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ABSTRACT

Two hydrocarbon degraders isolated from an abandoned coal pamesoil in Lagos, Nigeria, were tested. The isolates

were identified as belonging to the gerseudomonasP. putidaG1l exhibited strong degradative ability on crude oil,
kerosene, fair ability on engine oil, brake aitd petrol and a weak ability on pyrene, wiile aeruginosakl had
corresponding values of 0.21days-1 and 3.31 days. The amount of crude oil degraded by strain G1 and K1 after a 21 day
incubation period were 92.05%c90.89% respectively. Data obtained from gfa®matographic analysis of oil recovered

from culture fluids of G1 and K1 confirmed a near-disappeaminaiiphatic fractions and a significant reduction of aromatic
fractions in the hydrocarbon mixture. © 2010 Friends Science Publishers
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INTRODUCTION environment (Okoh & Trejo-Hernandez, 2006).
Hydrocarbon degrading bacteria and fungi are mainly

Crude oil is a complex mixture of hydrocarbons, responsible for the mineralization of oil pollutants and are
composed of aliphatic, aromatic and asphaltene fractionglistributed in diverse ecosystems (Leahy & Colwell, 1990).
along with nitrogen, sulfur and oxygen-containing Gram negative bacteria such as specie®sgudomonas
compounds (Jairet al, 2005). The constituents of these Sphingomonas Acinetobacter Flavobacterium Gram
hydrocarbon compounds are present in varied proportionpositive bacteria with low G+C such aBacillus
resulting in high variability in crude oil from different Micrococcus and the high G+C particularly the
sources (Speight, 1999). Contamination of soils and aquiferé\ctinomycetes such as specieshothrobacter Nocardig
by oil spills is a persistent and widespread pollution problemRhodococcusnd Streptomycebave been implicated in the
ravaging almost all compartments of the environment andmnineralization of hydrocarbon pollutants (Leahy & Colwell,
imposing serious health implication and ecological 1990; Amund, 2000; Okoh, 2006).
disturbances (Bundgt al, 2002; Okoh, 2006). Nigeria, a It is uncommon to find organisms that could
major producer of petroleum, is enmeshed in seriouseffectively degrade both aliphatics and aromatics possibly
environmental pollution problems arising from petroleum due to differences in metabolic routes and pathways for the
exploration, exploitation, transportation and consumptiondegradation of the two classes of hydrocarbons. However,
coupled with inadequate maintenance of oil pipelinessome reports have suggested the possibility of bacterial
resulting in seepages and ruptures (Okerentugba &species with propensities for degradation of both aliphatic
Ezeronye, 2003). This problem has become compounded iand aromatic hydrocarbons simultaneously (Amanhal,
recent years by increasing sabotage and vandalization cf987; Obayoriet al, 2009b). This rare ability may be as a
pipelines by restive oil communities particularly in the Niger result of long exposure of the organisms to different
Delta area of the country. Petroleum pollutants are not onlynydrocarbon  pollutants  resulting in  acquisition  of
toxic to biological component of the environment, but someappropriate degradative genes. In this study, we report the
hydrocarbon components are indeed carcinogenic andegradative potentials of twRseudomonaspecies isolated
mutagenic, with immunomodulatory effects on humans,from an abandoned coal power plant soil on Bonny Light
animalsand plant life (Miller & Miller, 1981; Obayoet al, crude oil.
2009b). Mechanical and chemical methods for remediation
of hydrocarbon-polluted environment are often expensive MATERIALSAND METHODS
technologically complex and lack public acceptance (Vidali,
2001). Thus, bioremediation remains the method of choiceSampling: Soil samples for this study were collected from
for effective removal of hydrocarbon pollutant in the an abandoned coal power plant soil in the premises of
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Power Holding Company (PHC) formerly National Electric energy. Enrichment was carriedit with shaking at room
Power Authority (NEPA) yardat ljora-Olopa, Lagos. The temperature for 4 weeks until there was turbidity. After 3
site has a long history of contamination due to the use otonsecutive transfers, hydrocarbon degraders were isolated
coal plant for electric power generation in the 1950s. Soilby plating out dilutions from the final flask on Luria-Bertani
samples were collected at a depth of 10-12 cm using sterild_B) agar. The colonies that appeared were further purified
trowel after clearing debris from the soil surface. Sampleson LB agar and screened for crude oil utilization. Pure
for physico-chemical analyses were collected inisolated were maintained at °@0in glycerol: LB broth
polyethylene bags, while thofar microbiological analysis medium (50:50).

were collected in sterile screw-capped bottles. Analysisldentification and characterization of isolates. Pure
commenced immediately upon arrival in the laboratory. cultures of bacterial isolates were identified on the basis of
Leftover samples were refrigerated at 4°C. their colonial morphology, cellular morphology and
Physico-chemical analyss of soil samples: The pH of the  biochemical charderistics according to the taxonomic
soil samples was determined with a pH meter (Jenwayscheme of Bergey's Manual of Determinative Bacteriology
3051) in 1:1 soil solution in distilled water. The moisture (Holt et al, 1994).

content, organic content, total nitrogen content, potassiunBubstrate specificity of isolates: Abilities of the isolates to
content and available phosphorous were determined agrow on varieties of hydrocash substrates were evaluated
described previously (Bray & Kurtz, 1945; Black, 1965; in liquid media supplemented with 50 ppm of respective
Chopra & Kanwar, 1998). Conductivity was determined hydrocarbons as a sole carbon and energy source.
using a conductivity cell (PW 9504 Philips) with a cell Incubation was carried out under similar conditions as
constant of 1.2, while the heavy metal content of the soilsdescribed above. Degradati was monitored by cell
was determined using atomic absorption spectrophotometencreases and visual observation for turbidity coupled with
(Alpha 4, AAS) following mixed acid digestion and disappearance of the oil slick in case of petroleum cuts. The
extraction of the soil samples. The total hydrocarbon contenhydrocarbons tested includenaphtol, anthracene, pyrene,
of the soils was extracted using n-hexane: dichloromethandiphenyl, crude oil, petrol, engine oil, brake oil and
solvent systems (1:1). kerosene. Liquid hydrocarbons were autoclaved and
Microbiological analysis of soil samples: The total separately added to sterile MSM at 0.1% (v/v). Inocula were
heterotrophic bacterial andrfgal counts were enumerated 24-h LB-grown cultures and inoculation was carried out to
by plating aliquots (100 pL) of appropriate diluted soil achieve initial optical density of 0.05 (@Qfg. Incubation
samples on nutrient agar and acidified potato dextrose agawas carried out for 14 days.

containing streptomycin (1 mg/100 mL), respectively. All Growth kinetics: Mean generation times {JTand specific
plates were incubated aercdlly at room temperature growth rates (u) of the two isolates on crude oil were
(29+2C) and counted after 24 h and 48 h for bacteria andcalculated using non-linear regression of growth curves for
fungi, respectively. Similarly, the population of the period when growth rates were maximal using prism
hydrocarbon-utilizers was estimated on mineral saltsversion 5.0 (Graphpad software, San Diego, CA).

medium (MSM) formulated by Késtnet al (1994). The  Extraction of residual oil: Residual oil was extracted by
medium contained per litre Bl4PQ,, 2.13 g; KHPQ,, 1.30 liquid-liquid extraction asdescribed by Adebusoyet al

0; NH,CI, 0.50 g and MgS£7H,O, 0.20 g. Sterile trace (2007). Briefly, equal volume of hexane (20 mL) was added
element solution (1.0 mL/L) of Bauchop and Elsden (1960)to broth culture in flask and shaken thoroughly. After
was aseptically added to the medium after sterilization. Theemoving the aqueous phasethwseparating funnel, the
pH of the medium was adjusted to 7.2 and 5.6, respectivelyrganic fraction was reconstituted to 5 mL and the residual
for bacterial and fungal estimations. The MSM was alsooil concentration was determined by gas chromatography.
fortified with nystatin (50 pg/mL) for bacteria and 1 mg/100 Control flasks were also extracted similarly.

mL of streptomycin for fungi. Sterile crude oil served as the Analytical method: Hexane extracts (1}0L) of residual oil
sole carbon and energy source and made available to theere analyzed with Hewlett Packard 5890 Series Il gas
cultures through vapour-phase transfer (Raymendl, chromatograph equipped with flame ionization detector
1976). Plates were counted after incubation at room(FID) and 30 m long HP-5 column (internal diameter, 0.25
temperature for 5-7 days. The percentage of hydrocarbonmm; film thickness, 0.25 um). The carrier gas was nitrogen.
utilizers relative to the heterotrophic population for each The injector and detector temperatures were maintained at
time point was subsequently determined. 250°C and 356C, respectively. The column temperature
Enrichment and isolation of hydrocarbon degrading was programmed at an initial temperature &C7@his was
bacteria: Bacteria able to degrade crude oil were isolatedheld for 2 min, and then ramped af@@nin to 326C and

on crude oil amended mineral salts medium (MSM) by held for 10 min.

continual enrichment method. The MSM of Kéasteeal

(1994) described above was used. Contaminated soil sampRESUL TS

(5.0 g) was added to 45 mL of MSM containing crude oil

(Bonny light) at 1% (v/v) as the sole source of carbon andPhysicochemical properties of soil: The polluted soil had a
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pH that was slightly acidic (5.4) with a moisture content of Table |: Physicochemical and microbiological
about 11%. The total hydrocarbon content (THC) of the soil properties of the polluted soil

was high with a value of 13382.1 mg/kg, while the detection

of lead in the soil further confirmed the extent of pollution ;%riﬁie::omem ) Villu‘i
of.the site (Table ). o pH 54
Microbial characterization of the study area: The Conductivity (1S/m) 67.4
microbial load of the polluted soil is presented in Table I. Chloride (mg/kg) 68.0

The result shows a total heterotrophic bacterial (THB) and Total organic carbon (mg/kg) 31
fungal counts (THF) of 6.18 x 1afulg and 6.09 x 10 ;ggszi{]dr;ofnaqrgtﬁg)comem (mgkg) 1?:’82
cfu/g, respectively in the polluted soil. Additionally, it was Total nitrogen () 0.18
observed that the proportions of hydrocarbon utilizing Available phosphorus (mglkg) 363.4
bacteria (HUB) and fungi (HUF) within the heterotrophic 5°d'um(”|‘(g’k9) 542
communities of the polluted soil were generally less than #ﬁ?; f{ggni)rophic bacteria (cfu/g) 4';18)310
1.0% (0-78%, 0-74%)- Total heterotrophic fungi (cfu/g) 6.09 x10
I dentification of bacterial strains. The enrichment of the  Hydrocarbon utilizing bacteria (cfu/g) 4.85x°10
polluted soil with crude oil led to the isolation of several -Hydrocarbon utilizing fungi (cfu/g) 4.48x10

hydrocarbon degraders. Two bacterial strains with the best_l_ ablell:
degradative abilities on crude oil based on visual )

observation for turbidity were used for this study. The two components of crude oil

Substrate susceptibility of isolates on various

isolates were Gram negatjvenotile rods, which were

- ) ! ’ A Substrate | solates
positive for oxidase, catalaseitrate reduction and citrate P. putida (G1) P. aeruginosa (K 1)
utilization. They failed to fermeémmost sugars tested. Strain  Crude oil +tt et
Petrol ++ +++

G1 was indole negative and svable to ferment fructose

e . . Kerosene
and xylose. It exhibited positive reaction to methyl red and g qinc i
Voges-Proskauer and could not grow &tG4and failed to  Brake il ++

+++
++

+++
+++
+++

produce any pigment. It was thus identifiedPasudomonas  2-naphtol

putida Strain K1 was positive for gelatin hydrolysis and Anthracene i +

was able to ferment cellobiose. It did not ferment xylose and g?gﬁgre]yl + N

was methyl red and VOgeS-PFOSkauer negat've It prOdUCGO+++ luxuriant grovvth; ++: very good growth; +: poor growth; - no
pyocyanin and grew at 22. It was thus identified as  growth

Pseudomonas aeruginosa Cultures were incubated for 14 days _

Substrate susceptibility of isolates Strain K1 showed All substrates were supplied at a concentration of 50 mg/L

luxuriant growth on crude oil, petrol, kerosene, brake oil
and engine oil. It grew moderately on anthracene but

Tablelll: Growth kinetics of bacterial strainson crude

oil
failed to grow on 2-naphtol, biphenyl and pyrene. Strain
G1 degradedpetrol, engine oil and brake oil moderately, Isoate Spexific Mean %  Degradation
but exhibitedluxuriant growth on crude oil and kerosene. growth — generation  degradation*  Rate
. Rate(day™) Time(day) (Y%/day)
However, Gl_ fail to degradall the PAHSs tested, except + putida(G1) 0.12 578 92.05 2.38
pyrene on which moderate growth was observed (Table 1l). p. aeruginosgk1)  0.21 331 90.89 432

Growth kinetics of isolates on crude oil: Following a 21 *Percent degradation values represent the net decrease (FID area counts)
day incubation of the two isolates on crude oil as sole calculated with reference to the amount recovered from heat killed control
carbon and energy source, significant increases in cellubes

densities were observed witboncomitant decreases in

different components of theutte oil (Table Ill, Figs. 1 & DISCUSSION
2). Strain G1 exhibited specific growth rate and mean
generation time of 0.12 daysind 5.78 days, respectively.
However, higher specific growth rate and lower mean
generation time were observed in strain K1 with values of
0.21 day8 and generation time of 3.31 days. Interestingly,

The use of autochthonous microorganisms inhabiting
hydrocarbon-polluted niches for biodegradation and
bioremediation has been widely accepted as a formidable
approach due to avalanchesofccesses recorded by various
researchers. The mechanisms of adaptation employed by the

strain GL with the least growth rate displayed higherautochthonous microorganisms to achieve this feat includes
degradative ability with 72% of the oil degraded in 12 days . ; roorg . :
synthesis of inducible enzymes, mutations such as single

as compared to 69% obtained with K1 during the Samenucleotide change or DNA rerangement that results in
period. At the end of the 21 days cultivation period, more 9 9

than 92% of the oil was consumed by G1, a value sIightly%?g:ﬁd?;['%nﬂo:nthf C?mrp?ﬂng arndh alcqwrs‘ltlt?n "Of d?et;;e?c
higher than ~ 91% obtained with K1. ormation from closely refated or pnylogenetically distinc

population within the hydrocarbon-challenged community
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Fig. 1. Gas chromatographic fingerprints of Bonny Fig. 22 Gas chromatographic fingerprints of Bonny
Light crude oil recovered from flasks inoculated with Light crude oil recovered from flasks inoculated with
heat-inactivated cells of Pseudomonas strain G1 (A), heat-inactivated cells of Pseudomonas strain K1 (A),
experimental flasks containing G1 after incubation for experimental flasks containing K1 after incubation for
12 days (B), and experimental flasks containing G1 12 days (B), and experimental flasks containing K1
after incubation for 21 days(C) after incubation for 21 days(C)
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through horizontal gene trsier (HGT) (Top & Springael, (Chakrabarty, 1972; Dunn & Gunsalus, 1973; Atlas, 1981).
2003). The genusPseudomonass reputed to possess broad

The present study examined the biodegradative abilitysubstrate affinity not only for different classes of
of two bacterial strains isolated from an abandoned coahydrocarbons such as alkanes, alicyclics, heterocyclics and
power plant soil on bonny light crude oil. The two isolates aromatics (Vankateswarat al, 1995; Nojiriet al, 1999;
were identified as species Béeudomonaand exhibit the  Obayoriet al, 2008) but also for a plethora of xenobiotic
ability to grow on both the aliphatic and aromatic fractions compounds (Amund & Adebiyi, 1991; Hale¢ al, 2001;
of petroleum. Earliest reportsave indicated the catabolic Wackett & Hershberger, 2001).
versatility and genetic plasticity d?’seudomonaspecies The aliphatic fraction, consisting of straight chain,
and their ubiquity in hydrocarbon polluted environments branched chain and cyclic chain carbon moieties, is the
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major constituent of crude oil (Ja@t al, 2005) and is the options available in crude oil as source of carbon and
most readily degraded hydrocarbon compounds with speciesnergy. Another reason may be that at the abandoned coal
of Pseudomonas Acinetobacter  Arthrobacter power plant soil, where these organisms were isolated,
Burkholderiaetc., as common culprits (Mishea al, 2001; different types of oil products may have been used for
Bhattacharyaet al, 2003). As indicated in the GC lubrication and fuelling of the coal plant, which inevitably
fingerprints of the two isolates on crude oil for 21 days, thefound their way into the soil along with products of coal
C.5Cy4 fractions of the crude oil was nearly completely combustion. This often results in adaptation of the
utilized by the Pseudomonasspecies with a drastic autochthonous organisms to the pollutants due to selective
reduction in the major peaks£-C,7, C;9 and Gy (as shown  pressure and acquisition of degradative abilities (Wackett &
in panel A-C of Figs. 1 & 2 ). This observation give Hershberger, 2001).
credence to the fact that aromatic components of In conclusion, this study has confirmed the
hydrocarbons (especially higher aromatic hydrocarbonshiodegradative abilities ofPseudomonasspecies, their
exhibit high degree of recalcitrance due to their stability, ubiquity in hydrocarbon polluted environments and their
hydrophobicity and high resonance energy informed bypotential for bioremediation of hydrocarbon-polluted sites.
their benzene backbone. Significant reductions inFurther works to determine the optimum environmental
concentration of naphthenes and aromatics components afonditions favorable for their application in bioremediation
the crude oil as shown in the GC fingerprints indicates thewill be the focus of our future research.
catabolic versatility of the tw@seudomonassolates. This
observation may not be unconnected to the fact thaREFERENCES
acquisition of intrinsic abilities to degrade crude oil
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