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HETEROLOGOUS EXPRESSION OF TWO ACETYLCHOLINESTERASES
OF COLORADO POTATO BEETLE LEPTINOTARSA DECEMLINEATA IN BACTERIA
ESCHERICHIA COLI AND PRODUCTION OF FORM-SPECIFIC ANTIBODIES
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The Colorado potato beetle Leptinotarsa decemlineata is a widespread pest of plants of the Solanaceae family. Huge
economic loss caused by L. decemlineata around the world is multiplied by its ability to develop resistance to all major
insecticide classes. Previously, such resistance was found to be associated with mutations in the target enzyme LdAChE2,
orthologous to Drosophila melanogaster acetylcholinesterase. However, discovery of the second form of L. decemlineata
acetylcholinesterase LdAChE1 has changed this view. In order to compare the role of two acetylcholinesterase forms in the
Colorado potato beetle physiology and in pest resistance to insecticides, gene copies were cloned and their heterologous
expression in bacteria E. coli was followed by production of polyclonal antibodies against the recombinant proteins.
Immunoblotting with produced antibodies demonstrated the absence of cross-reactivity, a lower content of LdAChE1 in
the tissues of L. decemlineata adults compared with the second form, and the association of LdAChE2 with membranes.
Further immunoaffinity purification of natural enzymes from the beetle tissues as well as their heterologous expression
in insect cell cultures should help to evaluate the role of each form in physiology of the pest and in its resistance to
insecticides.
Keywords: Colorado potato beetle, Leptinotarsa decemlineata, acetylcholinesterase, heterologous expression,
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Introduction
The Colorado potato beetle (CPB), Leptinotarsa
and in increasing insect mortality by 43 %. RNAi of the
decemlineata (Say) (Coleoptera: Chrysomelidae), is a
LdAChE2 gene reduced AChE activity to 85 % and increased
widespread pest of crops of the family Solanaceae, that may
mortality by 29 %. Based on these data, the authors proposed to
cause complete defoliation of potato plants. Huge economic
revise the association between CPB resistance to insecticides
loss caused by CPB in North America, Europe and Asia is
and mutations in the gene encoding LdAChE2 (Revuelta et
multiplied by its ability to develop resistance to all major
al., 2011).
insecticide classes (Alyokhin et al., 2008). In many cases
Later, it was shown that in different systematic insect
such resistance may be associated to mutations in their target
groups, the first or second AChE form may be responsible for
enzyme acetylcholinesterase (AChE, EC 3.1.1.7) (Yao et
the acetylcholine hydrolysis (Lu et al., 2012; Kim et al., 2013,
al., 1997; Kim et al., 2006; Malekmohammadia et al., 2012;
Pang, 2014). Insect acetylcholinesterase is a target for effective
Pang, 2014). The enzyme AChE plays an important role in
and environmentally safe insecticides. Two enzyme forms
the cholinergic synapses, participating in the hydrolysis of the
extracted from the heads of 100 species belonging to 18 insect
neurotransmitter acetylcholine. Finding of the single gene in
orders have been separated by native PAGE. Immunoblotting
Drosophila melanogaster (Hall, Spierer, 1986; Harel et al.,
with form-specific antibodies (Abs) against conserved peptide
2000) has suggested that insects have only one AChE form
fragments and AChE activity staining in gels has demonstrated
(Toutant, 1989). However, the genes encoding the second
that 67 insect species, including L. decemlineata and other
enzyme has been found later in Anopheles gambiae and
beetles, predominantly expressed AChE1 and 33 species
other insect genomes (Weill et al., 2002; Villatte, Bachmann,
predominantly expressed the AChE2 enzyme. One of the
2002) except for the true flies. To date, the orthologs of D.
results of this study is a discrepancy between results of Western
melanogaster genes are named as ace2 and the orthologs of A.
blotting and enzyme activity staining. In most samples, Abs
gambiae ace1 gene are named as ace1 (Huchard et al., 2006).
has recognized major bands corresponding to both enzyme
Although the first studies of L. decemlineata AChE (Zhu,
forms. However, only one of them often demonstrates AChE
Clark, 1995) mutations in insecticide-resistant populations
activity (Kim et al., 2013).
of the pest were performed on the gene orthologous to D.
In order to continue the comparative analysis of AChE
melanogaster ace2 (Kim et al., 2006; Malekmohammadi et
forms
of CPB we have overexpressed LdAChE1 and
al., 2012), in 2011, the second enzyme form was identified in
LdAChE2
in bacteria Escherichia coli, produced form-specific
CPB (Revuelta et al., 2011). In comparison with LdAChE2,
polyclonal Abs and have compared the content of two proteins
this enzyme demonstrated higher expression level, its RNAi
resulted in a reduction of about 50 % of total enzyme activity
in the tissues of adult insects.
Materials and methods
DNA constructs
Heterologous expression
and analysis of LdAChEs in E. coli
Fat bodies and ventral nerve cords were isolated from L.
To express LdAChEs, E. coli BL21(DE3)-derived C41
decemlineata adults and total RNA was extracted using Trizol
cells (Miroux, Walker, 1996) were electroporated by obtained
reagent (Thermo Fisher Scientific, MA). Synthesis of cDNA
constructs at 1700 V using Electroporator 2510 (Eppendorf,
was carried out for 1 h at 37 °C in PCR tubes with 20 μl of the
Germany). Bacterial colonies from agar plates with LB
reaction mixture containing 2.5 μg RNA, 10 mM Tris-Cl (pH
medium containing 0.15 mg/ml ampicillin were inoculated
8.8), 50 mM KCl, 5 mM MgCl2, 1 mM of each dNTP, 1 μg
into flasks with 25 ml of the same liquid medium. The cultures
oligo (dT) as a primer, 200 U of RevertAid M-MuLV-reverse
were grown to OD600 0.6 and expression was induced by
transcriptase (Thermo Fisher Scientific) and 5 U of RNAase
the addition of 0.2 mM IPTG (final concentration) with the
inhibitor (Thermo Fisher Scientific). At the following step,
following incubation for 15 h at 25 °C.
the mixture was heated at 95 °C for 5 min and 1 μl was used
After cultivation, bacterial cells were pelleted by
for PCR with Phusion Flash High-Fidelity PCR Master Mix
centrifugation at 3 000 g for 10 min and sonicated in 1 ml
(Thermo Fisher Scientific). The gene of LdAChE1 (GenBank
of 50 mM Tris-Cl buffer solution (TB, pH 7.5). To analyze
ID: JF343436.1 and XM_023156211.1) was amplified with
whether LdAChEs accumulates in bacteria in soluble form or
forward gtacCTCGAGATGACRACAACGCTACGAGTATT
as insoluble inclusion bodies, homogenates were centrifuged
CTG (XhoI site is underlined) and reverse agggGAATTCTT
at 14 000 g for 15 min and 0.1 ml of supernatants and pellets
ACTGGTAGCGTTTCCATCCAATTC (EcoRI site and stop
resuspended in TB to homogenate volume were used to
codon are underlined) primers. The forward primer gagaCT
prepare the samples for SDS-PAGE. The rest of the pellets
CGAGATGGGCCAGCTTTCGATCCTGTGCT (XhoI site
were used to isolate the recombinant AChEs forming insoluble
is underlined) and reverse primer agggGAATTCCTACAA
inclusion bodies (IBs). The upper layer of the pellets (bacterial
AGCGTTAAGTAGTGTCATG (EcoRI site and stop codon
membranes) was removed by careful pipetting and the lower
are underlined) were used for PCR-amplification of DNA
white layer of IBs significantly enriched in the recombinant
fragment encoding LdAChE2 (GenBank ID: L41180.1). The
proteins was washed in TB.
PCR products were gel purified, digested with XhoI/EcoRI
To assay solubility of recombinant enzymes in the presence
restriction enzymes, and inserted into the pRSETa vector
of 8 M urea, IBs isolated from 0.2 ml of bacterial homogenate
(Thermo Fisher Scientific) linearized by the same enzymes.
were resuspended in 0.25 ml of TB containing 8 M urea,
About 750 bp of both constructed plasmids were sequenced
incubated for 10 min, centrifuged at 14 000 g for 5 min and
using T7 forward and reverse primers to verify the correct
supernatants and pellets resuspended in TB to supernatant
volume were also analyzed by SDS-PAGE.
amplification and insertion of protein-encoding fragments.
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Production of polyclonal Abs

To get recombinant antigens for rabbit immunization,
heterologous expression of LdAChEs was repeated in 250
ml of LB medium. In the case of LdAChE1 expression, we
increased IPTG final concentration in the culture medium to
0.5 mM (instead of 0.2 mM) and cultivation temperature to
37 °C (instead of 25 °C). Isolated IBs were carefully washed in
TB with 8M urea, dissolved in sample buffer for SDS-PAGE
at 95 °C for 15 min, carefully dialyzed against TBS (50 mM
Tris-Cl pH 7.4, 150 mM NaCl) and used for production and
purification of polyclonal Abs using previously described
methods (Dolgikh et al., 2009).
Preparation of CPB protein samples
L. decemlineata guts, fat bodies, flight muscles and ventral
nerve cords of eight adults were isolated, homogenized in 0.3
ml of TB with 0.5 mM PMSF (phenylmethylsulfonyl fluoride)
and heated in sample loading buffer for SDS-PAGE. To pellet
cells, hemolymph of these beetles was centrifuged at 3 000
g for 15 min and supernatant (plasma) was used for sample
preparation. In other experiments, fat bodies of ten CPB adults

were homogenized on ice in 2.5 ml of TB with 0.5 mM PMSF
and centrifuged at 1 000 g for 15 min to pellet rude debris.
The supernatant was carefully removed and centrifugated
at 30 000g for 15 min at 4 °C. The pellet was dissolved in
the equal volume of TB with 0.5 mM PMSF, 0.5 % Triton
X-100 for 2 min and centrifuged again at the same rate. The
both supernatants, rude debris and precipitate after Triton
X-100 extraction resuspended in TB with 0.5 mM PMSF to
homogenate volume were analyzed by immunoblotting.
SDS-PAGE and immunoblotting
The samples by SDS-PAGE were heated at 95 °C for 10 min
with one fifth of the volume of 6 × sample buffer containing
375 mM Tris-Cl (pH 6.8), 12 % SDS, 6 % 2-mercaptoethanol
and 60 % glycerol. 5 µl of protein samples were separated by
SDS-PAGE in 12 % or in 4–20 % gradient gels, transferred
on nitrocellulose membrane and stained with Ponceau S.
Immunoblotting with rabbit polyclonal Abs and monoclonal
antibodies against polyHis sequence was performed as
previously described (Dolgikh et al., 2009; Dolgikh et al.,
2019).

Results
The isolation of RNA from L. decemlineata fat bodies
and ventral nerve cords followed by cDNA synthesis with
oligo-dT primer allowed us to amplify two DNA fragments
about 1900 bp in size and to clone them in pRSETa vector
(Fig. 1). Sequencing of their 3’- and 5’- regions (about 750
bp) demonstrated identity with the LdAChEs genes as well as
confirmed correct insertion into the expression vector.

Fig. 1. Restriction analysis of constructs after inserting of
genes encoding LdAChE1 (lane 1) and LdAChE2 (lane
2) into pRSETа vector followed by agarose gel analysis.
Plasmids were digested by XhoI / EcoRI restriction enzymes.
Lane 3 – linearized vector without any insert. The size of
the insertion corresponding to the AChE2 gene (1890 bp) is
slightly smaller than the size of the insertion corresponding to
the AChE1 gene (1959 bp)
Transformation of C41 E. coli cells by these constructs,
heterologous expression, sonication of bacteria and
centrifugation of homogenates followed by SDS-PAGE
analysis and immunoblotting with anti-polyHis Abs
demonstrated accumulation of both recombinant LdAChEs
in the form of insoluble IBs. More effective production of
recombinant product was observed, in case of LdAChE2.
LdAChE1 protein band showed a slightly higher molecular
weight (66–65 kDa) compared to LdAChE2 (about 64 kDa)
(Fig. 2A).
Centrifugation of sonicated bacteria, removal of the upper
pellet layer of bacterial membranes by careful pipetting and

repeating this procedure enabled us to isolate IBs enriched in
the expressed proteins. Resuspending of isolated IBs in TB
with 8M urea showed that the most part of both recombinant
enzymes was not solubilized by this chaotropic agent (Fig.
2B). At the same time, very poorly soluble with 8M urea
recombinant LdAChEs were completely dissolved during
heating in sample loading buffer for SDS-PAGE containing
SDS and 2-mercaptoethanol. Proteins solubilized in the
sample buffer were carefully dialyzed and used for rabbit
immunization, immune sera raising and purification of specific
Abs.
Preparation of samples from five organs and tissues of CPB
adults followed by their immunoblotting with Abs against two
forms of LdAChEs demonstrated specific recognition of single
protein bands of about 70–75 kDa (Fig. 3).
An interesting result of this experiment was a lower
intensity of LdAChE1 staining by specific Abs compared to
LdAChE2 in the same samples. The most distinctions were
observed in fat body and nerve cord samples. This result was
not due to different sensitivities of the produced Abs. Firstly,
approximately the same level of immunolabeling by two types
of Abs was found in the insect gut samples. Secondly, antiLdAChE1 Abs effectively stained the recombinant form of
this enzyme (Fig. 4).
Centrifugation of fat body homogenate followed by
extraction of membrane fraction with 0.5 % Triton X-100
showed that a significant pаrt of LdAChE2 was localized in
the membrane fraction and could be effectively extracted by
this nonionic detergent (Fig. 5).
In case of LdAChE1, the enzyme band was found in rude
debris, as well as in soluble fraction, but not in the membrane
fraction. This experiment also confirmed the accumulation of
significantly larger amounts of LdAChE2 in beetle fat bodies
in comparison with LdAChE1. Separation of proteins in a
4–20 % gradient gel showed that the proteins differ in size and
produced Abs did not show a cross reactivity.
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Fig. 2. Immunoblotting of recombinant LdAChE1 (lanes 1) and LdAChE2 (lanes 2) expressed in E. coli with anti-polyHis
Abs. А. Bacteria after expression were sonicated in TB and centrifugation of homogenate was followed by immunoblotting of
supernatants and pellets resuspended in TB to homogenate volume. B. Treatment of isolated IBs with 8 M urea was followed by
centrifugation and immunoblotting of supernatants and pellets resuspended in TB to supernatant volume. Proteins separated by
SDS-PAGE were transferred on nitrocellulose membrane, stained with Ponceau S and analyzed by immunoblotting with antipolyHis Abs conjugated with horseradish peroxidase. Recombinant enzymes are indicated by arrows

Fig. 3. Immunoblotting of protein samples of five
L. decemlineata adult organs with anti-AChE1 and antiAChE2 Abs

Fig. 4. Immonoblotting of recombinant LdAChE1 (lanes
1) and LdAChE2 (lanes 2) with produced polyclonal Abs.
Recombinant proteins are noted by arrows

Discussion
In this study we cloned DNA fragments encoding fullsize LdAChEs and expressed them in bacteria E. coli. As it
was expected, SDS-PAGE analysis of recombinant proteins
showed slightly higher molecular weight of LdAChE1
(65–66 kDa) compared to LdAChE2 size (about 64 kDa).
However, both of these values were lower than the predicted
size of the enzymes (73 kDa and 71 kDa respectively). At
the same time, immunoblotting of CPB proteins with antiLdAChE1 and anti-LdAChE2 Abs demonstrated a larger size
of both natural proteins (70–75 kDa) compared with those
expressed in bacteria. Since the proteins produced in E. coli
had an additional 4 kDa tag, the net size difference between
recombinant and native forms of LdAChEs seemed to be even

greater. Moreover, N-terminal signal peptide responsible for
the secretion of AChEs should be removed in the mature forms
of both enzymes in insect cells. The higher molecular weight
of natural forms of LdAChEs may be explained by their
glycosylation, which is typical for the human enzyme (Velan
et al., 1993) and requires further study. Since electrophoretic
mobility of LdAChE2 with predicted size 71 kDa was lower
than the mobility of 73 kDa LdAChE1, the first enzyme may
contain more carbohydrate residues.
The absence of cross-reactivity between anti-LdAChE1
and anti-LdAChE2 Abs was expected because two forms
demonstrate only 37 % of amino acid sequence identity.
Linkage of D. melanogaster AChE to membranes via
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Fig. 5. Immunobolltig of L. decemlineata fat body proteins with Abs against LdAChEs. Lane 1 – supernatant of fat body
homogenate centrifuged at 30 000 g for 15 min. Lane 2 – supernatant after extraction of pelleted membranes with 0.5 %
Triton X-100 and re-centrifugation. Lane 3 – pellet after extraction of membranes and re-centrifugation. Lane 4 – rude debris
pelleted by clarification of the original homogenate at 1000 g for 15 min. Both pellets (lanes 3,4) were resuspended in TB to
homogenate volume before sample preparation. A. Fat body proteins were separated by SDS-PAGE in 4–20 % gradient or 12 %
gels and analyzed by immunoblotting. B. To visualize minor bands, the image of proteins separated in gradient gel and labeled
with anti-LdAChE1 Abs was contrasted
a glycolipid anchor (Fournier et al., 1992; Incardona,
Kim and co-authors demonstrated that AChE1 was the main
Rosenberry, 1996) is consistent with membrane localization of
catalytic enzyme in heads of L. decemlineata, other beetles,
its ortholog LdAChE2.
and most other insect groups (Kim et al., 2013). A comparison
Despite the fact that LdAChE2 was considered as the target
of these data with the results of our study, demonstrating a
for many insecticides for a long time, discovery of the second
lower content of LdAChE1 in L. decemlineata tissues,
enzyme form (Revuelta et al., 2011) changed this view. The
suggests the need for new studies using form-specific Abs.
higher level of LdAChE1 gene expression in L. decemlineata
Heterologous expression of both AChE forms in insect cell
embryos, larvae and adults, stronger effect of its RNAi on total
cultures, immunoaffinity purification of natural enzymes from
AChE activity and insect mortality confirmed an essential role
CPB tissues should help to evaluate the role of both enzymes
of LdAChE1 in CPB physiology (Revuelta et al., 2011). Later,
in physiology of the pest and in its resistance to insecticides.
The research was carried out within the state assignment of Ministry of Science and Higher Education of the Russian Federation
(theme No. 0483-2019-0001).
References
Alyokhin A, Baker M, Mota-Sanchez D, Dively G, Grafius E (2008)
Colorado potato beetle resistance to insecticides. Am J Pot Res 85:
395–413. https://www.doi.org/10.1007/s12230-008-9052-0
Dolgikh VV, Seliverstova EV, Naumov AM, Senderskiy
IV, Pavlova OA, Beznoussenko GV (2009) Heterologous
expression of pyruvate dehydrogenase E1 subunits of the
microsporidium Paranosema (Antonospora) locustae and
immunolocalization of the mitochondrial protein in amitochondrial
cells. FEMS Microbiol Lett 293:285–291. https://www.doi.
org/10.1111/j.1574-6968.2009.01545.x
Dolgikh VV, Tsarev AA, Timofeev SA, Zhuravlyov VS (2019)
Heterologous overexpression of active hexokinases from
microsporidia Nosema bombycis and Nosema ceranae confirms
their ability to phosphorylate host glucose. Parasitol Res 118,
1511–1518. https://www.doi.org/10.1007/s00436-019-06279-w

Fournier D, Bride JM, Hoffmann F, Karch F (1992)
Acetylcholinesterase. Two types of modifications confer resistance
to insecticide. J Biol Chem 267:14270–14274
Harel M, Kryger G, Rosenberry TL, Mallender WD, Lewis T, Fletcher
RJ, Guss JM, Silman I, Sussman JL (2000) Three-dimensional
structures of Drosophila melanogaster acetylcholinesterase and of
its complexes with two potent inhibitors. Protein Sci 9:1063–1072.
https://doi.org/10.1110/ps.9.6.1063
Hall LMC, Spierer P (1986) The Ace locus of Drosophila melanogaster:
structural gene for acetylcholinesterase with an unusual 5’ leader.
EMBO J 5:2949–2954. doi: 10.1111/j.1574-6968.2009.01545.x.
Huchard E, Martinez M, Alout H, Douzery EJ, Lutfalla G, Berthomieu
A, Berticat C, Raymond M, Weill M (2006). Acetylcholinesterase
genes within the Diptera: takeover and loss in true flies. Proc Biol
Sci 273: 2595–2604 https://www.doi.org/10.1098/rspb.2006.3621
Incardona JP, Rosenberry TL (1996) Replacement of the glycoinositol
phospholipid anchor of Drosophila acetylcholinesterase with

149

Dolgikh V.V. at al. / Plant Protection News, 2020, 103(2), p. 144–149
a transmembrane domain does not alter sorting in neurons and
epithelia but results in behavioral defects. Mol Biol Cell 7:613–
630. https://doi.org/10.1091/mbc.7.4.613
Kim HJ, Dunn JB, Yoon KS, Clark JM (2006) Target site insensitivity
and mutational analysis of acetylcholinesterase from a carbofuranresistant population of Colorado potato beetle, Leptinotarsa
decemlineata (Say). Pestic Biochem Phys 84:165–179. https://
www.doi.org/10.1016/j.pestbp.2005.07.006
Kim YH, Lee SH (2013) Which acetylcholinesterase functions as the
main catalytic enzyme in the Class Insecta? Insect Biochem Mol
Biol 43:47–53. https://doi.org/10.1016/j.ibmb.2012.11.004
Lu Y., Pang YP, Park Y, Gao X, Yao J, Zhang X, Zhu KY (2012)
Genome organization, phylogenies, expression patterns, and threedimensional protein models of two acetylcholinesterase genes from
the red flour beetle. PLoS One 7:e32288. https://doi.org/10.1371/
journal.pone.0032288
Malekmohammadi M, Hejazi MJ, Mossadegh MS, Galehdari
H, Khanjani M, Goodarzi MT (2012) Molecular diagnostic for
detecting the acetylcholinesterase mutations in insecticide-resistant
populations of Colorado potato beetle, Leptinotarsa decemlineata
(Say). Pestic Biochem Phys 104:150–156. https://doi.org/10.1016/j.
pestbp.2012.06.004
Miroux B, Walker JE (1996) Over-production of proteins in
Escherichia coli: mutant hosts that allow synthesis of some
membrane proteins and globular proteins at high levels. J Mol Biol
260:289–298. www.doi.org/10.1006/jmbi.1996.0399
Pang YP (2014). Insect acetylcholinesterase as a target for effective
and environmentally safe insecticides. Adv Insect Physiol 46: 435494. https://doi.org/10.1016/B978-0-12-417010-0.00006-9

Вестник защиты растений, 2020, 103(2), с. 144–149
OECD+WoS: 1.06+IY (Entomology)

Revuelta L, Ortego F, Díaz-Ruíz JR, Castañera P, Tenllado F,
Hernández-Crespo P (2011) Contribution of Ldace1 gene to
acetylcholinesterase activity in Colorado potato beetle. Insect
Biochem Mol Biol 41:795–803 https://doi.org/10.1016/j.
ibmb.2011.06.001
Toutant JP (1989) Insect acetylcholinesterase: catalytic properties,
tissue distribution and molecular-forms. Prog Neurobiol 32: 423–
446. https://doi.org/10.1016/0301-0082(89)90031-2
Velan B, Kronman C, Ordentlich A, Flashner Y, Leitner M,
Cohen S, Shafferman A (1993) N-glycosylation of human
acetylcholinesterase: effects on activity, stability and biosynthesis.
Biochem J 296: 649–656. https://doi.org/10.1042/bj2960649
Villatte F, Bachmann TT, (2002) How many genes encode
cholinesterase in arthropods? Pestic Biochem Phys 73:122–129.
https://doi.org/10.1016/S0048-3575(02)00002-0
Weill M, Fort P, Berthomieu A, Dubois MP, Pasteur N, Raymond
M (2002) A novel acetylcholinesterase gene in mosquitoes codes
for the insecticide target and is non-homologous to the ace gene
in Drosophila. Proc Royal Soc 269:2007–2016. https://doi.
org/10.1098/rspb.2002.2122
Yao H, Chuanling Q, Williamson MS, Devonshire AL (1997)
Characterization of the acetylcholinesterase gene from insecticideresistant houseflies Musca domestica. Chin J Biotechnol
13:177–183
Zhu KY, Clark JM (1995) Cloning and sequencing of a cDNA encoding
acetylcholinesterase in Colorado potato beetle, Leptinotarsa
decemlineata (Say). Insect Biochem Mol Biol 25:1129–1138.
https://doi.org/10.1016/0965-1748(95)00055-0

https://doi.org/10.31993/2308-6459-2020-103-2-13291
Полнотекстовая статья

ГЕТЕРОЛОГИЧНАЯ ЭКСПРЕССИЯ АЦЕТИЛХОЛИНЭСТЕРАЗ КОЛОРАДСКОГО ЖУКА
LEPTINOTARSA DECEMLINEATA В БАКТЕРИЯХ ESCHERICHIA COLI
И ПОЛУЧЕНИЕ АНТИТЕЛ К ОТДЕЛЬНЫМ ФОРМАМ ФЕРМЕНТА
В.В. Долгих*, И.В. Сендерский, В.С. Журавлев, С.А. Тимофеев, Ю.В. Володарцева,
С.Р. Фасулати, Д.С. Киреева
Всероссийский научно-исследовательский институт защиты растений, Санкт-Петербург

* ответственный за переписку, e-mail: dol1slav@yahoo.com
Колорадский жук Leptinotarsa decemlineata является широко распространенным вредителем пасленовых (сем.
Solanaceae). Огромный экономический ущерб, вызываемый этим видом по всему миру, усиливается способностью
L. decemlineata приобретать устойчивость к основным классам инсектицидов. Ранее такую устойчивость
связывалась с мутациями в гене, кодирующим LdAChE2 – ортолог ацетилхолинэстеразы Drosophila melanogaster.
Однако обнаружение у колорадского жука и многих других видов насекомых второй формы фермента LdAChE1
заставило пересмотреть эти представления. С целью сравнения роли двух форм ацетилхолинэстеразы в
физиологии колорадского жука и его устойчивости к инсектицидам, кДНК копии обоих генов были клонированы и
экспрессированы в E. coli. Иммуноблоттинг с поликлональными антителами против выделенных рекомбинантных
белков показал отсутствие перекрестной реакции, более низкое содержание LdAChE1 в тканях имаго колорадского
жука по сравнению со второй формой и ассоциацию LdAChE2 с мембранами. В дальнейшем планируется
использовать полученные антитела для иммуноаффинной очистки природных форм фермента из тканей жука,
а также после экспрессии активных форм в культуре клеток насекомых. Это поможет в оценке роли LdAChE1 и
LdAChE2 в физиологии вредителя и в приобретении им устойчивости к инсектицидам.
Ключевые слова: колорадский жук, Leptinotarsa decemlineata, ацетилхолинэстераза, гетерологичная
экспрессия, поликлональные антитела, иммуноблоттинг
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