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Abstract

Biodegradation of methyl parathion (MP), a widely used organophosphorus pesticide, was investigated using a newly isolated
bacterium strain Acinetobacter radioresistens USTB-04. MP at an initial concentration of 1200 mg/L could be totally biodegraded
by A. radioresistens USTB-04 as the sole carbon source less than 4 d in the presence of phosphate and urea as phosphorus and nitrogen
sources, respectively. Biodegradation of MP was also achieved using cell-free extract of A. radioresistens USTB-04. MP at an initial
concentration of 130 mg/L was completely biodegraded in 2 h in the presence of cell-free extract with a protein concentration of 148.0
mg/L, which was increased with the increase of pH from 5.0 to 8.0. Contrary to published reports, no intermediate or final degradation
metabolites of MP could be observed. Thus we suggest that the cleavage of C—C bond on the benzene ring other than P-O bond may

be the biodegradation pathway of MP by A. radioresistens USTB-04.
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Introduction

Many kinds of pesticides including methyl parathion
(MP) are increasingly produced and released to the en-
vironment at a growing rate, which may pollute the soil,
water and air in the world if it is not used properly. MP
is a widely used organophosphorus pesticide, which is
frequently detected in both terrestrial and aquatic envi-
ronments (Tsatsakis et al., 2002). Because of its potent
toxicity to both wildlife and humans, and recalcitrant to
be biodegraded in naturally indigenous microorganisms,
MP was classified as both a persistent organic pollutant
and environmental endocrine-disrupting chemical (Ang et
al., 2005). The neuro-toxicological property of MP was
found to suppress the activity of acetyl-cholinesterase, and
as a result, prevent acetyl-cholinesterase from breaking
down acetylcholine at the synaptic junction (Ohshiro et
al., 1999). MP can cause irreversible phosphorylation of
esterases in the central nervous system of insects and
mammals, and act as cholinesterase inhibitors (Conteras
et al., 1999; Rayd, 1999), which was also found to lead to
the chromosomal damage associated with bladder cancer
(Webster et al., 2002). Such concerns have heightened the
need for innovative and advanced technology for effective
removal of MP from a variety of contaminated environ-
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mental sources including water, sediments and soils.

Biodegradation is a common method for the removal of
organic pollutants because of its low cost and little col-
lateral destruction of indigenous flora and fauna (Timmis
and Pieper, 1999). Bacterial phosphotriesterase (PTE) is
an enzyme with high catalytic activity hydrolyzing a broad
range of organophosphates through the cleavage of P-O
and P-S bonds in these organophosphates (Ang et al.,
2005). A few species of MP biodegrading bacteria were
isolated from the environment (Wang et al., 2001) and
the metabolic pathway of MP by different bacterial strains
were also studied (Kullman and Matsumura 1996; Matys et
al., 2001). Furthermore, the purification, characterization
and expression of MP hydrolase were also investigated (Fu
et al., 2004; Liu et al., 2004); however, no report on the
biodegradation of MP by Acinetobacter radioresistens was
previously found.

In this study, to effectively remove MP from the envi-
ronment, special bacteria A. radioresistens USTB-04, as
a new strain capable of biodegrading MP, was indentified,
and the MP-degradation activity was investigated, which is
very important in both the basic research and application in
environmental sciences.

1 Materials and methods

1.1 Materials

MP was from the Institute of Envirpnmental Moriitor,
Ministry of Agriculture, China. All othgr chemicais iti’the
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experiment were analytical grade. A. radioresistens USTB-
04 isolated from the sediment of waste water treatment in
a pesticide plant in Shandong Province of China using MP
as a sole carbon source. A. radioresistens was positively
classified by the Institute of Microbiology, Chinese Acade-
my of Sciences, which was further verified by the analysis
results of 16S rRNA sequence with Blast.

1.2 Culture medium and conditions

The basal liquid medium to culture A. radioresistens
USTB-04 consists of 0.50 g of KCI, 0.02 g of CaCl,,
1.00 g of NaHCO3, 0.50 g of MgS0O4-7H,0, 0.05 g of
FeCl3-6H,0, 1.0 ml of trace elements solution (Sprenger
et al., 2003) in 1000 ml distilled water. MP was added and
initial pH of medium was adjusted to 7.0 with 1.0 mol/L
NaOH or HCI. To test the effects of other compounds on
the biodegradation of MP, 10.0 g/L of glucose as carbon
source, 1.0 g/l of urea as nitrogen source or phosphate
(K,HPOy,) as phosphor source were included in the basal
medium. Both medium and all experiment utensils were
sterilized at 124°C for 20 min.

A. radioresistens USTB-04 was inoculated in the ster-
ilized culture medium, and grown in a 100 ml flask that
contained 30 ml liquid medium. The culture condition
was at the temperature of 30°C and the shake rate of
200 r/min. Culture broth 1.0 ml was taken and directly
extracted with 1.0 ml of n-hexane by shaking for 1 min
on a vortex. After centrifugation at 10000 r/min for 10
min, the supernatant of n-hexane was diluted and used to
determine the concentration of MP on high performance
liquid chromatography (Shimadzu-LC10A, Japan). The
data presented here were the average values derived from
three measurements and their relative standard deviations
were less than 10%.

1.3 Preparation of cell-free extract

The cells of A. radioresistens USTB-04 were harvested
by centrifugation at 10000 r/min for 10 min at 4°C,
followed by washing twice with 50 mmol/L potassium
phosphate buffer (PB, pH 7.0). Then the cells were re-
suspended in 20 ml PB solution and disrupted using an
Ultrasonic Cell Disruptor (JY92-2D, Ningbo New Michi-
gan Biological Science and Technology Co. Ltd, China)
with an output power of 400 W for 20 min. The cell
debris was removed by centrifugation at 15000 r/min for 20
min and the supernatant was saved as the cell-free extract
in MP degrading reactions. The concentration of protein
was determined according to the method by Bradford
using bovine serum albumin as the standard (Bradford,
1976). The reactions containing the mixture of cell-free
extract and MP in PB solution were performed at the
temperature of 30°C and the shake rate of 200 r/min. MP
taken at various time points was extracted with n-hexane
and measured on HPLC.

1.4 Analysis of MP

MP was measured using a HPLC system (Shimadzu LC-
10ATVP, Shimadzu Co., Japan) with a UV Diode Array
Detector at 271 nm connected to a SB-C18 (4.6 mm x 250

mm, 5 pm) column from Agilent. The mobile phase was
80% (v/v) methanol-water solution and the flow-rate was
1.0 ml/min. The calibration curve was established between
the peak areas and the concentration of MP in n-hexane,
which was used to calculate the unknown concentration of
MP in the experiment.

2 Results and discussion

2.1 Effects of glucose, urea and phosphate on the
biodegradation of MP

Fig.1 shows the effects of glucose, urea and phosphate
on the biodegradation of MP by A. radioresistens USTB-
04. Under restrictive culture condition when MP was used
as the sole carbon, nitrogen and phosphorus sources, A.
radioresistens USTB-04 can degrade MP from an initial
concentration of 1200 mg/L to 700 mg/L in 4 d. However,
when glucose was added to the medium at a concentration
of 10.0 g/, MP was hardly biodegraded. The biodegra-
dation of MP was accelerated and MP could be totally
removed at the day 2 and 4 in the presence of phosphate
of 1.0 g/LL or urea of 1.0 g/L, respectively.
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Fig. 1 Effects of glucose, urea and phosphate on the biodegradation of
MP by A. radioresistens USTB-04.

MP contains carbon, nitrogen and phosphor elements.
When MP is used by bacteria as the sole carbon, nitrogen
or phosphor sources, it can theoretically be biodegraded.
When glucose was present in MP-containing medium,
MP could not be biodegraded, implying difficulty for A.
radioresistens USTB-04 to use MP as the sole nitrogen
or phosphor source. On the other hand, A. radioresistens
USTB-04 degraded MP at a higher rate in the presence
of urea or phosphate (Fig.1), which is in agreement with
an earlier report in which MP was used as a sole carbon
source (Liu et al., 2005). In the future it is possible to use
A. radioresistens USTB-04 to degrade MP in a practical
manner by manipulating its culture conditions.

2.2 Biodegradation of MP by the celllfree extract of A.
radioresistens USTB-04

Figure 2 shows the biodegradatiop of MP by cell-
free extracts containing protein at condentrations of 14.&;
74.0 and 148.0 mg/L, respectively. It|indicated that (e
biodegradation of MP was enhanced wjith the augmerit of
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Fig. 2 Biodegradation of MP by the enzymes of A. radioresistens USTB-
04 with different protein concentrations at 30°C and pH 7.0.

protein concentration, and initial MP of 130 mg/L was
completely eliminated in 2, 15 and 24 h, respectively.
It also indicated that the peak of MP on HPLC profile
gradually decreased in the presence of protein of 74.0
mg/L, however, no any other intermediate metabolites or
dead-end product could be observed with the different
periods of reaction (Fig.3), even if gas chromatograph
mass spectrum and liquid chromatograph mass spectrum
were used to detect the product, respectively.
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Fig. 3 HPLC profiles for the biodegradation of MP by the enzymes of A.
radioresistens USTB-04 in different reaction periods. (a) 0 h; (b) 0.3 h;
(c)2.0h; (d) 15.0 h.

Figure 4 shows the effects of pH on the hydrolysis
and biodegradation of MP at initial MP of 100 mg/L by
the cell-free extract at the protein concentration of 100
mg/L. In the absence of cell-free extract, the hydrolyzed
efficiency of MP were lower than 3.0% in the pH range
from 5.0 to 8.0, but increased to 27.0% with the increase
of pH from 8.0 to 11.0. In the presence of cell-free extract,
the elimination efficiency of MP was increased from 20%
to about 90% with the augment of pH, which implied that
the activity of biodegradation enzymes in A. radioresistens
USTB-04 requires an alkaline environment.
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Fig. 4 Effects of pH on the biodegradation of MP by the enzymes of A.
radioresistens USTB-04.

PTE was a highly efficient hydrolytic enzyme that
catalyzed the cleavage of P-O, P-F or P-S bonds in
organophosphate compounds (Ang et al., 2005). Enzy-
matic hydrolysis of MP could reduce the toxicity by
nearly 120-fold and lead to the formation of p-nitrophenol
(PNP) as a byproduct (Munnecke, 1979), which was fre-
quently found in both terrestrial and aquatic environments
(Ohshiro et al., 1999). PNP was also reported to be an
intermediate product of MP biodegradation by two pseu-
domonas strains (Chen et al., 2002). In our experiment,
PNP could not be detected using the HPLC during the
biodegradation of MP by the enzymes of A. radioresistens
USTB-04 (Fig.3), with the detection wavelength of 405
nm which is the maximum absorbance of PNP. Absence of
PNP during MP biodegradation suggests that A. radiore-
sistens USTB-04 may degrade MP by another pathway
different from previous reports (Munnecke, 1979; Ohshiro
etal., 1999).

It was reported that A. radioresistens, grown on phenol
or benzoate as sole carbon and energy source, could
degrade aromatic compounds by induction of two novel
catechol 1,2-dioxygenases (Briganti et al., 1997; Caposio
et al., 2002; Kim et al., 2003). So benzene ring rather
than P-O bond of MP might be first attacked by A.

radioresistens USTB-04. This possibiljty—s—supported by
the observation that MP could be used|as sole carbon but
not nitrogen and phosphor sources. Iff the P-O bond of
MP was cleaved by PTE of A. radiorgsistens USTB-04,
phosphoric acid would be easily prodyced, which meafit
that MP could be used as the sole phogphor source. Sizice
MP could not be used as the sole phogphor source by A.
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radioresistens USTB-04 (Fig.2), the cleavage of P-O on
MP is not likely to occur. Based on these observations
we speculate that the cleavage of benzene ring played a
key role in the biodegradation of MP by A. radioresistens
USTB-04. Further characterization of the enzymes and
genes involved in biodegradation of MP in A. radiore-
sistens USTB-04 is warranted.

3 Conclusions

We identified A. radioresistens USTB-04 as a new strain
capable of biodegrading MP under restrictive culture con-
ditions. The biodegradation rate of MP could be increased
in the presence of phosphate or urea, could be completely
eliminated in 2 and 4 d, respectively, under that condition
MP with an initial concentration of 1200 mg/L. A cell-
free extract preparation from A. radioresistens USTB-04
exhibited MP-degradation activity at the optimal pH over
8.0 for the enzymatic reactions. During the reaction of
MP catalyzed by the enzymes of A. radioresistens USTB-
04, no known intermediate or dead-end product could
be detected using HPLC, suggesting that the cleavage of
benzene ring might play a key role in the biodegradation
of MP by A. radioresistens USTB-04.
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