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Abstract: A phylogenetic analysis of an unknown strain AZ72 isolated from volcanic area Gunung Sibayak
Indonesia was performed. Their phylogenetic relationships were analysed using MEGA4 software® to ascertain
its evolutionary distance by reconstructing a phylogenetic tree of these orgamsms. The evolutionary history
and bootstrap consensus tree were inferred using the Neighbor-Toining method from 500 replicates. The tree
is drawn to scale, with branch lengths (next to the branches) in the same units as those of the evolutionary
distances used to nfer the phylogenetic tree. The evolutionary distances were computed using the p-distance
method and were in the umts of the number of base substitutions per site. Based on the partial 16S tDNA
sequence determination, the strain showed high sequence similarity to Citrobacter sp. strain IC73/SL7. AZZ2
gene was also compared among known dehalogenase producing bacteria 165 rDNA genes. The results
suggested that AZZ2 was closely related to the Serratia marcescens HL1. On the basis of phylogenetic
identification only, AZZ2 was subjected to grow on 2,2-dichloropropionate (2,2DCP). The results suggested
that strain AZZ2 can degrade 2,2DCP as expected similar to the characteristic of strain HI.1 that can grow on
halogenated compound. From this study, there was a possibility to predict the phenotype of newly isolated
bacteria. The present findings also show that the evolutionary relationships of 163 rDNA gene strain AZZ2
were 1llustrated by phylograms and both topology are not in good agreement and may suggest an uncertainty
of the origin of dehalogenases in volcanic area.

Key words: Citrobacter sp. AZZ2, dehalogenase producing bacteria, phylogenetic tree, evolutionary
relationship

INTRODUCTION

Naturally occurring carbon-halogen covalent bonds
are found widely throughout the biosphere in plants and
animals. The major group is chlorinated compounds
followed by brominated compounds with fluorinated and
1odinated compounds few m number (Suida and
DeBemadis, 1973). The role of many of these compounds
is suggested to inhibit the growth of competing species
(for example production of antibiotics, tetracycline and
chloramphenicol). However, it 1s the release of man-made
compounds, that has raised awareness of environmental
issues relating to halogenated compounds. Halogenated
compounds are extensively wused as herbicides,
msecticides, fungicides, insulators and lubricants.
Dalapon or 2,2-dichloropropiomc acid 13 an example of
herbicide that used to control specific annual and
perenmal grasses like Quackgrass, Bermuda grass or

Johnson grass. Tt is a selective herbicide that kills only
certain plants and sparing non-target types of vegetation
(Ashton and Crafts, 1973).

Microorgamsms capable of utihizing halogenated
aliphatic hydrocarbons as sole sources of carbon and
energy are widely distributed and a large mumber of them
have been 1solated (Hardman, 1991; Leisinger and Bader,
1993; Olamran et af., 2001, 2004; Jing and Huyop, 2007,
2008; Tsmail et al., 2008; Thasif et al., 2009). Hydrolytic
dehalogenases represent the key position in the
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.

The comparison of the topology of phylogenetic
trees based on 165 tDNA and functional gene sequence
is another possible way to investigate of microbial
evolution of a special trait for a specific functional gene
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for example, prediction of whether a newly isolated
organism can produce dehalogenase enzyme. Cuwrrent
study describes the identification of an unknown
orgamsm from volcamc soil area of Gummng Sibayak
Indonesia, a small stratovolcano overlooking the town of
Berastagi in Northern Sumatra. Based on 165 rDNA gene
sequence, the identity of newly isolated microorgamsm
was determined and subsequently subjected growth on
2,2-dichloropropicnate (2,2DCP) minimal medium as sole
source of carbon and energy.

MATERIALS AND METHODS

Cultivation: Soil sample was taken from volcanic area of
Gumung Sibayak. All strains were cultivated aerobically at
30°C in Luria Bertarn (LB) solid medium. Several isolated
bacteria were identified using 165 rDNA analysis. Based
on identification analysis, a single potential strain was
cultured at 30°C on a rotary shaker m 250 mL flask
containing 100 mL minimal medium. The liquid mimmal
medium was prepared as 10x concentration basal salts
containing K,HPO,.3H,C (425 g 179, NaH,PO,2H,0
(10.0 g L™ and (NI,),80, (20.0 g L™"). The trace metals
salts solution was prepared at 10x concentrate that
contained Nitriloacetic Acid (NTA) (1.0 g L™,
MgSO,.7H,0 (2.0 g L™, FeSO,.7H,0 (120.0 mg L™,
MnS0,.4H,0 (30.0mg L"), ZnS0,. 7H,0 (30.0mg L™
and CoCl,.6lLO (10.0 mg L™ in distilled water
(Hareland et <., 1975). Minimal media for growing bacteria
contained 10 ml of 10x basal salts and 10 mL, of 10x trace
metal salts per 100 mL of distilled water and were
autoclaved (121°C, for 15 min).

The carbon source of 2,2DCP was sterilized by
filtration and was added to the autoclaved salts medium
to a final concentration of 20 mM. The extent of growth
determined by measuring the absorbance at A, and the
release of chloride ions.

Molecular analysis: DNA was 1solated from bacterial cells
by using Wizard genomic purification kit (Promega). The
1635 rDNA were amplified from pwrified DNA by PCR
using Pfu DNA polymerase with the buffer supplied by
the manufacturer (Promega). Universal 165 tDNA primers
FD1 (57-aga gtt tga tce tgg cte ag-37) and 1P1 (5’-acg gte
ata cct tgt tac gac tt-3”) (Fulton and Cooper, 2005) were
synthesized by 1st BASE Laboratory Malaysia Sdn. Bhd.
DNA sequencing was performed using ABI PRISM ® 377
DNA sequencer (1st BASE Laboratory Malaysia Sdn.
Bhd).

Sequencing alignment and construction of phylogenetic
tree: The 165 rDNA sequence obtained were aligned and
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compared with the sequences stored in Gene Bank from
National Center for Biotechnology Information (NCBI)
using BLASTn analysis Multiple sequence
alignment/phylogenetic  tree established using
MEGA4 Molecular software.

tool.
was

Phylogenetic tree reconstruction using mega4 software:
Phylograms of unknown bacteria were reconstructed
using Megad Software (Tamura et al., 2007). Imtially,
many 165 rDNA gene sequences from different kinds of
bacteria (related sequences/dehalogenase producing
bacteria) that obtained from NCBI were added or
pasted into alignment explorer/Clustal W by mtegrated
web-browser. All sequence were aligned together to
achieve multiple sequence alignment by clicking align by
clustalW. After complete alignment by Clustal W, all
output data were used together to reconstruct phylogram.
The evolutionary history was inferred using the
Neighbor-Tomning method (Saitou and Nei, 1987). The
bootstrap consensus tree inferred from 300 replicates is
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) is shown next to the branches
(Felsenstein, 1985). The tree is drawn to scale, with
branch lengths (next to the branches) in the same umts
as those of the evolutionary distances used to infer
tree.
computed using the

The evolutionary distances
p-distance  method
(Tamura et ai., 2004) and are in the units of the number of
base substitutions per site. All positions containing gaps
and missing data were eliminated from the dataset

the phylogenetic
were

(Complete deletion option).
RESULTS

Bacteria isolation: Several morphologically different
colonies were observed on LB media after overmight
growth at 30°C. Colonies formed were repeatedly streaked
on the same type of medium in order to obtamn a pure
colony. Hach pure colony was then subjected to 165
tDNA analysis.

Analysis of 165 rDNA gene sequence for genus
identification: Genomic DNA of several bacteria species
was prepared using Wizard Genomic DNA kit (Promega).
The PCR amplification using appropriate primers revealed
a single fragment of approximately 1.5 kb for each strains.
The PCR products were purified using QTAquick PCR
purification kit (Qiagen) for DN A sequencing. In order to
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AZEZ2 3 GTAACAGGAAGCAGCTTECTGCTTCGCTGACGAGTEECGEACGGETEAGTARTGTCTERE 62
(AR R R R RN R R R R R R AR RN R
ae73/817 1 GTARCAGGAAGCAGCTTGCTGCTTCECTGACGAGTEGCEGACEEETEGAGTAATGTCTEEE 60
AZZZ 63  AAACTGCCCGATGGAGGGGEATAACTACTGGRAACGGTAGCTAATACCGCATAATETCGC 122
(AR R R R RN R R R R R R AR RN R
c73/817 61 AAACTGCCCGATGGAGGEGGATAACTACTGGAARCEGTAGCTAATACCGCATAATGTCEC 120
AZEZ2 123 ARGACCRAAGAGGGGGACCTTICGEEECCTCTTGCCATCGEATGTGCCCAGATEGGATTAGS 182
(AR R R R RN R R R R R R AR RN R
7e73/817 121 AAGACCARAGAGGGGGACCTTCGEGCCTCTTGCCATCGGATGTGCCCAGATGGGATTAGC 180
Bac X 183 TTGTTGGTGAGGTAACGGCTCACCAAGGUGACGATCCCTAGCTGGTCTGAGAGGATGACT 242
(AR R R R RN R R R R R R AR RN R
7e73/817 181 TTGTTGGTGAGGTAACGGCTCACCAAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACC 240
AZZ2 243 AATCCACACCGAGAARCTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGRATA 302
[ R AR R AR AR R R R R R AR AR R
c73/817 241 AG-CCACACTG-GAACTGAGACACGGTCCAGACTCCTACGEEAGGCAGCAGTEEGGARTA 298
AZEZ2 303 TTGCACARATGGGCGCAAGCCTGATGCAGCCATGUCGCETETATGRAGAAGGCCTTCGGGT 362
(AR R R R RN R R R R R R AR RN R
ac73/817 299 TTGCACAATGGEGCECAAGCCTGATGCAGCCATECCECETETATGARGAAGGCCTTCGEET 358
AZEZ2 363 TETAARGTACTTTCAGCGGGGAGGAAGECGATARGGTTARTAACCTTAGCCATTGACGTT 422
Ferrrrrrrrrrrrrrrrerrerrr e b e e e e e e
Te73/817 359 TGTAARAGTACTTTCAGCGGGGAGGAAGGGETTAAGGTTAATAACCTTAGCCATTGACGTT 418
AZZ2 423 ACCCGCAGAAGARGCACCGGUTAACTCGTGTGCCAGCAGCCGCGGTAATACGGAGGGTGE 482
Ferrrrrrrrrrrrrrrrerrerrr e P e e e e e e e e e
Te73/917 419 ACCCGCAGAAGAAGCACCGGCTAACTCC-GTGCCAGCAGCCGCGGTAATACGGAGGGTGC 477
AZZ2 483 AAGTC-TTAATCGGACGTACTGGGCGTARAGCGCACGCAGGUGGTCTGTCRAAGTCGGATG 541
(R R R RN R AR R AR R AR RN
ac73/817 478 ARG-CGTTAATCGGAATTACTGGGCGTAAAGCECACGCAGECEGGTCTEGTCARGTCGGATE 536
AZEZ2 542 TGBAAATCCCCGGGECTCARCCTGEGAACTECATTCGARRCTEGCAGGACTTGAGTCTCGTA 601
FECEEETEET e et er bt e et e e e e e e e e e e rer e
ac73/817 537 TEARATCCCCGEGGCTCAACCTGEGAACTECATTCGAAACTGGCAGE- CTTGAGTCTCETA 595
AZEZ2 602 GAGGGEEGTAGAARTTCCAGGTGTAGCGETGARATGCGTAGAGATCTGGAGGAATACCGGT 661
PEEETTETr et e e e e e e e e e e e e e e e e e e
T073/817 596 GAGGGGGGTAGAATTCCAGGTGTAGCGGTGARATGCGTAGAGATCTGGAGGAATACCGET 655
AZZ2 662 GGCGARGGCGGCCCCCTGGACGRAGACTGACGCTCA 637
PEEETEEE e e e e e e e e e ey
T073/817 656 GGCGARGGCGGCCCCCTGGACGAAGACTGACGCTCA 651

Fig. 1: The 163 rDNA partial sequence comparison of Citrobacter sp. JC73/SL7 with strain AZ.7.2 — showing 98% identity

get some 1dea concerning genera and species type, the
nucleotide sequencing data were than analyzed using
BLASTn online analysis tool to identify the closest
phylogenetic relatives. The gene sequences were
compared to the sequences in the GenBank database-
NCBI (IS National Centre for Biotechnology Information).

Among all bacteria strains, AZ72 showed the
highest sequence similarity (98% sequence identity with
e-value = 0) to Citrobacter sp. JC73/SL7 (Accession
mumber: FN547926) (Fig. 1). Thus, it was designated as
Citrobacter sp. strain AZZ2. In support to the current
data, Gram staining suggested the species was a Gram
negative, rod in shape.

Growth in 2,2DCP liquid minimal media: Based on the
identification by 163 rDNA analysis, a single potential
bacterial culture designated as stran AZZZ was then
tested to grow in liquid minimal medium supplied with
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2,2DCP as sole sowrce of carbon and energy. Strain AZZ2
was inoculated into 100 ml minimal liquid medium
contaimng 20 mM 2,2DCP as the sole source of carbon.
The flasks were incubated at 30°C in a rotary incubator at
180 rpm. The maximumn growth was aclueved after 48 h
with cells doubling time 15 h.

Evolutionary relationship of Citrobacter sp. AZZ2:
Phylogenetic tree was established using BLAST-
Webpage (NCBT). According to Fig. 2, strain AZ7Z2 was
located among Citrobacter sp. Further analysis was
carried out by taking ten different related species of
Citrobacter sp. as Operational Taxonomic Units (OTUs)
(Tamura et al, 2004) in order to investigate the
evolutionary  relationship of Citrobacter sp. AZZ2
among related species (Table 1). There are 15047 base
nucleotides of 165 tDNA gene sequences were analyzed
(Table 2) and multiple alignment were constructed using









J. Biol. Sci., 10

=»Gaps/Missing Dats : Complete Deletion

(3): 190-199, 2010

Substitution Model :
=>Model : Nucleotide : p-distance

=>Substitutions to Include : d: Transitions + Transversions

=>Pattern amony Lineages :
=>»Rates among sites : Uniform rates
No. of Sites : 486

d : Estimate

1] # P corrugata SB4

2] # Methylobacterium sp. HN2006B
3] # Pseudomonas sp. R1

4] # Pseudomonas sp. S3

5] # Rhodococeus sp. HN2006A
6] # Comamonas sp. CY0L

7] # Dekalococcoides sp. BAV1
8] # M. extorquens DM4

9] # S. maltophilia SB5
10] # 8 marcescens HL1
11] # Aminobacker sp.
12] # Chrobacter sp. AZZ2

1

0.193
0.076
0.076
0.237
0.171
0.233
0.200
0.165
0.130
0.198
0.204

0.237
0.235
0.210
0.193
0.235
0.058
0.173
0.183
0.140
0.257

0.043
0.270
0.220
0.265
0.243
0.212
0.177
0.239
0.237

0272
0218
0270
0241
0206
0.179
0243
0247

0.216
0.189
0.195
0.208
0.189
0.210
0.265

0.224
0.195
0.163
0.154
0.187

12] 0.247

Same (Homogeneous)

7 8 9 10 11 12
0.220

0222 0179

0.23% 0.191 0.152

0243 0.132 0.191 0.189

0307 0265 0220 0.123 0.276

Fig. 5: The number of base substitutions per site from analysis between sequences. All results are based on the pairwise
analysis of 12 sequences. Analysis were conducted using the p-distance method in MEGA4. All positions

containing gaps and missing data were eliminated frr
of 486 positions in the final dataset

Table4: Base nucleotides analysis of
dehalogenase producing bacteria

Citrobacter sp. AZZ2 and

Name of microorganisms T C A G Total

Pseudomonas corrugata SB4 21.1 223 2506 310 14330
Methylobacterium sp. HN2006B 200 243 235 323 13070
Pseudomonas sp. R1 21.0 224 2506 31.0 1000.0
Pseudomonas sp. 83 21.2 242 241 306 1409.0
Rhodococcus sp. HN2006A 19.0 246 22.0 344 1437.0
Comamonas sp. CY01 197 232 256 315 14020
Dehalococcoides sp. BAV1 219  21.6 260 305 14200
Methylobacterium extorquen DM4 203 241 234 322 13120
Stenotrophomonas maltophilia 8BS 201 23.9 251 309 1077.0
Serratia marcesceus HL1 202 227 247 323 14510
Aminobacter sp. 202 237 242 318 15170
Citrobacter sp. AZZ2 202 235 246 317 1513.0
Average 204 234 245 317 13218

Clustal W in MEGA4. Numbers of base substitutions per
site from pairwise distance analysis between sequences
were shown in Fig. 5. All results are based on the pairwise
analysis of 12 sequences. According to the data in Fig. 5,
the lowest value of genetic distance from Citrobacter sp.
AZ72 was 0.123 base substitutions per site. This value is
due to the distance between Citrobacter sp. AZZ2 and
Serratia marcescens HL1. All pairwise distance analysis

om the dataset (Complete deletion option). There were a total

were conducted using the p-distance method in MEGA4.
All positions containing gaps and missing data were
elimmated from the dataset (Complete deletion optiomn).
There were a total of 486 positions 1n the final dataset.
The evolutionary history was inferred using the
Neighbor-Joining method. The bootstrap consensus tree
inferred from 500 replicates is 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) is shown
next to the branches. The optimal tree with the sum of
branch length = 0.912 1s shown in Fig. 6. The tree 1s drawn
to scale, with branch lengths in the same umts as those of
the evolutionary distances used to infer the phylogenetic
tree. In the phylogram, there were twelve Operational
Taxonomic Units (OTUs) which include Citrobacter sp.
AZ72 and eleven dehalogenase producing bacteria. This
unrooted phylogram was inferred with ten internal nodes
(hypothetical taxonomic umts) represents ancestor of the
OTUs. In Fig. 6, Citrobacter sp. AZZ2 was located within
the same clade with Serratia marcescens HL1 with 100%
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100 Methylobacterium sp. HN2006B
1 -M. extorguens DM4
90 Aminobacter sp.
49 Rhod: sp. HN2006A
100/ Dehal: oides sp. BAV1
Ci sp. CYO1
8. maltophilia SB5
_____lsg!r—-—-—— 5. marcescens L1
@ Citrobacter sp. AZZ2
07| P, corrugata SB4
WL: Psaudomanas sp. R1
100 Pseudomanas sp. 83
00z

Fig. 6 Phylogenetic relationship between Citrobacter
sp. AZZ2 and dehalogenase producing bacteria
1635 rDNA sequences. The scale bar represents
0.02 substitutions per site. Bootstrap values

of bootstrap value. Citrobacter sp. AZZ2 was most
related with Serratic marcescens HL1 with genetic
distance 0.123 base substitutions per site. Citrobacter sp.
AZ72 was having a distant relationship with
Dehalococcoides sp. BAV1 with genetic distance 0.307
base substitutions per site.

E. coli BL21 as positive and negative controls: The
partial 168 rDNA gene sequence from E. coli BL21 was
blasted in the NCBI database. The most significant result
is shown in Fig. 7. From the results obtained, sequence
from E. coli BL21 shared at least 97% identity to the
entire  top twenty most significant alignments. In
negative control, the 165 1DNA gene sequence of
E. coli BL2]1 was compared to Citrobacter sp. AZZ2.
From 1049 base compared, 197 gaps were revealed

above 48% are shown at the nodes (based on

500 resamplings)

.coli BLZ1
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.coli BLZ1

.coli 4105

Fig. 7: Sequence comparison of £. coli BL.21 165 rDNA gene with E. coli 4105 showing 97% identity

45

23

105

and these two
identity (Fig. 8). This

ACGETAACAGGAAGCAGE TTECTGC TTTGCTGACGAGTEGCEGACGCGTGAGT AATGTCT
(AR NN R R R RN N AN R AR AR AR AR
ACGETAACAGGAAGCAGCTTGCTEC TITEC TEAC CAGTE BCECACGEET GAGT AATGTCT

FEEARACTGCCTGAT GEAGGGEEAT AACTACTGEAAACGETAGC TAATACCGCATAACGT

RN R R R RN RN R RN R RN AR AR R
GEGAAACT GUCTGATGGAGHEEGATALC TACTGEALACG GTAGC TAATACCGCATALCGT

CECAAGAC CARAGAGGEEGACCTTCGEGCCTCTT GCCAT COGAT GTGCC CABAT GEGATT
FEEEEEEEE e b e e e e e e v e b e e e el
CECAAGAC CARAGAGGEEGACCTTCGEGCCTCTT GCCAT COGAT GTGCC CABAT GEGATT

AGCTAGTAGETGEGETAAAGGCTCACCTAGGOGACGATCCCTAGCTEET CTGAGAGEAT &

PECEREEE e e e e e e e b e e e e e e
AGCTAGTAGGTGGGETALCGGCT CACCTAGGCGACGATC CCTAGCTGET CTGAGAGEAT G

ACCABCCACACTGGAACT GAGAC ACGET CCAGAC ICCTACGECAGGLAGCACTEBEGAAT
(AR NN R R R RN N AN R AR AR AR AR
ACCAGBCCACACTGGAACT GAGAC ACGETCCAGAC TCCTACGEGAGGCAGCAGTEEGEAAT

ATTGECACAATGEECGCAAGCCTGATGCAGCCATECOGCGTETAT GAAGAAGEOC TTCGEE

(AR NN R R R RN N AN R AR AR AR AR
ATTGCACAATGGECECARGTCTGATGCAGCCATGCCGCETGTAT GAAGAAGECC ITCGEE

TTETAAAGTACTT TCAGC GEGEAGEAAGGEAGTAAAGTTAATACCTTTECTCAT TGACET

RN R R R RN RN R RN R RN AR AR R
TTGTAAAGTACTT TCAGC GEGEAGEAAG GEAGTAALGTT AATAC CTTTGCTCAT TGACET

TACCCGEOAAAAGAAGCACCEGCTAACTCCETECCAGCAGCOGCEETAAT ACGEAGGETEC

(RN R RN R NN A R RN RN R R R
TACCCGCAGAAGAAGCACCEGCT AACTC CETECCAGCAGCCGCEETAAT ACGGAGGETET

AAGOGTTAATCGGAATTACTGGHGCGTAAAGCGOACGCAGGOGET TTETT AAGTC AGATGT
RN R R R RN RN R RN R RN AR AR R
AAGCGTTAATCGGAATTACTGEGCGTAAAGCGCACGCAGGCEGT TTETTAAGTCAGATGT

GAAATCCCCGGECTCAACCTGEGAACTGCATCTGATACT GGCAAGCTTGAGTCT CGTACA
(RN NN R NN R RN R R R N |
GAAATCCCOBGEC TCAACCTGEGAACTGCATCTGATACT GECAAGCTTGAGTCT CGTAGA

GEGEEETAGAATTCCAGGTETAT CEGTGAAATGC STAGAGATCT SEAGEAATAC CGETEE

FEEEErrrrrrerreerre et e b e e e e e e e e e e
GEGGEETAGAATT CCAGG TETAGCEETGAAATGC CTAGAGATCT GEAGGAATAC CEETEE

CEGEAAAGC GEOCCOCTEEACCAACACTGACGCTCAAGTECGAAAGCATECGEAGCAMACT

(AR AR e AN R R RN R NN R N R AR R |
- AAGGE GECCCCCTEGACGAAGACTGACGUTCAGSTEUGALL GUGTGGEGAGCALACA

GEGATTAFATACCCTIGETAGTCCACGCCGTAAAA CCGATETCEFAC TTGEAGGETTGTGCCCT

[N R RN RN N N AN RN R R AR
GE- ATTAGATACCCTGET AGTCCACGOC GTALA- COATE TOGAC TTEGAGGTTETGCCCT

GUGAGGIGTGGOC TTOCGGACCT AACGEC GTTAAATTOGACCGCC TEEGEGAGTACGECC G
FEETEEEEEE e rerrer e e b e e e e e e
T-GAGGCGTIGEC- TTCCEGAGCT AACEC GTTAAGT- COACCECC TGEGE - AGTACGECCE

CAAGGGTTAAAACTCA 839

CAAGG-TTAAAACTCA 892

196

sequences shared 76.1% sequence
suggests that any identity
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E.coli BLZ1 1 ACGACGGTARCAGGARGCAGC TGO TG TT TGO TEACLCACTEECGEACGS a0
RN N e A
Citrobacter 1 RGGTARCAGGRAGCAGC TTGC TGCTTCGCTEACGAGTGECGEACGE 46
E.coli BLZ1 51 GTGAGTARTGTCTEEEARAC TG TGATGEAGGEEEEATARC TACTGERARR 100
I
Citrobacter 47 GTGAGTAATGTC TGGEARAC TECCCGATGEAGEEEEATARC TRC TEGRARR 96
E.coli BLZ1 101 CGGTAGCTARTACCGCATAAC GTCGCARGACCARAGRGEEEEACCTTCGE 150
RN
Citrobacter 97 CGGTAGCTAATACCGCATARTGTCGCARGACCARRGRGGEGEEACCTTCGE 146
E.coli BLZ1 151 GCCTCTTGLCATCGEATETGC CCAGATGEEATTAGCTAGTAGETGEGEETA zaoo
PETTTTIELI R e e e e e e i
Citrobacter 147 GCCTCTTGCCATCGEATGTGLCCAGATEEEATTAGCC TTETTCETCAGETA 196
E.coli BLZ1 201 ARGGOTCACCTAGGCGACGATCCCTAGC TGETC THAGAGGATCACC-AGT 249
R R
Citrobacter 197 ACGGCTCACCAAGECGACGATCCC TAGC TEETC TEAGAGEATCACCAATT z46
E.coli BLZ1 250 CACACTG-GRACTGAGACACGETCCAGACTCCTALGECAGECAGCAGTEE z98
PEPTI- D TP e e e e e e ey
Citrobacter 247 CRCACCGAGRRCTGAGACACGGTCCAGRCTCCTACGGEAGECAGCAGTGE z98
E.coli BLZ1 299 GEARTATTGCACAATGGGCGC ARGLCTEATGCAGC CATGCCGCGTGTATG 348
R N
Citrobacter 297 GERATATTGCRACAATGGGCGCARGC CTEATGCAGCCATGCCGCGTETATS 346
E.coli BLZ1 349 ARGARGGCCTTCGEETTETARAGTACTTTCAGLGEGEAGEARGE-GAGTA 397
(R e N N NN NN RN
Citrobacter 347 ARGRAGGCCTTCGGETTGTARAGTACTTTCAGCGGGEEAGEARGECGA-TA 395
E.coli BLZ1 398 ARGTTAAT-ACCTTTGCTCATTGACGTTACCCGCARRRGARGCACCGECT 446
Fo PP P P e e e e e Ly
Citrobacter 396 AGGTTAATARCCTTAGC-CATTGACGTTACCCGCAGRAGRRGCACCGGCT 444
E.coli BLZ1 447 RRCTC- CGTGCCAGCAGCCGC GETARTACGGRGGETECARGCGTTAATCG 495
PETTD S TEEE e e e e b L
Citrobacter 445 AACTCETETGCCAGCAGLCGLGETARTACGEAGGEETGLARGTCTTAATCG 494
E.coli BLZ1 496 GRATTACTGGGECGTARAGCGCACGCAGGCGETTTG TTARGTCAGRTGTGR 545
R RN R
Citrobacter 495 GACGTACTGGSCGTARAGLGUACNGCAGGLGETOTETCARGTCGCATETGA 544
E.coli BLZ1 546 ARTCCCCGGEECTCARCCTEEEARCTECATCTGATACTGECARG-CTTGAG 504
RN e e
Citrobacter 545 ARTCCCCGEECTCARCCTGEERACTGCATTCGRRRCTGECAGEACTTGAG 504
E.coli BLZ1 595 TOTCGTACRAGGGGEETAGAAT TECAGGTETATCGE TCARATGCGTAGAGR 644
R RN RN RN
Citrobacter 595 TCTCGTAGAGGGGGETAGRATTCCAGETETAGCGETEARATGCGTAGAGA 644
E.coli BLZ1 645 TCTGEAGGARTACCGETEEC G-~~~ —— == === === ——————————————— 665
RN Rany
Citrobacter 545 TCTGGAGERATACCGETGEIGARGECGECCCCCTEERCGARGACTGROGT 594
E.coli BLZ1 BEE —mmmmmmmm o GARRGCGECCCCCTEERCC 604
PEE- LRt
Citrobacter £95 TCACGTAGRGATCTGGAGGARTACCGETGECGARGECGECCCCCTEEACE 744
E.coli BLZ1 685 ARCACTGACGCTCARGTGCGARAGCAT- GCGEAGCARACTGE-——————— 725
R N NN RN
Citrobacter 745 ARAGACTGRCGCTCAGE TGLGARAGLGTGELETAGCARACAGEATGC TATC 794
E.coli BLZ1 726 GATTAGATACCCTGGETAGTC- - - CACGCCGTARAACGATETCGRCTTGER 7z
LT Po LT LT T T
Citrobacter 795 AATCATCTACCOTGGETAGTCGTACTCGCCGT-ARACGATGTC TATTTGEA 843
E.coli BLZ1 773 GGTTGETGCCCTGEC--GAGGECG TEGECCTTCCGEACC TRACGCGTTARATTC 820
R e e
Citrobacter 844 GETTGETGGTTACTIGAGGELGETGE- CTTCCGEAGC TAACGCGTTARR - TA 891
E.coli BLZ1 821 GACCGCOTGGEGEEAGTACGEC CGCAR-—~————————— GEETTRARRRCTC 858
FEEEEEEE T R
Citrobacter 892 GACCGCCT-GEGGAGTACG- - TECARTCGATCGATTCC GACTTARGGCTT 938
E.coli BLZ1 839 AGTT--CC 864
Ry
Citrobacter 939 AGCTAGLCGGRATTCGLGLETATAGL TAGC TAGC TAGC TAGC TAGCTAGCT EEE
E.coli BLZ1 865 864
Citrobacter 989 TCAGTCACTGTCACCARTTGCATCG TACCATCGTCATCGGCATCGACGT 1037

Fig. 8: Sequence comparison of E. cofi BL21 16S tDNA gene with Citrobacter sp. AZZ2 showing 76.1% identity
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percentage less than 76.1% is not significant in the
identification of orgamsm using 165 rDNA techmique.

DISCUSSION

Bacteria taxonomy using 163 rDNA 13 a common
method in the characterization and identification of
microorgamsm, such as the taxonomy of actinomycetes
(Colquhoun et al., 1998), taxonomy of extremophiles
(Takami et al., 1997, Sorokin et al., 2000) and taxonomy of
hydrocarbon degrading bacteria (Wang et al., 1995).

In current imvestigation, the 165 rDNA gene
sequence from E. coli BL21 was included as positive and
negative controls. The identity of E. coli agreed to the
sequence in the database. For negative control, pairwise
sequence alignment of the two sequences revealed
sequence identity of 76.1%. This suggests, any identity
less than 76.1% could not be accepted durng
identification of the orgamsm, whereas secquence identity
higher than 76.1% may be a significant value. These
results for both controls strongly suggest the use of
umiversal primers and DNA sequencing method could
give a reliable identification of an unknown species.

BLASTn analysis revealed stran AZZ2 gene
sequence shared at least 98% identity to the sequence of
the Citrobacter sp. JC73/SL7 suggesting strain AZZ2
belongs to Citrobacter sp. In addition, this support the
results obtained from Gram staimng since Citrobacter sp.
is a Gram negative, rod in shape. The genus Citrobacter
had a potential to degrade halogenated compound by
producing dehalogenase enzyme. Earlier study proven
that this species has been isolated and could degrade
chlorinated compound as carbon sowce. From Cluster
analysis of RAPD pattern and respirometric data, the
1solated bacteria was identified by using 165 rDNA
sequence analysis as Citrobacter freundii strain HPC255.
The strain HPC255 could oxidize different substituted
chlorophenol molecules (Gurpreet et al., 2004).

In current study it was hypothesized that Citrobacter
sp. AZ72 1s a dehalogenase producing bacteria strictly
based on relatedness to the genus Citrobacter sp. and
Serratia marcescencs HL1 (L1 et al., 2008). These two
types of bacteria could degrade halogenated compound
as reported. According to the growth experiment,
Citrobacter sp. AZZ2, could grow on 2.2DCP as sole
source of carbon and energy. Therefore, it was possible
to predict for a specific functional gene despite of to
mvestigate microbial evolution of a special trait. Current
strain deserved more studies since, there was no
Citrobacter strain reported to grow m 2,2DCP mimmal
medium as a carbon source in the previous literature. This
may shed light on 1solating of thermostable dehalogenase
from volcanic area.
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In conclusion, a group bacteria isolated from soil was
screened using 1635 rDNA analysis. In the present
investigation, we have further analyzed stram AZZ2. This
orgamism was able to grow on 2,2DCP and had a closed
evolutionary relationship with Citrobacter and Serratia.
This was the first reported strain from Citrobacter that
can degrade 2,2DCP. In future, it was hoped that such
studies would be possible to isolate organism with
desired characteristics.
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