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ABSTRACT. The brown stink bug Euschistus heros is the most abundant
species of the soybean-sucking bugs, and causes large economic losses.
Applying different chemical groups of organosynthetic insecticides for
its control increases the potential for resistance. Esterases are a group
of enzymes that play a variety of roles in insects, and some of them are
related to the metabolism of xenobiotics. The aim of this study was to
analyze the esterase isoenzyme system of this species and investigate
its response to Engeo™ Pleno (thiamethoxam and lambda-cyhalothrin),
which is the most widely used pesticide in soybean crops. Two strains
were analyzed: the EB strain, which had been free of insecticides
for several generations; and the MA strain, which was collected in a
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location exposed to agrochemicals. By analyzing the polyacrylamide
gel electrophoresis profile, seven different esterases in adults and
nymphs of both strains were found. Eight gene loci were responsible
for the synthesis of these enzymes. The differences in esterases between
the two strains and enzyme changes in insects exposed to Engeo™ Pleno
suggest that EST-2 and EST-4 are related to the metabolism of the
agrochemical used and are mechanisms of resistance.
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INTRODUCTION

The soybean is one of the most important elements of the Brazilian economy (Yorino-
11, 1996; Klahold et al., 2006), and is vulnerable to attack by pests from emergence to maturity
(Panizzi, 2006). Several species of bugs are major pests of soybean crops in many countries
(Panizzi, 2000); Euschistus heros (F.), Piezodorus guildinii (West.), and Nezara viridula (L.)
are the most abundant in Brazil (Corréa-Ferreira and Peres, 2003). They feed on different plant
structures, and can cause significant losses in yield, quality, and germination potential of the
soybean (Corréa-Ferreira and Azevedo, 2002).

E. heros is particularly problematic in regions with high average temperatures, and is
common in the north and west of Parana State in Brazil, and incorporate at lower latitudes. It
is the most abundant soybean pest in Brazil, and, depending on its population level, can cause
irreversible damage to crops by reducing bean size and causing wrinkled, hollow, or dark-
colored beans. It also delays maturation (green stem and leaf retention), reduces oil content,
increases the percentage of protein and free fatty acids in the seeds, and transmits pathogens
(Panizzi et al., 1979; Villas-Boas et al., 1990; Sosa-Goémez and Moscardi, 1995; Corréa-Fer-
reira and Panizzi, 1999; Boethel et al., 2000).

The application of different chemical groups of organosynthetic insecticides is the
main method of controlling E. heros. Currently, neonicotinoid and pyrethroid insecticides
are used for soybean, and blending the active ingredients of these two groups is common
(AGROFIT, http://www.agricultura.gov.br/servicos-e-sistemas/sistemas/agrofit). Of these
mixtures, thiamethoxam plus lambda-cyhalothrin (Engeo™ Pleno) is frequently used in the
control of bugs in soybean.

Since the introduction of Engeo™ Pleno in 2010, the susceptibility of populations of
E. heros to thiamethoxam plus lambda-cyhalothrin has decreased (Husch and Sosa-Gémez,
2014). Among the mechanisms of response insects have to insecticides, three groups of en-
zymes are particularly important: the cytochrome p450 complex, glutathione S-transferases,
and esterases. Esterases are a broad group of isoenzymes that have a high rate of polymor-
phism, and exhibit multifunctional hydrolytic activity and catalyze the hydrolysis of a large
number of ester bonds, by which they increase esterase resistance to a wide range of insecti-
cides. Resistance to insecticides that contain ester bonds may occur by metabolic detoxifica-
tion via ester hydrolysis or insecticide sequestration (Wheelock et al., 2004). Esterases have
different functions, such as the control of juvenile hormone levels (Coundron et al., 1981;
Yamamoto et al., 1988; Bownes, 1989), the regulation of reproductive mechanisms (Vermut
et al., 1998; Mikhailov and Torrado, 2000), and in digestive processes (Healy et al., 1991).
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The study of esterase patterns and the identification of enzymes involved in the detox-
ification of insecticides in pest insects increase our understanding of resistance mechanisms to
these compounds, and consequently contribute to pest control. Therefore, this study examined
the esterase enzyme system in the development of E. heros, in order to identify the genetic loci
and alleles involved and to functionally classify these enzymes. In addition, the responses of
the esterases to Engeo™ Pleno were investigated.

MATERIAL AND METHODS
Biological material

Two strains of E. heros (EB and MA) that were provided by EMBRAPA (Brazilian
Agricultural Research Corporation) were used. The EB strain had been kept free of insec-
ticides in the laboratory for at least 25 generations, and the MA strain was collected from
soybean crops in Londrina, Parana, Brazil, where chemical pest control was conducted. The
insects were maintained in a chamber at 26° + 2°C, with 70% humidity and a 12-h photoperi-
od. Feeding was performed with green beans and peanuts that had been sanitized. EB nymphs
were used for the standardization of the esterases.

Identification of E. heros esterases

Vertical electrophoresis was performed using polyacrylamide gel electrophoresis
(PAGE) at a 12% concentration and stacking gels at a 4% concentration (Davis, 1964; Laem-
mli, 1970). For each sample, an individual bug was homogenized without wings, legs, or
antennae in 115 pL 0.1% B-mercaptoethanol buffer and 10 pL carbon tetrachloride at a tem-
perature of 0°C. The samples were centrifuged for 10 min at 11,600 g at 4°C in a refrigerated
centrifuge. A volume of 10 pL supernatant was used as a sample. The electrophoretic run
lasted for 5 h and 30 min with a constant voltage of 150 V, and 0.1 M Tris-glycine, pH 8.3,
was used to fill the upper and lower compartments of the tank. For the esterase identification,
the gels were pre-incubated in 50 mL 0.1 M sodium phosphate buffer, pH 6.2, for 30 min. A
staining solution containing 50 mL 0.1 M phosphate buffer, pH 6.2, 5 mL n-propanol, 0.06 g
Fast Blue RR Salt, and 0.03 g a-naphthyl acetate and 0.02 g B-naphthyl acetate that had been
solubilized in 1 mL acetone was then added. The solution was incubated for approximately 0.5
h at room temperature in darkness.

For the specificity analysis, 0.05 g of the substrates a-naphthyl acetate and B-naphthyl
were used separately, and simultaneously a control gel was prepared with the usual concentra-
tions of substrates.

Tests with different inhibitors of enzymatic activity were conducted in order to clas-
sify the esterases. Two gels containing the same samples were made simultaneously; staining
for one of the gels was performed in the presence of inhibitors, and the control gel followed the
usual staining protocol. The inhibitors used were 0.27 mM p-chloromercuribenzoate (pCMB),
1 mM eserine sulfate, and 1 mM malathion. The gels were stained and pre-incubated in the
presence of the inhibitors, which were dissolved in 0.1 mM sodium phosphate buffer, pH 6.2.
Esterase classification was performed according to the method used by Healy et al. (1991).
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Insect exposure to insecticides and mortality analysis

The insects were subjected to sublethal doses of Engeo™ Pleno. The lethal concentra-
tion for 50% of the insects (LC, ) was estimated for the EB strain to determine the dosage. The
sublethal doses and concentrations used in the experiment are presented in Table 1.

Adult insects (sex unknown) were placed on Petri dishes that contained filter paper
(150 mm in diameter) and food that had been impregnated with 2 mL insecticide solution.
Only water (2 mL) was used in the control. Four runs with 10 insects were conducted. The
Engeo™ Pleno concentrations were 0.005, 0.01, 0.02, and 0.03% (Table 1). For the MA strain,
the tested concentrations were 0.01 and 0.02%.

Table 1. Concentrations of thiamethoxan and lambda-cyhalothrin used in the experiments in 2 mL (g/L).

Engeo™ Pleno Thiamethoxan (g/L) Lambda-cyhalothrin (g/L)
0.1% 1.41 1.06

0.005% 1.41x 10° 1.06 x 10°

0.01% 2.82x 107 2.12x 10°

0.02% 5.64x 107 425x10°

0.03% 8.46x 10° 6.36 x 10°

Mortality was assessed after a 24-h exposure to the insecticide. Insects that did not
exhibit any voluntary movements were considered dead; survivors were frozen and subjected
to electrophoresis for esterase analysis. The LC,  was estimated for the EB strain using the
Probit method in the SPSS 17.0 software (SPSS, Chicago, IL, USA).

RESULTS
E. heros esterase patterns

Analysis of the electrophoretic profiles revealed 18 bands of esterases in adults and
nymphs of different stages of E. heros (Figure 1). Approximately 300 insects were analyzed
to determine these esterase patterns. The bands were grouped into six types of esterase, based
on their migration speed on the gel, their affinity to the substrates, and their sensitivity to the
different inhibitors.

The esterases EST-1 and EST-6 exhibited different patterns between the larval and
adult stages. Only one isoform (band) of EST-6 was expressed in the nymphal stages, while
five appeared in the adult isoforms. Therefore, at least two loci were expressed for EST-6: one
that was expressed throughout development and the other(s) only expressed in adults. EST-1
was absent in the nymph stages, and only appeared in adults.

All of the loci identified for the esterases were represented by at least two bands
(polymorphic). Analysis of the heterozygous individuals identified these enzymes as being
monomeric (Table 2), with the exception of isoforms of EST-6 in adults that did not exhibit a
known pattern, making it impossible to classify the quaternary structure of this esterase.

Adult MA strain exhibited different esterase patterns compared to adult EB strain. These
differences were found in EST-1, EST-2, and EST-4. EST-1 was not detected in the MA strain (Fig-
ure 2), except in 0.5% of individuals, which was considered residual activity. The relative activity of
EST-2 and EST-4 increased, and EST-4 was present in only 10% of the EB individuals (Figure 3).
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Figure 1. Esterase zymogram pattern detected in adults of EB lineage (E), adults of MA (M) lineage and EB stages
of nymphs (N) of Euschistus heros.

Table 2. Classification and characterization of esterases in Euschistus heros.

Esterase Malathion Eserine sulfate pCMB! Classification al/p
EST-1 - - - Acetylesterase B
EST-2 + ++ - Cholinesterase B
EST-3 + ++ - Cholinesterase B
EST-4 +++ ++ - Cholinesterase B
EST-5 - - - Acetylesterase o
EST-6 ++ ++ - Cholinesterase o
EST-7 ++ - - Carboxylesterase o

a = a-esterase; 3 = B-esterase; ++ = partial inhibition; +++ = total inhibition; - = absence of inhibition; pCMB =

p-chloromercuribenzoate.
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Figure 2. Esterases in adults of EB lineage of Euschitus heros. Lanes I to 7 = esterases in adults of EB lineage of

Euschitus heros.
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Figure 3. Esterases in adults of MA lineage of Euschitus heros. Lanes I to 14 = esterases in adults of MA lineage

of Euschitus heros.
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Analysis of substrate specificity and inhibition of esterase activity

The separate use of the substrates a-naphthyl acetate and B-naphthyl acetate allowed
the classification of EST-5, EST-6, and EST-7 as preferred a-esterases, and EST-1, EST-2, EST-
3, and EST-4 as preferred p-esterases (Table 2). No specific esterase substrate was observed.

The esterases were characterized by their sensitivities to the inhibitors malathion,
eserine sulfate, and pCMB. These inhibitors allowed the classification of the esterases
according to the criteria of Holmes and Master (1967) into four classes: cholinesterases,
carboxylesterases, arylesterases, and acetyl esterases. According to the inhibition tests,
EST-2, EST-3, EST-4, and EST-6 were inhibited by eserine sulfate and malathion, and were
characterized as cholinesterases. EST-7 was only inhibited by malathion, so it was characterized
as a carboxylesterase. EST-1 and EST-5 were not inhibited by any of the inhibitors, and were
classified as acetyl esterases. The pCMB did not inhibit any of the esterases tested (Table 2).

Insecticide exposure and esterase analysis

The different concentrations of Engeo™ Pleno were based on the results of the LC,
test, which were estimated for the EB strain in 0.017% of 4.794 x 10 g/L thiamethoxam and
3.604 x 107 g/L lambda-cyhalothrin. EB insects that were subjected to Engeo™ Pleno at a con-
centration of 0.005% did not exhibit any changes in their esterase patterns. At concentrations
0f 0.01, 0.02, and 0.03%, EB-strain individuals exhibited relative increases in the activity of
all of the esterases, with EST-4 and EST-2 exhibiting the greatest activity. EST-4 exhibited
residual activity in insects of this strain, even when not exposed to Engeo™ Pleno (Figure 4).

1 2 3 4 5 6 7 8 9 10 11 12 13 14

EST-7

EST-6

EST-5

EST-4
EST-3
EST-2

EST-1

Figure 4. Esterases in adults of EB lineage of Euschitus heros. Lanes 1 to 7 = exposed to a concentration of 0.01%
in g/L. Lanes 8 to 14 = exposed to a concentration of 0.02% in g/L.
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When exposed to Engeo™ Pleno at concentrations of 0.01 and 0.02%, insects of the
MA strain exhibited no difference in esterase activity. These concentrations were based on the
LC, results of the EB strain.

DISCUSSION

Esterases have been identified and characterized in several species of insect by PAGE,
which is a rapid and efficient technique to indirectly verify the genes for this isoenzyme sys-
tem, and to detect qualitative and quantitative differences between these isoenzymes in differ-
ent populations or species (Rossiter et al., 2001). In this study, 18 bands were identified and
grouped into seven types of esterase. Each esterase was characterized by its migration speed,
substrate specificity, and sensitivity to different inhibitors.

The esterase isoenzyme system consists of four classes of enzyme: carboxylesterases
(EC 3.1.1.1); cholinesterases, including acetylcholinesterases (EC 3.1.1.7) and pseudocholin-
esterases (EC 3.1.1.8); acetyl esterases (EC 3.1.1.6); and arylesterases (EC 3.1.1.2). Of the
seven esterases identified in this study, one was classified as a carboxylesterase (EST-7) and
four as cholinesterases (EST-2, EST-3, EST-4, and EST-6). In many insect species, carboxy-
lesterases and cholinesterases are involved in insecticide resistance (Conyers et al., 1998).
These esterases may be involved in metabolic detoxification, a mechanism by which pesti-
cides are modified into less toxic forms to the insect or are rapidly eliminated, preventing their
action at the target site (Beckel et al., 20006).

There are no studies in the literature regarding the esterase patterns of bugs of the Pen-
tatomidae family. Sosa-Gomez et al. (2009) evaluated the activity of esterases in populations of £.
heros in the Brazilian states of Parana and Sao Paulo using a-naphthyl acetate as a substrate, and
found significant variation in esterase activity in these populations. The present study also found
six different types of esterase in these insects that are capable of hydrolyzing a-naphthyl acetate.

The analysis of enzymatic expression at different stages of development revealed dif-
ferences in esterase patterns between nymphs and adults involving EST-1 and EST-6. Differ-
ences in the synthesis of esterases during developmental phases may be due to regulatory mech-
anisms that adjust enzyme production according to bodily requirements (Lucena et al., 2012).

The exposure of insects to an insecticide for consecutive generations makes this com-
pound an important selective agent by selecting resistant genotypes. The genes for enzymes
related to the metabolism of these compounds are targets of this selection, including esterase
genes. Silva and Lapenta (2011) demonstrated that genetic variability in esterases is related
to insecticide resistance in the pests Oryzaephilus surinamensis and O. mercator. Therefore,
a comparative study of esterase patterns between exposed and non-exposed strains to insec-
ticides will enhance our knowledge of esterase involvement in the metabolism of these com-
pounds, and find a possible mechanism of resistance to them.

The differences in esterase patterns between the two analyzed strains and the changes
in this enzyme in exposed insects suggest that EST-2, and particularly EST-4, may be related
to insecticide metabolism and possibly a resistance mechanism. EST-2 was highly active in
MA-strain insects and EST-4 was not detected in most insects of the EB strain, but was present
in MA-strain insects. EB-strain insects that had been exposed to Engeo™ Pleno exhibited an
increase in the relative activity of EST-4, indicating an increase in the expression of the gene
responsible for this enzyme upon exposure to Engeo™ Pleno.
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Tests with specific inhibitors classified EST-4 as a cholinesterase; according to Cony-
ers et al. (1998) and Silva and Lapenta (2011), cholinesterases constitute one of the classes that
may be involved in insecticide resistance. Cholinesterases have been found in other taxa, such
as EST-9 in Drosophila melanogaster (Healy et al., 1991). When comparing different strains
of O. mercator, Silva and Lapenta (2011) found that EST-1 only occurred in the most resistant
strain, which suggests that EST-1 is a non-cholinergic cholinesterase and plays an important
role in resistance.

The present study found at least six different esterases that were present throughout
the development of E. heros, and revealed the possible involvement of the cholinesterase EST-
4 as an enzyme that participates in the detoxification. The characterization of a large number
of factors that are involved in the development of resistance should be part of management
strategies that aim to prevent, delay, or reverse resistance to agrochemicals.

Conflicts of interest

The authors declare no conflict of interest.
ACKNOWLEDGMENTS

To Embrapa Soja and to Program Coordination of Higher Education Personnel Im-
provement (CAPES) for granting study scholarship.

REFERENCES

Beckel HS, Lorini I and Lazzari SMN (2006). Efeito do sinergista butéxido de piperonila na resisténcia de Oryzaephilus
surinamensis (L.) (Coleoptera, Silvanidae) a deltametrina e fenitrotion. Rev. Bras. Entomol. 50: 110-114.

Boethel DJ, Russin JS, Wier AT, Layton MB, et al. (2000). Delayed maturity associated with southern green stink bug
(Heteroptera: Pentatomidae) injury at various soybean phenological stages. J. Econ. Entomol. 93: 707-712.

Bownes M (1989). The role of juvenile hormone ecdysone and ovary in the control of Drosophila vitellogenesis. J. Insect
Physiol. 35: 409-413.

Conyers CM, MacNicoll AD and Price NR (1998). Purification and characterization of an esterase involved in resistance to
organophosphorus insecticides in the saw-toothed grain beetle, Oryzaephilus surinamensis (Coleoptera: Silvanidae).
Insect Biochem. Mol. Biol. 28: 435-448.

Corréa-Ferreira BS and Panizzi AR (1999). Percevejos da soja e seu manejo. Embrapa-CNPSo. Circ. Tec. 24: 45.

Corréa-Ferreira BS and Azevedo J (2002). Soybean seed damage by different species of stinkbugs. Agr. Forest Entomol.
4:145-150.

Corréa-Ferreira BS and Peres WAA (2003). Comportamento da populagdo dos percevejos-pragas e a fenologia da soja.
In: Soja orgénica: alternativas para o manejo dos insetos-pragas (Corréa-Ferreira BS, ed.). Embrapa Soja, Londrina,
27-32.

Coundron TA, Dunn PE, Seballos HL, Wharen RE, et al. (1981). Preparation of homogeneous juvenile hormone specific
esterase from the hemolymph of tobacco hornworm, Manduca sexta. Insect Biochem. 11: 453-461.

Davis BJ (1964). Disc electrophoresis 1. Methods and application to human serum proteins. 4nn. N. Y. Acad. Sci. 721:
404-427.

Healy MJ, Dumancic MM and Oakeshott JG (1991). Biochemical and physiological studies of soluble esterases from
Drosophila melanogaster. Biochem. Genet. 29: 385-387.

Holmes RS and Master CJ (1967). The developmental multiplicity and isoenzyme status of cavian esterases. Biochim.
Biophys. Acta 132: 379-399.

Husch PE and Sosa-Gomez DR (2014). Monitoramento da suscetibilidade de populagdes de Euschistus heros a
tiametoxam + lambdacialotrina e acefato. Resumos expandidos da XXXIV Reunido de Pesquisa de Soja, agosto de
2014, EMBRAPA, Londrina, 78-80.

Genetics and Molecular Research 14 (3): 11079-11088 (2015) ©FUNPEC-RP www.funpecrp.com.br



L.A. Hegeto et al. 11088

Klahold CA, Guimaraes VF, Echer MM, Klahold A, et al. (2006). Resposta da soja (Glycine max (L.) Merrill) a acao de
bioestimulante. Acta Sci. Agron. 2: 179-185.

Laemmli UK (1970). Cleavage of structural proteins during the assembly of the head of bacteriophage T4. Nature 227:
377-384.

Lucena ALM, Gigliolli AAS and Lapenta AS (2012). Analise das esterases durante as fases do desenvolvimento em
Sitophilus oryzae (Coleoptera: Curculionidae) e sua relacdo com a resisténcia ao inseticida malathion. SaBios: Rev.
Saud. Biol. 7: 36-44.

Mikhailov AT and Torrado M (2000). Carboxylesterases moonlight in the reproductive tract: a functional shift pivotal for
male fertility. Front. Biosci. 5: 53-62.

Panizzi AR (2000). Suboptimal nutrition and feeding behavior of hemipterans on less preferred plant food sources. An.
Soc. Entomol. Bras. 29: 1-12.

Panizzi AR (2006). O Manejo integrado de pragas (MIP) em soja ¢ 0 compromisso com o meio ambiente. In: Congresso de
soja del mercosur: conferéncias plenarias, foros, workshops. Associacion de la Cadena de Soja Argentina, Rosario,
144-149.

Panizzi AR, Smith JG, Pereira LAG and Yamashita J (1979). Efeito dos danos de Piezodorus guildinii (Westwood, 1837)
no rendimento e qualidade da soja. In: Seminario Nacional de Pesquisa de Soja (1979). Anais. Embrapa-CNPSo,
Londrina, 2: 59-78.

Rossiter LC, Conyers CM, MacNicoll AD and Rose HA (2001). Two qualitatively different B-esterases from two
organophosphate-resistant strains of Oryzaephilus surinamensis (Coleoptera: Silvanidae) and their roles in
fenitrothion and chlorpyrifos-methyl resistance. Pestic. Biochem. Phys. 69: 118-130.

Silva GAR and Lapenta AS (2011). Genetic variability in esterases and the insecticide resistance in Brazilian strains of
Oryzaephilus mercator and Oryzaephilus surinamensis (Coleoptera: Silvanidae). Bull. Entomol. Res. 101: 177-185.

Sosa-Gomez DR and Moscardi F (1995). Retencdo foliar diferencial em soja provocada por percevejos (Heteroptera:
Pentatomidae). An. Soc. Entomol. Bras. 24: 401-404.

Sosa-Gomez DR, Da Silva JJ, Lopes 10, Corso IC, et al. (2009). Insecticide susceptibility of Euschistus heros (Heteroptera:
Pentatomidae) in Brazil. J. Econ. Entomol. 102: 1209-1216.

Vermunt AM, Koopmanschap AB, Vlak JM and de Kort CA (1998). Evidence for two juvenile hormone esterase-related
genes in the Colorado potato beetle. Insect Mol. Biol. 7: 327-336.

Villas-Boas GL, Gazzoni DL, Oliveira MCN, Pereira NP, et al. (1990). Efeito de diferentes populagdes de percevejos
sobre o rendimento e seus componentes, caracteristicas agrondmicas e qualidade de sementes de soja. Boletim de
Pesquisa, Embrapa-CNPSo, 43.

Wheelock CE, Miller JL, Miller MJ, Gee SJ, et al. (2004). Development of toxicity identification evaluation procedures
for pyrethroid detection using esterase activity. Environ. Toxicol. Chem. 23: 2699-2708.

Yamamoto K, Chadarevian A and Pellegrini M (1988). Juvenile hormone action mediated in male accessory glands of
Drosophila by calcium and kinase C. Science 239: 916-919.

Yorinori JT (1996). Cancro da haste: epidemiologia e controle. Boletim de Pesquisa, Embrapa-CNPSo, 14.

Genetics and Molecular Research 14 (3): 11079-11088 (2015) ©FUNPEC-RP www.funpecrp.com.br



