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Abstract: Pseudomonas sp. strain 33 was isolated from Paddy (rice) field agricultural area. This organism, which
can utilize a halogenated compound of D,L-2-Chloropropionic acid as sole carbon and energy source, catalyses
the hydrolytic dehalogenation of both D- and L- i1somers of 2-Chloropropiomic acid. Identification of
Pseudomonas sp. S3 is still ambiguous due to the lack of basic studies, especially their molecular genetic
information. In this study, the amplified 165 rRNA gene sequence of Pseudomonas sp. S3 (Accession No.
FI968758) was compared to other nine selected gene sequences from the same group of Pseudomonas sp.
and/or dehalogenase producing bacteria using m silico method. Their phylogenetic relationships were then
determined. The results were analysed using MEGA4 software to ascertain its evolutionary distance by
reconstructing a phylogenetic tree of these organisms. The evolutionary history and bootstrap consensus tree
were mferred using the Neighbour-Joming method from 500 replicates. The tree 1s drawn to scale, with branch
lengths (next to the branches) in the same umts as those of the evolutionary distances used to mfer the
phylogenetic tree. The evolutionary distances were computed using the p-distance method and were in the
units of the number of base substitutions per site. Based on this analysis, Pseudomonas sp. 33 165 rRNA gene
was closely related to the Pseudomonas chlororaphis with genetic distance 0.170 base substitutions per site.
S3 gene was also compered among known dehalogenase producing bacteria 165 rRNA genes. Results
suggested that S3 was closely related to the Pseudomonas sp. R1 with a genetic distance 0.040 base
substitutions per site. From present study, evolutionary relationships of 163 tRNA gene of Pseudomonas sp.
33 were elegantly illustrated by phylograms, comparable to a pedigree showing which microorgamsms are most
closely related.

Key words: Pseudomonas sp. S3, dehalogenase producing bacteria, phylogenetic tree, evolutionary
relationship

INTRODUCTION

Each year, millions of tons of xenobiotic compounds
are applied globally as herbicides 1n agricultural
production area or m farmyards. As an outcome of this
extensive environment input, natural water in rivers, lakes
and aquifers has been contaminated with the trace
amounts of herbicides compound. In Malaysia,
organochlorine herbicides are widely used especially to
clear weeds or unwanted crops. Environmental
contamination of natural inland water have been a great
concern, since, most of these herbicide compounds are
very persistent, bioaccumulative and their toxicity can
pose harmful effects to human and natural environment.

Most of Southeast Asian countries hke Malaysia,
Thailand, Indonesia and Vietnam have banned the use of
herbicide compounds since 1990s, but the residues are
still detected in water and soil or seduments at the
significant levels (Ibralum et al., 2002).
Microbial catabolism of halogenated compound
(Fig. 1) by dehalogenase producing bacteria has been well
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Fig. 1: D, L-2-Chloropropionic acid
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studied by Hardman (1991), Leisinger and Bader (1993),
Janssen et al. (1994), Olamran ef al. (2001, 2004), Iing and
Huyop (2007), Jing et al. (2008) and Ismail ef al. (2008). A
variety of halogenated compounds such as haloacids,
which are produced by chemical industries, are degraded
through dehalogenation by microbial dehalogenases that
mvolve carbon-halogen bond cleavage (Copley, 1998).
Previous investigation suggested that two different
kinds of dehalogenases were found in cells of
Pseudomonas sp. strain 533 grown on D, L-2CP
(Thasif et al., 2009). Both enzymes have great potential in
biotransformation study. However, taxonomic identity and
phylogeny of this unique halo-degrading bacterium has
not been determined so far. Thus, we are interested in
identifymng the evolutionary relationshup of thus
degradative bacteria among other Pseudomonas sp.
group and/or dehalogenase producing bacteria in order to
verify which bacteria was closely related and might be
potentially degrade the same compound as Pseudomonas
sp. strain 53. Using phylogenetic analysis, a complete 165
rRNA gene sequence of the Pseudomonas strain S3 was
subjected to a specific computational tool for the gene
sequences analysis and phylogenetic tree construction.
Computational phylogenetics
computational algorithms, methods and programs to

is the application of

phylogenetic analyses. MEGA4 molecular software was
used m reconstructing a phylogram with the distance
method approach to mfer evolutionary distance of genes
sequenice. This software functionality has evolved to
mclude the creation and exploration of sequence
alignments, the estimation of sequence divergence, the
reconstruction and visualization of phylogenetic trees and
testing of molecular evolutionary hypothesis.

In this study, we have constructed two different
phylograms which inferred the evolutionary relationship
of Pseudomonas strain 33 to other Pseudomonas sp. and
also their evolutionary distance among dehalogenase
producing bacteria. The current goal i1s to assemble a
phylogenetic tree representing a hypothesis about the
evolutionary ancestry of a set of genes, species, or other
taxa. The analysis will also able to predict the
characteristics of an unknown microorganism based on
their phylogenetic relationship.

MATERIALS AND METHODS

Characterization of Pseudomonas sp. 83: The 165 rRNA
gene sequence of Pseudomonas sp. 53 was obtained by
sequencing  analysis. DNA  of
Pseudomonas sp. S3 was prepared and sent for
sequencing (1st Base Laboratory Malaysia) using mutial

Chromosomal
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primers as described by Fulton and Cooper (2005). The
163 tRNA gene sequencing was subjected to MEGA4
computational tool in order to find regions of local
similarity between selected sequences and also to
generate phylogenetic tree or phylogram which
inferred evolutionary relationship. The 163 rRNA gene
sequence of Pseudomonas sp. 33 was used to perform
a BLAST search for homology study. From the selected
of closely related a phylogram was
established in Mega4 software in order to investigate the
evolutionary pathway of Pseudomonas strain S3. In
Megad, homology analysis of selected sequences are
aligned together by aligned Explorer/Clustal W.
Phylogram was constructed using neighbor-joming
method option (Tamura et al., 2007). Phylograms were
rebuilt based on pairwise distance among sequence.
Homology analysis of the 163 tRNA for 33 was also
carried out among dehalogenase producing bacteria 163
TRNA gene and its phylogenetic tree was
constructed.

a

sequernces,

also

Collecting a set of homologous nucleotide sequences:
The full 163 rRNA gene sequence from Pseudomonas sp.
53 was analyzed at http:/Aww.nebi.nlm.nih.gov/BLAST/,
using BLASTn option. The BLASTn search will
graphically displayed online on the Distribution of Blast
Hits on the Query Sequence.

Building the phylogram of Pseudomonas strain 83 using
BLAST web page: Phylogenetic tree of Pseudomonas sp.
33 and evolutionary related bacteria were
constructed using distance tree of results icon that
available mn same page of the list of homologous
sequences (BLAST web page). The phylogenetic tree of
Pseudomonas sp. 53 was presented and neighbour
joining method was used to show relatedness and
distance matrix of Pseudomonas sp. 53 in evolutionary

others

pathway.

Reconstruction of phylogram using Mega4 software:
Imtially, a selected 163 rRNA gene sequences were
converted mto FASTA format and analyzed using
alignment explorer/Clustal W in Mega4 (Fig. 2).

After completing sequence alignment by Clustal W,
all output data were used to reconstruct phylogram. The
evolutionary history was inferred using the neighbor
joining method (Saitou and Nei, 1987). The Neighbor
Toining (NT) method constructs the tree by sequentially
finding pairs of neighbors, which are the pairs of
Operational Taxconomic Umts (OTUs) connected by a
single mterior node. The clustering method used by  thus
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Fig. 2: Multiple sequence alignment analyziz by Clustal W

algorithm iz quite different and doez not attempt to cluster
the most clozely related OTUs, but rather minimizes the
length of all intemal branches and thus, the length of the
entire tree. The bootstrap conzensus tree inferred from
500 replicates iz taken to represent the evolutionary
history of the taxa analyzed. The percentage of replicate
trees in which the associated taxa clustered together in
the bootstrap test (500 replicates) are shown next to the
branches (Felsenstein, 1983). The tree iz drawn to scale,
with branch lengths (hext to the branches) in the same
units as thoze of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were
computed using the p-distance method (Tamura et .,
2004) and are in the units of the number of baze
substitutionsz per site. All pozitions containing gaps and
mizzing data were eliminated from the datazet (Complete
deletion option).

RESULTS

A bacterial
species designated as 33 was izolated from paddy (rice)

Identification of Pseudomonas strain 83:

field agricultural area. The bacteria were grown aerobically
at 30°C in 100 mL of a liquid minimal medium containing D,
L-2-Chloropropionic acid az zole zource of carbon. The
165 rRNA gene analysiz was zequenced uzing FD1 and
tP1 primerz (Fulton and Cooper, 2005). The zequence
comprizes of 1469 nucleoctides lacking the very proximal
5? and terminal 3° regions corresponding to the universal
primers uzed and was submitted to the GenBank with
accession number of FT968758.

The 53 165 rRNA gene zequence was subjected to
BLAST search (BLASTn). The sequence was compared
with other sequences that contained in library database.
Thiz technique provides an algorithim for comparing
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primary biological zequence information. From BLASTn
results, the most similar zequence was matched to the
Psevidomonas zp. R1 (accezszsion No. EU272817) with 98%%
sequence identity (Fig. 3). Hence, the bacteria was then
designated as Pseudomoneas sp. 53.

A phylogenetic tree of Pseudomonas zp. 33 and
related zpecies was also established using BLAST output
homepage (Distance tree). From the phylogram,
Psaudomonas sp. 53 located in the clade within others
Psaudomonas sp. (Fig. 4). Strain 53 waz diverged from a
same node with Pseudomeonas sp. stran R1. Strains
53 and R1 are zisters group which had minimum genetic
distance.

Evolutionary relationship of Psertdomeornias sp. 83 among
sp.: thiz study, ten different
Psevdomonas sp. from each major group of
Pseudomonas were zelected az operational taxonomic
units (OTUs) in order to investigate the evolutionary
relationship of Pseudomonas sp. 53 among other
Psevudomonas sp. from various major groups. There are
14, 678 base nucleotides from various 165 rRNA gene of
Pseudomonas sp. were analyzed and multiple
alignment were constructed uzing Clustal W. All results
were bazed on the pairwize analysiz of 10 zequences. The
longest genetic distance was between sequence of
Pseudomonas sp. 83 and Pseudomonas huteola (0.199)
while the shortest pairwise distance was between
Psevdomonas zp. 83 and Pseudomonas chororaphis
(0.170) as in Fig. 5. The data was generated based on the
proportion of different homologous sites known az
obzerved distance or p-distance and it iz exprezsed as the
number of nucleotide differences site. All positions
containing gaps and miszing data were eliminated from
the datazet (Complete deletion option). There were a total

Pseudomonas In
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Sequences producing significant aligmnents:
(Click headers to sort coluuns)

Accession Description Max score | Total score ‘ Query coverage |_ F value Max ident | Links
F1968753.1  Pseudomonas sp. 33 163 ribosomal RNA gene, partial sequence 2713 2713 100% 0.0 100%
El27zai7.d  Pseudomonas sp. R 165 ribosomal RIA, partial sequence @ 1602 61% i) 98%,
AMa00AES1  Pseudomonas fluorescens partial 185 rANA gene, strain SCAM BA_L 1375 1375 61%, o 944,
Lyase7ga, 1 Pseudomonas sp. K94.14 165 ribosomal RNA gene, partial sequence Z 1358 BL% i) 93%,
&y45e702,1  Pseudomonas sp. k9246 165 ribosomal RNA gene, partial sequence 1358 1358 B1% i) 93%
004538380 Pseudomonas sp. P96.25 165 ribosomal RIA gene, complete sequence 1356 1356 1% 0.0 4%
D0453837.1 Pseudomonas sp, K93.3 165 ribosomal RIA gene, complete sequence 1356 1356 B1% 0o 9%,
004538361 Pseudomonas sp, C*1A1 165 ribosomal RHA gene, complete sequence 1356 1356 61% 0.0 94%
D0453835.1 Pseudomonas sp, TM1A3 165 ribosomal RNA gene, complete sequence 1356 1356 6% i) 4%,
004538221 Pseudomonas sp, P97.30 165 ribosomal RNA gene, complete sequence 1352 1352 61% 0.0 93%
004538201 Pseudamanas sp. K94.37 185 ribasomal RNA gene, complete sequence 1352 1352 B1% i) 93%
004538190 Pseudomonas sp, K94.31 163 ribosomal RNA gene, complete sequence 1352 1352 1% 0.0 93%
004538181 Pseudomonas sp, K93.2 165 ribosomal RIA gene, complete sequence 1352 1352 B1% 0o 93%
812717921 Pseudomonas aurantiaca YKM B-1524 165 ribosomal RNA gene, partial 1352 1352 61% 0.0 93%
Aysizezdd  Pseudomonas sp, A1V13 165 ribosomal RNA gene, partial sequence 1382 1152 61% 0o 93
AF456715.0  Pseudomonas sp, Newl0S30 163 ribosomal RNA gene, partial sequence 1357 1352 61% 0o 93%
814170741 Pseudamanas sp, Q6Sc-80 165 rRNA gene, strain Q6Sc-80 @ 1352 B1% i) 93%
AJ417089.1 Pseudamanas sp, (37-67 165 rRNA gene, strain Q37-37 1352 1352 6% i) 93%,
Fig. 3: The 168 rRNA gene identity using BLAST output obtained from NCBI database

W pseudomonas sp. K93.2 165 ibosomal RNA gene, complete sequence

@ pseudomonas auranfiace VKM B 1524 165 ibosomal RWA gene, parfial sequence

@ Psendomonas sp. 41%13 165 ibosomal RA gene, parfial sequence

@ pseudomonas 5p. Q6 5e 50 165 FRAMA gene, shain QBSc-80

@ pseudomonis brassicaceanim 165 rRhA gene, shain 520 1

@ Pseudomonis fluorescens 165 PRMA gene, shrain Q287

8 pseudomonss fuorescens partial 165 PRMA gene, strain SCAN BA_1

’J Uncultured bac berium isolade DGGE g¢l band 4 Fig.2 165 Hbosomal RMA gene, parfial sequence

¢ Fy Uncuured bacherium clone & KAU4040 165 ribosomal R4 gene, partial sequence Psendomonas sp. Rl
]

§ Bacteriuma bt C2 165 ribosomal RA qene, partial sequence
$ g profeobiactetia | 6 leaves
] 4 ¢ profeobiacterial| 18 leaves
o ‘“daproteobacterial 4 leaves
] g proteobiacteria | 4 leaves

Pseudomonas sp. §3

# pseudomonas corrigate strain P94 165 Hbosomal RMA gene, partial sequence

3 g proteobacteria | 2 leaves

@ Uncultured bacterium clone nbw 116220121 165 ibosomal RMA gene, parfial sequence
& pseudomonas sp. Ki19 165 Hibosomal RMA gene, partial sequence

Q@ Psuudomonas comugats 165 fbosomal RNA gens, complete sequence

9 pseudomonas folsasi 165 Hbosomal RNA gene, complete sequence

'y @ Uncultured bac terium clone nbw 1161a10c1 165 ribosomal RMA gene, parfial sequence

o a-proteobiacteria| 2 laves
bacteria| 3 leaves
& Pseudomonas sp. KD 165 ribosomal R gene, partial sequence
@ Pseudomonas sp. TUT1 394 gene for 165 rRMA, partial sequence
S pseudomonis sp. 4_CP1E_S 165 ibosomal RMA gens, partial sequence
& Pseudomonas sp. OOT-2 165 Hbosomal ANA gene, partial sequence
0 pseudomonas sp. MTR-61 165 ribosomal R4 gene, partial sequence

"
2

2 & pseydomonas fluorescens shain Ps 2 3 165 bosomal RNA gene, partial sequence

b 4 uncultured bicterium clone 2y=55 165 ribosomal RNA gene, partial sequence

@Unculfured Psendomans sp. clone 250 165 Hbosomal ARl qene, parfial sequence

<daprohobacterial & leawes
| profeabicteria | 7 leaves
A g protenbacteria | 2 leaves
depquomm 17 leawes
@ Pseudomonis sp. 068 parfial 165 rRNA gene, shrain 663

Fig. 4: Phylogenetic tree of Pseudomonas sp. 83 among related species from reconstructed of BLAST results

of 1309 positions in the final dataset. Data set illustrated
in Fig. 5. was then converted into a proper phylogenetic
analysis (Fig. 6) suggesting Pseudomonas sp. S3 was not
located within the clade of other Pseudomonas species.
Operational Taxonomic Units (OTUs) was selected from
different major groups of Pseudomonas sp.

From all selected species, Pseudomonas
chlaroraphis from P.chlororaphis group was closely
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related to the Pseudomonas sp. 83 (Fig. 6). Pseudomonas
chlororaphis is known as a biocontrol agent against
certain fungal plant pathogens via production of
phenazine type antibiotics (Chin-A-Woeng et al., 2000).
Other Pseudomonas sp. that closely related to the S3 was
Pseudomonas svringae strain BC2366. Pseudomonas
syringae is a rod shaped Gram-negative bacterium with
polar flagella. It is also a member of the Pseudomonas
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d : Estimate
[ 1] #Pseudomonassp_53
[ 2] #Pseudomnnasaeruginnsa_strainsqu1—2
[ 3] #Pseudomonasputida_strainUSD
[ 4] #Pseudomonascedrina strainD3M145935T
[ 5] #Fseudomonassyringae strainBC2366
[ &] #Pseudomonastolaasii_strain_LPPA_SSZ
[ 7] #Pseudomonasluteola_strain:_IAH_lSDDD
[ 8] #Pseudamnnascthrnraphissubsp_aureofacien
[ 9 #Pseudomonasstutzeri_strainBJ—q1
[10] #Pseudomonasparafulva_strain:AJ2129T
[ 1 2 3 4 g & 7 g =] 10 ]
[ 1]
[ 2] 0.197
[ 3] ©0.177 0.043
[ 4] ©0.176 0,057 0,031
[ 5] ©0.172 0,057 0.026 0,027
[ 6] ©0.173 0,055 0.027 0.019 0,021
[ 7] ©.1%2 0.047 0,038 0.055 0.055 0.053
[ 8 ©.170 0.053 0.032 0.020 0.01% 0.018 0.054
[ 9 0.195 0.035 0.032 0.050 0.052 0.048 0.042 0.050
[10] ©0.180 0,050 0,009 0,025 0,032 0.031 0.041 0,034 0.03%9

Fig 5: Thenumber of base substitutions per site from analysis between sequences. All results are based on the pairwise
analysis of 10 sequences. Analyses were conducted using the p-distance method in MEGA4 All positions
containing gaps and missing data were elimmated from the dataset (Complete deletion option). There were a total

of 1309 positions in the final dataset

genus and placed in the Pseudomonas syringae group
(Anzai ef af., 2000). Fseudowmonas syringae 15 a plant
pathogen which can infect a wide range of plant species
FPseudomonas sp. 83 has distance relationship with
FPseudomonas Iuteoia. Pseudomonas lutecla 15 a Gram-
negative, rod-shaped, motile bacterium that can cause
perttonitis, cellulttis and bacterernia (Fodama ef af, 1985).
It has also been shown to reduce and hence decolorize
azo dyes (Hu, 20013 Based on 163 rRINA analysis,
Pseudomonns  luteola has been placed in  the
FPseudom onas stutzeri group.

Evolutionary relationship of FPsexdomonas sp. among
dehalogenase producing bacteria: In this study, ten
dehalogenase producing bacteria were selected The
dehalogenase producing bacteria were comprised of
Pservidomanas strain R1 (EU272817), Psewdomonas strain
23 (FI9s8758), Pseudomonas corrtgatn strain SB4
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CAT050495), Methylobacteritem extorquen strain D4
(AF227128), Comamonas sp. strain CY01 (EU515237),
Stenotraphomonas maltophiia strain 3BS (AT 050496),
Methylobacteriten strain HIT2006E (AM231910), Serratiz
marcescens strain HLL1 (EUU371058), Rhodococcus strain
HI 20064 (AW231909) and Dehalococcoide strain BAV 1
(AT 165308).

There was liited number of data of 168 rRMNA gene
sequence published in the database for dehalogensase
producing bacteria. All the gene sequences were obtained
from MCBI data base. There were 13, 312 base nuclectides
of 163 rRMNA gene from ten different dehalogenase
producing species  were analyzed using multiple
sequences alignment constructed by Clustal W. The
number of base substitutions per site was shown in
Fig. 7. One of the closest species was between
Methylobacteripn HIMN2008b  and  Methylobacteritim
extarquens apart from 33 and R1. All results were based
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on the paireise analysis of 10 sequences conducted using
the p- distance method with 624 positions in the final
dataset.

Figure 8 showed all the dehalogenase producing
bacteria in the phvlogenetic tree presented as Operational
Taxonomic Units (OTUs) or external nodes. There are
eight Hypothetical Taxonomic Units (HTTTs) or internal
nodes that illustrated in the bootstrap consensus

F pargfira AZIBT phylogram. Pseudomonas sp. 33 and Pseudomonas sp. B1

P BC2366 are sisters group becanse they sharing a common node or
ancestor. Pseudomonas sp. 33 was clustered with a good

Pkl Aie DSMEES bootstrap support (100%) within a clade consi stilng

5% Peeudomonas sp. B 1 and Pseudomonas corrugata straing
P codring DSM14938T SB4. The results also suggested that Pseudomonas sp. Rl

a2 was the most closely related to the Preudomonas sp. S3
P taiaad! LPPASI2 with a genetic distance of 0.040 substitutions per site.

® - Pseudomonas sp. K1 is a soil s endomonad thzllt able to

degrade monochloroacetic acid (MCA) (Tsmail et al,

Fig. 6: Phylogenetic  tree  showing  evolutionary 2008). Cther related species that located in the same clade

relationships of Pseudomonas sp. 33 among
Peerdomonas specics that was determined by the
analysis of 163 rEINA gene sequences. The scale
bar represents 0.005 substitutions per site.
Bootstrap values above 40% are shown at the
nodes (based on 300 resamplings)

Data Tvpe Nucleotide
Analysis
—xCompute Distances only
Include Sites
—»Gaps;/ Missing Data
Substitution Model

—>HModel
—>Substitutions to Include
—>Pattern amohng Linesges

—>Rates among sSites

MNucleotide:

p—distance
=]

Same [

Uniform rates

as Pseudomongs sp. 33 was Fseudomonas corrugala
strain SB4. This species was dverged from Pseudomonas
sp. 33 at 0082 base substitutions per site. Pseudomonas
corrugaty strain SB4 was isolated from soil contain a
mixture of aniline and 4-chloroaniline (4CA) as principal
carbon sources (Radianingtyas et af., 2003},

Fairwise distance caloculation

Transition=s + Transversions

Homogenseous)

MNo. of Sites 244
=} Estimate
1] #Pseudomonascorrugata_SBq
2] #Heth?lobacterium_HNzDDSB
3] #Pseudomonas Rl
4] #FPsoseudomonas_S3
5] #Rhodococcus_ HMZOO6L
6] #H#Comamonassp. CYO0OL1
7] #Dehalococoocoides_ BAV1
S]] #Hethylobacteriumextorquens_DM4
9] #Stenotrnphomonasmaltophilia_SBS
110] #Serratismarcescens sStrainHL1
1 2 3 L3 =1 = 7 =] =] 10 ]
1]
21 O.160
3] o.088 0.232
4] 0.032 0.2z4 0.040
5] 0.205 0.207 0.261 0O.255
a] 0.157 0.181 0.2249 0.216 0.2185
7] 0.215 0.231 0.2558 0.263 0.1589 0.221
3] 0.1587 0.056 0.237 0.228 0.197 0.154 0.223
9] O.145 0.165 0.218 0.210 0.2Z205 0.143 0.210 O0.171
o10] 0.119 0.1589 0.179 0.173 0.202 0.165 0.247 0.196 0.163

Fig. 7: The number of base substitutions per site from analysis between sequences is shown. All results are based on
the pairwise analysis of 10 sequences
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Pseudomonas R1
100
100 L @ Pseudomonas 53
99 L P coeeugaa SB4
8. marc HL1
Comamonas CY01
71
8. maltophilia SB5
Meikylobacterium HN2006B
100
M. mextorguens DM4
88 Rhod HN2006A
100
Dehak ides BAV1
0.02

Fig. 8: The phylogenetic tree showing evolutionary relationships of Pseudomonas sp. S3 among dehalogenase
producing bacteria that was determined by the analysis of 165 rRNA gene sequences. The scale bar represents
0.02 substitutions per site. Bootstrap values above 70% at the nodes (based on 500 resamplings)

DISCUSSION

Pseudomonas sp. have ability to use many organic
compounds as carbon and energy sources. On the other
hand, Pseudomonas generally lacks the hydrolytic
enzymes necessarily to break down polymer into their
component monomers. These nutritionally versatile
pseudomonads contan numerous mducible operons
because the catabolism of unusual organic substrates
often requires the activity of several different enzymes.
Pseudomonads are ecologically importants organisms in
soil and water and are probably responsible for
degradation of many soluble compounds derived from
breakdown of plant and animal materials. They are also
capable of breaking down many xenobiotic compounds,
such as pesticides and other toxic chemicals and thus,
umportant agent of bioremediation in the environment.

33 was originally isolated from a paddy rice field and
capable of degrading the D, L-2-Chloropropionic acid. The
bacterial species was identified as gram negative rods in
chains (Thasif ef al., 2009). The identity of the bacteria
was studied using phylogram and evolved from the same
ancestor with others Pseudomonas sp. Using molecular
analysis of phylogenetic software, strain 33 was closely
related to the genus Pseudomonas chlovoraphis group.
This is possibly due to this strain S3 have the same

39

characteristics to the species that belonged into this
group which can degrade pollutants.

Strain 533 was also closely related to the
Pseudomonas sp. strain R1. Both strains produced
dehalogenases. Pseudomonas sp. 33 and R1 were
classified as gram negative bacteria, motile and also
ubiquitous in soil and water. Both bacteria produced
dehalogenase enzyme and could degrade halogenated
compound as a carbon source. Even though both
organisms were closed relationship, but their enzyme
characteristics were not identical. Pseudomonas sp. 33 for
example produced both types of dehalogenase specific to
D- and L- 1somer whereas, Pseudomonas sp. R1 only
produced dehalogenase that is non-stereospecific
(Ismail et ai., 2008).

Pseudomonas sp. S3 has distant relationship to
Dehalococcoide sp. BAV1 even though they were
classified as Dehalogenase producing bacteria. Their
features mdicated that both bacteria were not similar in
morphology as expected. Dehalococcoides was related to
the green non-sulfur bacteria (Chloroflexus group).
Dehalogenase from Dehalococcoides preferred to
de-chlormnated ethenes rather than chlorinated aliphatic
acid compound (He et al., 2003).

In conclusion, this study provides the identity of
D, L-2-Chloropropionic  acid degrading bacteria using
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phylogenetic study. The evolutionary relationship of
Pseudomonas sp. S3 has been depicted from
computational program based on the molecular
phylogenetic. The current research is very useful in
dentifymng the genus of the isolated bacterial species.
From the results, it was also possible to predict their
general properties for further characterization.
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