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Permethrin  [3-phenoxybenzyl 3-(2,2-dichlorovinyl)-2,2-dimethyicyclopropanecarboxylate]
was shown to be hydrolysed by the fat body of the desert locust, Schistocerca gregaria
Forskal. The hydrolysis of permethrin was catalyzed by an enzyme, which resembled in its
properties with carboxylic ester hydrolase (CE:EC 3.1.1.1) which also hydrolysed
ortho-nitrophenylacetate (0NPA) and para-nitrophenylacetate (pNPA). The permethrin-
hydrolysing activity was due to CE was established by demonstrating that oNPA and pNPA
hydrelysing activity was inhibited by permethrin. It was also established that the hydrolysis
of permethrin was inhibited by oNPA. Kinetic parameters of the hydrolysis of permethrin,
oNPA and pNPA were determined. Kinetics of inhibition of this hydrolysing activity by an

organophosphate and carbamate are also reported.
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“leavage of the ester group in the synthetic pyrethroids

. the main route of detoxification (Casida & Ruzo

380). It is likely that in biological systems this

hydrolysis is catalyzed by hydrolases. Since this
fydrolysis is inhibited by organophosphates and
arbamates used as insecticides, it has been suggested

hat carboxylic ester hydrolases (CE: EC 3.1.1.1) or

similar enzymes having serine at the active site may
de involved in it (Ishaaya & Casida 1980, 1981,
Miyata & Saito 1984). Indeed, organophosphates and
carbamates, which are known inhibitors of esterases
are effective synergists for several pyrethroids including
permethrin [3-phenoxybenzyl 3-(2, 2-dichlorovinyl)-2,
2-dimethylcyclopropanecarboxylate]  (Ishaaya et al.
1983). The present communication reports the presence

’{f permethrin hydrolysing activity in the fat body of
Schistocerca gregaria Forskal and the effect of

ortho-nitrophenylacetate (0NPA), a substrate for carb-
esterase, sumioxon, (O, (-dimethyl-O)

ylic
g'methyl-
A "'itfophenyl phosphate), an  organophosphate
‘!’nhlbnor of esterase activity, and carbaryl (N-methyl-

{ “Naphthy]l carbamate), a carbamate inhibitor, on it.

Materials and Methods

Chemicals: Both technical and '*C-labelled permethrin,
labelled at the carbonyl group, specific activity 0.777
GBq mmole! (a gift from Imperial Chemical Industries
Ltd., Bucknell, Berkshire) of 96% purity were used.
Other chemicals used were obtained locally and were of
analytical grade of highest purity.

Mature adult males, 30-40 days old. of S. gregaria
obtained from a laboratory colony maintained according
to Mehrotra and Rao (1966), were used. Fat bodies of
insects were quickly dissected out and kept over ice till
sufficient number of insects had been dissected.
Acetone powder of the fat body was prepared by
homogenising the fat body in 10 volumes of coid
acetone in an all-glass Potter-Elvehjem type
homogenizer. The acetone homogcnate was quickly
filtered through a Biich.2r funnel and the cake so
obtained further washed with 5 volumes of cold
acetone. The acetone powder was dried and stored at
~15°C till further used (Phokela & Mehroira 1984).
Fat bodies from 85 insects yielded 400 mg acetone
powder. The enzyme was extracted from the acetone
powder in 0.1 M phosphate buffer, pH 8.0, divided
into small aliquots and kept at ~15°C. The extracted
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enzyme was used within 48 hr of its extraction. The
acetone powders, however, could be stored at —15°C
for longer periods without loss of activity.

Esterase Assay

Permethrin hydrolysing esterase assay: The esterase
assays were performed as follows: to one ml of fat
body extract (50 mg acetone powder/ml phosphate
buffer, 0.1 M, pH 8.0) 1.2 nmoles of '*C-labelled
permethrin along with glycine buffer, 0.2 M, pH 8.5,
was added to make the total volume to 10 ml. The
reaction mixture was incubated at 30°C+1°C. At
various times 1 ml aliquots were withdrawn and the
reaction was stopped by vigorously shaking the aliquot
with 5 ml of toluene based scintillation mixture for
about one minute (scintillation mixture contained the
following: 0.55% 2,5-diphenyloxazole (PPC) in a 2 : 1
mixture of toluene and 2-methoxy ethanol), centrifuged
at 2000 rpm for 10 min for separation of water and
organic phase. Organic phase containing all the
non-polar compound was recovered and subjected to
liquid scintillation counting. The permethrin hydro-
lysing activity was expressed as pmoles permethrin
hydrolysed/g protein/min. Controls contain all normal
reaction constituents except the enzyme. Inhibition of
permethrin-hydrolysing activity by ortho-nitropheny!
acetate (0ONPA), sumioxon and carbaryl was undertaken
using only 3 ml reaction mixture which contained

810 pmoles of '‘C-permethrin, 1 ml! enzyme and
phosphate buffer, 0.1 M, pHB8.0 and various
inhibitors.

Hydrolysis of oNPA was assayed according to
Phokela and Mehrotra (1984) and para nitrophenyl
acetate (pNPA) according to Houk and Hardy (1981).

Proteins were estimated spectrophotometrically by the
relationship of absorbance at 260 and 280 nm according
to Chaykin (1966). All spectrophotometric estimations
were done using a double-beam Uvikon 810
spectrophotometer and that of radioactivity by using a
Kontron Betamatic liquid scintillation counter.

Results and Discussion

Hydrolysis of *C-permethrin, oNPA and pNPA by
the Fat Body

The enzymes extracted from the acetone powder of the
fat body of S. gregaria, significantly hydrolysed
permethrin, oNPA and pNPA (table 1). Permethrin was
hydrolysed at a considerably slower rate. The slower
rate of- permethrin hydrolysis could be due to the low
concentration of substrate used. Because of the limited
solubility of permethrin in the aqueous medium the
kinetics of its hydrolysis were estimated under the
conditions of first-order reaction kinetics. The results
showed that the half-life (fs) of permethrin was
387 min for 1 ml of enzyme, 208 min for 2 m! of

enzyme, 82 min for 3 ml of enzyme and 68 min for
4 ml of enzyme. The data when calculated by the
method of Yun and Suelter (1977) gave a
Michaelis-Menten constant (K,,) value of 75.4 nM and
a maximal velocity (V) value of 0.3 nmoles of
permethrin  hydrolysed/g protein/min (table 2). The
kinetics of oNPA and pNPA hydrolysis was studied
under zero-order condition. The results showed that the
enzyme had a high affinity for permethrin as revealed
by the K,, a low V,,, and a low first-order reaction
constant (k). These characteristics suggest that
permethrin is a poor substrate for the enzyme. oNPA
and pNPA appear comparatively better substrates
although their affinity to enzyme is lower than that for
permethrin. The kinetic constants observed in the
present experiment for oNPA are similar to those -
reported earlier (Phokela & Mehrotra 1984). Since the
hydrolysis of the oNPA and pNPA in insects is known
to be catalysed by the enzyme carboxylic ester
hydrolase (CE; EC 3.1.1.1; Phokela et al. 1981, Houk
& Hardy 1981, Mehrotra & Phokela 1982, 1983, 1985,
1986, Phokela & Mehrotra, 1984, 1985), it was
presumed that the permethrin-hydrolysing activity was
also catalysed by CE. A confirmation of this was
sought by following the hydrolysis of oNPA and pNPA
in the presence of permethrin spectrophotometrically. It
was observed that the hydrolysis of oONPA and pNPA in
a 3 ml reaction mixture containing 1.5 pmoles of
oNPA or pNPA, 3 pmoles of permethrin and 0.2 mg
enzyme protein inhibited the hydrolysis of oNPA and
pNPA by 15 to 20%. In these experiments the
hydrolysis of oNPA and pNPA was followed
spectrophotometrically at 420 nm. Conversely, the
hydrolysis of '*C-permethrin was inhibited by 78% in
the presence of 30 wmoles of oNPA in a 3 ml reaction
mixture containing 20 mg enzyme protein. It is likely
that the carboxylesterase also hydrolysed permethrin.

Table 1 Esterase activity in the fat body of Schistocerca
gregaria

Substrate Final concen- Activity
. tration of (mmoles/g
substrate protein/min)
oNPA 0.5 mM 0.45
PNPA 0.5 mM 0.39
Permethrin 0.12 uM 0.10 x 103

Note: With oNPA and pNPA as substrates the reactions
mixture contained 0.2 mg enzyme protein, 1.5 umoles oNPA
or pNPA in 0.1 ml CH;0H and phosphate buffer (pH 8.0,
0.1M) to make a total volume of 3.0 ml. With permethrin as
substrate the reaction mixture contained 20 mg enzyme
protein, 1.2 nmoles of '*C-labelled permethrin in CH,OH and,
glycine buffer (pH 8.5, 0.2 M) to make a total volume of:
10 ml
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Table 2 Effective kinetic parameters for hydrolases in the
fat body of Schistocerca gregaria

\Substrate Parameter

K. Vpnar (gm* min™') K min"!
oNPA 0.97 mM 1.89 mmoles 1.92
PNPA 0.85 mM 1.10 mmoles 1.30
Permethrin 75.40nM 0.30 nmoles 0.004

Note: The conditions of the reaction were the same as given
under table I for all substrates except for varying
concentrations of substates in case of oNPA and pNPA. As
regards permethrin the values of the kinetic parameters were

Jcalculated by the method as described by Yun and Suelter
(1977

Effect of oNPA, Carbaryl and Sumioxon on Kinetic
Parameters of Permethrin Hydrolysis

ONPA, carbaryl and sumioxon, did not significantly

affect the K, of the enzyme for permethrin hydrolysis,

but there was a drastic reduction in the V,, value
. (table 3). These results suggest that oNPA, carbaryl
gand sumioxon compete for the same catalytic site and
further confirm that the CE present in the fat body is
also responsible for the hydrolysis of permethrin.

The evidence presented so far thus suggests that the
CE present in the fat body of the desert locust may also
be responsible for the detoxification of pyrethroids.
Since the CEs are known tc be inducible enzymes
(Whitmore et al. 1972, 1974) and that various diverse
group of chemicals can induce it (Maa & Terrier 1983a
and b; Sparks & Hammock 1979, Sparks et al. 1979) it
is likely that the levels of this enzymes will determine
the susceptibility profile of a species to varfous
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