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ABSTRACT

There is much concern about the effect of oil pi@fuin the environment which has led to a globsérest in the
microbial biodegradation of pollutants in the retgm®ars. In order to reduce or eliminate the effefcbil spillage
on the environment and living organisms using lgalal process, a study was carried out to isolatedegrading
bacteria associated with oil-polluted lands in Ri&tate, Nigeria. Crude oil was supplied to theighmment culture
as a sole carbon and energy source. The degradatiiléy of the isolates was determined by optidahsity. A
total of 10 oil-degrading bacterial strains wermiated from soil and water samples polluted withiRiver state.
All isolates were characterized by molecular methBtylogenetic analyses of 16S rRNA gene sequemees
examined in order to determine the evolutionanatiehships of the isolates. Six species belonchéogamma
subdivisions of Proteobacter, one specie belonfpéadivision Firmicutes (Gram +ve bacteria) whileee species
could not be assigned to any known phylum. TherRd&\ analysis revealed that the isolates belongethée
genera Citrobacter, Enterobacter, Klebsiella, Aemras, Ewingella and Pseudomonas. The percentages of
Proteobacteria and Firmicutes in soil were greatlean those in the water samples. The applicatiomofecular
methods for rapid detection of diverse strains ibfdegrading bacteria for bioremediation processas great
relevance in promoting a sustainable developmenuofenvironment with low environmental impact.
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INTRODUCTION

Nigeria, the largest country in Africa with totalea of 923,768sq km is located between latitudarndP 14° north
and longitude 2.45° and 14.30° east. The oil imtkssin Nigeria are primarily located in the Nid2elta which is a
coastal area, situated in the South-east of Nig8udsistence farming and fishing are the mainstahe people,
out of which, 75 per cent rely on natural endowrsdat a living. However, the growth of the oil irgtty coupled
with a population explosion and lack of environna¢negulations, has led to substantial damage tgeM’'s

environment especially in the Niger Delta regiohisTin turn, has caused a significant tension betwihe people
and the multinational oil companies operating i éinea (Agbogidét al,, 2005a).

The greatest environmental problem connected witldec 0il exploration in Nigeria is oil spill botmeshore and
off-shore (Mandri and Lin, 2007). Crude oil, becawad its characteristics, is one of the most imgrurpollutants in
the environment as it is capable of causing seridamages to humans and the ecosystem, resultirtgein
contamination of drinking water, poisoning andikij of aquatic life, thereby, placing hardship bnge who make
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their living by fishing. Oil pollution produces dogical problems of great dimension. It affects| dertility
adversely, causes alterations in soil physicochanaicd microbiological properties (Agbogigti al, 2005b).

Physical, chemical and biological techniques aeevifirious methods employed to deal with large soihlepill but
the most promising of them, is bioremediation. Broediation is defined as the use of organismser gnzymes
to provide an effective alternative (Singhal, 2001) or to return the environment altered bytaorinants to its
original condition (Okon and Trejo-Hernandez, 200B)icroorganisms are known to attack and digestdih This
report deals with the isolation of oil-degradingctegia. They are capable of using organic substantatural or
synthetic, as sources of nutrients and energy hextebiting remarkable range of degradative cdjiesi (Duaet
al., (2002). Oil-degrading microorganisms are ubioustin the environment, particularly in the oil{ptéd sites.
Both fungi and bacteria have been found to be usefioremediation process, even though many rebea have
been on bacteria in the recent times. Althoughdewihylogenetic diversity of microorganisms is ddpaf aerobic
degradation of contaminant8seudomonaspecies and closely related organisms have beemdst extensively
studied owing to their ability to degrade many eliént contaminants (Wackett, 2003). The oil-degmadi
populations are widely distributed in the lands amder bodies. In a research carried out by Oj@§20oil-utilizers
detected includeBacillus megaterium, Pseudomonas putida, Microcsctuteus, B. brevis, B. pumiliand
Enterobacter aerogeneshe traditional method of identification of bacteincludes isolation, morphological and
biochemical characterization. This forms the ba$idassification for bacterial genera (Cowan abek 1993) and
has been used for many decades, however, withmistions (Wahler and Reymond, 2001). Identifioatiand the
ecological spread of environmental bacteria arerofiomplex to analyze using conventional methodsa Aesult,
there are some microorganisms that are still uncedt (Kamagata and Tamaki, 2008nly about 1% bacteria can
be detected from many environments when traditienétlire-based approaches are used (Kamagata andkia
2005). As a result of this, new strategies and @gugires are being implemented for the rapid, seasitnd specific
detection of microorganisms in the environment. Ti@ecular analyses have been found to be moreoppate
than the traditional approaches becathsse involve culture-independent analyses sucbeastyping the 16S
rRNA genes, fluorescence in situ hybridization (F)S (Zwirglmaier et al, 2005), the use of genetic probes,
polymerase chain reaction (PCR) and metagenomaseghineet al, 1991). Molecular identification involving
rRNA enables identity of novel sequences and dityets be discovered. It also reveals informatitwoat metabolic
life style of microorganisms which are not amenatolepure cultures (Hugenholet al, 1998). Maslowet al
(1993) reported that 16S rRNA analysis for charééon of bacteria is excellent because the teglendepends
on the examination of genetic diversity of isolates

In this study, the indigenous degrading bacterenfioil polluted sites in River State, Nigeria, wéselated and
identified using molecular techniques, namely DN&lation, PCR amplification of 16S rRNA, sequencany
phylogenetic analysis of partial 16S rRNA fragments

MATERIALS AND METHODS

2.1 Sampling sites and collection of samples

Six oil-contaminated environmental samples weréect#d from three different flow stations in Rivgiate, Nigeria

as follows: Agbada-Aluu in Ikwerre Local Governmdtea; Obite in Ogba/Egbema Local Government Arned
Bonny in Bonny Local Government Area. The watemgks were collected aseptically into screw-capped
containers while the soil samples were collected $terile cellophane bags.

2.2 Growth medium

The Bushnell-Haas Broth (BHB)used for the enrichimemiture contained 0.20g Magnesium sulphate, .02
Calcium chloride, 1.00g Monopotasium phosphateQd. Dipotasium phosphate, 1.00g Ammonium nitrae)5g
Ferric chloride in 1L distilled water. The BHB waspplemented with 2% (v/v), petrol, diesel, pana#ind crude
oil which were filter-sterilized by a membranedilt(0.22um).

2.3 Measurement of Degradative activity of the isates

The BHB supplemented with various 2% (v/v) oil (petrol,si& paraffin and crude oil) were separately inatd
with each isolate incubated for 7 days at@@luring which the optical density of each culturegdium was
guantified with spectrophotometer at 600nm anddégradative activity (Unit/mL/hr) was calculatedoti®ye et
al., 2010).
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2.4 Bacterial DNA preparation

Total genomic DNA was extracted from bacterial getif 24hr old culture by using a lysozyme/protem&/SDS
treatment followed by standard phenol/chloroforntrastions (Wang et al., 2007). The concentratiothef DNA
was measured using a Spectrophotometer (Nanodfop) DNA extracts and a standard markeambda §) Pstl
molecular size marker (kbp) were electrophoresed d% agarose gel.

2.5 Polymerase chain reaction (PCR)

The DNAs were used for PCR amplification with ther® Amp® PCR System (Applied Biosystems, USA). All
treatments were carried out in triplicates. The tBNA genes were amplified by polymerase chaintieaaising
the primers E9F (5'-GAG TTT GAT CCT GGC TCA-3) (Fally et al, 1995 and U1510R (5-GGT TAC CTT
GTT ACG T -3) (Reysenbach and Pace, 1995) targefi#26 and 1490-1512 nucleotides respectively. FEB&
thermal cycling programme used was as followstiahdenaturation at $& for 5min; 30 cycles of denaturation,
annealing and extension at°@ 52C and 72C for 30s, 30s and 1min 25s respectively, follovigda final
extension at 7Z for 10min and kept at a hold temperature %.4The total volume of PCR mixtures contained 10
X reaction buffer (2.pl), dNTPs (2.4l), primer (forward and reverse) (2/5each), Tag Polymerase (Dream)
(0.12511) and DNA template (ll) of approximately 10ng. Positive and negativetoals were included in the PCR
reactions.

2.6 Gel Electrophoresis:

The PCR products were analyzed on a 1% TAE agageksand stained with ethidium bromide80 V for 45-60
min. The bands were thereafter, visualized usitigaviblet (UV) light transillumination and photograed with a
digital imaging system (Alphaimager 2000, Alphadtech, San Leandro, CA).

2.7 Purification of PCR amplified 16SrRNA gene:

With the aid of a clean scapel, the PCR productlril6SrRNA gene that was observed on the gel,ovasnder
long wavelength (365nm) UV light with minimal expwe time. 200mg of the cutting gel was then tramsteto a
clean DNase-free 1.5 ml microcentrifuge tube antbmmercial PCR DNA and Gel Band Purification kitHG
Healthcare illustr®' GFX™) was used to purify the PCR products accordingamufacturer’s instructions.

2.8 Sequence analysis

The 16S rRNA gene products (forward and reversmdf) of 10 bacterial isolates were sequencedciBam PCR
products were subjected to cycle sequencing in lbthction using universal primers. The sequence wa
determined with a Dye terminator sequencing kitfled Biosystems), and the product was analyzel wafit ABI
Prism DNA sequencer (Applied Biosystems). 16S rRé¢fuences obtained were compared to those stotbd in
NCBI (www.nchi.nlm.nih.gov) database using theibdscal alignment search tool (BLAST) algorithm ¢kgulis

et al, 2008).

2.9 Phylogenetic Analysis

The bacterial 16S rRNA gene sequences obtained fhisnresearch work coupled with the sequencesevetl
from the database were aligned using the softw@tastalX 2.0.5 while the trees were constructdadgubleighbour
joining method. The analysis was performed with sbéware BioEdit while the output trees were pregausing
the software Treeview 1.66 (Page, 1996).

2.10 Statistical Analysis
Numerical data obtained for the degradative agtiwiére subjected to Analysis of Variance (ANOVA)ngsSPSS.
Duncan’s New Multiple Range Test was used to sépdine means.

RESULTS

3.1 Oil-degrading bacterial isolates

A total of 15 bacterial strain€gfab 1- CFfab 1bwere isolated from samples collected from oillpeld sites. All

the strains were able to grow on oil (petrol, diesal crude oil)CFfab 14was observed to demonstrate the greatest
ability for petrol, diesel and crude oil.
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3.2 Degradative ability of the isolates

Figures (1-3) show the ability of the bacterialléses to biodegrade petrol, diesel and crude dik @iegradative
activity of the fifteen isolates showed that ale tisolates are capable of degrading petrol, diesdl crude oil,
although the rates of degradation varied. Thesstedi analysis showed that given similar cond#iothere was
significant difference in the degradative activitythe isolates on the three types of oil at 95%ficence interval
and that the incubation period had significantetiéhce on the degrading activity of the isolate3586 confidence
interval. All the isolates degraded the hydrocagy@uggesting similarities in the gene that encaldgsadation in
their genetic make-up.
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Figure 1: Oil-degrading activity of bacteria grownon petrol
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Figure 2: Oil-degrading activity of bacteria grownon diesel
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Figure 3: Oil-degrading activity of bacteria grownon crude oil

Table 1: Complete nucleotides blast of genes fronil@legrading bacteria isolated from oil polluted sd and water

No.of Homologous genes

Accession

Organism

Description

Isolate  bases No.
168 ribosomal RNA gene, dbj|AB548826. Citrobacterfreundii  Citrobacter freundii
| stram: JCM 24061 165nbosomal RNA, partial sequence, stram: JCM 24061
CFfabl 1141 165 rbosomal RNA gene, 3% EU419938.1  Pseudomonas Pseudomonas pseudoalcaligenes straim RW31 168 ibosomal
partial pseudoalcaligenes BNA gene, partial sequence
sequence stram RW31
CFfab3 12727 16Snbosomal RNA, 03% emb[FNO9T63  Enterobaciterspp. Enterobacteria spp. M539 partial 165 rRNA gene. stram
31| MS39
CFfab5 1021 165rbosomal RNA gene,  92% gb/DQ816624.  Uncultwedbacterum  Uncultured bacterium clone 2ab20d12 165 ribosomal ENA
partial 1 cloneaab20d12 gene, partial sequence
sequence
CFfab6 1248 16Srbosomal RNA gene, 94% gb/DQ816402.  Uncultwedbacterum  Uncultwredbacterium clone aab17f05 165 ibosomal RNA
partial 1 clone aab1 703 gene, partial sequence
sequence
CFfub10 1151 168nbosomal RNA gene,  93% b/DQR16407. Uncultwedbacterum  Uncultwred bacterum clone aab17f10 168 ribosomal RNA
partial 1 clone aab17f10 gene, partial sequence
sequence
CFfab12 520 16Sribosomal RNA gene,  95% gb|GQ417907.  Uncultured Uncultured Citrobacter spp. clone F4jan.7 165 ribosomal
partial sequence 1 Citrobacterspp.clone  RNA gene,
Fjan7 partial sequence
CFfab 13 441 168 nbosomal RNA gene  93% GU993916.1  Kiebsiellaoxytoca Klebsiella oxytocastrainss-11 168 ibosomal RNA gene,
stranss-11 partial sequence
CFfab 14 707 16S1RNA gene, partial 2% gb|U20438.1  Ewingellaamericana  EAU29438 Ewingellaamericana 165 1RNA gene, partial
sequence sequence
CEfab 15 707 168 nbosomal RNA gene, 90% JF939003.1  Bacillus  megaterium  Bacillus megaterium stram V22 165 nbosomal RNA gene,
partial sequence straim IV22 partial sequence
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Figure 4 : Phylogenetic tree based on partial 16 RNA gene sequences of oil- degrading bacteria.

3.3 PCR Amplification of 16S rRNA

The universal primers (E9F and U1510R) successariplified the 16S rRNA gene from all the bactésiaslated

from the environmental samples. The size of theARJéne products obtained for all the fifteen isedatvere the
same as there were no conspicuous variations abte@amongst them. However, the size of the PCRifiedpl6S
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rRNA gene product of all isolated bacteria investiégl in this study was approximately 1.5 kb torelative DNA
size marker. Gel purification kit was used to puttfe amplified 16SrRNA gene products.

3.4 Alignments of the nucleotide sequences from tligenbank

The 16S rRNA sequences of the bacteria obtainea aftquencing were edited and aligned with the 9€béS
rRNA) from the other bacteria on the NCBI data hanking ClustalX2 and BioEdit program. The complete
nucleotides blast of genes from the oil-degradiagtéria isolated from oil polluted soil and wates aresented in
table 1. Alignments of these sequences showedfisigmi similarity € 96%) to previously identified bacteria and
uncultured bacteria present in environmental sasple

3.5 Phylogenetic Analysis

The partial 16S rRNA gene sequence from the 1Oebiattisolates when compared with the sequencen fte
database revealed that they belong to three taxiarioreages (Figure 4). Six specie€kfab 2 CFfab 3 CFfab 5
CFfab 6 CFfab 10and CFfab 14 belong to the gamma subdivisions Rifoteobacteria one specieGFfab 15
belong to the division Firmicutes (Gram positivecteaia), three of the isolate€Fab 1, CFfa 12and CFfab 13
could not be assigned to any known phylum. ForimstCFfab 12is only 95% similar to the closest sequence in
GeneBank (Accession No. gbhDQ816407.1),

which is derived from an uncultured bacteria detédtom environmental sample. All of them are meralu# the
domainEubacteriawith gamma Proteobacterié60%) being the dominant divisioRlasmodium falciparumvhich
does not belong to the domatibacteriawas used as an outgroup to root the tree. Seqgsidrara four isolates
had a similarity equal or higher than 95% with othéS rRNA sequences from the database, two hadhes 90%
similarity and the remaining were between 90 ané94The 16S rRNA analysis revealed that all iscldiad
similarities with the gener&itrobacter, Enterobacter, Klebsiella, Aeromonasyigella, Pseudomonasnd
unculturedBacteriumclone. The percentages RrfoteobacteriaandFirmicutesin soil were greater than those in the
water samples.

DISCUSSION

The preliminary test for the degrading capabilittdsthese bacteria on different oil (petrol, dieaald crude oil)
revealed that the bacteria isolated from the suwil water samples were able to multiply within ttas of study,
indicating that they were able to utilize the @it their growth and development, hence the con@mihcrease in
the concentration of the BH broth (turbidity). Thisadual increase in the concentration of the binthcates
bacterial growth (Aneja, 2007), hence degradatiooilpmostly between days 1 and 3 for both diese crude oil;
1 and 4 for petrol; and gradual decline in the emiation of the broth suggests decrease in thetiacpopulation
and that the oil has been degraded, mostly betwlega 4 and 7. The presence of oil-degrading bacterthe
polluted soil and water is a clear indication ttteg indigenous bacteria were carrying out theiraielic activity
using the added oil in the growth medium as the solrce of carbon and energy. It is evident froim $tudy that
bacteria isolated from oil polluted sites were d¢dpaf multiplying in the enrichment medium supptarted with
2% crude oil. The activities of these bacteria ddu# responsible for the bioremediation of the Emrnent which
is in agreement with the findings of Ojo (2006).

The amplification fragments were about 1.5kb edtte results obtained from the conserved sequenteeof6S
rRNA coupled with the nucleotide sequence, reved#thed the isolated bacteria are closely relate@itmbacter
freundii, Pseudomonas pseudoalcaligengsterobacterspp., UnculturecCitrobacter, Uncultured bacterium clone,
Klebsiella oxytoca, Ewingella americanand Bacillus megateriumThe high percentage similarities that the
bacterial isolates have with the blast mean they tre closely related to each other. Some of &utebia obtained
in this study have been isolated by other reseaschiech as Ojo, (2006) and Bobaskeal, (2010) by means of
traditional techniquesswingella americanavhich was found to exhibit the highest degradatigtvity in the three
oils has not been reported to be involved in ogrddation. It is suggested therefore, that thedig@mous bacteria
are potential degraders of oil in contaminatedssi@d could be employed during situ bioremediation or
bioaugumentation, which is in agreement with thggestions of Ghazaét al (2004) and Das and Mukherjee
(2006).

In constructing the phylogenic tree, the tree waated by assigning a root to the tree to show trudonary
pathway. The bootstrap values were calculated ubiagoftware, this value provides a measure ofehability of
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the phylogenetic tree (Hall 2001). Galtier and Gdistance based method was used in the construztitre tree
(Galtier and Gouyl1995). The scale bar of the trees representsa @ifference in nucleotide sequences. The tree
showed that the isolates clustered with their retjge matches from the database. Bootstrap valdies000
(maximum) were displayed, indicating that the hightlee bootstrap value, the more reliable the phstegic
analysis.

The molecular analyses method of identifying baatey gene level have been found to be more relign the
traditional approaches because the technique depenthe examination of genetic diversity of isetatMolecular
data generated in this study have shown to be mited to phylogenetic studies than phenotypic .dakés is
because all organisms are similar at the moledelal as they all use the same 20 amino acidseim ffnoteins and
the same nucleotides in their DNA.

CONCLUSION

Most bacteria obtained from this study are comnwther soil environments, but may have adaptethéooil
polluted habitat. Bacteria such Bwingella americanandKlebsiella oxytocawith high degradative ability which
have not been implicated for oil-degradation, was&ined in this study using molecular technigUds ability of
the strains to degrade oil is clear evidence tigit genome harbors the relevant degrading gereapplication of
molecular methods for rapid detection of diversaiss of oil-degrading bacteria for bioremediatfmocess is of
great relevance in promoting a sustainable devedoprof our environment with low environmental impa&
phylogenetic description of oil-degrading bactedssociated with oil polluted sites helps to underdt the
evolutionary relationships of these bacteria. Ttalsdegraders are potential organisms for intdri@bremediation.
The results obtained in this research work candeel &s a starting point for in-depth studies, paldrly in the area
of identifying the gene responsible for degradatboil from these bacteria. Confirmation on the@alation of oil
can father be investigated using Gas Chromatogr&fass Spectrometry (GC-MS).
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