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ABSTRACT
Among the hydrocarbon utilizing bacteria, Pseudomonas aeruginosa is one of the most
frequently isolated from hydrocarbon impacted environment and capable of producing
metabolites that enhances its competitiveness and survival. The feasibility of crude oil
degradation by microbial process was studied by the accumulation of biosurfactant in growth
medium which will enhance biodegradation of crude oil. The soil samples were obtained from
diverse petrol bunks in Chennai city. A strain of Pseudomonas aeruginosa was isolated from
petrol bunk soil and identified as per conventional biochemical methods after extensive
screening on the nutrient agar plates containing crude oil. The lipolytic activity of the strain
was identified in the spirit blue agar medium. The biosurfactant production was done in
mineral salt medium containing crude oil. Biosurfactant was isolated and detected on TLC
plate with the Rf value of 0.32, 0.39 & 0.35. The Plasmid analysis was performed and was
found to have a molecular weight 24.5 Kbp. Plasmid curing was done using ethidium bromide
and the reduced effect of zone formation on agar plates containing crude oil was observed.
Thus the present study suggest that the Pseudomonas aeruginosa isolated from oil
contaminated environment has the capacity to use crude oil as carbon source, accumulates
biosurfactant in the growth medium, enhances the feasibility of crude oil degradation by
microbial process and the degradation is plasmid mediated.
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Introduction

Degradation of crude oil in the environment by
autochthonous microbial communities has been well
documented and individual micro organism capable
of metabolizing components of crude oil have been
isolated from a variety of ecosystems. Biosurfactant
are extra cellular macromolecules produced as
metabolic byproducts of microbial transformation of
organic substrate. Among the hydrocarbon utilizing
bacteria, Pseudomonas aeruginosa is one of the most
frequently isolated from hydrocarbon impacted
environment and capable of producing metabolites
(i.e., alginate, rhamnolipid, pyocyanin) that enhances
its competitiveness and survival (Beal and Betts,
2000).

During biodegradation, crude oil is used as an
organic carbon source by a microbial process,
resulting in the breakdown of crude oil components
to low molecular weight compounds (Chhatre et al.,

1996). However, the bioavailability of weekly soluble
hydrophobic compounds for microbial conversion is
usually low and thus limits their degradation rate in
aqueous medium. The use of surfactants has been
found to enhance degradation of crude oil or other
hydrocarbons (Kuyukina et al., 2005). Among
various surfactants, rhamnolipids are considered to
be the most predominant in degrading hydrocarbons.
This facilitates biodegradation which is probably due
to the 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 (Tuleva et al., 2002). Thus,
the interaction between addition of rhamnolipid and
biodegradation of hydrocarbons seems to be highly
specific.

In the present study biodegradation of crude
oil was conducted with mineral salt medium
containing crude oil as carbon source. The purpose of
this work is to isolate biosurfactant producing
Pseudomonas aeruginosa strain isolated from crude
oil contaminated soil, as well as to study the
degradation on nutrient agar plate containing crude
oil using agar absorption method and lipolytic activity
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on spirit blue agar medium containing crude oil as
substrate. The presence of plasmid was also analysed.

Materials and Methods

Collection of soil samples

Five soil samples (4 corners and underground
tank area) were collected in sterile, polythene cover
from various petrol bunks in Chennai city namely
Pallavaram, Chrompet, Sanatorium and Tambaram
which are about 15-20 years old. The soil sample was
obtained by scraping the top 0 to 5 cm depth of soil
with a sterile spatula.

Isolation, identification and enumeration of
bacterial cultures

Total viable bacteria were enumerated by
spread plate method using 0.1 ml of the dilution 10-3

to 10-5 on to nutrient agar and incubated for 24 hrs
to 48 hrs at 37°C. The bacterial colonies which
developed on the plates were randomly picked and
purified by sub culturing on to fresh agar plates
using the streak plate technique. Pseudomonas
aeruginosa was confirmed based on their morphology,
gram reaction and conventional biochemical reaction
and were then transferred on to the nutrient agar
slants properly labeled and stored as stock culture.

Crude oil degradation on nutrient agar plates
by Pseudomonas aeruginosa

Crude oil nutrient agar plates were prepared
by spreading over the sterile crude oil on the surface
of solid nutrient agar medium plates and allowed it
to for absorption for half an hour. The 3 strains of
Pseudomonas aeruginosa were inoculated by single
streak on nutrient agar plate containing crude oil.
The inoculated plates were then kept for incubation
at 37°C for 24-48hrs.

Lipolytic activity of Pseudomonas aeruginosa
in solid medium

The spirit blue agar medium was prepared
with 10% of crude oil as substrate. After sterilization
the medium containing crude oil was plated and the
Pseudomonas aeruginosa strains were inoculated by
streaking on it. The inoculated plates were then
incubated at 27°C and colour of the medium was
noted.

Maintenance of P.aeruginosa in crude oil
medium

The composition of Mineral Salt Medium
(MSM) used in this study is as follows: (g/L):

Na2HPO4.12H2O 1.2, KH2Po4 0.4, (NH4)2SO4 1.0,
MgSO4.7H2O 0.2, Na2CO3 0.1, FeSO4.7H2O 0.005,
MnSO4.nH2O 0.02, CaCl2.2H2O 0.01. and the initial
pH was adjusted to 7.0 (Okerentugba et al., 2003)

Mineral salt medium were dispensed in 100 ml
quantities into four 250 ml Erlenmeyer flask and to
each flask 2% crude oil was added. Culture medium
and crude oil were autoclave separately and then
mixed. The 3 strains of Pseudomonas aeruginosa
(Isolate number: 1, 5 and 8) were inoculated in each
flasks and one flask was uninoculated and kept as
control. The flask was incubated at room temperature
with shaking at intervals for 17 days. The pH of the
culture medium was checked in regular intervals of
5 days for 15 days.

Surfactant Isolation

The biosurfactant was isolated by the modified
technique of (Horowitz et al.,). The culture medium
containing biosurfactant was separated from residual
crude oil using a seperatory funnel. Bacterial cells
were removed from culture medium containing
surfactant by centrifugation (6300rpm, 10°C for 15
min). 2ml of the supernatant was acidified to pH 2
by adding concentrated HCl; the precipitate was then
allowed to settle at 4°C. The acid precipitate was
removed by centrifugation (6000rpm, 4°C for 20 min)
and 1ml acid water (HCl, pH 2) was added. The
surfactant was extracted with chloroform-methanol
2:1 (2-3 ml). The organic phase was concentrated and
analyzed by TLC.

Thin Layer Chromatography assay

A one-dimensional chromatography (TLC) was
performed using silica gel (Si60 F254 , 0.2 mm). The
surfactant was dissolved in chloroform and spotted
on TLC plate. The solvent system to develop the plate
was chloroform, methanol & 25% ammonium
hydroxide (65:25:4) and the spots were visualized by
spraying sulphuric acid & methanol (5:85) following
heating at 125°C till the spots are visualized.

Plasmid isolation

A single colony of Pseudomonas aeruginosa was
inoculated into 2ml of Luria-broth and was incubated
over night at 37°C in a shaker incubator (200 rpm).
Plasmids were isolated by the standard procedure.
Plasmid DNA was resuspended in TE buffer (100 mM
Tris-HCl, 10 nM EDTA; pH 8.0) and stored at 4°C.
The plasmid DNA solution (10 µl) was mixed with
the 5µl of gel loading dye and was loaded in the slots.
The standard DNA marker (500-24500 bp) was also
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added to the last well and was electrophoresed in
agarose gel.

Plasmid Curing

Over night culture of Pseudomonas aeruginosa
in nutrient broth was serially diluted. One drop of
culture was placed on the haemocytometer and cells
were counted. The dilution which containing
approximately 10 to 15 cells per ml were taken and
inoculated in the L-broth containing 4µg/ml of
ethidium bromide. Cultures were inoculated in light
proof flask at 37°C and plated on nutrient gar. Cured
colonies were detected after incubation. Cured
colonies formed were streaked on nutrient agar plates
containing crude oil.

Results

The bacterial isolates obtained from the 4
different sites were enumerated and was identified
as motile gram negative bacilli, catalase and oxidase
positive, citrate positive, urease negative, oxidative,
Non-carbohydrate fermentor, and identified as
Pseudomonas aeruginosa (Table 1). Out of 15
Pseudomonas isolates 3 showed wide zone of
clearance on nutrient agar plate containing crude oil
and were selected for further studies (Fig. 1). 

Table 1. Location of soil sample collection,
bacterial count and isolation of

 Pseudomonas spp.

Sl.
No.

No. of
Samples

from
one PB

Site Bacteria
CFU/ml

No. of
isolates

identified
as

P.aerugino
sa

1 3 Pallavaram 67 × 104 3

2 5 Chrompet 132 × 104 5

3 3 Sanatorium 126 × 104 3

4 4 Tambaram 119 × 104 4

PB: Petrol Bunk

The widths of the hydrolysed areas on the
spirit blue agar medium were measured to compare
the lipolytic activities of Pseudomonas aeruginosa. At
30°C the lipolytic activities of Pseudomonas
aeruginosa after 6 hours showed a large discoloration
area and the widest area was observed after 1.5 days
(Fig. 2). The pH of the media was detected in regular
5 days interval for 15 days and the drop in the pH
from 7 to 6.6 was observed (Table 2). The surface
active compound was isolated from the cell free

supernatant of the culture medium of Pseudomonas
aeruginosa containing crude oil and TLC assay
showed the spots at the Rf value of 0.32, 0.39 and
0.35 (Fig. 3). 

Table 2. Duration and pH variation on MSM
media by Pseudomonas strain isolated

 from PB

Sl.
No. Isolate

Determination of pH

Day 5 Day 10 Day 15

1 1 6.87 6.82 6.65

2 5 6.91 6.86 6.81

3 8 6.80 6.60 6.60

4 Control 7 7 7

MSM: Mineral Salt Medium

PB: Petrol Bunk

The three isolates of Pseudomonas aeruginosa
which showed wider zone on crude oil nutrient agar

Fig. 1 shows the zone production by
Pseudomonas isolates on the nutrient agar

plates containing crude oil.

Fig. 2 shows the clearance of medium due to
lipolytic activity of Pseudomonas aeruginosa

on Spirit blue agar medium.
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plates were subjected to plasmid isolation using
alkaline lysis method. A single band of plasmid was
obtained from all the three isolates. The Molecular
weight of the plasmid was 24.5Kbp when compared
with supermix DNA ladder as standard molecular
weight marker (Fig. 4)

Plasmid curing was performed for all the three
Pseudomonas isolates using ethidium bromide as
curing agent. It was detected that after curing the
desirable phenotypic characteristic feature of oil
degradation was reduced by analyzing the no zone
production on the crude oil nutrient agar plates.

Discussion

The present study reveals microbial diversity
as 67 × 104, 132 × 104, 126 × 104 and 119 × 104

CFU/ml in Pallavaram, Chrompet, Sanitorium and

Tambaram respectively. In the study of (Dhruva
Bhattacharya et al., 2002) it was reported that the
bacterial strains were isolated from oil refineries and
oil exploration sites situated in different geoclimatic
locations in India and got the enumeration result as
27 × 108, 30 × 108, 21 × 108, 25 × 108, 32 × 108 and
15 × 108 CFU/ml. It was also reported by (Ezeronye
et al., 2003) that in his study 1.5 × 107 CFU/ml were
obtained from different oil contaminated sites
(Omuihuechi River, Newcalabar River and the soil
contaminated the NNPC effluents).

So many bacterial genera were associated with
petroleum product degradation such as
Chromobacterium, Flavobacterium, Bacillus, Vibrio,
Citrobacter, Enterobacter, Micrococcus, Klebsiella,
Planococcus etc. However the predominant forms
were rod shaped bacteria namely Pseudomonas and
few cocci (Okarentugba et.al., 2003). It was reported
that Pseudomonas spp is predominant in many soil
sample contaminated with oily sludge from different
geographic location in India (Dhruva Bhattacharya et
al., 2002). These reports are in concurrence with the
present study where in Pseudomonas spp were
obtained from the four sites in Chennai city.

In the present study out of 15 Pseudomonas
isolates, 3 isolates which showed wide zone of
clearance were selected for further studies. This is in
accordance to the work of (Cavanagh et al., 2003)
where in they used agar absorption assay and found
out the growth of bacterial colonies utilizing essential
oil. During incubation with crude oil on nutrient
agar, the medium will absorb the oil and make will
facilitate the bacteria to access the oil easily. Michael
P. shiaria et al., (1982) used phenanthrene as carbon
source and reported the zone of clearance on
Petroleum agar plates by spraying phenanthrene on
nutrient agar plates. 

The lipolytic activity was confirmed on spirit
blue agar medium when incubated at 30°C. 

(Heniette et al., 1993) studied the effect of
culture conditions on lipolytic activity of
Pseudomonas, at 25°C − 30°C. The microorganism
grew exponentially for approximately 6 hrs before
entering the stationary growth phase and the cells
excreted their lipase during the stationary phase.

The pH of the media was checked in regular
5 days interval for 15 days and the drop of pH from
7 to 6.6 was observed. The utilization of crude oil as
sole carbon and energy source by these
microorganisms resulted in their growth with a
concomitant production of acid. These acidic metabolic
products might account for the decrease in pH of the
culture (Zhang Guo-liang et al., 2005). After the

Fig. 3 shows the visualization of spots by the
biosurfactants on the TLC plate when

sprayed with sulphuric acid methanol (5:85)
as the detection agent.

Fig. 4 shows the isolated plasmids from the
Pseudomonas aeruginosa of molecular weight
24.5 Kbp when compared with the standard

marker.
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period of 17 days biosurfactant was isolated and
detected in TLC assay and the spots were observed
at Rf value of 0.32, 0.39 and 0.35. The Surfactant
production was observed by surface tension reduction
of the culture broth (Carmen Lucia Queiroga et al.,
2003). This gives the eminent proof that biosurfactant
is produced to mobilize the oil present in the
environment to facilitate the biodegradation by soil
bacteria Pseudomonas spp. Moreover biosurfactant
was less adsorbed to soil component, than synthetic
surfactant, thus rapidly penetrating through the soil
column and effectively removing 65-82% of crude oil,
(Kuyukina et al., 2005). 

In this study the presence of 24.5 Kbp
molecular weight plasmid confirms the biodegradable
ability of the isolated Pseudomonas aeruginosa
strains. This is further confirmed by plamid curring,
where the biodegradable ability of the isolates were
reduced by the reduction in the zone formation on
nutrient agar plates containing crude oil. This is the
best experimental invitro proof of oil biodegradation
ability governed by plasmid.

Conclusion

To conclude, the Pseudomonas aeruginosa
strain isolated from oil contaminated environment
from Chennai has the capacity to use crude oil as
carbon source. Biodegradation of crude oil by
microbials appears to be the natural process by which
the bulk of the polluting oil is used as organic carbon
source, breaking down the petroleum components to
lower molecular compounds which are transformed
into the other organic compounds such as
biosurfactants. The observed Rf value indicated
Rhamnolipid like compound as biosurfactant. From
the present study it can be suggested that
accumulation of biosurfactant in the growth medium
could enhance the feasibility of crude oil degradation
by microbial process and the plasmid is responsible
for oil degradation
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