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ABSTRACT 

Petroleum and its byproducts are still the main sources of energy for many different types of 
businesses and daily living. However, because some products are acutely poisonous or have 
mutagenic, teratogenic, or carcinogenic qualities, their discharge into the environment is a 
global problem. Indiscriminate disposal of crude oil into the environment has no doubt 
increased hydrocarbon pollution in Nigeria. Microorganisms have been identified as major 
contributors in fighting pollution by utilizing hydrocarbons to enhance cell growth and 
energy needs. This study was aimed at detecting alkB and nahAc genes from Pseudomonas 
sp. isolated from petroleum contaminated soil of Kaduna Refining and Petrochemical 
Company (KRPC), Kaduna, Nigeria. Bacteria from the petroleum contaminated soil were 
isolated and confirmed using standard biochemical tests and molecular methods. The 
bacterial isolates were screened using soil enrichment technique. Out of the 18 bacteria 
isolated, Pseudomonas sp. having the highest hydrocarbon utilizing ability was selected for 
further studies. Polymerase chain reaction (PCR) experiments with specific primers 
confirmed the presence of alkB and nahAc genes in Pseudomonas sp. The presence of alkB 
and nahAc genes in Pseudomonas sp. from this study indicates that Pseudomonas sp. from 
the petroleum contaminated soil may have the potential to degrade petroleum and therefore 
be useful in the bioremediation of petroleum contaminated soil. 
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INTRODUCTION 

Given that petroleum and petroleum 
products are employed in practically all 
industrial processes as well as in many 
parts of daily life, they are a major cause 
of soil contamination. Environmental 
degradation and contamination on a big 
scale have been caused by 
industrialization and resource extraction 
[1]. Excessive volumes of hazardous 
waste have been scattered throughout 
thousands of polluted locations in the 
Niger Delta and other states with 
refineries, such as Kaduna, Nigeria. This 
poses a threat to both human and 
environmental health, and the 
combination of chemicals it contains is 
one of the main causes of the worldwide 
cancer and degenerative disease 
epidemics. Ecosystems in soil and water 
are at risk of petroleum contamination 
due to leaking above-ground and 
underground storage tanks, spills that 
occur during the transportation of 
petroleum products, abandoned 
manufactured gas sites, and a variety of 
industrial processes. Remediating these 
sources of contamination is costly. The 
introduction of hydrocarbons into certain 
habitats has been caused by human 
activity and, in rare instances, natural 
processes. This has resulted in significant 
alterations in microbial communities [2]. 
Thus, it is difficult to come up with 
creative and practical ways to clean up 
contaminated areas so that people can 
live there safely while still preserving the 
health of the ecosystems that sustain life 
[3].  

The process of treating a contaminated 
environment using biological mechanisms 
is referred to as bioremediation [4]. At the 

moment, this biotechnological approach 
is the most affordable and effective at 
eliminating pollutants compared to 
traditional physicochemical approaches 
[5]. Growth and co-metabolism are the 
two processes that underpin this 
transformation. While growth substrate is 
used in co-metabolism, organic 
contaminants are the only source of 
energy and carbon during growth. The 
process leads to mineralization, which is a 
total degradation [6]. The primary and 
significant method of eliminating alkanes 
and polycyclic aromatic hydrocarbons 
(PAHs) from the environment is by 
microbial degradation, which is carried 
out by bacteria, yeasts, filamentous fungi, 
and algae [7]. Numerous bacteria that are 
able to metabolize PAHs have been 
discovered; these bacteria primarily come 
from the genera Pseudomonas, 
Burkholderia, Mycobacteria, 
Rhodococcus, Alcaligenes, and Ralstonia 
[8].  

Potential benefits of treating polluted soil 
using microorganisms include full 
breakdown of the contaminants, reduced 
treatment costs, reduced soil disturbance, 
and increased safety [9]. The majority of 
the breakdown of PAHs and aliphatic 
compounds is accomplished by the mono- 
and dioxygenases that bacteria produce 
[10] which enables them use 
hydrocarbons as their exclusive source of 
carbon and are thought to have a selective 
advantage over other species. These 
genes, known as catabolic genes, are 
identified by or stimulate metabolic 
activity related to the disintegration of 
complex molecules (such proteins or 
lipids) and the organism's release of 
energy: associated with, typified by, or 
promoting catabolism [11]. These genes 
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can be isolated, purified, and engineered 
into other microorganisms with a shorter 
generation for effective degradation of 
hydrocarbons. The aim of this study was 
to detect catabolic genes with the 
potential of degrading hydrocarbon from 
hydrocarbon utilizing bacteria isolated 
from petroleum contaminated soil.  

MATERIALS AND METHODS 
 
Sample collection 
Petroleum contaminated soil samples 
were collected from Kaduna refinery, 
Kaduna according to the method 
described by Moses et al. [12]. Using a 
sterile spatula, soil samples from three 
randomly selected locations, spaced 
approximately 1 m apart and reaching a 
depth of 4–6 cm were collected. The 
samples were then combined and put into 
sterile glass bottles from three distinct 
sample collecting locations, spaced 10 m 
apart. Bulked samples from the first, 
second and third points were labelled A, B 
and C respectively. All the samples were 
immediately transported to Microbiology 
Laboratory, Kaduna State University for 
further analysis. 

Isolation of bacteria from petroleum 
contaminated soil 
Soil enrichment technique was used for 
the isolation of bacteria from petroleum 
contaminated soil as described by 
Hesham et al. [10]. Ten grams (10 g) of 
petroleum contaminated soil sample was 
suspended in 90 mL mineral salt medium 
(MSM) containing (g/L) 1.0 (NH4)2SO4, 
0.8 K2HPO4, 0.2 KH2PO4, 0.2 MgSO4·7H2O, 
0.1 CaCl2·2H2O and 0.005 FeSO4·7H2O, pH 
7.0 ± 0.2. The medium was supplemented 
with petroleum at concentration of 
100 mg/L as a sole source of carbon. The 
flasks were incubated on an orbital 
shaker at 150 rpm at 30°C. After 7 days of 

incubation, an aliquot of 10% enriched 
cultures was transferred into another 
250 mL conical flask containing 90 mL of 
fresh autoclaved mineral basal salt (MBS) 
medium supplemented with petroleum.  
This step was repeated five times to 
attain well-adapted hydrocarbon-
degrading enriched bacterial consortia. 
Change in turbidity was taken as the 
measure of growth. Optical density 
readings at 600nm were taken for 7 days 
using cell density meter. 

Screening of bacteria from petroleum 
contaminated soil  
Bacterial colonies which appeared on 
mineral basal salt plates containing 
petroleum were picked randomly using a 
sterile glass rod and introduced into 
tubes containing 5 mL of fresh mineral 
basal salt broth and 0.5% petroleum as 
sole source of carbon and energy for 
screening. The tubes were incubated at 
28°C in an orbital shaker at 120 rpm for 7 
days. A control was prepared by 
excluding petroleum and kept under the 
same condition. Change in optical density 
readings was taken for 7 days. Optical 
density (OD) values between 0 and 0.25 
were considered to have no growth, 0.26 
and 0.50, minimal growth, 0.51 and 0.75, 
moderate growth and 0.76 and 1, 
maximum growth.  

Characterization and identification of 
bacteria from petroleum contaminated 
soil 
The bacterial isolates were characterized 
using colonial morphology, Gram staining 
and standard biochemical tests such as 
coagulase test, motility test, catalase test, 
methyl red test, Voges-Proskaeur test, 
indole test, citrate utilization test, urease 
test, carbohydrate utilization test and 
triple sugar iron (T.S.I) test [13] and 
identified by comparing their 
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characteristics with those of known taxa 
using Bergey’s Manual of Systemic 
Bacteriology.  

16S rRNA gene amplification of 
Pseudomonas sp. from petroleum 
contaminated soil 

Genomic DNA from two strains of 
Pseudomonas sp. were isolated according 
to the method described by Hesham et al. 
[10].  Amplification was carried out using 
the following sets of universal primers: 
27F (5-AGAGTTTGATCCTGGCTCAG-3) 
and 1492R (5-
CGGCTACCTTGTTACGACTT-3) in a final 
volume of 20 µL of reaction mix 
containing 10 mM Tris-HCl (pH 9.0). 50 
mM KCI, 2.5 mM MgCl2, 200 µg/mL BSA, 
200 µM each of dATP, dCTP, dGTP, dTTP, 
0.2 µM each of primers and 2.5 µL of Taq 
polymerase.  The reaction mixtures were 
overlaid with 100 µL mineral oil and 
boiled for 2 min prior to the addition of 
Taq polymerase.  The samples were 
subjected to denaturation at 95oC for 5 
min, 35 cycles with 40s at 94oC, 40s at 
55oC, 60s at 72oC, and final elongation for 
7min at 72oC for the two genes alkB and 
nahAc. All PCR products were separated 
in 1.5% agarose gel, stained with 
ethidium bromide and viewed under UV 
light afterwhich it was photographed. 

 

RESULTS 
 

Cultural and biochemical characteristics 
of petroleum degrading bacteria 

Eighteen (18) bacteria were isolated from 
the petroleum contaminated soil (Table 
1). The microscopic and biochemical 
characteristics of bacteria observed from 
the petroleum contaminated soil showed 

species belonging to six genera - 
Achromobacter sp., Bacillus sp., 
Providencia sp., Pseudomonas sp., 
Acinetobacter sp. and Alcaligenes sp. The 
genus, Pseudomonas had the highest 
frequency of occurrence (28%), followed 
by Bacillus (22%), and Providencia 
(17%), while Achromobacter, 
Acinetobacter, and Alcaligenes were 11% 
each.  

Screening of bacteria from petroleum 
contaminated soil    
The extent of crude oil utilization by the 
bacterial isolates is reported in Table 2. It 
shows the mean value of the optical 
density (600nm) of the tubes taken and 
the inference. Out of the eighteen bacteria 
isolated from the petroleum 
contaminated soil, Isolates A4 and B3 
representing 11 % of the isolates showed 
maximum growth in the mineral salt 
broth with OD values of 0.87 and 0.97 
respectively. On the other hand, A3 and B6 
showed moderate growth representing 
11 % of the isolates with corresponding 
OD values of 0.63 and 0.61. All other 
isolates showed minimal growth in the 
mineral salt broth representing 78 % of 
the entire isolates. The control sample 
however showed no growth with an OD 
value of 0.2. Pseudomonas sp. having the 
highest OD reading was selected for 
further studies. 
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Table 1: Cultural and Biochemical Characteristics of Petroleum Utilizing Bacterial Isolates 
Obtained from Soil 

 

Key A = Acid and G = gas 
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A1 Rod +ve + + - - + - - AG A A A Achromobacter sp. 

A2 Rod +ve + + - - + - - A A A - Bacillus  sp. 

A3 Rod -ve + + + + - - - A A A A/G Providencia sp. 

A4 Rod -ve - + - - - - + A/G A - A; Pseudomonas  sp. 

A5 Rod -ve - + - + - - + A A A A Alcaligenes sp. 

B1 Rod -ve + + - + - - + A - - A Acinetobacter  sp. 

B2 Rod +ve + + - - + - - A A A - Bacillus  sp. 

B3 Rod -ve + + - + - - + A - - A Pseudomonas sp. 

B4 Rod -ve - + - - - - + A/G A - A; Acinetobacter  sp. 

B5 Rod +ve + + - - + - - AG A A A Achromobacter sp. 

B6 Rod -ve + + + + - - - A A A A/G Providencia sp. 

B7 Rod +ve + + - - + - - A A A - Bacillus  sp. 

C1 Rod -ve + + + + - - - A A A A/G Providencia sp. 

C2 Rod -ve - + - - - - + A/G A - A; Pseudomonas  sp. 

C3 Rod -ve - + - - - - + A/G A - A; Pseudomonas  sp. 

C4 Rod +ve + + - - + - - A A A - Bacillus  sp. 

C5 Rod -ve - + - + - - + A A A A Alcaligenes sp. 

C6 Rod -ve - + - - - - + A/G A - A; Pseudomonas  sp. 
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Table 2: Bacterial Growth in Petroleum Medium and their Mean Optical Density (OD) 

Coded Isolates Mean OD600nm Inference 

A1 0.41 Minimal growth 

A2 0.45 Minimal growth 

A3 0.63 Moderate growth 

A4 0.87 Maximum growth 

A5 0.38 Minimal growth 

B1 0.42 Minimal growth 

B2 0.39 Minimal growth 

B3 0.97 Maximum growth  

B4 0.43 Minimal growth  

B5 0.37 Minimal growth  

B6 0.61 Moderate growth  

B7 0.44 Minimal growth  

C1 0.42 Minimal growth  

C2 0.38 Minimal growth  

C3 0.43 Minimal growth 

C4 0.45 Minimal growth  

C5 0.44 Minimal growth  

C6 0.36 Minimal growth  

Control 0.2 No growth 

 

16S rRNA gene amplification of 
Pseudomonas sp. from petroleum 
contaminated soil 

The gel electrophoresis of the two bacteria 
with highest OD from the petroleum 
contaminated soil is represented in Figure 
1. The gel electrophoregram revealed the 
presence of Pseudomonas sp. (B3 and A4). 
Alkane monooxygenase (alkB) and 
naphthalene dioxygenase (nahAc) genes 
were detected for the most effective  

 

petroleum degrader (Pseudomonas sp. B3) 
isolated in this study as shown in Figure 2. 
The sizes of PCR products for alkB and 
nahAc were approximately 100 bp and 
487 bp respectively. Finally, no signals for 
alkB1 gene detected.  
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 Figure 1: Gel electrophoregram for 
amplified 16S rRNA of isolates 
(Pseudomonas sp. B3 and Pseudomonas 
sp. A4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: PCR products based on primers specific for the catabolic genes from the left to the 
right, AlkB and nahAc detected in Pseudomonas sp. (B1) with 1000 bp DNA ladder (M).

 

DISCUSSION 

Petroleum hydrocarbons will always 
remain the most important energy and  

 

chemical source as well as the most 
challenging organic pollutants in future 
[15]. Microbial strains isolated from 
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specific contaminated environments have 
shown bioremediation potentials thus 
offering a green alternative approach to 
clean up these hazardous environmental 
pollutants [16]. 

In this study, Pseudomonas had the 
highest frequency of occurrence, followed 
by Bacillus, Providencia, Achromobacter, 
Acinetobacter and Alcaligenes. The 
bacteria isolated in this study were similar 
to the report of other researchers with few 
differences. The differences in organisms 
could be attributed to the soil type, 
different hydrocarbon exposed to soil and 
extent of hydrocarbon pollution of the 
contaminated soil. Pseudomonas sp. being 
the predominant bacterial isolate from 
hydrocarbon contaminated soil in this 
study is contrary to the work of Ijah and 
Antai [17] who reported Bacillus sp. as 
being the predominant bacteria isolated 
from hydrocarbon contaminated soil. 
According to Sharma et al. [18], 
Pseudomonas sp. has been identified as 
the most predominant group in the 
metabolism of hydrocarbons. This 
bacterium possesses a broad array of 
physiological and metabolic properties as 
well as a complex enzymatic system that 
enables it to utilize a wide range of 
aliphatic aromatic compounds as their sole 
carbon source. Sharma et al. [18] worked 
with Pseudomonas aeruginosa DSVP20 
and suggested that the ability of 
Pseudomonas sp. to take up alkanes was 
due to their production of a biosurfactant 
called rhamnolipids. Degradative plasmids 
such as OCT (octane), ALK (alkanes), TOL 
(toluene), XYL (xylene) and NAH 
(naphthalene) found in Pseudomonas 
makes it metabolically versatile [19]. 
Acinetobacter sp. as a hydrocarbon 
degrader has been reported also by Ugoma 
et al. [20]. In a research by Ho et al. [21], 
Acinetobacter calcoaceticus CA16, isolated 

from Canadian soil was able to degrade 82 
to 92% of aliphatic alkane hydrocarbons 
(CnHn + 2; where n = 12–18) in 28 days. 
Several diesel-degrading genes (such as 
alkM and xcpR) that are present in other 
microbes were also found to be activated 
in CA16.  

Monooxygenase (alkB) and dioxygenase 
(nahAc) genes were detected in this study. 
The existence of monooxygenase (alkB) 
and dioxygenase (nahAc) genes was 
confirmed and this is in agreement with 
other researchers who detected similar 
catabolic genes. Gurav et al. [22] detected 
alkB and nahAc genes which is in 
agreement to the genes detected in this 
present study. Hesham et al. [23] in 
addition detected 
C12O and C23O dioxygenases genes. The 
difference in catabolic genes detected 
could be due to the difference in organism 
isolated and also the difference in the 
hydrocarbon used can contribute. 
Monooxygenase (alkB) and dioxygenase 
(nahAc) genes are conserved among 
different Gram-negative bacteria and this 
could be the reason why they were 
detected in this study. However, no signals 
for AlkB1 gene was detected since it is 
conserved among Gram-positive bacteria 
[24]. The results in this study 
demonstrated that the two genes were 
present in Pseudomonasv sp., suggesting 
that this bacterium can play an active role 
in the degradation of aliphatic and PAHs 
and hence be recommended for 
bioremediation of petroleum compounds 
in the environment. 

CONCLUSION 

This study reports the isolation, 
identification, and characterization of a 
very efficient bacterium species - 
Pseudomonas sp. from petroleum 

   Duniya et al.    International Journal of Applied Biological Research 2023 



110 
 

contaminated soil. The existence of 
catabolic genes including monooxygenase 
(alkB) and dioxygenase (nahAc) genes 
responsible for aliphatic and polyaromatic 
hydrocarbons degradation were 
confirmed. The detection of these genes 
shows that Pseudomonas sp. may possess 
the potential to degrade petroleum.  
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