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Abstract

In order to obtain hydrocarbon-degrading strains, we isolated several bacterial strains from
crude oil and oil polluted soil. These isolates had maximum growth on 1% of n-hexadecane and Fluka-
oil, results that was confirmed by the presence of alkB-gene. Biolog identification System showed that
our newly-isolates are affiliated to Pseudomonas aeruginosa group and also to Pseudomonas
fluorescens group, and much more comparative analysis of phenotypic and genotypic dendrograms
showed that strains are very similar but not identical.
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Introduction

One of the major pollutants of the environment is the oil and, respectively, the oil
waste products. Crude oil is one of the most complex mixtures formed naturally, which
contains more than several hundred compounds. In chemical terms these compounds can be
divided into four classes: the most frequent are saturated hydrocarbons (linear or branched
alkanes, cycloalkanes), aromatic hydrocarbons, asphaltenes (phenol, fatty acids, ketones,
esters, porphyrins) and resins (pyridines, quinolines, sulfoxides, amides) [4], [1]. Regarding
their susceptibility to microbial attack, these hydrocarbons can be classified as follows: linear
alkanes > branched alkanes > small aromatics > cyclic alkanes > polar compounds >
asphaltenes [7]. Throughout time people have developed several methods for cleaning
polluted sites, but one the most successful solution makes use of indigenous microorganisms
[8]. Bioremediation studies of oil polluted ecosystems have shown that bacterial genera with
significant biodegrading capacity are: Arthrobacter, Burkholderia, Mycobacterium,
Pseudomonas, Sphingomonas, Rhodococcus [2]. Pseudomonas species are ubiquitous
bacterial species, known to be able to use hydrocarbons as sole carbon and energy source,
found in various ecological niches, even in oil polluted soil and water. Thus, the ecological
diversity of these bacteria is probably due to the ability to metabolize various substrates.

In our experiments we have isolated several strains of Pseudomonas from oil polluted
soil and from crude oil, with hydrocarbon-degrading abilities. We evaluated the degrading
potential by chemotaxic response toward n-hexadecane and crude oil and also by growth
quantification having n-hexadecane and oil (1%-6%) as single carbon source and energy.
Molecular analyses regarding the presence of alkane hydroxylase genes (a/kB) allowed us to
correlate the phenotypic and genotypic traits.
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Material and Methods

Sampling site and sample collection

Oil polluted area was located near an oil extraction site from Buzau-Berca (45°1724.73”N,
26°40'46.42”E). Soil and petroleum samples were collected from the surface of the most
polluted area, were maintained at 4°C and analysed within 24h.

Strain isolation and microbiological characterization

Microbial strains with biodegrading potential were isolated by enrichment method. One-gram
samples were cultivated in liquid MSM (Mineral Salts Medium contained per liter: potassium
hydrogen phosphate 1.0g, potassium dihydrogenphosphate 0.5g, magnesium sulphate 0.2g,
sodium chloride 1.0g, ammonium sulphate 1g/l) supplemented with oil 1% as sole carbon
source, for two weeks at 28°C and 150 rpm. A volume of 100ul from these enrichment
cultures was spread onto LB-plates (peptone 10g, yeast extract 5g, sodium chloride 10g, agar
20g, pH 7-7,5) for isolation of aerobic heterotrophic microorganisms. Plates were incubated at
28°C for 7 days. Single bacterial colonies were isolated and purified by subsequent plating.
Enrichment cultures and isolated strains were preserved in liquid LB medium supplemented
with 20% glycerol at -70°C in the Microbial Collection of MICROGEN (Center for Research,
Consulting and Training in Microbiology, Genetics and Biotechnology), Department of
Genetics, University of Bucharest [11]. Each bacterial isolate was transfered onto LB agar
plates and incubated for at least 7 days at 28°C. Plates were subsequently observed for
bacterial growth and basic morphological characteristics, such as colony pigmentation, size
and texture. Gram staining was performed and also microscopic cell morphology was
verified. All strains were tested for oxidase and catalase production and for growth at non-
permissive temperatures 4°C, 15°C, 42°C.

Pseudomonadaceae - specific pigments production (pyocyanine, pyoverdine and
fluoresceine): From an isolated colony obtained on LB solid medium, our strain were
inoculated on plates with KingA (Pseudomonas Agar P Base: peptone 20g, magnesium
chloride 1.4g, potassium sulfate 10g, glycerol 10ml, agar 12.6g, distilled water 1000ml, pH
7.1) and, respectively, KingB (Pseudomonas Agar F Base: peptone from casein 10g, peptone
from meat 10g, magnesium sulfate 1.5g, di-potassium hydrogen phosphate 1.5g, glycerol
10ml, agar 12g, distilled water 1000ml, pH 7.1) plates. After incubation at 28°C for one week,
appearance of blue to green surrounding zone was read as due to pyocyanin formation, red to
dark brown zone was read as due to pyorubin production by cultivation on Pseudomonas Agar
P Base, and yellow to greenish-yellow zone was due to fluoresceine production on
Pseudomonas Agar F Base.

Chemotaxis assay: Motility and chemotaxis are two closely related processes, because
chemotaxis is commonly found in most bacteria with flagellar motily. Bacterial motility was
observed in macroscopic appearance by inoculation of our strains in semisolid medium plates
described by Semmler (1999) (g/1 tryptone, 4; yeast extract, 2; NaCl, 2; and 0,3% agar) [9].
The diameter of the circular zone growth was measured after one day at 28°C. Chemotaxis
assay was performed by a modified method described by Grimm (1997) [3]. Bacterial strains
were grown overnight in LB broth at 28°C with shaking (120rpm), washed twice in MSM and
ajusted to a final ODggo of 0,5. Aliquots of 100ul for these suspensions were plated on solid
MSM. Droplets of 10 pul crude oil or impregnated sterile disks with 10 ul n-hexadecane and
FLUKA-oil were added in the center of Petri dishes. Bacterial chemotaxis response was
observed after 7 days at 28°C.
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Bacterial growth on n-hexadecane and oil

Bacterial strains were grown in liquid LB at 28°C, 120rpm for 18h. Cells were harvested by
centrifugation at 10000 rpm 15 min. and resuspend and washed twice with MSM. ODgg of
the cell suspension was adjusted at 0,5 with MSM. Each strain was incubated in 15ml liquid-
MSM supplemented with n-hexadecane and, respectively, FLUKA-oil in various
concentrations (1% to 6%) as sole carbon sources; no vitamins or oligoelements were added.
Ermetic flasks were incubated in darkness at 28°C for 21 days and turbidity was monitored.
All experiments were performed in triplicates. Control flasks were performed as required (no
cells, no carbon source).

Biolog MicroLog Identification: All isolates were prepared according to the manufacturer's
instructions of MicroLog System (Biolog, Hayward, CA, USA). Biolog GN microplates were
inoculated with 150ul of bacterial suspension with ODggo = 0.5 at 28°C for 24 h. Using the
Biolog database, the bacterial strains were species-level identified.

Genomic DNA isolation:

Was performed by a protocol adapted from Tanase, 2009 [12]. Isolated DNA samples were
run in agarose gel 0,8%. DNA concentration and purity were determined using ULTROSPEC
2000 spectrophotometer [13].

ARDRA (Amplified rDNA Restriction Analysis)

Full length 16S-rDNA was amplified using a pair of the universal primers (fD1: 5'-
AGAGTTTGATCCTGGCTCAG-3' and rP2: 5-ACGGCTACCTTGTTACGACTT-3").
Reaction mix of 50ul contained PCR buffer (2X-Promega), 30 pmol of each primers, 1U Taq
DNA polymerase and 10 ug DNA. The following program was used: denaturation at 96°C for
3 min, 24 cycles of 1 min 94°C, annealing (2 min at 50°C), extension (3 min at 72°C), and
final extension (10 min at 72°C). PCR products were analyzed in 1,5% agarose gels and were
subsequently digested with 1U/10ul of Rsal, Cfol, Mspl, Smal, Hinfl, Haelll. Digestion
fragments were separated by 7% polyacrylamide gel in vertical electrophoresis.

BOXAI rep-PCR

We used the BOXAIR primer (5-CTACGGCAAGGCGACGCTGACG-3") described by
Versalovic (1994). PCR was carried out in a total volume of 25ul, containing 40ng genomic
DNA, 2uM of the single BOX primer, GoTaq DNA Polymerase 2X (Promega). All PCR
reaction was performed in a Mini Thermal Cycler with the following cycling conditions: 7
minutes at 95°C, 30 cycles of 1 minute at 94°C, anneling for 1 minute at 53°C, 8 minutes at
65°C and final elongation at 65°C for 16 minutes. Amplicons were checked in 2.5% agarose
horizontal gel electrophoresis. PCR amplification patterns of our isolates were analyzed using
BioRad Quantity One software.

Detection of alkane hydroxylase gene alkB

Presence of a/kB genes was determined by PCR as previously described [6]. The primers that
we used in this study are presented in Table 1. PCR reaction was performed in the following
conditions: PCR buffer (2X-Promega), 0.5uM of each primer and 1ul DNA. Amplification of
alkB1 gene was achieved using the program: 5 min for 94°C, 35 cycles of 1 min 94°C, 45sec
52°C, 1min 72°C, and a final elongation step of 72°C for 5 min. Amplification conditions for
alkB3 were: 2 min for 94°C, 30 cycles of 1 min 94°C, 35sec 52°C, 35sec 72°C, and a final
elongation step of 72°C for 5 min. All PCR products were verified in 2% agarose gel.
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Table 1. alkB genes primers (from Kohno, 2002) [6]

. Expected length of the
Notation Sequence 5'—3' amplified fragment (bp)
alkB1- F CATAATAAAGGGCATCACCGT 180
alkB1- R GATTTCATTCTCGAAACTCCAAAC
alkB3- F TCGAGCACATCCGCGGCCACCA 330
alkB3- R CCGTAGTGCTCGACGTAGTT

Results and discussions

Phenotypic characterization

Morphological and physiological tests showed that all our strains were gram-negative
rods, catalase and oxidase positive and did not grow at 4°C. Strains isolated from oil and one
of the strains isolated from oil-polluted soil (S8) produced specific Pseudomonas pigments on
the King A and King B media.

Table 2. The phenotypic characterization

Bacterial strain Gram Oxidase Temperature Specific pigments
stain USRS Pyoverdine Pyocyanin
tests +4°C +15°C +42°C King B King A

;’7 gggugmosa ATCC } Ht } + + + :
K1A - +/+ - + + + +
K1B - ++ - + - + +
K2 - +/+ - + + + +
K3 - +/+ - + + + +
K7 - ++ - + + + +
S8 - ++ - + + + +
S7A - ++ - + - + -
P. fluorescens ATCC

49642 - T - * - - -

(-) negative, (+)positive

Chemotaxis assay

All our strains tested in semisolid agar

and we have measured the diameter of the

motility halos. After 24h Fig. 1 show that strain S7A has a significant chemotactic swarming

activity (70mm). Out of the

KIA (36mm).
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Fig.1. Chemotactic swarming activity of biodegrading strains.
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All strains were capable of chemotactical response to n-hexadecane, Fluka-oil and

crude-oil. Positive response was visible after 7 days by
density around the pollutant droplet (Fig. 2).

y
"E ; F e
Fig.2. Chemotaxis test: A, B, C, D: Strain K1A + n-hexadecane/oil (Fluka)/crude oil/crude oil (gram-staining);
E, F, G, H: Strain K2 + n-hexadecane/oil (Fluka)/ crude oil/ crude oil (gram-staining)

Comparative degradation assay

formation of a ring of high cellular

On the other hand, all isolates were able to grown on MSM media with n-hexadecane
and FLUKA-oil as sole carbon source in various concentrations starting with 1% till 6%, but
the maximum biomass was obtained 1% concentration. As shown in fig. 3, 4, our strains are
the best growth on the n-hexadecane and oil after 13 days, accepted one strain S8 which grow
well after 10 days on n-hexadecane. During the 21 days of incubation were demonstrating that
our strains are using n-hexadecane and oil for cellular growth. Once more that, our
experiments show for each strain the maximum optical density have from n-hexadecane,
comparatively with oil, what justify the preference using the more simples compounds for
grow. No groth was observed in controls without inoculum or without n-hexadecane and

FLUKA-oil.
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Fig.3. Growth rate on n-hexadecane using 1% to 6% concentration
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Fig.4. Growth rates on Fluka-oil using 1% to 6% concentration

Biolog MicroLog Identification showed a high similarity (99%) between our strains K1A,
K1B, K2, K3, K7, S8 and Pseudomonas aeruginosa on one hand, and respectively, S7TA and
Pseudomonas fluorescens on the other. For a more accurate identification of the isolated
strains, it was necessary to use molecular methods as those on 16S rDNA, providing high
reliability and reproducibility. This taxonomic affiliation allowed us to select from the
MICROGEN Microbial Collection appropriate reference strains for ARDRA patterns P.
aerginosa ATCC 27853 and P. fluorescens ATCC 49642. Dendrogram generated by
MicroLog software confirmed there high similarity on phenotypic profiles.

010
_—

—

Psendomonas finorescens ATCC 49462
STA Pseadomonas fluorescens

Psend aeraginosa ATCC 27853
58 Psead Ferugi

K¥ PsaudoRionas I8riQinosa

K1B Psexdomonas deruginosa

K2 Prosdomionas astaqinosa

K1A Psendomonas aeruginosa

K3 Psendomonas seruqginosa

Fig.5. Dendrogram generated by Biolog System

ARDRA (Amplified rDNA Restriction Analysis)

As a 16S rDNA based molecular technique, ARDRA has been used for many
phylogenetic and taxonomic studies [17]. Yet, there are several limitations of this assay, e.g.
the sequence variations in 16S rRNA genes within species cluster. Amplification products of
16S rDNA ar expected size, approximately 1500pb from all strains. For discriminatory from
the species and the strains of genus Pseudomonas was using the ARDRA. Restriction
patterns were obtained using: Rsal, Cfol, Mspl, Smal, Haelll, Hinf 1, but all profiles were
identical restriction profile for the all strains isolated from oil and from S8 strains and the
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referent strain P. aeruginosa ATCC 27853. The 16S rRNA region digested with Rsal and
Cfol exhibited difference from digested fragments for the strains affilied of P. aerginosa and
the strain S7A and P. fluorescens ATCC 49642. This difference is explained beacause there
are these bacterial strains belonging to different species (Tab.3). In general, the patterns
obtained for enzymes Mspl and Smal including 3 bands with molecular size between 130 to
600bp, and 120 to 750bp. Analysing the profile ARDRA from Haelll ar show 6 bands with
dimensions: 75, 125, 175, 220, 230, 600bp, and from Hinfl resulting 4 bands (80, 120, 220,
800bp).

Tab.3. Restriction fragments length from ARDRA patterns.

Strains bacteria Restriction fragments length (bp) using:
Rsal Cfol

P.aeruginosa ATCC 27853 120, 150, 250, 350, 650 150, 250, 300, 400, 410
KI1A 120, 150, 250, 350, 650 150, 250, 300, 400, 410
K1B 120, 150, 250, 350, 650 150, 250, 300, 400, 410
K2 120, 150, 250, 350, 650 150, 250, 300, 400, 410
K3 120, 150, 250, 350, 650 150, 250, 300, 400, 410
K7 120, 150, 250, 350, 650 150, 250, 300, 400, 410
S8 120, 150, 250, 350, 650 150, 250, 300, 400, 410
P fluorescens ATCC 49642 120, 150, 350, 900 220, 250, 300, 350, 450
S7TA 75, 120, 150, 350, 420,400 | 140, 150, 250, 300, 450

In order to obtain more accurate data, we also performed a repPCR protocol, method
based on random amplification of various fragments of genomic DNA using a single primer
of 22 bases length. PCR products yield specific pattern for each bacterial strain (Fig.6).
Patterns obtained with the primer BoxA1l were analyzed with BioRad Quantity One (Fig.7),
that generated also a dendrogram. Comparative analysis of both dendrograms (generated by
Biolog and, respectively, Quantity One) confirmed the high genomic similarity between
strains K1B and K7; on ther hand, analysis also revealed genetic differences between strains
K3 and K1A, that were biochemically more related.

8- ATCC 49462
-S7A

1 g ATCC 27853

M 1 2 8 4 S5 &6 7 8 9

6-K3

9- 88 Pseudontonas aeruginosa
5-K2 Pseudomonas aeruginosa
2-K1A Pseudomonas aeruginosa

4-K1B Pseudomonas aeruginosa

7-K7 Pseudomonas aeruginosa
004 020 040 050 080 100

Fig.6. Agarose gel electrophoresis of BOX-PCR
patterns from genomic DNA of newly Pseudomonas
strains. Wells: M- GeneRuler50bpDNA ladder
(Fermentas), 1- P.aeruginosa ATCC 27853, 2- K1A,
3- S7A, 4-K1B, 5- K2, 6- K3, 7- K7, 8-
P fluorescens ATCC 49642, 9- S8

Fig.7. Dendrogram based on BOX-PCR patterns of
Pseudomonas strains.
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In our molecular studies on alkane hydroxylase genes we used two sets of primers,
alkB1 and alkB3, designed by Kohno (2002) [6]. This gene was chosen because it codes for
alkane-hydroxylase, involved in the first step of the metabolic pathway, namely oxidative
degradation of n-alkanes. These genes were classified into three groups: group I — genes
coding for AlkB which catalyzes the first step degradation of short n-alkanes (Cs-C)2); group
I — genes coding AIkM which degrades medium-length alkanes (Cs-Ci6) via terminal
oxidation; and group III - genes involed in the degradation of long-chain n-alkanes (>Cjs) [6].

M 123 %5 678 9 M0

A
Fig.8. PCR amplification of the alkane hydroxylase genes with alkB-1 primer (A) and alkB-3 (B).
M1, M2 - molecular markers; (A) Lanes: 1- K1A, 2- S7A, 3- negative control; (B) Lanes: 1- P.aeruginosa
ATCC 27853, 2- K1A, 3-K1B, 4- K2, 5- K3, 6- K7, 7- P.fluorescens ATCC 49642, 8- STA, 9- S8

PCR amplification with alkB-1 was positive only for strain S7A, generating an
amplicon of 185bp (Fig.8.A). The PCR products obtained with alkB-3 primer had 330bp
(Fig.8.B). As our strain S7A proved to have both amplicons (Fig. 8A-2 and 8B-8), we can
assume that such microbial strains have individual genes coding for different domains of the
alkane hydroxylase. This assumption is strengthened by the results of Vomberg (2000) [15],
who presumed that the type of alkane-hydroxylase depends on both the type of substrate
degraded and the type of biodegradation pathway.

Our results also show that all isolates belong to group III and one strain belongs to
group I alkane hydroxylase system. A similar observation was made by Hassanshahian (2012)
[5], suggesting that genes in group III are more frequent than those in group I and II.

Because alkB genes were identified in bacteria isolated from various environments, we
might assume that they could be considered as markers for prediction the biodegradative
potential of microorganisms [17], [5], and therefore our experiments may be part of a fairly
new direction of study.

Conclusions

In this study, based on phenotypic and genetic analyses we identified seven bacterial
strains isolated from oil and oil-polluted soil samples. In the same time, we highlighted the
biodegradation potential of these strains using chemotaxis assay, growth on n-hexadecane and
Fluka-oil and also detection of alkane hydroxylase genes (using alkB-1 and alkB-3). These
results show that our bacterial strains may be candidates for use in bioremediation of the oil-
polluted soil ecosystems.
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