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Introduction

The contamination of soils and groundwater with petroleum 
compounds is among the most prevalent problems in environments 
worldwide [1]. In situ biodegradation is one of the primary mechanisms 
by which petroleum and other hydrocarbons are eliminated from the 
environment. Hydrocarbon-degrading bacteria are widely distributed 
in marine, freshwater, soil habitats and their use in bioremediation 
of hydrocarbon-contaminated soils, which exploits their ability to 
degrade and/or detoxify organic contaminants, has been established 
as an efficient, economical, versatile and environmentally sound 
treatment [2].

Petroleum compounds consist of four fractions: saturated 
hydrocarbons, aromatic hydrocarbons, nitrogen-sulphur-oxygen 
containing compounds and asphalthenes. Normally, of the saturated 
hydrocarbons, the straight-chain n-alkanes are most susceptible to 
biodegradation, whereas branched alkanes are less vulnerable to 
microbial attack. The aromatic fraction is more difficult to biodegrade 
and the susceptibility of its components decreases as the number of 
aromatic or alicyclic rings in the molecule increases [3]. Polycyclic 
(polynuclear) aromatic hydrocarbons occur extensively as pollutants 
in soil and water and are important environmental contaminants 
because of their recalcitrance. These compounds also constitute a 
potential risk to human health, as many of them are carcinogens [4]. 
The nitrogen-sulfur-oxygen containing and asphalthene fractions will 
not be addressed here.

Microorganisms that biodegrade the components of petroleum 
hydrocarbons are isolated from various environments, particularly 
from petroleum-contaminated sites [5]. Evaluations of indigenous 
microorganisms are needed so that bacterial community composition 
can be correlated with ability to degrade target pollutants [1].

Certain plasmids play an important role in adaptation of natural 
microbial populations to oil and other hydrocarbons. Some of the 
microbial catabolic pathways responsible for the degradation, 
including the alk (C5 to C12 n-alkanes), nah (naphthalene) and xyl 
(toluene) pathways have been extensively characterized and are 
generally located on large catabolic plasmids [6].but many reports 
describe and characterize microorganisms that can catabolize both 
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Abstract
Five bacterial strains from genera Pseudomonas, Rhodococcus, Micrococcus and Bacillus isolated from 

petroleum-contaminated soils were selected for their capacity to grow in the presence of petroleum and some aromatic 
hydrocarbons. Their growth rates and biodegradation ability were investigated in mineral basic media supplemented 
with light oil, crude oil, aniline plus catechol, aniline, toluene and naphthalene. The results revealed the extents to which 
these strains could degrade different aromatic hydrocarbon that are toxic in the environment. The plasmid profi les of 
isolated bacteria were also determined and in some strains, biodegradation ability proved to be plasmid related.

aliphatic and aromatic hydrocarbons [7]. Several environmental 
isolates of Acinetobacter sp. and Alcaligenes sp [8]. Arthrobacter sp 
[9] and two Rhodococcus strains [10] have been found to degrade
both alkanes and naphthalene, although the genes and catabolic
pathways responsible were not described.

In this study, we considered the potential of isolated bacteria 
for degradation of petroleum hydrocarbons, naphthalene, toluene, 
catechol and aniline. Candidate genera of bacteria were identified by 
biochemical characteristics and the role of plasmids in biodegradation 
of the compounds mentioned above was investigated.

Material and Methods

Sampling

Soil samples extending from the ground surface to a depth of 
10–20 cm were collected from petroleum-contaminated areas near 
petroleum storage, distribution and refining areas. Samples were 
taken from areas near storage, areas near distribution facilities and 
areas near a refinery. Samples were then kept sterile and on ice and 
were transferred immediately to the laboratory where petroleum-
degrading bacteria were isolated from them. Aseptic crude and light 
Persian oil were used in the assays for ability of the isolated bacteria 
to degrade petroleum.

Culture media

The basal culture medium contained (g/l) 1 KH2PO4, 1 K2HPO4, 
1 (NH4)2SO4, 0.04 MgSO4.7H2O, 0.004 FeCl3.6H2O at pH 7. Inorganic 
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iron and magnesium salts were added separately. For the isolation 
procedure, 2 ml/l petroleum, 5 mM catechol, 10 mM toluene, or 10 
mM naphthalene were added to the basic mineral medium as the 
sole source of carbon. These media also contained designated oil, 
catechol, toluene and naphthalene broths, respectively. Aniline broth 
contained 10 mM aniline and the same basic mineral medium in 
the absence of ammonium sulfate. Aniline+catechol broth medium 
contained basic mineral medium (without ammonium sulfate) in 
addition to 10 mM aniline and 5 mM catechol. The hydrocarbons of 
these media were subjected to membrane filtration and were added 
to basal medium that had been sterilized by autoclaving for 20 min 
at 121°C. Media were solidified with 1.5% agar for plating growth. 
Nutrient broth and nutrient agar were used as enriched media.

Isolation and identification of hydrocarbon-degrading bacteria

Petroleum-degrading bacteria were isolated by an enrichment-
culture technique in 250-ml Erlenmeyer flasks containing 100 ml 
oil Petroleum-degrading bacteria were isolated by an enrichment-
culture technique in 250-broth medium and 1 g contaminated soil. 
This mixture was shaken at 100 rpm at 30°C on a rotary shaker for 1 
week. Pure cultures were obtained by plating of culture from the third 
enrichment culture onto oil agar. Thirty-two strains were isolated 
that could grow on oil broth and agar media. Finally, the 5 of these 32 
strains with the highest capacity for petroleum biodegradation were 
isolated and and in the second phase of the study, their abilities to 
degrade naphthalene, toluene, catechol and aniline were observed. 
The isolated bacteria were identified according to the criteria of [11] 
on the basis of colony morphology, pigmentation, Gram staining and 
biochemical characteristics [11].

Petroleum hydrocarbon biodegradation by isolated bacteria

Gas chromatography method.— Isolated bacteria were 
inoculated into 40-ml test tubes, each containing 20 ml basic 
mineral medium plus 2 ml light oil as source of carbon and were 
agitated at 180 rpm at 30°C for 3 days on a rotary shaker before 
being subjected to analysis by gas chromatography (GC). At various 
intervals the residual petroleum was extracted with acetone (1:1 v/v) 
and hydrocarbon degradation was monitored by capillary GC (Perkin 
Elmer Auto system equipped with 1022 GC plus. A 0.4-l sample of 
the extracted petroleum sample was injected into a 25-ml CP-Sil-8Ch 
column with flame ionization detector. The carrier gas used was 
hydrogen at 4.5 psi. The injector and detector ports were maintained 
at 300°C. Oven temperature was programmed to climb from 100 to 
130°C with a gradient of 30°C min-1, then raised to 270°C at 10°C min-

1 and finally held at this temperature for 5 min [12].Total petroleum 
biodegradation was determined by comparison of the total areas of 
the chromatograms containing isolated bacteria with those of the 
controls [13].

Growth rate determination by turbidometry

Isolated bacteria were inoculated into 250-ml Erlenmeyer flasks, 

each containing 100 ml light oil broth and were agitated at 100 
rpm at 30°C on a rotary shaker for several days. Optical densities of 
inoculated and uninoculated control flasks were measured every day 
by spectrophotometry at 560 nm. The growth curves were recorded 
for comparison purposes.

Quantitative comparison method

Isolated bacteria were inoculated into 40-ml tubes, each 
containing 20 ml basic mineral medium plus 2 ml crude oil and were 
agitated at 180 rpm at 30°C on a rotary shaker for 20 days. Shaking 
was terminated after separation of oil and water occurred. The 
heights of crude oil in tubes were compared with those of controls 
and degradation was measured.

Biodegradation of aromatic hydrocarbons by isolated bacteria

Isolated bacteria were inoculated into 250-ml Erlenmeyer flasks, 
each containing 100 ml naphthalene, toluene, catechol, aniline, or 
aniline+catechol broth and were agitated at 100 rpm at 30°C on a 
rotary shaker for several days. Samples without inoculation were 
prepared as controls in all experiments.

Naphthalene, toluene and catechol biodegradation: 
Biodegradations of naphthalene, toluene and catechol were 
determined by turbidometry. Bacterial strains were grown in 
naphthalene, toluene, or catechol broth and optical density was 
measured as described above. For construction of growth curves, 1 
ml of each bacterial strain grown in each medium was centrifuged 
(4000 rpm, 15 min) and re suspended in 1 ml sterile phosphate buffer 
(150 nm, pH 7) before optical-density measurement.

Biodegradation of aniline and aniline+catechol: Bacterial strains 
were grown in aniline or aniline+catechol broth and optical density 
was measured as described above. Their ammonium production was 
also assayed, by means of Nessler’s reagent [14].

Investigation of plasmid presence and its effects on 
hydrocarbon degradation

Plasmid profile and curing: Isolated bacteria were inoculated 
into broth medium containing the hydrocarbon in which the bacteria 
had shown the highest growth rate. The media were used in late 
exponential phase as starter culture. For inoculation, 0.1 ml of 
this culture was added to 100 ml of nutrient broth plus Tween 80 
(polyoxyethylene sorbitan monooleate) and was incubated at 30°C 
for 24 h. Serial dilution and pure plate techniques were used for 
growth of colonies on nutrient agar. Colonies were counted and 100 
colonies were separated and patched out onto solid medium of the 
same composition or onto nutrient agar. The plates were incubated 
overnight at 30°C. Colonies able to grow on nutrient agar but not on 
solid medium were isolated and considered cured. The cured strains 
were sub-cultured in broth medium with the original hydrocarbon to 
confirm loss of degradation ability.

Days of incubation
Percentage of crude oil removed
Blank Pseud  L Rhodo. Bacillus Micro. Pseud. W

0 0 0 0 0 0 0
4 0.6 33 18 10 9 4
8 1.3 49 33 15 14 6

12 2.8 56 40 22 19 7
16 4.1 65 45 28 23 8
20 5 72 49 34 28 9

Table 1: Percentage of the crude oil biodegradation by isolated bacteria.  Pseud., Pseudomonas; Rhodo., Rhodococcus; Micro., Micrococcus.
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Plasmid extraction and electrophoresis: Plasmid DNA was 
extracted by a modified Kado and Liu procedure [15].After 
electrophoresis on a 0.7% horizontal agarose gel at 50 V for 3 h, the 
gels were stained with ethidium bromide and bands visualized with 
a UV transilluminator [16] Molecular-sized plasmids were determined 
by comparison with RP1 plasmid from E. coli strain JC3272 with 64-kb 
weight as a control. 

Results and Discussion

Microbial strains

The five bacterial strains best able to degrade and use petroleum 
and aromatic compounds were selected and identified as two 
strains of Pseudomonas (designated L and W) and one strain each of 
Rhodococcus, Micrococcus and Bacillus.

Light and crude oil biodegradation

As (Figure 1) shows, Pseudomonas strain L showed the best 
growth in the presence of light and crude oil. The results of light-oil 
biodegradation, as revealed by GC are shown in (Figure 2). Thirteen 
peaks were found and the greatest degradation occurred in the 
higher, initial peaks. 

Comparison of the total areas of the chromatograms shows that 
Pseudomonas strain L was also the best biodegrader of light oil.

The results of the quantitative comparison of residual crude oil 
with that in controls are presented in (Table 1). Again, Pseudomonas 

strain L best degraded the oil; it degraded 72% of crude oil in 20 days. 
The bacteria in our studies degraded crude oil more efficiently than 
did those investigated by [17] (63.87%) and [13] (57%).

Aromatic hydrocarbon biodegradation

(Figures 3–7) shows the biodegradation of toluene, naphthalene, 
aniline, catechol and aniline+catechol. The growth curves of toluene 
and naphthalene are shown in (Figure 3 and Figure 4). The greatest 
toluene degradations was produced by Pseudomonas strain L and 
the best naphthalene degradation by Rhodococcus. (Figure 5) shows 
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Figure 1: Growth curves in light oil medium of the fi ve bacterial strains isolated 
from petroleum-contaminated soil.

Figure 2: Chromatograms of the light oil medium after incubation for three days 
with the isolated bacterial strains.  (A) Uninoculated control.  (B) Pseudomonas 
strain L.  (C) Bacillus.  (D) Pseudomonas strain W.\ (E) Rhodococcus.  (F) 
Micrococcus.  Total biodegradations were obtained, respectively, at 53.4%, 
15.5%, 22.4%, 52.1%, and 29.4%.
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Figure 3: Growth curves in toluene broth of the fi ve isolated bacterial strains.

Figure 4: Growth curves in naphthalene broth of the fi ve isolated bacterial 
strains.
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Figure 5: Growth curves in catechol broth of the fi ve isolated bacterial strains.

Figure 6: Growth curves and ammonium production in aniline broth of the fi ve 
isolated bacterial strains.
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supported bacterial growth. [5] and [1] conducted similar experiments, 
studying biodegradation of naphthalene by bacteria isolated from 
oil-contaminated soils. [18] studied bacterial strains isolated from 
waste crude oil and their capacity for growth with naphthalene, 
phenanthrene, fluoranthene and pyrine as sole carbon sources. Our 
study differs from these, however, in that we studied growth rate of 
bacteria only in the presence of aromatic hydrocarbons.

Plasmid analysis

Catabolic pathways, which encode degradation routes of 
different aromatic and aliphatic hydrocarbons, are frequently located 
on plasmids, although degradative genes can be located on either 
chromosome or plasmid [16].

In our study the cured Pseudomonas strain L grew successfully on 
toluene medium and the cured Micrococcus strains grew successfully 
on aniline media. Both Rhodococcus and Pseudomonas W cured 
strains grew on naphthalene medium. Cured Bacillus did not grow 
successfully on either crude oil or other hydrocarbon media. All strains 
that were successfully cured by serial sub-culturing in nutrient broth 
(i.e., all except Bacillus) lost the ability to degrade hydrocarbons.

(Figure 8) shows agarose gel electrophoretic separation profiles 
of plasmids from cured and uncured strains of the five bacteria used 
in our study. Curing experiments demonstrated that cured strains 
that lost their plasmids also lost their hydrocarbon biodegradation 
ability, so the capacity to degrade hydrocarbons is plasmid related in 
all the strains we studied except the Bacillus strain. Electrophoretic 
separation profiles of plasmidic DNA isolated from non-cured 
cultures showed that Pseudomonas strain L harbored two plasmids; 
curing deleted the large plasmid completely and removed a piece 
of the smaller one. Cured Pseudomonas strain L also lost the ability 
to degrade oil and toluene. In Micrococcus, Pseudomonas W and 
Rhodococcus strains, some deletions occurred. Despite several 
subculturings, no cured form the Bacillus strain was obtained, 
although in the wild strain, one plasmid was seen in agarose gel.

The plasmid mediation of ability to degrade phenanthrene was 
demonstrated by Coral and Karagöz [16] in curing experiments. [19] 
extracted plasmids from Pseudomonas and Burkholderia strains 
isolated from oil-contaminated soils that conferred ability to degrade 
naphthalene. [5] demonstrated the presence and also the role of 
two plasmids in catabolic pathways for alkane and naphthalene. 
Our study reveals that ability to degrade aromatic hydrocarbons is 
plasmid encoded.

Figure 7: Growth curves and ammonium production in catechol-aniline broth of 
the fi ve isolated bacterial strains.
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Figure 8: Electrophoretic separation profi les of plasmids from cured and 
non-cured strains.  Lane 1, RP1 plasmid as DNA ladder.  Lanes 2, 4, 6, 8, 
and 10 show the plasmid profi les from the non-cured strains Pseudomonas 
W, Rhodococcus, Bacillus, Pseudomonas L, and Micrococcus strains, 
respectively.  Lanes 3, 5, 7, 9, and 11 show the plasmid profi les from cured 
cultures of the same fi ve strains.

catechol degradation. Pseudomonas strain L also degraded catechol 
significantly more rapidly than did other strains.

Ammonium production, shown in (Figure 6 and Figure 7), 
revealed that only Pseudomonas strain W and the Micrococcus strain 
could degrade aniline as a sole source of carbon and nitrogen. The 
results of the aniline+catechol biodegradation experiment suggest 
that presence of catechol can promote aniline biodegradation.

The five microorganisms used in this study differed in their 
ability to degrade aromatic hydrocarbons. Some of them, such as 
Pseudomonas strain W, could degrade all investigated hydrocarbon 
compounds, but the maximum degradation of aromatic hydrocarbons 
was shown by Pseudomonas strain L. Catechol and aniline best 
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