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Abstract
To better understand long-term combined effects of crude oil and dispersant on bacterial community, sediments microcosms were
set up in triplicates and treated with dispersant (Corexit 9500A), crude oil, and Corexit 9500A plus crude oil. After 60 days exposure,
there was a significant change in the bacterial community structure in all treatments. The shift in the bacterial community structure in
Corexit 9500A plus crude oil treatment was considerably different from those by either Corexit 9500A or crude oil. DNA sequence
analysis showed that Hydrocarboniphaga effuse, Parvibaculum lavamentivorans,and Alicyclobacillus ferrooxydans were the major
bacterial species in crude oil treatment. Pandoraea thiooxydans, Janthinobacterium sp. and Hyphomicrobium nitrativorans were the
most dominant species in Corexit 9500A treatment. The species Janthinobacterium sp., Parvibaculum lavamentivorans, and Dyella sp.
were enriched in Corexit 9500A plus crude oil treatment. The majority of the detected species were hydrocarbons degraders. The study
showed that Corexit 9500A addition enhanced the biodegradation rate by increasing the diversity and richness of hydrocarbons degrading
species. Corexit A9500 application should be considered during crude oil spills to evaluate environmental impacts.
Keywords: Corexit A9500, crude oil, combined effects, bacterial community structure, hydrocarbons
oil bioavailability to indigenous oil degrading microbes and
consequently increase crude oil biodegradation rate [1, 2]. A
study found the number of hydrocarbon-degrading
microorganisms and the total carbon mineralization are being
increased by the chemical dispersant Corexit 9500A [12].
Another study demonstrated that approximately 60% of crude
oil was degraded after Corexit 9500A treatment [13]. It was
found that the biodegradation rate of crude oil increased in
response to Corexit 9500A addition [11]. The short exposure
period (7 days) to crude oil and Corexit 9500A plus crude oil
exert no impact on the bacterial community [14]. The
objectives of this research are to examine the combined effects
of Corexit 9500A plus crude oil after 60 days incubation and to
identify the bacterial taxa that dominate the bacterial
community under these conditions.

1 Introduction1
Crude oil is a complex mixture of various organic and
inorganic compounds including hydrocarbons, resins, and
asphaltenes. Crude oil is released into marine environments by
natural and anthropogenic activities, which contribute up to
53% of entire oil spills [1]. Oil spills severely impact
ecosystems and cause long-term environmental damages [2],
ranging from molecular to organismal levels [3].
Bioremediation is a process that employs natural
microorganisms to break down complex toxic compounds to
less toxic or non-toxic compounds. Microorganism uses
pollutants as sole sources of energy and consequently break
them from toxic compounds to benign wastes that have no
harmful effects on the environment. Due to its high selectivity
and specificity of removing pollutants, cost efficiency, and less
installing requirements, the bioremediation process is preferred
over other physiochemical methods. Pollutants generally
increase the microbial lag phase and therefore reduce the
biodegradation rate [4]. Bioremediation is affected by a number
of factors such as presence of appropriate biodegradingorganisms, the concentration of contaminants, and nutrients
bioavailability temperature, oxygen, pH, degree of acclimation,
cellular transport properties and chemical structure of the
compound [5]; therefore, bioremediation occurs on a relatively
slow rate [6].
Dispersant application is one of the strategies that have
been employed since the 1950s to mitigate oil spill impacts on
aquatic environments [7]. Dispersants are mixtures of
surfactants, solvents, and other compounds [8, 9]. Dispersants
break up oil slicks into micron-sized droplets by reducing the
interfacial tension at oil-water interfaces [9, 10, 11]. The
droplets spread in the water column inhibiting surface oil slicks
formation. Breaking down oil slicks into tiny droplets increases

2 Materials and Methods
2.1 Study area
The study area was a salt marsh at the eastern side of Lake
Pontchartrain, Louisiana (N30º 08.782’ W89º 44.665’). The
marsh was dominated by two marsh plants species Spartina
patens and S. alterniflora. After removing the surface plants,
the top 30 cm of sediments was collected. The sample was kept
in sterilized polyethylene containers, sent on ice to the Troy
University/Department of Biological and Environmental
Science's laboratory, and stored at 4°C before analysis.
2.2 Chemical analyses
Chemical analyses were performed to evaluate the factors
that might influence the bacterial community. The chemical
analyses were done at the Central Analytical Instruments
research Laboratory, Louisiana State University (Baton Rouge,
LA). Metals, anions and total phosphorous were analyzed by
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EPA methods 200.7, 300.0 and 365.3, respectively (Table 1).
Table 1. Chemical characteristics of the salt marsh sediment
addressing the factors that might affect the bacterial
community.
Factor
Aluminum (mg/kg)

Value
ND*

Antimony (mg/kg)
Arsenic (mg/kg)

0.1
6

Barium (mg/kg)
Beryllium (mg/kg)

12.7
0.7

Boron (mg/kg)

28.8

Cadmium (mg/kg)

0.9

Calcium (mg/kg)

1058.4

Carbon (%)
Chloride (mg/L)

7.202
7947.47

Chromium (mg/kg)
Cobalt (mg/kg)

17.5
5

Copper (mg/kg)

117.7

Fluoride (mg/L)
Iron (mg/kg)
Lead (mg/kg)
Magnesium (mg/kg)
Manganese (mg/kg)
Molybdenum (mg/kg)
Nickel (mg/kg)
Nitrate (mg/L)
Nitrite (mg/L)
Nitrogen (%)
pH
Phosphate (mg/L)
Phosphorus (mg/kg)

3.97
19913.5
37.2
5563
123.6
ND
15.3
11.38
21.74
0.433
7.06
0.03
605

Potassium (mg/kg)
Selenium (mg/kg)
Silicon (mg/kg)
Sodium (mg/kg)

2364.8
ND
776.8
808

Sulfate (mg/L)
Sulfur (mg/kg)
Thallium (mg/kg)
Tin (mg/kg)

109.56
5304.7
ND
0.4

Vanadium (mg/kg)
Yttrium (mg/kg)
Zinc (mg/kg)

36.7
13
84.5

incubated aerobically at 30 °C. The microcosms were sampled
after 60 days of incubation. By using the PowerSoil DNA
Isolation Kit (MoBio Laboratories, Carlsbad, CA), total DNA
was extracted from 0.3 gm of sediments and stored at –20 °C
prior to analysis.
2.4 Polymerase chain reaction (PCR)
Nested PCR was implemented to amplify the total bacterial
16S rRNA gene. The primers 27F and 1522R were used in the
first round of the reaction. The final volume of the PCR mixture
was 50 μL containing 10 pmol of 27F and 1522R primers, 1 μL
of template DNA, 0.25 mM of dNTP, 5 μL of 10x Green Taq
PCR buffer, and 1 U of Green Taq DNA polymerase
(GenScript, Piscataway, NJ). PCR was performed with a DNA
thermal cycler (GeneAmp PCR System 2700, Applied
Biosystems, Foster City, CA) at an initial temperature of 94 °C
for 5 minutes, followed by 30 cycles of 94 °C for 20 seconds,
55 °C for 45 seconds, and 72 °C for 45 seconds. A final
elongation step was carried out at 72 °C for 7 minutes. The
primers 341F and 534R were used in the second round of the
reaction to amplify the V3 region of the 16S rRNA gene [15].
About 1 μL of the PCR products of the first round were used as
a template for the second-PCR-round. PCR constituents and
conditions were the same as described above. The resulting
PCR products were confirmed by an agarose gel
electrophoresis.
2.5 Denaturing gradient gel electrophoresis (DGGE)
PCR products of the second-round were separated on an 8%
polyacrylamide gel with a 40-60% denaturing gradient of urea
in 1.0x TAE buffer by a Bio-Rad DCodeTM Universal
Mutation Detection System (Bio-Rad Laboratories, Hercules,
CA). A stacking gel (a non-denaturing polyacrylamide gel) was
prepared to make sample-loading wells on top of the
denaturing-gradient gel. Forty five μL of PCR products were
loaded into the wells. The electrophoresis process was
conducted at 60 °C at 40 V for 15 hours. After electrophoresis,
the gels were stained with ethidium bromide for 15 minutes and
photographed on a UV transilluminator (Fisher Scientific,
Pittsburgh, PA).
2.6 DNA sequencing
Ten DGGE bands were excised from the gel and incubated
separately overnight at 4°C with 50 μL of distilled water to
allow the DNAs to be released into the water. PCR was
performed to re-amplify the eluted DNA. PCR constituents and
conditions were the same as described in the first-round PCR
except that the reaction was carried out for 35 cycles. The purity
and position of the re-amplified DNAs were verified by
conducting the DGGE analysis. If necessary, the DGGE bands
were re-excised and the PCR-DGGE process was repeated until
all the samples showed a single DGGE band. The resulting
PCR products were purified with the MEGAquickspin Total Kit
(iNtRON Biotechnology Inc., Korea) for DNA sequencing. The
purified DNAs were outsourced to the Genewiz Inc. (Genewiz
Inc., South Plainfield, NJ), and each sample was sequenced
separately with forward and reverse primers.

*ND: not detected

2.3 Microcosms preparation and DNA extraction
The crude oil Western Texas Intermediate (WTI) was
purchased from Texas Raw Crude (Midland TX). The
dispersant Corexit 9500A was provided by the Nalco Energy
Services (Sugar Land TX). Four sets of microcosms, (1)
untreated control, (2) treated with 0.2% (v/w) Corexit 9500A,
(3) treated with 2% (v/w) WTI, and (4) treated with 0.2%
Corexit 9500A and 2% WTI were prepared in triplicates. One
gram of sediment was aseptically transferred into sterile 2 mL
tubes, sealed with a Teflon-coated cap. Corexit 9500A and
crude oil were added by a micropipette. The microcosms were

2.7 Data analysis
The DGGE image was analyzed by PyElph software
(version 1.4) to examine DGGE bands profiles and to construct
a phylogenetic tree using the unweighted pair group method
with arithmetic mean (UPGMA) algorithm. The DNA
sequences were analyzed using the Chromas Lite (version
2.1.1) to assess their quality. In order to confirm queries
identity, the basic local alignment search tool algorithim
(BLAST) was used to search homologus sequences in the
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Hydrocarboniphaga effusa strain AP103T, Parvibaculum
lavamentivorans strain DS-1T and Alicyclobacillus
ferrooxydans isolate YE3-D4-31i-CH, respectively (table 2).
Hydrocarboniphaga effusa strain AP103T is a hydrocarbon
degrading bacterium, and it has been isolated from crude oil
contaminated environments. This strain degrades particularly
n-alkanes forms of hydrocarbons, and the genomic analysis of
this strain has confirmed presence two genes encoding alkane
omega monooxygenase enzymes (Alk-like enzymes) involving
in alkanes degradation [20]. Parvibaculum lavamentivorans
strain DS-1T has an ability to completely degrade linear
alkylbenzenesulfonate (LAS) surfactants [21], and it is
considered a typical member of many heterotrophic LASdegrading bacteria [22].

GenBank DNA libraries.

3 Results and Discussion
3.1 Corexit 9500A and crude oil effects on the bacterial
community structure
The structure of the bacterial community in the salt marsh
sediments was significantly shifted after 60 days exposure to
Corexit 9500A, crude oil, and Corexit 9500A plus crude oil.
The DGGE band patterns, numbers, and intensities in the
treated microcosms were shifted (figure 1A). The bacterial
diversities in the treated microcosms were reduced, and the
abundance of some bacterial species was increased, which was
represented by the intense bands in each treatment. PyElph
analysis showed that the control and crude oil treatments were
phylogenetically close and occupied the first cluster of the tree.
The second cluster included Corexit 9500A and Corexit 9500A
plus crude oil treatments (Figure 1B).
3.2 Phylogenetic analysis of the main DGGE bands
The main DGGE bands in Corexit 9500A treatment were
B1, B2, and B3 (figure 1A). DNA sequence analysis of these
bands suggested that they were phylogenetically close to
Pandoraea thiooxydans strain ATSB16T, Janthinobacterium
sp. T3-QB-2044, and Hyphomicrobium nitrativorans strain
NL23T, respectively (Table 2). Pandoraea thiooxydans strain
ATSB16T, a facultatively chemolithoautotrophic, sulfuroxidizing bacterium, was isolated from a rhizosphere soil of the
sesame plant (Sesamum indicum L.) [16]. Pandoraea
thiooxydans strains of environmental sources are involved in
degradation of many environmental pollutants [17]. The strain
ATSB16T can grow chemolithoautotrophically with sulfur,
sulfite, thiosulfate, and tetrathionate. Furthermore, this strain is
capable of reducing nitrate and hydrolyzing Tween 80 for
growth [16]. The bacterial genus Janthinobacterium includes
several
hydrocarbon-degrading
strains,
such
as
Janthinobacterium sp. J3 and Janthinobacterium sp. J4.
Janthinobacterium sp. J3 possesses CAR-catabolic genes that
are capable of metabolizing carbazole, an N-hetedrocyclic
aromatic compound has been extracted from crude oil, shale
oil, and creosote [18]. Hyphomicrobium nitrativorans strain
NL23T was isolated from a biofilm of a methanol-fed
denitrification system treating seawater, Canada [19]. The
genome analysis of this strain has identified a number of ORFs
encoding enzymes that are involved in nitrite, nitrate, nitric
oxide, and nitrous oxide reduction. Corexit 9500A's
hydrocarbons and Tween 80, as well as the high concentrations
of nitrate, nitrite, sulfur, and sulfate, might have enhanced the
population
of
species
Pandoraea
thiooxydans,
Janthinobacterium sp., and Hyphomicrobium nitrativorans to
thrive in these contaminated conditions and dominate the
bacterial community. The DGGE bands B4, B5, and B6 were
the major bands in the crude oil treatment. DNA sequence
analysis of these bands revealed that they were homologous to

Figure 1: Bacterial community shift after 60 days of exposure to
Corexit 9500A, crude oil, and Corexit 9500A plus crude oil. (A) DGGE
profiles of bacterial 16s rRNA gene in sediment microcosms treated
with 0.2% of Corexit 9500A, 2% of crude oil, and 0.2% of Corexit
9500A plus 2% of crude oil. (B) Unweighted Pair Group Method with
Arithmetic Mean (UPGMA) dendrogram of DGGE profiles. The values
on the horizontal lines stand for genetic distances among treatments in
percentages. M: marker; numbers 1, 2, and 3 represent individual
triplicate

Table 2: Phylogenetic affiliation between the isolated DGGE bands and their close relative organisms with the GenBank accession
numbers and percentages identity
Band

Close relatives in GenBank databases

GenBank Accession no.

B1
B2
B3
B4
B5
B6
B7
B8
B9
B10

Pandoraea thiooxydans strain ATSB16T
Janthinobacterium sp. T3-QB-2044
Hyphomicrobium nitrativorans strain NL23T
Hydrocarboniphaga effusa strain AP103T
Parvibaculum lavamentivorans strain DS-1T
Alicyclobacillus ferrooxydans isolate YE3-D4-31i-CH
Janthinobacterium sp. A1-13
Parvibaculum lavamentivorans strain DS-1T
Parvibaculum lavamentivorans strain DS-1T
Dyella sp. sk100104

NR_116008
KJ922698
NR_121713
NR_029102
NR_074262
FN870342
AB252072
NR_074262
NR_074262
GU552467
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Percent
identity
99.37
96.42
90.43
86.71
91.77
85.71
84.28
93.08
98.78
93.71
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The genus Parvibaculum includes several hydrocarbondegrading species, which have been isolated from hydrocarbon
contaminated environments [23, 24]. Crude oil addition and
biosurfactants produced by bacterial degradation of
hydrocarbons might have enhanced this bacterial strain to
dominate the bacterial community in crude oil treated
microcosms. Alicyclobacillus ferrooxydans has the ability to
metabolize various carbon forms as sources for growth and
energy. This species can also grow by oxidation of ferrous iron,
sulfides, and elemental sulfur [25]. Chemical analysis showed
that the salt marsh sediment sample has a high concentration of
iron, sulfate, and sulfur (Table 1).
The major DGGE bands in Corexit 9500A plus crude oil
treatment were B7, B8, B9, and B10 (table 2). DNA sequence
analysis revealed that B7 was phylogenetically homologous to
Janthinobacterium sp. A1-13. Janthinobacterium sp. A1-13,
an acid tolerant bacterium, was isolated from peat soil in
Indonesia [26]. This bacterium inhabits heavily contaminated
industrial wastes [27], and it is considered one of the most
important N2O-producing bacteria in such environments [26].
The bands B8 and B9 were homologous to Parvibaculum
lavamentivorans strain DS 1T. Parvibaculum lavamentivorans
strain DS-1T has the ability to completely degrade linear
alkylbenzenesulfonate (LAS), a major laundry surfactant [21].
Corexit 9500A surfactants might have enriched this strain
under these conditions. The band B10 was homologous to
Dyella sp. sk100104. This strain was isolated from a
contaminated forest soil with a mixture of xenobiotics,
including 1-amino-2-propanol (APOL), 1 methyl-2pyrrolidinone (MP), 1- dioxide (THT), diethylene glycol
monoethyl ether (DGMEE), diethylene glycol monomethyl
ether (DGMME), tetraethylene glycol (TEG), and
tetramethylammonium hydroxide (TMAH), and this bacterium
ability to degrade these contaminants has been reported [28].
The majority of these compounds are glycol-based solvents,
which are similar to Corexit 9500A constituents.
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