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In this study, a well biofilm-forming bacterial strain was isolated from oil contaminated water and
sediment samples collected in petroleum storage Duc Giang, Hanoi. It was identified as Para-
coccus sp. DG25 and registered in the GenBank database with the accession numbers KJ608354.
Several biophysical and bio-chemical conditions for the biofilm formation of the strain were esti-
mated such as pH, temperature, carbon sources and nitrogen sources. As the results the biofilm
forming capacity was highest at pH 7, 37 °C, on maltose and supplemented with KNO;. Using the-
se optimal conditions, the formed biofilm degraded 76.07 % of pyrene after 7 day-incubation, with
the initial concentration of 300 ppm by high-performance liquid chromatography (HPLC) analysis.
To our knowledge, there is rare publication on pyrene degradation by biofilm-forming bacteria.
Therefore, the obtained results show that biofilm formed the strain Paracoccus sp. DG25 may
considerably increase the degrading efficiency of pyrene and may lead to a new approach to treat
polycyclic aromatic hydrocarbons containing in petroleum oil contaminated water in Vietnam.

Trong nghién ciru nay, tir cdc mau dat va nuweée nhiém dau ldy tai kho xdng Pirc Giang, Ha Noi,
chiing t6i dé phan ldp dwge ching vi khudn c¢é kha nang tao mang sinh hoc tot. Ching vi khudn
nay da dwge phan logi va dinh tén la Paracoccus sp. DG25 véi sé ding ky trén ngdn hang Gen la
KJ608354. Chiing t6i ciing di nghién ciru mét sé diéu kién héa 1y dnh hiedng t6i khd nang hinh
thanh mang sinh hoc nhw pH, nhiét do, nguon Carbon va nguon Nito. Két qua cho thay, ching
DG25 ¢6 kha nang tgo mang 16t nhat & cdc dleu kién pH 7, 37 °C, nguon Carbon la maltose va
nguon Nito' la KNO;. Sir dung cdc diéu kién t6i wu nay dé tao mang va danh gid kha nang phdn
ity pyrene ciia mang tao thanh. Bang phwong phdp sdc ky long cao dp, ching t6i da danh gid
dwoc ham luong pyrene bi phan huy sau 7 ngay nudi tinh boi mang sinh hoc cua chung DG25 lén
16i 76,07 % véi nong dg ban dau la 300 ppm. Cho téi nay, chwa c6 nhiéu cong bé vé hiéu qua
phén hity pyrene ciia cdc ching vi khudn tao mang sinh hoc. Do vdy, két qua dat dwoc ndy mé ra
kha ndng sit dung mang tao thanh béi ching DG25 dé ndng cao hiéu qua phdan hiy pyren va cé
thé mé ra phwong phap méi nham xir Iy cdc hop chdt hydrocarbon thom c6 trong nudc 6 nhiém
dau & Viét Nam.
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1. Introduction

Pyrene is one of the polycyclic aromatic hydrocarbons
(PAHs) that have been considered to be priority pollutants
by the United States Environmental Protection Agency
(US EPA) (Yan et al., 2004). Pyrene possessing four
benzene rings is a by-product of gasification processes
and other incomplete combustion processes. Due to its
chemical structure is highly recalcitrant and resistant to
microbial degradation (Seo et al., 2009). The microbial
PAHs-degradation is an effective strategy to remove pol-
lutants from the environment by bioremediation. A num-
ber of microorganisms including algae, heterotrophic
bacteria, cyanobacteria and fungi have been reported to
play a role in PAH degradation (Kim et al., 2005; Seo et
al., 2009; Klankeo et al., 2009). However few of them
demonstrated that biofilm-forming microorganisms effec-
tively degrade pollutants at the contaminated sites (Mos-
lemy et al., 2002; Mrozik and Piotrowska-Seget, 2010).
Biofilms are communities of microorganisms formed on
solid faces or interfaces (Morikawa, 2006). It has recently
been demonstrated that microorganisms exist prevalently
as biofilms and gather high tolerance to physical, chemi-
cal, and biological stresses because in biofilms, cells
exhibit specific gene expression (Gorbushina and Brough-
ton, 2009). Therefore, forming biofilms is considered a
natural strategy of microorganisms to survive and main-
tain a favorable niche in stressful environments (Mori-
kawa, 2006). The purpose of the present study was to
investigate the effects of culture conditions (pH, tempera-
ture, carbon and nitrogen sources) on biofilms formation
of a strain Paracoccus sp. DG2S isolated from oil con-
taminated water and sediment samples collected in petro-
leum storage Duc Giang, Hanoi and high performance of
biofilms to degrade pyrene.

2. Materials and Methods

2.1 Materials

Oil polluted soil and water samples from petroleum stor-
age Duc Giang, Hanoi were collected in to special equip-
ments. The samples were stored at 4 °C for further steps.

2.2 Methods

2.2.1 Enrichment and isolation of pyrene degrading
bacteria

For enrichment, 5 ml of water or 1 g of sediment samples
were inoculated into 50 ml Gost medium (Na,HPO,-0.7g,
KH,P0,-0.3g, KNOs-3g, NaCl-5g, MgS0,4-0.4g and distilled
water-1 liter at pH 7.0-7.2). The medium was supplemented
with 50 ppm of pyrene, shaked at 30°C and 180 rpm for 5
days. After three cycles of enrichment, 100 pul of the in-
cubation were cultured on Gost agar plates supplemented
with pyrene. The different bacterial colonies were puri-
fied on separated Gost agar plates supplemented with 50
ppm of pyrene. The pure colony which could grow well
on pyrene was routinely subcultured in Gost and stored
with 35% of glycerol at -80°C.

2.2.2 Screening biofilm-forming bacteria

Based on biofilm — estimation method published by
Morikawa et al. (2006): An overnight culture was diluted
to ODggp = 0.3 and inoculated (1 %) into 300 pl of LB
liquid medium in a 1.5 ml micro-centrifuge tube
(TC131615, Nippon Genetics, Tokyo, Japan). The tube
was kept standing at 30 °C for 3 days. The pellicles and
the medium were removed from the tube, which was
gently rinsed with distilled water and filled with 500 ul of
1 % CV solution. After 25 min, the CV solution was
removed and the tube was washed with distilled water.
The CV attached to the biofilm was dissolved in 400 ul of
DMSO and quantified by measuring its absorbance at 570
nm. All the data are average of triplicate experiments.

2.2.3 Identification of the bacterial strain forming
biofilm by cell morphological and molecular biology
methods

Morphological methods

Cells of the best biofilm formation were observed under
S-4800 Scanning Electron Microscope — SEM (Hitachi,
Japan).

Molecular biology methods

The total genomic deoxyribonucleic acid (DNA) of this
strain was isolated and purified by using the methods as
described by Zhou et al. (1996). The universal primers for
amplification of 16S rRNA region contain forward primer
27f (5'-GAGTTTGATCCTGGCTCAG-3) and 1527r (5'-
AGAAAGGAGGTGATCCAGCC-3"). The PCR reaction
(25 pl) mix contained 0.5 pM of each primer, 10 pM
deoxynucleotides, 1.5 mM MgCl,, 1 x buffer, 1 unit of
Taq polymerase (Fermentas) and annealed at 52°C for 2
min. PCR product was separated by agarose gel electro-
phoresis and recovered by using Accuprep PCR purifica-
tion kits (Bioneer). The sequence was identified under
sequencing ABI Systems (USA). After that, the sequence
was analyzed by the software’s such as Bioedit, Clustal X
and Mega4.

2.2.4 Effect of some conditions to biofilm formation

The values of pH from 6 to 11; temperature (25, 30, 37,
40, 45 and 50°C); carbon sources (glucose, saccharose,
mantose and lactose) and nitrogen sources (yeast extract,
KNO;, peptone and NaNO;) were used to estimate opti-
mal conditions to biofilm formation.

The selected strain was cultured to form biofilm as de-
scribed in 2.2.2 with different conditions of cultivation
(pH, temperature, carbon and nitrogen sources). Then,
after 24h, 48h and 72h, the biofilms were quantified by
measuring its absorbance at 570 nm. The highest results
were selected for further experiments. All the data are
average of triplicate experiments
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2.2.5 Analysis of pyrene by high performance liquid
chromatography (HPLC)

The selected bacterium was cultured at the optimal condi-
tions to form biofilm in LB medium. The biofilms were
washed twice with distilled water. The biofilms were then
incubated into Gost medium supplemented with 300 ppm
pyrene. The incubation afterthat was extracted to analyze
by HPLC to determine the amount of degraded pyrene by
the biofilms. It was performed on a Hewlett-Packard (Bad
Homburg, Germany) HPLC apparatus 1100 M equipped
with a quaternary pump system, a diode array detector
1100 M series I, and an HP Chemstation. The separation
was achieved with a Spesiorb ODS C18 end-capped (5-
pm) column (Merck, Darmstadt, Germany). Elution pro-
file is characterized by an initial solvent composition of
30 % water- 70 % acetonitril (0.1 %), reaching 100 %
acetonitril after 30 min at a flow rate of 0.5 ml min'l,
column temperature is 25 °C.

3. Results and discussion

3.1. Enrichment and isolation of pyrene
degrading bacteria

After three times of enrichment, samples were diluted and
plated on Gost medium supplemented with 50 ppm of
pyrene. These plates were incubated at 30°C and eight
bacterial strains having different morphologies were col-
lected. After seven days (168 hours) of culturing on Gost
liquid medium supplemented with 50 ppm of pyrene, the
growth capacity of these bacteria was showed in Figure 1.
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Figure 1. Growth capacity of isolated bacteria on
pyrene
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Figure 2. Biofilm formation of isolated bacterial
strains (1, PGA 2.2; 2, PGA 2.5; 3, DGAG 2.1 and 4,
DPGAG2.3)

The results indicated that the four bacterial strains includ-
ing DGA 2.2, PGA 2.5, PGAG 2.1 and PGAG 2.3 have
highly pyrene utilazation ability. Therefore, these micro-
organisms were selected for biofilm formation test.

3.2 Screening bacterial strains forming
biofilm

The four bacterial strains were rinsed with cristal violet
and the results showed in Figure 2. Of which, the strain
DGA 2.5 was shown as the highest biofilm-forming and
pyrene-utilizing strain, thereby, the PGA 2.5 was chosen
for further study.

3.3 Identification of the bacterial strain by
cell morphological and molecular biology
methods

The strain DPGA 2.5 was negative Gram with milk color,
curve, wet and colony diameter was 1.5-2 mm. Under
SEM with magnification of 30,000 X, the cells of DPGA
2.5 have short - rod shape, (0.6-1.1) um x (0.4-0.6) pm
size (Figure 3).
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Figure 3. Morphology of DGA 2.5 colonies and cells

Then, the DGA 2.5 cells were identified by 16S rRNA
analysis. Comparing with gene sequences of other bacte-
rial strains in NCBI, gene sequence of PGA 2.5 strain
was similar from 96 to 99% with Paracoccus genus. And,
BQNI11 strain was named Paracoccus sp. DG25. This
sequence was registered at NCBI with KJ608354 acces-
sion. A phylogenic tree was built basing on similarity
sequences in NCBI, using clustal X and Mega4 software
(Figure 4).
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Paracoccus thiophilus AS001 (AJ294414)
Paracoccus sp. BNSP3 (KF421813)
Paracoccus ferrooxidans E&N-l (AY954687)

Paracoccus sp. DG25 (KJ608354)
Paracoccus denitrificans ATCC 17741T (Y16927)
Paracoccus aminovorans JCM 7685 (D32240)
Paracoccus halophilus HN-182 (DQ423482)

Paracoccus alkenifer (Y13827)
Paracoccus alcaliphilus (AY014177)

Paracoccus halodenitrificans (L04942)
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Figure 4. Phylogenic tree of DPGA 2.5 gene 16S rRNA sequence

3.4 Effect of some experimental conditions on
biofilm formation

The effects of incubation temperature, pH, carbon and
nitrogen sources on the biofilm formation of Paracoccus
sp. DG25 strain are shown in Fig 5. The highest biofilm
formation of DG25 strain was observed in culture at 37
°C, followed by those at 39, 40 and 25 °C. The initial pH
of the growth media ranged from 4.0 to 9.0. After 3 d
incubation, the biofilms well formed in the cultures at pH
6 to pH 9. The highest formation occurred in the cultures
in which the initial pH was 7.0. Similarly, matose was
shown as the best carbon source for biofilm formation and

KNO; was the optimal nitrogen source. According to
Nghiem Ngoc Minh (2012), the Paracoccus sp. BTL4
isolated from wastewater of Tu Liem industrial zone grew
best at 37°C, pH from 6 to 8. However, the BTL4 was
investigated as suspended type, meanwhile the DG25
strain was examined as biofilm type. Paracoccus sp. are
common in the environment and have been reported to be
able to utilize and/or degrade many variety of xenobiotics
when given as plantonik type (Teng ef al., 2010).To the
best of our knowledge, few studies have studied the
biofilms formation of Paracoccus sp. to apply in aromatic
hydrocarbon treatment. Therefore, these optimal condi-
tions were used for further investigation.
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Figure 5. Effect of some experimental conditions on biofilm formation
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3.5 Degradation of pyrene by Paracoccus sp.
DA 2.5

The pyrene degradation was estimated by HPLC analysis
and the results were shown in Fig 6. Depending on the
peak high, the percentage of degraded pyrene was 76.07
% after 7 day incubation with the initial concentration of
300 ppm.

There are many publications on PAH degradation by
Paracoccus sp. In 2005, Guo et al reported on Para-
coccus (SPNT) isolated from mangrove sediments were
capable to degrade mixed PAHs (phenanthrene + fluoran-
thene + Pyrene). However, pyrene was hardly biodegrad-
ed (<20% degradation) then other compounds. In 2010,
Teng et al. published PAH degradation of Paracocus
aminovorans HPD-2which could degrade 36 % amount of
PAHs containing 3 rings and also degraded 26 % amount
of PAHs containing 5 rings after 14 day incubation (Teng
et al., 2010). Nghiem Ngoc Minh et al. (2012) showed
that the strain Paracocus. sp. BTL4 degraded 25.5 % of
pyrene after 7 day incubation with the initial concentra-
tion of 100 ppm. In comparison with these results, the
biofilm formed by Paracoccus sp. DG25 degraded higher
than these other Paracoccus sp. This result suggested the
capacity of application biofilm formed by Paracoccus sp.
DG25 in pyrene and PAH polluted soil and water sam-
ples. Moreover, to enhance this ability, using biofilm
formed by mixture of species was published (Le Thi Nhi
Cong et al., 2014). It is explained that the ability of a
biofilm to tolerate environmental stresses could be used to
increase biodegradation.

%,
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Figure 6. Chromatograpy of pyrene degradation by
DG2S5 after 7 day incubation. a, control; b, experiment

Once these cells are firmly bound, the activity of the
community is dependent on the metabolism and growth of
each member species under local surface conditions.
Thus, the Paracoccus sp. DG25 is considered to increase
the diversity of biofilm forming microorganism to treat
PAH polluted wastewater.

4. Conclusion

From oil contaminated water and sediment samples col-
lected in petroleum storage Duc Giang, Hanoi we have
isolated a biofilm forming Paracoccus sp. DG2S5 strain
with the accession numbers KJ608354 in the GenBank
database. The optimal biofilm formation was at pH 7,
37°C, on maltose and supplemented with KNOs. Using
these optimal conditions, the formed biofilm degraded
76.07 % of pyrene after 7 day-incubation with the initial
concentration of 300 ppm. These results may lead to a
new approach to treat polycyclic aromatic hydrocarbons
containing in petroleum oil contaminated water in Vi-
etnam.
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