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Abstract: Bacterial strains D11, E1 and E2 isolated from petroleum-contaminated
soils were found to be members of Acinetobacter genus revealed by 16S rRNA
gene sequence analysis and phenotypic characteristics. After incubation for 5 days,
about 43%, 9% and 12% of total petroleum hydrocarbons of crude oil were
degraded by strains D11, E1 and E2, respectively, determined by GC-MS analysis.
Moreover, about 70% and 76% of single hydrocarbon hexadecane was degraded
by the strains D11 and E1 after 3 days of short incubation time, respectively, while
the strain E2 degraded about 48% of single hydrocarbon pentadecane. By using
PCR-based method, gene sequences of the strains D11 and E2 were shown
similarity to alkane 1-monooxygenases from Acinetobacter sp. BUU8 alkM with
93.06% and 92.72%, respectively, while the sequence similarity of strain E1 was
95.84% to . Acinetobacter sp.826659. The present study of hydrocarbon
biodegradation by Acinetobacter strains may provide a good advantage in
bioremediation process.

Keywords. petroleum-degradation; bacteria; GC-MS analysis; alkM gene
INTRODUCTION

There is a continuous great concern on petroleum hydrocarbons causing
pollution in the environment, produced from various anthropogenic activities, such
as accidental petroleum spills during transport and refining of oil products,
industrial discharge and leakage from underground tanks.' Toxic oil products are
known to pose a serious threat to marine habitats, fishery and human health,
leading to an imbalance in the ecosystem and thus harming the wildlife which takes
years or even decades to recover.>* Aliphatic n-alkanes, formed by the reduction
of organic material during the geochemical formation of petroleum, are
hydrocarbons found in crude and refined oils.?

*Corresponding author. E-mail: kemalg@dicle.edu.tr
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A greater amount of aliphatic alkanes is released into the environment and
thus the bioavailability and toxicity of n-alkanes vary according to the chain
length.® Since crude oil and its products are biodegradable, bioremediation for
cleaning up oil-contaminated sites is considered as an efficient and cost-effective
technique compared to chemical and physical treatments. Recently,
bioremediation of oil-contaminated sites has been an important task for scientists,
carrying out many studies using pure culture or mixed bacterial consortia which
degrade petroleum hydrocarbons.*”® In the environmental biotechnology using
biodegradation and bioremediation processes, various kinds of microorganisms
including bacteria and fungi have been employed.” The bacteria using
hydrocarbons as a carbon source and energy for their growth have been studied in
detail, such as Alcaligenes, Bacillus, Corynebacterium, Pseudomonas,
Methylomonas, Micrococcus, Methylobacterium, Nocardia, Rhodococcus,
Achromobacter, Acinetobacter, Arthrobacter, Flavobacterium etc. Members of
these groups have been evaluated for usage in bioremediation processes.!®!?
Among these, biodegradation studies have been also focused on Acinetobacter
species such as Acinetobacter baylyi ADP1,'*'> Acinetobacter sp. MUBI,!*®
Acinetobacter  oleivorans,"”  Acinetobacter sp. LS-1,"8  A.  baumannii,"
Acinetobacter johnsoni.*® As identified in Acinetobacter, alkane monooxygenases
encoded by the alkM gene and composed of alkane hydroxylase (alkM),
rubredoxin (RubA) and rubredoxin reductase (RubB) are key enzymes that catalyze
the terminal oxidation of #-alkanes to alcohols. 416 21-23

In this study, we aimed to study and characterise Acinetobacter strains isolated
from petroleum-contaminated sites in Batman province of Turkey and to evaluate
the hydrocarbon biodegradation potential of the isolated bacterial strains.

EXPERIMENTAL
Collection of samples

The samples were collected from petroleum-contaminated soils around the petroleum
wells (Southern Ramanl. and 237. petroleum stations). The crude oil used in the experiments
was obtained from Batman petroleum refinery. The Basal medium (BM) contained per liter:
phosphate buffer (5.0 mL), magnesium sulphate (3.0 mL), calcium chloride (1.0 mL), ferric
chloride (1.0 mL), as well as 1.0 mL mineral elements solution containing ZnSO4.H,O, MnSO4
and (NH4)6M00,4.4H>0. Filtered crude oil (1 %) was transferred to the BM by using a 0.2 mm
pore size filter as the energy source. The petroleum-contaminated soils (1 g) around the
petroleum wells were transferred into BM in the presence of crude oil (1 %) and then incubated
in a shaking water bath at 120 rpm at 30 °C for 5 days. After incubation, aliquots (1 mL) from
each sample were transferred to freshly prepared BM plus crude oil (1 %) for preparing
subculture. Following two subculture cycles, the microorganisms were let to grow on solid
medium (Nutrient Broth agar) for 5 days of incubation. The morphological appearance of the
colonies growing on the plates was examined and different colonies were selected and
retransferred to BM in the presence or absence of crude oil for 5 days. The isolated strains were
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characterized as colonies with different morphologies for petroleum hydrocarbon degradation
and utilising hydrocarbons for the carbon and energy source.

Morphological, biochemical and physiological characteristics

Gram staining was carried out by the method of Dussault. 2* The temperature range of
10 °C and 45 °C was used for growth in liquid medium, whereas the pH range tested was
between 4.0-12.0. The initial pH of media was adjusted with acidic and basic solutions. Urease
activity testing was carried out as described by Lanyi.?® Procedures described within Bergey et
al.* and Claus and Berkeley, 2’ were followed to determine different‘biochemical properties
such as indole, oxidase, citritase, catalase and urease activity as well as motility of the studied
isolates.

Preparation of Genomic DNA Extraction and 16S rRNA analyses

Bacterial cells (D11, E1 and E2) were cultured overnight in NB medium under optimum
conditions. After incubation bacterial culture was centrifuged at 14,000 rpm for 10 min and
bacterial pellet was resuspended in Tris-EDTA (TE) buffer. Genomic DNA was isolated from
tested bacteria using protocol supplied by the manufacturer of the Bacterial Genomic DNA
Extraction Kit. DNA concentrations were determined using a UV/Vis spectrophotometer (S60
Double Beam, Libra Biochrom). All DNA-extracts were stored at -20 °C. 16S rRNA encoding
genes were amplified by PCR from isolated chromosomal DNA (1 uL) using universal primers
(27F and 1492R, Sentebiolab). PCR amplification was performed in PCR reaction mixture (25
pL) containing; primers (20 pmol for F and R), 0.3 mM dNTP’s mixture and Taqg DNA
polymerase (2.5 U, Sigma) in the supplied buffer (10X, Sigma). The PCR temperature program
used was: initial denaturation at 95 °C 5 minutes, 40 cycles of denaturing at 94 °C for 1 min,
annealing at 55 °C for 1 min, and ex tension at 72 °C for 2 min and the final extension at 72 °C
for 7 min, using Thermal Cycler (T100, BIO-RAD). Isolated chromosomal DNA samples and
PCR products were subjected to analysis with agarose gel electrophoresis using 1 % of agarose
gels containing red safe gel stain and visualized using a transilluminator (Wuv-M20, Daihan
Scientific). PCR products were extracted from the gel using QIAquick gel extraction kit
(QIAGEN).

Phylogenetic analysis

Sequence analysis of 16S rRNA gene sequences of hydrocarbon-degrading isolates was
performed by BM Laboratory system (Ankara/Tiirkiye). Sanger Sequencing was performed in
the Macrogen Netherlands laboratory using the ABI 3730XL Sanger sequencing instrument
(Applied Biosystems, Foster City, CA) and the BigDye Terminator v3.1 Cycle Sequencing Kit.
Reads obtained with primers 27F and 1492R were contiguous using the CAP contig assembly
algorithm in BioEdit software to generate a consensus sequence. The sequences of the 16S
rRNA gene for all strains were determined (D11: 1407 bp, E1: 1383 bp; E2: 1393 bp). The
BLAST  search  tool on  NCBI [National Centre  of  Biotechnology
(http://www.ncbi.nlm.nih.gov)] was used to compare and search for homology of these
sequences in the GenBank database. The 16S rRNA gene similarities were retrieved from the
database, determining most closely related strains. The Kimura-2 parameter algorithm Kimura®®
was used to calculate distance matrices. The phylogenetic tree was built using the neighbor-
joining method according to Saitou and Nei.?’ The bootstrap consensus tree was set at 100
replicates to represent the evolutionary history of taxa. Evolutionary analyses were performed
in MEGA11.% All strains were deposited in GenBank database.
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PCR amplification of alkM gene

CLUSTALW, available from NCBI, was used to align all complete sequences of the
alkM.*' Consensus regions were used to design degenerate primers by identifying conserved
regions in alkM nucleotide sequences. The purified DNA was screened by PCR to detect alkane
degradation genes (alkM). Therefore, thet alkM gene was amplified using the primers alkM-F
(5’-CCTGTCTCATTTGGCGCTCGTTCCTACAGG-3) and alliM-R (5°-
GTGATGATCTGAATGTCGTTGTAACTGG-3"). PCR reactions mix (25 pL) were prepared
containing 10X PCR Buffer with MgCl2 (Sigma), 0.5 uM primer alkM-F and alkiM-R, ANTP’s
(0.2 mM of each, Sigma), Taq polymerase (0.05 U mL"!, Sigma) and H20 for PCR (Sigma).
The amplification program consisted of a denaturation at 94 °C for 4 min, denaturing at 94 °C
for 30 s (35 cycles), annealing at 55-65 °C for 1 min (using gradient), followed by extension at
72 °C for 7 min using a Thermal Cycler. PCR products were confirmed by running on 1.0 %
agarose gel containing red safe staining and visualized using a transilluminator. For sequencing,
PCR products were purified using gel extraction Kkit.

Detection of alkane monooxygenase gene alkM

PCR products of alkM gene from the strains were sequenced on both strands by the
commercial services of Sentebio lab (Ankara, Tiirkiye). Analysis of PCR products was done by
an automated genetic analyser and sequences were aligned and compared with other alkM
sequences of Acinetobacter available in the GenBank database using the CLUSTAL X program
and all sequences were compared using a BLAST search tool database? on NCBI. Phylogenetic
trees of aligned sequences were constructed with MEGA11 software.*® Nucleotide sequences
were translated into amino acid sequences using the Transeq tool (on the website of the
European Bioinformatics Institute) and compared directly with the Protein Database. Conserved
areas within coding nucleotidé sequences were analysed by CD-Search® while using the
BLASTP tool on NCBI to check if sequenced alkM genes have conserved motifs. The alkM
protein sequence was modelled by the SWISS-Model workspace
(https://swissmodel.expasy.org). The Ramachandran plot was evaluated with Verify 3D and
Procheck.3

Growth of bacterial strains in the presence of hydrocarbons and crude oil

A fresh culture of all strains grown in BM liquid medium for 24 hours was obtained,
followed by centrifugation and washing with BM. This process was repeated 3 times. Bacteria
were then incubated in BM (25 mL) in the presence of crude oil (1 %) for 5 days and in single
hydrocarbons (1 % w/v hexane, heptane, octane, decane, pentadecane, hexadecane, toluene and
squalene from Sigma) for 3 days under optimum growth conditions. Following incubation, the
bacterial growth was determined by spectrophotometer at 600 nm. Each data point represents
the mean of at least three experiments.

GC Analyses of degradation of crude oil and hydrocarbons by the strains

The determination of both crude oil and single n-alkanes degradation such as hexadecane
and pentadecane by bacterial strains were performed by using Gas Chromatography-Mass
Spectrometry (GC-MS). Bacterial cells precultured overnight in NB medium were transferred
to a 100 mL Erlenmeyer flask containing 25 mL of BM in the presence of 1 % crude oil or n-
alkanes and incubated under optimum conditions at 30 °C. Following incubation, the bacterial
cells were removed, and petroleum hydrocarbons remaining in the BM were used for calculating
the degradation ratio of single hydrocarbons and those within crude oil. Petroleum hydrocarbon
fractions remaining in the culture medium after incubation time were analysed by GC-MS with
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a flame ionization detector (FID) (HP 6850, Hewlett Packard). Authentic standards were used
to determine individual hydrocarbon fraction components by matching the retention times:
RESULTS AND DISCUSSION

Morphological, physiological, and biochemical characteristics

Two bacterial strains designated as strains D11 and E2 were isolated from the
petroleum station Southern Raman 237, while the strain E1 was- isolated from
Southern Ramanl in Batman province of Turkey, and all strains were found to
degrade and use hydrocarbons within crude oil to grow (Fig. 1).

Fig. 1. Demonstration of growth and biodegradation by the strains D11, E1 and E2, compared
to abiotic control at 1 % crude oil as carbon source

The strain D11, E1 was Gram-negative, motile, coccobacilli, while E2 strain
was Gram-negative, non-motile and coccobacilli (see Table S1). The comparison
of phenotypic properties of the strain D11, E1 and E2 with some Acinetobacter
strains in Table S1 reveal the similarities of both strains to each other and to other
Acinetobacter species, phenotypically and biochemically, based on the results
obtained. As Henrichsen® stated, the name "Acinetobacter" means "motile rod"
andit has been noted in previous studies that a nonmotile phenotype is a common
feature in this genus, but it was also noted that the motility of a few A.
calcoaceticus strains was very conditional and observed. As D11 and E1 was found
to be motile, there are several studies on A. baylyi and A. gerneri,*® Acinetobacter
sp. BT1A,*7 describing motile phenotypes of Acinetobacter members. As shown
in Table 1, all strains were gram-negative and aerobic. Moreover, the
characteristics of oil-degrading strains D11, E1 and E2 were interestingly very
similar of which the catalase, citrate and starch test results were clearly positive,
whereas, oxidase, urea, indole test results were negative. The difference was that
gelatine hydrolysis test was positive for E1, but negative for D11 and E2. The
biochemical test results such as starch hydrolysis, catalase and citritase activities
of D11, E1 and E2 strains were similarly positive as in most Acinetobacter species:
positive starch hydrolysis also in A. junii strain VA2® and Acinetobacter sp. strain
BT1A,* positive catalase and citritase activities also in Acinetobacter soli, sp.
Nov,* Acinetobacter strain USTB-X.** The growth values of strain D11 and E1
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for the temperature, pH and NaClI tolerance were found to be very close and
observed to be between 20-40 °C (optimum 35 °C), pH 5.0 and 10.0 (optimum pH
8.0-10.0 for D11, optimum pH 9.0-10.0 for E1) and tolerated up to 3 % NaCl(w/v),
respectively. Moreover, the temperature and pH values for the strain E2 were also
found to be between 20-40 °C (optimum 35 °C), but pH growth range was 4.0-
10.0 (a wide optimum range of 4.0-10.0), and tolerated up to 5 % NaCl (w/v).
Compared with previous studies on other Acinetobacter species, the optimum pH
values obtained were 8.0 for 4. soli, sp. nov,* and 8.5 for Acinetobacter sp. strain
S2%!. Similar temperature values as in the present study were reported as 20-40 °C
for Acinetobacter strain USTB-X*’ and A. junii strain VA2.%

Phylogenetic analysis

The amount of Genomic DNA isolated from D11, E1 and E2 strains was
between 25-71 ug/mL and each determined to be >10 kb in size on 1% agarose
gel. Reads obtained with primers 27F and 1492R were contiguous to form a
consensus sequence. The contig of forward and reverse sequences, contig
assembly algorithm (CAP) was used in BioEdit software to perform this process.
The analysis of 16 S rRNA gene sequence revealed that the most similarity of the
strain D11 (1407 bp) was to 4. pittii (99.93%) and E1 (1383 bp) to A. pittii (100%),
while the strain E2 (1393 bp) was similar to 4. calcoaceticus (100%) (Figure 2).

Exiguobactorinm sp. (KMOTT136)

)
_IJL_EZ?:AL‘MQ{QD&MQ! schindleri strain LMG 19576 (AYE01848)
Acinetobacter parvus strain LUH4616 (AJ293691)

.00 . Acinetobacter tandoii (AF509830)
Acinetobacter tandoii strain RTE1.4 (JF304543)
Acinetobacter johnsonii (X81663)
Acinetobacter haemolyticus (X81662)
Acinetobacter junii (AF509828)
ﬁm_EtA:J'nerobacrer Junii strain VA2 (KF270892)
LLEE:Amerobacrer sp. LS-1 (JQ359016)
Acinetobacter venetianus RAG-1 (NR 042049)
— 22 Acinetobacter gerneri (AF509829)
z Acinetobacter baylyi strain 723 (EU604245)
. %’*—# ﬁm‘—/&mnerobarter baumannii strain GTCR407 (GU319977)
- S0 Acinetobacter lwoffii strain ISP4 (DQ418478)
|—“—Lm-_(::t/ﬁcmerobacfer sp. strain Alp7(JF828048)
— Acinetobacter sp. strain Alp6{JF828047)
o [—&=— Acinetobacter sp. BT1A (KP726041)

L_as=  Acinetobacter nosocomialis strain RUH 2376 (HQ180192)
— 2k Acinetobacter brisouii sirain 5YN5-8 (DQ832256)

= Acinetobacter pittii strain E1 (MT374266)
Acinetobacter pittii strain D11 (MT374264)
= Acinetobacter calcoaceticus DSM 30006 (NR 119113)
. =— Acinetobacter strain USTB-X (KF113880)
=— Acir icus strain E2 (MT374267)

Fig. 2. The 16S gene sequence analysis of the strains D11, E1 and E2

0.1

GenBank accession numbers of the sequences of the strains D11, E1, E2 are
MT374264, MT374266 and MT374267, respectively. The tree was generated
using BLAST program for sequence alignment and by the neighbor joining method
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using MEGA 11 software. Exiguobacterium sp. (KM077136) was used as the
outgroup.
Detection of alkane monooxygenase gene alkM

The nucleotide and the predicted amino acid sequences for the alkM genes
were compared using several databases as described in the previous section. The
results of base pairs long and nucleotides similarity with related bacterial strains
are presented in Table 1.

TABLE 1. alkM Gene sequences and conserved domains within coding nucleotide sequences

Related bacteria Base  Nucleotides

Isolate . pairs similarity Description Interval ~ E-value
strains gene long (%)
The membrane 66-281 %101-16
fatty acid 1.21%10
Acinetobacter desaturase
D11 sp..BUU8 651 93.06 (Memb'rane_FAD
(UniprotKB S)-like CD 744-938  2.15%1019
(A6N7F9) includes ’
membrane
FADSs, alkane
The membrane 33-293  2.00*10%°
fatty acid
. desaturase
Acinetobacter
El BRSO 471 9384 (Mesn)ﬁilrlz:: %SAD 799-1542 1.87%10°
(AOAO13TK13) : ’
includes
membrane
FADS:s, alkane
The membrane
fatty acid
Acinetobacter desaturase
sp. BUUS (Membrane FAD 8
E2 (UniprotKB 448 92.72 S)-like CD 36-170  9.51*10
(A6N7F9) includes

membrane
FADSs, alkane

Analysis of the derived amino acid sequences of alkane 1-monooxygenase
from tested strains showed a high degree of similarity to that of other Acinetobacter
strains. Conserved domains within coding nucleotide sequences were analysed
with CD-Search using tool on NCBI. All sequences showed similarity the
membrane fatty acid desaturase (accession no. cl00615) and the regions of the
conserved domains of the tested strains are also given in the Table 1. It was
previously reported that members of Acinetobacter species possess many




8 EREN et al.

metabolic capabilities including degradation pathways.** For example, the
biodegradation studies carried out on Acinetobacter species include; A. baylyi
ADP1,'*'5 Acinetobacter sp. MUBL,'® A. oleivorans.'” Acinetobacter species
isolated from petroleum contaminated sites have been reported to possess n-alkane
degrading genes including alkane monooxgenase, alkane hydoxylase and
dioxygenase genes which are the key enzymes of metabolic’ process in the
remediation oil pollution,*!81%2243 Taking into account the amino acid sequences
of the alkM protein from strains D11, E1 and E2, three-dimensional (3D) model
was analysed with SWISS-Model workspace through a comparative analysis of
the Ramachandran Prochek software for each alkM protein model generated.
Alignment of region linked to substrate specificity for the a/kM from tested
bacteria (D11, E1 and E2) and other related species (4. baylyi (031250),
Acinetobacter sp. SJ-2 (K4HWF9), Acinetobacter sp. BUUS (A6NTF9),
Acinetobacter sp. (Q9XBMO), Acinetobacter sp. 826659 (A0A013TK13), 4.
calcoaceticus (FOKMZ3), Alkanindiges hydrocarboniclasticus (AOA1S8CT34)
was performed by using the UniprotKB server. Phylogenetic analysis of strains
and related species by the Neighbor joining method based on alkM gene sequences.

In Fig. Sla-e, strain D11 (651 bp) sequences showed similarity to alkane 1-
monooxygenase. Strain D11 sequences showed similarity to alkane 1-
monooxygenase from Acinetobacter sp. BUUS (UniprotKB (A6N7F9) with 93.06
%. The three-dimension (3D) model of alkane monooxygenase (alkM) of the A.
baylyi (UniprotKB 031250) was used as reference.

The data. shown by the Ramachandran graph (94.55 %) reveal the
identity/similarity of primary, secondary and tertiary structures between the strain
D11 and 4. baylyi (UniprotKB 031250). Alkane monooxygenase gene sequences
of strain E1 (471 bp) showed similarity to alkane 1-monooxygenase of
Acinetobacter sp. 826659 (A0OA013TK13) with 95.84% and Ramachandran graph
was found to be 83.33 % (Figure S2a-e).

In Figure S3a-e, strain E2 gene sequences (448 bp) showed similarity to
alkane 1-monooxygenase from Acinetobacter sp. BUU8 (UniprotKB A6N7F9)
with 92.72 % while the Ramachandran graph was 100 %. As van Beilen et al.*
stated, many alkane hydroxylase homologues have been characterized in addition
to alkM genes in studies conducted in A. calcoaceticus strains EB104, 69-VA and
NCIMB 8250 and also Acinetobacter sp. 2769A related to alkM genes.
Phylogenetic analysis of alkM amino acid sequences in these studies showed high
sequence variation between them and clearly differentiated a/kM genes from alkB
genes. Therefore, most of these genes not found in Acinefobacter genus have been
named alkB gene.

Growth of bacterial strains in the presence of crude oil and various hydrocarbons

The strains were tested by incubation in the presence of various short and long
chain hydrocarbons and crude oil, namely hexane, heptane, octane, decane,
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pentadecane, hexadecane and squalene, as well as toluene cultivated in BM
medium at 1 % concentrations under optimum conditions. As it can be seen in
Figure 3, the strains D11, E1 and E2 clearly use certain hydrocarbons as carbon
and energy sources for growth on both 1 % crude oil and single hydrocarbons
tested.

0.80
mD11 OE1L BE2
0.70
0.60
0.50

0.40

ty, 600 nm

I densi

0.30

£ 020
B

© 0.10

0.00

Control Crude oil Hexane Heptane Octane Decane Py il H il Squal Toluene

Hydrocarbons, 1 %

Fig. 3. Growth of strains D11 (red), E1 (green) and E2 (purple) in BM supplemented with
crude oil (incubated for 5 days) and various hydrocarbons (incubated for 3 days) at 1%
concentrations as carbon sources. Each data represents the mean of at least 3 different

experiments

Figure 3 also shows that the strains D11 and El, significantly degrade
hexadecane, among the aliphatic hydrocarbons tested. The strains also grow at low
rates on decane and pentadecane, but not in short chain hydrocarbons such as
hexane, heptane or octane. However, the growth for strain E2 was remarkable in
the presence of long chain hydrocarbon pentadecane, while the growth was
relatively higher in hexadecane and squalene, compared to control (Fig. 6). Sun et
al.* reported that the aerobic degradation of n-alkanes by bacteria needs alkane
monooxygenase encoded by a/kM gene which catalyzes the terminal oxidation of
n-alkanes to alcohols, suggesting that the transcription of a/kM in bacterial strains
directly influences the degradation of n-hexadecane.

Degradation of crude oil and hydrocarbons by the strains determined by GC-MS analyses

Members of Acinetobacter sp. are capable of utilizing a broad range of »n-
alkanes with varying chain lengths (C10-C40) as a sole carbon source.*
Furthermore, Acinetobacter species are dominant bacteria in most petroleum
contaminated soils,*’*® as well as in various environments including sea waters
and sediments,?** in waste waters*° and in streams."'
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TABLE 2. The degradation of petroleum hydrocarbons by members of Acinetobacter

Isolation of

Substrate

Degradation

Incubation

Isolate bacteria from tested rate (%) time Literatu’Q
. C9~C22 n-
A;cmettol')a;lvegr sea mud alkanes from Min et al.”
p. strain diesel oil (4 %)
Acznetol?acter wastewaters diesel oil 50.62 7 days Sawadi)lgo el
sp. strain S2 al.
Acinetobacter  crude-oil
sp. Strain  contaminated Acer et al ¥’
BT1A soil
Acinetobacter  crude-oil Muthukamalam
baumannii  contaminated crude oil (1 %) 43 13 days 19
MKS2 soil ctal.
75(% of C20,
Acinetobacter cmdg—oil . R *2)
p contaminated crude oil 50(% of Zheng et al.**
’ soil shorter
chains)
crude-oil
A. pittii H9-3  contaminated Wang et al.¥
soil
L . crude-oil  crude oil (1 %) 43 (c.oil)
Ap zttul ivtram contaminated - hexzadecane(1 70 g gays Present study
b soil %) (hexadecane) ays
. crude oil (1 %) .
A. pittii strain Cmde._()ﬂ hexzadecane(1 9 (c.0il) 5 days Present study
El contam}nated %) 76 3 days
soil (hexadecane)
A. crude-oil crude oil (1%) 12 (c.oil)
) . pentadecane(1 5 days
calcoaceticus ~ contaminated %) 48 3 davs Present study
strain E2 soil ° (pentadecane) Y

Different degradation rates (%) of crude oil and alkane hydrocarbons by
various Acinetobacter species are summarised in Table 2, as well as the
degradation results obtained in the present study. The remaining amount of
hydrocarbons in the culture medium analysed by GC-MS were used for calculating
degradation rates of crude oil and alkane hydrocarbons (1%). The comparisons
with the undegraded control showed that the strains D11, E1 and E2 degraded 43
%, 9 % and 12 % of total petroleum hydrocarbons, respectively within crude oil
after short incubation time of only 5 days. As the growth of the strains D11, E1l
and E2 in the basal media with hexadecane or pentadecane was remarkable shown
in Figure 3, the gas chromatographic analysis of two single hydrocarbons were
also carried out for each strain in Figure S4 (a-e). Figure S4b shows that as much
as 70 % of single hydrocarbon hexadecane (1 %) was degraded by the strain D11,
compared to abiotic control (Figure S4a), while 76 % of hexadecane was degraded
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by the strain E1 (Figure S4c). Moreover, as can be seen in Figure 4e, the strain E2
degraded about 48 % of single pentadecane (1 %) after 3 days of short incubation
time, compared to abiotic control (Figure S4d).

There have been many studies in the literature related to biodegradation rates
of hydrocarbons by various bacterial species. For example, Tapilatu et al.>*
reported that Alcanivorax venustensis strains and some other Gram-positive
bacteria preferably degraded n hexadecane (40-63 %), but other genera tested
seemed to prefer n-heptadecane (8-44%), after long time incubation of 30 days.
Many other bacterial species isolated from contaminated sites were found to
degrade oil hydrocarbons at varying degradation rates as; Pseudomonas sp.
degraded 67.57 % of the oil (1 %) and Micrococcus sp. with 52.95 % after 25 days
of incubation period.** Pseudomonas sp. had shown 49.93 % of diesel oil
degradation in 20 days against 0.5 % of diesel.”™ Six isolated bacterial strains
identified as P. Alcaligenes (HDB-6), Bacillus thuringiensis, Pseudomonas
alcaligenes (HDB-4), Pseudomonas mendocina, Bacillus flexus and Lysini bacillus
sp. were found to degrade between 37.88 % to 54.01 % of crude oil after 14 days.*
There have been also several studies on hydrocarbon biodegradation rates using
Acenitobacter species. Throne-Holst et al.*® determined that Acinetobacter strain
can use carbon sources in the range of decane and tetracontane long-chain n-
alkanes. Min ef al.” reported that Acinetobacter strain Y9 degrades n-alkanes in
the range of C9-C22 as sole carbon sources degrading 53.28 % in 7 days of
incubation. Acinetobacter sp. BT1A was also found to degrade 83 % of 1% crude
oil in 7 days*’. In more recent studies, various 4. baumannii strains were found to
degrade an average of 43 % and % 61 of oil alkanes, respectively reported by'*’.

CONCLUSION

A wide variety of microorganisms including bacteria that can degrade
hydrocarbons within petroleum were isolated from oil-contaminated soils.
Bacteria are the most dominant microorganisms determined in microbial ecology
degrading petroleum hydrocarbons. Among bacteria, Acinetobacter is recently
found to be most common genera that is able to degrade hydrocarbons. The
members of Acinetobacter species studied were found to biodegrade crude oil and
sole hydrocarbons. Gene sequences of the strains D1, E1 and E2 showed similarity
to alkane 1-monooxygenases from Acinetobacter sp. alkM. The present study
seems to be effective in degrading n-alkanes in shorter incubation times and further
microbial consortium studies with the related strains may provide a good
advantage in bioremediation of oil-contaminated soil.

Acknowledgements: This study, a part of Ayse EREN’s PhD project, was supported by
Dicle University Scientific Research Projects Coordination Unit (Project number: FEN.19.014).
Conflicts of Interest: The authors declare no conflict of interest.



1 2 EREN et al.

Author Contribution Statement: designing the experiments: AE and KG; analysed the data:
AE and KG, phylogenetic and bioinformatic analysis: FMB and KG; article writing: AE; KG
and FMB. All authors read and approved the final article.

SUPPLEMENTARY MATERIAL

Additional data are available electronically at the pages of journal website:
https://www.shd-pub.org.rs/index.php/JSCS/article/view/12469, or from the cor-
responding author on request.

H3BOJ

HOETEKIIUJA TEHA 3A AJTIKAH MOHOOKCHI'EHA3Y Y ACINETOBACTER COJY KOJU
PA3JTIAXKE YITbOBOJOHHUKE U CHUPOBY HA®TY ITIPUMEHOM PCR METOJIE HA
3EM/BMIITA KOHTAMHUHHUPAHA HA®TOM

AYSE EREN, FATMA MATPAN BEKLER Y KEMAL GUVEN
Department of Molecular Biology and Genetics, Faculty of Science, Dicle University, 21280 Diyarbakir, Turkey

baxrepujcku cojesu D11, E1 u E2 u3onoBany 13 3eM/bHIITa KOHTAMUHUPAHUX HAQTOM Cy
npunagHunu Acinetobacter pona, wWTo je yTBpHeHO cekBeHUUpawmeMm reHa 3a 16S rRNA u
deHoTUNICKOM KapakTepusaudjom. HakoH nukybdauuje 5 nana, GC-MS ananu3om je yrepheHo ma
je oxo 43%, 9%, ogHOCHO 12% yKYNHUX YIJbOBOJOHMKA U3 CUPOBE HadTe pasioKeHOo CojeBUMa
D11, E1, ogHocHo E2. Takohe, oxo 70% u 76% xexcamekaHa je pasnoxeHo cojeBuma D11 u E1
HakoH 3 1aHa uHKydanuje, ok je coj E2 pasnoxuo oko 48% nenragexana. PCR MeTonom reHckor
cexBeHuupamwa yTBphena je 93,06%, omHocHO 92,72% CAMYHOCT TeHa 3a anKaH-1-
MOHOOKcHreHasy cojesa D11 u E2 ca reHom u3 Acinetobacter sp. BUUS alkM, nox je cnudHOCT
cexpeHue coja E1 95,84% ca reHom Acinetobacter sp.826659. Pesyntatu oBe crynuje
Ouonerpamauyje yIbOBOJOHUKA cojeBUMa Acinetobacter Mory HahW TpUMeEHy Y MOCTYTIKY

druopemenyjanuje.
(ITpumiseHo 7. jyna; peBupupaHo 8. asrycra; npuxsaheno 18. asrycra 2023.)
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