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Abstract. Sari MA, Retnaningrum E. 2019. Hydrocarbon degradation by bacteria from rhizospheres of Imperata cylindrica at oil
mining site in Wonocolo, Bojonegoro, Indonesia. Biodiversitas 20: 3422-3429. High oil mining activities cause environmental pollution
at the oil mining site. Petroleum spills and waste to the river flow cause blackish discoloration along the riverbank and also some types
of plants die. The utilization of rhizospheric bacteria (rhizobacteria) as a bioremediation agent is considered as appropriate for reducing
petroleum contaminants. The purposes of this study were to analyze the ability of hydrocarbon degradation by selected rhizobacteria
isolates, to identify molecularly and analyze the genetic relationship of hydrocarbon-degrading rhizobacteria based on 16S rRNA gene
sequencing. The rhizobacteria of cogongrass (Imperata cylindrica L.) were isolated from oil mining site in Wonocolo, Kedewan,
Bojonegoro, East Java, Indonesia. The 5 isolates of rhizobacteria were then cultured on Bushnell-Haas Mineral Salt (BHMS) medium
with the addition of 0.015% crude oil for analyzing their growth based on their cell densities using the Total Plate Count method. The
optimal rhizobacteria growth obtained (MTMW?2 isolate) was selected and further analysed its ability for hydrocarbon degradation
through measuring of Total Petroleum Hydrocarbon (TPH). Its rhizobacteria were then identified using 16S rRNA gene sequencing. The
MTMW?2 isolate revealed specific growth rate of 0.14 in BHMS medium with the addition of 0.015% crude oil. After 10 days of
incubation, the isolates could degrade Total Petroleum Hydrocarbon in the medium as much as 96.1%. The results of molecular

identification and phylogenetic tree construction showed that MTMW?2 isolate was identified as Pseudomonas aeruginosa.
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INTRODUCTION

Indonesia is one of the world's oil producer countries
that is able to produce oil up to 801.4 thousand barrels per
day in 2017. Petroleum is a dark, sticky and viscous liquid
which is composed of complex compound of hydrocarbons
and non-hydrocarbons (Vieira et al. 2007; Han et al. 2018).
Organic compounds that dominate the composition of
petroleum are aliphatic and aromatic hydrocarbons (Rajaei
et al. 2013). Aromatic compounds are one of the most
stable and long-lasting petroleum compounds in the
environment (Turner and Renegar 2017). Most
hydrocarbons are mutagenic and toxic, especially in
aromatic hydrocarbon compounds (Joye et al. 2018).

One of oil mining sites in Indonesia that has abundant
petroleum resources is located in Wonocolo, Kedewan,
Bojonegoro, East Java. High petroleum mining activities
cause environmental pollution at the oil mining site.
Industrial activity accidents cause petroleum pollution in
various environments, such as land surface, groundwater
and oceans (Souza et al. 2014). Petroleum spills, and
disposal of petroleum waste to the river flow cause
blackish discoloration along the riverbank and also some
types of plants die. Petroleum pollution not only affects the
environment, but also affects the changes in population or
community of a species and even has a large impact on the
ecosystem (Walker 2006).

Rhizosphere is a land zone which is influenced by plant
roots with high bacterial activity, and has complex
interaction characteristics both physically, chemically and
biologically (Lagos 2015). Rhizospheric bacteria or
rhizobacteria are bacteria that live in the rhizosphere which
influence the soil properties. Utilization of rhizobacteria as
a bioremediation agent is considered an appropriate method
for reducing petroleum pollutants. Those petroleum
pollutants could be degraded by microorganisms under
natural conditions into harmless compounds, such as COs,
H,O, or other transformation products, and biomass
without affecting the environment (Chen et al. 2012; Ron
and Rosenberg 2014). Rhizobacteria are able to degrade
hydrocarbons because they have an enzyme system and the
ability to metabolize hydrocarbon compounds (Rajaei et al.
2013). Rhizobacteria also have a resistance mechanism to
survive in contaminated environments (Qian-rui et al.
2006). Even some rhizobacteria secrete biosurfactants to
facilitate desorption of organic pollutants, increase
bacterial bioavailability, and accelerate degradation of TPH
(Lai et al. 2009; Retnaningrum and Wilopo 2018). Some
genera of rhizobacteria which have the ability to degrade
hydrocarbons, such as genera Acinetobacter, Pseudomonas,
Enterobacter, Cronobacter, Stenotrophomonas,
Achromobacter, Ochrobactrum, Paenibacillus,
Microbacterium, Curtobacterium, Bacillus, and
Sphingobacterium (Rajaei et al. 2013; Retnaningrum and
Wilopo 2018).
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Although there are a lot of oil mining areas in various
provinces in Indonesia, there has not been much research
on oil degradation using rhizobacteria. The rhizobacteria
used in this research are isolated from rhizospheres of
cogongrass (Imperata cylindrica L.) which can survive in
unfavorable environments including in the petroleum-
contaminated area of oil mining site in Wonocolo,
Kedewan, Bojonegoro, East Java, Indonesia. This plant
species was declared to tolerate petroleum hydrocarbons
(Onyemauche et al. 2018). In addition, the grass plant
group has been reported to be appropriate for
phytoremediation of petroleum hydrocarbon contaminants
(Dudai et al. 2018; Dominguez et al. 2019). As reported by
Hameed et al. (2010), cogongrass is a member of the
family Poaceae which shows the adaptation of specific root
and stem anatomy. This plant species has a fibrous root
system which causes an increase in the root surface area
and is able to penetrate to a soil depth of 3 m
(RoyChowdhury et al. 2015; Kiiskila et al. 2019).
Rhizobacteria can also reduce the toxicity of the pollutants
so that plants can grow well (Singh et al. 2012; Abhilash et
al. 2013; Truu et al. 2015). Therefore, the aim of this
research was to analyze the ability of hydrocarbon-
degrading rhizobacteria, to identify and analyze the genetic
relationship the hydrocarbon-degrading rhizobacteria based
on sequencing 16S rRNA gene. Due to the high potency to
degrade hydrocarbons by the rhizobacteria, its isolate is
becoming a cheap and environmentally friendly
bioremediation agent.

MATERIALS AND METHODS

Sampling and analysis of soil samples

Rhizosphere soil was collected from the cogongrass
(Imperata cylindrica L.) present at the contaminated soil in
Wonocolo, Kedewan, Bojonegoro, East Java, Indonesia.
The plants were pulled and shaken to loose the bulk soil
attached to the roots, and then soil was collected as much
as about 1 gram. The soil samples were sifted with a 2 mm
mesh. Furthermore, these samples were analyzed to obtain
pH and Total Petroleum Hydrocarbon (TPH) values.

Isolation of rhizobacteria isolates

One gram of soil sample was added to the Bushnell-
Haas Mineral Salt (BHMS) medium. The composition of
BHMS medium per liter was consist of 0.2 g MgS0O,4.7H,0,
0.02 g CaCly, 1.0 g KH2PO4; 1.0 g K;HPO4, 1.0 g NH4NOs,
0.005 g FeCls, supplemented with 0.015% crude oil and
tween 80. Rhizobacteria cultures were then incubated for
21 days at 30°C with 3 times of subcultures. Third
subculture was further inoculated into the BHMS agar
medium and incubated for 2 days at 30°C. Growing
bacterial colonies were selected according to their
differences in colony and cell morphological features. The
selected colonies of rhizobacteria isolates were then
inoculated to the new BHMS agar medium to obtain pure
isolates
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Measuring rhizobacteria growth on crude oil 0.015%

Strains were observed for their ability to utilize
hydrocarbon content in crude oil as sole carbon source by
culturing them on Erlenmeyer containing BHMS added
with 0.015 % (v/v) of crude oil. The cultures were
incubated for 120 hours at 30°C. At interval of 12 hours,
the cultures were analyzing their growth using the Total
Plate Count (TPC) method. Each specific growth rate of
rhizobacteria isolates was measured using the following
equation (Maier and Pepper 2009):

log Nt—log NO

p=0693x 0.301 Xt

Where:

k  :the constant of growth rate (generation/second)

NO : the initial number of bacteria during the
exponential phase (CFU/mL)

N : the number of bacteria after growing during t-
time (CFU/mL)

t : the growth time at exponential phase (second)

pn :the specific growth rate

Analysis of Total Petroleum Hydrocarbons (TPH)

The bacteria which has the highest specific growth rate
was selected and further analyzing on hydrocarbon-
degrading ability. This degradation ability was observed by
growing the isolate on the BHMS liquid medium added
0.015% of crude oil. After 10 days incubation, Total
Petroleum Hydrocarbon (TPH) of culture was performed
using a Shimadzu Gas Chromatography-2010 which was
equipped with a Flame lonization Detector (GC-FID) with
a RTX-5 column, 30 m long (Srivastva et al. 2017)

Identification and phylogenetic analysis of
rhizobacterial isolates using 16S rRNA gene sequencing

Morphological analyses followed by 16S rRNA gene
sequencing were conducted for identification of the isolate.
These morphological characters were carried out by
observing their cell shape, gram staining and colony
properties (color, shape, elevation, margin and inner
structure).

The isolation of DNA from rhizosphere bacteria isolates
was carried out using the Quick-DNA™ Fungal/Bacterial
Miniprep (Zymo Research). Previously a 35 mL overnight
grown bacterial isolate prepared and maintained in Nutrient
Broth (NB). This culture was transferred into the falcon
tube and centrifuged 4000 rpm for 20 minutes. Collected
pellets were resuspended with 1 mL of ddH,O. Pellets were
transferred to the 1.5 microtubes and then centrifuged of
10,000 rcf for 10 minutes. Pellets were separated and
collected in enough quantity cells in the range of 50-100
mg, then resuspended with 1 mL ddH,O. This suspension
was transferred to the ZR BashingBeads lysis tube and
added with 600 pL of cogongrass. The pellets were
vortexed at low speed for 25 minutes. The ZR lysis tube
was centrifuged 10,000 rcf for 1 minute. As much as 400 pl
supernatant was transferred to the ZymoSpin IHIF filter tube
and collection tube. The supernatant was centrifuged for 1
minute at 10,000 rcf. The resulting filtrate was resuspended
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after adding 1000 pL genomic lysis buffer. About 800 uL
of filtrate was transferred to the ZymoSpin IIC filter tube
with a new collection tube. The filtrate was centrifuged
10,000 rcf for 1 minute. The filtrate in the ZymoSpin 1IC
filter tube was added with 200 uL of pre-washed DNA
buffer and the collection tube was replaced with a new one.
The filtrate was centrifuged again 10,000 rcf for 1 minute.
About 400 pL gDNA washed buffer was added to the
ZymoSpin 1IC filter tube and then centrifuged 10,000 rcf
for 1 minute. The collection tube was replaced with 1.5 mL
microtube and added with 50 uL of elution buffer DNA.
The filtrate was centrifuged again for 1 minute at 10,000
rcf. DNA extract is stored in a freezer at -20°C temperature.
The presence of bacterial DNA isolates was analyzed by
electrophoresis technique. The purity of bacterial DNA
isolates was analyzed using UV-Vis Nanodrop-
Spectrophotometer (Thermo Scientific) at A260/A280
wavelengths.

Amplification of bacterial DNA isolates was carried out
using GoTaq® Green Master Mix with the forward primers
27F (5’- AGAGTTTGATCMTGGCTCAG -3’) and the
reverse primer 1492R (5°-
TACGGYTACCTTGTTACGACTT -3°) (Rajaei et al
2013). The PCR mixture composition: such as 12.5 pL
GoTag® Green Master Mix 2X (1x final concentration), 1
uL Forward primer (0.2 uM), 1 puL Reverse primer (0.2
uM), 1 uL. DNA template (<250 ng), 9.5 pL of Nuclease-
Free Water (NFW) with a total amount should be 25 puL.
Amplification of 16S rRNA gene was performed using
Thermo Cycler (BIORAD) PCR. After PCR cocktail ready,
PCR cocktail was inserted to the PCR machine. The
amplification reaction was carried out in 30 cycles
consisting of several stages, such as the predenaturation
stage at 95°C for 3 minutes, the denaturation stage at 95°C
for 30 seconds, the annealing stage at 57°C for 1 minute,
the extension stage at 72°C for 1 minute 40 seconds and the
final extension stage at 72°C for 1 minute 40 seconds.
Amplicon was detected by electrophoresis system (Mupid-
exU) with the 1% agarose gel concentration (w/v) then
visualized with UV Transluminator using ZR 1 kb DNA
Marker.

The amplicon of 16S rRNA gene was sequenced and its
sequences were compared with other 16S rRNA genes
based on the database in GenBank through the BLAST
tools on the www.ncbi.nlm.nih.gov. The results of 16S
rRNA data sequence alignment then used to construct the
phylogenetic tree. The phylogenetic tree was constructed
using the Neighbor-Joining (NJ) method by MEGA7Y
software.

Data analysis

All experiments were performed in triplicate and the
results were expressed as mean values which analyzed
using Microsoft Excel 2013. The differences between the
means of the tested parameters were statistically analyzed
by the t-test and ANOVA (o= 0.05) using the statistical
package for social sciences (SPSS), version 12.
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RESULTS AND DISCUSSION

Rhizosphere soil sample

The results of pH and TPH measurements of
rhizosphere soil samples showed that the value of pH and
TPH rhizosphere soil were 8.87 and 0.015%, respectively.
Rhizosphere soil samples were isolated in the middle of the
dry season, hence the river water receded and the soil
conditions turned out dry that induced the soil pH to be
more alkaline. Therefore, alkaline soils tend to have higher
levels of microbial diversity compare to acidic soils (Rousk
et al. 2010). In that alkaline condition, it was very possible
to find bacterial phylum classified as Actinobacteria and
Proteobacteria (Khan et al. 2018). The TPH concentration
of samples showed that rhizosphere soil was contaminated
by petroleum which contained hydrocarbons. Even though
the rhizosphere soil was contaminated with hydrocarbons,
cogongrass could grow well. It was indicated the presence
of microorganisms, especially rhizobacteria in that soil
system which could reduce the toxicity of contaminants to
a level where plants can grow well. Those rhizobacteria
might have ability to degrade hydrocarbon pollutants. Due
to that ability, rhizobacteria were able to survive in the
contaminated soils through resistance mechanism or an
adaption mechanism by doing genetic mutations
(McDonald et al. 2006; Qian-rui et al. 2006).

The hydrocarbons-degrading rhizobacteria

Enrichment for 21 days in BHMS containing 0.015 %
crude oil resulted of 5 isolates (MTMW1, MTMW2,
MTMW3, MTMW4 and MTMWS5). Applying 0.015 % oil
in the medium was performed to illustrate the actual
condition of the amount of pollutants in the system. In
addition, the carbon source for rhizobacteria culture was
given only from crude oil. Therefore to optimize the
growth of culture, surfactant compound as Tween 80 was
added in the medium for increasing the solubility of oil in
culture. Its compound would induce the oil adhesion to
microbial cell surfaces, resulting in that crude oil
degradation (Singh et al. 2007; Tian et al. 2016;
Retnaningrum and Wilopo 2018).

The selection of rhizobacteria growth

The five isolates were screened for further study on the
basis of their ability to grow in BHMS containing 0.015 %
for 120 hours. For comparing the growth of the
rhizobacteria strains, the bacterial numbers were
considered using the Total Plate Count (TPC) method.
During the incubation, all isolates showed a similar pattern
of bacterial growth which includes several phases, such as
the lag, the exponential, the stationary and the death phase
as displayed in Figure 1.

After 12 hours of incubation, the rhizobacteria isolates
reached their lag phase with the cell number variations. The
cell number of MTMW1, MTMW3, MTMW4 and
MTMWS5 isolate were 1.69 x 107, 1.29 x 107, 1.06 x 107,
and 5.3 x 107 CFU/mL, respectively. On the contrary,
MTMW?2 isolate did not show an increase in its cell
number in that lag phase. During the lag phase, several
processes occurred, including synthesis of mRNA and
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protein which were required in adaptation to the new
environment (Maier and Pepper 2009).

The rhizobacteria isolates then entered the exponential
phase after 24 hours of incubation. This exponential phase
showed the highest cell growth compared to other phases.
From observations, the cell number of MTMW1, MTMW?2,
MTMW3, MTMW4 and MTMWS5 isolate were 2.6 x 107,
26.9 x 107, 2.12 x 107, 3.09 x 107 and 2.59 x 107" CFU/mL,
respectively. During that phase bacteria, isolates used the
nutrients available in the medium to carry out an optimal
cell division (Pelczar and Chan 2010).

At the end of the exponential phase, then the
rhizobacteria cells entered the stationary phase. This phase
did not indicate changes in the number of cells. The isolate
of MTMW1, MTMW3 and MTMW4 achieved this phase
at incubation time of 24 to 120 hours. Isolate of MTMW?2

8.00 -

6.00 - 0

4.00 A

2.00 A

Rhizobacteria Number ( 10 7 CFU/mL)
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reached that phase at incubation time of 24 to 108 hours,
whereas the isolate of MTMWS5 did not detect. Finally,
rhizobacteria isolates reach a death phase which occurred
the high bacterial mortality rates due to depletion of nutrient
amounts and increased accumulation of their metabolic
waste produced (Cappuccino and Sherman 2002).

Based on rhizobacteria cell number which measured in
the exponential phase their growth kinetics could be
determined as shown in Table 1. Therefore based on the
calculations using the reference formula, their specific
growth rate could be analyzed (Maier and Pepper 2009).
The MTMW?2 isolate showed the highest specific growth
rate followed by MTMW5, MTMW4. MTMW1 DAN
MTMW3. MTMW?2 isolate. This MTMW?2 isolate was
further analyzed its hydrocarbon degradation and

identification.

L

0.00 0% T T T A C G/\ A A R{
0 12 24 36 48 60 72 84 96 108 120
Time of Incubation (hours)
—— MTMW1 --%--MTMW2 -4 MTMW3 - & -MTMW4 —6— MTMWS5
Figure 1. The growth of rizobacteria isolates in BHMS containing 0.015 % crude oil during 120 hours incubation
Table 1. Rhizobacteria isolate growth kinetics
. - NO N K
Rhizobacteria isolate (CFU/mL) (CFU/mL) (Generation/second) M
MTMW1 1.685 x 107 2.606 x 107 0.05 0.04
MTMW2 9.000 x 106 2.690 x 107 0.20 0.14
MTMW3 1.285 x 107 2.120 x 107 0.06 0.04
MTMW4 1.055 x 107 3.090 x 107 0.13 0.09
MTMW5 5.300 x 106 2.590 x 107 0.19 0.13

Note: k was the constant of growth rate, NO: the initial number of bacteria during the exponential phase, N: the number of bacteria after
growing during t-time, t: the growth time at exponential phase and p.: the specific growth rate
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Table 2. The change of TPH and pH of MTMW?2 culture after 10
days incubation

Time incubation (days)

Measurements 0 10
Total Petroleum Hydrocarbon (TPH) (%) 0.0150 0.0006
pH 7.82 7.51

Table 3. Morphological characters of MTMW?2 isolate

Characters Result
Cell morphology Shape Slightly curved rods
Gram stain Negative (-)
Colony morphology Color Blue-green
Shape Irregular
Elevation Effuse
Margin Undulate
Inner structure Smooth

Hydrocarbon degradation by selected rhizobacteria
isolates

Observation hydrocarbon degradation by the selected
rhizobacteria (MTMW?2 isolate) was conducted for 10 days
in batch experiment using BHMS added with 0.015% crude
oil and tween 80. After 10 days of incubation,
concentration of Total Petroleum Hydrocarbon (TPH)
decreased (Table 2). These results showed that MTMW2
isolate had an ability to live and survive in the
contaminated environments, as well as its ability to use
crude oil as the only C source for the growth. According to
Rajaei et al. (2013), rhizobacteria could degrade
hydrocarbons by producing enzymes that contributed in
that degradation. In addition, the different types of enzymes
were involved in a series of hydrocarbon degradation
processes (Abbasian et al. 2015). This degradation
processes would produce energy and play a role in cellular
synthesis (Leahy and Colwell 1990).

The percentage of petroleum degradation by MTMW2
isolate was quite large about 96.1% (p<0.05). This
significant reduction of TPH concentration by isolate
indicated was influenced by applying of tween 80 in the
medium. As reported by Cheng et al. (2017) that the
addition of tween 80 induced the decreasing of surface
tension. Tween 80 (polyoxyethylene sorbitan monooleate)
is a non-ionic surfactant or known as an oil emulsifier in
water (Mousset et al. 2014). Surfactants have two groups in
one molecule that consist of polar and non-polar groups.
One side of the surfactant binds oil which is non-polar and
the other side binds to water which is polar, so that the oil
is more soluble in water (Farooq et al. 2019). The higher
level of oil solubility in water caused easier bacteria to
metabolize petroleum.

The pH measurements also showed a decreasing pH in
those cultures. This decreasing pH was due to the
metabolic product of MTMW2 isolate in the form of
organic acids released during the hydrocarbon degradation
process. This organic acid production during hydrocarbon
degradation was reported by Leahy and Colwell (1990)
who investigated the biodegradation of alkanes which were
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converted into alcohol, alcohol was converted into fatty
acids, and fatty acids were oxidized to form acetic acid and
propionic acid. Therefore those products altered the pH of
culture to be more acidic.

Morphological characters of MTMW?2 isolate

Morphological analysis result of MTMW?2 isolate was
shown in Table 3. Their cells were slightly curved rod-shaped
and gram-negative. Based on Bergey's Manual Systematic
of Bacteriology which refers to the differentiation of the
gram staining and cell morphology character, several
bacteria that have rods cell forms and gram-negative
possibly included in the genus of Pseudomonas, Bacillus,
and Enterobacter (Brenner et al. 2005). In addition their
colonies color had blue-green which in accordance with the
previous research that investigated that pigment was
produced by Pseudomonas aeruginosa. Observations of the
shape, elevation, margin and inner colonies of MTMW?2
isolates also showed that they were irregular, effuse,
undulate and smooth. Therefore this isolate was likely P.
aeruginosa. To confirm this morphological identification
results, the further molecular identification by 16S rDNA
gene sequencing was conducted.

Molecular identification of MTMW?2 isolates by 16S
rRNA gene sequencing

Previously the culture was prepared by incubating its
culture in the nutrient broth (NB) medium for 2-3 days for
obtaining the large quantities of bacterial cells. Those DNA
of cells were then separated and extracted from other cell
components by damaging the cell membrane and bacterial
cell walls. Those DNA extract concentration measurements
showed a value of 108.9 ng/uL. This DNA purity was then
analyzed using UV-Vis Nanodrop-Spectrophotometer
(Thermo Scientific) at A260/A280 wavelengths, resulted in
1.92. As reported by Sambrock et al. (1989), this DNA
purity value was still in the range considered pure (1.8-2.0).
This DNA extract was then amplification using 16S rRNA
gene. As reported by other researchers, this 16S rRNA
gene can be used as a molecular marker because it is
conserved and can be found in all bacteria (Rossi-tamisier
et al. 2015; Wang et al. 2015).

The visualization results of PCR products of DNA
isolate showed a single band parallels to the marker of
1,500 bp (Figure 2). The presence of thick and bright bands
observed indicates that the 16S rRNA target gene was
successfully amplified by 27F and 1492R primers.
Therefore these amplicons of the 16S rRNA gene can be
used for further sequencing analysis.

Sequencing of the 16S rRNA gene is technique that can
be used to identify bacteria at the species level and
differentiate between bacterial species that still have close
relationships (Maiden et al. 1998). The results of the 16S
rRNA gene sequencing were compared with other bacterial
16S rRNA genes based on the database in GenBank
through the Basic Local Alignment Search Tool-Nucleotide
(BLASTN) tool on the NCBI website. Based on the BLAST
results of 10 bacterial strains with the highest identities
value, the MTMW?2 isolate showed significant 99.43 % that
identity with Pseudomonas aeruginosa (Table 4 ).
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Figure 2. The results of 16S rRNA gene amplification using 27F
and 1492R primers with 1% agarose gel electrophoresis. M: 100
bp DNA ladder marker (Geneaid), 1: MTMW?2 isolate.

These Identities expressed the percentage of the
nucleotide arrangements suitability between the sequences
that are held (query) with the sequences in the database
(Miller et al. 1990). According to Stackebrandt and Goebel
(1994), two strains with the identity values of the 16S
rRNA gene sequences less than 97% represent different
bacterial species. Therefore, based on that theory, MTMW?2
isolate was identified as Pseudomonas aeruginosa. These
identities of MTMW?2 isolate did not reach 100 % because
of the gaps in the nucleotide sequences. The existence of
gap indicates the insertion or deletion of one or more
characters from a sequence during the evolutionary process
(Thompson et al. 1994).

For estimating the relationship of species evolution
using gene sequences, phylogenetic analysis is carried out
using the Molecular Evolutionary Genetics Analysis
(MEGAY) program using the Neighbor-Joining (NJ)
method (Choudhuri 2014). The advantages of using
Neighbor-Joining (NJ) method are the selection of the
sequences that are able to provide the best estimation of the
closest branch length so as to reflect the real distance
between sequences. This phylogenetic tree construction of
MTMW?2 isolates used bootstrap 1000 which showed the
confidence level in each branch of the phylogenetic tree
(Thompson et al. 1994).
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Nine closely related bacterial species presented in Table
4 and 3 additional bacterial species including Pseudomonas
aeruginosa strains IR-222, Pseudomonas sp. strains of IR-
211 and Pseudomonas sp. strain of IR-154 were considered
as in group of Operational Taxonomic Units (OTUs) in this
phylogenetic analysis. Those additional bacterial species
were conducted for clarifying the evolutionary relationship
in the phylogenetic tree of MTMW?2 isolate. In addition,
those three bacterial strains have been isolated from the
rhizosphere of wild wheat plants (Avena fatua L.) which
had the ability to degrade hydrocarbons (Rajaei et al.
2013). Whereas, Rhizobacter profundi was chosen as
outgroup of that OTUs selected based on the same ordo
with the isolate so that it had a close relationship taxon and
thus more significant results will be obtained.

From the phylogenetic tree construction, it was shown
that MTMW?2 isolate was in the same cluster as
Pseudomonas aeruginosa with a 100 % bootstrap value
(Figure 3). As reported by Thompson et al. (1994) a
phylogenetic tree branch with the bootstrap value 100 %
was grouped a very high confidence level. Therefore, the
node connecting MTMW?2 isolate with Pseudomonas
aeruginosa could be acceptable. The phylogenetic tree
construction of MTMW?2 isolate which identical to
Pseudomonas aeruginosa was supported by the BLAST
algorithm result. Therefore the MTMW2 isolate was
correctly identified as Pseudomonas aeruginosa. In
accordance with research conducted by Rajaei et al. (2013),
Pseudomonas aeruginosa was also isolated from the
rhizosphere of wild wheat plants (Avena fatua L.). This
plant species was also classified in the Family of Poaceae
which reported had high adaptability in stress environment
(RoyChowdhury et al. 2015; Kiiskila et al. 2019).

The alignment results of 16S rRNA sequence data were
also used to analyze genetic distances. The genetic distance
can be obtained using pairwise distance on the MEGA7
program. This genetic distance describes the degree of
genetic difference between species that is measured by
numerical method. In addition, the strain can be determined
as a different species if the genetic distance < 0.15 (Nei
1987). Based on the calculation, the genetic distance
between the MTMW?2 isolate and other bacterial isolates
were in the range of 0.001-0.209 (Table 5).

Table 4. Identification affiliation of 16S rRNA gene sequences of MTMW?2 isolate using the BLAST program

Query Identities Accession
Homolog Species cover (%) number The source of isolate Reference
(%)
Pseudomonas aeruginosa strain 610D6 100  99.43 MH378332.1 The sputum of cystic fibrosis patients ~ Zhou et al. (2018)
Pseudomonas aeruginosa strain D-12 100 99.43 KY885169.1 Dairy food industry wastewater (DAS) Lee et al. (2017)
Pseudomonas aeruginosa strain D-6 100 99.43 KY885167.1 Dairy food industry wastewater (DAS) Lee et al. (2017)
Pseudomonas aeruginosa strain M-4 100 99.43 KY885164.1 Municipal wastewater (MAS) Lee etal. (2017)
Pseudomonas aeruginosa strain M-1 100 99.43 KY885163.1 Municipal wastewater (MAS) Lee etal. (2017)
Pseudomonas aeruginosa strain E136a 100  99.43 KM894176.1 Nodular bacterial endophyte diversity Boukhatem et al.
associated with native Acacia spp. (2016)
Pseudomonas aeruginosa strain JBS-13 100  99.43 KM675975.1  Agricultural soil and vermicompost soil Arulmani et al. (2016)
Pseudomonas aeruginosa strain 100 99.43 KF979142.1  Endophytic bacteria in chili pepper Paul et al. (2013)
CNU082137 (Capsicum annuum L.)
Pseudomonas aeruginosa strain PA5-1-1 100 99.43 KF977857.1 Lung samples from dead farmed Cao et al. (2015)

Jinzhou Black mink
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KF977857.1 Pseudomonas aeruginosa strain PA5-1-1
GU586317.1 Pseudomonas aeruginosa strain IR-222
KF979142.1 Pseudomonas aeruginosa strain CNU082137
KM675975.1 Pseudomonas aeruginosa strain JBS-13
KM894176.1 Pseudomonas aeruginosa strain E136a
KY885163.1 Pseudomonas aeruginosa strain M-1
KY885164.1 Pseudomonas aeruginosa strain M-4
KY885167.1 Pseudomonas aeruginosa strain D-6
KY885169.1 Pseudomonas aeruginosa strain D-12
MH378332.1 Pseudomonas aeruginosa strain 610D6
Strain MTMW?2

_l_ GU586315.1 Pseudomonas sp. strain IR-211
96 GUS586316.1 Pseudomonas sp. strain IR-154

0.02

NR149234.1 Rhizobacter profundi strain DS48-6-5

Figure 3. The phylogenetic tree of MTMW?2 isolate using the Neighbor-Joining (NJ) method (bootstrap = 1000)

Table 5. Genetic distance between MTMW?2 isolate and other
bacterial strains

Bacterial strains G_enetlc

distance
Pseudomonas aeruginosa strain 610D6 0.001
Pseudomonas aeruginosa strain D-12 0.001
Pseudomonas aeruginosa strain D-6 0.001
Pseudomonas aeruginosa strain M-4 0.001
Pseudomonas aeruginosa strain M-1 0.001
Pseudomonas aeruginosa strain E136a 0.001
Pseudomonas aeruginosa strain JBS-13 0.001
Pseudomonas aeruginosa strain CNU082137 0.001
Pseudomonas aeruginosa strain PA5-1-1 0.001
Pseudomonas aeruginosa strain IR-222 0.001
Pseudomonas sp. strain IR-211 0.059
Pseudomonas sp. strain IR-154 0.076
Rhizobacter profundi strain DS48-6-5 0.209

The highest value of genetic distance was found
between the MTMW?2 isolate and Rhizobacter profundi
strain DS48-6-5 about 0.209 which indicates that the two
strains had a distant relationship, while the lowest value of
genetic distance was found among MTMW?2 isolate with
10 strains Pseudomonas aeruginosa about 0.001 which
indicated that the strain had close relationship. Therefore
based on this calculation, MTMW?2 isolate was also
determined as same species of Pseudomonas aeruginosa.

Based on the investigations, it can be concluded that
MTMW?2 isolate had an ability to degrade hydrocarbons as
much as 96.1% after 10 days of incubation. In addition,
from the alignment, phylogenetic analysis and genetic
distance calculation of 16S rRNA gene, the isolate was
identified and had closely genetic relationship with
Pseudomonas aeruginosa. Therefore this isolate was
promising as bioagent for hydrocarbon bioremediation.
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