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ABSTRACT

Aims: The goal of the study is to isolate new bacteria species which are capable to utilizing 2,2-dichlropropionic acid (2-
2-DCP) as a sole carbon source from the wastewater sample that was taken from Tioman Island off the coast of
Malaysia.

Methodology and results: Genomic DNA from unknown bacterial strain (MR1) was extracted and PCR amplification
was carried out using universal primers, Fd1 (5'-AGA GTT TGA TCC TGGCTC AG-3’) and rP1 (5-ACG GTC ATA CCT
TGT TAC GAC TT-3’) prior to sequencing. The BLASTn and phylogenetic analysis of the 16S rRNA of the MR1 gene
found it shares a 95% homology to an aerobic bacillus Raoutella ornithilolytica. The bacteria which is usually found in an
aquatic and hospital environment was found to possess a distinctive feature of being able to utilize 2,2-DCP as sole
carbon source. The bacteria has cell doubling time of 23.11 h and maximum release of chloride ion at 0.257 mmol/L in
20 mM 2,2-DCP. Based on morphological and partial biochemical characteristics, the strain was found to be non-moatile,
Gram negative bacteria with red colonies that gave a positive catalase reaction.

Conclusion, significance and impact of study: A better understanding of newly isolated microorganisms from the
environment which can potentially be used as bioremediation tools in environmental management. This is the first
reported case of Raoutella sp. that has the unique ability to degrade halogenated compound. Hence, the dehalogenation
properties and capabilities of the bacteria deserve to be assessed further.
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INTRODUCTION Biodegradation is one of the main and natural

processes that help to remove halogenated compound

2,2-dichloropropionic acid (occasionally abbr. 2,2-DCP) or
commercially known as Dalapon is a herbicide and plant
growth regulator used to control certain grasses, such as
quack grass, Bermuda grass, Johnson grass, as well as
cattails and rushes (EPA, 1982). The 2,2-DCP or Dalapon
is often marketed as sodium salt and used to control
seasonal weeds and is moderately toxic to human (Wong
and Huyop, 2012).

These chemical compounds are of non-natural
sources and cannot be synthesized biochemically. But
there are some microorganisms that have developed
massive catabolic potential towards various natural and
synthetic compounds which were once considered
flawless. In addition, their genetic flexibility and the
potential to grow should allow the generation of new traits
for coping with xenobiotic compounds (Timmis and
Pieper, 1999).
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from the environment using microorganisms (Sinha et al.,
2009). The first reports on biodegradation of chlorinated
compounds were first presented by Penfold almost 100
years ago in 1913. And also the controller enzymes, in
degradation in 1952 were discovered and named by
Jenssen (Kerr et al., 2006).

Microorganisms can utilize halogenated aliphatic
hydrocarbons as sole source of carbon and energy
(Schwarze et al., 1997). Dehalogenases are important
enzymes in the metabolism of halo-organic compounds
(Hill et al., 1999). By using this enzyme, chlorinated
compounds are metabolized and chlorine substituents are
enzymatically removed to form non-halogenated
compounds (Field and Alvarez, 2004).

The 2,2-dichloropropionic acid belongs to a class of
organic aliphatic herbicide compound, specifically a
haloalkanoate molecule with three carbon with both
chlorine atoms bound to the alpha position (Ca) of
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propionate (Figure 1). This compound is solid at room
temperature and is very soluble in water-alcohol and
ether. The 2,2-dichloropropionic acid also has other trade
names on the market, for example Bainex P, Dalacid,
Radapon and Unipon (Leasure, 1964; EXOTENT, 1993).

Jensen (1957) used the perfusion and enrichment
technique to isolate five strains of Pseudomonas sp.
which were able to degrade 2,2-dichloropropionate and
other halogenated compound such as dichloroacetate
and 2-chloropropionate. Over a decade later, Magee and
Colmer (1959) isolated six 2,2-dichloropropionate
degrading bacteria which belong to both Agrobacterium
and Alcaligenes having similar properties. Five strains of
Nocardia and three strains of Pseudomonas was isolated
by Hirsch and Alexander (1960) following incubation in
2,2-dichloropropionate using the enrichment technique.
Rhizobium sp. contain more than one dehalogenase that
was named DehD, DehL and DehE (Huyop et al., 2004).
Bioinformatics analysis of the Rhizobium dehalogenases
indicated the Rhizobial DehL and DehD were very much
different from each other with an 18% sequence identity.
The deduced amino acid sequence of DehE also showed
little identity to DehD (14%) and DehL (16%) (Huyop et
al., 2008). The third Rhizobium sp. DehE dehalogenase
could catalyse the dehalogenation of both isomers of 2-
haloacids. Rhizobium sp. also produces other
dehalogenases such as DehD and DehL which were
more substrate specific, unlike the DehE which could act
on all of the identified substrate and shows non-
sterospecificity.
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Figure 1: Structure of substrate 2,2-dichloropropionate.

Detoxification process of harmful halogenated
compounds by microbial dehalogenases has drawn a
considerably great deal of attention as these enzymes
were able to cleave the carbon-halogen bonds of the
compounds. Studies have shown that microorganisms
that have the ability to metabolize a wide range of
dichlorinated, monochlorinated, and aliphatic substrates
because they generally produce one or more
dehalogenases. Some native microorganisms that live in
water or soil can readily attack 2,2-dichloropropionic acid
and use it as a sole carbon source (Fetzner and Lingens,
1994). In this paper, the properties of a newly isolated
bacterium from wastewater in Malaysia that is able to
utilize 2,2-dichloropropionate as the sole source of carbon
and energy will be discussed.
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MATERIALS AND METHODS

Isolation and
bacteria

identification of 2,2-DCP degrading

The wastewater sample was collected from the Salang
station in Tioman Island, located 32 km off the east coast
of Peninsular Malaysia in the state of Pahang. The
wastewater sample was kept in refrigerator prior to
analysis. Fresh samples were placed onto Luria-Bertani
(LB) agar plates containing 1.0% tryptone, 0.5% yeast
extract and 1.0% sodium chloride (NaCl). The plates were
incubated at 30 °C and examined after 16 h. After
incubation, several colonies were selected and streaked
onto PJC MINIMAL media containing 2,2-DCP as a
carbon source and was cultured for 16 h at 30 °C to
obtain a pure colony.

Preparation of PJC minimal media

A stock solution for PJC media was prepared as a ten-
fold concentration of the trace metal salts containing
nitriloacetic acid (1.0 g/L), ZnSO4-H20 (0.03 g/L),
MnS0O4-4H20 (0.03 g/L), FeSO4-7H20 (0.12 g/L), MgSOa4
(2.0 g/L) and CoCl2-6H20 (0.01 g/L) in distilled water. A
ten-fold concentration of Basal salt was prepared
according to the method of Hareland et al. (1975)
containing (NH4)2S04 (25.0 g/L), K2HPO4-3H20 (42.5 g/L)
and NaH2PO4:-2H20 (10.0 g/L). The minimal media for
growing bacteria containing 10 mL of ten-fold basal salts
and 10 mL of ten-fold trace metal salts per 100 mL of
distilled water were then autoclaved (121 °C for 15 min at
15 psi). Then 2 mL of 2,2-DCP (1 M) was added into the
media as a carbon source by filtration through a nylon
filter (0.2 um pore size) and the media was made up to
the desire final concentration. For the preparation of solid
medium, bacteriological agar (1.5% wi/v) was added prior
to sterilization. The bacterial growth was monitored by
periodically removing and measuring the turbidity at
Asoonm.

Chloride ion released (halide ion assay test) in growth
medium

Upon degradation of 2,2-DCP as a sole carbon source
results in the release of chloride ions as product. The
activity of enzyme was determined colorimetrically by
measuring the release of chloride ion during
dehalogenation reaction (Bergman and Sanik, 1957). The
method required preparation of two different solutions.
Reagent | is 0.25 M of ferric ammonium sulfate
dodecahydrate, FeNH4(SOa4)2 dissolved in 9 M nitric acid,
HNOs and reagent Il is mercuric thiocyanide, Hg(SCN)2
that mixed in excess ethyl alcohol. The solution was
vortexed for a few seconds before 1.5 mL of sample was
withdrawn and centrifuged for 5 min at 10,000 rpm. Next,
a volume of 1 mL of supernatant is added into a cuvette
followed by addition of 0.1 mL of each reagent into the
cuvette and was left to stand at room temperature for 10
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min. Then, the mixture was checked for absorbance using
a UV spectrophotometer at Assonm.

16S rRNA gene sequencing

Extraction of bacterial DNA was carried out in 20 mM 2,2-
DCP minimal media using Promega Wizard® Genomic
isolation and purification kit. Concentration of DNA was
measured by Nanodrop machine. The polymerase chain
reaction (PCR) was carried out by using universal
primers, Fd1 (5-AGA GTT TGA TCC TGG CTC AG-3)
and rP1 (5’-ACG GTC ATA CCT TGT TAC GAC TT-3’) to
amplify the target DNA fragments (Fulton and Cooper,
2005). The PCR cycle for DNA amplification was
performed for 30 cycles and was set as initial
denaturation 94 °C for 5 min, followed by cooling,
denaturation cycle 94 °C for 1 min, annealing cycle 55 °C
for 1 min and final extension 72 °C for 10 min. Amplicons
were purified using QIAGEN® QIAquick PCR clean up kit
and sequenced by 1st Base® (Malaysia).

Phylogenetic analysis

The sequence of 16S rRNA was compared based on the
GenBank database using BLAST to define the genetic

similarities of the isolated bacteria (Altschul et al., 1997).
The Phylogenetic tree was constructed and the Neighbor-
Joining method was employed using CLUSTAL W from
MEGA 5 to show relatedness and distance matrix of the
Raoutella sp. in the revolutionary pathway (Saitou and
Nei, 1987).

RESULTS

Due to the low sensitivity of dehalogenase expression
towards the chlorinated compound, slow growth of colony
were often observed. Following one month of enrichment
cultures, a bacterium with the distinctive ability to utilize
2,2-DCP as sole carbon and energy source was isolated
from the wastewater collected on Tioman lIsland. The
basic cellular morphologies of the MR1 bacteria are
shown in Figure 2a. The basic cellular morphology of the
bacteria revealed it was rod-shaped with smooth-edged
red colonies. Gram staining revealed the microorganism
to be a Gram negative rod shape bacteria (Figure 2b).
Meanwhile, the  physiological and biochemical
characteristics of the bacterial isolate are described in
detail in Table 1.

Figure 2: Analysis on the basic cellular morphology of MR1 bacteria. a, Growth on 2,2-DCP after approximately one
month with incubation at 30 °C; b, Gram staining procedure showed that the bacteria was rod shape and Gram

negative. Bar, 2 ym.

Table 1: Morphological and biochemical characteristics of the isolated bacterium.

Parameters Properties

Cell shape Rod shape
Type and color of colony Single-circular-cream
Size (mm) 1 mm

Gram staining- color Negative- bright red color
Spore staining Negative
Margin (outer edge of colony) Entire
Oxygen requirement Aerobic
Motility Non-motile
Catalase +

Oxidase -

Indole +

Urease +

Gelatin liquefaction -

Simon citrate +

+, For positive result; -, For negative result
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Bacterial growth on halogenated compound

Growth of the MR1 bacteria was assessed in various
concentrations of 2,2-DCP (10 to 40 mM) which cultures
in media containing 10 and 30 mM 2,2-DCP showed
development which were insignificant. The exception was
the 20 mM media which demonstrated good bacterial
growth, while the 40 mM 2,2-DCP was probably toxic as
no growth was observed. Following this, the MR1 bacteria
was grown in minimal medium supplied with 20 mM 2,2-
DCP at 30 °C with agitation at 200 rpm. Growth
measurements made at 4 h intervals revealed the cell’s
doubling time of the bacterium was approximately 23.11 h
(Figure 3).
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Figure 3: Growth of strain MR1 on 20 mM 2,2-DCP.
Chloride ion released in growth medium

The maximum release of the chloride ion assay for the
MR1 bacteria was determined to be 0.257 mmol/L in a 20
mM 2,2-DCP. It can be said that 20 mM of 2,2-DCP was
the best concentration to be used as carbon source for its

Table 2: The BLASTn results according to NCBI database.

growth. The analysis also confirmed that it was able to
degrade 2,2-DCP as a sole carbon source and energy.

Polymerase chain reaction (PCR)

The 1.5 kb of the PCR product of 16S rRNA of the MR1
bacterium was amplified (Figure 4) and subsequent DNA
sequencing revealed a complete sequence which
consisted of 1500 bp. The BLASTn results showed the
bacteria was highly identical to Raoutella ornithilolytica
(Table 2). From the results, the 2,2-DCP degrading
bacterium was designated as Raoutella ornithilolytica.

Lane2 Lanel

Lane 3

Figure 4: PCR amplification of 16S rRNA gene on an
agarose gel (1%). Lane 1, DNA ruler; Lane 2, PCR
outcome of amplified 16S rRNA detected under UV light;
Lane 3, Control without Fd1 primer.

Accession No. Description Max Identity
KC456520.1 Raoutella ornithilolytica strain ALK014 16S rRNA gene 95%
JF418157.1 Raoutella ornithilolytica strain C8 16S rRNA gene 95%
AB364958.1 Raoutella ornithilolytica gene for 16S rRNA 95%

Analysis and sequencing of 16S rRNA

Identification of the PCR product done in “ab1” format
Sequence Scanner revealed a complete sequence of the
MR1 bacteria. The complete sequence of the 16S rRNA
of bacterial strain MR1 gene was then compared to the
sequences in the Genbank database NCBI (Table 2).
Results of the BLASTn of the MR1 bacterial strain
showed 95% homology to the three different strains of
Raoutella ornithilolytica bacteria.

Phylogenetic tree
In this study, ten dehalogenase producing bacteria were

selected from BLASTn analysis for construction of
phylogenetic tree using MEGA 5 version 5.2.1. The
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Neighbor-Joining phylogeny tree of isolated bacteria
(strain MR1) was constructed (Figure 5).

DISCUSSION

In this experiment a bacteria strain called the MR1 was
isolated from Tioman Island and have the distinctive
ability to utilize and degrade 2,2-DCP as a sole carbon
source and energy. The 16S rRNA analysis showed that it
was of a genus Raoutella, a reportedly aerobic bacillus
usually found in aquatic environment which produced the
dehalogenase enzyme. Cell growth analysis afforded the
Raoutella to have cell doubling time (23 h) longer than
that of Serratia sp. (5 h) and Rhizobium sp. (12 h)
previously reported by Allison et al. (1983). Based on the
findings, it can be said that the Raoutella sp. showed the
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gil307148307|gb|HM231274 1|:131-1472 Raoultella ornithinolytica strain MB1 165 ribosomal RN,

— 0i|386649384|gblJQY97162.1|:102-1436 Bacterium glyphosate 165 ribosomal RNA gene partial :
L gi|71480534|gb|DQOBEEIE. 1]:131-1472 Uncultured bacterium clone s2s4 165 ribosomal RNA ge

| |
10

gi[161621763|gb|EU294412 1]:106-1441 Klebsiella sp. 38 165 ribosomal RNA gene partial sequ
9il511512836|gb|KCT736654 .1|:103-1444 Enterobacter sp. DH-9 165 ribosomal RMA gene partial
gil480474683|gb|CP004142 1|:3467608-3468950 Raoultella ornithinolytica B6 complete genome
gil480474653|gb|CP004142.1|:3849122-3550463 Raoultella ornithinolytica B6 complete genome
Bacterium MRA1

Figure 5: Phylogenetic tree showing evolutionary relationship of isolates MR1 on the basis of 16S rRNA. Bacterium

MR1 (Raoutella ornithinolytica).

lowest rate of utilizing 2,2-DCP due to low expression of
the dehalogenase enzyme and also a poor bacterial
uptake system. Furthermore, the 2,2-DCP is a toxic
halogenated compound could have also led to sluggish
uptake of the 2,2-DCP as sole carbon source and energy
for growth of the Raoutella sp.

Raoutella ornithilolytica is a Gram negative, rod-
shape, non motile and aerobic bacteria. Members of the
Raoultella genus can grow at 10 °C in soil, water, and in
mammalian system (Bergey, 1984) and are commonly
found in an aquatic environment, fish and insect (Solak et
al., 2011). Although previously there have been many
virulence factors expressed by R. ornithilolytica (Nakajo et
al., 2004; Ngugi et al., 2007) namely, reports detailing
their resistance towards antibiotics such as penicillin,
ampicillin, gentamicin, chloramphenicol, rifampin,
cephalothin, cephotaxime, streptomycin, amoxicillin (Al-
Hulu et al., 2009). It is described to be an opportunistic
pathogen found in human clinical specimens, mainly from
the respiratory tract and blood. It has been associated
with diverse infections, such as enteric fever-like
syndrome, pancreatitis, and mastitis in cattle (Morais et
al., 2009). However, this is the first reported case of R.
ornithilolytica with the unique ability to degrade 2,2-DCP
as a carbon source.

The 16S rRNA gene is used basically for identifying
bacteria. The specific gene is highly conserved between
different varieties of bacteria and also archaea. DNA of
the bacteria was extracted before PCR reaction was
performed (Ventura and Zink, 2002). The Phylogenetic
tree is constructed using neighbor-joining method from
profile alignment command of CLUSTAL W from MEGA 5
(Saitou and Nei, 1987). An important point in all bacteria
species is 16S rRNA which is a universal target by the
highest accuracy for identification of bacteria.

CONCLUSION

This paper provides an identification of a bacteria strain
that was taken from wastewater in Tioman Island. Based
on biochemical analysis, the MR1 bacteria produces a
dehalogenase enzyme that could degrade 2,2-DCP as a
sole carbon source and energy. Evaluation of the
morphology, 16S rRNA sequence and evoluationary
reflationary relationships inferred from the constructed
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phylogenetic tree, the MR1 bacteria exhibited close
similarity to R. ornithilolytica. Discovery of a
dehalogenase producing R. ornithilolytica makes this
bacteria very unique as there is yet any reports on such
species able to degrade 2,2-DCP as a sole carbon
source. The bacteria is certainly an uncommon source of
2,2-DCP dehalogenase enzyme in nature and therefore,
its dehalogenation properties and capabilities deserves to
be assessed and further improved.
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