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ABSTRACT 

The presence of hydrocarbons in the soil is considered one of the main problems of pollution. In our current study, 

eight samples isolated from soil saturated with hydrocarbons were taken from different areas of Baghdad, Iraq. In 

this study, 5 isolates belonging to Pseudomonas aeruginosa by 99%, 4 isolates to Klebsiella pneumoniae by 98%, 

and 3 isolates to Enterobacter hormaechei by 97% were diagnosed in different ways. A molecular examination 

was also conducted by 16sRNA. We recorded P. aeruginosa, K. Pneumoniae and E. hormaechei as new local 

isolates in NCBI. In addition, a comparison was made between our isolates and the global isolates to determine 

the degree of convergence in the evolutionary line. The genes alkB and nahAc7 were diagnosed in P. aeruginosa 

capable of degradation hydrocarbons. The aim of this study was to identify the bacterial species that resist the 

presence of hydrocarbons in the soil and also to diagnose some genes in the bacteria responsible for degradation 

of hydrocarbons in order to find the biological treatment methods. 
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INTRODUCTION 

Crude oil is a complex composition of oil extracted from various reservoirs and from hydrocarbons. Hydrocarbons 

are the most common fuel in the world and represent the basis for encouraging the growth of microorganisms 

(Litvinenko 2020) Hydrocarbons are divided into four categories: aliphatic, asphalts, aromatics, and resins. In the 

past, they were divided into low molecular weight alkanes that volatilize easily (Leahy & Colwell 1990). It is 

clear that the widespread use of petroleum products causes pollution throughout the environment and that many 

microorganisms have the ability to hydrolyse hydrocarbons in oil-polluted areas. So, we found many studies that 

diagnose microorganisms and the possibility of analysing them for pollutants (Chaillan et al. 2004; Allamin et al. 

2020; Obaid et al. 2022; Sahi et al. 2022). Many types of bacteria can decompose the polluted oil in the soil 

through its high and accurate enzymatic activity. Removing organic pollution using microorganisms is one of the 

safe economic ways to treat oil pollution. Bacterial diversity plays a major role in the analysis of hydrocarbons in 

the ecosystem (Das & Chandran 2011; Chandra et al. 2013). Bacterial species that degrade hydrocarbons are 

identified by genetic methods based on 16 sRNA genes  
 

MATERIALS AND METHODS 

Isolation of bacteria from the soil 

Eight samples of soil contaminated with hydrocarbons were collected from sites beside the oil refinery in Baghdad 

in sterile containers and transferred to the laboratory for isolation.  
 

Isolation methodology  

1- Modified Mineral Salt (MMS) medium was prepared according to (Duvnjak et al. 1982). 
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2- Five grams of soil was added to 50 mL MMS and placed in an incubator at 37 ºC by continuous shaking for 2 

days 

3- A series of dilutions was prepared as 1 mL of the suspension is transferred to 9 mL of the dilution solution 

including 10-1 to 10-6. 

4- Spreading 0.1 mL of each dilution on agar plate by a glass L-shape rod (Kannan et al. 2018) 

 

Isolation of bacterial strains 

Pure colonies were isolated and cultured on selective media, then morphological tests were performed as well as 

Gram stain and Vitek-2 compacted.  

 

Molecular identification of isolates  

DNA was extracted from 8 isolates using isolation tools according to the company's instructions (Promega, USA)  

 

Primers 

Primer name Seq. Annealing Temp (°C) Product size (bp) No. 

27F 

 

5`-AGAGTTTGATCCTGGCTCAG-3` 60 1500 9 

1492R 5`-TACGGTTACCTTGTTACGACTT-3` 10 

alkB-F 5`-TCGAGCACATCCGCGGCCACCA-3` 60 330 11 

alkB-R 5`-CCGTAGTGCTCGACGTAGTT-3` 

nahAc7-F 5`-ACTTGGTTCCGGAGTTGATG-3` 57 136 12 

nahAc7-R 5`-CAGGTCAGCATGCTGTTGTT-3` 

  

Primer preparation  

Primer Name Vol. of nuclease free water (μL) Concentration (pmol μL-1) 

100 300 27F 

 

100 300 1492R 

100 300 alkB-F 

100 300 alkB-R 

100 300 nahAc7-F 

100 300 nahAc7-R 

 

PCR component calculation 

No. of Reaction 

 

4 rxn 

 

Annealing temperature of primers 

 

57, 60 

 

Reaction Volume /run 

 

25 μL 

 

No. of primer 

 

3 

% 

 

No. of PCR Cycles 

 

30 

Aliquot per single rxn 

 

22 μL  of master mix per tube and adding  3 μL  of template 

 

PCR program 

Steps °C m: s Cycle 

Initial Denaturation 

 

95 05:00 1 

Denaturation 

 

95 00:30 30 

Annealing 

 

57, 60 00:30 

Extension 

 

72 01:00 

Final extension 

 

72 07:00 1 

Hold 

 

10 10:00 
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Standard Sequencing 

PCR products were sent for Sanger sequencing using ABI3730XL, automated DNA sequencer, by Macrogen 

Corporation, Korea. The results were received by email then analysed using geneious software. 

 

RESULTS AND DISCUSSION  

Results showed that the soil saturated with hydrocarbons contains different types of bacteria as 12 bacterial 

isolates were isolated by culturing on selective media. Colonies appeared on the MacConkey medium were 

between 3 lactose-fermenting isolates and 9 non-fermenting ones.  All isolates exhibited negative in gram stain. 

The results showed that 5 isolates belong to the genus of bacteria. 

 

Molecular identification of isolates 

All isolates were genetically characterized by 16sRNA and their sequences were made. The results revealed that 

five of the isolates belonged to Pseudomonas aeruginosa, 4 isolates to Klebsiella pneumoniae and 3 to 

Enterobacter hormaechei (Fig. 1) 

 
Fig. 1. Results of the amplification of 16s RNA gene of unknown bacterial species were fractionated on 1.5% agarose gel 

electrophoresis stained with Ethidium Bromide; M: 100bp ladder marker. Lanes 1-5 resemble 1500 bp PCR products.  
 

There are leaks of millions of litres oil entering the soil and resulting in one of the biggest problem in the world, 

i.e., pollution by hydrocarbons. Hydrocarbons are also affected by many factors, including environmental factors, 

pollution sources and the presence of microorganisms (Head et al. 2006; Stroud et al. 2007). Microorganisms, 

especially bacteria, play a major role in dismantling hydrocarbons and detoxifying the places where they are 

found, since they converted into water and carbon dioxide with no effect on the environment and are harmless to 

humans. Therefore, studies focus on the types and quantities of microbial groups involved in the degradation of 

hydrocarbons, as well as environmental factors that affect rates of microbial metabolism (Rodrigues et al. 2009; 

Chikere et al. 2011). Some strains of P. aeruginosa are capable of breaking down hydrocarbons by employing a 

number of metabolic procedures (Silva et al. 2006). It was also found that the strains isolated from the environment 

are highly efficient in degrading hydrocarbons compared to clinical strains, indicating their high efficiency in 

adaptation and evolution to deal with adverse conditions (Grady et al. 2017). Although Enterobacter spp. and 

Klebsiella spp. were described that few of them as hydrocarbons decomposer, some authors mentioned that it has 

the ability to biologically decompose some diverse pollutants such as organic phosphorous and halogens as well 

as hydrocarbons, and its efficiency elevates once the medium has low salinity (Rodrigues et al. 2009) 

Registration of 16sRNA gene isolates in NCBI 

The differences were found in the gene sequences of the isolates P. aeruginosa, K. Pneumoniae and E. hormaechei 

which are local Iraqi isolates from the soils saturated with hydrocarbons, compared to the global isolates. These 

differences led to the testing and documentation of these isolates in the NCBI as new local Iraqi isolates, and they 

were accepted according to the accession numbers of P. aeruginosa MZ950650.1, K. Pneumoniae MZ950643.1 
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and E. hormaechei MZ950647.1 for each isolate. Phylogenetic trees showed the comparison between local and 

global isolates recorded by a number of countries and the extent of the differences between them (Figs. 2, 3 and 

4). 

 
Fig. 2. Phylogenetic tree of 16sRNAgene for locally P. aeruginosa isolates with global strain by accession no. 

(MZ950650.1). 

 

Fig. 3. Phylogenetic tree of 16sRNA gene for locally K. Pneumoniae isolates with global strain by accession no. 

(MZ950643.1). 

 
Fig. 4. Phylogenetic tree of 16sRNA gene for locally E. hormaechei isolates with global strain by accession no. 

(MZ950647.1). 
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The differences between the local isolates registered in NCBI and the global isolates registered are caused by 

mutations that improve the efficiency level of bacteria to resist difficult environmental conditions through the 

secretion of enzymes that help biodegrade hydrocarbons in the environment in which they live. These mutations 

and adaptations helped focus on biological treatment that reduces economic damage and be environmentally 

friendly. 

Identification of alkB gene and nahAc7 gene in P. aeruginosa 

 P. aeruginosa is one of the best known microorganisms has a high ability to break down hydrocarbons, so it is 

one of the most important tools for bioremediation of soil contaminated with hydrocarbons (Aparna et al. 2012). 

It has the ability to produce reductants surfactants, which increases the rate of hydrocarbons decomposition 

(Satpute et al. 2010). The abundances in alkane monooxygenase (alkB) and naphthalene dioxygenase genes 

(nahAc7) in genome of P. aeruginosa was observed. Their abundance greatly helps in the decomposition of 

alkanes and naphthalene and plays a great role in the decomposition of hydrocarbons in general. Also gene 

expression is greatly affected by the amount of oil and salt present (Wasmund et al. 2009). The results of our 

study showed the presence of 100% of alkB gene and nahAc7gene of 50% in Fig. 5 which is attributed to the 

reason for the abundance of alkB gene because this gene has the ability to break down the short and medium chain 

alkanes (C6-C15; Kleinsteuber et al. 2006, Ulrich et al. 2009). 

 

 
Fig. 5. Results of the amplification of alkB gene of P. aeruginosa were fractionated on 1.5% agarose gel electrophoresis 

stained with Ethidium Bromide; M: 100bp ladder marker. Lanes 5 resemble 330bp PCR products. 
  

(Liu et al. 2015) results were in support of our findings that the abundance of the gene expression of alkB gene 

and the gene of nahAc7 played a major role in the decomposition of hydrocarbons. In addition, this is what 

(Shahreza et al. 2019) supported that alkB gene is abundantly available in P. aeruginosa genome and that it plays 

a major role in the destruction of pollutants especially hydrocarbons. It is clear from the study that there is a large 

group of microorganisms that have the ability to biodegrade hydrocarbons by various mechanisms and enzymes 

all of which are under genetic control. The availability of a set of genes in the genome of some bacterial strains 

makes this bacteria an important organism used in biological treatments, which are considered safe economic and 

environmentally friendly methods as the decomposition products are not harmful to humans or the environment. 
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