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The degradation effects of OPHC2 to 9 organophosphates and other pesticides were
studied. The degrading reaction was carried out for 10 minutes under 37 ◦C in
50 mmol pH 8.0 Tris-HCl buffer. Organophosphates and sulfonylurea herbicides
were detected by HPLC-UV and/or HPLC/MS. It’s shown that degradation rates
of 70%–100% were achieved for most of the organophosphates after 24 h (chlor-
pyrifos 100%, phoxim 100%, fenitrothion 99.87%, isocarbophos 100%, dimethoate
78.55%, methamidophos 71.55%, methidathion 87.93%). Pyrethroids were detected
by GC-ECD after extracted by hexane. The degrading amounts of 5 pyrethroids were
all above 50% after 3 hours (bifenthrin 78.7%, lambda-cyhalothrin 84.6%, perme-
thrin 69.1%, beta-cypermethrin 51.5%, fenvalerate 72.2%). What is interesting, the
degrading amount of malathion in its single standard solution was 94.31% while
it did not degrade at all in the mixture standard even under superfluous enzyme
solution. OPHC2 showed no effect to the sulfonylurea herbicides.

Keywords Enzymatic degradation; OPHC2; organophosphates; Pseudomonas hydro-

lase; pyrethroids; sulfonylurea herbicides

INTRODUCTION

From the 20th century, pesticides such as pyrethroids, organophos-
phates, and sulfonylurea herbicides are commonly used throughout
the world and have made a great contribution to agriculture. How-
ever, pesticides also bring us some problems like environment pollution
and health threatener.1−3 In the past ten years, people have focused on
finding some enzymes to degrade pesticides.4−10 Recently, a bacterium
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strain C2-1 with the capability of degrading organophosphorus, identi-
fied as Pseudomonas pseudoalcaligenes, was isolated from OP-treated
soil. The new hydrolase OPHC2 from this bacterium was purified and
characterized, using PAGE gel to obtain three main protein bands and
the objective one was in the middle. A single band of the purified OPHC2
was gained by the SDS-PAGE gel with about 36 kD molecular weight.11

The sequence of OPHC2 has been deposited in GenBank with the ac-
cession number AJ605330.

In this article, the degrading effects of OPHC2 to 9 organophosphates
(chlorpyriphos, isocarbophos, malathion, dimethoate, methamidophos,
methidathion, fenitrothion, phoxim, and parathion), 5 pyrethroids
(bifenthrin, lambda-cyhalothrin, permethrin, beta-cypermethrin, fen-
valerate), and 10 sulfonylurea herbicides (nicosulfuron, thifensulfuron-
methyl, metsulfuron-methyl, sulfometuron-methyl, chlorsulfuron,
ethametsulfuron-methyl, tribenuron, bensulfuron-methyl, pyrazosul-
furon-ethyl, chlorimuron-ethyl) were studied.

RESULTS AND DISCUSSION

Determination of the Enzymatic Degrading
Reaction Conditions

The optimum degrading temperature and pH of OPHC2 are different
according to specified pesticides, however, it has a good stability and
a broad pH range, it is active between 20◦C and 80◦C, from pH 6 to
11.12 The experiments in this article were taken under 37◦C and pH
8.0 Tris-HCl buffer.

The Degrading Effects of OPHC2 to Organophosphates

All the organophosphates in standard solution without enzyme addi-
tion showed no degradation within 48 h. However, as to those added
by enzyme, the degrading amounts were from about 70% to 100%
for single organphosphorus standards after 24 h, chlorpyrifos (100%),
phoxim (100%), fenitrothion (99.87%), isocarbophos (100%), dimethoate
(78.55%), malathion (94.31%), methidathion (87.93%), and methami-
dophos (71.55%), respectively. Apparently, The former four pesticides
were almost totally hydrolyzed. This may be due to their special struc-
tures. The former four pesticides possess similar structure with a,
while the latter four pesticides possess similar structure with b or c
(methamidophos). For the mixed standard composed of chlorpyriphos,
isocarbophos, malathion, methamidophos, methidathion, fenitrothion,
and parathion, the degrading curves of 7 Ops was showed in Figure 1.
We can see that most organophosphates are easily to be hydrolyzed
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FIGURE 1 Degrading curves of 7 OPs in mixture standard solution. S: the

peak area of a compound in the mixture standard solution with enzyme addition

after a certain degrading time. S0: the peak area of a compound in the mixture

standard solution without enzyme addition.

by OPHC2 except malathion. So malathion did not show any degra-
dation in the mixture standard while it can be easily degraded in its
single standard. The factors leading to this phenomenon are not clear
so far, maybe because steric hindrance in the enzyme reaction plays an
inhibitory effect or there is interaction between the 7 pesticides and
OPHC.

The Degrading Effects of OPHC2 to Pyrethroids

Results showed that the degrading effect of OPHC2 to pyrethroids
differed from the concentration of enzyme solution, and the result of
adding 50 μL enzyme solution is the best. As shown in Figure 2, (a)
is 1 mg/L mixed standard solution without enzyme, (b) is the degra-
dation chromatography after 3 h reacted with 50 μL enzyme solution
for 10 min. The degrading amounts of 5 pyrethroids by OPHC2 are
all above 50% after 3 h, bifenthrin 78.7%, lambda-cyhalothrin 84.6%,
permethrin 69.1%, beta-cypermethrin 51.5%, fenvalerate 72.2%.

Mechanism of Enzymatic Degrading Reaction

As for sulfonylurea herbicides, there was no degrading effect of OPHC2
to them even after 48 h. So we can conclude that OPHC2 has a
good degrading effect to pyrethroids and organophosphates, like other
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FIGURE 2 Typical LC-UV chromatogram of 1 mg/L mixed standard solution of

5 pyrethroids after 3 hours degradation reaction (b) and compared chromatog-

raphy without enzyme (a). 1-bifenthrin, 2-lambda-cyhalothrin, 3-permethrin,

4-beta-cypermethrin, 5-fenvalerate.

hydrolases reported by some articles,13−15 but it has no effect to sulfony-
lurea herbicides. Hence, it indicates that OPHC2 can hydrolase ester
bonds but has no effect to other functional groups.

CONCLUSION

As OPHC2 can degrade many organophosphates and pyrethroids, it is
useful and important to study about immobilizing this Pseudomonas
hydrolase or preparing corresponding biosensor to deal with the correl-
ative pollution to the environment, especially to soil or fields that are
near chemical factories.

EXPERIMENTAL

Chemicals and Reagents

The pesticides investigated were 9 organophosphates (chlorpyriphos,
isocarbophos, malathion, dimethoate, methamidophos, methidathion,
fenitrothion, phoxim, and parathion.), 5 pyrethroids (bifenthrin,
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lambda-cyhalothrin, permethrin, beta-cypermethrin, fenvalerate) and
10 sulfonylurea herbicides (nicosulfuron, thifensulfuron-methyl,
metsulfuron-methyl, sulfometuron-methyl, chlorsulfuron, ethamet-
sulfuron-methyl, tribenuron, bensulfuron-methyl, pyrazosulfuron-
ethyl, chlorimuron-ethyl). They were purchased from Institute for Con-
trol of Agrichemicals Ministry of Agriculture (China), and the purities
of them are all above 98%.

Acetone, n-hexane, methanol, acetonitrile, HCl (37%), of special grad-
ing for the pesticide residue analysis, were purchased from Burdick
& Jackson Company (USA). Water was gained from Milli-Q water
purification system (0.22 μm) from Millipore. Tris(hydroxymethyl)
aminomethane (99.9%) was purchased from Beijing Chemical Reagents
Company (China).

Stock solutions of each pyrethroid of 1000 mg/L were prepared in
acetone. A standard mixture of 10 mg/L of each pyrethroid in acetone
was prepared from the stock solutions. As to organophosphates and
sulfonylurea herbicides, stock solutions (1000 mg/L) of individual pes-
ticide standards were prepared by dissolving 0.010 g of the pesticide in
10 mL acetonitrile. The mixed standard solutions of organophosphates
and sulfonylurea herbicides (100 mg/L of each pesticide) were prepared
by an appropriate dilution with acetonitrile individually. All the solu-
tions were stored in a freezer at 4◦C.

Tris-HCl buffer (pH 8.0). Mixed 50 mL 0.1 mol/L Tris-alkali with
29.2 mL 0.1 mol/L HCl, then diluted to 100 mL with water, making 50
mmol/L pH 8.0 Tris-HCl buffer.

Enzyme solution. Weighed 25 mg hydrolase OPHC2 into 2 mL cen-
trifugal tube, added 500 μL Tris-HCl buffer, shook it homogeneously,
and then centrifuged.

Enzymatic Reactions of Organophosphates
and Sulfonylurea Herbicides

As Table I shows, standard solutions of organophosphates (100 mg/L),
Tris-HCl Buffer and enzyme solution were mixed and shaken homoge-
neously, then the reactions were carried out for 10 minutes under 37◦C
in pH 8.0 Tris-HCl buffer. Injected the reaction solutions into HPLC-UV
and/or HPLC-MS system immediately and after 3, 6, 24, and 48 hours.
The enzymatic reactions of sulfonylurea herbicides were the same to
the reactions of organophosphates.

Enzymatic Reaction of Pyrethroids

Similar to organophosphates, 10 mg/L mixed standard solution of
pyrethroids, Tris-HCl buffer and enzyme solution were mixed and
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TABLE I Operation of the Degradation Reactions
of Organophosphates

Organophosphorous Tris-HCl

Code Enzyme (μL) standard solution (μL) buffer (μL)

1 100 50 350

2 100 5 395

3 50 50 400

4 50 5 445

5 25 50 425

6 25 5 470

7 0 50 450

8 0 5 495

shaken homogeneously, then the reactions undertook for 10 minutes
under 37◦C. After 3, 6, 24, and 48 h, pipetted 100 μL reaction solution
and added 15 mg anhydrous MgSO4 and 200 μL hexane, vortexed 1 min
and centrifuged for 3 min under 4000 r/min, then detected the upper
solution by GC-ECD.

Reversed-phase HPLC/UV and HPLC/MS Conditions

Confirmatory run analysis was performed on an Agilent HPLC1100
series equipped with an auto-sampler, an UV detector and a mass se-
lective ion detector. A 250 × 4.6 mm column packed with 5 μm XDB-C18
particles (Agilent, USA) was used. HPLC/UV conditions were as follows:
mobile phase, methanol/water (v%), 0–3 min, 15/85, 3–12 min, methanol
(v%) 15%–85%, keep to 27 min; injection volume, 10 μL; flow rate,
1.0 mL/min. MS conditions were as follows: ionization mode, electro-
spray; polarity, positive; nitrogen drying gas flow rate, 6 mL/min; neb-
ulizer pressure, 40 psi; dry temperature, 350◦C. scanned-mass range,
m/z 100–500.

GC-ECD Conditions

Agilent 6890 gas chromatograph equipped with a63Ni ECD electron-
capture detector and a fused-silica capillary column HP-5 (30 m ×
0.32 mm) was used. The operating conditions were as follows: initial
temperature, 120◦C (1 min), increased at 30◦C /min to 280◦C, kept for
14 min; injector temperature, 290◦C; detector temperature, 300◦C; N2

carrier gas; column linear velocity (μ = 1.0 mL/min); operated in the
split mode; injection volume, 1 μL.
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