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Abstract

Petroleum hydrocarbons are a major concern due to their widespread distribution in the environment, and their harmful
effects on humans. The use of biodegradation methods to clean soil that has been contaminated by spilt petroleum can be
an effective remediation strategy. Therefore, in this study, the presence of indigenous microorganisms in soil contaminated
with crude oil was investigated and their ability to degrade petroleum in vitro was studied. Three methods were used to detect
crude oil and pure hydrocarbon degradation by bacterial and fungal isolates. Spectrophotometric method, 2,6-Dichlorophe-
nol indophenol (DCPIP) method and hydrocarbon analysis was performed by GC-MS. Furthermore, PCR was carried out
to detect the genes AlkB and PMO in the microbial communities. Seventeen bacterial isolates and 5 fungal isolates were
recovered from 19 soil culture samples obtained from three different oil-contaminated sites at Taq-taq (TTOPCO) oil field
and from a control site without oil contamination. The bacterial samples were identified culturally and morphologically,
and the results were validated by genetic analysis. The results of this study revealed that the indigenous bacterial and fungal
isolates had a high capacity to degrade crude oil and pure hydrocarbon fractions. Our results provide insight into the great
abilities of Bacillus anthracis, Bacillus cereus, Achromobacter sp., Aspergillus lentulus and Rhizopus arrhizus to degrade
crude oil and pure hydrocarbon fractions, and these data are supported by the presence of the PMO and AlkB genes in the
isolated microorganisms.
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reservoirs, among which the Taq-taq (TTOPCO) reservoir
is one. The intensive use of petroleum, however, results in
environmental disruption (Xue et al. 2015). Spills that occur
during and/or as a result of petroleum extraction, storage,
refining, manufacturing, shipping, oilfield development, and
leakage from oil pipelines or tankers, and the discharges of
petroleum hydrocarbons are also major concerns due to their
widespread distribution into the environment, such as soil
and water, which affects human health (Chen et al. 2015;
Wang et al. 2018).

Managing hydrocarbon contamination has become
easier due to the development of several new technolo-
gies in recent years. Biological processes are utilized in
the bioremediation process, which are a collection of tech-
nologies that either aid in the elimination of contaminants
or make them minimally hazardous (Janssen et al. 2002).
These procedures are cost-effective and can be applied in
their entirety to areas that are contaminated. Consequently,
microbial degradation is a promising method for the com-
plete mineralisation of hydrocarbons into carbon dioxide
and water (Wang et al. 2015).

Bacteria, fungi, and yeast biodegrade hydrocarbons in the
environment. Some bacterial species can metabolize specific
alkanes, while others break down the aromatic or resin frac-
tions of hydrocarbons in many different manners depend-
ing on the particular oxygenase (Xu et al. 2018). Although
several fungi can grow in soil, few species can survive in
contaminated soils with biodegradation efficiencies rang-
ing from 6 to 82% (Juhasz and Naidu 2000). The aims of
this study were to isolate and identify indigenous bacterial
and fungal species that were found in the soil of the Tag-taq
(TTOPCO) oil field. Then, we investigated the existence of
genes that encode monooxygenase enzymes in the isolated
microbial species and their ability to degrade crude oil and
pure hydrocarbons fractions using spectrophotometry and
2,6-dichlorophenol indophenol (DCPIP) methods. in addi-
tion, radial growth was measured, and hydrocarbon analysis
was performed by GC-MS.

Table 1 Soil samples and sampling locations

Materials and methods
Sample and sampling locations

All the samples were collected from the Koya City Taqg-taq
asphalt seep (TTOPCO), which is in the Kurdistan Region
of Iraq (KRI). Samples of contaminated soil were collected
throughout the month of October at a depth of 5 to 10 cm
from each of the four separate locations shown in Table 1.

All samples were placed into sterilized polyethylene bags.
Approximately 2 L of oil samples collected from operating oil
wells were stored in bottles that had been carefully sealed. The
bottles and polyethylene bags were placed in a container packed
with ice for transport to the laboratory and then stored at 4 °C.
The physicochemical characteristics of the crude oil and soil are
shown in Table 2 (Schofield 2017; Karim et al. 2017).

Morphological and molecular identification
of isolated bacteria and fungi

Pure culture techniques were applied to isolate pure sin-
gle colonies from each soil sample using nutrient agar,

Table 2 physicochemical Properties of the crude oil and soil

Properties TQ1

Crude oil
A.P.I gravity (degree) 47.52
Flash point °C (C.0.C.) Flammable
water and sediment %V <0.05
Salt content (ppm) 0.0024
viscosity @37.8°C/cst 1.93
viscosity @50°C/cst 1.66
Specific gravity @ 15.6°C 0.7904
Sulfur content %W 0.6
PH 9-11
Chloride (millimole/L) 32

Soil
Temperature during the month of October 253
PH 8-10
Potential Evapotrans. PET (mm) 165.9
relative humidity % 34

Groups of Given numbers

Soil samples

Location of the samples

A 1,2,3,4

B 5,6,7,8,9

C 10,11,12,13,14
D 15,16,17,18,19

Oil and water mixed samples were collected from an area close to the drilled pool of oil at the Tag-taq oil field
Underlying and flanking region of the Taqg-taq asphalt seep flow

Control: Ten meters away from site group B, it had not been contaminated by oil spills

Transportation area where the soil was contaminated with spilt oil, was 20 m away from site number two
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McConkey agar, cetrimide agar and mannitol salt agar
(Alsayegh et al. 2021). Then, biochemical tests and Gram
staining were conducted with all isolated single colonies
(Riedel et al. 2019). Fungi were cultivated on potatoes
dextrose agar (PDA) and identified using morphological
and taxonomic keys found in mycological keys (Wata-
nabe 2018). The genomic DNA of the isolated bacteria
and fungi was extracted by a QlAwave DNA Blood and
Tissue Kit (Germany, Cat. no. 69556) according to the
manufacturer’s protocol. A Nanodrop spectrophotometer
(NanoDrop Spectro 117 432-UK) was used to determine
the quality and quantity of the genomic DNA. The 16S
rRNA gene of bacteria, which contains a highly variable
region, was amplified by PCR (Polymerase chain reac-
tion) using the universal primer pair EubA/EubB. On the
other hand, the internal transcribed spacer (ITS) region of
the fungal isolates was amplified by PCR using the uni-
versal primer pair LROR/LR6 (Macrogen Inc., a South
Korean) Table 3. Bacterial PCR was performed in a final
volume of 25 pL using Prime Q5 Hot Start High-Fidelity
2X Master Mix (cat. n0.M0494S). PCR included 12.5 pl of
2 X Master Mix, 10 pmol (1 pL) of each of forwards (Eub
A) and reverse (Eub B) primer, 100 ng (1 pL) of template
DNA, and 9.5 pL nuclease-free water. PCR was performed
using a BIO-RAD T100TM Thermal Cycler (UK) as fol-
lows: 2 min of initial denaturation at 98 °C followed by
25 cycles of reaction with the 50 s of denaturing at 98 °C,
50 s of annealing at (64.3, 61, 59, 58, and 56) °C, and
50 s of extension at 72 °C, and the final extension was
performed for 4 min at 72 °C.

To amplify the ITS region of the fungal isolates, PCR
was performed in a final volume of 25 pL, which included
12.5uL of 2 X Master Mix, 10 pmol (1.5 pL) of each

forwards (LROR) and reverse (LR6) primer, 3 pL tem-
plate DNA, and 6.5 pL of nuclease-free water. PCR was
carried out as previously described for bacterial isolates
with an annealing temperature of 56 °C and 34 cycles.
The efficiency of DNA extraction was evaluated using
electrophoresis on a 1% agarose gel (w/v) that was stained
with ethidium bromide (10 g/L) and had a 100 bp DNA
marker (DENA 100 bp plus DNA size marker II S-5091).
The gel was run at 80 V for 1.5 h in a 1X TBE buffer.
Then, ultraviolet light was used to visualize the DNA
bands, and photographs were taken using a UV gel imager
(SynGene 1409) (Lee et al. 2012). All PCR amplicons
were sent out for sequencing by Macrogen Inc., a South
Korean company, using primer EubA F for the bacterial
origin PCR amplicon and primer LROR from the fungal
PCR source Table 3. Sequence quality, analysis, and edit-
ing were carried out using the DNA base assembly tool.
The 16S rDNA sequence was compared to previously
identified bacterial DNA sequences using the BLASTN
(http://www.ncbi.nih.gov/BLAST) to classify the bacte-
rial isolates independently.

Degradation of crude oil and pure hydrocarbon
fractions by the isolated bacteria and fungi

Minimal salt medium (MSM) was used for bacterial
and fungal isolates (Sigma-Aldrich). This medium
is composed of the following ingredients: 0.2 g/L
MgS04, 0.02 g/L CaCl2, 1 g/L KH2PO4, 1 g/L
K2HPO4, 1 g/L NH4NO3, and 0.05 g/L FeCl3. Trace
elements (1 mL/L) were added to the mixture (4.77 g
of CaCl2.2H20/100 mL, 0.37 g of FeSO4.7H20/

Table 3 Primers used to amplify the 16S rRNA gene and the ITS region and the hydrocarbon-degrading gene-specific primer sequences

employed for PCR

microorganisms and micro- Primer name Gene Sequence Expected annealing Reference
organism enzymes Size (bp) temperature
°C
Bacteria
EubA F 16S rRNA AAGGAGGTGATCCANCCRCA 1534 variable Lane 1991
EubA R AGAGTTTGATCMTGGCTCAG
alkane hydroxylase alkB F1 alkB GATGGGCGAGAGCATCTACC 248 60 This study
alkB R1 TGGCAGATGTCAGCTGGAAG
Fungi
LROR ITS ACCCGCTGAACTTAAGC 1200 56 Raja et al. 2017),
LR6 CGCCAGTTCTGCTTACC
Monooxygenase putative ~AFUA_8G07080 F PMO AACTTGGCTCTGACATGCCT 358 57.8 This study
AFUA_8G07080 R GCGGTAAAAAGTCCAGGTGC

AlkB alkane hydroxylase
ITS Internal transcribed spacer

PMO Putative monooxygenase
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100 mL,0.10 g of MnC12.4H20/100 mL, and 0.02 g of
sodium molybdate/ 100 mL). The pH was adjusted to
8. Then 1 mL/L vitamin mixture solution was added
(10.0 mg of Pyridoxine—HCI, 5.0 mg of p-aminobenzoic
acid, 5.0 mg of lipoic acid, 5.0 mg of nicotinic acid,
5.0 mg of riboflavin, 5.0 mg of thiamine-Hcl, 5.0 mg of
calcium D1-Pantothenate, 2.0 mg biotin, 2.0 mg of folic
acid, and 0.1 mg of vitamin B12 in 100 mL). Finally,
0.1 g/L yeast extract was added to the medium.

Crude oil was distillated using simple distillation.
First, the crude oil was poured into a round bottom flask.
Then, the fractionation column was adjusted and a ther-
mometer with a conical flask was placed on one side and
the condenser was placed on the other. The temperature
was measured with a thermometer, The fractional distilla-
tion method carried out with a distillation tower separates
crude oil into different, more valuable hydrocarbon prod-
ucts based on their relative molecular weights. Gasoline
was extracted in -1 to 200 °C and naphtha was extracted
from -1 to 205 °C (Ristinen et al. 2022; Wolfson 2011;
Logeshwaran et al 2018).

Biodegradation experiments were carried out in
glass screw cup tubes containing 10 mL of MSM and
1% crude oil as the sole carbon source. Prior to add-
ing the crude oil, both the media and the crude oil were
sterilized separately by autoclaving at 121 °C for 15 min.
A single colony of bacterial isolate was inoculated into
10 mL nutrient broth and incubated overnight at 30 °C at
150 rpm. Following incubation, the culture was centri-
fuged for 10 min at 10,000 rpm. The bacterial suspension
was ready for use after the cell pellets were washed to
remove all nutrients and resuspended in normal saline
until the OD at 600 nm was equivalent to 1. One percent
of the bacterial suspension was transferred to the MSM
supplemented with crude oil. Uninoculated media was
used as a control. All tests and controls were performed
in triplicate. The same procedure was followed for pure
hydrocarbon fraction.

Crude oil and pure hydrocarbon fraction degradation

To detect the extent of Crude oil and pure hydrocarbon deg-
radation by the isolated microbes, the following methods
were used:

1- spectrophotometric method: The absorbence was meas-
ured at 600 nm. First, DW and the control samples were
used as blanks to set the spectrophotometer to 0% (base-
line). The absorbance of the samples was measured at
time zero (0), 5 days, 10 days, 15 days, 20 days and
30 days to determine bacterial growth.

2 -2,6-Dichlorophenol indophenol (DCPIP) method: One
millilitre of bacterial suspension with an ODg ,, Of 1,

@ Springer

1% V/V crude oil and 1% (0.6 mg/L) of redox indicator
(DCPIP) were added to 10 mL of MSM, and the mixture
was incubated for seven days at 30 °C with shaking at
150 rpm. Then, every 24 h, the colour changes were
monitored. Uninoculated media was utilized as a con-
trol, which consisted of 10 mL of MSM, 1% crude oil,
and 1% DCPIP (Selvakumar et al. 2014; Balogun et al.
2015). For fungal growth, a glass screw cup container
with 10 mL of MSM supplemented with 1% crude oil
and 1% 2,6-Dichlorophenol indophenol (DCPIP) redox
indicator was used. The inoculated containers were
incubated for 7 days at 30 °C with shaking at 150 rpm
(Barnes et al. 2018). Moreover, the results from another
experimental method were recorded and supported by
measuring the radial mycelial growth by cultivating all
of the fungal isolates on solid MSM supplemented with
varying concentrations of crude oil (5, 10, 15, and 20)
%. The control group consisted of solid MSM without
crude oil. All plates were incubated for 7 days at 30 °C.
The radial mycelial growth (mm/day) was measured
after 7 days of incubation at 30 °C (Reyes-César et al.
2014).

3- Hydrocarbon analysis by gas chromatography-mass
spectrometry (GC-MS):

Cultures were set up as follows: Prepared MSM for bacte-
ria and fungi were dispensed in aliquots of 10 mL in sterile
50 mL glass bottles, which were inoculated separately with
1% washed microorganisms (17 bacterial isolates and 5 fun-
gal isolates). Then, 1% sterile crude oil or 1% of pure hydro-
carbon fraction were added as the carbon source. To facili-
tate contact between microorganisms and hydrocarbons,
small pieces of sterile sponges were added to the cultures.
The bottles were closed with aluminum screw caps and Tef-
lon stoppers to avoid evaporation of hydrocarbons. For each
isolated microorganism, triplicate cultures were prepared,
and each was incubated for 10 days. Triplicate controls for
each incubation period were prepared in the same way as the
cultures but were not inoculated with microorganisms. The
cultures and controls were incubated in a shaker incubator
at 150 rpm and 30 °C. After a 10-day incubation period, the
cultures and controls were stored in a -20 °C freezer until
analysis. The purpose of having controls with the incubation
batch was to determine the accuracy of hydrocarbon biodeg-
radation and calculate the percent biodegradation.

Gas chromatography-mass spectrometry (GC-MS) analy-
ses: The n-alkanes and other hydrocarbons were extracted
from the cultures and controls with dichloromethane (DCM)
by using the shaking flask method as described earlier
(Schwab et al. 1999). By using sterile glass Pasteur pipettes,
twenty millilitres of DCM was transferred to the cultures,
and the bottles were closed and shaken on a waver shaker
(Waver, VWR Scientific products) at 130 rpm for six hours.
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Then, the contents of the culture and control bottles were
transferred into 100 mL burettes, and the DCM phase that
contained hydrocarbons was separated from the water phase,
i.e., the medium that contained microorganisms. The water
phase was collected in a culture bottle and stored for DNA
extraction. The DCM phase was drained through a funnel
containing ten grams of Na,SO, into a sterile 50 mL volu-
metric flask. Na2So4 was used to absorb any water present in
the DCM. Each of the collected hydrocarbon solutions were
evaporated in a vacuum evaporator to a volume of 5SmL.
The hydrocarbons were purified by filtration using SEP col-
umns (Hawach SPE silica cartridges, China). The columns
were washed with 5 mL of a mixture of pentane and DCM
(1:1). Then 1mL of the hydrocarbon solution was added to
the column, and the filtrate was collected in 10 mL sterile
volumetric flasks. Before removing the flask, the columns
were washed with 5 mL of the same mixture of pentane and
DCM to remove any hydrocarbons from the column. Each
of the filtered solutions were evaporated to a volume of 2
mL. Prior to analysing the samples on a GC-mass spectrom-
eter (Agilent GC-MS 7890 A), they were further diluted
by a factor of 10 to be close to the concentration of the
n-alkane standards. The conditions of the GC-MS instru-
ment are given in Table 4. The concentration of n-alkanes
was calculated by integrating the peak areas and comparing
these areas to those used to determine the linear regression
equation obtained with the standard solutions. The percent
biodegradation of the n-alkanes was calculated as described
by (Deng et al. 2014; Singh et al. 2015).

Amplification of bacterial gene alkB and fungal
gene PMO

PCR was carried out using primers that had been specifi-
cally designed to target the alkane hydroxylase and putative
monooxygenase genes in isolated microbes Table 3. PCR
was carried out in the same manner as the reaction mixtures
for the 16S rRNA gene and ITS region of the 18S RNA gene,
except that 1 pL of 5 X bovine serum albumin (Promega) was
added to the PCR mixture to enhance the yield (Farell and

Table 4 Analytical conditions for GC-MS analyses of alkane hydro-
carbons

Item Value

Column 30m

Column temperature 290 °C

Oven temperature 290 °C

Carrier gas Helium 99.99%
High pressure injection 120 psi

Purge flow rate 50 mL/mint

Injection rate 1 uL/second

Alexandre 2012). Adjustments were made to the annealing
temperature because each primer set has a unique anneal-
ing temperature, as shown in Table 3. The total number of
cycles was raised to 34. The PCR products were detected
with 2% agarose ethidium bromide gels in 1x TBE buffer. A
100 bp DNA marker (DENA 100 bp plus DNA size marker
11 S-5091) was used as the molecular marker.

Results

Phenotypic and molecular characterization
of bacterial and fungal isolates

Seventeen bacterial isolates out of 19 soil culture samples
were recognized by utilizing Bergey's Manual of System-
atic Bacteriology for phenotypic and colony identification
(Bilen Ozyurek and Seyis Bilkay 2017), while the other two
samples showed no signs of growth. To confirm the identi-
ties of the samples, total DNA was extracted from all the
seventeen bacterial isolates and then amplified using EubA
F and EubB R primer pair, which binds specifically to the
16S rRNA gene, as mentioned in Section "Morphological
and molecular identification of isolated bacteria and fungi".
The expected size of the DNA fragment (~ 1534) confirmed
that amplification was successful. No PCR products were
detected in the negative control, as shown in Fig. 1.

To determine the species of each bacterial isolate, the 16S
rRNA gene PCR amplicons that were produced from each
isolate using primers EubA F and EubB R were sequenced
using the EubA F primer (Table 3). To specify the taxonomic
origin of the 17 16S rDNA sequences, independent comput-
erized alignments were performed versus accessible prokary-
otic sequences of 16S rDNA employing NCBI BLAST. All
17 individual sequences were found to be identical to pre-
viously cultivated bacteria as follows. The identified bacte-
rial genera from Group A soil samples were Caldibacillus
thermoamylovorans strain SSBM chromosome (accession
number CP023704), Bacillus pumilus strain mv49b (acces-
sion number KU230016), Bacillus tropicus strain NP_ 2.
(accession number OP048825.1), and Pseudomonas aerugi-
nosa strain DM Bust3A (accession number MF599526.1).
Group B soil samples included Aneurinibacillus migu-
lanus strain DSM 2895 (accession number NR 112214.1),
Achromobacter sp. MT093185.1, Bacillus anthracis strain
FDAARGOS 695 (accession number CP054816.1), Bacil-
lus cereus strain T11-12 (accession number HQ333011.1),
and Lysinibacillus sp. 381(accession number KT034471.1).
Group C soil samples included Paenibacillus dentritiformis
strain PV3-16 (accession number MH472941.1), Aneuriniba-
cillus migulanus strain RD (accession number KX083693.1),
Brevibacillus borstelensis strain ML13. (accession number
MNG604049.1), and Bacillus paramycoides strain EFBC 17
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Fig.1 Partial amplification of 16S rDNA using primers EubA and
EubB. Lanes 1 and 2 are the 100 bp DNA marker (DENA 100 bp
plus DNA size marker II S-5091) and a negative control that was

(accession number MN793201.1). Group D soil samples con-
tained Bacillus anthracis strain FDAARGOS_695 (accession
number CP054816.1), Pseudomonas stutzeri strain HA549
(accession number KJ535356)., Bacillus paramycoid 2883
(accession number MT611845.1), and Lysinibacillus capsici
strain anQ-h6 (accession number CP084108.1).

The predicted size of the DNA fragment (~ 1200 bp)
was effectively amplified from the five fungal isolate
template DNA samples, and no PCR products were
observed in the negative controls (Fig. 2). The PCR
amplicons were sequenced using the forwards primer
LROR (Table 3), and then the resulting nucleated
sequences were submitted to the NCBI to determine
the species of each fungal isolate. The following fungal
genera were identified. Group A included Aspergillus

2000bp

1500bp
1000bp

1200bp
— —_—

500bp

100bp

Fig. 2 Partial amplification of the ITS using the primers LROR/LR6.
Lanes 1 and 2 are the 100 bp DNA marker (DENA 100 bp plus DNA
size marker II S-5091) and a negative control that was run without a
DNA template, respectively. Lanes 3 through 7 shows~ 1200 bp PCR
amplicons from fungal sample numbers 1 through 5, respectively,
generated using a DNA template
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1534bp

run without a DNA template, respectively. Lanes 3 through 19
shows ~ 1534 bp of PCR amplicons from bacterial sample numbers 1
through 17, respectively, generated using a DNA template

lentulus 28S ribosomal RNA (accession number XR
004500616.1). Group B included Aspergillus fellis strain
FM324 chromosome 3 (accession number CP066505.1),
Aspergillus luteonubrus strain MST FP2246 (accession
number MT196912.1) and Aspergillus arizonicus isolate
CCF 5341 (accession number OK321187.1). Group C
included Rhizopus arrhizus Strain SC49B03 (accession
number MW113537.1).

Degradation of crude oil and pure hydrocarbon
fractions by the bacterial isolates

The OD readings of all of the bacterial suspensions was
between 0.798 and 0.900 at the beginning of the experi-
ment, which corresponds to the point at which the experi-
ment started (zero time). After five days, the OD values for
isolates 6, 7, 8, 10, 11, 12, 14, and 16 remained unchanged
or increased slightly, but those for other isolates declined.
After a period of 10 days, the OD readings of the isolates
6, 8, 11, 12, and 14 remained the same or increased. These
results showed an exponential growth phase between Days
5 and 10 days, during which time the OD readings of other
isolates declined. After 15 days, the OD reading for isolate
numbers 6, 8 and 14 showed only a minor decline. After
20 days, the optical density (OD) values of the previously
mentioned isolates declined further but could still be meas-
ured. However, after a period of 30 days, the OD reading
demonstrated a significant drop for each of the isolates, as
shown in (Table 5). This was due to a decline in the avail-
ability of carbon sources and nutrients. The most resistant
isolates to crude oil and those that grew well in minimal
media supplemented with crude oil were Achromobacter
sp., Bacillus cereus, Pseudomonas aeruginosa and Bacillus
anthracis (Fig. 3).

Bacterial isolates 6, 7, 8, 10, 11, 12, and 14 which showed
good growth in the crude oil solution and had a high OD
value, were taken for further testing in degrading pure
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Tabl_e 5 Sp ectrophoto_meFric isolate ID OD reading at/ after

readings of the bacterial isolates

that showed exponential growth 0 time 5 days 10 days 15 days 20 days 30 days

between Day 5 and 10, causing

high turbidity in MSM when 1% 3 0.831 0.613 0.567 0.385 0.209 0.100

crude oil was added 4 0.811 0.721 0.654 0.498 0.310 0.200
5 0.900 0.710 0.625 0.501 0.398 0.192
6 0.801 0.898 0.827 0.799 0.7310 0.272
7 0.800 0.832 0.751 0.610 0.578 0.201
8 0.801 0. 862 0.859 0.846 0.793 0.254
9 0.791 0.703 0.512 0.399 0.276 0. 105
10 0.821 0.886 0.687 0.609 0.485 0.218
11 0912 0.978 0.870 0.647 0.587 0.221
12 0.802 0.840 0.865 0.799 0.502 0.298
13 0.821 0.731 0.584 0.455 0.297 0.181
14 0.821 0911 1.225 1.210 0.897 0.335
16 0.792 0.792 0.653 0.567 0.486 0.233
17 0.810 0.832 0.612 0.589 0.320 0.175

hydrocarbon fractions. These isolates grew successfully,
and the OD reading of isolates 6, 7, 8,12, and 14 was 0.788,
0.724, 0.923, 0.787and 1.124, respectively.

2,6-Dichlorophenol indophenol (DCPIP) method: The
suspension for the experiment was set up in accordance
with the procedure described in Section "Morphologi-
cal and molecular identification of isolated bacteria and
fungi". According to the findings, sample numbers 7,
8, 11, 12, and 14 had a significant capacity to turn the
coloured solution colourless over a period of 4 days. In
addition, sample numbers 4, 6, and 16 had the capac-
ity to reduce the colour, although their efficacy was
noticeably compared with that of the isolates mentioned
above (Fig. 4). No change in colour was observed for
the pure hydrocarbon fractions when they were examined
separately.

Degradation of crude oil and pure hydrocarbon fractions
by fungal isolates

The 2,6-dichlorophenol indophenol (DCPIP) method was
used to assess the potential of selected fungal strains to
degrade crude oil and pure hydrocarbon fractions. Accord-
ing to the findings, all of the fungal isolates had a strong
ability to degrade crude oil and change the colour of the
solution from deep blue to colourless, while the pure hydro-
carbon fractions were degraded by only Rhizopus arrhizus
and Aspergillus lentulus. Furthermore, none of the addi-
tional fungal isolates that were introduced to the 1% pure
hydrocarbon fractions were successful in changing the col-
our from blue to colorless.

According to the radial mycelia growth measurement, all
isolated fungi had a good ability to tolerate a broad range of
concentrations of crude oil. Rhizopus arrhizus had the fastest
growth rate, which was 6.8 mm/day on the control medium.
It also exhibited growth rates of 6.2, 6.0, 5.8, and 5.2 mm/
day when exposed to crude oil concentrations of 5, 10, 15,
and 20%, respectively. On control media, the Aspergillus

Fig. 3 Bacterial isolates grown on MSM supplemented with 1% crude oil a- Bacillus cereus, b- Achromobacter sp., c- Pseudomonas sp., and d-

Bacillus anthracis
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Fig.4 Ability of the bacterial isolates to reduce 2,6-dichlorophenol indophenol (DCPIP) by changing the colour from dark blue to colourless
after 4 days. Samples start with control (C), which is followed by numbers 1 through 17

Fig.5 Macroscopic images of 0%
the radial growth of isolated
fungal strains in Petri dishes
with different concentrations

of crude oil (0% to 20%). Line

1 is Aspergillus lentulus, Line

2 is Aspergillus fellis, Line 3 is
Aspergillus luteonubrus, Line 4
Aspergillus arizonicus, and Line
5 is Rhizopus arrhizus

lentulus strain exhibited the second highest growth rate,
which was 5.6 mm/day for the control sample. However, it
displayed growth rates of 5.5, 5.2, 4.8 and 4.3 mm/day for
concentrations of crude oil of 5, 10, 15, and 20%, respec-
tively. It is worth mentioning that the morphology of the
isolated fungus on MSM containing crude oil was different
than that of the control group (Fig. 5).

GC-MS technique for hydrocarbon analysis

The abilities of the bacteria and fungi to degrade the crude
oil in the crude oil contaminated sites was assessed in pure
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cultures of the microorganisms isolated from these sites.
Sterile crude oil was added to the cultures as the sole source
of carbon and energy for 10 days of incubation. Generally,
all n-alkanes were degraded by the bacterial and fungal cul-
tures. However, the short chain n-alkanes, i.e., C11-C18,
were more degraded (45- 88%) than those with longer chains
(C19- C28), of which the percent removed was less than
53% (Table 6). The cultures that were added to the pure
hydrocarbon fraction showed less degradation in both types
of bacterial and fungal cultures. The percent biodegrada-
tion was calculated by comparing the alkane concentration
in each culture with that in the controls (Table S1). The
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Table 6 Heatmap showing the percent degradation of the crude oil
and pure hydrocarbon fractions by bacterial and fungal isolates. Sam-
ples treated with crude oil: bacteria (a- Achromobacter sp., b- Bacil-
lus cereus c- Bacillus anthracis) and Fungi (d-Aspergillus lentulus

and e- Rhizopus arrhizus). Samples treated with pure hydrocarbon
fractions f- Achromobacter sp. F, g- Bacillus anthracis F, h- Aspergil-
lus lentulus F, and i- Rhizopus arrhizus F
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Percent degradation

C11 87 78 88 87 86 78 74 74 68
C12 86 78 87 86 84 70 75 71 68
C13 83 77 85 77 75 64 68 62 64
C14 79 73 85 74 72 57 56 58 63
C15 78 69 84 71 67 50 58 62 64
C16 71 66 82 70 66 50 58 62 63
C17 55 45 54 55 55 46 53 50 51
Pristane 20 19 6 10 10 3 4 3 1
C18 54 46 50 52 52 45 51 45 46
Phytane 30 28 16 23 20 2 6 4 4
C19 50 42 48 50 50 39 48 45 46
C20 53 39 49 52 47 41 50 45 47
C21 50 37 48 50 47 40 53 49 47
C22 52 37 48 51 48 38 53 51 42
C23 49 37 47 49 47 44 52 51 39
C24 41 34 43 45 40 47 48 43 42
C25 41 34 43 44 41 0 0 0 0
C26 42 33 42 43 41 0 0 0 0
Cc27 39 33 40 42 38 0 0 0 0
C28 33 29 38 39 34 0 0 0 0

F pure hydrocarbon fractions

three bacterial cultures tested in this study were Achromo-
bacter sp., Bacillus cereus, and Bacillus anthracis. All three
of these bacterial species have been reported to be able to
degrade both aliphatic and aromatic crude oil hydrocarbons
(Deng et al. 2014; Dou et al. 2010; Jiang et al. 2019; Kim
et al. 2019). Both the Aspergillus lentulus and Rhizopus
arrhizus fungal cultures removed slightly less of the pure
hydrocarbon than bacterial cultures. These two species
of fungi are known for their ability to degrade crude oil
(Wemedo et al. 2018).

A variety of biospecific indicators, such as the reduction
in ratios of n-C17 to pristane and n-C18 to phytane, were
utilized to separate the process of biodegradation from
the process of degradation that occurs by abiotic weath-
ering (Head et al. 2010). The branched alkanes pristane
and phytane in the tested samples were degraded in all
cultures by of 1-20% to 2-30%, respectively. The removal

of these branched alkanes could be due to evaporation
because theoretically, bacteria prefer saturated alkanes as
carbon and energy source over branched alkanes (Head
et al. 2010). Thus, when saturated alkanes are available,
the branched alkanes are not utilized. Evaporation of the
other n-alkanes may also have occurred in the cultures as
well as in the controls. However, as mentioned above, the
percent biodegradation is calculated by comparing the deg-
radation in the cultures with that in the controls; therefore,
the evaporation percent does not affect the biodegradation
results. The ratios of C17/pristane and C18/phytane in the
bacterial and fungal cultures decreased in comparison to
the controls (Table 7). This is indicative of biodegradation,
as pristane and phytane have the same molar masses as
C17 and C18, respectively; thus, any loss due to evapora-
tion should have an equal effect on them (Head et al. 2010;
Horel, et al. 2015).
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Table 7 The ratios of C17/pristane and C18/phytane decreased in the crude oil from the cultures compared to the same ratios in the undegraded controls. This was due to preferentially degrada-

tion of n-alkanes by bacteria and fungi

Aspergillus Rhizopus Control F Achromobac-  Bacillus Aspergillus Rhizopus
ter sp. F lentulus. F

lentulus

Bacillus

Bacillus cereus

Achromobac-

ter sp.

Control

arrhizu F

anthrax F

arrhizus

anthracis

crude oil

2.05
1.65

1.57 1.67 4.13 2.27 2.04 2.13
1.38 2.94 1.64 1.54

1.38

1.62
1.37

1.86 2.26
1.53

33

C17/prestane

1.68

1.72

C18/phytane

F denotes the pure hydrocarbon fractions

For all of the strains that were tested, the rate of degra-
dation was approximately 1—30%, as shown in (Table 6).
Analysis of the GC-MS results from the crude oil and
hydrocarbon fractions revealed that the most proficient
bacterial isolates were Achromobacter sp., Bacillus cereus,
and Bacillus anthracis and the most proficient fungal iso-
lates were Aspergillus lentulus and Rhizopus arrhizus, as
shown in (Table 6 and Table S1); all chromatograms are
shown in (Figure Sla, S1b, Slc, S1d, Sle, S1f, S1g, S1h,
S1i, S1j and S1k, respectively). The bacteria that most
effectively degraded n-alkanes (C11-C28) were Achromo-
bacter sp and Bacillus anthracis, which had rates of deg-
radation that ranged between 87- 33% and 88- 38% respec-
tively. The rates of degradation of the pure hydrocarbon
fractions were lower than those of total petroleum by both
bacterial isolates and the rate of n-alkane (C11-C24) deg-
radation, which were approximately 78-47% and 74-48%,
respectively. Many biological factors, such as adaptability
to environmental pressures, new niches, and the pH of the
mixture, have an effect on the enzymes that are involved
in the biodegradation of hydrocarbons (Dacco et al. 2020).
The rates of degradation of the n-alkanes (C11-C18) that
included pristane and phytane were 87-52% for Rhizopus
arrhizus and 86—-52% for Aspergillus lentulus. In addition,
these microorganisms are capable of degrading long-chain
hydrocarbons at rates of 50-39% and 50-34% respectively.
Similarly, they are also capable of degrading pure hydro-
carbon fractions in the same way as they degrade crude oil,
as shown in (Table 6 and Table S1). The hyphal network of
filamentous fungi has an apical growth mode that enables
these fungi to penetrate the composite and soil matrix. The
mechanical force applied by the hyphae allows the fungi to
spread into inaccessible interstices where contaminants are
difficult to remove (Dix and Webster 1995).

Enzymes involved in the degradation of crude oil
and hydrocarbon fractions

Molecular analysis detected AlkB genes in three bacterial
isolates (Achromobacter sp., Bacillus cereus and Bacillus
anthrax). Moreover, PMO genes were detected in two fungal
isolates (Aspergillus lentulus and Aspergillus fellis), as shown
in (Fig. 6 a and b), respectively. Detection of the genes that
encode alkane hydroxylase and putative monooxygenase in
the current study highlights the fact that the breakdown of
crude oil and pure hydrocarbon fractions was most likely
carried out by the bacterial isolates and the fungal isolates.
Using three separate methods, the findings of this
study indicate that crude oil and pure hydrocarbon frac-
tions was degraded by indigenous bacterial and fungal
isolates. The approaches used here are in accordance with
the capabilities of Achromobacter sp., Bacillus cereus,
and Bacillus anthracis among the bacterial isolates and
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Fig.6 a PCR detection of AIkB
genes and b PCR detection

of PMO genes. For both gels,
Lanes 1 and 2 are the 100 bp
DNA marker (DENA 100 bp
plus DNA size marker IT
S-5091) and a negative control

that was run without a DNA 2000bp [—
template, respectively a- Lane
3: Achromobacter sp., Lane 4:
Bacillus cereus, and Lane 5: —
Bacillus anthracis b-Lane 3:
Aspergillus lentulus, and Lane .
4: Aspergillus fellis
—
m——
300bp @z
248bp
2000p IR

1000bp |

2000bp

100bp

Aspergillus lentulus and Rhizopus arrhizus among the
fungal isolates. These are the most useful microorgan-
isms for the process of bioremediation.

Discussion
Environmental pollution caused by oil spillage is one of the

major issues of the century that must be resolved. Both phys-
icochemical and biological approaches are viable options

for remediating oil spill sites and bringing them back into
usable conditions. As a result of the unfavorable effects
of physicochemical methods, a greater emphasis has been
placed on the utilization of biological alternatives such as
bioremediation (Santisi et al. 2015). Based on our results,
the microorganisms Bacillus cereus, Bacillus anthracis
and Achromobacter sp (Alcaligenaceae) were the petro-
leum hydrocarbon degraders that were isolated from oil-
contaminated soil, which is consistent with the findings of
(Chen et al. 2017). Bacillus sp. and Alcaligenes sp were the
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petroleum hydrocarbon-degrading bacteria that were iso-
lated from the area that was contaminated with petroleum.
A study by (Deng et al. 2020) demonstrated that strain A-8
is a member of the genus Achromobacter. Moreover, they
used this strain under a variety condition with different pH
values and salt concentrations. According to their findings,
strain A-8 is an excellent candidate for the removal of crude
oil pollution from high-salinity environments.

The subsequent part of the current study involved the
isolation of five different fungal strains. All of the fungal
isolates were able to use crude oil and tolerate different con-
centration of it. Aspergillus lentulus and Rhizopus arrhizus
were highly degrading species compared with the others.
These data are in agreement with the findings of the study
by (Ugboma et al. 2020), which determined that the fungal
species isolated from the polluted soil prior to amendment
showed the presence of three species: Aspergillus sp., Peni-
cillium sp., and Mucor sp. However, treatment with the vari-
ous organic amendments gave rise to nine (9) fungal species,
seven of which were hydrocarbon utilizers. These species are
as follows: Penicillium namely, Penicillium sp., Aspergillus
fumigatus, Aspergillus lentulus, Aspergillus flavus, Fusarium
sp., Rhizopus sp., Mucor sp., Cryptococcus sp. and Rho-
dotorula sp. In addition, the findings of the study carried
out by (Wemedo et al. 2018) demonstrated that the fungal
species Aspergillus niger and Rhizopus arrhizus have a high
capacity to degrade crude oil. The findings demonstrated a
slow but consistent decline in the concentration of hydrogen
ions, as determined by measuring the pH, across all of the
experimental conditions. This decrease in pH may be linked
to the high concentration of metabolites and the increased
metabolism by fungal species that are utilizing the hydro-
carbons present as their only source of carbon and energy.

The results of the current study are supported by a num-
ber of other studies that investigated the biodegradation of
crude oil in vitro using a variety of techniques and vary-
ing amounts of crude oil (Wang et al. 2015; Janssen et al.
2002: Xu et al. 2018). According to (Ramdass and Ramp-
ersad 2021), bacteria, fungi, and yeast were responsible
for the degradation of crude oil. They mixed 2% crude
oil with two different types of media. The findings sug-
gested that most of the microorganisms that had been iso-
lated were capable of utilizing crude oil on both kinds of
medium in vitro. including Aspergillus sp. (a filamentous
fungus). (Rizi et al. 2012) reported gram-positive bacteria
such as Bacillus cereus and Bacillus subtilis were pre-
dominant in degraders of crude oil, which is consistent
with the present study, as Bacillus cereus and Bacillus
anthracis were the most predominant crude oil degrad-
ers. The findings of the current investigation are consist-
ent with the study of (Al-Zaban, et al. 2021), who iso-
lated four fungal isolates and measured radial mycelial
growth on minimal medium (MM) supplied with crude
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oil at various concentrations. All isolates grew faster in
the control treatment (without crude oil) than in the other
treatments supplemented with varying concentrations of
crude oil. However, they observed remarkable adaptation,
and the isolates were able to survive in the presence of
high concentrations of crude oil (up to 20%). (Al-Hawash
et al. 2018) demonstrated that two strains of Penicillium
sp. isolated from the Rumaila oil field, RMA1 and RMA2,
can grow and reduce the colour of the DCPIP mixture
gradually from deep blue to colourless. This change in
colour suggested that Penicillium sp. RMA1 and RMA2
could degrade crude oil. Thus, the current study success-
fully used the same method for different bacterial and fun-
gal species. (Tanase et al. 2013) effectively detected AIkB
(alkane hydroxylase) in Achromobacter xylosoxidans and
demonstrated that this bacterial species has been previ-
ously described as being a part of the microbial commu-
nities found in oil contaminated environments. Moreover,
numerous bacterial strains were recovered from the enrich-
ment cultures and these strains were later grown on min-
eral salt medium containing n-alkanes as the only source
of carbon. Achromobacter xylosoxidans one of the bacte-
rial strains that showed the fastest growth on such sub-
strates, was monitored by optical density measurements at
600 nm for 21 days. These results are in accordance with
those from the current study in which the AIkB gene was
detected in Achromobacter sp. This bacterial species has a
high optical density at 600 nm at 10 to 15 days of incuba-
tion. Moreover, alkane hydroxylases (AHs) are important
enzymes in aerobic degradation of alkanes by bacteria
(Nie et al. 2014). Putative monooxygenase in Apergil-
lus sp. has the capacity to degrade aliphatic compounds
(D'Annibale et al. 2006; Maddela et al. 2016). Degrada-
tion rates are influenced by the amount of oxygen present.
In fact, under aerobic conditions, biodegradation happens
more rapidly and effectively because oxygen is the termi-
nal electron acceptor (Nagkirti et al 2017; Logeshwaran
et al 2018; Varjani 2017). (Borah and Yadav 2014) showed
after a period of 28 days, it was found that the Bacillus
cereus strain DRDUI degraded diesel at a rate of 67%,
crude oil at a rate of 72%, kerosene at a rate of 42%, and
used engine oil at a rate of 42%, respectively. (Alsayegh
et al. 2021) discovered three indigenous bacteria in a loca-
tion where liquid and solid oily wastes were dumped in
the industrial district of Dukhan in Qatar. These bacteria
were Bacillus sonorensis D11, Bacillus cereus D12, and
Pseudomonas stutzeri D13. Accelerated solvent extrac-
tion (ASE, U.S. EPA Methods 3540) with certain modi-
fications were employed in this research. This technique
makes it possible to extract the hydrocarbons known as
GRO (gasoline range organics in the C6-C10 range),
DRO (diesel range organics in the C10-C28 range), and
ORO (Oil Range Organics up to C35) for the purpose of
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soil self-purification. At low TPH concentrations, Bacil-
lus sonorensis strain D11 grew the most compared to the
other three strains. The slowest rate of development was
observed for strain D13 (Pseudomonas stutzeri). D12 was
less effective than D11 in removing TPH from the body.
In the current study, Bacillus cereus showed a percent
degradation between (45-78) % for short-chain n-alkanes
(C11- C17) and 22-42% for long-chain n-alkane hydro-
carbons (C19-C28). (Horel, et al. 2015) showed that the
most dominant hydrocarbon degraders were most similar
to Achromobacter sp., Microbulbifer sp., Ruegeria sp., and
Pseudomonas sp., The ratios of n-heptadecane (C17) to
pristane, n-octadecane (C18) to phytane (Ph), and pristane
(Pr) to phytane Continuously declined after all treatments.
The preferential degradation of linear over comparable
branched alkanes was demonstrated declines in the C17/Pr
and C18/Ph alkane ratios in the treatment groups over the
course of the investigation. it is comparable to the present
study in that the C17 to pristane and C18 to phytane (Ph)
ratio of the crude oil and pure hydrocarbon fraction were
decreased by all the isolates, including Achromobacter sp.

Conclusion

In this study, various indigenous microorganisms were iSo-
lated from three distinct oil-contaminated soil samples from
the Tag-taq oil field (TTOPCO) as well as a control (clean)
soil sample. Next, whether or not these microbes are capa-
ble of degrading crude oil and pure hydrocarbon fractions
was determined by carrying out a number of investigations
(spectrophotometric method or absorbance measurements;
redox reactions with the indicator 2,6-dichlorophenol
indophenol (DCPIP); measuring radial mycelial growth on
solid MSM; and analysing hydrocarbons by GC-MS). Fur-
thermore, detecting genes that encode alkane hydroxylase
and putative monooxygenase, which degrade crude oil and
hydrocarbon fractions, it was determined that degradation
was most likely carried out by the bacterial isolates and fun-
gal isolates. The analysis gave Bacillus anthracis, Bacillus
cereus, and Achromobacter sp. as bacterial isolates. Moreo-
ver, Rhizopus arrhizus and Aspergillus lentulus among the
fungal isolates have a strong ability to degrade crude oil.
Detection of the AlkB and PMO genes emphasizes the fact
that the degradation of crude oil and hydrocarbon fractions
was most likely carried out by the bacterial isolates and
the fungal isolates. However, longitudinal investigation will
isolate mRNA and detect whether the genes stated above
are expressed. More studies are needed to identify other
microorganisms in the Kurdistan Region with the ability of
degrading crude oil. Moreover, a mixed culture of bacteria
and fungi can be used to observe their synergistic ability to
degrade hydrocarbons.
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