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Abstract— Fourteen Thai degrading-bacteria were isolated from sugarcane field soils in central and eastern of Thailand. All 
these fourteen isolates were gram-negative with short rod shape. The partial 16S rDNA genes were amplified by polymerase 
chain reaction (PCR) using the universal primers of 16S rDNA gene. In this study, phylogenetic tree was constructed using a 
partial  sequence within the 16S rDNA gene (approximately 1,200 bases). Strains were grouped into four phylogenetic 
branches with some subclusters. Based on sequence comparisons and phylogenetic tree analyses, the bacterial isolate studied 
were identified as a new strains of  genus Pseudomonas, Burkholderia, Klebsiella,  Enterobacter, Kosakonia and Rhizobium. 
 
Index Terms— 16S rRNA, Atrazine-Degrading Bacteria, DNA sequencing, Identification, Phylogenetic analysis  
  
I. INTRODUCTION 
 
Atrazine is a moderately persistent s-triazine herbicide 
in the environments with a half-life ranging from a few 
weeks to months [1]. The parent compound and its 
derivatives have even been detected in soils years after 
application [2]. Atrazine residue in the soil and 
sprayed to cultivate the agricultural products can enter 
into the groundwater and surface water during 
irrigation of farmland [3], [4]. Due to its high mobility 
and long half life in soil, residues of both the parent 
compound and its derivatives have been detected in 
soil, surface, water and groundwater after year’s 
application. Because of its widespread usage, atrazine 
concentrations in groundwater and surface water 
frequently exceed the 3-ppb health advisory level set 
by the U.S. Environmental Protection Agency [5]. 
Microbial degradation has been regarded as the most 
important mechanism of atrazine degradation in 
contaminated sites [6]. Up to date, a number of  
microorganisms with different atrazine degradation 
efficiencies and growth characteristics are reported. 
Some of these strains can only metabolize atrazine to 
deethylatrazine or hydroxyatrazine, while others can 
cleavage the s-triazine ring and even mineralize 
atrazine [7], [8], [9].  
Atrazine can be degraded by Arthrobacter sp. [10], 
Chelatobacter heintzii [1], Rhodococcus sp., 
Acinetobacter  
sp., Streptomyces sp., Pseudomonas aeruginosa, 
Clavibacter michiganense [11], Enterobacter cloacae 
[12], Bacillus megaterium, Alcaligenes faecalis, 
Klebsiella ornithinolytica, and Agrobacterium 
tumefaciens  [13]. Under aerobic conditions, 
Rhodococcus strain TE1 can metabolize the atrazine 
into deethylatrazine (DEA) and deisopropylatrazine 
(DIA) [14]. Pseudomonas strain ADP 
metabolizes atrazine into cyanuric acid via three 
enzymatic steps, encoded by the genes atzABC [15] 
and cyanuric acid acts as a nitrogen source for many 
bacteria. 

Phenotypic methods present some inherent problems: 
there can be a substantial amount of variability among 
strains belonging to the same species, the 
corresponding database may not yet include newly 
described species and the test may rely on an 
individual and subjective interpretation. The 
molecular approach has been used for bacterial 
phylogeny and is of major importance for species 
definition and identification [16], [17], [18], [19]. 
Identification based on the 16S rDNA sequence is of 
interest because ribosomal small-subunit (SSU) exists 
universally among bacteria and includes regions with 
species specific variability, which makes it possible to 
identify bacteria to the genus or species level by 
comparison with databases in the public domain [20].  
 Accordingly, the present study aimed to isolate 
atrazine-degrading bacteria and sequencing of the 16S 
rRNA gene for the discrimination and identification of 
bacteria isolates. In addition to, gaining better 
understanding of phylogenetic relationships, based on 
the sequencing of the 16S rRNA gene, of 14 elite 
atrazine-degrading bacterial isolates in Thailand. 
 
II. MATERIAL AND METHODS 
 
A. Bacterial isolates and reference strains 
In this study, 14 samples were isolated from atrazine 
contaminated soils in central and eastern Thailand. 
Bacterial strains were collected from five provinces 
including Nakhon Pathom, Ratchaburi, Kanchanaburi, 
Chonburi and Chachoengsao. Soil samples (10 g) were 
suspended in 30 ml of 0.1 M phosphate buffer (pH = 
7.5) and centrifuged at 6000g for 15 min at 4°C and 
the supernatants were discarded to remove the 
quantity of residual nitrogen sources in soil [21]. Ten 
grams of soil samples were added to a 250-mL flask 
with 100 mL mineral salts medium (MSM) 
supplemented with 2.5 mg L-1 of atrazine [22] as the 
sole carbon and nitrogen source (MSM contained (per 
liter) 1.6 g of K2HPO4, 0.40 g of KH2PO4, 0.20 g of 
MgSO47H2O and 0.10 g of NaCl [23]). The flasks 
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were incubated at 37°C on a shaker at 150 rpm. Five 
milliliters of aliquots was then subcultured into fresh 
MSM medium each 7 days for a total of three 
passages. The final 
enrichment culture was plated on MSM agar plates 
containing atrazine (300 mg L-1). Developed colonies 
were repeatedly streaked on atrazine agar plates for 
isolation of a pure culture. Colonies which developed 
cleared zones in the atrazine-containing MSM agar 
were purified and routinely maintained on this 
medium. A bacterial isolate, designated strain 
ANP1-1, ANP1-2, ANP2, ANP3, ARB1, AKB1-1, 
AKB1-2, AKB2, AKB3-1, AKB3-2, ACB3, ACB4, 
ACB6 and ACS1, were selected for further studies. 
 Table 1 reports reference strains, molecular 
identification and accession number of sequences. 
 
B. Nucleic acid extraction DNA  
Total DNA were extracted from 14 bacterial isolates 
as described by [24]. Single colonies growing on solid 
media were removed with a sterile plastic tip and 
resuspended in 100 µl of sterile deionized water in a 
microcentrifuge tube. One hundred µl of chloroform- 
isoamyl alcohol (24:1) were added to the suspensions 
and, after briefly vortexing for 5 sec, the mixture was 
centrifuged at 16.000 xg for 5 min at 4°C. Five to 10 µl 
of the upper, aqueous phase were used as a source of 
DNA template for the different PCR applications. The 
rest of the mixture was stored at 4°C until use. 
 

Table 1. Isolates and reference strains used in this 
study, molecular identification and accession numbers 

 
 
C. PCR amplification of 16S rRNA genes 
The 16S rRNA genes of the atrazine degrading isolates 
were PCR amplified using primers bacterial 27F (5’- 
AGAGTTTGATCMTGGCTCAG -3’) and 1492R 
(5’- TACGGHTA CCTTGTTACGACTT -3’). 
Reactions were carried out in 25 µl volumes 
containing 5 µl of template DNA, 2.5 µL of 10X PCR 
buffer (0.5 M KCl, 0.1 M Tris-HCl, pH 9.0 and 1% 
Triton X-100), 2.0 µL of 25 mM MgCl2, 0.5 µL of 10 
mM deoxyribonucleoside triphosphate, 1.0 µL of 10.0 
µM of each primer, and 0.1 µL of 5 U Taq polymerase. 
The cycles used were as follows: 1 cycle at 94°C for 5 

min; 35 cycles at 94°C for 60 s, 55°C for 60 s, 72°C for 
120 s; and 1 cycle of 72°C for 15 min. Each amplified 
product (10 ml) was electrophoresed in 1% agarose 
gels, in TBE buffer (100mM 
Tris –HCl, 90mM boric acid, 1mM Na2EDTA), 
SYBR® Safe DNA Gel Stain (Thermo Fisher 
Scienti fic, Inc.,  NYSE:TMO), at 110V for 35 
min. The gel was visualized under UV light and 
photographed. 
 
D. Sequence analysis of the 16S rDNA and 
phylogenetic analysis 
Sequencing of the 16S rDNA was performed by First 
BASE Laboratories Sdn Bhd., Malaysia. A partial 
nucleotide sequence analysis (approximately 1,200 
bases) of the 16S rRNA gene of 14 bacterial isolates 
were used to perform a BLAST search [25] for related 
sequences. Sequences were analyzed and 
concatenated by using DNASTAR (DNASTAR, Inc., 
Madison, Wis.) A multiple- sequence alignment was 
prepared by using CLUSTAL W [26], and 
phylogenetic trees were constructed by using the 
neighbor-joining method.   

 
Fig. 1. Electrophoresis on 1% agarose gel of universal PCR 

products. Lanes: M, molecular ladder; 1, ANP1-1; 2, ANP1-2; 
3, ANP2; 4, ANP3; 5, ARB1; 6, AKB1-1; 7, AKB1-2; 8, AKB2; 
9, AKB3-1; 10, AKB3-2; 11, ACB3; 12, ACB4; 13, ACB6; 14, 

ACS1; 15, negative control. The numbers to the left are 
molecular sizes in kilobases. 

 
III. RESULTS AND DISCUSSION 
 
Fourteen bacterial isolates, ANP1-1, ANP1-2, ANP2, 
ANP3, ARB1, AKB1-1, AKB1-2, AKB2, AKB3-1, 
AKB3-2, ACB3, ACB4, ACB6 and ACS1, were 
successfully isolated from soil samples. The results of 
gram stain indicated that these fourteen isolates are 
gram-negative bacterium. All fourteen isolates also 
appeared to show short rod morphology and cells 
occurred in singly or in pairs.  
16S rDNA of these fourteen isolates from Thailand 
were examined by the universal PCR. All of these 
DNA samples generated a PCR product of the 
expected size (1,465 bp.) (Fig. 1). 

In order to confirm the correct affiliation of these 
fourteen isolates, partial 16S rDNA regions were 

sequenced and compared with the sequences of 16S 
rDNA available in the GenBank for each by means of 
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BLAST search of the National Center for 
Biotechnology Information (NCBI) databases. The 

reference strains,  molecular identification and 
accession number of sequences was shown in Table 1

 

 
Fig. 2. The phylogenetic tree obtained with the 16S rDNA aligned sequences of the fourteen isolates, as well as of the type and 

reference strains used in this study. 
 
The sequences obtained were aligned and compared 
to those of the following type/reference strains. When 
the partial 16S rDNA fragments were analyzed, 
ANP1-1 and ANP2 16S rDNA sequences showed high 
similarity with Pseudomonas nitroreducens at 99.0% 
and 99.3%, respectively, whereas isolates ANP1-2, 
AKB1-1, AKB1-1, AKB1-2, AKB2 and AKB3-2 
showed high similarity with Burkholderia 
contaminans (98.7%, 99.8%, 96.8%, 99.8, 99.8% and 
99.6%, respectively). While the sequences of strain 
ANP3 and ARB1 were found to have 99.7%  and 
99.3% similarity with Klebsiella pneumoniae and 
Pseudomonas denitrificans, respectively. Isolates 
AKB3-1 showed high similarity (98.7%) to that of 
Enterobacter oryziphilus, whereas ACB3 and ACB6 
were highly identical to Kosakonia arachidis with 
95.2% and 99.2%, respectively. While ACB4 and 
ACS1 showed a 98.5% and 92.5% 16S rDNA 
sequence identity with Rhizobium tropici. 
A representative phylogenetic tree, constructed with 
the ClustalW program, is shown in Fig. 2. Isolates 
were grouped into four phylogenetic branches with 
some subclusters. In the first phylogenetic branch 
strain ANP3 was closely related to Klebsiella 
pneumoniae, whereas strains ACB3, ACB6 and 
AKB3-1 were placed in the same clusters with 
Kosakonia arachidis and Enterobacter oryziphilus. 
The 

second phylogenetic branch clustered 3 isolates 
(ANP1-1, ANP2 and ARB1) with Pseudomonas 
aeruginosa, Pseudomonas denitrificans, Pseudomonas 
nitroreducens and  Pseudomonas putida. Five isolates 
(AKB1-2, AKB3-2, ANP1-2, AKB2 and AKB1-1) fit 
into the third phylogenetic branch of genus 
Burkhoderia, including Burkholderia cepacia, 
Burkholderia contaminans, Burkholderia 
thailandensis, Burkholderia ubonensis and 
Burkholderia vietnamiensis. While the last two 
isolates, ACB4 and ACS1 were positioned in 
Rhizobium tropici phylogenetic branch. 
 
Based on the above analyses, the identification results 
showed that the isolates ANP1-1 and ANP2 were 
identified as Pseudomonas nitroreducens, whereas 
isolates ANP1-2, AKB1-1, AKB1-1, AKB1-2, AKB2 
and AKB3-2 were identified as Burkholderia 
contaminans. Since ANP3 and ARB1 shares more 
than 99% nucleotide sequence identity with Klebsiella 
pneumoniae and Pseudomonas denitrificans, 
therefore, we concluded that ANP3 and ARB1 are 
strain of Klebsiella pneumoniae and Pseudomonas 
denitrificans, respectively. Isolates AKB3-1 was 
identified as Enterobacter oryziphilus, whereas ACB3 
and ACB6 were a member of Kosakonia arachidis. 
Isolates ACB4 and ACS1 were identified as a strain of 
Rhizobium tropici. 
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CONCLUSIONS 
 
In present study, we were successful in isolating 
several new atrazine-degrading microorganisms from 
central and an eastern Thai agricultural soil that 
received yearly applications of atrazine. Fourteen 
short rod and gram-negative bacterial isolates, which 
were able to use this herbicide as a sole source of 
nitrogen were isolated. The results of sequencing are 
more accurate due to the phylogenetic relationships 
available. Based on 16S rDNA sequence analysis and 
phylogenetic relationships of atrazine-degrading Thai 
isolates, the isolates belong to the six genus including 
Pseudomonas, Burkholderia, Klebsiella,  
Enterobacter, Kosakonia and Rhizobium. 
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