
African Journal of Microbiology Research Vol. 6(50), pp. 7587-7594, 28 December, 2012 
Available online at http://www.academicjournals.org/AJMR 
DOI: 10.5897/AJMR12.2297 
ISSN 1996-0808 ©2012 Academic Journals 
 
 
 
 

Full Length Research Paper 
 

Kinetics biodegradation of triazophos by Klebsiella 
oxytoca TDB-1 

 

Xinghua Li1, Lei Ren1, Deyong Zhang1,2, Yong Liu1,2,3*, Songbai Zhang2, Xiangwen Luo2,3,  
Ju’e Cheng2,3 and Jing Peng2,3 

 

1
Branch of Longping, Graduate College, Central South University, Changsha, China. 

2
Key laboratory of pest management of horticultural crop of Hunan province, Hunan Plant Protection Institute, Changsha, 

China. 
3
Hunan Agriculture University, Changsha, China. 

 
Accepted 29 November, 2012 

 

A triazophos (TAP)-degrading bacterial strain, Klebsiella oxytoca TDB-1, which could use TAP as sole 
carbon source, was isolated by enrichment culture technology. The growth characteristics of strain 
TDB-1 with pressure of TAP were tested, and the results show that optimum growth condition was at 
30°C, pH 8 and 2% (v/v) inoculation. Strain TDB-1 was great promise in TAP biodegradation for extreme 
pH tolerance (pH 4 and 10). The kinetic of strain TDB-1 in degrading TAP followed first-order model 
under optimal growth conditions. Cell surface hydrophobicity (CSH) assays of strain TDB-1 reflected 
that the strain TDB-1 was of higher hydrophobicity while grown on higher concentration of TAP. The 
growth and TAP-biodegradation characteristics of strain TDB-1 revealed that it would be an excellent 
alternative degrader for bioremediation of TAP contaminants, especially for that with extreme pH, such 
as some industrial wastewaters. 
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INTRODUCTION 
 
Organophosphorus pesticides (OPs) were poured into 
agricultural producing since the late 1970s, for the merits 
of high insecticidal activity and broad-spectrum 
(Kaloyanova and El-Batawi, 1991). The widespread use 
has caused severe environmental pollution since OPs 
applied in agricultural areas do not remain at their target 
sites, but often enter aquatic environments via soil 
percolation, air drift or surface run-off (Rovedatti et al., 
2001; Anderson et al., 2003; Sawaya et al., 2000). The 
potential threat of OPs to the environment and to public 
health is proved by empirical analysis and experiment 
verification (Hayes et al., 1980). OPs are poisoning to 
peripheral and central nervous system, resulting in 
symptoms termed “organophosphorus induced delayed 
neuropathy” (Jokanović and Kosanović, 2010; Mearns et 
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al., 1994). Therefore, several species of OPs, such as 
parathion-methyl, moncrotophos,parathion, and so on 
were forbidden because of highly toxic to non-target 
organisms and mammal (Hreljac and Filipič, 2009).  
  Triazophos [o,o-diethyl-o-(1-phenyl-1,2,4-triazol-3-yl) 
thiophosphate] (TAP), one of alternatives to high-toxic 
OPs, has been widely used on main staple food crops 
(maize, rice) and vegetables since the late 1970s. It was 
reported that the mean half-life of triazophos in wheat 
plants (grain, stems, and leaves) was 5.22 days with a 
dissipation rate of 90% over 14 days, and the half-life in 
soil was 7.93 days with a dissipation rate of 90% over 21 
days (Li et al., 2008). However, TAP-contamination of the 
environment could also not be ignored. 
TAP-contamination of the environment is accumulating 
and high level of TAP residue has been found in a wide 
variety of foods according to several US and European 
food monitoring schemes (Alexis et al., 2001). TAP is 
highly toxic to most fishes, except shellfishes (Lin and 
Yuan, 2005). In China, TAP has also been utilized as 
fungicide in intertidal aquiculture in farming shellfish such  



7588         Afr. J. Microbiol. Res. 
 
 
 
as Sinonovacula constricta and Tegillarca granosa (Lin 
and Yuan, 2005). The potential threat of coastal waters 
pollution by TAP is raising concern for the misuse of it in 
intertidal aquiculture, in recent years; fish kill accidences 
sporadically took place in coastal areas of Southern of 
China, mainly because of TAP contamination  

Bioremediation of OPs is recognized as economical 
and reliable methods. In recent decades, the microbial 
degradation of OPs has been intensively studied, 
especially in high-toxic and high-residual OPs, such as 
parathion and methyl parathion. Several degradation 
bacteria, including strains in genus Enterobacter 
(Concepción et al., 2012), Arthrobacter, Burkholderia, 
Sinorhizobium and Mycobacterium (Seo et al., 2007), 
Serratia and Pseudomonas (Cycoń et al., 2009), and so 
on were isolated. Stimulating further studies 
demonstrated that all of them degrade OPs by hydrolase 
such as opd gene coding enzyme (Concepción et al., 
2012; Steven et al., 2008). Nevertheless, some high-toxic 
and high-residual species of OPs, but not limited to 
parathion and methyl parathion, have been banned for 
use in agriculture in recent years. Many mid-toxic and 
low-residual Ops such as TAP, were widely utilized as 
alternative. Little studies have been published on the 
microbial degradation of TAP, although, Wang et al. (2005) 
isolated a TAP degrading bacterial strain, to their best 
knowledge, that was the first report of the microbiological 
degradation of TAP. 

The cell surface hydrophobicity (CSH) is believed as 
one of the representation factors of degradation capacity 
of organisms, because the first step in the process of 
biodegradation is adhesion of the pollutants to cell 
surfaces of the organisms (Rosenberg et al., 1980). 
Bastiaens et al. (2000) reported that hydrophobicity is 
positively correlated to degradation efficiency of polycyclic 
aromatic hydrocarbon.  

The objective of this study centered on the isolation, 
identification and degrading characteristics of TAP in situ. 
The study also involved the investigation of cell surface 
hydrophobicity property during the degrading progress. 
 
 
MATERIALS AND METHODS 

 
Chemicals and media 
 

Sample of TAP (95.0% pure analytical grade) were kind gift from Dr 
Xingan Liu (Institute of Plant Protection of Chinese Academy of 
Agricultural Science). The standard samples of TAP (99.0% pure 
analytical grade) were provided by the Tianjing orient green 
technology Co., Ltd (Jiangshu province, China). TAP was dissolved 
in acetone as a stock solution (50 g/l). Medium for enrichment (EM) 
contained 10 g peptone, 1.0 g glucose, 1.0 g NaCl, and 1.0 g 
KH2PO4 in 1 L of deionized water. Medium for isolation (IM) 
contained 1.0 g NH4NO3, 0.5 g MgSO4, 0.5 g (NH4)2SO4, 0.5 g 
KH2PO4, 0.5 g NaCl, and 1.5g K2HPO4 in 1 L of deionized water.  

In order to investigate whether isolates can use TAP as the sole 
carbon source, the TAP stock solution was added to IM medium at a 
final concentration of 50 mg/l. The solid medium contained 2% agar.  
The pH of all media was adjusted to 7.2 to 7.4 with 10 M NaOH or 2 

 
 
 
 
M HCl. All other chemicals were of analytical grade and obtained 
from Shanghai Sango Biological Engineering Techonology and 
Services Co., Ltd (Shanghai, China). The soil (100 g) was sampled 
from the top layer (0 to10 cm) at rice field in Changsha, Hunan, 
China. This field has utilized OPs for pest prevention over 5 years.  
 
 
Enrichment and isolation of TAP-degrading strain TDB-1  
 
Soil samples (10.0 g) were added to EM medium containing 50 mg/l 
TAP and incubated at 30°C in a rotary shaker at 180 rpm. 10 ml of 
the culture broth was transferred daily to 90 ml of fresh EM medium, 
while its TAP concentration increased doubly. After the fourth 
enrichment transfer, each culture (10 ml) was centrifuged to get the 
pellets and was used to inoculate the corresponding plates of EM 
solid medium with TAP (100 mg/l) and incubated at 30°C until visible 
growth appeared. The biggest colony in plate was selected and 
named TDB-1. Strain TDB-1 was pre-cultured in EM medium and 
monitored by diluted plate method. The starting number of cells for 
the following tests was adjusted to approximate 2×10

9
 cfu (colony 

forming unit)/ml. 
 
 
Identification of TAP-degrading strain TDB-1 
 
Strain TDB-1 was identified based on its morphological, physical 
and biochemical properties according to Bergey’s Manual of 
Determinative Bacteriology (George et al., 1994). The genomic DNA 
was extracted as described previously (Seo et al., 2007) and 16S 
rDNA gene was amplified using polymerase chain reaction (PCR) 
with primer 27F (5`-AGAGTTTGATCCTGGCTCAG-3`) and 1492R 
(5`-GGTTACCTTGTTACGACTT-3`). The PCR products were 
purified and sequenced by BGI Life Tech Co., Ltd. The homology 
was analyzed by BLAST in GenBank (http://blast.ncbi.nlm.nih.gov/). 
Phylogenetic relationships were analyzed by the evolutionary 
distance matrix calculated by the neighbor-joining method and a 
neighbor-joining tree was constructed using MEGA5.0 (Tamura et 
al., 2011). 
 
 
Effect of different factors on the growth of strain TDB-1 under 
TAP pressure 
 
Factors affecting growth of strain TDB-1 under TAP pressure such 
as TAP concentration (50 to 500 mg/l), pH (4 to 10), temperature (5 
to 45°C) and initial inoculation (0.5 to 8% (v/v)) were investigated. 
To determine the effect of TAP concentration on strain TDB-1 
growth, strain TDB-1 was grown in IM medium with different initial 
TAP concentration. The pH optimum experiments for strain TDB-1 
growth were performed in different pH IM medium with TAP 
concentration of 100 mg/l. The temperature experiments for strain 
TDB-1 growth were performed when it was grown in IM medium with 
TAP concentration of 100 mg/l and cultured in different temperature. 
For evaluating inoculation on strain TDB-1 growth, the different 
initial inoculation was added in IM medium with TAP concentration 
of 100 mg/l. All of tests were in triplicate and incubated at 180 rpm. 2 
ml of broth of each sample was measured spectrophotometricly at 
OD600 at regular interval.  
 
 
Determination of TAP degrading activity 
 
The TAP degradation rate was determined by investigating the yield 
of the p-nitrophenol with the method mentioned previously (Yang et 
al., 2008). A standard curve of the relationship between the 
absorbance in 405 nm and the concentration of p-nitrophenol was 
established (the R

2
 of the curve is 0.9916 that means the 

relationship is creditable, data not shown). 



 
 
 
 

 
 

Figure 1. Scanning electron micrograph of strain TDB-1 
(×5,000). 

 
 
 

To study the degradation kinetics of TAP by strain TDB-1, 
first-order model (Equation 1) was used (Cycoń et al., 2009). 

 
  Ct/C0=e

-kt
                       (1) 

 
Where, C0 is the concentration of TAP at the initial time, Ct is the 
concentration of TAP at time t and the t is the degradation period in 
minutes. The degradation rate constant (k) was determined by 
measuring the C0 and Ct. 

The half-life (t1/2) of TAP was determined using the algorithm as 
expressed in Equation (2). 

 
t1/2 =(ln2)/k                         (2) 

 
Where, k is the rate constant (min

-1
). 

 
 
Measurement of the relative CSH 

 
The relative CSH of strain TDB-1 in TAP biodegradation was tested 
by a modified microbial adherence to hydrocarbon (MATH) methods 
(Zhang et al., 2009; Canganella et al., 2011) with slight modifications. 
Briefly, 3 ml of broth was harvested by centrifugation (4,000 rpm, 10 
min, 4°C), washed twice with 50 mmo/l phosphate buffer (22.2 g 
K2HPO4·3H2O, 7.26 g KH2PO4 per liter of deionized water, pH 7.0), 
and resuspended with the same buffer to give a final concentration 
of cells of approximately OD600 value at 0.6. Aliquots of the 
suspension was added to glass tubes and overlaid with 1 ml of 
p-xylene. The resultant aqueous/organic mixtures were mixed by 
vortexing for 2 min. After equilibration for 40 min, the contaminating 
xylene was removed by bubbling air (2 ml/s). The lower aqueous 
phase was then carefully removed and its absorbance at 600 nm 
was measured. The CSH value was calculated as the percentage of 
the decrease in absorbance of the aqueous phase before and after 
mixing with p-xylene, using the following equation: CSH(%) = 100 × 
(Ai-Af)/Ai; where, Ai, is the initial optical densities at 600 nm of the 
aqueous phase; Af is the final optical densities at 600 nm of the 
aqueous phase. 

 
 
RESULTS AND DISCUSSION 
 
Isolation and identification of degradation strain 
TDB-1 
 
Strain TDB-1 was sphere (Figure 1) and Gram  negative 
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(G

-
) and it was positive for indole production, citrate 

utilization, reduction of nitrate, Voges-Proskauer test and 
methyl red test. The 16S rDNA sequence of strain TDB-1 
was 1505 bp and was deposited in the GenBank 
(accession number: JQ068819), and has the highest 
similarity to that of the reference sequence of Klebsiella 
oxytoca (AB353046) and was in the same cluster by 
phylogenetic analysis (Figure 2). Based on these 
observations, the isolate was tentatively identified as K. 
oxytoca. Several bacterial strain for degrading OPs 
(including TAP) were isolated (Lin and Yuan, 2005; Zhang 
et al., 2002; Concepción et al., 2012), and as far as our 
knowledge, they did not include strain of K. oxytoca.  
 
 

Effect of different factors on growth of strain TDB-1 
under TAP pressure 
 
The growth of bacteria was effected by different factors 
such as pH, temperature, initial pollutant concentration 
and initial inoculation, and biomass has a positive relation 
to biodegradation (Zhang et al., 2009). It is necessary to 
understand the effects of these factors to growth of strain 
TDB-1, to design efficient conditions to enhance TAP 
degradation.  

As shown in Figure 3a, strain TDB-1 grow well from 25 
to 35°C and the optimal temperature was 35°C. The 
comparative low and high temperature (< 15°C and > 
45°C) almost completely inhibited the growth of strain 
TDB-1.  

The excellent tolerance of strain TDB-1 to pH is 
indicated in Figure 3b. The growth of strain TDB-1 was 
scarely inhibited from pH 5.0 to 9.0, and optimal pH was 
7.0. Interestingly, even in extreme pH value of 4.0 and 
10.0, only about 3 h delay of entering logarithmic phase 
was displayed. Although many bacterial strain are well 
tolerant to pH, but some strains of acidophile or alkaliphile, 
cannot commonly degrade pollutants (Canganella et al., 
2011). This result implies that strain TDB-1 is 
extraordinary potential for TAP bioremediation in extreme 
pH environment.  

The effects of different initial concentration of TAP on 
growth were measured and the results are shown in 
Figure 3c. The growth of strain TDB-1 was inhibited as 
much as the initial TAP concentration increased. Strain 
TDB-1 showed the highest growth activity under 100 mg/l 
of TAP concentration. This result was consistent with 
previous study (Cycoń et al., 2009; Wang et al., 2005), 
which reveal that the toxicity of OPs and its metabolites 
was depended on its concentration.    

The results of the initial inoculation (Figure 3d) indicated 
that more rapid growth was displayed as initial inoculation 
increased. Previous study indicated that inoculation is an 
important factor that determines growth, and the efficiency 
of degradation of target pesticides was dependent on the 
biomass, as a higher inoculation could compensate for 
the initial population decline and so enhanced the 
degradation (Cycoń et al., 2009). Figure 3d also  shows



7590         Afr. J. Microbiol. Res. 
 
 
 

 
 
Figure 2. The phylogenetic tree of strain TDB-1 based on 16S rDNA gene sequence analysis, 

Sphingomonas S-3 was selected as the out group to root tree.  
 
 
 

 
 
Figure 3. Effect of different factors on growth of strain TDB-1. (a) 

Temperature (°C); (b) pH;  
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Figure 3. Contd 
 

 
 
Figure 3. Effect of different factors on growth of strain TDB-1.(c) initial TAP concentration 
(mg/l) and (d) Inoculation (v/v). 

 
 
 
that there was no obvious difference in biomass (OD600) in 
inoculation over 2% (v/v), indicating that higher 
inoculation limited growth, probably because of shortage 

of nutrient and mutual competition of the organisms 
themselves (Chen et al., 2011). The optimal inoculation 
was 2% (v/v). 
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Figure 4. Strain TDB-1 growth in plate using 100mg/l of TAP 

as sole carbon. 

 
 
 

Table 1. Kinetic parameters of TAP degradation by strainTDB-1 
 

Treatment  (min) K (min
-1
) t1/2 (min) R

2
 

CK 0.00141 491.5937 0.9415 

Strain TDB-1 0.06757 10.2582 0.9212 

 
 
 
Determination of TAP degrading activity 
 
Strain TDB-1 could utilize TAP as sole carbon, because of 
its growth on IM medium (remove carbon source); using 
50 mg/l of TAP as sole carbon (Figure 4). This result 
shows that TAP of strain TDB-1, has detoxifying capacity 
and further study of gene(s) of detoxification enzyme(s) to 
show the detoxification mechanism of TAP should be 
done. 

Strain TDB-1 would be capable of utilizing TAP as sole 
carbon (data not shown), which shows its potential in TAP 
bioremediation. The validation of the first-order kinetics 
was tested and is shown in Table 1. The TAP degradation 
process by strains TDB-1 was characterized and k and t1/2 
was 0.06757 and 10.2582 min, respectively. A 
non-inoculated control showed that the k and t1/2 was 
0.00141and 491.5937 h (Table 1). This result shows that 
strain TDB-1 could efficiently degrade TAP. 
 
 
Measurement of the relative CSH 
 
The CSH of strain TDB-1 during growth on different TAP 
concentration was tested. Figure 5 shows the 
time-variation of CSH in 0, 100, 200 mg/l TAP, 
respectively. Without suppling TAP, the MATH increased 

to 28.2%, but then decreased quickly and remained 
around 5%. When 100 mg/l TAP was added, the MATH 
increased to a maximum of about 27.2%. And then, a 
slight increase occurred after a short decrease. After that, 
the MATH remained constant at around 20%. However, 
with concomitant increase in the TAP concentration from 
100 to 200 mg/l, the maximum hydrophobicity rose to 
50.9%, while a decrease occurred after reaching the 
maximum hydrophobicity. The decrease was just for a 
short time, and the MATH increased to 34.9% and kept 
around 30%. On the whole, the higher the concentration 
of TAP was, the bigger the MATH of strain TDB-1 was. It 
coincides with that of Rhodococcus sp. CN6 during 
growth on p-nitrophenol (Zhang et al., 2009). The higher 
CSH implied more adherence ability of the pollutants to 
the cell surface of the biodegrader, so the high CSH of 
strain TDB-1can enhance its biodegardation. The CSH is 
dependent on the constituents of the cell outer membrane, 
and also is influenced by environment factors (Roseberg 
et al., 1980). So, further studies of strain TDB-1 would 
enhance its potential apllication in TAP bioremediation.  
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Figure 5. Hydrophobicity (as MATH%) of strain TDB-1 in degrading different TAP concentration 
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