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Abstract | Petroleum bioremediationisinternationally recognized asa cost-effective and ecologically sustainable
solution. The aim of this study is isolating and identifying the PPFM bacterium from oil contaminated soil.
So, this bacterium was isolated from soil samples collected from Rumaila oil field in Basra, southern Iraq,
using a mineral salt medium (IMSM) complemented with 1% methanol as the only carbon and energy source.
Genetic identification of the promising bacterium was performed using the 16S rDNA gene and identified as
Methylorubrum pseudosasae AAZ2 (OR226418.1). MxaF gene that encodes for the methanol dehydrogenase
enzyme was also detected, confirming the identification of PPFM. Growth was achieved in MSM medium
supplemented with 1% crude oil as a carbon source, recording highest optical density (ODeoo) of 0.7 after 5
days of incubation in a shaking incubator at 120 rpm and 30 °C. Gas chromatography (GC) analysis showed
high rates of aliphatic hydrocarbons (n-alkane) degradation after incubation in the MSM medium with 1%
(w/v) crude oil at 65.45% and 74.6% after 5 and 10 days of incubations, respectively. It also showed high rates
of poly aromatic hydrocarbons (PAH) degradation of 94.77% and 98.11% after 5 and 10 days of incubation.
'The Methylorubrum pseudosasae AAZ2 strain has proven to be highly efficient in remediating crude oil, and
hence can be exploited to remediate contaminated environments.
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Introduction

One type of the genus Methylobacterium is the
pink-pigmented  facultative = methylotroph
(PPFM). This bacterium can exploit one carbon
compounds such as methanol, formate, formaldehyde,
and other multi-carbon substrates as the main
energy source. Methylobacterium belongs to phylum

Pseudomonadota; class Alphaproteobacteria; order
Hyphomicrobiales;  Family — Methylobacteriaceae
(Ashok ez al.,2020; Alessa ez al.,2021). PPFM usually
exist in several environments, including soil, water,
and plants. Nonpathogenic bacteria for human and
animals. In general, these methylotrophic bacteria
are rod- shaped, Gram negative, and obligate aerobes

(Palberg ez al., 2022).
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Some methylobacterial species support plant health
via stimulating growth and preventing the pathogens
infection (Someya ez al., 2021). Moreover, PPFM
may assist in mitigating the global warming through
consuming greenhouse gases as CO, and methane,
and metabolizing methanol from plant leaves,
contributing to the carbon cycle (Mondal e al.,
2024). These bacteria possess the ability to oxidize
methanol wvia the enzyme methanol dehydrogenase
(MDH) that is encoded by the MxaF gene and acts
as a marker for identifying this group of bacteria

(Valdivia-Anistro ez al., 2022).

In accordance with the presence of Methylobacterium
sp. in contaminated hydrocarbons soil reported in
several previous studies (Srivastva ef al., 2017; Yang
et al., 2018), many recent studies have exploited this
character and used the bacteria in several applications
such as crude oil biodegradation and environmental
bioremediation (Maki ez a/., 2023, 2024). Since the
introduction of oil and its byproducts, pollutants from
these substances have created serious environmental
concern (Hentati ez al, 2021; Wu e al., 2023).
Accidental crude oil spills formed during exploration,
transportation, and use has extremely adverse
effects on the ecosystem, contaminating water and
soil (Zargar et al., 2022). Oil in soil leads to severe
pollution characterized by low mineral nutrients
levels and high concentration of hydrocarbon
compounds (Rahayu ez a/., 2019). The primary aim
of oil spill cleanup is to reduce or eliminate the toxic
and/or the hazardous components, allowing the flora
and the fauna such as single-cell organisms to enter
the food chain. Bioremediation has emerged as one of
the utmost hopeful treatment solutions for secondary

oil removal (Sayed ez al., 2021).

Bacteria can use organic pollutants as the sole carbon
source and break them down in the soil. Biological
degradation of crude oil in the soil is supported by
several enzymes such as monooxygenase, dioxygenase,
cytochrome P450, peroxidase, hydroxylase, and
dehydrogenase (Sui ez al., 2021). The only decisive
factor for deterioration is the survival of bacteria
in environments heavily contaminated with oil
Due to the ability of bacteria to decompose various
hydrocarbon components, they are considered the
best active decomposers of crude oil (Das ef al.,
2023). Many petroleum hydrocarbons released into
the environment are broken down or metabolized
by naturally occurring microorganisms in the
environment (Zvirgidas et al.,2023). Native bacterial

isolates for bioremediation of contaminants are
preferred because they are more resistant to local
environmental and geographic conditions and pose
tewer routine obstacles to approved implementation
(Muliadi ez al., 2020). In this study, our objective was
to isolate and identify the PPFM and evaluate their
ability to biodegrade petroleum compounds.

Materials and Methods

Study area and sampling

Ten Soil samples were collected from the North
Rumaila oil field at the coordinates of 30°34'11.6” N
latitude and 47°18'22.7" E longitude. Rumaila field is
the largest oil field in Iraq,located 50 km west of Basra
and covering an area of 1,800 km?. It was discovered
in 1953 and became operational in 1972. With oil
reserves of about 17 billion barrels, it ranks sixth in
the world. Soil samples were taken and collected
using a sterilized trowel from the well cellar at 5-10
cm depth, put in polythene bags, and transferred to
the lab, where they were stored at 4 °C until further
analysis. The crude oil used in the study was obtained

from Al-Shaeba refinery, Basra, Iraq.

Isolation and characterization of PPFM

PPFM bacteria were isolated as described by Maki
et al. (2023), i.e., 1.0 g of soil sample was added to
a mineral salt medium (MSM) with 1% methanol
and incubated for 7 days at 30 °C and 180 rpm. A
50-pL portion was spread onto MSM agar plates
and incubated for 5 days at 30 °C. All the colonies
that were grown were examined and purified for cell
morphology, Gram staining,and geneticidentification.

Identification of methylotrophic using 168 rDNA

'The genomic DNA of the methylotrophic bacteria was
isolated using the G-spin™ Genomic DNA Extraction
Kit (iNtRON, Korea, Cat. No. 17121) following the
manufacturer’s protocol. Genetic amplification of the
16S rDNA gene was carried out on a thermocycler
(Eppendorf, Germany) using the universal primer
sets 27F AGAGTTTGATCCTGGCTCAG and
1492R  GGTTACCTTGTTACGACTT. The 25
pL PCR reaction mix, which included a master mix
of 12.5 pL of GoTaq Green master mix (Promega,
USA), 2 pL of bacterial DNA, 2 uL of each primer,
and 6.5 pL of nuclease-free water, was subjected to
initial denaturation at 95 °C for 5 min, followed by
35 cycles of 95 °C for 30's,55 °C for 305,72 °C for 1
min, and a final extension at 72 °C for 5 min for 16S
rDNA amplification genes (Maki ez al., 2024).
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Following DNA amplification, Sanger sequencing
was performed. The sequences were aligned and
compared to 165 rDNA sequences of bacterial isolates
available in the National Centre for Biotechnology
Information (NCBI) nucleotide database (http://
www.ncbi.nih.gov/blast). ‘The isolated bacteria
were identified based on the maximum percentage
similarity of the sequences.

Detection of MxaF gene

Specific primers for the MxaF gene were used to
detect the methylotrophic bacteria. The primer se-
quences were F1003degen 5'- GGNCANACYTG-
GGGNTGGT-3' and R1561degen 5'-GGGARC-
CNTTYATGCTNCCN-3' (Maki ez al., 2024).

Pink  pigment facultative methylotrophic (PPFM)
bacterial growth assessment

One ml of each bacterial culture suspension was
added to a conical flask containing 100 ml of MSM
with 1 g of crude oil (3 replicates). All flasks were
incubated for 10 d at 30 °C and 120 rpm in addition
to bacteria free flask as controls (IMaki e# a/., 2023).
After incubation, the optical density (600 nm) of the
growth was measured daily using spectrophotometer,

Beckman coulte DU530, UK.

Oil biodegradation and gas chromatography (GC)
analysis

Two conical flasks each containing 100 ml of MSM
with 1% (v/v) crude oil were inoculated with 1 ml
of bacterial suspnsion in the logarithmic phase
simultaneously with a bacteria-free flask as a control.
All flasks were incubated at 30 °C and 120 rpm.
After 5 and 10 days of incubation, the remaining
crude oil was extracted and separated into aliphatic
and aromatic fractions. A liquid-liquid extraction
technique (Maki ez a/., 2024) was used to extract the
excess crude oil. Gas chromatography (GC) analysis
was used to detect the aromatic and aliphatic fractions.
GC reports were used to calculate the percentage (%)
of oil biodegradation.

Results

Pink  pigment facultative methylotrophic (PPFM)
bacterial isolation and characterization

'The pink pigment facultative methylotrophic (PPFM)
bacteria were isolated (11 isolate) according to their
ability to grow on a MSM medium containing
methanol as the sole source of carbon and nitrogen, in
addition to their ability to form pink colonies (Figure
1). Under the light microscope, examination revealed

that the cells were rod-shaped and Gram-negative.

Figure 1: Pink pigment facultative methylotrophic
bacteria on MSM medium supplemented with 1%
methanol as a sole source of carbon.

Identification of the selected methylotrophic bacterium
via 16§ rDNA amplification using polymerase chain
reaction (PCR)

Sequence analysis of the 16S rDNA gene was
conducted based on sequence homology with those
in the NCBI. The molecular identity of the selected
bacterial isolate was Methylorubrum pseudosasae
(NCBI Gene Bank accession no. OR226418.1) with
98% similarity.

MixaF gene detection

The MxaF gene was amplified with specific primers
for this selected bacterium to further confirm that the
bacterium belonged to the methylotrophic group. The
gene was amplified and detected as a single band of

550 bp (Figure 2).

2% agarose

Figure 2: Agarose gel electrophoresis of the amplified
MxaF gene at 60 volts for 60 min. Lane 1: 100 bp
ladder; Lane 2: band of the Mxal' gene in the selected
Methylorubrum pseudosasae (detected as a single band of
550 bp); Lane 3: negative control.
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Figure 3: Growth of Methylorubrum pseudosasae strain AAZ2 in MSM medium supplemented with 1 g of crude oil

after 10 d of incubation.

Pink pigment facultative methylotrophic bacterium
growth assessment

A significant increase in bacterial cell density was de-
tected (using spectrophotometer at OD _ ) accom-
panied by a decrease in several components of the
spent crude oil after 10 d of incubation on a medium
containing crude oil as shown Figure 3. The optical
density reached 0.7 after 5 d and dropped to 0.2 after
10 d of incubation.

Biodegradation and gas chromatography (GC) analysis
of n-alkane

Gas Chromatography (GC) analysis of saturated
crude oil revealed numerous peaks above the hump,
representing the n-alkane hydrocarbon. The crude
oil sample studied as control had the saturated
fraction at C10 to C40 (Figure 4a). The degradation
of aliphatic compounds by M. pseudosasae strain

AAZ2 was 65.45% after 5 d of incubation (Figure

4b). Meanwhile, after 10 d of incubation, the residual
content of used crude oil decreased to 74.6% (Figure
4c), with complete disappearance of the short chains
C10 and C11 compared to the control.

Biodegradation and GC analysis of poly aromatic com-
pounds (PAH)

'The biodegradation percentage of PAH compounds
by M. pseudosasae strain AAZ2 detected by GC was
94.77% after 5 d of incubation compared to the
control (Figure 5a). The degradation rates of fluorene,
pyrene, benzo (A) anthrac, and benzo (B) fluora were
92.16%, 95.05%, 95.82%, and 91.68%, respectively.
Meanwhile, benzo (K) fluora and benzo (A) pyrene
yielded 88.6% and 89.79%, respectively. Interestingly,
the 2-methylnaphtha, acenaphthene, acenaphthyene
phenathrene, anthracene, chrysene, and indeno (1, 2,
3-CD) fractions were completely (100%) degraded
(Figure 5b).
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Figure 4: Gas chromatography (GC) of n-alkane for crude oil as a control (a) and of n-alkane obtained from culture
Sluids of Methylorubrum pseudosasae strain AAZ2 after 5 d (b), and 10 d (c) of incubation at 30 °C.
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After 10 d of incubation, the residual spent crude
oil content decreased to 98.11% (Figure 5c), almost
completely disappearing compared to the control.
The degradation rates of phenanthrene, fluorene,
pyrene, benzo (B) fluorine, and benzo (K) fluorene
95.26%, 90.92%, 94.74%, 97.74%, and
96.84%, respectively. In contrast, the fractions of
2-methylnaphtha, acenaphthene, acenaphthylene,
anthracene, chrysene, benzo (A) pyrene, benzo (A)
anthra, and indene (1, 2, 3-CD) were completely
(100%) degraded.

‘were

Discussion

'The isolated bacterial strain was putatively identified
as a methylotrophic bacterium due to its growth on
the medium containing methanol as the sole carbon
source, which was confirmed by PCR analysis.
Methanol is known to be a key substrate for many
methylotrophic microbial species (Kolb, 2009). Pairs
of universal primers for thel6S rDNA gene were
used to identify the PPFM bacterium. Molecular
identification was performed using PCR, which is
currently used as a sensitive and specific method for
characterization (Aladwan ez al., 2024).

Using the 16S rRNA gene sequence, the isolate was
identified as Methylorubrum pseudosasae. Known
to be facultatively methylotrophic, this bacterium
is capable of utilizing methanol, dichloromethane,
and methylamine as substrates (Green and Ardley,
2018). Specific primers were used to amplify the
methanol dehydrogenase gene MxaF obtained from
M. pseudosasae DNA, highlighting the importance
of C1 metabolism (Figure 2). In a previous study
reported by Kumar ez a/. (2019), PPFM were tested
for the presence of the MxaF gene, confirming this
gene as a key functional marker for identifying these
bacterial types. The methanol dehydrogenase enzyme
is essential for oxidizing methanol to formaldehyde
and among several types of methanol dehydrogenases
tfound in the methylotrophic bacteria, MxaF has been
shown to perform optimally (Macey ez al., 2020).
However, there are no previous reports of isolating
these bacteria from soil contaminated with petroleum
hydrocarbons.

In the current study, it was found that M. pseudosasae
had the ability to grow in a medium containing crude
oil as the sole source of energy and carbon. Meanwhile
several previous studies revealed that various species

of the Methylorubrum genus were isolated from
different parts of plants, including soybean, palm oil,
banana (Ishak ez al., 2021; Senthilkumar ef al., 2021;
Christian ez al., 2021), Cucurbita pepo, potato, rice,
and (Eevers ez al., 2015; Grossi et al., 2020; Lai e al.,
2020).

On other hand few studies have isolated PPFM
belonging to the Methylorubrum genus from oil-
contaminated soils. Godini ez a/ (2018) study
succeeded in isolating Methylobacterium persicinum
from oil-polluted sites, where they managed to grow
this strain in MSM medium containing 2% crude oil
as the sole carbon source. Similarly, Rojas-Gitjens
et al. (2022) isolated Methylorubrum rhodesianum
as a methylotrophic bacterium from the oil well
and exploited it to consume methanol as the sole
carbon source. Meanwhile, Harumain ez a/. (2023)
study isolated Methylobacterium sp from the sludge
of an oil refinery and Maki ez a/. (2023) isolated
Methylorubrum extorquens from oil-contaminated soil
in the Al-Zubair oilfield, Iraq, which was able to grow
on MSM medium supplemented with 1% crude oil.

Additionally, the current study showed that AL
pseudosasae had the ability to degrade aliphatic
hydrocarbons with short chains that were completely
removed from the broth medium. Biodegradation
targets alkanes with a lower carbon chain (C10), as
they are more susceptible to microbial attack and are
therefore easier to degrade (Liu ez a/., 2020). This
aligns with the previous study reported by Salam ez a/.
(2015),who revealed that used motor oil was degraded
by Methylobacterium mesophilicum by 61.2% after
12 d and 89.5% after 21 d of incubation. Similarly,
Harumain ef a/. (2023) demonstrated that after 15 d
of incubation, every aliphatic n-alkane was efficiently
degraded by the ZASH strain of Methylobacterium
sp. According to a previous study conducted in Iraq
by Maki er al. (2024), M. extorquens isolated from
petroleum soil degraded 61.14% of the n-alkane after
one week of incubation.

The current decomposition of PAH compounds
produced largely successful gas chromatographic
analysis results, in agreement with the previous
findings reported by other researchers, Salam ez
al. (2015) identified how M. mesophilicum could be
utilized to fractionally decompose PAH, particularly
anthracene and pyrene. Meanwhile, Ventorino ez al.
(2014),Maki ez al.(2023) illustrated the mode of PAH

compounds decomposition using Methylobacterium
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populi and M. extorquens, respectively.
Conclusions and Recommendations

The findings of this study suggest that Methylorubrum
pseudosasae can use methanol as its sole carbon
source. Additionally, this bacterium had shown the
ability to grow when both energy and carbon sources
are available only from crude oil. Mezthylorubrum
pseudosasae is capable of withstanding harsh and
contaminated environments with high concentrations
of oil compounds. Under in wizro conditions, this strain
demonstrated the effectiveness of crude oil removal,
indicating that this bacterium could potentially
be used to decontaminated polluted environments
directly on-site. we recommended that isolated new
species of methylotrophic bacteria which have the
ability to degrade hydrocarbons. Also, can use a new
method of gene editing such as CRISPR Cas 9 to

enhance the degradation of this bacterium.
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