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The growth kinetics of a bacterium of the strain Pseudomonas fluorescens UCP 1514, which is indigenous in
soil, has been investigated in batch cultures containing dibenzothiophene. In this paper the potential of the
bacterium, when grown in medium with high concentration of dibenzothiophene and its potential for
biodegradation were analyzed. The microorganism was grown in medium Luria Bertani — agar medium with
10mM of dibenzothiophene during 24 hours, to select acclimated colonies. After selection of the colonies, the
microorganism was maintained in liquid medium with 2 mM of DBT dissolved in dimethylformamide. The
kinetics of growth was evaluated through viability and pH. The results showed that the microorganism was
able to metabolize DBT. The colonies physiologically adapted that grew on DBT, by DNA amplification using
the PCR (polymerase chain reaction) technique and the specific primer BOX have also been identified.

1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) comprise a large and heterogeneous group of organic contaminants
that are formed and emitted as a result of the incomplete combustion of organic material. Sulfur-oxide gases
(mostly SO5) are released during the combustion of sulfur compounds, which results not only in serious air
pollution, but also poison metal catalysts (Pawelec et al., 2011). Benzothiophene (BT), dibenzothiophene
(DBT), and their alkylated derivatives, account for more than 50% of the total sulfur content of commercial
diesel (Chi et al., 2011). These aromatic thiophenes are recalcitrant organic sulfur compounds and more
resistant to hydrodesulfurization (HDS) treatment than other sulfur compounds such as mercaptans and
sulfides (Hasan et al., 2012).

Hydrodesulfurization (HDS) is the most extensively employed method. However, some aromatic sulfur-
compounds, such as 4- and 4,6-alkyldibenzothiophene DBT, and polyaromatic sulfur compounds, show
resistance to be completely removed (Calzada et al., 2012).

Microbes have been in contact with crude oil since early stages of formation and maturation in different oil
reservoirs. During this long history of contact, microorganisms have evolved enormous metabolic activities,
which enabled them to utilize and transform nearly every chemical class in crude oil for their survival
(Mohamed et al., 2015). Biodesulfurization (BDS), a microbial-mediated process for specific S removal from
thiophenic compounds encountered in crude oils such as benzothiophene (BT), dibenzothiophene (DBT), and
their alkylated homologs, has been reported in numerous microbial species ( Xu et al., 2009).

Therefore, research regarding the degradation or desulphurization of such thiophenic compounds would be
necessary for environmental aspects. Considerable development, in recent years, has occurred in the
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application of Molecular Biology Techniques, especially in PCR analysis (Polymerase Chain Reaction), which
allows the amplification of given sequences of DNA molecule. In research on genetic diversity, PCR analysis
has often been used with specifics primers, such as BOX, ERIC and REP, and the profiles obtained have
resulted in products after reaction which allow the strains to be differentiated (Bustos-Jaimes et al., 2003).
Genetic variation within rhizobia was assessed using BOX-PCR and was shown to be a useful method for
differentiating closely related rhizobia. This method was used to assess whether the presence of heavy metals
in soil led to noticeable changes in rhizobia diversity. BOX-PCR analysis was preferred to other genetic
approaches such as (16S-DNA analysis) due to its ability to detect DNA mutations, insertions and deletions
(Delorme et al., 2003).

In this investigation the ability of the bacterium Pseudomonas fluorescens to grow in the presence of
dibenzothiophene and its influence on microbial metabolism were studied together with the DNA amplification
using the PCR (Polymerase Chain Reaction) technique and the specific primer, BOX. Since DBT derivatives
are the most frequently encountered in organic sulfur compounds, DBT is generally employed as a model
molecule in microbiological studies of heavy oil desulfurization.

2. Material and Methods

2.1. Microorganism and culture medium

The experiments were carried out using pure cultures of Pseudomonas fluorescens (UCP 1514) deposited in
the Nucleus of Research in Environmental Sciences — NPCIAMB, of the Catholic University of Pernambuco.
The bacterial culture was kept in solid medium agar nutrient consisting of meat extract (5.0g), peptone (10.0g),
NaCl (5.0g), agar (15.0) per litre of distilled water, at 4°C as a stock of bacterial innoculum.

2.2. Selection of DBT- acclimated colonies

The strain of Pseudomonas fluorescens was submitted with a gradient of DBT, using the technique described
by Szybalski and Bryson (1952). The culture medium used for performing the technique was Luria Bertani
(LB), containing tryptone (10.0g), yeast extract (5.0g), NaCl (10.0g) and glucose (5.0g), agar (17.0g) per litre,
with pH 7.0, as per Konish et al.(1997). The solution of DBT (Sigma-Aldrich®) was prepared in
dimethylformamide (DMF) at a concentration of 1 M, filtered and sterilized with a Millipore® filter. To the
culture medium was added 1ml of DBT in the concentration of 10mM in Petri plates kept in a sloping position
(so that the half reached 1 cm away from the part of most discharge on the border of the plate), until the DBT
gradient solidified. Then, after solidification of gradient DBT, a suspension of 106 UFC/ml of Pseudomonas
fluorescens was added in 9.9 ml of medium, with the plates maintained in a horizontal position. The plates
were kept at 37°C for 24 hours. After incubation time, the colonies grown in higher concentration of DBT were
observed. All experiments were performed in triplicate and with control. The physiologically adapted colonies
were transferred for tubes containing culture medium LB with DBT at 10mM.

2.3. Batch experiments

The culture was grown in LB liquid medium as described earlier. The following DBT concentration and solvent
was employed as stock solution: 1M DBT in dimethylfomamide (DMF) (Setti et al., 1995). The solution was
sterilized in a Millipore® filter. The Erlenmeyer flasks were autoclaved at 120°C for 30 minutes. Batch kinetic
experiments were conducted in 250 ml Erlenmeyer flasks by adding 2 mM DBT solution to 100 ml liquid
culture medium. Another culture was prepared as innoculum just before the batch experiment and, while the
bacteria were in the exponential phase, a volume of 5ml consisting of 108 cells/ml was transferred to 100 ml of
liquid medium. All experiments were performed in triplicate by control trials without innoculum, performed on a
rotary shaker operating at 150 rpm at a constant temperature of 37°C for 144 hours. Samples were taken
every 24 hours. Bacterial growth was monitored through cell viability using the pour plate technique and the
pH by using a pH meter (Orion 310). The specific growth speed (uesp) and generation time (TG) were
determined as per Pirt (1975) For the specific growth rate, the following Eq. (1) was used:

uesp = (Inx —Inx0/T — TO0) (1)

Where:

X= Final biomass

X0= Initial biomass

T= Final time

TO= Initial time

The generation time was determined by:
TG=In2/ yesp
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After culture time, the fermentations were centrifuged at 5,000 g for 15 minutes at 5°C to separate the
biomass and metabolic liquid. After separation, the metabolic liquid was utilized to determinate the
consumption of glucose and the quantification of protein.

2.4. Analytical methods

The glucose consumption was determined by the colorimetric method (LABTEST® Diagnotisc-Brazil) at 505
nm and the total protein was determined as per the Bradford (1976) method, using Bovine Serum Albumin
(BSA) as standard.

2.5. HPLC analysis

DBT quantification was carried out by HPLC analysis - Varian UV-VIS detector, model 320. Separation was
carried out with a C18 RP column (4.6 x 250 mm), SOLVENT LIBERATION SYSTEM, model 210 Varian
Star®, with the following separation conditions: mobile phase acetonitrile 75% and phosphate buffer 10 mM
(pH 6.0). The eluate was detected at 232 nm.

2.6. Genomic DNA extraction

For DNA extraction, the microorganism was grown in Luria Bertani-liquid medium at 37°C with 150 rpm at an
early exponential state. After fermentation, the cells were put on ice for 15 minutes, then centrifuged at 13,000
g, at 4°C for 10 minutes. The supernatant was removed and the cells, washed by adding 50ul of isotonic
solution and centrifuged again (13,000 g , 4°C for 10 minutes), were resuspended in 1/50 the volume of
isotonic solution. The experiment was performed by adding cell lysis solution, equal to the volume of the
resuspended solution, mixed by inversion and put on ice for 5 minutes. The sample was extracted with
chloroform isoamilic alcohol 24:1(v/v), mixed by inversion, centrifuged as described earlier and the organic
phase was removed. The DNA was extracted in the aqueous phase with 1:3 volume of ammonium acetate
(7.5M), mixed by inversion, adding 2.5 times the volume of ethanol, mixed again by invertion and kept for 15
minutes at room temperature; it was centrifuged for 15 minutes at 12,000 rpm and the supernatant removed
by adding 1ml of alcohol 70%, centrifuged at 13,000g , 4°C for 5 minutes, and thereafter dried at room
temperature. The DNA was dissolved in TBE buffer and quantified in agarose gel to 1%, stained with SyBr
Gold 1X (Invitrogen®). Electrophoresis was performed in a horizontal system using TBE buffer 0.5 X for 50
minutes at 80 Volts. The gel was visualized in a UV chamber.

2.7. DNA amplification

The DNA was amplified by PCR (Polymerase Chain Reaction) with primer BOX(5-
ACGGCAAGGCGACGTCGACG-3"), with repetitive regions of cromossomic DNA (Versalovic et al., 1994).
The amplification reaction was performed with the following volumes: milli-Q sterile water, 16.36 pl; dNTPs,
0.4 pl (stock solution with 20mM each base); buffer 10X, 2.5 ul; MgCI2, 1.25 ul (50mM); oligonucleotide, 1.0 pl
(50pmol pl-1); DNA, 1.0 pl (50mg); Taq, 50 pl (5U/ pl). The amplification was performed using the following
cycles: (i) one cycle of initial denaturation 7 min at 95°C; (ii)35x [denaturation 1min at 94°C, hybridization 1min
at 53°C, extension 8min at 65°C]; (iii) one cycle of final extension 16 min at 65°C, maintained at 4°C. The
samples were then submitted to gel eletrophoresis in agarose gel, at 1.5% (20x25cm), at 100V in TBE buffer
1X (10.8 g Tris-base 5.5g boric acid , 4ml of EDTA 0.5M pH 8.0, per liter of solution) which, after six hours,
was stained with Ethyl bromide and visualized in a UV chamber (Fernandes et al., 2003). The bands were
analyzed by Biometra Program 65.

2.8. Electrophoresis of proteins SDS-PAGE

The analysis was performed in line with Laemmli (1970). The samples were diluted in buffer (Tris-HCI
12mmol/l pH6.8, glycerol 5%, SDS (Sodium dodecyl sulphate) 0.4%, 2-mercaptoethanol 2mmol/l and
bromophenol blue 0.02%) and denatured at 90°C for 5 minutes. Aliquots were applied in polyacrylamide gel
containing SDS. The concentration of polyacrylamide on separator and ordered gel were 12% and 14%,
respectively. The ratio of acrylamide to bisacrylamide was 30:8 (w/w). The separator gel contained 2.5ml of
Tris-HCI 1.5mol/l pH 8.8, 100ml of SDS 10% (m/v), 50ul of ammonium persulphate 10% (m/v) and 5pl of
TEMED. The electrophoresis was performed at 150V for 2 hours in Tris-HCI buffer, 25mmol/l pH8.3, glycine
192mmol/l and SDS 0.1%, using Hoefer Gel Systems. The gels were stained with Coomassie Brilliant Blue
solution, 250 R (Coomassie Blue 0.15%, methanol 53% and acetic acid 7% in bi-distilled water. The gels were
immersed in a dryer solution (methanol 50% and glycerol 1% in bi-distilled water) for 2 hours.
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3. Results and Discussion

3.1. Kinetic study and effect of DBT on the growth of Pseudomonas fluorescens

The colonies visualized after the growth period with DBT on the Petri plates did not show morphological
alteration, maintaining the structures and sizes characteristic of the species.  During the fermentation,
Pseudomonas fluorescens UCP 1514 grew as well in the control as in DBT medium (Figure 1). The beginning
of the exponential phase was observed at 6 hours of culture. The specific velocity of growth on control was
0.25 h-1 and in experiments with DBT was 0.22 h-1, with a generation time of 2.77 and 3.15 hours for the
control and DBT culture, respectively (Table 1). The pH was not modified significantly during the cultivation.
With the control, growth was observed until 48 hours of culture. After this period, the decline phase of
microorganisms began. In experiments with DBT, The isolated DBT desulfurizing bacterial isolates showed
maximum growth in the mesophilic temperature range and at neutral pH value. (Mohamed et al., 2015). The
protein concentration was analyzed in the samples of metabolic liquid extracted each 2 hours until 12 hours of
culture and thereafter gt_periods of 24 hours until 144 hours, at the end of fermentation.

log (UFC/ml)

Time (h)
Figure 1. Kinetic growth and pH of Pseudomonas fluorescens in Luria Bertani medium. (=) Control; ( +) 2mM de DBT.

Table1. Values of specific velocity of growth puesp and generation time TG of kinetic growth of Pseudomonas
fluorescens in Luria Bertani Medium during 144 of culture.

Experiments Uesp Te
Control 0,25h™ 2,77 h
Medium with 2mM 0,22 h” 3,15h
DBT

Figure 2 shows that the extracellular proteins produced increased after 24 hours of culture. Then the
microorganisms produced an expressive proportion of enzymes to adapt to the compound, as well as to
degrade it with the cleavage of carbon-carbon bonds, and reducing the compounds into less complex
molecules. The same behavior was observed in Pseudomonas fluorescens; at first there was an adaptation
period to the compound that resulted in the production of extracellular proteins. In the presence of recalcitrant
compounds, in the beginning of the growth period, the microorganisms seek to adapt and utilize the
compounds as a carbon source. The glucose consumption was expressive at the beginning of the
fermentation as shown in Figure 3, due to the intensive activity of the microorganisms to remain viable in the
presence of dibenzothiophene and then to degrade it. The glucose was consumed during the first hours of
fermentation, as glucose is an easy source of energy and carbon, probably in this period, the
dibenzothiophene was used by Pseudomonas fluorescens as an energy source and even sulfur, for the
biosynthesis of vitamins and aminoacids.
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3.3 Molecular biology studies

Molecular biology studies were realized to identify the modifications on physiology and metabolism of the
microorganism, with DNA amplification by PCR and electrophoresis of proteins with SDS-PAGE. The
comparison with the standard amplification of genomic DNA fragments generated by repetitive elements
amplified by primer BOX is shown in Figure 4. The reaction of amplification of the DNA genomic region of
Pseudomonas fluorescens using PCR with primer BOX demonstrated a significant number of bands. Figure 4
shows that the bands varied from 400 to 2000kb.

The wild strain presented products of amplification about of 650 to 2000kb, while the strain acclimated with
DBT showed products of amplification between 400 to 2000kb. The band of molecular mass of 500kb is very
expressive on samples 1 and 2, treated with DBT, but did not appear on sample 1, wild strain. The band of
100pb of the marker presented three different forms on the bands. Mohamed et al. (2015) studied the 16S-
rRNA gene amplification and sequencing for identification and phylogenetic alignment of the isolated bacteria
SA11, SA21, and SA31 biocatalysts. Blast search sequence analysis of around 1000 bp of the amplified 16S
rRNA from both the 5 and 3 termini in at least 10 clones for each biocatalyst was performed to align the
biocatalysts to the most closely relatives in GenBank database.

The activity of total proteins in denaturing gel (SDS-PAGE) of Pseudomonas fluorescens grown in Luria
Bertani medium at 30°C identified the proteins. The profile obtained from samples showed different bands with
proteins with of different molecular mass. The molecular weight of samples 1, 2 and 3 in Figure 5 were
determined to be 116; 97.4; 97.4 kDa, respectively. The results showed that Pseudomonas fluorescens
presented a physiological modification in its genomic profile, occurring a reorganization of the genes.

0,03+
3,04

2,5

0,024
2,04

/ : 7/

T T T T T T T
0,0 08 16 24 48 72 96 120 144

Total protein (g/l)
Glucose (g/l)

0,00 0,0

T T T T T T T
0,0 0,8 1,6 24 48 72 96 120 144

Time (h) Time (h\
Figure 2. Total protein during metabolism of Figure 3. Glucose consumption during metabolism of
Pseudomonas fluorescens in Luria Bertani medium. () ~Pseudomonas fluorescens in Luria Bertani médium. (*)
Control; (+) 2mM de DBT. Control; (+) 2mM de DBT.

kDa
pb
212
116
97,4
2.000 66,2
1.650
45,0
1.000
850
650 31,0
500
400
300
21.4
200
100 14.4
Figure 4. DNA profile 1Kb Plus DNA Ladder PCR Figure 5. Protein profile. SDS-PAGE. M.
(primer BOX). M. Marker; 1.Strain Pseudomonas Marker; 1.Strain Pseudomonas fluorescens
fluorescens without DBT; 2. Strain with 10mM DBT; 3. without DBT; 2. Strain with 10mM DBT; 3.

Strain with 10mM DBT with liquid medium. Strain with 10mM DBT with liquid medium.
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Conclusions

The results showed that in implementing this genetic screen, unknown genes and enzymes responsible for
desulfurization have to be identified. Structural analyses of enzymes for DBT desulfurization are in progress,
and such genetic engineering techniques will enhance and improve the desulfurizing enzymes, making them
suitable for use in novel biodesulfurization processes.
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