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ABSTRACT

Objective: Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae), tomato leafminer, is an oligophagous
insect. Larvae of T. absoluta can destroy especially tomato plants which lead to important yield loss
in this economically valuable crop. Chemical control through insecticides has been a main method of
controlling it in farming areas all over the world. However, continues application of certain registered
insecticide such as abamectin might lead to resistance development in 7 absoluta. The aim of this
study was to monitor resistance status of abamectin insecticide and analyse resistance mechanisms of
this insecticide in 7. absoluta field populations from three districts of Turkey by using bioassay and
biochemical methods.

Methods: Bioassays and Biochemical assays.

Results: Bioassay results showed that while Adana and Antalya strain of 7. absoluta showed low
resistance (3.03- and 2.3-fold) to abamectin insecticide, Ankara strain of 7 absoluta was not resistant
to abamectin (1.31-fold). Biochemical analysis displayed that CYP450-PNOD activities showed 2.55
and 1.95-fold increase compared to susceptible population in Adana and Antalya field populations,
respectively. Furthermore, GST-CDNB activities showed statistically significant (p<0.05) 1.3-fold
increase only in Adana population. Although EST-a-NA activities showed 3.41-fold increase only in
Ankara field population, this field population did not display a significant resistancy to abamectin.
Conclusion: Consequently, cytochrome P450 monooxygenase enzymes seemed to have a major role
in abamectin resistance development in field populations of 7. absoluta from Turkey. In addition,
GSTs possibly have supportive role such as reducing oxidative stress that developed during metabo-
lism of abamectin in resistant field populations of 7. absoluta.

Key Words: Abamectin, bioassay, CYP450 monooxygenases and glutathione S-transferases, Tuta
absoluta.
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OZET

Amagc: Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae), domates giivesi, olifag bir bocektir. 7.
absoluta’nin larvalar 6zellikle domates bitkisine zarar verebilirler, boylece ekonomik olarak degerli
bu iriinde ciddi tiriin kaybina neden olurlar. Tiim diinyadaki tarim alanlarinda bu zararlinin kontro-
liinde kullanilan ana yontem insektisitler yoluyla yapilan kimyasal miicadeledir. Ancak, abamektin
gibi ruhsath bazi ilaglarin siirekli olarak kullanilmasi 7. absoluta’da dayaniklilik gelisimine neden
olabilmektedir. Bu ¢alismanin amaci biyoanaliz ve biyokimyasal yontemleri kullanarak Tiirkiye nin
ti¢ farkli bolgesindeki 7. absoluta tarla populasyonlarinda abamektin dayanikliliginin tespiti ve bu
dayanikliligin mekanizmasini analiz etmektir.

Metod: Biyoanalizler ve Biyokimyasal analizler.

Bulgular: Biyoanaliz sonuglari 70 absoluta’nin Adana ve Antalya tiirlerinde abamektin’e kars: diisiik
seviyede (3.03- ve 2.3-kat) dayaniklilik oldugunu gosterirken, Ankara tiiriinde ise abamektin’e (1.31-
kat) kars1 dayaniklilik olmadigini gésterdi. Biyokimyasal analiz sonuglari ise CYP450-PNOD aktivi-
tesinin hassas populasyona gore Adana ve Antalya tarla populasyonlarinda sirasiyla 2.55 ve 1.95-kat
arttigin gostermektedir. Ayrica, GST-CDNB aktivitesinin sadece Adana tarla populasyonunda ista-
tistiksel olarak anlamli 1.3-kat artis gosterdi. EST-a-NA aktivitesi ise abamektine kars1 dayaniklilik
gostermeyen Ankara tarla populasyonunda 3.41-kat artis gosterdi.

Sonug: Sonug olarak, Tiirkiyedeki 7. absoluta tarla populasyonlarinda sitokrom P450 monooksi-
jenaz enzimlerinin abamektine kargi dayaniklilik olusumunda baslica rolii oynadiklari goriilmekte-
dir. Ayrica, abamektine dayaniklilik gosteren tarla populasyonlarinda glutatyon S-transferazlar’in
abamektin’in metabolizmasi sirasinda olusan oksidatif stresin azaltilmasini saglayarak dayaniklilik
olusumuna katk1 saglayan bir rolii olabilir.

Anahtar Kelimeler: Abamektin, biyoanaliz, CYP450 monooksijenazlar ve glutatyon S-transferazlar,
Tuta absoluta.

Cikar Catismast: Yazarlarin ¢ikar ¢atismasi yoktur.
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Introduction

Tomato, Lycopersicon esculentum Mill., is one of the
most important economical crops in Turkey. According to
Turkish Statistical Institute, Turkey produced 11.350.000
tons tomato in 2012 [1]. Food and Agricultural Organisa-
tion (FAO) reported that Turkey is fourth largest producer
of tomato in the world [2]. Tomato farming is generally
carried out under greenhouses as well as in outdoor ar-
eas with the highest gross financial return to farmers in
Turkey.

Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae), to-
mato leafiminer, is a neotropical oligophagous insect that
attacks solanaceous crops. Larvae of 7. absoluta can de-
stroy tomato plants during all growth stages by producing
large galleries in tomato leaves, burrowing stalks, apical
buds, green and ripe fruits [3,4]. The fruit borer activity of
larva results in major economic impact. It can also cause
important yield losses in different production regions and
under diverse production systems [3,5]. Although it is
originally described in Peru, it is widespread throughout
South America [6-9]. It has become one of the important
pests of tomato crops in many South American countries
since 1960s [4,10,11]. Although it was one of the impor-
tant pests of tomato, it was restricted to the Latin Ameri-
ca. When it introduced in Europe in 2006 at the first time
[12], it started to threat global tomato production in the
world [13].

T absoluta (Meyrick) (Lepidoptera: Gelechiidae) is one
of the main pests of tomato in Turkey. In 2009, Tuta ab-
soluta (Meyrick) was initially reported at Izmir (Aegean
Region) and Canakkale (Marmara Region) provinces in
Turkey [14]. Then, it spread throughout the country. Fur-
thermore, in 2010, there were damage reports from 39
provinces in Turkey [15]. In addition, Karut et al [16] re-
ported that 7. absoluta was recorded for the first time on
29th April 2010 in Mersin (Mediterranean region).

In order to control 7. absoluta in agricultural lands, chem-
ical insecticides have been used to control it in all farming
areas. However, resistance development against applied

insecticides has been reported by several studies [17-20].
Although there were not any registered insecticides for 7.
absoluta in Turkey until 2009. Now there are some reg-
istered insecticides such as abamectin used against it in
Turkey. In 2010, chemical insecticides were applied for
160.680 da areas to control 7. absoluta in Turkey. After
that, integrated pest management program was planned
for 11.569.728 da in 2011 [15]. However, it is difficult to
achieve effective control of 7 absoluta with insecticides
because of the mine-feeding behaviour of its larvae, de-
ficient spraying technology and resistance development.

One of the main important insecticide resistance develop-
ment mechanisms is increasing insecticide metabolism in
insect body with certain enzymatic systems like esterases
(EST), glutathione S-transferases (GST) and cytochrome
P-450 monooxygenases (CYP450). Biochemical activity
assays are useful techniques for analysing these metabolic
resistance development mechanisms at molecular level.
Therefore, these assays were useful to analyse changes
of EST, GST and CYP450 enzyme systems in 7. absoluta
under abamectin stress.

Bioassay is a method that use organism such as 7. ab-
soluta to estimate toxicity of selected insecticides on that
organism. Determination base line toxicity of insecticides
is important for insecticide resistance management and
early detection of resistance development. Thus, resis-
tance status of abamectin, registered and commonly used
insecticide for 7. absoluta, was analysed with this method.

In present study, we describe bioassay of abamectin insec-
ticide together biochemical assays in order to determine
toxicity of tested insecticide and characterize molecular
mechanisms in three field populations of 7. absoluta from
Turkey.

Materials and Methods

Insects

1. absoluta field samples were obtained from 7. absoluta
infested tomato fields in Adana, Ankara and Antalya prov-
inces during 2011-2012 years (Fig. 1). A susceptible strain
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Figure 1. Exact location of the collection sites of Tuta absoluta Populations in Turkey Circles (O)

indicate sampling locations.
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of T absoluta was obtained from Bayer CropScience
(Monheim, Germany). Larvae were fed on tomato plants
in the laboratory. Bioassays were done with L2 larva of
T absoluta (usually 150-180 individuals). In addition,
whole adult larvae were used for cytosol preparation to
obtain enzyme source for biochemical activity assays.

Bioassay method

Abamectin insecticide (Vertis 1.8 CS) was obtained from
an agrochemical company of Turkey, Baydar Tarim. Bio-
assay experiments were done by using leaf-dip bioassay
method with L2 larvae of 7. absoluta according to IRAC
susceptibility test method series, (version 3) method no:
022. The dilutions of abamectin insecticide were pre-
pared with distilled water containing 0.2% Triton X-100
at different concentrations. These insecticide solutions
were prepared in different doses from 0.14 to 4.5 ppm for
abamectin insecticide. 0.2% Triton X-100 containing wa-
ter solution was used as a control, as well. Firstly, tomato
leaflets were taken from the young plants. Then, five to
seven doses (0.14, 0.28, 0.56, 1.125, 2.25 and 4.5 ppm)
of this insecticide and 20-30 larvae for each dose were
used to estimate the lethal concentration 50% (LC,)
value. The tomato leaves after dipping into the prepared
solutions for 3 seconds; they were dried on towel paper
and placed into the petri dishes. Prior to placing the leaf-
lets in the petri dishes, a slightly moistened filter paper
was placed on the bottom of each cell. Finally, the larva
was placed onto this leaves. After this application, bio-
assay trays were stored in an area where a temperature
of 2542°C, 60-65% room humidity and 16:8 light/dark
photoperiod regime.

Data analysis

The dead or alive larva was scored after 72 hours. Lar-
vae, unable to make coordinated movement from gentle
stimulus with a seeking pin or fine pointed forceps to
the posterior body segment, are considered to be “dead”.
The LC, values were calculated by probit analysis using
POLO PLUS software.

Resistance ratios (RRs) were calculated by dividing the
LC50 value of each field strain by the LC, value of the
susceptible strain of 7. absoluta. According to the calcu-
lated RRs that level of insecticide resistance was clas-
sified as reported by Torres-Vila et al [21]. Susceptible
(RR=0-1), low resistance (RR=2-10), moderate resistance
(RR=11-30), high resistance (RR=31-100).

Preparation of cytosols from Tuta absoluta larvae for
CYP450, GST and esterase assays

Batches (25mg) of adult 7. absoluta (=10 larvae) were
homogenized in 1 ml of 100 mM potassium phosphate
buffer, pH 7.4, containing 1 mM DTT, 1 mM EDTA and
I mM PMSF with an ultraturrax homogenizer on ice. The
homogenate was centrifuged at 10,000 x g for 30 min at
4°C. The supernatant was used as the enzyme source for
CYP450, GST and esterase assays. The protein concen-
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trations in the prepared crude extracts were determined by
the method of Bradford (1976) [22].

Determination of Cytochrome P450 monooxygenases
activity towards p-nitro anisole (p-NA)

Assay of O-demethylation of p-nitroanisole (PNOD) ac-
tivity by CYP450s was determined according to the meth-
od of Rose et al [23]. Reactions were carried out in 96
well micro plates by monitoring p-nitrophenol formation
in a final volume of 200 pl at 405 nm using p-nitroanisole
(p-NA) as a substrate at 30 s intervals for 15 min at 30
°C. Each reaction mixture contained 100 mM potassium
phosphate buffer, pH: 7.4, containing 0.5 mM NADPH, 1
mM p-NA and 90 pg proteins in a final volume of 200 pl.
The molar extinction coefficient for p-nitrophenol at 405
nm was determined by preparing standard curves and was
used to calculate CYP450-PNOD activities as pmole/min/
mg protein.

Determination of GST enzyme activity towards 1-chlo-
ro-2,4-dinitrobenzene (CDNB)

Glutathione S-transferase activity measurements were
done by a modified Habig et al [24] method. 1-chlo-
ro-2,4-dinitrobenzene (CDNB) was used as a substrate.
Each reaction mixture contained 100 mM potassium
phosphate buffer, pH: 7.4, 1 mM GSH, 1 mM CDNB and
~ 2 ug cytosolic proteins in a final volume of 250 pl in
96 well plate at 340 nm wavelength. The reactions were
started by the addition of enzyme-containing protein
extracts into each well. GST-CDNB activity measure-
ments were done automatically every 20 s for 10 min at
25 °C. Finally, the rate of reaction (dA/dt) in each well
was determined separately. The extinction coefficient for
CDNB at 340 nm is 9.6 mM"'cm™. This value was ad-
justed for the path length of the solution in the well (0.65
cm) and used for calculation of GST-CDNB activities.
The GST-CDNB activities were expressed as nmol/min/
mg protein.

Determination  of  esterase towards

a-naphthylacetate (a-NA)

activity

Esterase-a-NA enzyme activity was determined in 96
well micro plates by monitoring a-naphthol formation in
a final volume of 250 pl at 450 nm using a-naphthyl ac-
ctate (0-NA) as a substrate at 15 s intervals for 10 min ac-
cording to the method of van Asperen [25]. Each reaction
mixture contained 200 mM potassium phosphate buffer,
pH: 6.0, containing 6 mg fast blue RR salt, | mM a-NA
and 5 pg proteins in a final volume of 250 ul. The mo-
lar extinction coefficient for a-naphthol at 450 nm is 9.25
mM-'cm! [26] was used to calculate activities as nmol/
min/mg protein.

Statistical analysis of enzyme activity assays

Similarity or difference between in measured CYP450,
GST and esterase activities were calculated with student-t
test by MINITAB 15.0 statistics software.
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Results

Bioassay results

Results of abamectin insecticide bioassays with the Ad-
ana, Ankara and Antalya strains of 7. absoluta are sum-
marized in Table 1. LC, values obtained from Adana,
Ankara and Antalya strains were compared to that of sus-
ceptible strains to calculate resistance ratios.

Resistance ratio of tested abamectin insecticide in Adana
field strain was 3.03-fold compared to susceptible popula-
tion. Similarly, 7. absoluta field population from Antalya
showed 2.3-fold resistance ratio. However, a resistance
ratio of tested abamectin insecticide was 1.31-fold in An-
kara strain of 7_ absoluta. While Adana and Antalya strain
of T. absoluta showed low resistance (3.03- and 2.3-fold)
to abamectin insecticide, Ankara strain of 7. absoluta was
not resistant to abamectin insecticide (1.31-fold).

All the measurements for enzyme activities were per-
formed with individually prepared 7. absoluta samples.
Enzyme activity determination experiments were done in

triplicate. The mean of three measurements was accepted
as a sample value for that assay. Accordingly, the average
of sample values of that population for each assay was
accepted as a population value.

CYP450-PNOD enzyme activities of Tuta absoluta
strains

CYP450-PNOD activities of 7. absoluta showed simi-
lar pattern in Adana and Antalya populations. CYP450-
PNOD activities showed statistically significant (p<0.05)
2.55 and 1.95-fold increase compared to susceptible
population in Adana and Antalya field populations, re-
spectively (Table 2). However, Ankara field population
did not show statistically significant (p<0.05) increase in
CYP450-PNOD activities. The highest difference in mea-
sured CYP450-PNOD activities (2.55 fold) was observed
in Adana population.

GST-CDNB enzyme activities of Tuta absoluta strains

In order to analyse GST enzyme systems in 7. absoluta
samples, CDNB, general substrate for GSTs, was used

Table 1. Toxicity of Abamectin Insecticide in Adana, Ankara and Antalya Strains of Tuta absoluta

Insecticide Strains Number of LC,° Slope+SE Hetero- Resistance
insect? (95% CL) genity Ratio®
Abamectin TUTAB 150 0.342 3.102+0.47 0.55 -
(0.276-0.420)
ANKARA 180 0.448 1.60+0.34 0.143 1.31
(0.294-0.684)
ADANA 180 1.034 1.97+0.3 0.55 3.03
(0.781-1.359)
ANTALYA 180 0.798 2.009+0.32 1.64 23

(0.260-1.556)

aNumber of larvae used in the experiment; ®ppm; <LC50 value of field population / LC50 value of susceptible population.
TUTAB: Susceptible Tuta absoluta strain obtained from Germany; ADANA: Field strain of Tuta absoluta collected from cotton fields
in Adana province; ANKARA: Field strain of Tuta absoluta collected from cotton fields in Ankara province; ANTALYA: Field strain of

Tuta absoluta collected from cotton fields in Antalya province.
Biochemical Activity Assays

Table 2. CYP450-PNOD Enzyme Activities of Tuta absoluta Strains

Strain Sample CYP450-PNOD Fold increase
size (n) Activity? IN CYP450-PNOD
Activity®
TUTAB 26 78.2+20 1
Adana 22 199.4'£11.3 2.55-fold
Ankara 15 79.8+29.3 No significant change
Antalya 20 152.6'+5.4 1.95-fold

*pmole min"' mg protein™ +Standard Error of Mean; ®*CYP450-PNOD activity value of field strain / CYP450-PNOD activity value of
susceptible strain; "Value significantly different from the susceptible strain (p<0.05) with Student-t test.

TUTAB: Susceptible Tuta absoluta strain obtained from Germany; ADANA: Field strain of Tuta absoluta collected from cotton fields
in Adana province; ANKARA: Field strain of Tuta absoluta collected from cotton fields in Ankara province; ANTALYA: Field strain of

Tuta absoluta collected from cotton fields in Antalya province.
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Table 3.

GST-CDNB Enzyme Activities of Tuta absoluta Strains

Strain Sample GST-CDNB Fold increase in
size (n) Activity? GST-CDNB
Activity®
TUTAB 26 304.6+12.3 1
Adana 22 389.5+23.9 1.3-fold
Ankara 18 276.4+£10.9 No significant change
Antalya 20 289.6+10.2 No significant change

2nmole min™ mg protein™ +Standard Error of Mean; °GST-CDNB activity value of field strain / GST-CDNB activity value of susceptible
strain; Value significantly different from the susceptible strain (p<0.05) with Student-t test.

TUTAB: Susceptible Tuta absoluta strain obtained from Germany; ADANA: Field strain of Tuta absoluta collected from cotton fields
in Adana province; ANKARA: Field strain of Tuta absoluta collected from cotton fields in Ankara province; ANTALYA: Field strain of

Tuta absoluta collected from cotton fields in Antalya province.

Table 4. EST-o-NA Enzyme Activities of Tuta absoluta Strains

Strain Sample EST-a-NA Fold increase
Size (n) Activity? IN EST-a-NA
Activity®
TUTAB 26 25.61+1.83 1
Adana 22 30.9+2.44 No significant change
Ankara 18 87.32'+7.46 3.41 fold
Antalya 20 22.53+0.68 No significant change

“nmole min" mg protein” +Standard Error of Mean; "EST-a-NA activity value of field Strain / EST-a-NA activity value of susceptible
strain; "Value significantly different from the susceptible strain (p<0.05) with Student-t test.

TUTAB: Susceptible Tuta absoluta strain obtained from Germany; ADANA: Field strain of Tuta absoluta collected from cotton fields
in Adana province; ANKARA: Field strain of Tuta absoluta collected from cotton fields in Ankara province; ANTALYA: Field strain of

Tuta absoluta collected from cotton fields in Antalya province.

in biochemical activity determinations. GST-CDNB ac-
tivities results displayed different activity patterns in field
populations of 7. absoluta. While GST-CDNB activities
showed statistically significant (p<0.05) 1.3-fold increase
only in Adana population, Ankara and Antalya field popu-
lations did not show statistically significant (p<0.05) in-
crease compared to susceptible population (Table 3).

EST-a-NA enzyme activities of Tuta absoluta strains

Enzymatic activity analysis of esterases from 7. absoluta
was done with EST-a-NA assay. It was found that increas-
es in EST-a-NA activities were statistically significant
only in the Ankara population (Table 4). EST-a-NA ac-
tivities showed statistically significant (p<0.05) 3.41-fold
increase compared to susceptible population only in An-
kara field population. However, Adana and Antalya field
populations did not show statistically significant (p<0.05)
increase in EST-0-NA activities.

Discussion

In this study, the existence of abamectin resistance in
Turkish populations of 7. absoluta has been experimen-
tally demonstrated for the first time. Low level abamectin
resistance was observed in Adana and Antalya field popu-
lations of 7. absoluta. However, a meaningful abamectin
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resistance was not detected in Ankara population. The dif-
ference at resistance levels indicates presence of differen-
tial selection pressures such as use of different amount of
abamectin insecticide in different areas where 7. absoluta
samples collected. Also, genetic diversity in the resistance
mechanisms among 7. absoluta populations may affect
degree of resistance [27].

The populations of 7. absoluta from Adana and Antalya
fields showed different pattern for cytochrome P450-
monooxygenases (CYP450-PNOD) and esterases (EST-
a-NA) enzyme activities. While CYP450-PNOD enzyme
activities increased significantly (p<0.05), EST-a-NA ac-
tivities were not changed significantly (p<0.05) in Adana
and Antalya fields compared to susceptible population.
Slight increase in CYP450-PNOD activities (2.55-fold
in Adana strain, 1.95-fold in Antalya strain) might be ex-
plained with low level abamectin resistance (3.3-fold in
Adana strain, 2.3-fold in Antalya strain). As cytochrome
P450 monooxygenases and esterases generally take a role
in direct metabolism of several insecticides [28-30], ab-
amectin stress seems to induce cytochrome P450-mono-
oxygenases activation in Adana and Antalya field popula-
tions of 7. absoluta. Consequently, significant increases
in CYP450-PNOD enzymatic activities display that cyto-
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chrome P450-monooxygenases might have a major role
in abamectin related resistance development in Adana and
Antalya field populations of T_ absoluta.

Siqueira et al [18] suggested that esterases have a major
role in abamectin resistance of 7. absoluta populations
from Brazil. However, our results did not support their
findings since esterase activity in resistant strains of 7.
absoluta did not show an increase in our study. On the
other hand, cytochrome P450-monooxygenase activity
in resistant strains increased with increasing resistancy to
abamectin in 7. absoluta from Turkey. Our results sug-
gested that cytochromeP450 plays a major role in detoxi-
fication of abamectin in 7. absoluta pulations from Tur-
key. Similarly, Reyes et al [31] suggested that increased
cytochrome P450- monooxygenase activity would play
major role in spinosad resistance of 7. absoluta popula-
tions in Chile.

According to activity results of Ankara population, it was
seen that 7. absoluta insects from this population showed
no statistically significant (p<0.05) change in CYP450-
PNOD activity compared to susceptible population. In-
terestingly, EST-a-NA activity (3.41-fold) showed sta-
tistically significant (p<0.05) change in this population.
Although Siqueira et al [18] reported that esterases of 7.
absoluta have a major role in abamectin resistance from
Brazil, it was not detected any resistance to abamectin
insecticide in Ankara population with bioassay experi-
ments. This increased esterase activity might be related
with resistance development against other insecticide(s)
in this population. For example, Siqueira et al [32] sug-
gested that esterases have a role in cartap resistance of 7.
absoluta populations from Brazil.

In general, GSTs have a role in direct metabolism of some
insecticides from organophosphate and organochlorine
groups [33]. But, they do not participate in direct metabo-
lism of other insecticides such as pyrethroid insecticides
[34,35]. If they don’t play a role in direct metabolism of
insecticide, it is suggested that they may play a role in
reducing oxidative stress by conjugating reactive species
and detoxifying lipid peroxidation products [36]. Further-
more, they may have a role in the prevention or repair of
oxidative damage, induced by insecticide exposure [37].
Bioassay analysis displayed that there was low level re-
sistance to abamectin in Adana and Antalya field popu-
lations. In the literature there are contradictory results
between GST-CDNB activity levels and abamectin resis-
tance. For example, while increased GST-CDNB activi-
ties were determined in abamectin resistant Tetranychus
urticac and Bemisia tabaci [38,39], GST-CDNB activity
was not changed in abamectin resistant 7. absoluta in
Brazil [18]. Furthermore, it should be also considered that
GST activity levels depend on metabolic rate of animals,
increased respiration of mitochondria leads to accumula-
tion of reactive oxygen species [40]. According to these
findings, 1.3 fold increase in GST-CDNB activities in
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Adana population suggested that GSTs seem to play a mi-
nor role in metabolic resistance of abamectin by reducing
oxidative stress resulted from metabolism of this insecti-
cide. In addition, similar results from researchers in South
America were reported, too [18,31,32]. They reported
that GSTs have a minor role in resistance development
in 7. absoluta against cartap and abamectin in Brazil and
spinosad in Chile. On the contrary, low level abamectin
resistance in Antalya strain was not resulted in enhanced
GST-CDNB activity. This unchanged GST-CDNB activ-
ity level in Antalya strain seems to be caused by decreased
metabolic rate of abamectin, which produces consider-
ably less reactive oxygen species.

In conclusion, abamectin resistance was determined in
Turkish populations of 7. absoluta. Cytochrome P450
enzymes was found to have a major role in abamectin re-
sistance development in field populations of 7. absoluta
from Turkey, and GSTs might have a minor role in this
resistance development. Whereas, esterase activity did
not show an increase in resistant larvae populations sug-
gesting that it may not have an important function in ab-
amectin resistance mechanisms in field populations of 7.
absoluta from Turkey.

Acknowledgement

This study was supported by Republic of Turkey Minis-
try of Food, Agriculture and Livestock. I thank Mrs. S.U.
Karaagag for 7. absoluta larvae samples.

Conflict of Interest

There are no conflicts of interest among the authors.

References

[1] Anonymous. http://www.tuik.gov.tr/PreHaberBultenleri.do?id=
13661. 2012; Table 2.

[2] FAO. http://faostat.fao.org/DesktopDefault.aspx?PagelD=339&la
ng=en&country=223. 2011.

[3] Caceres S. La palilla del tomate en Corrientes. Biologica y control.
Experimental Estacion Experimental Agropecuaria Bella Vista,
INTA 1992; pp. 5.

[4] lan. Instituto Agronomico Nacional & Agencia de Cooperacion In-
ternacional de Japon (JICA) Control integrado de la palomilla del
tomate Scrobipalpula absoluta (Meyrick, 1917). Caacupé, Para-
guay, JICA, 1994; pp. 173.

[S] Benavent J, Kueffner E, Vigiani A. Organizacion y planificacion
de la investigacion para el desarrollo de un programa de control
integrado de la polilla del tomate Scrobipalpula absoluta (Mey-
rick), Lepidoptera:Gelechiidae, en la Republica Argentina. Curso
de Perfeccionamiento en Control Integrado de Plagas. Compendio,
Tomo II. Buenos Aires, INTA 1978; pp. 16.

[6] Povolny D. On three Neotropical species of Gnorimoschemini
(Lepidoptera: Gelechiidae) mining Solanaceae. Acta Universitatis
Agriculturae 1975; 23:379-93.

[7] Carballo R, Basso C, Scatoni I, Comotto F Ensayo para el control

de Scrobipalpula absoluta (Meyrick), temporada 1980-81, Ravista
Tecnica 1981; 50:41-6.

[8] Muszinski T, Lawendowski IM, Maschio LMA. Constatagdo de
Scrobipalpula absoluta (Meyrick) (Lepidoptera: Gelechiidae),
como praga do tomateiro (Lycopersicum esculantum Mill.) no lito-
ral do Parand. Anais da Sociedada Entomologica do Brasil 1982;

Konus



11:291-2.

[91 SouzaJC, Reis PR. Controle da traga-do-tomateiro em Minas Ger-
ais. Pesquisa Agropecuaria Brasileira 1986; 21:343-54.

[10] Souza JC, Reis PR, de Padua Nacif A, Gomes JM, Salgado LO.
Controle da traga-do-tomateiro. Historico, reconhecimento, bi-
ologia, prejuizos e controle. Belo Horizonte, Brazil: Empresa de
Pesquisa Agropecuaria de Minas Gerais. 1983; pp.15.

[11] Larrain P. Eficacia de insecticidas y frecuencia de aplicacion ba-
sada en niveles poblacionales criticos de Scrobipalpula absoluta
(Meyrick), en tomates. Agric Teen 1986; 46: 329-33.

[12] Urbaneja A, Vercher R, Navarro V, Garcia MF, Porcuna JL. La po-
lilla del tomate, Tuta absoluta. Phytoma Espana 2007; 194:16-23.

[13] Desneux N, Luna MG, Guillemaud T, Urbaneja A. The invasive
South American tomato pinworm, Tuta absoluta, continues to
spread in Afro-Eurasia and beyond: the new threat to tomato world
production. J Pest Sci 2011; 84:403-8.

[14] Kilic T. First record of Tuta absoluta in Turkey. Phytoparasitica
2010; 38(3): 243-244. [14] Kilic T. First record of Tuta absoluta in
Turkey. Phytoparasitica 2010; 38(3):243-4.

[15] Karaagac SU. The current status of 7uta absoluta (Meyrick) (Lepi-
doptera: Gelechiiidae) in Turkey and baseline toxicity of some in-
secticides. EPPO Bulletin 2012; 42:333-6.

[16] Karut K, Kazak C, Doker M, Ulusoy R. Pest status and
prevalence of tomato moth Tuta absoluta (Meyrick 1917)
(Lepidoptera:Gelechidae) in tomato growing greenhouses of Mer-
sin in Turkey. Tirkiye Entomoloji Dergisi 2011; 35(2):339-47.

[17] Siqueira HAA, Guedes RNC, Picanco MC. Insecticide resistance
in populations of Tuta absoluta (Lepidoptera: Gelechiidae). Agri-
cultural and Forest Entomology 2000; 2:147-53.

[18] Siqueira HAA, Guedes RNC, Fragoso DB, Magalhaes LC.
Abamectin resistance and synergism in Brazilian populations of
Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae). Int J Pest
Manag 2001; 47:247-51.

[19] Lietti MMM, Botto E, Alzogaray RA. Insecticide resistance in
Argentine populations of Tuta absoluta (Meyrick) (Lepidoptera:
Gelechiidae). Neotropical Entomology 2005; 34(1):113-9.

[20] Silva GA, Picango MC, Bacci L, Crespo AL, Rosado JF, et al. Con-
trol failure likelihood and spatial dependence of insecticide resist-
ance in the tomato pinworm, Tuta absoluta. Pest Manag Sci 2011;
67(8):913-20.

[21] Torres-Vila LM, Rodriguez Molina MC, Lacasa Plasencia A,
Bielza Lino P, Rodriguez del Rincon A. Pyrethroid resistance of
Helicoverpa armigera in Spain: current status and agroecologi-
cal perspective. Agriculture Ecosystems and Environment 2002;
93:55-66.

[22] Bradford MM. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-
dye binding. Anal Biochem 1976; 72:248-54.

[23] Rose RL, Barbhaiya L, Roe R, Rock G, Hodgson E. Cytochrome
P450-associated insecticide resistance and the development of bio-
chemical diagnostic assays in Heliothis virescens. Pestic Biochem
Physiol 1995; 51:178-91.

[24] Habig WH, Pabst MJ, Jakoby WB. Glutathione S-transferases. The
first enzymatic step in mercapturic acid formation. J Biol Chem

Turk J Biochem 2014; 39(3):291-297 297

1974 ;249(22):7130-9.

[25] van Asperen K. A study of housefly esterases by means of a sensi-
tive colorimetric method. J Insect Physiol 1962; 8:401-16.

[26] Grant DF, Bender DM, Hammock BD. Quantitative kinetic assays
for glutathione S-transferase and general esterase in individual
mosquitoes using an EIA reader. Insect Biochem 1989; 19:741-51.

[27] Kerns DL, Gaylor MJ. Insecticide resistance in field populations
of the cotton aphid (Homoptera: aphididae). Journal of Economic
Entomology 1992; 85:1-8.

[28] Scott JG, Wen Z. Cytochromes P450 of insects: the tip of the ice-
berg. Pest Manag Sci 2001; 57(10):958-67.

[29] Heidari R, Devonshire AL, Campbell BE, Dorrian SJ, Oakeshott
JG, et al. Hydrolysis of pyrethroids by carboxylesterases from
Lucilia cuprina and Drosophila melanogaster with active sites
modified by in vitro mutagenesis. Insect Biochem Mol Biol 2005;
35(6):597-609.

[30] Huang H, Ottea JA. Development of pyrethroid substrates for ester-
ases associated with pyrethroid resistance in the tobacco budworm,
Heliothis virescens (F.). J Agric Food Chem 2004; 52(21):6539-45.

[31] Reyes M, Rocha K, Alarcon L, Siegwart M, Sauphanor B. Meta-
bolic mechanisms involved in the resistance of field populations of
Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) to spinosad.
Pesticide Biochemistry and Physiology 2012; 102(1):45-50.

[32] Siqueira HAA, Guedes RNC, Picanco MC. Cartap resistance and
synergism in populations of Tuta absoluta (Lep., Gelechiidae).
Journal of Applied Entomology 2000; 124(5-6):233-8.

[33] Dauterman WC. Insect metabolism: extramicrosomal. In: Compre-
hensive Insect Physiology, Biochemistry and Pharmacology (eds.
G.A. Kerket and L. I. Gilbert) 1985; 12:713-30.

[34] Grant DF, Matsumura F. Glutathione S—transferase 1 and 2 in sus-
ceptible and insecticide resistant dedes aegypti. Pestic Biochem
Physiol 1989; 33:132-43.

[35] Reidy GF, Rose HA, Visetson S, Murray M. Increased glutathione
S—transferase activity and glutathione content in an insecticide-
resistant strain of Tribolium castaneum (Herbst). Pestic Biochem
Physiol 1990; 36:269-76.

[36] Vontas JG, Small GJ, Hemingway J. Glutathione S-transferases as
antioxidant defence agents confer pyrethroid resistance in Nilapar-
vata lugens. Biochem J 2001; 357(Pt 1):65-72.

[37] Vontas JG, Small GJ, Nikou DC, Ranson H, Hemingway J. Pu-
rification, molecular cloning and heterologous expression of a
glutathione S-transferase involved in insecticide resistance from
the rice brown planthopper, Nilaparvata lugens. Biochem J 2002;
362(Pt

[38] Wang L, Wu Y. Cross-resistance and biochemical mechanisms of
abamectin resistance in the B-type Bemisia tabaci. J Appl Entomol
2007; 131:98-103.

[39] Stumpf N, Nauen R. Biochemical markers linked to abamectin
resistance in Tetranychus urticae (Acari- Tetranychidae). Pestic
Biochem Physiol 2002; 72:111-21.

[40] Abele D, Burlando B, Viarengo A, Pértner HO. Exposure to el-
evated temperatures and hydrogen peroxide elicits oxidative stress

and antioxidant response in the Antartic intertidal limpet Nacella
concinna. Comp Biochem Physiol B 1998; 120:425-35.

Konus



