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Microscopic observation, biochemical tests and PCR technique were carried out in order
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to the genus Burkholderia.. This was supported by the microscopic observation and
biochemical tests. Dehalogenase gene was observed when using only primers dehly; and
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dehl,.., derived from group I deh PCR primer sequences, whereas no amplification using
dhIB-314-forward and dhlB-637-reverse (group II dehalogenase) and haloacetate
dehalogenase (H2-1157-forward and H2-1662-reverse) PCR primer sequences. The
results suggested that, possibly, dehalogenase from MF2 was related to group I deh. In
conclusion, strain MF2 showed the ability to utilize 2,2-DCP as sole source of carbon and
energy. Further analysis revealed the MF2 strain consisted of dehalogenase gene that
could be used for degradation of man-made halogenated compounds present in the
environment. Using existing dehalogenase PCR primers, it was possible to amplify the
dehalogenase genes sequence.
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INTRODUCTION increasing and its use is inevitable to improve crop yields

. — . . in many developing countries. In some areas like in the
Environmental contamination from industrial

chemicals,  herbicide or pesticide from agricultural Pineapple Plantation, Pekan Nenas Johor, Malaysia, it is

activities is an ongoing dilemma to the society. 2,2- believed that herbicide use will solve all weed problems.
dichloropropionate (abbreviation known as 2,2-DCP) or

Dalapon® is a synthetic halogenated compound used in

Xenobiotic compounds, mostly man-made chemicals
when present in high concentrations in the environment
can be very hazardous to the ecosystem and some

herbicides. The demand for herbicide in agriculture is ] _ o
resistant to degradation [1]. Among these xenobiotics,
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halogenated compounds are considered very toxic and
may cause enormous problems to human health and the
environment. However, the answer to such predicament
perhaps lie in the very ground we stand on. It is believed
that microorganisms are capable of degrading xenobiotics
[2-3].

Soil microorganisms such as Rhizobium sp.,
Methylobacterium sp. HJ1 and Arthrobacter sp. have been
reported to be capable of utilizing such compounds as
their sole carbon source for growth while liberating the
organically bound chlorine as chloride ions at the same
time [4-6]. The molecular structure of the 2,2-DCP
consists of three carbons with the molecular formula
CH;CCLCO,H (Fig. 1). The first carbon is a carboxylic
functional group (-COOH) and followed by two chloride
substituents at C-2 of a carbon position. From chemistry
point of view, the a-chlorination is particularly important
within the halogenated propionic series because it results
in herbicidal activity. Acids chlorinated in other positions
do not possess phytotoxic properties unless they are also
a-chlorinated. Similarly, increasing chain length reduces
the herbicidal activity of the a-chloroacids, for instance
2,2-dichlorohexanoic acid being completely inactive. It
has been reported that substitution of other halogens for
chloride generally decreases herbicidal activity of these
acids [7].

Biodegradation using microorganisms is one of the
main and natural processes that help remove xenobiotic
chemicals such as chloroaliphatic compounds from the
environment [8-9]. Also, microorganisms can benefit
from the use of the contaminant as an electron donor and
Hydrolytic
dehalogenases . represent the key position in the

carbon.. source to  support _growth.
degradation of haloaliphatic compounds. These enzymes
catalyze the cleavage of carbon-halogen bonds by
nucleophilic substitution, replacing the halogen ion by a
hydroxyl group derived from water [10]. Dehalogenase
enzymes metabolize chlorinated substituents and the
halogens are enzymatically removed to form non-
halogenated compounds. In cases where biodegradation
of halogenated compounds are lacking, it is often due to
the inability of microorganisms to effectively metabolize

such compounds with chemical structures to which these
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Fig 1. Basic structure of 2,2-DCP

microbes have yet to be exposed during the course of
evolution. In other words, recalcitrance of certain
halogenated compounds generally is the result of a lack
of efficient metabolic pathways. Nevertheless, there are
reports of many microorganisms that have the ability to
metabolize xenobiotic organohalogens [8]. This led to
the idea that such microorganisms must have evolved
their catabolic pathways during the past few decades and
is thus suited to study the natural assembly of catabolic
routes.

According to Slater et al. [11], dehalogenases can
be classified based on substrate specificities. On the
other hand, Hill et al. [12] classified dehalogenases based
on genetic approach by investigating the diversity and
molecular ecology of the dehalogenase genes. Using
phylogenetic classification, dehalogenase is divided into
group I and group II. These two families are
evolutionarily unrelated and together represent almost
all of a-halocarboxylic acid (a«HA) deh genes as described.
Group I is a non-stereospecific dehalogenase which act
on C2-halogenated short chain aliphatic acids including
D-isomer and L-isomer. For example, group I
dehalogenases are able to act on D-2-chloropropionic
acid (D-2-CP), L-2-chloropropionic acid (L-2-CP), D,L-
2-chloropropionic acid (D,L-2-CP) and 2,2-DCP.
Meanwhile, dehalogenases of group II is stereospecific
that acts only on L-2-CP but not D-2-CP and 2,2-DCP
[12]. Other kinds of dehalogenases, termed haloacetate
dehalogenase (EC 3.8.1.3) that acts specifically on
halogenated acetates to yield glycolate, are also in group
I1[13]. To understand how these dehalogenases function,
in silico studies on enzyme-substrate binding need to be
carried out provided that full dehalogenase sequence can
be obtained in gene isolation by PCR [14-15].

Previous investigations have described that the
molecular approach could be used to uncover
genus/species and gene of interest like dehalogenase
genes of the newly isolated microorganisms [16].
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Therefore, the current study is focused on characterizing
a bacterium isolated from mud soil from pineapple
plantation that can degrade 2,2-DCP and amplification of
the putative dehalogenase gene using dehalogenase
degenerate primers. In the current investigation, strain
MF2 was further
dehalogenase classification was then determined.

characterized and its putative

EXPERIMENTAL SECTION
Isolation

The minimal growth media for growing bacteria was
prepared as described by Hamid et al. [17]. Mud soil taken
from a Pineapple agricultural area in Johor (10 g) was
added into 250 mL conical flask containing 100 mL of
minimal media with 10 mM of 2,2-DCP as the sole carbon
and energy source. The bacterial culture was incubated in
an incubator shaker for 3-7 days at 30 °C. For solid
medium, Oxoid bacteriological agar No.1 (1.5% w/v) was
added prior to sterilization. Bacterial culture was streaked
onto the agar plate containing the same ingredients as the
liquid minimal media. One pure colony was obtained
after several subcultures by streaking on solid minimal
The
morphological/biochemical tests as described in Bergey’s

media. bacterial strain was characterized via

Manual of Systematic Bacteriology [18].
Determination of Bacterial Growth

The extent of growth was determined by measuring
the absorbance at Agonm and the release of chloride ions

was measured at Assonm [19]. Measurement of the free
halide released during the dehalogenation reaction was
carried out by an adaptation of the method of Bergmann
and Sanik [20]. The chloride ion released was defined 1
mM chloride is equivalent to 1 umol CI/mL.

PCR Amplification of 16S rDNA Gene

The chromosomal DNA was extracted using
Qiagen DNA extraction kit as described by the
manufacturer. PCR amplification was carried out using
universal primers to‘amplify the 16S rDNA gene as
described by Fulton'and Cooper [21].

Partial Biochemical Tests

Different types of biochemical tests were carried to
ascertain the identity of the bacteria by carrying out
spore staining, catalase test, urease test, oxidase test,
lactose utilization test, indole test, gelatin hydrolysis,
motility test and nitrate reduction test.

PCR Amplification for Putative Dehalogenase
Gene

The source of the primers were obtained from
group I deh PCR primer sequences dehlfr and dehle,
[12], Xanthobacter autotrophicus (dhlB314 and dhlB
637) belonging to group II deh PCR primer sequences
and Moraxella sp. for primers dehH2-1157 and dehH2-
1662 of the haloacetate dehalogenase [22]. The PCR
primers and PCR cycles are summarized in Table 1 and
2, respectively.

Table 1. Dehalogenase oligonucleotide primers

Organisms Genes Primer sequences Reference
Group I dehl¢,; (Forward): Hill et al. [12]
Various sources 5-ACGCTGCGCGTGCCATGGGT-3’
dehl,.,, (Reverse):
Group I 5-CGCAATCACATGGAAGTCACT-3’ van Der Ploeg et al.
Xanthobacter dehalogenase dhlB-314 (Forward): (22]
autotrophicus 5-TCTGGCGGCAGAAGCAGCTGG-3’
dhIB-637 (Reverse):
5-CGCGCTTGGCATCGACGCTGATG-3
Moroxella sp. Haloacetate dehH2-1157 (Forward): Kawasaki et al. [13]

dehalogenase H-2

5-CGGCACCCTCTACGATGTGCATTCGG-3

dehH2-1662 (Reverse):
5-CATCCCATGGATTCGACGATACAAAGA-3
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Table 2. PCR cycles for amplification of putative
dehalogenase gene

Segments Cycles Temperature (°C) Duration
1 1 94 2 min 30 sec
2 35 94 30 sec
55 30 sec
72 4 min
3 1 72 10 min
1 4 oo

DNA Sequencing and Molecular Analysis

The PCR products were purified using Promega
Wizard® SV Gel and PCR Cleanup system. After
purification, all PCR products were sent for sequencing at
SOYGEN BIOTECHNOLOGY, Istanbul (Turkey).

Scanning Electron Microscopy (SEM)

Colonies of bacterial strain MF2 grown on solid
media supplemented with 2,2-DCP for 24 h were excised
as small agar blocks of 0.5 cm’. The colonies were pre-fixed
with 25% glutaraldehyde in 100 mM phosphate buffer
(pH 7.2) for 2 h and then post fixed with 1% osmium
tetroxide in the same buffer. The fixed cells were dehydrated
in a series of increasing ethanol concentrations (30-95%)
for 15 min and then in 100% ethanol for 20 min. The cells
were substituted with absolute isoamyl acetate for 15 min
and air-dried. The cells were coated with gold by using a
gold sputter coater and examined with a Hitachi §.2500C
(Hitachi Co., Japan) scanning electron microscopy.

RESULTS AND DISCUSSION

Analysis of Growth on 2,2-DCP Minimal Medium
and Chloride lon Released

The bacteria were screened on solid media
containing 10 mM 2,2-DCP as a carbon source. After 7
days incubation, a pure colony was observed on 10 mM
2,2-DCP solid minimal medium. This colony was then
grown in 10 mM 2,2-DCP liquid minimal medium. The
bacterium showed the ability to utilize 2,2-DCP as sole
source of carbon under aerobic conditions with doubling
time of approximately 13 h (Fig. 2). Analysis of the chloride
ions released was also determined with the maximum
chloride released estimated at 19.8 umol Cl"/mL.

16S rDNA Gene Sequence Analysis

The 16S rDNA PCR product showed that
approximately 1500 bp DNA band was amplified. All the
1544 bp 16S rDNA gene sequences were analyzed using
BLASTn option (http:www.ncbi.nlm.nih.gov/BLAST/).
The sequence matched with maximum identity of 99%
to the bacterium Burkholderia pseudomallei (data not
shown). Therefore, the current organism was designated
as Burkholderia pseudomallei strain ME2.

Characterization-based on biochemical properties
and scanning electron microscopy (SEM) (Fig. 3)
revealed the basic cellular morphology of the bacteria on
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Fig 2. Maximum growth curve of Burkholderia sp. MF2
on 10 mM 2,2-DCP minimal medium. Control (E. coli)
showing no growth in 10 mM 2,2-DCP minimal
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Fig 3. Electron microscopy analysis of strain MF2 appear
as short rods with approximate length of 1.6-1.7 um;
width 0.55 pm (549 nm)
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Table 3. Morphological and biochemical characterization of strain MF2

Properties Details

Cell shape rod

Size length of 1.6~1.7 um; width 0.55 um
Colony morphology Smooth, mucoid and somewhat elevated

Gram staining
Spore staining -
Oxygen requirement
Catalase

Oxidase

Urease

Gelatin hydrolysis
Citrate

Lactose utilization -
Motility test +
Nitrate reduction -
Identity

+ o+ + + +

Gram Negative

Aerobic

Burkholderia sp.

+: positive, - : negative

solid minimal medium after 5 days incubation period at
30 °C. The bacteria were rod-shaped with colonies
showing smooth, mucoid and somewhat elevated edges.
Gram staining confirmed that strain MF2' was rod-
Details = of the
physiological and biochemical properties of strain MF2
are depicted in Table 3.

shaped, Gram negative bacteria.

Amplification of Putative Dehalogenase Gene

The PCR reaction was carried out as previously
described and the PCR product was observed using gel
electrophoresis. The result showed a single band of
approximately 396 bp was amplified using primers related
to group I dehalogenase. On the other hand, no

amplification of DNA band was detected for the group
IT dehalogenase and haloacetate dehalogenase H-2.

Sequencing and Putative

Dehalogenase Gene

Analysis  of

The partial sequence of putative dehalogenase was
successfully sequenced and analyzed showing 360bp
DNA sequence (Fig. 4). The DNA Open Reading Frame
(OREF) is a graphical analysis tool that can be used to find
possible functional structural genes. The ORF Finder
encodes for 120 amino acids only. The deduced
sequence was short without start and stop codon. In
order to check the identity of the current amino acids,
multiple sequence analysis was carried out among both

Fig 4. Partial sequence of nucleotide and deduced amino acid of putative dehalogenase from strain MF2

GCGATCGCGAT CTIGGACGCGTTGAGGAGGATCCCGACAGCTITGCARACATTITTGTAT GG

A1aTleflaTllelenfAspAlalenArgArglleProThralaCysLlysHi=PheValTrp
GITTITARCTGATCCARAMCTCCTTGCTGICTCACTGRAATTGGATICAACCCGTCCTCAAG
VallLeuThrAspProLysLleuleudlaValSerLeufsnTrpIlleGlnProValleulys

AGCGATCTITTTITCITGACTACGCCACCGGGCTCGTGCTTAAGTCTGACGGGGALGAT GAR
SerfdapleuPhelenfspTyrAlaThrGlyLeuValLeulysSerA=spFlyGlndspGla

ACCAGGARAGTTTCGTCTCGCTICAGATTITGCAGATGATITTGACGCTGCTGGCACTCTGT
ThrargLysWValSerSerArgPheArgPheflafspGlyLeuThrLleulenilalenulCys

CIGGAACCAATCATTCGACCTGCITCITCTIGCCGGAAGRATCCCTIGEGTIGCTITATAL
LeuGluProIlelleArgProAlaSerSerdlaGlyArglleProTrpValilalenlyr

CCATTCGACGRAGTACCATCGGTIGTTACGGGAGCTCCGAGGLCGLEEGCT CAAGCTAGCA
IlelLeuSerfAsnGlySerProHizSerIleA=nAlaValValSerA=snAlaGlyLendrg

60
Z0
120
40
180
60
240
g0
300
100
360
120
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groups I and II dehalogenases. The results showed there
with  the
dehalogenases either group I or II, suggesting current

were no sequence identities known
isolate might be of a different kind of dehalogenase group.
However, further analysis is needed to re-confirm this.

Burkholderia sp. can be found in the natural
environment, such as soils, rhizospheres, water and from
infected humans by melioidosis [23-26]. Very few
halogenated aliphatic acids supported growth of the
organisms. According to Watanabe et al. [27], there are
differences between the bacteria isolated in the laboratory
by enrichment and the bacteria performing the
biodegradation in situ. The bacteria involved in
biodegradation tend to be neglected more often when
investigating pure culture isolates, since they are not
always enriched in the process [28].

Burkholderia pseudomallei strain MF2 that was
isolated from mud soil could grow on 2,2-DCP as sole
source of carbon and energy. To allow growth on 2,2-
DCP, there are some basic criteria to be fulfilled. First, the
organism must either possess or synthesize dehalogenase
which is capable of removing the substituent halogen(s)
from halogenated compounds. Next, the dehalogenation
product should be non-toxic and easily converted to an
intermediate via the organism’s central metabolic
pathway. The halogenated compound should be able to
enter cells either passively or by active transport in order
to reach the site of dehalogenase activity. Last but not
least, the halogenated compound should be non-toxic to
the organism at normal intracellular concentrations [11].

This study sequenced the 1.5-kb 16S rDNA gene.
The results of the sequence was analyzed by sequence
comparisons to.the sequence in the NCBI database. The
phylogenetic analysis of 16S rDNA nucleotide sequence
suggests the identity of the current isolate. Morphological
and biochemical tests showed that MF2 is a rod-shaped
Gram-negative bacteria. Based on the Bergey’s manual of
determinative bacteriology [18], the biochemical test
supported the 16S rDNA indicating that strain MF2
belongs to the genus Burkholderia sp.

Cells doubling time of MF2 was calculated to be 13
hin 10 mM 2,2-DCP with concomitant release of chloride
ions in the growth medium. The growth was relatively

slower than that of Serratia sp [29]. and more or less
similar to the growth of Rhizobium sp. [30]. MF2 utilized
2,2-DCP as sole carbon source and it was believed to
have eliminated the chlorine atom from the halogenated
compound and produced pyruvate as a main product
similar to what has been reported earlier by Slater et al.
[11]. The maximum chloride ion released was 19.8 umol
Cl/mL, with almost all carbon source consumed after 42
h growth. It can be said that the MF2 strain exhibit a
rather slow rate of 2,2-DCP utilization which could be
attributed to a poor uptake system and/or low
expression of the dehalogenase enzyme [31-35].

PCR amplification was used to detect partial
dehalogenase genes. Group I deh genes, are specific
towards both D and L forms of the substrate while group
IT deh genes are only active on the L form. Successful
amplification of the putative dehalogenase gene was
obtained using primers from group I suggesting the
dehalogenase from MF2 might fall in the same category.
In contrast, Bagherbaigi et al. [36] reported that strain S1
grew well on a/B-haloalkanoic acids (a/B-HA) and only
group II'primers [22] from Xanthobacter autotrophicus
-7 dhiB314 and dhlB637 showed amplification. This
L-2-haloacid
dehalogenases being more common than group I

observation was possibly due to
dehalogenases. On the other hand, two possible reasons
why using group I primers could not amplify the S1
gene: (1) the primers might not be universal for some
bacteria, and (2) only a single dehalogenase gene may be
present that acts on both aHA and BHA.

Rhizobium sp. RC1 was reported to contain more
than one dehalogenase [34-35]. DehE or D,L-haloacid
dehalogenase from Rhizobiumsp. RC1 is unique because
it can act on chiral carbons of both enantiomers. It is
curious why Rhizobium sp. RC1 has more than one
dehalogenases, when DehE alone can act on all of the
substrates that DehD and DehL can also act on. Our
that
dehalogenase may be present based on an in silico study
by docking simulation [16,37-39]. Based on these
findings, it can be inferred that some key catalytic

current findings suggested only a single

residues of DehE is similar to that of dehalogenase of S1
that can grow on 3CP. However, more work involving
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gene cloning and protein analysis are required for further
characterization.

CONCLUSION

In conclusion, a molecular approach can be used to
screen new genes of interest provided that the specific
universal primers has no limitation. This study is the first
study to investigate the presence of a putative
dehalogenase gene in Burkholderia pseudomallei strain
MF?2 isolated from mud soil, associated with growth on
2,2-DCP or aHA. Using molecular tools, primers
belonging to group I or II dehalogenases are possibly able
to probe dehalogenase gene(s) present in the newly
isolated microorganisms in the soil community.
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