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ABSTRACT

Recalcitrant pollutants such as polycyclic aromatidrocarbons (PAHSs) are difficult to degrade and
have been the focus for biodegradation. They forolaas of pollutant on a global scale. In an attetap
contribute to the search for suitable microbialturd with potential to biodegrade low and high noalar
weight PAHS, bacterial strains were isolated framgiee-oil polluted sites in Lagos, Nigeria. Theselates
were evaluated for possession of plasmid DNA ardrtie it played in PAH degradation. Out of sixteen
strains isolated, two were Gram negative while otleers were Gram positive isolates. They belonged t
generaMicrococcus StaphylococcyKurthia sp, AcinetobacterPseudomonaand CorynebacteriumAll the
isolates grew on the PAHs (anthracene, fluorantlaegepyrene) at varying rates utilizing them ag salurce
of carbon and energy. All the isolates also posskptasmid DNA ranging from 17.8 to 38.9 kbp. Satigm
of plasmid cured isolates to PAHs biodegradatioggsst that PAHs degradation may be plasmid and/or
chromosomally mediated depending on the bactexidie and PAHs being degraded. This study hasiex/e
that different compounds induce varied genetic gbarnn bacterial isolates in response to the stimul
© 2010 International Formulae Group. All rights erged.
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INTRODUCTION (Christensen et al., 2005; Wilcke, 2007). They
Polycyclic aromatic hydrocarbons  can travel long distances in the atmosphere
(PAHs) are a class of fused-ring aromatic thus, they are globally distributed. The
compounds known as ubiquitous  concentration of PAH in the environment
environmental pollutants (Ockenden et al.,, varies widely, depending on the level of
2003; Tao et al., 2006). PAHs are components industrial development, proximity of the
of crude oil, wood preservatives, smoke contaminated sites to the production source
houses and also found in emissions from and the mode of PAH transport (Mrozik et al.,
power generators and motor vehicles 2003). PAHs are commonly found in air, sall,
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estuarine water and sediments as pollutants
(Ogunfowokan et al., 2003; Masih and Taneja,
2006; Cai et al., 2007; Tian et al., 2008).
Some of these PAHs are known for their
recalcitrance, persistence and bioaccumulation

properties. They can be highly toxic,
mutagenic and/or carcinogenic especially
those with high molecular weight like

chrysene, pyrene and fluoranthene (Xue and
Warshawsky, 2005). They therefore pose
serious health concern on aquatic and
terrestrial life (Weinstein et al., 2003; Meudec
et al.,, 2006; Reynaud and Deschaux, 2006;
Castorena-Torres et al., 2008).

Microbial biotransformation has been
shown to be the principal process for the
elimination of PAHs from the environment.
The use of microorganisms for bioremediation
of PAHs contaminated sites is considered as
an efficient and cost effective technology for
restoration of polluted sites (Samanta et al.,
2002; Rehmann et al., 2008). The role of
microbes in utilization of PAHs in the
environment is in one part, the normal process
of carbon cycle, and on the other, a method of
removing man made pollutants from the
environment.

In order to study the fate of PAHs in
the environment, considerable efforts have
been focused on the isolation of
microorganisms able to degrade them. Studies
have shown the degradation of both low
molecular weights and few high molecular
PAHs (Santos et al., 2008; Igwo-Ezikpe et al.,
2010). However, understanding the location of
the PAHs degradation gene(s) on the microbes
is of paramount importance in practical
application. Genetic exchange by horizontal
gene transfer contributes to acquiring new
catabolic pathways in microbial communities
present in diverse environments (Springael
and Top, 2004). Moreover, a potential
candidate for bioremediation studies should be
able to survive in the environment, retain its
degradation potential and/or transfer its
degradation gene to surrounding organisms.
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Therefore, the aims of this study
include (1) isolate and partially characterize
PAHs degrading bacteria from engine oil
impacted soil, (2) evaluate the possession of
plasmid DNA by the isolates and (3)
investigate the role of plasmid DNA in PAHs
degradation.

MATERIALSAND METHODS
Chemicalsand media

All the reagents; polycyclic aromatic
hydrocarbons (pyrene, fluoranthene and
anthracene) and ethanol were sourced from
Sigma chemical Co. (Germany). The media
(Nutrient agar, Mueller Hinton agar, Mannitol
salt agar, Maconkey agar, Bacteriological agar
were obtained From Oxoid, UK, while the
molecular reagents; Agarose, Bromophenol
blue, Ethidium bromide and Hind Il digest of
Lambda DNA were from Promega, USA. All
PAHSs had purity> 96%.
I solation and identification of
microor ganisms

Soil samples were collected from five
different engine oil polluted mechanic
workshop sites located at Surulere area of the
Lagos metropolis in Western part of Nigeria.
Samples were collected using sterilized
spatula at a tillage depth of 2 cm randomly
from 20 core points. The soil samples were
mixed and a sub-soil collected into a sterile
universal container and transferred to the
laboratory at 4°C within 2 hr. A 10-fold
serially diluted sub-soil sample was inoculated
onto Mannitol salt agar plates sterilized by
autoclaving at 122C for 20 min. Plates were
incubated at 37°C for 18-24 hr. Discrete
colonies were further purified by sub-
culturing on sterilized Mueller Hinton agar
and MacConkey agar respectively and
incubated at 37 °C for 18-24 hr.
Morphological and biochemical studies such
as Gram’s reaction, slide agglutination, tube
coagulase, catalase, citrate utilization, oxidase
and sugar fermentation were performed as
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described by Barrow and Felthanm (2003).
Further identification of the isolates was also
carried out according to the method of Holt et
al. (1994).

Growth of isolates on polycyclic aromatic
hydrocar bons

Isolates were cultured on sterilized
solid mineral salt media (MSM) agar plates
containing anthracene, fluoranthene and
pyrene respectively as the sole carbon and
energy source by spray-plate technique (Igwo-
Ezikpe et al., 2010). MSM composed per liter
(pH 7.2): NHNOs;, 4.0 g; NaHPQ,, 2.0 g;
KH,PQ, 0.53 g; KSO,, 0.17 g, MgSQ7H,0,
0.10 g and trace elements solution (1 ml),
sterilized by autoclaving at 121 °C for 20 min.
Culture plates were wrapped with aluminum
foil and black polyethylene bag, and incubated
in the dark at 30 + 2.8Cfor 14 days. Control
plates (devoid of PAHS) were also incubated.
Bacterial colonies that formed clear zones on
the PAH coated plates indicated positive
growth, these were compared to control non-
PAH MSM agar plates and scored.

Evaluation of plasmid DNA possession and
involvement in PAHs degradation

In order to evaluate the role played by
plasmid DNA in PAHs degradation, the
isolates were evaluated for possession of
plasmid. Thereafter, their plasmids were cured
and isolates reevaluated for PAHSs
degradation.

Plasmid DNA extraction and agarose
electrophoresis

An overnight culture of bacterial cells
on Mueller Hinton agar were used for plasmid
DNA extraction using TENS method (Zhou et
al., 1990). Bacterial cells were emulsified in
200 pl of normal saline in 1.5 ml eppendorf
tubes and 30Ql of TENS solution added. On
mixing for 3-5 min, 150ul of 3 M sodium
acetate was then added, vortex for 10 sec,
centrifuged at 14000 g for 15 min and the
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supernatant transferred into another eppendorf
tube. Absolute ethanol (90d) was added to
the supernatant to precipitate the DNA,
thereafter pellet was rinsed with ethanol
(70%; 0.1 ml) and then suspended ingdOof
Tris EDTA buffer (TE Buffer). DNA
solutions were subjected to 0.8% agarose
electrophoresis with Tris borate buffer (TBE
buffer) containing two drops of ethidium
bromide (0.5 mg/ml). The samples and DNA
molecular marker (Hind Ill digest of Lambda
DNA) were mixed with bromophenol blue
and then loaded onto gel wells.
Electrophoresis was carried out at 60 V
(Thermo EC machine, CBS Scientific, USA)
for 1 hr 30 min. The gel was then removed
from the tank and placed on a UV-
transilluminator and photographed with
polaroid film.

Plasmid DNA curing, extraction and

agarose electrophoresis
Overnight culture of isolates on
Mueller Hinton agar were inoculated

respectively into 5 ml sterilized acridine
solution (0.1 mg/ml acridine orange in
nutrient broth) and incubated at 32 for 18-

24 hr. Thereafter, the organisms were plated
out on Nutrient agar and were subsequently
subjected to plasmid extraction and agarose
electrophoresis as previously described (Zhou
et al., 1990).

Growth of cured isolates on polycyclic
aromatic hydrocarbons

Overnight cultures of cured isolates
were harvested from Mueller Hinton agar onto
freshly prepared steriized MSM agar
containing anthracene, fluoranthene and
pyrene respectively as the sole carbon and
energy source by spray-plate technique (Igwo-
Ezikpe et al., 2010). Culture plates were
wrapped with aluminum foil and black
polyethylene bag, and incubated in the dark at
30 + 2.0°Cfor 14 days. Control plates (devoid
of PAHSs) were also included. Cleared zones
on MSM PAH plates were scored.
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RESULTS
I solation and
microor ganisms
Sixteen bacterial isolates were obtained
from soils within the sites of mechanic
workshops. Morphological and biochemical
studies showed two of the isolates to be Gram
negative; these were Acinetobacter
calcoaceticusaand Pseudomonas stutzevhile
the Gram positive isolates included
Micrococcus kristinag  Staphylococcus
epidermis Staphylococcus agiligurthia sp,
Staphylococcus  hyicus Staphylococcus
saccharolyticus Staphylococcus  aureus
Staphylococcus  schleiferi  Micrococcus
sedentarius Staphylococcus intermedius
Staphylococcus schleifefMicrococcus lylag
Staphylococcus intermedius and
Corynebacterium ammoniagen@able 1).

identification of

Growth of bacterial isolateson PAHs

The bacterial isolates were observed to
grow on anthracene, fluoranthene and pyrene
to different extent (Table 2)Kurthia sp.,
Staphylococcus aureusMicrococcus lylae
and Pseudomonas stutzeshowed highest
growth on the three PAHs used compared to
the other isolates. Isolates with the least
growth on anthracene wer8taphylococcus
epidermisandStaphylococcus schleifenihile
Staphylococcus intermediutad the least
growth on fluoranthene. Isolates with the least
growth on pyrene wer8taphylococcus agilis
andStaphylococcus intermedius

Plasmid DNA evaluation and curing

This investigation showed that all the
bacterial isolates had plasmids with molecular
weights range of 17.8 — 38.9 kbp (Plates 1).
Two of these isolates; Staphylococcus
intermedius and Micrococcus lylae had
multiple plasmids of 21.7, 32.7 kbp (Table 3).
None of the sixteen bacterial isolates showed
presence of plasmid after curing with acridine
orange.

Growth of bacterial isolates on PAHs after
acridine orange tr eatment

Treatment with acridine orange resulted
in S. schleiferiand S. intermediusot being

2136

Chem. Sci. 4(6): 2133-21461Q

able to utilize anthracene, fluoranthene and
pyrene as sole source of carbon and energy for
growth (Table 4). Moreover, the acridine
orange treated bacterial isolates showed some
degree of altered growth on the PAHs
depending on the PAH used. These isolates
include Micrococcus kristinagS. epidermis

S. agilis Acinetobacter calcoaceticusS.
hyicus S. aureusS. schleiferi, Micrococcus
sedentarius S. intermedius Micrococcus
lylae, Pseudomonas stutzeri and
Corynebacterium ammoniagenesiowever,
there was no observable change in the growth
of Kurthia sp, Staphylococcus saccharolytics
on various PAHs after their treatment with
acridine orange (Table 5).

DISCUSSION

Biodegradability potential exists among
bacterial strains that inhabit PAHs polluted
sites (Yu et al.,, 2005; Igwo-Ezikpe et al.,
2010). This study was able to isolate and
characterize PAHs degrading bacteria from
engine oil impacted soil in Lagos metropolis,
Nigeria. Most of the bacteria isolated were
Gram positive species belonging to the
generaStaphyloccccus, Micrococcus, Kurthia
sp., Corynbacteriumand Gram negative
species of the genufseudomonasand
Acinetobacter. This corroborates  with
previous findings regarding dominance of
certain species of bacteria in oil-contaminated
soils (Vifas et al., 2005).

The observation that all sixteen isolates
could utilized both anthracene (low molecular
weight PAH) and fluoranthene and pyrene
(high molecular weight PAHS) as sole carbon
source for growth support previous findings
(Haimou et al., 2004; Kim et al., 2005).

The possession of plasmids by the PAH
degrading isolates may be an important
characteristic for such organisms. In addition,
the treatment of the isolates with acridine
orange which was efficient in the complete
curing of the plasmid DNA of the isolates is in
agreement with a previous study (Kumar et al.,
2010).
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Plate 1: Agarose gel electrophoregram of plasmid DNA froAHRlegrading bacterial isolatasne

1 = Micrococcus kristinae2 = Staphylococcus epidermi8 = Staphylococcus agilis4 = Kurthia sp 5 = Acinetobacter
calcoaceticus 6 = Staphylococcus hyicus7 = Staphylococcus saccharolyticu§ = Staphylococcus aureus9 =

Staphylococcus schleifel0 =Micrococcus sedentariud1 =Staphylococcus intermediub2 =Staphylococcus schleiferi
13 = Micrococcus lylae 14 = Staphylococcus intermediud5 = Pseudomonas stutzerilé = Corynebacterium
ammoniagenes
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Table 1: Morphological and Biochemical properties of the BAd€grading bacteria.

Colony M or phology

1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16
Gram Reaction + + + + - + + + + + o+ + + + - +
Cellular
morphology cocci  cocci cocci rods cocoicci cocci cocci cocci cocci cocci cocci dammcci  rods rods

Biochemical Test

Catalase + + o+ + + + + + + o+ + + + + + +
Oxidase + - + - - - - - -+ - - + - -
Citrate - - + o+ + - - - + o+ + - + + o+ -
Coagulase test - - - -+ - + + -+ + - + O+ + -
Slide
Agglutination - - - - - - + - - - - + - + - -
Tube coagulase + + o+ -+ - + + + + o+ + + + + -
Acid production from:
Arabinose + o+ - - - - - - - - - - - - - -
Maltose + o+ + - - - - + - - - - - - - -
Mannitol + - + - - - - + - - + - -+ - -
Fructose -+ - - - + + - - - - - - - - -
Sucrose + - - - - - - + - - - - - - - -
Xylose - - - - - - - - - - - - - .- R
Cellobiose - - - - - - - - - - - - - .- R
- = negative reaction + = positive reaction.

1 =Micrococcus kristinae2 =Staphylococcus epidermi3 = Staphylococcus agilis
4 =Kurthia sp 5 =Acinetobacter calcoaceticu§ =Staphylococcus hyicus

7 =Staphylococcus saccharolytics=Staphylococcus aureu8 =Staphylococcus schleifed0 =Micrococcus sedentariu¢1 =Staphylococcus intermedius
12 =Staphylococcus schleifedi3 =Micrococcus lylae14 =Staphylococcus intermediuk5 =Pseudomonas stutzefii6 =Corynebacterium ammoniagenes
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Table 2: Growth of bacterial isolates on PAHSs.

Organism Polycyclic aromatic hydrocar bons
Anthracene Fluoranthene Pyrene
Micrococcus kristinae +++ ++ +++
Staphylococcus epidermis + ++ +++
Staphylococcus agilis ++ ++ +
Kurthia sp. +++ +++ +++
Acinetobacter calcoaceticus +++ ++ ++
Staphylococcus hyicus ++ ++ ++
Staphylococcus saccharolyticus ++ ++ ++
Staphylococcus aureus +++ +++ +++
Staphylococcus schleiferi ++ +++ ++
Micrococcus sedentarius ++ +++ ++
Staphylococcus intermedius ~ ++ +++ ++
Staphylococcus schleiferi + +++ +++
Micrococcus lylae +++ +++ +++
Staphylococcus intermedius +++ + +
Pseudomonas stutzeri +++ +++ +++
Corynebacterium ammoniagen +++ +++ ++

+++ = high growth, ++ = moderate growth, + = lovogth.
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Table 3: Molecular weight of plasmid DNA from PAH degradihgcteria.

Organism

Molecular weight of plasmid (kbp)

Micrococcus kristinae
Staphylococcus epidermis
Staphylococcus agilis

Kurthia sp

Acinetobacter calcoaceticus
Staphylococcus hyicus
Staphylococcus saccharolyticus
Staphylococcus aureus
Staphylococcus schleiferi
Micrococcus sedentarius
Staphylococcus intermedius
Staphylococcus schleiferi
Micrococcus lylae
Staphylococcus intermedius
Pseudomonas stutzeri
Corynebacterium ammoniagenes

21.7
21.7
21.7
21.7
21.7
21.7
21.7
217
32.7
32.7
21.7,32.7
21.7
21.7,32.7
38.9
17.8
17.8
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Table 4: Growth of Acridine orange-treated bacterial iscdade PAHS.

Polycyclic aromatic hydrocar bons

Organism
Anthracene Fluoranthene Pyrene
Micrococcus kristinae ++ - -
Staphylococcus epidermis + - -
Staphylococcus agilis - ++ -
Kurthia sp. +++ +++ +++
Acinetobacter calcoaceticus ++ +++ ++
Staphylococcus hyicus + + ++
Staphylococcus saccharolyticus ++ ++ ++
Staphylococcus aureus +++ +++ ++
Staphylococcus schleiferi +++ +++ +++
Micrococcus sedentarius ++ +++ +++
Staphylococcus intermedius ~ +++ +++ +++
Staphylococcus schleiferi - - -
Micrococcus lylae ++ +++ ++
Staphylococcus intermedius - - -
Pseudomonas stutzeri ++ +++ ++
+++ +++

Corynebacterium ammoniagen +++

+++ = high growth, ++ = moderate growth, + = lovogth, - = no growth
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Table 5: Comparison of growth of bacterial isolates on PAd#ore and after acridine treatment.

Organism Polycyclic aromatic hydrocar bons

Anthracene Fluoranthene Pyrene

Original Cured Original Cured Original Cured
Micrococcus kristinae +++ ++ ++ - +++ -
Staphylococcus epidermis + + ++ - +++ -
Staphylococcus agilis ++ - ++ ++ + -
Kurthia sp. +++ +++ 4+ 4+ o+ 4+
Acinetobacter calcoaceticus +++ ++ ++  +++ ++ ++
Staphylococcus hyicus ++ + ++ + ++ ++
Staphylococcus saccharolyticus ++ ++ ++ ++ ++ ++
Staphylococcus aureus +++ +++ +++ +++ +++ ++
Staphylococcus schleiferi ++ +++ +++ +++ ++ +4++
Micrococcus sedentarius ++ ++ +++ +++ ++ +++
Staphylococcus intermedius  ++ +++ +++ +++ ++ +++
Staphylococcus schleiferi + - +++ - +++ -
Micrococcus lylae +++ ++ +++ +++ +++ ++
Staphylococcus intermedius  +++ - + - + -
Pseudomonas stutzeri +++ ++ H#+ -+ +4+ ++
Corynebacterium ammoniagent++ +++ +++ +++ ++ +++

+++ = high growth, ++ = moderate growth, + = lowogth, - = no growth
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From our observation, the complete
loss of plasmid DNA inS. schleiferiand S.
intermedius and their inability to grow on
anthracene, fluoranthene and pyrene indicates
that gene(s) encoding for the catabolic
enzymes responsible for the degradation of
the specific PAH may be plasmid mediated.
This is in conformity with other research
findings that catabolic pathways which encode
different PAHs degradation may be located on
plasmids (Filonov et al., 2000; Coral and
Karag6z, 2005). Moreover, Credan et al.
(1994) suggested that the activities of catechol
dioxygenase involved in catabolism of PAHs
may be mediated by plasmids. A previous
study suggested thaPseudomonasstrains
harboring plasmids metabolizing naphthalene
contains silent genes of meta-pathway that
may ‘switch-on’ when the strains are grown
on methylated naphthalene and salicylate
derivatives (Filonov et al.,, 2000). The
presence of PAH-degradation genes on mobile
genetic elements may indicate the easy
spreading of PAH-catabolic abilities among
bacteria in polluted soils as a result of
conjugative gene-transfer (Springael and Top,
2004). This was evident in the observed
transfer PAH degradation genes in microbial
cultures (Akhmetov et al.,, 2008; Heinaru et
al., 2009).

Nevertheless, the finding that some
isolates had their plasmid(s) cured yet they
possessed varied PAH degradation potential is
an indication that their PAH degradation
gene(s) may be plasmid and/or
chromosomally mediated. Furthermore, the
bacterial isolates which possessed plasmid and
after total curing of their plasmid showed no
change in PAHs degradability suggested that
their PAHs degradability could be
chromosomally mediated as earlier reported
(Lily et al., 2010). In addition, the observed
altered growth on PAHs by acridine orange
treated isolates indicated that the presence of
chemicals may possibly induce the
translocation or recombination of some
gene(s) in the bacteria. This may have lead to
the expression of varied proteins and/or
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enzymes involved in degradation thus the
observed changes in the various PAHs
degradation. Microorganisms are constantly
mutating in the environment in response to
chemical stimulus which reflects their

metabolic  response.  Moreover, gene
rearrangement and expression of specific
proteins are among bacterial adaptation
strategies. This diverse metabolic response
gives an insight into the highly microbial

mechanistic activity occurring in various

polluted sites.

Conclusion

Efforts are directed at isolating various
strains of bacteria from indigenous PAHs
polluted sites with desirable degradation
abilities. For microbial bioremediation to be

successfully implemented as a PAH
remediation technology, it is essential to
understand factors which influence this

process in the ecosystem. Such factor includes
the involvement of plasmid in PAHs
degradation. This is because genetic exchange
by horizontal gene transfer contributes to
acquiring new catabolic pathways in microbial
communities present in diverse environments.
This present study has revealed the abundance
of bacteria in oil-contaminated soil. The
bacterial isolates possessed plasmids but
PAHs degradation may be partially plasmid
and/or chromosomally mediated although this
depends on the bacterial isolate used and the
PAHs being degraded. Present findings also
suggest that the presence of chemicals in the
environment could induce diverse metabolic
responses due to genetic changes. Future
research would focus on locating catabolic
genes on plasmid(s) and chromosomes of
PAHs degrading bacteria of tropic origin.
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