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Abstract

The cattle tick Boophilus microplus causes great damage in livestock and is considered one of the most important
tropical ectoparasites. The traditional method of control is based on the intensive use of pesticides, however the in-
discriminate use of these compounds over the years has led to the selection of resistant ticks. Hydrolases, particu-
larly esterases (EST), have been reported to be associated with acaricide resistance in B. microplus. We compared
the esterase profile of susceptible and cypermethrin-resistant strains of adult B. microplus and a pyrethroid suscepti-
ble reference strain (the Mozzo strain) using polyacrylamide gel electrophoresis and specific staining. The electro-
phoretic profiles of protein extracts revealed the presence of four regions with esterase activity in the
cypermethrin-resistant strain and three of these regions in the susceptible strains. The bands were numbered EST-1
to EST-4 in sequence (starting from the anode) according to their decrease in negative charge. The EST-1A and
EST-1B enzymes were detected only in the resistant strain. The inhibition studies with eserine sulfate, copper sul-
fate, p- p-chloromercuribenzoate (pCMB), malathion and phenylmethylsulfonyl fluoride (PMSF) indicated that the
EST-1A and EST-1B enzymes belong to the acetylcholinesterase class and are probably associated with resistance
to acaricides in this Brazilian resistant strain of B. microplus.
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The cattle tick Boophilus microplus is one of the most
important ectoparasites of livestock, both in Brazil and in
the tropics and subtropics in general. According to the Bra-
zilian Agriculture Ministry B. microplus is responsible for
losses in the order of one billion dollars a year (Horn,
1984). In Brazil, this parasite causes 65% of direct damage
and 35% of indirect damage to cattle raising. Direct damage
includes losses in milk production, natality and weight
along with increased mortality and acaricide consumption
as well as damage to the leather industry due to hide punc-
tures by this tick. Indirect damages are due to the fact that B.
microplus also acts as a disease vector transmitting the
causative agents of Babesiosis and Anaplasmosis (Jongejan
and Uilenberg, 1994).

Acaricides such as pyrethroids (PI) and organop-
hosphates (OP) are currently the most used method of tick
control but the indiscriminate use of these compounds over
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the years has led to the selection of resistant ticks. Resis-
tance in arthropods can be attributed to several mecha-
nisms, including reduction in pesticide absorption,
enhanced metabolic detoxification by esterases, oxidases
and glutathione S-transferases and also pesticide target
insensivity (He et al., 2002). Currently, the genetic origin
of pesticide resistance has been widely studied and some
authors have shown that this phenomenon can be due to
gene amplification and point mutations in resistance- re-
lated genes (Hemingway, 2000).

Among the known metabolic resistance mechanisms
overexpression of esterase enzymes through gene amplifi-
cation has been extensively reported in the aphid Myzus
persicae (Devonshire et al., 1993). Mutero et al. (1994)
have identified point mutations in the acetylcholinesterase
gene (AChE) in mutant strains of Drosophila melanogaster
resistant to organophosphates and carbamates and have
demonstrated that high levels of resistance can be the result
of a large number of mutations at the active site of this en-
zyme. Point mutations can also occur in the gamma amino
benzoic acid (GABA) receptor subunit gene, the sodium
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channel gene and the oxidases and glutathione S-
transferases genes (Hemingway et al, 2002).

Among the esterases, carboxylesterases and acetyl-
cholinesterases have been associated with pesticide resis-
tance in arthropods. In B. microplus, the resistance
mechanisms associated with esterase detoxification have
been investigated by several authors. Baxter and Barker
(2002) have demonstrated the relationship between the re-
sistance to organophosphates and enhanced AChE activity
in Australian B. microplus ticks and Jamroz et al. (2000)
have shown increased carboxylesterase activity in a resis-
tant pyrethroid Mexican strain of B. microplus ticks.
Carboxylesterase and acetylcholinesterase gene point mu-
tations have also been detected in these ticks (Hernandez et
al., 2000, 2002). In this paper we report the biochemical
comparison of esterase patterns between engorged females
resistant and sensitive to cypermethrin with the aim of iden-
tifying an esterases-associated acaricide resistance mecha-
nism in a population of Brazilian B. microplus cattle ticks.

Experimental tick strains were obtained from a field
resistance test with an adult tick population in the Vallée
S/A Experimental Farm (Uberlandia, MG, Brazil), using
2.5% cypermethrin as acaricide. A highly infested calf (ap-
proximately 500 ticks) aged one year old was pulverized
with the acaricide and the engorged adult female ticks (ap-
proximately 150) that fell from the calfup to three hours af-
ter pulverization were collected and considered susceptible
(S). The ticks (approximately 350) which remained at-
tached to the calf after 24 h were also collected and consid-
ered resistant (R). We also used a susceptible reference
strain (Mozzo strain) from Uruguay which had never been
exposed to pesticides and had been maintained in the Valeé
Experimental Farm. A longitudinal incision was made in
the abdomen of each tick and the excess blood eluted with
ultrapure water and the prepared ticks were frozen at
-80 °C. For esterase pattern analysis, 30 ticks from each
from each strain (Mozzo, susceptible and resistant) were
used and individually analyzed.

The frozen ticks were individually squashed in liquid
nitrogen and homogenized in buffer containing 10 mM of
sodium phosphate (pH 6.5), 20% (w/v) sucrose, 1 mM
EDTA, and 0.5% (v/v) Triton X-100. Extracts were centri-
fuged at 4 °C, 15.000 g for 10 min and supernatants de-
canted and stored at -80 °C. Extracted protein from tick
homogenates was quantified at 595 nm using the Bradford
(1976) method and the average protein concentration of
each homogenate determined from a standard curve using
bovine serum albumin as the standard protein.

Non-denaturing polyacrylamide gel electrophoresis
(PAGE) was performed using the Laemmli (1970) buffer
system without sodium dodecil sulfate (SDS) and a gel sys-
tem consisting of a 4% (w/v) stacking gel and a 12% (w/v)
separating gel. Electrophoresis was conducted at a constant
current of 40 mA for 4 h at 4 °C in pre-chilled buffer con-
taining 87 mM Tris and 13 mM glycine (pH 8.3). Esterase
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activity of 100 pg of extracted protein per sample was de-
tected by the method of Steiner and Johnson (1973), by
pre-incubation of the gel in 100 mM sodium phosphate
buffer (pH 6.5) for 30 min at 37 °C, followed by incubation
in 100 mM phosphate buffer containing 3.2mM o or B-
naphthyl acetate and 2.4 mM Fast Blue R/R Salt (SIGMA)
for 60 min in the dark at 37 °C. The o and B-naphthyl ace-
tate stock solutions were prepared in 1 mL of acetone to aid
their solubility in the phosphate buffer.

Inhibition tests for the biochemical characterization
of esterases used 1.0 mM copper sulfate, 1.0 mM
p-chloromercuribenzoate (pCMB), 0.4 mM malathion,
1.0 mM eserine sulfate and 1.0 mM phenylmethylsulfonyl
fluoride (PMSF). Gels were pre-incubated for 30 min in the
dark in phosphate buffer (100 mM, pH 6.5) containing in-
hibitor and then stained for esterase activity in the presence
of inhibitor. PMSF was dissolved in 1 mL methanol and
pCMB in 1 mL of 100 mM NaOH, pH 8.0, prior to use.
Eserine sulfate and copper sulfate were added directly to
the pre-soaking and staining solution and commercial mal-
athion solution (Vallee S/A) was added to give a final con-
centration of 0.4 mM in pre-incubation and staining.

Direct observation of the gels revealed four regions
displaying esterase activity against the a-naphthyl acetate
in this Brazilian B. microplus population and were num-
bered consecutively as EST-1 to EST-4, according to their
migration from the anode (Figure 1). The EST-1A and
EST-1B enzymes were observed exclusively in the resis-
tant strain (R) whereas the other enzymes were detected in
all the samples analyzed. Figure 1 also shows that the
Mozzo strain (M) and the cypermethrin susceptible field
strain (S) presented the same esterase band profile.

EST-2b
EST-2a

EST-1b
EST-1a

®

Figure 1 - Gel profile of general esterase hydrolytic activity in an experi-
mental Boophilus microplus tick strain from Brazil. Protein extracts were
separated on 12% (w/v) polyacrylamide gel and stained in the presence of
a-naphthyl acetate. Lanes: (1) sensitive Mozzo reference strain; (2-3)
cypermethrin susceptible strain (S); (4-5) cypermethrin resistant strain
(R) as judged by the field resistance test described in the text.
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The identified enzymes also displayed activity
against B-naphthyl acetate, although the esterase pattern
was the same as that observed when ai-naphthyl acetate was
used (data not shown). When the gels were stained simulta-
neously in the presence of both substrates they stained
black, indicating preferential hydrolysis by o.-naphthyl ace-
tate (data not shown).

The action of some inhibitors on the esterases from
the Brazilian and Mozzo B. Microplus strains was also de-
termined. The samples of resistant, sensitive and Mozzo
ticks were submitted to electrophoresis and immediately
after were pre-incubated and stained for esterase activity in
the presence of inhibitors. Table 1 shows the effect of the
inhibitors on the esterase bands, and the degree of inhibi-
tion being classified according to decrease in band inten-
sity. None of the enzymes were affected by copper sulfate,
which presented a slightly activating effect on all the en-
zymes tested. We also found that pCMB had no inhibitory
effect on any of the bands while eserine sulfate has com-
pletely inhibited EST-1A and EST-1B in resistant ticks (R).
The EST-2A and EST-2B enzymes of the sensitive strains
(M and S) were strongly inhibited by eserine but were only
partially affected in the resistant strain, while the other en-
zymes were not inhibited by eserine. When the gels were
treated with malathion we found that all the enzymes were
heavily inhibited in all samples, while PMSF totally inhib-
ited EST-1A, 1B, 3 and 4 activity and, to a lesser extention,
EST-2A and 2B.

The o~ and pB-esterases have been extensively studied
in insects and are known to be involved in different physio-
logical processes, such as regulation of juvenile hormone
levels (Kort and Granger, 1981), reproduction (Richmond et
al., 1980), functioning of the nervous system and develop-
ment of resistance to insecticides (Guillemaud et al., 1997).

The electrophoretic profiles (Figure 1) revealed the
presence of four regions with esterase activity in the
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cypermethrin-resistant strain (R) and three of these regions
in the susceptible strains (M and S). The results also dem-
onstrated that there were no differences in the esterase pat-
tern between the samples from the Mozzo strain (M) and
those from the cypermethrin susceptible field strain (S).
The Mozzo strain has been maintained in the Vallée S/A
Experimental Farm for several generations as a susceptible
reference strain in the absence of pesticide selection pres-
sure. de Souza (2001) analyzed these same populations us-
ing Amplified Fragment Length Polymorphism markers
(AFLP) and observed a genetic similarity between the
Mozzo and field sensitive strains and also that pyrethroid
resistant ticks presented a higher variability in relation to
the sensitive ticks.

The number of esterase loci has been associated with
adaptation to a large number of substrates which these en-
zymes act on due to the diverse natural diet of the ticks. The
reduced number of esterase enzymes observed in this popu-
lation of cattle ticks can be related to the restricted habitat
and nutrition of such ticks. Villarino et al. (2003) purified
three B-naphthyl acetate hydrolyzing esterases from the in-
tegument of adult Texan B. microplus ticks.

Our data differs from a study of a population of Mexi-
can B. microplus larvae which detected 22 regions with
o-naphthyl acetate esterase activity (Jamroz et al., 2000),
but it should be remembered that in our case we used
engorged adult females and because tick development is
controlled by direct and indirect changes in the pattern of
gene expression esterase profiles can be very different at
different stages in the life cycle. We are at present carrying
out a comparative analysis of the esterase profile in the dif-
ferent stages of the life cycle of B. microplus and this may
clarify these questions and contribute more information.

The inhibition tests for biochemical characterization
of esterases in insects have been important to decipher the
different physiological processes in which esterases act on.

Table 1 - Inhibitor effects on esterase activity in sensitive and cypermethrin-resistant Brazilian B. microplus ticks. (-) absence of inhibition; (+, ++, +++,

++++) increasing levels of inhibition.

Esterase activity

Strains Inhibitor EST-1A EST-1B EST-2A EST-2B EST-3 EST-4
Sensitive (M and S) Malathion N N - -+ ++ ++
Eserine sulfate N N - -+ - -
Copper sulfate N N - - - -
pCMB N N - - - -
PMSF N N +++ -+ +++ +++
Resistant (R) Malathion -+ 4+ 4+ o ++ ++
Eserine sulfate ++++ ++++ ++ ++ - -
Copper sulfate - - - - - -
pCMB - - - - - -
PMSF -+ -+ -+ -+ +++ +++

Key: (N): not detected in these strains (M and S).
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Our inhibition assays show that PMSF almost totally inhib-
ited all the bands. The PMSF is a serine-hydrolase inhibi-
tor, suggesting that these enzymes contain serine residues
in their active sites. These observations suggest that EST-4
may be a carboxylesterase containing an active serine,
since this enzyme was totally inhibited by PMSF and par-
tially by malathion but was resistant to eserine sulfate and
copper sulfate. In relation to EST-3, this enzyme was inhib-
ited by malathion and PMSF but was resistant to eserine
sulfate which means that it can also be classified as a
carboxylesterase containing an active serine residue.
Carboxylesterases can serve as protective role for the target
acetylcholinesterases during organophosphate intoxication
because the carboxylesterases are alternative phospho-
rylation sites (Watson and Chambers, 1996). Villarino et al.
(2003) purified three esterases from the integument of re-
sistant adult Texan B. microplus and characterized the es-
terases as carboxylesterases based on inhibitor effects and
also identified the presence of different amounts of esterase
activity in resistant and susceptible ticks. In our work, we
observed no differences in these enzymes between the
Mozzo, susceptible and resistant strains, so we cannot es-
tablish if these enzymes are related to resistance. We also
found that EST-2A and EST-2B were totally inhibited by
eserine in the sensitive strains (M and S) but only partially
in the resistant strain (R). This result indicates that these en-
zymes could be present at a higher copy number in the re-
sistant strain, but this hypothesis can only be confirmed
through a quantitative analysis. These enzymes were also
strongly inhibited by malathion and almost totally by
PMSF, results which putatively indicate that they represent
acetylcholinesterase (AChE) activity. However, it is un-
likely that these enzymes represent distinct AChEs and
they probably correspond to alternative forms of AChE,
since they were detected as double bands much closer to
each other on the gels (Figure 1). Likewise, EST-1A and
EST-1B were classified as acetylcholinesterases because
they were strongly inhibited by malathion, eserine sulfate
and PMSF. These bands may represent different gene prod-
ucts from the same allele which may have suffered
glycosylation or some other kind of post-translational mod-
ification, producing esterase bands with a slightly different
migration pattern. Esterases with molecular weights rang-
ing from 66 to 68 kDa have been attributed to differential
glycosylation and associated with insecticide resistance in
the brown planthopper Nilaparvata lugens (Small and He-
mingway, 2000). Moreover, in Australian B. microplus
strains, two AChE genes (AChEI and AChE?2) were identi-
fied at the synganglia and sequenced (Baxter and Barker,
2002). The AChEs (EST-1 and EST-2) detected in our
work may be the products of two distinct genes which could
have originated from duplication. Whether or not the spe-
cific esterase mechanisms detected in the R strain are iden-
tical to those found in the Australian tick strains is unknown
at this point.
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The partial inhibition of EST-2A and EST-2B by
eserine in the R strain may indicate acetylcholinesterases
with enhanced insensitivity to acaricide. This insensitivity
suggests a AChE-mediated resistance mechanism possibly
involving gene duplication and esterase overexpression.
Gene duplication events have previously been proposed to
explain pyrethroid resistance involving carboxylesterases
in Mexican ticks (Jamroz et al., 2000).

We detected EST-1A and EST-1B enzymes only in
the resistant strain (Figure 1), which may represent addi-
tional acetylcholinesterases with decreased sensitivity as an
important defense mechanism used by this Brazilian B.
microplus strain to develop cypermethrin resistance.
Acetylcholinesterase is the target enzyme for the pesticide
attack and an altered AChE level with enhanced metabolic
detoxification was identified as the primary mechanism
used by B. microplus to develop resistance to organo-
phosphate pesticides in Mexican strains (Hernandez et al.,
1999). Acetylcholinesterase has been identified at synapses
in the central nervous system of arthropods, this enzyme
terminates nerve impulses by catalyzing the hydrolysis of
the neurotransmitter acetylcholine at the synaptic junction
after which the nerve impulse is transmitted to the axonium
membrane where it stimulates the opening of the sodium
channels. Pyrethroids normally act by keeping the sodium
channels open and causing death by hyperexcitation.
Organophosphates and carbamates act as AChE inhibitors,
and in our experiments we detected a pyrethroid resistance
mechanism mediated by AChEs. It is possible that these ad-
ditional AChEs compensate for the inhibitory effect of so-
dium channels. In addition, we used a field strain which
was exposed to several types of acaricides, including pyre-
throids and organophosphates over the time. This could in-
dicate that our resistant field strain is resistant to other
pesticides and that the AChEs are related to organo-
phosphate resistance or that there is another pyrethroid re-
sistance mechanism undetected by us.

This work is the first study describing acaricide resis-
tance related to esterase activity in a Brazilian Boophilus
microplus population. The results indicate the existence of
multiple forms of resistance in these ticks. Future work will
focus on the characterization of these mechanisms to pro-
vide an accurate diagnosis of resistance in order to allow
more effective tick control strategies.
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