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ABSTRACT

The research work aims to isolate and identify culturable hydrocarbon utilising bacteria and fungi,
from an aged oil impacted soil and these organisms would be used as inoculants in bioremediation
of petroleum hydrocarbon pollution. Culturable hydrocarbon utilising bacteria and fungi were
harvested from aged oil impacted soil in Ebubu-Ejama Community, Eleme, Rivers State, Nigeria.
The hydrocarbon utilising fungi and bacteria were isolated by using mineral salt agar, and
petroleum hydrocarbon was supplied to the inoculated plates using the vapour phase technique.
Genomic DNA of hydrocarbon utilising bacteria and fungi were extracted and subjected to
Polymerase Chain Reaction (PCR). PCR amplified DNA of fungi and bacteria were sequenced by
using BIG Dye Terminator Kit on a 3510 ABI sequencer. Internal Transcribed Spacer (ITS)
sequence for fungi and 16S rRNA sequence for bacteria were identified using Basic Local
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Alignment Search Tool (BLAST) algorithm of National Center for Biotechnology Information (NCBI).
ITS sequences for fungi shows proximal relatedness to Aspergillus aculeatus strain LrBF25 and
Penicillium citrinum strain XQ39. The 16S Sequence for bacteria shows proximal relatedness to
Alcaligenes faecalis strain VC-10, Alcaligenes faecalis strain 4339 and Bacillus cereus strain
GOAA7MSO06. Sequences of the hydrocarbon utilising bacteria and fungi were submitted to
GenBank and their Accession numbers were F10: Aspergillus aculeatus MG738329; F11:
Penicillium citrinum MG738328; B8: Alcaligenes faecalis MG738324; B9: Bacillus cereus
MG738325 and B10: Alcaligenes faecalis MG738326. These organisms could be used to
bioaugment the cleanup of petroleum hydrocarbon from the environment.

Keywords: Hydrocarbon utilising bacteria and fungi; Ebubu-Ejama; 16S ribosomal ribonucleic acid;
internal transcribed spacer; polymerase chain reaction; GenBank.

1. INTRODUCTION

Since the inception of petroleum exploration and
exploitation in the Niger Delta of Nigeria, the
region has been constantly polluted with
hydrocarbons and other materials related to
petroleum exploration, exploitation and
processing. The Niger Delta is now being listed
among the Five most severely petroleum-
damage ecosystems in the world [1]. Petroleum
hydrocarbon pollution has created significant
health and environment problems; hence there
has been an increasing agitation by its
inhabitants for cleanup, reclamation and
restoration of oil polluted environment within the
Niger Delta [2]. The use of hydrocarbon utilising
microbes in the cleanup of petroleum
hydrocarbon is a potential solution [3] because
effective bioremediation relies primarily on
microbial consortia rather than a single species.
Several studies have shown that there is a
synergy between bacteria and fungi in the
biodegradation of petroleum hydrocarbon in soil
[4,5]. Enumeration and  monitoring  of
hydrocarbon utilising bacterial and fungi
populations in contaminated environments using
culture-dependent techniques provide a tentative
identification of cultured isolates. Recent studies
results in microbial ecology recommend the
combination of molecular and culture-dependent
approaches to describe bacterial and fungal
diversity and their degradative ability in
petroleum hydrocarbon polluted environments
[6]. For the past 20 years, scientists have relied
on polymerase chain reaction in identifying and
classifying microbes. The 16S rRNA sequencing
is used in identification and classification of
bacterial diversity, while the Internal Transcribed
Spacer sequencing is used in the identification
and classification of fungi diversity.

The objective of this study is to isolate and
identify culturable hydrocarbon utilising fungi and

bacteria present in an aged oil impacted soil in
Ebubu-Ejama, Rivers State, Nigeria.

2. MATERIALS AND METHODS
2.1 Site Description

Hydrocarbon utilising bacteria and fungi were
harvested from an aged oil-impacted soil in
Ebubu-Ejama Community of Eleme Local
Government Area in Rivers State, Nigeria during
2017. Oil spill occurred in this area in 1970 from
the Agbada-Bomu 28" Trans Niger Pipeline
(TNP) belonging to  Shell Petroleum
Development Company (SPDC).

2.2 Sample Collection

Caked oil impacted soil sample were collected
from 0 to 15 cm depth of the surface of the soil
by using sterile polythene bags. The sample was
then transported to Applied and Environmental
Biology Laboratory, Rivers State University,
Nigeria and stored at 4°C for 24 hours.

2.3 Preparation of the Sample

The caked soil sample was homogenised by
using ceramic mortar and pestle, sterilised with
100% Ethanol and air dried. The soil sample was
sieved with 2 mm mesh sieve to remove debris.

2.4 Enumeration of Total Culturable
Heterotrophic  and Hydrocarbon
Utilising Bacteria and Fungi

Bacterial population was estimated by using
colony forming unit per gram (CFU/g) method
and fungi population was estimated using spore
forming unit per gram (SFU/g) method. After a
tenfold serial dilution [7], spread plate method
was used to enumerate total culturable
heterotrophic bacteria on nutrient agar and total



culturable heterotrophic fungi on Sabouraud
dextrose agar; total culturable hydrocarbon
utilising bacteria was enumerated by using
spread plate method on mineral salt medium
incorporated with fungisol to inhibit fungi growth,
the plate was supplied with hydrocarbon through
vapour phase transfer technique [8,9]. The plates
were incubated for 9 days when discrete colonies
were visible [10,11]. Total culturable hydrocarbon
utilising fungi was enumerated by using spread
plate  method on mineral salt medium
incorporated with tetracycline to inhibit bacterial
growth. The plates were supplied with petroleum
hydrocarbon through vapour phase transfer
technique and incubated for 3 days when spores
were observed.

2.5 Molecular Characterization of
Bacterial Isolates

Genomic DNA of hydrocarbon utilising bacteria
isolates was extracted using the boiling method
endorsed by [12]. The extracted DNA sample
was quantified by wusing Nano drop 1000
spectrophotometer. Two Microlitres (2 pl) of the
extracted bacterial DNA were subjected to
polymerase chain reaction (PCR) using the 16S
rRNA sequence. The 16S region of the rRNA
gene of bacterial isolates was amplified using
27F 5'AGAGTTTGATCCTGGCTCAG3' and
1492R 5'GGTTACCTTGTTACGACTT3'
synthesised primers. During amplification, 0.5
pum of the synthesised primer was used. Single
strength master mix of 12.5ul comprise of Taq
Polymerase, DNTPs (deoxyribonucleotide
Triphosphate), buffer and MgCl, (Magnesium
Chloride) was used during amplification.
Nuclease free water was used during
amplification, but its quantity was dependent on
the number of isolates to be amplified. The PCR
final volume was set at 25 pl.

2.6 Molecular Characterization of Fungi
Isolates

Genomic DNA of hydrocarbon utilising fungi
isolates was extracted using ZR fungi/bacterial
DNA mini prep extraction kit. The extracted fungi
DNA sample was quantified by using Nanodrop
1000 spectrophotometer. Two Microlitres (2 pl) of
the extracted fungi DNA were subjected to PCR
method using sequencing known as the internal
transcribed spacer (ITS). The ITS region of the
rRNA gene of the fungi isolates was amplified
using ITS1 5'TCCGTAGGTGAACCTGCGC3'
and ITS4 5'TCCTCCGCTTATTGATATGC3'
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synthesised primer. During amplification, 0.5 ym
of the synthesised primer was used. Single
strength master mix of 12.5 yl comprised of Taq
Polymerase, DNTPs (deoxyribonucleotide
Triphosphate), buffer and MgCl, (Magnesium
Chloride) was wused during amplification.
Nuclease free water was used during
amplification, but its quantity is dependent on the
number of isolates to be amplified. The PCR final
volume was set at 25 pl.

2.7 Agarose Gel Electrophoresis

The amplified PCR gene was subjected to
agarose gel electrophoresis to ascertain whether
the PCR was successful. Most of the 16S rRNA
sequence for bacteria is ~ 1500 base pair in
length [13], while ITS sequence for fungi are
mostly within 500 to 800 base pair in length [14].
The gel was placed on a UV transilluminator for
the bands to fluoresce and pictures were taken.
Sequencing of the amplified 16S rRNA and ITS
was done by using Big Dye Terminator Kit on a
3510 ABI sequencer.

2.8 Phylogenetic Analysis

Obtained sequences were edited by using
bioinformatics algorithm trace edit, and both the
16S gene sequence and ITS sequence were
compared with the database of the National
Center for Biotechnology Information, using
Basic Local Alignment Search Tool (BLAST).
The evolutionary history of the obtained
sequence was inferred using neighbor-Joining
method [15]. The percentage of replicates trees
in which the association taxa clustered together
in bootstrap test was 1000 replicates. The tree
was drawn to scale with branch length in the
same limit as those of the evolutionary distance
used to infer the phylogenetic tree. The
evolutionary distances were computed by using
the Jukes-Cantor method [16]. The evolutionary
analysis was conducted in MEGA 7 [17].
Obtained sequences were submitted to GenBank
to obtain their accession numbers.

3. RESULTS AND DISCUSSION

As seen from Tables 1 and 2, the mean density
of hydrocarbon utilising fungi is high in compared
to hydrocarbon utilising bacteria. The isolation of
high number of hydrocarbon utilising microbes
from petroleum polluted environment can be
taken as an evidence that these organisms
are the active hydrocarbon degraders [18].
Generally, Fungi can withstand harsh



environmental conditions and play an essential
role in the degradation of petroleum hydrocarbon
[19]. Due to the low substrate specificity of their
degradative enzyme machinery (e.g. lignin
peroxidase, laccase and Mn peroxidase), fungi
can breakdown a wide range of pollutants
including hydrocarbons in the contaminated
environment [20,21].

Hydrocarbon utilising fungi and bacteria can
survive in such harsh environment as they have
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developed  enzymatic and physiological
responses that allows them to use petroleum
hydrocarbon as a substrate [22].

Molecular based technique was performed to
affirm the identities of the hydrocarbon utilising
fungi and bacteria. Bands from PCR amplified
ITS of fungi isolates showed 550bp and 750bp
(Plate 1). While Plate 2 showed band from PCR
amplified 16S rRNA of bacterial isolates having
1500 bp.

Table 1. Total culturable heterotrophic and hydrocarbon utilising fungi

Mean density (SFU/g) and
standard deviation

Percentage TCHUF
TCHF

TCHF 1.8x10°+5.657 6.11%
TCHUF 1.1x10*+4.243
Key: TCHF — Total Culturable Heterotrophic Fungi
TCHUF — Total Culturable Hydrocarbon Utilising Fungi
Table 2. Total culturable heterotrophic and hydrocarbon utilising bacteria
Mean density (SFU/g) and Percentage TC¢HUB
standard deviation TCHB
TCHB 9.6x10%+2.121 1.58%
TCHUB 1.5x10°+0.707

Key: TCHB —Total Culturable Heterotrophic Bacteria
TCHUB - Total Culturable Hydrocarbon Utilizing Bacteria

Table 3. Identified fungi isolates ITS sequences relatedness and their assigned GenBank
accession numbers

Isolates Tentative GenBank GenBank closest Accession
Identity accession cultured number/%
number organism
F10 Aspergillus MG738327 Aspergillus LC102114 .1
aculeatus aculeatus 100%
F11 Penicillium MG738328 Penicillium MG659617.1
citrinum citrinum 100%
L F10 Fl11
750bp
500bp
550bp

Plate 1. Agarose gel electrophoresis showing the amplified ITS bands of the fungal isolates.
Lane L represents the 500bp molecular ladder, Lanes F10 and F11 indicate the ITS bands



B8 L B9

1000bp
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B10

— 16SrRNA band (1500bp)

Plate 2. Agarose gel electrophoresis showing the amplified 16S rRNA gene bands of bacteria
isolates. Lanes B8, B9, B10 represent the 16S rRNA bands while L represents the 1000bp
molecular ladder

Table 4. Identified bacterial isolates 16S rRNA sequences relatedness and their assigned
GenBank accession numbers

Isolates Tentative identity GenBank GenBank closest Accession
accession cultured organism number/%
number
B8 Alcaligenes faecalis MG738324 Alcaligenes faecalis KX817227.1
90%

B9 Bacillus cereus MG738325 Bacillus cereus MG725733.1
100%

B10 Alcaligenes faecalis MG738326 Alcaligenes faecalis KX828568.1
77%

Bacterial 16S rRNA Sequencing and fungi ITS
sequence were aligned using BLAST algorithm
of National Centre for Biotechnology Information
(NCBI) database. Table 3 shows the percentage
relatedness of the fungi isolate to those
deposited in GenBank while Table 4 displays the
percentage relatedness of the bacterial isolate to
those deposited in GenBank. Several studies
have demonstrated that Alcaligenes, Bacillus,
Penicillium and Aspergillus spp. are potential
petroleum hydrocarbon degraders [23,24,25,10].
Strains of Bacillus cereus has been identified as
petroleum hydrocarbon degraders [26,27].
Although strains of Alcaligenes feacalis was first
discovered in feces, later strains of Alcaligenes
feacalis was commonly found in soil, water and
other environments [28]. Recent studies have
also shown that strains of Alcaligenes feacalis
have been used as petroleum hydrocarbon
degraders [29,30].

4. CONCLUSION

The present study reveals that Alcaligenes
feacalis, Bacillus cereus, Aspergillus aculeatus

and Penicillium citrinum are aerobic culturable
hydrocarbon degraders in oil impacted soil at
Ebubu Ejama, Rivers State, Nigeria. These
hydrocarbon degraders could be wused to
bioaugment the degradation of petroleum
hydrocarbon in the environment.

ACKNOWLEDGEMENT

We sincerely thank the Management and staff of
Rivers State University and our families and
friends for immense contribution and support
towards the completion of this research.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Federal Ministry of Environment (FME).
Nigeria Conservation Foundation Lagos,
WWEF.UK & CEESP-IUCN; 2006.



10.

1.

12.

United Nations Environmental Programme
(UNEP). Environmental Assessment of
Ogoniland. 2011;1-262.

Akinde S, Catherine CIl, Obire O. Alkane
degradative potential of bacteria isolated
from Deep Atlantic Ocean of the Gulf of
Guinea. Bioremed Biodegrad. 2012;3:225-
328.

Chaillan F, Le Fleche A, Bury E,
Phantavong T, Grinmont P, Saliot A,
Oudot J. Identification and biodegradation
potential of tropical aerobic hydrocarbon-
degrading microorganism. Research
Microbiol. 2004;155:587-595.
Pozdnyakova  NN. Involvement  of
Ligninolytic system of white rot and litter
decomposing fungi in the degradation
of polycyclic aromatic hydrocarbon.
Biotechnol Res Int. 2012;1-20.

Brito EM, Guyoneaud SR, Goni-Urizza M,
Ranchou-Peyruse A, Verbaere A, Crapez
MAC, Wasserman JCA, Duran R.
Characterization of hydrocarbonoclastic
bacterial communities from mangrove
sediments in Guanabara Bay, Brazil Res.
Microbiol. 2012;157:752-762.

Harrigan WF, Mccance ME. Laboratory
methods in food and diary microbiology.
London: Academic Press; 1990.

Ebuehi OAT, Abibo IB, Shekwolo PD,
Signismundi  KI, Adoki A, Okoro IC.
Remediation of crude oil contaminated soil
by enhanced natural attenuation. J. Appl.
Sci. Environ. 2005;9(1):103-06.

Ibiene AA, Orji FA, Ezidi CO, Ngwobia
CL. Bioremediation of Hydrocarbon
Contaminated Soil in the Niger Delta using
spent mushroom compost and other
organic wastes. Nig. J. of Agric, food and
Environ. 2011;7(3):1-7.

Ariyo AB, Obire O. Microbial population
and hydrocarbon utilizing microorganism
from Abattoir soils in the Niger Delta.
Current Studies in Comparative Education,
Science and Technology. 2016;3(1):228-
237.

Atagana HI. Microbiological profile of crude
oil in storage tank. Environ Monitoring and
Assessment. 1996;41(3):301-308.
Queipo-Ortuno MI, De Dios C, Macias JM,
Bravo MJ, Morata P. Preparation of
Bacterial DNA of template by boiling and
effect of immunoglobulin G as an inhibitor
in Real-Time PCR for serum sample from
patients with Brucellosis. Clin. Vaccine
Immunol. 2008;15(2):293-296.

Sokolo et al.; JABB, 18(4): 1-7, 2018; Article no.JABB.43507

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Mitra S, Roy P. Molecular Identification of
16S rDNA sequence of a novel bacterium
capable of degrading trichloroethylene.
Journal of Biological Science. 2010;10:
637-642.

Schoch CL, Seifer KA, Huhndorf S, Robert
V, Spouge JL, Levesque CA, Chew W,
Fungi Barcoding Consortium. Nuclear
Ribosomal Internal Transcribed Spacer
(ITS) Region as a Universal DNA Barcode
Marker for Fungi. PNAS. 2012;109(16):
6241-6246.

Saitou N, Nei M. The Neighbour-Joining
method: A new method for reconstructing
phylogenetic trees. Molecular Biology and
Evolution. 1987;4:406-425.

Jukes TH, Cantor CR. Evolution of protein
molecules in munro HN, editor mammalian
protein metabolism. New York: Academic
Press. 1969;21-132.

Kumar S, Stecher G, Tamura K. MEGA 7:
Molecular evolutionary genetics analysis
version 7.0 for bigger datasets. Molecular
Biology and Evolution. 2016;33:1870-

1874.

Chikere CB, Ekuabu CB. Molecular
characterization of autochthonous
hydrocarbon utilizing bacteria in ol

polluted sites in Bodo Community Ogoni
Land, Niger Delta, Nigeria. Nig J. Biotech.
2014; 27:28-33.

Chikere CB, Obieze CC. Fungi diversity
and dynamics during bioremediation of
crude oil polluted soil. Bentham Science.
2017;2211-5501.

D’Annibate A, Rosetto F, Leonardi V,
Federici F, Petruccioli M. Role of
autochthonous  filamentous  fungi in
bioremediation of a soil historically
contaminated with aromatic hydrocarbon.
Appl Environ Microbiol. 2006;72(1):28-35.
Prenafeta-Boldu FX, Summerbell R,
Sybren de Hoog D. fungi growing on
aromatic hydrocarbon: Biotechnology’s
unexpected encounter with biohazard.
FEMS Microbiol Rev. 2006;30(1):109-130.
Thenmoozhi R, Praveenkumar D, Priya E,
Nagasathy A, Thajuddin N. Evaluation of
aromatic and polycyclic hydrocarbon
degrading abilities of selected bacterial
isolates. J. Microbiol Biotech. Res. 2012;
2(3):445-449.

Oboh BO, Ollor MO, Akinyemi JO,
Adebusoye SA. Hydrocarbon degrading
potential of bacteria isolated from a Nigeria
Bitumen (Tarsand deposit). Nature and
Science. 2006;4(3).



24.

25.

26.

27.

Nync EJ, Auquiere JP, Wiaux AL.
Taxanomic value of the property of fungi to

assimilate hydrocarbon. Antonie van
Leeuwenhoek.  1968;34(4):44-457. In:
Atlas RM. Microbial degradation of

petroleum hydrocarbons: an environmental
perspective. Microbiological Review. 1981;
45(1):180-209.

Sandrin TR, Maier RM. Impact of metal on
the Biodegradation of organic pollutants.
Environmental Health Perspective. 2003;
3(1):1093-1101.

Nwakanma C, Obih EC, Onyia O.
Molecular identification of bacteria involved
in degradation of crude oil. Nigeria Journal
of Biotechnology. 2016;31:1-8.

Vinothini C, Sudhakar S, Ravikumar R.
Degradation of Petroleum and crude oil by
Pseudomonas and Bacillus cereus.
International Journal of current
Microbiology and Applied Science. 2015;
4(1):318-329.

Sokolo et al.; JABB, 18(4): 1-7, 2018; Article no.JABB.43507

28.

20.

30.

Ju S, Lin J, Zheng J, Wang S, Zhou H, Sun
M. Alcaligenes feacalis ZD02, a Novel
Nematicidal bacterium with an extracellular
serine protease virulence factor. Applied
and Environmental Microbiology. 2016;
82(7):2112-2120.

Wokem VC, Odokuma LO, Ariole CN.
Isolation and Characterisation of
Hydrocarbon  utilizing Bacteria  from
petroleum sludge sample obtained from
crude oil processing facility in Nigeria. J.
Appl. Sci. Environ. Manage. 2017;21(2):
355-359.

John RC, Essien JP, Okpokwasili GC.

Polycyclic aromatic hydrocarbon-
degrading bacteria from aviation fuel spill
site at Ibeno, Nigeria. Bulletin of

Environmental Contamination and

Toxicology. 2012;88(6):1014-1019.

© 2018 Sokolo et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/26434




