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In the present study, thirty five bacterial isolates were obtained from hydrocarbon-contaminated
soil samples using an enrichment method. These isolates were tested to grow on mineral salt
medium containing anthracene or phenanthrene as sole carbon source. Only five isolates showed
the ability to degrade these compounds. RAPD-PCR fingerprinting was carried out for the five
isolates, and the DNA patterns revealed that there was no similarity among the examined bacteria
whenever the RFLP using four restriction enzymes Haelll, Mspl, Hinfl and Taql failed to
differentiate among them. Five bacterial isolates were grown in high concentration of anthracene
and phenanthrene (4% w/v). Two bacterial isolates were selected due to their high ability to grow
in the presence of high concentrations of anthracene and phenanthrene. The isolates were
identified as Bacillus flexus and Ochrobactrum anthropi, based on DNA sequencing of amplified
16S rRNA gene and phylogenetic analysis. Finally, the ability of these bacterial strains to tolerate
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and remove different PAHs looked promising for application in bioremediation technologies.
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Introduction

Despite the importance of hydrocarbons in our daily
lives, hydrocarbon compounds are considered to be globally
environmental pollutant (Plohl er al., 2002). The
uncontrolled release of hydrocarbons into soil as well as into
ground water has become frequent as a result of accidents or
poor control practices (Mishra et al., 2001; Atlas and Philp,
2005). Saudi Arabia is especially vulnerable to hydrocarbon
spills due to the high volume of petroleum exported and
transferred through pipelines over long distances throughout
the country. Therefore, protective and preventive measures
should be taken to avoid spillage into the environment.

The constituents of hydrocarbons, particularly
polycyclic aromatic hydrocarbons (PAHs), are highly toxic,
mutagenic and carcinogenic, hence posing a serious risk to
human and environmental health (Samanta et al., 2002). To

gene sequencing

control the threats caused by PAHs, various cleanup
strategies, including physical and chemical techniques, have
been employed (Margesin and Schinner, 2001). Although
most of the physico-chemical techniques are effective in
remediation of a wide range of PAH contaminants, they are
extremely expensive and sometimes damaging to the
structure and texture of soil (Boonchan et al., 2000; Roling et
al., 2002). Alternatively, bioremediation or biodegradation
has become an attractive option for remediation of
hydrocarbon-contaminated soil because it is an economic,
efficient and environmentally-sound treatment (Mehrashi et
al., 2003). Biodegradation can be defined as the ability of
microorganisms to degrade organic contaminants such as
PAHs to non-toxic products such as H,0 and CO, (Delille et
al., 2002).

The ability of microbes to degrade PAHs into
harmless constituents has been explored as a means to
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biologically treat contaminated environments. A range of
bacteria capable of degrading PAHs has been reported in the
last few decades. Most of these bacteria belong to genera
Aeromonas, Acinetobacter, Bacillus, Burkholderia,
Flavobacterium, Micrococcus, Mycobacterium,
Rhodococcus, Paenibacillus, Pseudomonas and
Sphingomonas ( Kim et al., 2005; Van Hamme et al., 2003).
The present work was focused on this approach, aiming to
isolate PAHs-degrading bacteria from contaminated soils in
the Aseer area, Saudi Arabia. Molecular tools including
RFLP, RAPD-PCR fingerprint, and 16S rRNA gene
sequences were applied for genetic discrimination and
identification of indigenous isolates. The capabilities of
isolates for PAHs degradation were also investigated.

Materials and Methods

Soil sampling, bacterial enrichment and isolation :
Different sites were carefully selected in order to obtain soil
samples that were historically contaminated with
hydrocarbons of varying compositions and concentrations.
The contaminated soils were collected from the Aseer area,
Saudi Arabia. Ten soil samples (5kg each) were transported
back to laboratory in new solvent-washed steel containers.
The contaminated soils were sieved through 2-mm sieve and
then stored at 4°C for further study. Bacterial strains were
isolated from soil samples by selective enrichment cultures in
minimal salt medium (MSM). Briefly, about 2 g soil samples
were added to 50 ml MSM and then incubated at 30°C while
shaking (200 rpm) for 24 hrs. Bacterial enrichment cultures
were set up in 500 ml cotton-plugged Erlenmeyer flasks
containing anthracene or phenanthrene as sole source of
carbon. Stock solution of anthracene and phenanthrene (20
mg ml") were prepared in dichloromethane, and added to
MSM at an initial concentration of 10ppm. Anthracene and
phenanthrene concentrations in MSM were slowly increased,
up to about 500ppm over a period of 20 days, and were
maintained at this level for the duration of the enrichment at
30°C with shaking at 200rpm. After 5 days of enrichment, a
few drops from the samples were spread on a solid medium.
Plates were prepared with MSM that had been solidified with
2% agar and sprayed with 0.5% anthracene and phenanthrene
solution dissolved in dichloromethane. The plates were
incubated at 30°C. The colonies that grew on plates were
picked and streaked on new MSM agar plates.

Bacterial genomic DNA extraction : The extraction of total
bacterial genomic DNA was performed according to the
procedures described by Hesham (2014).

Random amplified polymorphic DNA assay (RAPD-
PCR) : To examine the relatedness between the obtained
isolates, RAPD-PCR was carried out using two primers. The
first one was BOXAIR (5'-CTACGGCAAGGCGACGCT
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GACG-'3) (Rademaker and de Bruijn, 1997), while the
second primer was REP1R-I (5'-CGGICTACIGCIGCIIII-
*3) (Rademaker and de Bruijn, 1997). PCR reaction was
performed in a final volume of 25 [l containing GoTaq green
master mix (Promega, Madison, WI, USA), 1 ul of each
primer at a concentration of 0.5 mM and 1 pl template DNA.
The PCR program was performed as follows: 5 min primary
denaturation at 95°C, followed by 40 cycles of 30 sec
denaturation at 94°C, 30 sec annealing at 37°C, 1 min
extension at 72°C, a final extension step of 7 min at 72°C and
stored at 4°C. PCR products were separated on agarose gel
electrophoresis using 1.5% w/v agarose in 0.5x TBE buffers.
The size of each band was estimated using DNA molecular
weight marker. The gel was stained with ethidium bromide,
visualized under UV light, and photographed. Dendrogram
tree of bacterial isolates was done using statistical program
analysis (Statistica Version 5). Highl anthracene and
phenanthrene degradable isolates, and relatively distance
isolates according to the results in the dendrogram, were
selected and subjected to sequence analysis of 16S rRNA
genes.

Restriction fragment length polymorphism (RFLP) of
16S rRNA gene : RFLP was done using the primer RW01
(5"-AACTGGAGGAAGGTGGGGAT-3") and primer
DG74 (5-AGGAGGTGATCCAACCGCA-3") which
amplified a 360- to 380-bp fragment at 5_ end of 16S rRNA
gene (Greisen ef al., 1994). RFLP for 16S rRNA gene was
used to indicate nucleotide sequence differences in one of the
housekeeping genes, and to determine genetic variations
present in the natural population. RFLP was carried out using
four restriction enzymes Haelll, Msp1, Hinfl and Taql. A
total reaction volume of 25ul containing 4U of enzyme
1n1PCR products, 2.5ul enzyme buffer and MilliQ water up
to 25ul were employed. Reaction was incubated at 37°C for 2
hr, visualized on 2% agarose gel and photographed under UV
light.

DNA amplification and determination of 16S rRNA gene
sequences : 16S rRNA gene of selected isolates was
amplified using universal primers: 27F (5-
AGAGTTTGATCCT GGCTCAG-3) and 1492R (5-
CGGCTACCTTGTTACGACTT-3) as described by Lane
(1991). PCR reaction was performed in a final volume of 50
ul containing GoTaq green master mix (Promega, Madison,
WI, USA), 1 pl of each primer at 0.5 mM concentration and 1
ul template DNA. PCR was performed with the following
program: 5 min denaturation at 95°C followed by 36 cycles of
1 min denaturation at 94°C, 1 min annealing at 55°C, 1.5 min
extension at 72°C, and a final extension step of 7 min at 72°C.
Five pl of amplified mixture was then analyzed using 1.5%
0.5xTBE agarose gel electrophoresis. Gel was stained with
ethidium bromide, visualized under UV light, and
photographed. Product of correct size was purified and
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sequenced in both directions using an ABI automated
sequencer (Macrogen Company, Korea).

Sequence alignment and phylogenetic analysis : 16S
rRNA gene sequences of the isolates selected in the present
study were aligned and compared with known 16S rRNA
gene sequences in the Genbank database, using BLAST
search at National Center for Biotechnology Information
(http://www.ncbi.nlm.nih. gov/BLAST/) to determine the
closest available database sequences. Phylogenetic trees
were constructed with MEGA version 4.0 using neighbor-
joining algorithm, plus the Jukes-Cantor distance estimation
method with bootstrap analyses for 1,000 replicates to
determine the taxonomic position of the isolates.

Degradation test of anthracene and phenanthrene :
Anthracene and phenanthrene, with a purity of 98.9%, were
obtained from Sigma—Aldrich Co. Ltd., UK. Degradation of
anthracene and phenanthrene was examined using real time
method according to Winge et al. (1993). Determination of
isolates' degradation abilities for both anthracene and
phenanthrene were carried out using fluorescence apparatus
(Labsystem, Finland). Degradation was recorded
periodically on line (each hour). In 96-well ELISA plate
(Costar, Germany), 7.5ul of 4% anthracene or phenanthrene
(dissolved in dichloromethane), 15ul of culture and 277.5pul
MSM were added (well content 300 ul). Plates were
incubated in a fluorescence apparatus for 24 hrs. The cycle
conditions were: plate template 96-well costar 3596,
temperature 30°C, speed 200 rpm, measure kinetic, interval 1
hr, measure count 24, excitation 355 and emission 460 nm.
The sample emits light (fluorescence) proportional to the
concentration of anthracene or phenanthrene.

Nucleotide sequence accession number : 16S ribosomal
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DNA sequence of the isolates reported in the present study
were deposited in DDBJ, EMBL and GenBank nucleotide
sequence databases under Accession No. KJ415175
(Bacillus flexus) and KJ415176 (Ochrobactrum anthropi).

Results and Discussion

Thirty five bacterial isolates were obtained from
hydrocarbon-contaminated soil samples using MSM
containing anthracene or phenanthrene as sole carbon source.
Bacterial adaptation was acquired when the concentration of
anthracene and phenanthrene reached 500mg I during a
period of 20 days. A small number of surviving bacterial
colonies were observed to have acquired resistance to high
concentrations of the two PAHs compounds tested. Only five
isolates, designated as 110, 112, 114, 123 and 126, showed
the ability to degrade these compounds and were selected.

Competent bacterial isolates that survived under
highly polluted medium were inoculated in MSM medium
containing 500 mg I' of anthracene or phenanthrene.
Degradation was determined using UV fluorescence
technique (Fig. 1). Bacterial isolates 126 and 112 were
selected as the most potent anthracene degraders. In contrast,
isolates 114 and 110 were selected as the most potent
phenanthrene degraders. Different biochemical tests were
used to identify the five selected bacterial isolates (Table 1).
Gram stain test revealed that five examined bacterial isolates
were Gram-negative bacteria.

RAPD-PCR fingerprint was carried out for selected
isolates. Data presented in Fig. 2A revealed that five isolates
were different from each other. A total of 300 bands were
obtained (30 bp to 1 k bp); 100 bands were polymorphic,
whereas other bands were monomorphic. The data obtained
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Fig. 1 : Degradation rate of anthracene (a) and phenanthrene (b) by the selected five bacterial isolates using fluorescence technique. Reduction in
concentrations of two PAHs was expressed as percentage changes from initial concentration of 500mg 1" of anthracene and phenanthrene over time. Bars

indicate standard errors of mean
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Table : Biochemical test of selected bacterial isolates from oil polluted soils of Saudi Arabia

Isolate Glucose Starch Gelatin Catalase Nitrate citrate TSI TSI indole Voges- methyl-red
No. fermentation hydrolysis liquefaction test reduction test slant HS proskauer production test
110 -ve -ve -ve +ve +ve -ve Yellow  -ve +ve -ve +ve
112 +ve +ve +ve +ve +ve +ve Red -ve -ve -ve +ve
114 +ve +ve +ve +ve +ve +ve Yellow  -ve -ve -ve +ve
123 +ve -ve -ve +ve +ve +ve Red -ve -ve -ve +ve
126 +ve -ve -ve +ve -ve +ve Red +ve -ve -ve -ve
M 110112114 123126 110 112114123126 M non 110 112 114 123 126 126

123

114

112

I / ‘
110 ‘ ‘

Fig. 2 : (A) DNA band patterns obtained by RAPD-PCR for the
polycyclic aromatic degrading bacteria. Lanes: M: 1KB Ladder DNA
marker, lanes from 110-126 bacterial isolates. (B) RFLP analysis for the
five examined polycyclic aromatic hydrocarbon degrading bacteria using

Taql enzyme

from RAPD-PCR was analyzed using Statica 5 (program),
and the constructed dendrogram grouped the five isolates into
two main groups. Group one consisted of isolates 112, 114,
123 and 126, whereas group two contained isolate 110 (Fig.
3)only.

16S rDNA RFLP patterns were conducted using five
restriction enzymes. Three enzymes (Haelll, Mspl and
Hinf1) failed to find any restriction sites along the amplified
PCR products of five isolates. Meanwhile, 7agl enzyme
succeeded in digesting the amplicon of the examined isolates
into three bands (50, 100 and 200 bp). Generally, RLFP assay
failed to differentiate between the isolates (Fig. 2B).

Amplicon of 16S rRNA gene for isolates 114 and 126
the most powerful degraders for phenanthrene and
anthracene, respectively (Fig. 1), were subjected to DNA
sequencing. 16S rRNA gene sequences were analyzed using
DNA Blast (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
Alignment results revealed that isolates 114 and 126 were
highly similar to Bacillus flexus and Ochrobactrum anthropi.
To confirm the alignment results, a number of sequences
representative of some Bacillus and Ochrobactrum species
were selected from GenBank database for phylogenetic tree
construction. Results in Fig. 4 showed that isolate 114 and B.
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Fig. 3 : Dendrogram for the five examined bacteria based on the RAPD-
PCR band patterns

flexus occupied one cluster. However, the results displayed in

Fig. 5 revealed that isolate 126 and O. anthropi were in the
same clade cluster. Therefore, isolates 114 and 126 were
exactlyidentified as B. flexus and O. anthropi, respectively.

Hydrocarbon present in petroleum are extremely
harmful to environmental and human health. Removal of
PAH's using physico-chemical techniques is extremely
expensive; therefore, biodegradation has become an
attractive option for removal of these contaminants from the
environment. In the present study, thirty five bacterial
isolates were obtained from petroleum-contaminated soil
samples using enrichment method. Out of them, only five
isolates (110, 112, 114, 123, and 126) showed ability to
degrade PAH compounds, anthracene or phenanthrene as
sole carbon source. Isolate 114 was selected as the most
potent phenanthrene degrader, while isolate 126 was selected
as the most potent anthracene degrader. These results are
consistent with the results obtained by Gauthier ez al. (2003)
who found that some strains prefered one type of PAH as sole
carbon source.

The DNA patterns of RAPD-PCR fingerprints were
enough for discrimination among five examined bacteria.
The RAPD-PCR method had further advantages over other
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74 Bacillus velezensis (EF433407.1)

90 W Bacillus velezensis (AY0603658. 1)

% Bacillus amyloliquefaciens (DQ993675.1)
% Bacillus subtilis (DQ993674.1)
? ‘Bacillus licheniformis (DQ993676.1)
7 Bacillus altitudinis (KF258832.1)
66 Bacillus cereus (JF501506.1)
— Isolate kku-114 (KJ415175)
100 Bacillus flexus (KF535145.1)
Bacillus thermolactis (AY397764.1)
Bacillus patagoniensis (AY258614.2)
0.01

Fig. 4 : Phylogenetic analysis of 16S rRNA gene of strain KKU-114 and other related Bacillus spp. by Neighbor-Joining method. Numbers at the nodes
indicate bootstrap support (%) based upon 100 replicates. The scale bar indicates 0.01 nucleotide substitutions per nucleotide position. GenBank

accession numbers are given in parentheses
100 [Strain kku=126 (KJ415176)
60 Ochrobacturm anthropi (AF501340.1)

Ochobactrum thiophenivorans (KF84405...

48

40

Ochobactrum lupini (EF998851.1)
46

Ochobactrum tritici (JX393007.1)
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Ochobactrum ciceri (JX646649.1)

Ochobactrum daejeonense (HQ171203.1)

Ochobactrum pseudintermedium (DQ3659...

9% Ochobactrum grignonense (FJ950557.1)

5 ————Ochobactrum guangzhouense (EF125185.1)

100“0chobactrum oryzae (AB841138.1)

0.005

Fig. 5 : Phylogenetic analysis of 16S rRNA gene of strain KKU-126 and other related Ochrobactrum spp. by Neighbor-Joining method. Numbers at the
nodes indicate bootstrap support (%) based upon 100 replicates. The scale bar indicates 0.005 nucleotide substitutions per nucleotide position. GenBank
accession numbers are given in parentheses

molecular techniques, because in RAPD-PCR, no previous fingerprinting methods have been used as powerful tools to
genetic knowledge was required and arbitrary nucleotide discriminate Gram-positive and Gram-negative bacteria
sequences can be used as random primers. PCR-based RAPD (Hawke et al., 2003; Giraffa and Rosetti, 2004; Yoke-
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Kqueen et al., 2008; Manikandan ef al., 2013 ). On the other
hand, RFLP failed to differentiate between the isolates. Thus,
PCR-based on sequence analysis was used as genetic method
for identification of the promising isolates (114 and 126).
Analyses of phylogenetic trees of 16S rRNA gene sequences
confirmed the taxonomic position of the isolates 114 and 126
as Bacillus flexus and Ochrobactrum anthropirespectively.

Recently, PAH-degrading bacteria were isolated and
genetically identified, based on 16S rRNA sequences. Most
of these isolates belonged to genera, Acinetobacter,
Citrobacter, Bacillus, Ochrobactrum and Pseudomonas
(Bodour et al., 2004; Arulazhagan and Vasudevan, 2008;
Singh and Lin, 2008) and showed the ability to biodegrade
different PAHs compounds. Chang et al. (2008) also reported
that Bacillus spp. were the constantly dominant bacteria
under various treatments in mangrove sediment.
Furthermore, Katsivela et al. (2002) classified two bacterial
isolates as Enterobacter sp. and Ochrobactrum sp. using T-
RFLP profiles and reported their importance in PAH-
degrading activity.

In the present study, out of 35 bacterial isolates, five
bacteria were demonstrated to have the ability to degrade
PAHs. RAPD-PCR was successful in discriminating the
examined bacteria, while RFLP failed to differentiate
between them. Two bacterial isolates were selected as the
most potent phenanthrene and anthracene degraders.
Sequences of 16S rRNA gene and phylogenetic analysis
identified two isolates as Bacillus flexus and Ochrobactrum
anthropi. Finally, the ability of these two bacteria to tolerate
and remove different PAHs looks promising for application
in bioremediation technologies.
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