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Abstract

The exposure of the environment in Kuwait to crude oil pollution has detrimental
effects on the ecological systems. The selective pressure created by the addition
of crude oil is expected to impact the bacterial community structures of affected
ecosystems such as the nodule bacteroids by enhancing the growth of crude oil-
degrading and/or tolerant microbiota. In the present study, the effect of crude oil
on the structure of the crude oil-degrading nodule bacteroids community of
Arachis hypogaea is investigated. Sequence analysis of 16S rDNA amplified
from nodule-bacteroids isolated from Arachis hypogaea grown in crude oil
untreated and treated soils demonstrated the tendency of Gram negative
bacteroids (B-proteobacteria and y-proteobacteria) to prevail in treated soils.
Crude oil mineralization studies showed that predominant bacteroids have higher
rates of crude oil mineralization (5.5 pg/min) compared to Gram positive
bacteroids (2.1 pg/min). Furthermore, the effect of crude oil addition on nodules
size, number and distribution was recorded. Bigger nodules (diameter of
3.13+£0.058mm) were detected in untreated soil compared to that of treated soil
(diameter of 1.97+0.122mm). In addition, the distribution of nodules on
different parts of roots of untreated and treated plants was significantly different
(P<0.05). Higher numbers of nodules were detected in the upper parts of the
roots of Arachis hypogaea grown in untreated and treated soils (124+0.455 and
79+1.10 nodules/plant respectively) compared to that observed in the lower parts
of the roots (76+1.13 and 74+0.31 nodules/plant respectively). However, highest
number of nodules (200+0.361 nodules/plant) was recorded for plants grown in
untreated soils followed by that of treated soils (86+1.4 nodules/plant). These
results are discussed in the context of using Arachis hypogaea to restore
degraded soils and to bioremediate crude oil contamination in Kuwait.
Keywords: arachis hypogaea, nodule, crude oil, bacteroids, 16S rDNA,
proteobacteria.
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1 Introduction

Environmental disaster left by the Iraqi aggression against Kuwait in 1991 is one
of the worst environmental disasters that struck the world in the twentieth
century, where the aggressor Iraqi destruction and burning of more than (670) oil
wells. It also deposited such huge quantities of crude oil, which led to formation
of the so-called oil lakes covering about more than 49 km?* of the Kuwait desert.
Crude oils are mostly composed of alkanes, cycloalkanes, various aromatic
hydrocarbons and trace amounts of metals such as iron, nickel, copper and
vanadium [12]. Because of the low water solubility of these compounds, they
deposit in soil for long time [11]. Thus, spillage of crude oil into the environment
will result in hydrocarbon and heavy metals contamination [I1]. Some
microorganisms survive in contaminated soil because they are metabolically
capable of utilizing its resources. Hydrocarbon contaminated soil is often
potential carbon and energy sources for microorganisms [22].

Microbial number, diversity and activity can be affected by hydrocarbons
contamination [3,16]. It has been established that Gram-negative genera
predominated in hydrocarbons contaminated soils [3]. Many reports indicated
that the most prevalent hydrocarbon degrading bacteria belong to the genera
Pseudomonas, Achromobacter, Nocardia, Arthorobacter, Bacillus, Micrococcus
and Acintobacter [8, 14, 15]. The effect of crude oil on germination and growth
of some plants has been studied [2, 10, 20]. However certain plants are able to
remediate pollutant from soil. Phytoremediation is the use of plants and their
associated microorganisms to clean up soil, sediment, and water contaminated
with organic compounds and metals [13]. Legumes associate with bacteria that
exist in the rhizosphere and nodules. Some of the rhizospheric bacteria are oil-
utilizing bacteria and have high potential for the bioremediation of crude oil
contaminated soils [10, 18, 19]. In addition, legumes are able to fix nitrogen by
nodule bacteroids enriching degraded soils. In this study the effect of crude oil
addition on the nodulation and crude oil-degrading nodule bacteroids community
of the legume, Arachis hypogaea (peanut), was studied. Also, the potential of
isolated nodule bacteroids to mineralize crude oil was investigated.

2 Materials and methods

2.1 Plant growth

Seeds of peanut plants (4Arachis hypogaea) were purchased from market and
garden soil was obtained from Green House at Kuwait University. Before
sowing peanut seeds were sterilized with 70% ethanol followed by soaking in
sterile water. Peanut seeds were germinated in plastic trays containing garden
soil for 4days. When germination completed only healthy seedlings were
transplanted to other plastic pots (2 seedlings per plastic pot) containing
different treatment of soil. Soil was divided into two main groups untreated
soil used as control and soil treated with crude-oil (final concentrations were:
1, and 5 ml/100g soil). Seedlings were grown under controlled growth
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conditions in a growth chamber (25°C and humidity 50) and were watered on
daily basis with sterile water (200ml per plastic pot) throughout the course of
experiments. At 90 days after sowing, plants were carefully harvested along
with the roots and gently washed with the tap water followed by sterile
distilled water to remove the soil particles from root [21]. Nodules size,
number and spatial distribution of nodules are determined in upper and lower
parts of roots under stress [7].

2.2 Isolation and identification of crude oil degrading
bacteria from nodules

The total crude oil degrading bacteria in nodules were counted using standard
plate dilution method. Nodules were detached from roots, washed thoroughly
three times with 70% ethanol and sterile water. Each group of nodules were
weighed, smashed with sterile metal bar to release bacteroids, suspended in
sterile 40ml of 50 mM phosphate buffer (pH 7.2) and gently mixed for 1 min.
After that, serial dilutions were prepared and 0.1ml aliquots were spread on
nutrient agar and Hunter's minimal agar plates. Nutrient agar media was
incubated at 30°C for 24 hours and Hunter's minimal agar plates were
incubated under crude oil vapour at 30°C for the required time (2—14 days).
Grown colonies were counted and expressed as colony forming unit (cfu) g
nodule. Isolated bacteria were Gram stained and identified by sequencing 16S
rDNA gene. For this purpose, genomic DNA was purified from pure bacterial
cultures using the Wizard Genomic DNA purification kit as recommended by
the manufacturer (Promega). Then, the 16S rRNA gene was amplified using
polymerase chain reaction (PCR). Amplification was performed using
puRe7aq Ready to Go PCR beads (Amersham Biosciences) according to
manufacturer’s recommendations, 200 pmol of mixture of the two primers
used 27F (5'-CUACUACUACUAAAG GAGGTGWTCCARCC-3") and 1492R
(5'-GAATTCTACGGYTACCTTGTTA CGACTT-3") was added. The
reactions were amplified using (GeneAmp PCR system 9700, Applied
Biosystem). The PCR program used was a touchdown protocol. It started with
an initial denaturation step at 94°C for 5 min, followed by a denaturation step
at 94°C 45s, annealing step at 56°C for 45s, and an extension step at 72°C for
1 min. Annealing temperature was decreased by 2°C each 6 cycles for a total
of 30 cycles. A final extension step was carried at 72°C for 7 min. Products
were analyzed by gel electrophoresis where 5ul of each samples was run on
0.5% (w/v) agarose gel along with 1kb DNA ladder.

The PCR products obtained were purified using a Nucleospin Extract II kit
(Macherey—Nagel, USA). The purified products were amplified using big dye
terminator cycle sequencing kit according to manufacturer’s instructions. The
mixtures were incubated in the thermocycler at 96°C for 1 minute followed by
25 cycles of denaturation at 96C° for 1 minute, annealing at 50°C for 5s and
extension at 60°C for 4 minutes. The final products were further purified, using
3pl of 3M sodium acetate pH4.6, 62.5 ul of nondenatured 95% ethanol and 14.5
ul of deionized water. Samples were incubated in dark at room temperature for
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20 minutes before being centrifuged at 15,000xg in room temperature for 20
minutes. The pellet formed was washed with 250 pl of 70% ethanol and re-
centrifuged at 15,000xg in room temperature for 5 minutes. The pellets were air-
dried for 10—15 minutes in the hood. Dry pellets were re-suspended in 20 pl of
Hi-Di-Formamide and loaded directly in the 3130x1 genetic analyzer (Applied
Biosystems). Sequence analysis and GeneBank database searches were
performed by using the BLAST program [5].

2.3 Crude oil mineralization by isolated nodule bacteroids

The amounts of carbon dioxide evolved were measured using a Micro-oxymax
respirometer (Columbus instruments, USA) [4]. The reaction vessels contain: 49
ml sterile Hunter's minimal medium, 1ml of overnight bacterial suspension (OD
=1 at A 600nm) and crude oil (200ul)). The reaction bottles were incubated in a
shaking water bath at 30°C. The amount of carbon dioxide evolved was plotted
against time and the rate of carbon dioxide evolution was calculated.

2.4 Statistical analysis

All experiments values were conducted in triplicates and the mean with standard
error of the mean were calculated using Minitab version 15 and SPSS package
version 15.

3 Results and discussion

3.1 Effect of crude oil on the nodulation of untreated and treated plants

The effect of crude oil addition on the number, size and distribution of nodules
of untreated and treated Arachis hypogaea was tested and the results are shown
in Table 1. Highest numbers of nodules (200+0.36 nodules/plant) were recorded
for untreated plants followed by that for plants grown in soil amended with 1ml
crude oil (100+1.18 nodules/plant) and 5ml crude oil (86+1.40 nodules/plant).
Whereas all untreated and treated plants formed nodules, the number, size and
distribution of nodules varied significantly (P<0.05). Higher numbers of nodules
were detected in the upper part of the roots compared to the lower part of all
tested plants with the highest numbers recorded for plants grown in untreated
soil (124+0.46 nodules/plant) followed by those of plants grown in treated soil
with 1ml and 5ml crude oil (per100g soil) (86+1.40 and 79+1.10 nodules/plant
respectively). Moreover, plants grown in untreated soil produced bigger nodules
(diameter of 3.13+£0.058mm) than those produced by plants grown in treated
soils with 1ml and 5ml crude oil (diameter of 1.97+0.12mm and 1.47+0.12mm
respectively). The toxic effect of crude oil recorded in the present study is
consistent with previous reports on the inhibitory effect of crude oil on the
growth of different plants [2, 6, 9, 10, 20].
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Table 1: Effect of crude oil on the number, size and distribution of nodules
of Arachis hypogaea.
Nodule
Treatment with
crude oil Number / plant root Diameter
Upper part  Lower part Total (mm)
Untreated
(control) 124+ 0.46 76+ 1.13 200+ 0.36  3.13£0.06

Treatment with 1 ml 86+ 1.40 14+ 0.36 100+1.18  1.97+0.12

Treatment with Sml 79+ 1.10 7+ 0.31 86+ 1.40 1.47+0.12

Values are means of 25 determinations with standard error of mean (SEM).

3.2 Effect of crude oil on bacteroids community structure

The crude oil-degrading bacteroids in nodules were isolated using Hunter's
minimal agar with crude oil as the sole source of carbon and energy. Several
genera were isolated including Alcaligenes, Bordetella, Pseudomonas,
Stenotrophomonas, Bacillus, Microbacterium and Streptomyces. The majority of
crude oil-degrading bacteroids (80%) isolated from untreated plants belonged to
the Firmicutes and Actinobacteria (Table 2). On the other hand, treatment with
crude oil resulted in the dominance of Gram negative bacteroids belonging to [3-
proteobacteria and y-proteobacteria. Crude oil mineralization studies (Table 2)
showed that predominant bacteroids have higher rates of crude oil mineralization
(5.5-3.7 pg/min) compared to Gram positive bacteroids (2.1-0.5 pg/min). The
higher rates of crude oil mineralization by the Gram negative bacteroids could be

Table 2: Isolated crude oil-degrading bacteriods and their rate of crude oil
mineralization.
Microorganisms Taxonomic Site of Rate of crude oil
division isolation mineralization
(1g/min)

Bordetella sp [B-proteobacteria 5.5
Pseudomonas sp y-proteobacteria Crude oil 4.7
Stenotrophomonas treated plants

sp y-proteobacteria 3.9
Alcaligenes sp [B-proteobacteria 3.7
Bacillus cereus sp Firmicutes 2.1
Microbacterium sp Actinobacteria Crude oil 1.0
Streptomyce sp Actinobacteria untreated 0.6

plants
Bacillus sp Firmicutes 0.5
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the explanation for the prevalence of Gram negative bacteroids in crude oil
treated plants. Furthermore, isolated bacteroids demonstrated the potential to fix
nitrogen (data not shown). The ability of rhizospheric bacteria of legumenous
crops to enhance crude oil degradation was reported previously [17] but this is
the first report showing the potential of Arachis hypogaea bacteroids to utilize
crude oil and the feasibility of using Arachis hypogaea for the phytoremediation
of crude oil contaminated sites and restoration of degraded soils.
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