCGCCGCTGAATCCAGGAGCAAG
CTCCCTTCATCCGCTCGACTTGCATGTGTTAGGCCTGCCGCCAGCGTTCAATCTGAGCGGGTTAAAACTCCTAAAAAACCCCCCCC
CAACCCAAATCCCC

The strain PSPA15 was identified as Pseudomonas aeruginosa by 16srRNA sequencing and had a 100% similarity
with the BLAST analysis.
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Fig.3 Fermentation broth showed the production of Biosurfactant extracted from the
Pseudomonas aeruginosa PSPA15

Fig.4 Biocompatibility of the Pseudomonas aeruginosa PSPA15 on VERO cell line
Normal VERO Cell line

Toxicity-1000µg/ml

Toxicity-500µg/ml

Toxicity-250µg/ml

Toxicity- 125µg/ml

Toxicity-62.5µg/ml

Toxicity-31.2µg/ml
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Fig.5 A-HPLC Chromatogram of biosurfactant produced by Pseudomonas aeruginosa PSPA15

Fig.5 B-HPLC Chromatogram for Standard Rh0-C10-C10 and Rha- Rha C10-C10

They provide an excellent way to screen the
materials prior to in-vivo tests. The MTT
assay is a colorimetric method that measures
the reduction of yellow 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium
bromide by mitochondrial succinate

dehydrogenase. Because the cellular
reduction is only catalyzed by the living
cells, it is possible to quantify the percentage
of living cells in the solutions.
Biosurfactants are biocompatible in nature
(Rosenberg et al., 1999) which means
717
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VERO cells were well tolerated against the
biosurfactant which were extracted from the
PSPA15 (72.22 to 97.40%). These when
interact with the Cells do not change
bioactivity of the VERO cell line. This
results are similar to the report of
Thanomsub et al., (2007) showed that the
biosurfactant, RL-a and RL-b from
Pseudomonas aeruginosa B189 had no
effect on the normal cell line (VERO) at
concentration upto 50µgmL-1.

tension and emulsification index techniques.
The presence of carbohydrates, lipids were
confirmed and the glycerol was absent,
hence this indicated that the biosurfactant
was a glycolipid. The biosurfactant was non
toxic to normal cells and HPLC retention
time 4.14 representing glycolipid type of
rhamnolipids. New production strain
PSPA15 is now available, the economic
obstacle of biosurfactants may eventually be
eased. Further, the strain PSPA15 will be
tested against their efficacy on oil
remediation and suitable for using in oil
fields such as soil washing, Microbial
enhanced oil recovery, removal of heavy
metal pollution.

HPLC is an analytical technique for the
separation and determination of organic and
inorganic solutes in any samples especially
biological,
pharmaceutical,
food,
environmental, industrial, etc., (Hencock
1990). HPLC method is one of the suitable
methods developed to quantify the
rhamnolipids in a bacterial biosurfactant
mixture. HPLC analysis showed the fraction
with the retention time of 4.37 representing
Rha – Rha – C10- C10 which confirmed the
structure of dirhamnolipid.
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