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Abstract: Polychlorinated biphenyls (PCBs) are one of the most dangerous xhenobiotics in the environment,
because they are normally thermodynamically stable and not readily degraded. In addition, PCBs pose potential
health risks to humans, as they can be toxic, mutagenic, and carcinogenic. Two bacterial isolates were isolated from
the oxidation park of Sadat City, Egypt where this region is known to be highly contaminated by PCBs. The two
isolates were characterized by sequencing 16S rRNA and were identified as Pseudomonas sp HA-OP21 and
Burkholderia sp. HA-OP24. The PCBs degrading ability of the two strains was determined and it was found that the
first strain can degrade monochlorinated biphenyls while the second can utilize polychlorinated biphenyls as sole
carbon source and energy , these findings suggests that our strains contain genes that encode catabolic dioxygenases
enzymes ,which are involved in PCBs degradation. Using previously designed primers, we managed to amplify
Rieske non-heme iron oxygenase (ISPa) gene of toluene/biphenyl subfamily and catechol 2,3dioxygenase gene that
considered the most important catabolic genes involved in PCBs biodegradation.
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1.Introduction Lunt and Evans (Lunt and Evans, 1970) were
Polychlorinated biphenyls (PCBs) are a class of the first to isolate microorganisms capable of
209 compounds with the molecular formula growing on biphenyl as sole source of carbon and
CioHyg oCl, where 1 < n < 10.They were energy and since then several biphenyl-degrading
commercially produced as complex mixtures for organisms have been isolated. These organisms
various uses, being employed mainly as dielectric belong to both Gram-negative and Gram-positive
fluids in capacitors and transformers (WHO, 1993). genera and comprise various Pseudomonas,
Their thermal and chemical stability, resistance to Burkholderia, Achromobacter, Comamonas,
chemical corrosion and general inertness have Ralstonia, Acinetobacter, Rhodococcusand Bacillus
contributed to their persistence in the environment isolates (Pieper, 2005). Burkolderia xenovorans
(Haluska et al, 1995).They are ubiquitous LB400 is a model bacterium for PCBs degradation
contaminants of public concern because of their and is able to degrade a broad range of PCBs
persistence and bioaccumulation in the environment, (Haddock et al., 1995; Seeger et al., 2001) also
as well as their potential toxicity to humans and Rhodococcus jostii RHA1 is another potent PCB-
ecotoxicology (Borlakoglu and Haegeles, 1991). The degrading soil bacterium (Seto ef al., 1995; Warren et
conventional methods for remediation of PCB- al., 2004; McLeod et al., 2006). Anaerobic bacteria,
contaminated soil, that include incineration or such as the Clostridium members, which remove
relocation to specialized landfills, are often chlorine from PCB, have also been studied (Hou and
prohibitively expensive. The alternative Dutta, 2000).
biodegradation strategy for in situ PCB removal uses The biodegradation of PCBs by aerobic
microorganisms capable of metabolizing PCBs. bacteria had been well studied. However, it was
Microorganisms play an important role in the field of observed that only lightly chlorinated PCB
environmental science by degrading and transforming congeners, those with four or less chlorine atoms,
toxic compounds into non-toxic or less toxic forms. were degraded (Ahmed and Focht, 1973; Ahmad et
Nevertheless polychlorinated biphenyls (PCBs) are al., 1991; Fava et al., 1994). Highly chlorinated PCB
still very persistent, resulting from the inability of congeners, those with five or more chlorine atoms,
environmental microbial populations to degrade these remain biorefractory to aerobic bacteria, although
compounds efficiently (Sylvestre, 2004). there had been few reports on the aerobic degradation

of penta- and hexachlorobiphenyls (Bedard et al,
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1987). Thus, the degradation of PCB mixture will
involve a complex microbial network characterized
with a diversity of substrate specificities (Borja et al.,
2006).

Biphenyl 2,3-dioxygenase is the enzyme that
catalyzes the first step in PCBs degradation. It
belongs to the toluene/biphenyl family of Rieske non-
heme iron oxygenases (Gibson and Parales 2000).
Studies on various biphenyl 2,3-dioxygenases have
revealed considerable differences in their congener
selectivity patterns, as well as their preference for the
ring attacked (Erickson and Mondello 1993; Kimura
et al, 1997; Seeger et al, 1999; Zielinski et al,
2002).They  comprise  ferredoxin, ferredoxin
reductase and a terminal oxygenase. The ferredoxin
and ferredoxin reductase act as an electron transport
system to transfer electrons from NADH to the
terminal oxygenase. The terminal oxygenase is the
one that interacts directly with the substrate and
which influences the range of PCB substrate
oxygenated by the enzyme (Pieper, 2005). It is iron—
sulfur protein (ISP) comprising a 2Fe-2S Rieske
center and composed of a large a- and a small (-
subunit. The ISPa-subunit gene was found to be
crucially responsible for recognition and binding of
the substrates, and also for substrate specificity
(Furukawa et al, 1993; Kimura et al, 1997).
Biphenyl is subject to 2,3-dioxygenase, giving, after
dehydrogenation, 2,3-dihydroxybiphenyl which is
then subjected to extradiol ring cleavage by 2,3-
dihydroxybiphenyl 1,2-dioxygenases. (Pieper, 2005)

2,3- dihydroxybiphenyl 1,2-dioxygenases genes
have a particular significance in the degradation of
PCBs. They belong to the family of extradiol
dioxygenases and use mononuclear Fe2+ to cleave
dihydroxybiphenyl. A large collection of genes
coding for such an activity have been cloned and
sequenced in the last years, being classified as a
diverse gene family (Eltisand Bolin, 1996). Usually,
extradiol dioxygenases, which are involved in
biphenyl degradation, belong to the 1.3.A subfamily
of extradiol dioxygenases (Eltis and Bolin, 1996) and
are specialized for transformation of 2,3-
dihydroxybiphenyls. These enzymes differ in their
substrate specificity, but seem to be generally capable
of transforming various chloro substituted derivatives
(Dai et al, 2002). The 2-hydroxy-6-oxo-6-
phenylhexa-2,4-dienoate thereby formed undergoes
hydrolysis, yielding benzoate and 2-hydroxypenta-
2,4-dienoate as reaction products. This sequence of
reactions forms the so-called biphenyl upper pathway
(Pieper, 2005).

PCR was used as a molecular tool for detection
of functional/catabolic genes in environmental
isolates or environmental DNA, and diversity is
usually assessed by sequencing of genes from isolates
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or PCR clone libraries (Yeates et al., 2000; Buchan et
al., 2001; Hamelin et al., 2002).

In this work, new polychlorinated biphenyl
(PCBs)-degrading bacteria were obtained from soils
highly contaminated with PCBs and PCR was used
with the DNA of our new isolates as a molecular tool
for the detection of Rieske non-heme iron oxygenase
(ISPa) gene of toluene/biphenyl subfamily and
catechol 2,3 dioxygenase gene that considered the
most important catabolic genes involved in PCBs
biodegradation.

2. Material and methods
Site description

The study site was located in Sadat City. Sadat
City is one of the largest industrial cities in Egypt. It
is a desert area and includes more than 109 factories
with several industrial activities. The final outputs of
industrial as well as urban effluents are expelling out
of the populated area of the city. The treatment of
such emissions is carried out depending on the
oxidation pond system (Elaxadaponds). However, the
sweeping overflow of this discharge move downward
to the lower land forming large pools (2.6-4 hectares,
2-4 m depth). The Oxidation Pond site had been
polluted with PCBs compounds. The PCBs content in
these ponds were detected with range from 212 to
320 mg PCBs kg-1 (Hamdy, 2013).

Isolation, purification
bacterial isolates

1 g of soil was incubated in 1 L Erlenmeyer
flasks containing 100 ml of mineral medium
(Buffer:Na,HPO, x12H,0 14 g, KH,PO, 2 g, H20 to
IL, pH 7.4;100x Salt-solution :Ca(NOs), x 4H,O 5
g,MgSO, x 7H20 20 g ,Felll-ammonium-citrate 1 g
(28 % Fe),Trace elements solution 100 ml , H,O to
IL; Trace elements (sterilized by filtration)
HCL(25%) 1.3 ml, ZnCl, 70 mg, MnCl, x 4H,0 100
mg, H;BO, 62 mg, CoCl, x 6H,0 190 mg, CuCl x
2H,0 17 mg, NiCl, x 6H,0 24 mg, NaMoO, x 2H,0
36 mg, H,O to 1L. Liquid medium was assembled
by supplementing the buffer with 1% (vol/vol) of salt
solution. Biphenyl was added as the sole source of
carbon and energy in appropriate concentrations,
usually 2 mM. After one month of cultivation at 30°C
with shaking, 10 % of the culture was transferred to
fresh medium and cultured for one more month. The
culture was monitored for the presence of
microorganisms until turbidity of the medium was
observed by measuring at 600 nm. Each isolated
colony was recultured on solid minimal media
supplemented with crystals of biphenyl in the lid of
the plate as sole carbon source. All isolates were
purified and stored in minimal media and glycerol

and preservation of



Life Science Journal 2013;10(3)

http://www.lifesciencesite.com

added to a final concentration of 50% and stored at -
80°C.

Screening  of  2,3-dihydroxybiphenyl 1,2-
dioxygenase and catechol 2,3-dioxygenase activity

For screening 2,3-dihydroxybiphenyl 1,2-
dioxygenase activity, a sterile solution 10 mM of 2,3-
dihydroxybiphenyl (dissolved in 1 % of the final
volume of ethanol, to which water was added to give
the final molarity) was sprayed on the bacterial
colonies. Also catechol 2,3-dioxygenase activity was
screened by spraying with catechol. Positive clones
could be easily identified due to yellow coloration
around the colonies. Colonies turning yellow were
purified by repeated subculturing and streaking on
minimal medium agar plates with Biphenyl as sole
carbon source.

Growth on different PCBs compounds

Pure cultures were tested for their ability to grow
on a variety of defined carbon sources. The tests were
performed in minimal media supplemented with the
tested compounds as a sole carbon source. Substrates
were added to 10 ml MM in Balch tubes at a
concentration of 100 ppm and inoculated with 105—
106 cells/ml of phosphate buffer (pH 7.4), tubes were
crimp sealed with Teflon-coated stoppers and
incubated on shaker at 100 rpm. Tested substrates
included BETX, dibenzofuran (DBF),
monochlorobiphenyls (2-CB and 4-CB),
dichlorobiphenyls (2,3CB and 2,4CB) and
polychlorinated biphenyls (2,4,5,2'4')5'-
Chlorobiphenyl). Stock solutions of all substrates
were autoclaved prior to use. Growth was evaluated
by microscopy and visual monitoring of turbidity . In
these substrate-screening studies, growth was scored
as positive if turbidity was notably greater than in
controls lacking the test compound, microscopic
examination revealed an increase in cell numbers.

DNA Extraction and amplification of 16S rRNA
gene fragment from the new isolates

Genomic DNA of Pseudomonas sp HA-OP21
and Burkholderia sp. HA-OP24 were isolated from
cells pregrown on biphenyl according to the protocol
for bacterial DNA extraction with the GeneJET
Genomic DNA Purification Kit (#K0721) provided
by Fermentas .Yield of genomic DNA was visualized
on 1% agarose gels and quantified
spectrophotometrically by wusing (Gene Quant,
Pharmacia) in lcm covet and diluted to 2 pg/ul.
Purity was determined by calculating the ratio of
absorbance at 260 nm to absorbance at 280 nm (a
pure DNA has an A260/A280 ratio of 1.7-1.9).

The new PCBs degraders were identified
partially using two primer sets targeting the 16S
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TRNA, the first primer set (16F8
5’AGAGTTTGATCCTGGCTCAG 3', 16R518
5'CGTATTACCGCGGCTGCTGG3') and  the
second primer set (16F945
5'GGGCCCGCACAAGCGGTGG 3°, 16R1492
5S'TACGGYTACCTTGTTACGACTT 3%

corresponding to position 1-518 and 945-1492
respectively according to the E. coli numbering
system. The 16S rRNA were directly determined
from PCR fragments after purification with Gene
JET™(#K0831) PCR Purification Kit (Fermentas).

Primer design and PCR conditions

Three genes for degradation of aromatics (ISPa
gene segments of the toluene/biphenyl subfamily,
C230 type 1.2.A, C230 type 1.3.A) were screened
by PCR. Primers details including sequence,
annealing temperature and product size are given in
Table 1. PCR amplification was carried out in a 50ul
reaction mixture containing 100 ng of pure strain
DNA as templates. the PCR mixture contained 1.25
U Taq polymerase, 10 pmol of the forward primer, 10
pmol of the reverse primer, 200 uM of each dNTP
and 5 pl of 10x Taq reaction buffer (20mM MgCl2).
The Taq polymerase, dNTPs and PCR buffer were
purchased from fermentas. The thermal cycling
program was as follows: hot start at 94°C for 5 min
followed by 35 cycles of 94°C for 40 sec, annealing
for 40 sec, 72°C for 1 min and a final step of 72 °C
for 8 min. The PCR products (4 ul of the PCR
reaction) were checked for integrity by agarose gel
electrophoresis. 1% agarose gel was dissolved in 1x
TBE buffer, melted and poured into an
electrophoresis chamber, A volume of 10% (v/v)
loading buffer (60% glycerin, 0.3 % xylolcyanol 0,3
% bromophenolblue) was added to the DNA samples.
Samples were loaded onto the gel and the
electrophoresis was performed at 50 Volt/cm in Ix
TBE buffer. DNA was visualized by soaking in a
dilute solution of ethidium bromide. DNA fragments
were separated and their sizes examined and
determined under UV light. The DNA extraction was
processed by the GeneJET Gel Extraction Kit
(#K0831).

Sequence analysis of the PCR amplified catabolic
genes and 16S rRNA gene fragments

The purified PCR products of catabolic gene
sequences and the 16S rRNA gene sequences were
sequenced double stranded. Primers used for
sequencing reactions were the same as those used in
the original PCR. Nucleotide similarity searches were
performed using BlastN program from the National
Center for Biotechnology Information website.
Phylogenetic trees of partial 16s rRNA gene
sequence of strains Pseudomonas sp HA-OP21 and
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Burkholderia sp. HA-OP24 and related bacteria were
constructed using the clustalx1.83 program and N-J
trees were visualized with tree view program.
Vectorial representations were imported and edited
on Microsoft Office Power point program.
Phylogenetic analysis of the catabolic genes and the
related genes also constructed with the same
programs.

Data deposition

The catabolic gene sequences reported in this
study are available from GenBank under accession
numbers from JQO015315 to JQO015320, while the
16S rRNA gene sequences are available under
accession  numbers  HQ918250, HQ918248,
JF264747, and JF264749.

3. Result
Isolation and characterization of PCBs-degrading
bacteria

Soil samples were collected from oxidation ponds
in Sadat city. Enrichment cultures were set up in
minimal media with biphenyl crystals as sole source
of carbon source and energy. After two transfers,
aliquots were plated on minimal media agar plates
with biphenyl as sole carbon source. Purified single
colonies exhibiting yellow coloration after spraying
with 2,3- dihydroxybiphenyl  were purified by
streaking on agar plates with biphenyl as sole carbon
source and the DNA of the two strains was isolated.
The two isolates were characterized by sequencing
16S rRNA partially with two primer sets. Analysis
using the RDPII database revealed that the isolate
HA-OP21 belongs to the genus Pseudomonas
whereas isolate HA-OP24 belongs to the genus
Burkholderia. The 16S rRNA genes of strains
Pseudomonas sp. strain HA-OP21 and Burkholderia
sp. strain HA-OP24 were sequenced, analyzed and
compared with sequences deposited in publicly
accessible database using NCBI BlastN search tool.

Phylogenetic relationships between isolated
strains with related aromatic compounds
degraders

Two phylogenetic relationships between isolated
strains with related aromatic compounds degrader’s
taxa were determined by a neighbor-joining distance
analysis of their 16S rRNA gene sequences. For the
first primer set (Figure 1) and for the second primer
set (Figure 2). Pseudomonas sp. HA-OP1 has high
similarity in case of the first primer set with
Pseudomonas sp. BZ2, Pseudomonas sp. HI,
Pseudomonas veronii UFZ-B547, Pseudomonas sp.
Cam-1, Pseudomonas aeruginosa W3.1 and
uncultured soil bacterium clone NAP7d37 which
have previously been reported to be able to grow on
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aromatic hydrocarbons, polyaromatic hydrocarbons,
chlorobenzene, polychlorinated biphenyls, anthracene
and naphthalene respectively (Figure 1) (Master and
Mohn, 1998; Singleton et al., 2005). In case of the
second primer with Pseudomonas sp. Clow,
Pseudomonas sp. CT-1, Pseudomonas sp. DK2009-
3a Pseudomonas sp. BFXIJ-8, Pseudomonas sp.
Geo33 and uncultured Pseudomonas sp. clone G85
which have previously been reported to be able to
grow on hydrocarbons, naphthalene, fenamiphos &
oxamyl, phenol, polyaromatic hydrocarbons and
acetate respectively (Figure 2 ) (Hoefel ef al ., 2006;
Adav et al., 2010). It also showed high similarity in
case of the first and second primer set with
Pseudomonas sp. ARDRA PS2, Pseudomonas
veronii strain S1f-34 and Pseudomonas sp.
A3YXyl2-4, which have been reported as BETX
degrader (Junca and Pieper, 2004; Hendrickx et al.,
2006) and also with the polychlorinated biphenyl
degraders Pseudomonas frederiksbergensis OUCZ24
and  Pseudomonas  pseudoalcaligenes  KF707
(Figuresl, 2) (Leigh et al., 2006) .

Whereas Burkholderia sp. HA-OP24 showed
high similarity in case of the first primer set with
Pandoraea  sp. HA-OP28 and  uncultured
Eubacterium clone WR112 which have been reported
as aromatic hydrocarbons and polychlorinated
biphenyls degraders (Figure 1) (Nogales et al., 1999).
In case of the second primer it showed high similarity
with uncultured Eubacterium WD285 clone and
uncultured Eubacterium clone WD202 that they have
been reported as polychlorinated biphenyl degraders
(Figure 2) (Nogales et al., 2001). It also showed high
similarity in case of the first and second primer set
with Burkholderia fungorum DBT1, Burkholderia sp.
isolate N2P5, Burkholderia xenovorans LB400 and
Pandoraea sp. Y1 that they have been reported as
dibenzothiophene,  polyaromatic  hydrocarbons,
polychlorinated biphenyls and aromatic hydrocarbons
degraders respectively (figures 1,2)(Mueller et al.,
1997; Zocca et al., 2004; Chain et al., 2006).

Substrate diversity of bacterial strains

The two strains were tested for the use of a range
of a wide range of chlorinated biphenyls as well as
BETX, biphenyl and dibenzofuran (DBF) as sole
carbon and energy sources (Table 2). The chlorinated
biphenyl include 2CB; 4CB; 2,3CB; 2,4CB and
2,4,5,2' 4'5'-Chlorobiphenyl, and it was found that
both strains were able to utilize BETX, Biphenyl,
dibenzofuran, 2CB; 4CB quite rapidly. Whereas di-
CBs including 2,3-, 2,4-DCB and 2,4,5,2',4",5'-
Chlorobiphenyl can be utilized by only
Burkholderiasp.HA OP24.
Transformation of 2,3-Dihydroxybiphenyl and
catechol by resting cells from PCBs degraders
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To analyze the differences in extradiol
dioxygenase activities (2,3 dihydroxybiphenyl
dioxygenase or catechol 2,3 dioxygenase) in the two
strains, the resting cells grown on biphenyl were
incubated with 2,3DHB and Catechol for detection of
the meta- cleavage activity in both the upper and
lower pathway of PCBs degradation, the activities
were detected colorimetric by the production of

yellow metabolites. The yellow color observed could
be considered as an indication of meta-cleavage
product of hydroxyl 6-oxo-6-penta 2,4-dienoic acid
(HOPDA) in the case of 2,3DHB and and 2-
hydroxymuconic semialdehyde for catechol. A rapid
coloration due to meta-cleavage of DHB and catechol
were observed with high activities in both 2-CB and
4-CB cells.

Primer name

Sequence 5'-3'

Anneling Product Refrence

temperature size (bp)

ISP(w) of bphAF668-3a GTTCCGTGTAACTGGAARTWYGC 50°¢ 550 Witzig et
toluene/biphenyl bphAR1153-2a CCAGTTCTCGCCRTCRTCYTGHTC al., 2006
subfamily
Catechol C230-ORF-F AGGTGWCGTSATGAAMAAAGG 50°¢ 934 Junca and
extradiol dioxygenases C230-ORF-R TYAGGTSAKMACGGTCAKGAA Pieper, 2003
(1.2.A) subfamily
Catechol EXDO-K2-F GAAAAAGTGGGTTTGATGGAGG 55° 810 Brennerova
extradiol dioxygenases EXDO-K2-R CGCTTATGCCKCGTCATCACCC et al.,2009
(I.3.A) subfamily

PCR detection of biphenyl degradation genes

The primer set bphAF668-3 & bphAR1153-2
(Witzig et al., 2006) was used in PCR for amplifying
iron-sulfur protein (ISP- o) genes of the toluene/
biphenyl oxygenase subfamily of Pseudomonas sp.
Strain HA-OP21 and Burkholderia sp. Strain HA-
OP24. The expected amplification product of 550bp
fragment was resulted from both strains (Figure 3a).
Amplicons resulting from PCR were purified and
sequenced double stranded. Nucleotide sequence
similarity was performed using BlastN programs
from the National Center for Biotechnology
Information website and a phylogenetic tree of ISPa
genes of the two strains and related ISPa genes from
other isolates were constructed (Figure 4). The
analysis of the phylogenetic tree showed that the
majority are related to rieske non-heme iron
oxygenase (ISPa) gene of toluene/biphenyl
subfamily. They showed high similarity (99%) to the
rieske non-heme iron oxygenase o subunit gene of
the bacterium Pseudomonas sp. Strain 3YdBTEX2
and was closely related (similarity 94%) to putative
rieske non-heme iron oxygenase o subunit (ipbAa)
gene of the bacterium Pseudomonas sp. IpA-92.

The nucleotide sequence of ISP-a gene of
Pseudomonas sp. Strain HA-OP21 and Burkholderia
sp. Strain HA-OP24 were compared. The nucleotide
sequence conservation is 99% and showed long
stretches of identical sequence indicating that these
genes are very closely related. Pseudomonas sp.
Strain HA-OP21 ISP-a gene differs from
Burkholderia sp. Strain HA-OP24 ISP-a gene at 6
positions. Erickson et al., (Erickson et al, 1993)
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proposed that any alterations in the sequence of the
large subunit of the terminal biphenyl dioxygenase
resulted in modifying the PCB congener specificity
of the enzyme. So we suggest that the differences in
the degrading abilities between  Pseudomonas sp.
Strain HA-OP21 and Burkholderia sp. Strain HA-
OP24 was due to differences in the sequence of the
large subunit of the terminal biphenyl dioxygenase.

Two previously designed primer sets that have
been previously designed were used in PCR for
amplifying diverse types of catechol 2,3 dioxygenase
genes. The primer set C230-F & C230-F (Junca and
Pieper, 2003) that was previously designed to
amplify 934bp comprising the complete open reading
frames of the subfamily I.2.A C230 genes was tested
with our strains. A clear single bands with the
expected size 934bp (figure 3b) was resulted from
both strains and the nucleotide sequence similarity
search showed that they are closely related to
(similarity 92%) the catechol 2,3-dioxygenase (bphE)
gene of biphenyl-utilizing bacterium Pseudomonas
sp. IC (Figure 5). While primers EXDO-K2-F &
EXDO-K2-R (Brennerova et al.,2009) were
designed to target 3- isopropylcatechol 2,3-
dioxygenase encoding gene involved in the isopropyl
benzene degradation (a second subgroup of
subfamily 1.3A ). Also a clear single bands with the
expected size 810bp (figure 3¢) were resulted from
both strains and it was found that they showed high
similarity (97%) to isopropylbenzene dioxygenase
gene of the bacterium Pseudomonas putida RE204
(Figure 6).
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Burkholderia sp. HA-OP24 [HQ918250]

uncultured eubacterium WR112 [AJ233511] PCBs

Burkholderiasp. N2P5 [U37342] PAH

- BurkholderiafungorumDBT1 [HM113360]dibenzothiophene
~——————Burkholderiaxenovorans LB400 [NR_074325]PCBs

E Pandoraeasp. Y1 [AB222022] AH
Pandoraeasp. HA-OP28 [HQ918251) AH
E Pseudomonas pseudoalcaligenes KF707 [ AB109887] PCBs
Pseudomonas aeruginosa W3.1 [JF423918] anthracene

_EPset:domonas sp. HA-OP21[HQ918248]

Pseudomonas sp. Cam-1 [AF098464] PCBs
—— Pseudomonas veroniiS1f34 [DQ3525597] BETX

E Pseudomonassp. H1 [AF195777] PAH

Pseudomonas veronii UFZ-B547 [AY144583)CB
Pseudomonas sp. BZ27 [HQ588846) AH

— Pseudomonas frederiksbergensis OUCZ24 [AY785733]PCBY
L Uncultured soil bacterium NAP7d37 [AY699592] napthalene

— Pseudomonas sp. ARDRA PS2 [AY364086] BTEX
L— Pseudomonassp. A3YXyl2-4 [AYS12607) BETX

Figure 1. Phylogenetic tree based on the comparison of partial 16S rRNA gene fragments, corresponding to position 1-518
according to the E.coli numbering system, showing the relationship of the new PCBs degraders strains (with bold line and the
accession numbers after the strain name) with the nearest strain for each, that have already reported before as aromatic degraders.
polychlorinated biphenyls (PCBs), Polyaromatic hydrocarbon (PAH), aromatic hydrocarbon (AH), benzene - ethylbenzene -
toluene - xylene (BETX), and chlorobenzene (CB).

Burkholderia sp. HA-OP24 [JF264749)]
uncultured eubacterium WD202 [AJ292637) PCBs
Buirkholderia sp. N2P5 [U37342] PAH
Buurkholderia fingorum DBT1 [HM113360] dibenzothiophene
Burkholderia xenovorans LB400 [NR_074325] PCBs
Pandoraeasp. Y1 [AB222022) AH
uncultured eubacterium WD285 [AJ292644] PCBs
|: Pseudomonas pseudoalcaligenes KFT07 [ AB109387) PCBs
Pseudomonas sp, Geo33 [DQ137854] PAH
Pseudomonas sp. HA-OP21 [JF264747)
Pseudomonas sp, clone G85 [GQ891843] acetate
Pseridomonas veronii 1§34 [DQ525597) BETX
Psendomonas sp. CT-1 [DQ984204] naphthalene
Pseudomonas sp. DK2009-3a [FN600406) fenamiphos & oxamyl
Pseudomonas sp. Cléw [GQ247788] H
[ Pseudomonas fiederiksbergensis OUCZ24 [AY785733] PCBs
" Pseudomonas sp. BEXS [EUO13945) phenal
[~ Pseudomonas sp. ARDRA P82 [AY364086) BTEX
" Pueudomonas sp. ASYXyl2-4 [AYS12607) BETX

Figure 2. Phylogenetic tree based on the comparison of partial 16S rRNA gene fragments, corresponding to position 945-1492
according to the E.coli numbering system, showing the relationship of the new PCBs degraders strains (with bold line and the
accession numbers after the strain name) with the nearest strain for each, that have already reported before as aromatic degraders.
Polychlorinated biphenyls (PCBs), Polyaromatic hydrocarbon (PAH), aromatic hydrocarbon (AH), benzene - ethylbenzene -
toluene - xylene (BETX), hydrocarbons (H).
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Table 2. Substrate utilization by Pseudomonas sp. HA-OP21 and Burkholderia sp. HA-OP24

Carbon source / Strains Pseudomonas sp. HA-OP21  Burkholderia sp. HA OP24
BTEX 3
Biphenyl
Dibenzofuran
2-Chlorobiphenyl
4-Chlorobiphenyl
2,3-Chlorobiphenyl -
2,4-Chlorobiphenyl -
2,4,5,2',4',5'-Chlorobiphenyl -

Control

||+

3000
2500
2000

1000
800

400

200

Figure 3. Agarose gel electrophoresis of the PCR product obtained (lane 1, 2) from genomic DNA of Pseudomonas sp. Strain
HA-OP21 and Burkholderia sp. Strain HA-OP24 respectively using bphAF668-3 & bphAR1153-2 primers (a), C230F &
C230R primers (b) and EXDO-K2-F & EXDO-K2-R primers (c). Molecular weight marker Hyperladder 1(M) (fermentas).

Rieske non-heme iron oxygenase o subunit [Pseudonionas sp. 3YXyll] DQ166997
Rieske non-heme iron oxygenase o subunit [Pseudomonas sp. 1XB1] DQ166998
Rieske non-heme iron oxygenase o subunit [Pseudomonas sp. 3YdBTEX2]DQ166999

:
L

ISPa [Burkholderia sp.Ha-op24] JQ015319

ISPa [Psendomonas sp.HA-OP21] JQ015320

ipbAa [Pseudomonas sp.IpA-92] DQ679938

#‘ biphenyl dioxygenase [uncultured bacterium] HQ158296

— ipbAa [P. putida RE204] AF006691

!— ebdAa [P. putida 01G] AJ293587

_| Rieske non-heme iron oxygenase o subunit [Pseudomonas sp. 3YC5] DQ166985

Rieske non-heme iron oxygenase o subunit [Pseudomonas sp. 3YXyl2] DQ166984

Figure 4. Phylogenetic tree of Rieske non-heme iron oxygenase o subunit from different bacteria including the Biphenyl
dioxygenase large subunit from Burkholderia sp. HA-OP24 and Pseudomonas sp. HA-OP21 (referred to it with bold line and the
accession numbers after the strain name). ClustalX 1.8 and Treeview 1.6.1 computer programs were used to construct the
phylogenetic tree based on nucleotide sequence alignments.

895



Life Science Journal 2013;10(3) http://www.lifesciencesite.com

[~ salC [P, pseudoalcaligenes KF707] DQ100350
C230 [Pseudomonas sp. 1YB2] AJ544924
[ nahH [P stutzeri CLN100] AJ539383
C230 [P. stutzeri OM1] AB001722
C230 [dchromobacter xylosoxidans LHB21] GU199432

bphE [Pseudomonas sp. IC] U01825
_| C230 [Burkholderia sp. HA-OP24] JQO015315

C230 [Pseudomonas sp. HA-OP21] JQO15316
nahH [P, stutzeri AN142] AJ582631

xylE [P oryzihabitans HAMBI2397] DQ131595
i—CZZSO [Pseudomeonas sp. A1YC1] AJ544938

C230 [Pseudomonas sp. 3YXyl3] AJ544937
I_[( C230 [Pseudomenas sp. 1YB3 ] AJ544925

C230 [Pseudomonas sp. 1YABTEX2] AJ544930 C230 [Pseudomonas sp. 1YXyll] AJ544932

nahH [P. geruginosa CGMCC1.860 ] GQ396161

nahH[P. stutzeri AN10JAF039534

| xylE [P aeruginosa JI104]X60740

Figure 5. Phylogenetic tree of extradiol dioxygenase genes type I from different bacteria including the extradiol dioxygenase
genes from Burkholderia sp.HA-OP24 and Pseudomonas sp.HA-OP21 referred to it with bold line and the accession numbers
after the strain name. ClustalX 1.8 and Treeview 1.6.1 computer programs were used to construct the phylogenetic tree based on
nucleotide sequence alignments.

ebdC [AJ293587]
3-isopropyl C230 [EU884867]

3-isopropyl C230 [JQ015318]
3-isopropyl C230 [JQ015317]

3-isopropyl C230 [EU884885]

3-isopropyl C230 [EU555100]
cumC [D37828]
FAD-dependent pyridine nucleotide-disulphide oxidoreductase [EU555071]

ipbC [AF006691]
ipbC [U53507]

[— 3-isopropyl C230 [EU884917]

3-isopropyl C230 [EU884897]
3-isopropyl C230 [EU884910]

|' 3-isopropyl [C230EU884906]

3-isopropyl [C230EU884876]

3-isopropyl [C230EU884912]
Figure 6. Phylogenetic tree of 3-isopropylcatechol dioxygenase from different bacteria including the 3-isopropylcatechol
dioxygenase from Burkholderia sp.HA-OP24 and Pseudomonas sp.HA-OP21 referred to it with bold line and the accession
numbers after the strain name. ClustalX 1.8 and Treeview 1.6.1 computer programs were used to construct the phylogenetic tree
based on nucleotide sequence alignments. For strain names AJ293587[P. putida01G3 ], EU884867[Uncultured bacterium clone
s8], JQO15317 [Burkholderia sp.HA-OP24 ], JQO015318 [Pseudomonas sp.HA-OP21], EU884885 [Uncultured bacterium, clone
s102], EU555100 [Uncultured bacterium clone s221 K2], D37828 [P. fluorescensIPO1 ], EU555071 [Uncultured bacterium
clone s8 Tn-color], AF006691 [P. putida RE204 ], U53507 [Pseudomonas sp. JR1], EU884917 [Uncultured bacterium clone
s223], EU884897 [Uncultured bacterium clone s157], EU884910 [Uncultured bacterium clone s199], EU884906 [Uncultured
bacterium clone s188], EU884876 [Uncultured bacterium clone s73], EU884912 [Uncultured bacterium clones 209].
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4. Discussion

One of the challenges for successful PCBs
bioremediation is the development of effective
methods to analysis bacterial community structures
and encourages the growth of selected
microorganisms that are capable of transforming
PCBs. Many PCB-degrading bacteria have been
isolated and characterized (Bopp, 1986; Bedard et al.,
1987; Ahmad et al., 1990). In the present study, We
described the isolation and characterization of two
PCBs degraders, Pseudomonas sp. Strain HA-OP21,
that can grow only on monochlorinated biphenyls and
Burkholderia sp. Strain HA-OP24 that have the
ability to transform the higher chlorinated biphenyls
and behave like Burkholderia sp. strain LB400 and
Rhodococcus jostii RHA1, this may be explained by
the highest activities, which were observed against
2,3DHB and catechol due to the high induction of
meta-cleavage enzymes 2,3 dihydroxybiphenyl
dioxygenase or catechol 2,3 dioxygenase in both
upper and lower pathways respectively, this
indication may be a good marker for isolation of
PCBs degraders with broad spectrum. We suggest
that our new PCBs degraders can metabolize
biphenyl by meta-cleavage based on a simple test for
induction of 2,3-dihydroxybiphenyl 1,2-dioxygenase
and catechol 2,3 dioxygenase activities. The reaction
product is yellow in color as a result of the
production of the yellow meta-cleavage product 2-
hydroxy-6-oxo-6-phenylhexa-2,4-dienoic acid in the
upper pathway and 2-hydroxymuconic semialdehyde
in the lower pathway, this indication may be a good
marker for isolation of PCBs degraders with broad
spectrum.

The genetic organization of biphenyl catabolic
genes has been elucidated in various groups of
microorganisms (Pieper, 2005). Most of these studies
have been conducted in which PCR was used as a
molecular tool for detection of these catabolic genes
in environmental isolates or environmental DNA, and
diversity is usually assessed by sequencing of genes
from isolates or PCR clone libraries. Several primer
sets suitable for amplification conserved regions of
the C230 genes as well as Rieske non-heme iron
oxygenase ISPo gene segments have been reported
previously (Kahl and Hofer, 2003; Junca and Pieper,
2003; Junca and Pieper, 2004 ; Hendrickx et al,
2006). The ISPa gene was chosen as an indicator
gene, because it has been impacted in substrate
specificity and its DNA sequence is conserved for
oxygenases targeting the same substrate (Witzig et
al., 2006).

Witzig et al. (Witzig et al., 2006) used the PCR—
single-strand conformation polymorphism (SSCP)
technique to assess the diversity and distribution of
toluene/biphenyl ISPa gene in a subset (36 isolates)
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of bacterial strains recovered from sites contaminated
with BTEX and have the ability to convert catechol
by meta-cleavage to the yellow product 2-
hydroxymuconic semialdehyde. Products of the
expected size could be amplified with DNA extracted
from 33 out of the 36 bacterial isolates. Degenerative
primer set (Witzig et al., 2006) was used with our
new bacterial isolates and a single band with the
expected size was obtained. A comparison of the
nucleotide sequences obtained in this study with the
reported nucleotide sequences (Witzig et al., 2006)
was made and it was high identity (94% - 99%) the
nucleotide sequences were related to Rieske non-
heme iron oxygenase (ISPa) gene of toluene/biphenyl
subfamily.

Erickson et al (Erickson et al., 1993) proposed
that the alterations in the sequence of the large
subunit of the terminal biphenyl dioxygenase
resulted in modifying the PCB congener specificity
of the enzyme. As an example, the biphenyl
dioxygenase genes of strains LB400 and KF707
exhibit dramatic differences in PCB substrate range
despite nearly identical amino acid sequences.
Similar comparisons have been reported (Gibson et
al., 1993).The differences in biphenyl dioxygenase
activity result from amino acid differences in the
large subunit of the terminal dioxygenase. Also by
making a comparison between the nucleotide
sequence of ISPa gene of Pseudomonas sp. Strain
HA-OP21 and Burkholderia sp. Strain HA-OP24, it
was found that there is difference in 6 nucleotides, So
we suggest that the differences in the degrading
abilities between Pseudomonas sp. Strain HA-OP21
and Burkholderia sp. Strain HA-OP24 was due to
differences in the sequence of the large subunit of the
terminal biphenyl dioxygenase, and the possibility to
modify the PCB congener specificity of the biphenyl
dioxygenase by site directed mutagenesis within this
divergent region of the BphA subunit. These results
suggest that it may be possible to expand the range of
biodegradable PCB congeners and therefore facilitate
the PCBs bioremediation.

Overall, we managed to isolate and characterize
two bacterial PCBs degraders that showed high
activities against 2,3DHB and catechol due to the
high induction of meta-cleavage enzymes. Also, we
amplified (ISPa) gene of toluene/biphenyl subfamily
and catechol 2,3 dioxygenase gene that considered
the most important catabolic genes involved in PCBs
biodegradation.
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