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Abstract

The frequency distribution of the non-specific esterase activity using o.-
naphthyl acetate as substrate in susceptible (S-), field parent and cypermethrin
resistant (CYP-R) strains were measured in the homogenate of individual larva
(about 260 larvae) from each strain. The activity was calculated as nmol a-
naphthyl acetate hydrolyzing/min/larva. The results indicated that the
differences in esterase activity among the individual larvae were about 3.5, 7.0
and 15-fold in CYP-R-strain, field parent and susceptible strains, respectively.
The mean values of a-naphthyl acetate hydrolyzed by esterases from
susceptible, field parent, and cypermethrin resistant strains were 17.66, 61.31
and 216.36 nmol substrate hydrolyzing/min/larva, respectively. Based on the
mean value of the esterase activity in resistant strain (216.36), it can be calculate
the percentage of resistant genotype in the field parent strain which was up to
9.34%. The frequency distribution of non-specific esterase activity in individual
larvae of the three tested strain revealed that the majority of the individuals
exhibited a distinguishable activity pattern, consistent with the susceptibility to
the pyrethroid cypermethrin. The results suggest that the metabolic
detoxification processes via the non-specific esterases play an important role as
resistance mechanism against cypermethrin insecticide in the larvae of C.
pipiens mosquito.

Introduction

Over 135 pests and vector Anopheline and Culicine mosquito species found

in association with habitats and their medical importance are reported. Malaria

and Japanese encephalitis are two most serious human diseases transmitted by



mosquitoes but they have been incriminated as vectors of dozens of arboviruses
and other parasites and pathogens including the causal agents of West Nile and
Rift valley.

The control of mosquito populations depends heavily on chemical
applications. To date, major classes of insecticides used to control mosuqiotes
are mainly belong to pyrethroid, organophosphate, carbamate (Nauen, 2007).
Over-dependence on chemical control has induced insecticide resistance
(Hemingway and Ranson, 2000; Rodriguez et al., 2001; Casida and Quistad,
2004) and subsequently caused control failures. Using chemical pesticides has
generated several problems including insecticide resistance, safety risks for
humans and domestic animals and other environmental concerns. These
problems and the high cost and sustainability of programs based predominantly
on conventional insecticides have stimulated increased interest in integrated
control measures (Lacey and Lacey, 1990).

Resistant population of pests including mosquitoes has been reported in
many corners of the world (Daaboub et al., 2008; Loke et al., 2010; Ranson et
al., 2010 and Lima et al., 2011). The emergence of mosquito strains resistant to
insecticides widely used in malaria and dengue control has the potential impact
severely on the control of these disease vectors. To date, four major types of
insecticide resistance mechanisms have been documented: point mutations in
insecticide-targeted site genes, over-expression or mutatiosn in the regions of
detoxification enzymes, over-expression or mutations in genes involved in
cuticle formation and behavioural changes (Whalon ef al., 2008 and Ranson et
al., 2011). The main mechanisms described to date involved either point
mutation in insecticide-targeted sites and/or more efficient detoxification
mechanisms. The latter, also known as metabolic resistance mainly occurs due
to an increase in the expression or activity of three major enzyme families:
esterases, glutathione-S-transferases and the cytochrome P450 superfamily of

enzymes (Hemingway et al., 2004; Li et al., 2007 and Russell et al., 2011).



Measuring the activity of these enzymes in natural populations is an important
step in nontoving insecticides mechanisms worldwide and should be conducted
together with the surveillance of control efficacy to prevent significant changes
in susceptibility to insecticides being used (Coleman and Hemingway, 2007;
Polson et al., 2011 and Mentella et al., 2012).

The objectives of this study are to determine frequency distribution of non-
specific esterases activity in three strains of Culex pipiens larval, susceptible,
field parent and cypermethrin resistant (CYP-R) strains. The non-specific
esterases activity measured in the homogenate of individual larvae of each
strain. The correlation between the frequency distribution of non-specific
esterase activity toward a-naphthyl acetate as substrate and the susceptibility of
the three tested strains to cypermethrin was discussed.

Materials and Methods
1- Chemical used for enzyme assay:

Anhydrous mono- and dibasic sodium phosphate, o-naphthyl acetate (o-
NA), 4-aminoantipyrin, potassium ferric cyanide, phenylthiourea. All the
chemical used in the esterase activities were purchased from Sigma Chemical
Co.

2- Insect strains:

Three strains of Culex pipiens were used in this study as follows:
A — Susceptible strain (S-strain)

The susceptible strain used in the present study was brought from the
Institute of Veterinary and Medical Insect in Cairo, which reared in lab for 3
years away from any insecticidal exposure. This strain characterized by the LCsq
to cypermethrin equal 0.17 ng a.i/L, the esterase inhibitor synergist
triphenylphosphate (TPP) synergized the toxicity of cypermethrin by 1.01-fold
and the non-specific esterases activity based on tgs value was 12.06 Min (mg

protein/ml).



B - Field parent strains:

The parent field strain was wild larvae (4™ instar larvae) of C. pipiens
which was collected from Arab El-Madabegh area (Wester-most of Assiut City).
The non-specific esterase was carried out in 4" instar larvae of field parent strain
during 48 hr after the wild larvae transferred to our laboratory. The field parent
strain characterized by: the resistance ratio at LCsy value (RRsg) against the
pyrethroid cypermethrin was 4.38-fold, and the activity of the non-specific
esterases based on tg5 value was 9.1 Min (mg protein/ml).

C — Cypermethrin resistant strain (CYP-R-strain):

This strain was obtained by selected a part of the field parent strain (~ 5000
4™ instar larvae) with the pyrethroid insecticide cypermethrin solution. Selection
pressure was carried out using dipping method to 4™ instar larvae for ten
successive generations. Each generation was selected by cypermethrin

concentration equals the LCs¢ value. The cypermethrin resistant strain was

characterized by LCsqg value 303.548 ng a.i1. against cypermethrin.

The cypermethrin resistant strain (CYP-R-strain) exhibit 1,785.58-fold
resistance compared to S-strain. The esterase inhibitor synergist (TPP).
Synergized the toxicity of cypermethrin by 13.43-fold. TPP reduced the
resistance level toward cypermethrin in CYP-R-strain from about 1786-fold to
135-fold resistance. The percentage reduction in resistance level to cypermethrin
up to 92.5%. The non-specific esterases activity based on tgs value was 0.62
Min (mg protein/ml).

3- Rearing procedure:

All strains transferred to laboratory of Plant Protection Department, Fac.
Agric., Assuit University under laboratory conditions of 25+2 and 60+5 R.H.
during the study (Chander et al., 1997). Mosquito (S-strain and cypermethrin
resistant strain) rearing was maintained in enamel trays. Transformed pupae

were collected from the formentioned trays by means of a wide mouth glass



dropper, then pipette into Petri dishes that were placed in the adult cages (30 cm
dimensions). The emerging males and females were fed on 10% sucrose solution
and guinea pig blood males, respectively. Suitable containers for egg-laying
were provided to the cages 48 hours after the females for egg-laying were
provided to the cages 48 hours after the females had their blood meal.
Receptacles containing egg rafts were daily collected from the cages, then the
newly hatched larvae were then transferred to the breading trays, each
containing 2 inch high tap water and such breeding trays bar each a maximum
500 larvae of the same age. After twenty four hours, the hatch larvae were fed
on fresh yeast and protein which was evenly sprinkled on the water surface
twice daily. They left over yeast, that was not ingested, was carefully removed
with a medicinal dropper. Mass-rearing colony of all stages was always
maintained at 254+2°C and 60+5% R.H. Temperature and relative humidity
reading were daily measured using a thermograph and hydrograph, respectively.

4- Frequency distribution of non-specific esterase activity in the three tested

strains of C. pipiens mosquito:

The non-specific esterase activity toward o-naphthyl acetate as substrate
was examined in individual larvae of susceptible (S-) field parent and
cypermethrin resistant (CYP-R) strain of C. pipiens mosquito. The hydrolysis
product of a-naphthyl acetate was determined colorimetrically according to the
method of Bracha and Bonard (1966) using seqoia-turner Model 340
spectrophotometer. A total of 260, 262 and 264 4™ instar larvae of
approximately the same size were randomly collected from S-, field parent and
CYP-R-strains were separately homogenized in phosphate buffer (0.05 M; pH
7.2) then the homogenate solution was centrifuged at 10.00 r.p.m. for 5 mint and
supernatant was used immediately after preparation. Then 4.7 ml of the
homogenate solution was transferred to the colorimeter tab. A hundred
microliters of a-naphthyl acetate (final concentration 0.5 mM) in sodium

phosphate buffer (0.05 M, pH 7.2) was added and the reaction was incubated at



37°C for 10 min. At the end of the incubated period, 100 ul of 4-aminantipyrin
(0.5% in distilled water) followed by 100 u/potassium ferricyanide (0.7% in
distilled water) were added. Absorbance at 500 nm was read and recorded
exactly 5 min after the addition of potassium fericyanide. A control tube
containing every thing except the enzyme solution was used to correct for
nonenzymatic hydrolysis of substrate. The absorbance data were converted
from a calibration curve prepared using several concentrations of 1-naphthol
under the corresponding conditions.
Results and Discussion

Figure (1) shows the magnitude of larval esterase activity toward o-
naphthyl acetate as substrate within and between samples of the 4™ instar larvae
of susceptible (S-), field parent strain (Gg) and CYP-R-strain (Gyg) of C. pipiens
mosquito. The esterase activity was measured in homogenate of individual larva
from each strain. It is clear from the frequency distribution of this figure that the
difference between the highest and lowest activity of esterases from individual
larva was 8.0, 16 and 3.5-fold for susceptible, parent and CYP-R-strain,
respectively. These results indicated that the larvae of resistant strain exhibited
highest level of homogeneity for the non-specific esteases activity, where larval
activity varied by only 3.5-fold. This homogeneity was also observed in the
susceptible strain but to a lower extent, whereas the maximum differences in
esterase activity between the individual larva was about 7.0-fold. In contrast, the
parent field strain (Gg) exhibited highest degree of heterogeneity with respect to
esterase activity between the individual larva whereas the difference between the
maximum and the lowest activity was 16-fold. The mean value of non-specific
esterases among the tested individual representing the three tested strains was
calculated. This value in susceptible, field parent and cypermethrin resistant
strains was 17.66, 61.31 and 216.36 mmol substrate hydrolyzing/min/larva,

respectively.
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Frequency distribution of larval esterase activity (expressed as nmol
ao-naphthyl acetate hydrolyzing 1 min/individual) measured in
homogenate of individual larvae from (A) susceptible strain (B)
parent field strain (G0) and (C) cypermethrin resistant strain
(CYP-R). The sample size for each of the tested population was
about 260 larvae, obtained from the same sources of mentioned in
toxicity bioassay.



The difference in frequency distribution as well as the mean activity
between both the parent, cypermethrin-resistant and the susceptible strain
explains other results in the present study. Firstly, the potential of the parent
strain to develop esterase-mediated resistance was obvious. Secondly, the high
extent of cypermethrin resistance after onlylO generations of cypermethrin
pressure is explained from the exceptional high mean esterase activity in the
frequency distribution curve of individual larvae from the 10" generation.
Thirdly, the mean activity of esterase in individual larvae of the susceptible,
field and cypermethrin resistant strains (respectively, 17.66, 61.31 and 216.36
nmol/min/individual) is qualitatively correlated with the LCs¢ values of
cypermethrin against these strains (respectively, 0.17, 0.745, 303.548 ppb).
Additional evidence to esterase-mediated resistance in C. pipiens is concurrenly
obtained not only at the average activity level, but also at the population level.
The results in the present study are in agreement with that of Yebakima et al.
(2004) and Liu et. al. (2011) on C. pipiens; of Sahgal ef al. (1994) on other three
species of mosqitoes viz., Aedes aegypti, Culex quinquefasciatus and Anopheles
stephensi and of Etang et. al. (2007) on Anopheles gambiae S.L. Esterase over
production achieved predominantly by gene up-regulation, is a frequent
mechanism of resistance to OP- and pyrethroid insecticides in C. pipiens
complex (Rooker et al., 1996; Raymond et al., 1998 and Liu et al., 2006). Two
gene loci on chromosome a, Est-3 (coding estase A) and Est-2 (coding esterases
B), encode non-specific esteraess through gene amplification or up-regulation in
C. pipiens complex, thereby expressing a higher amount of non-specific esterase
and providing a substantial of insecticide resistance (Rooker et al., 1996;

Raymond ef al., 1998; Cui et al., 2007 and Liu ef al., 2006).

From the results of this study, it could be conclude that the metabolic

detoxification processes via non-specific esterases may be play a role in



conferring pyrethroid resistance to the larvae of resistant strain (CYP-R-strain)

of C. pipiens mosquito.
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