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APRESENTAGAO

As Ciéncias Agrarias possuem alguns dos campos mais promissores da
atualidade, principalmente em termos de avancos cientificos e tecnolégicos.

Contudo, um dos grandes desafios, é a utilizacdo dos recursos naturais
de forma sustentavel, maximizando a exceléncia e a produtividade no setor
agropecuario e agroindustrial, atendendo a demanda cada vez mais exigente do
mercado consumidor.

Neste contexto, a obra “Impacto, Exceléncia e Produtividade das Ciéncias
Agrarias no Brasil” em seus volumes 3 e 4, compreendem respectivamente 22 e 22
capitulos, que possibilitam ao leitor ampliar o conhecimento sobre temas atuais e
de expressiva importancia nas Ciéncias Agrarias.

Ambos os volumes, apresentam trabalhos que contemplam questbes
agropecuarias, de tecnologia agricola e seguranca alimentar.

Na primeira parte, sdo apresentados estudos relacionados a fertilidade do solo,
desempenho agronémico de plantas, controle de pragas, processos agroindustriais,
e bem estar animal, entre outros assuntos.

Na segunda parte, sédo abordados trabalhos envolvendo anélise de imagens
aéreas e de satélite para mapeamentos ambientais e gerenciamento de dados
agricolas e territoriais.

Na terceira e ultima parte, sdo apresentados estudos acerca da producéo,
caracterizacao fisico-quimica e microbiolégica de alimentos, conservagao pés-
colheita, e controle da qualidade de produtos alimentares.

O organizador e a Atena Editora agradecem aos autores e instituicdes
envolvidas nos trabalhos que compde a presente obra.

Por fim, desejamos que este livro possa favorecer reflexbes significativas
acerca dos avancos cientificos nas Ciéncias Agrarias, contribuindo para novas
pesquisas no ambito da sustentabilidade que possam solucionar os mais diversos
problemas que envolvem esta grande area.

Julio César Ribeiro
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CAPITULO 8

DIAMIDES: MODE OF ACTION AND INSECT

Data de aceite: 12/05/2020

Ciro Pedro Guidotti Pinto

Universidade Estadual Paulista “Julio de Mesquita
Filho”, Faculdade de Ciéncias Agrarias e
Veterinérias,

Jaboticabal - SP.
http://lattes.cnpq.br/2552246775832640

ABSTRACT: Diamides are insecticides that act
in the ryanodine receptors, calcium channels
in insect muscles. The dysfunction of such
channels paralyzes insects, leading to death
by asphyxiation or starvation. Mutations in
sites of the ryanodine receptor can cause the
resistance to diamides. There are tools and
techniques that allow us to understand and
avoid future insect resistance to the available
modes of action. In addition, it is necessary to
advocate the development of new technologies
for pest control.

KEYWORDS: Pest control, calcium channel,
ryanodine, paralysis.

DIAMIDAS: MODO DE ACAO E
RESISTENCIA DE INSETOS

RESUMO: As diamidas sao inseticidas que
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agem nos receptores de rianodina, canais de
calcio na musculatura dos insetos. A disfungdo
de tais canais paralisa os insetos levando-
0s a morte por asfixia ou inanicdo. Mutacdes
em sitios do receptor de rianodina podem
ocasionar a resisténcia dos insetos as diamidas.
Ha ferramentas e técnicas que nos permitem
conhecer e evitar futura resisténcia de insetos
aos modos de acado disponiveis. Além disso,
deve-se preconizar o desenvolvimento de
novas tecnolgias para o controle de pragas.
PALAVRAS-CHAVE: Controle de pragas, canal
de célcio, rianodina, paralisia.

11 LITERATURE REVIEW

1.1 Ryanodine Receptors

Ryanodine receptors are homotetramer
transmembrane channels, being the largest
ion channels known, with a molecular weight
of approximately 2.2MDa. These receptors
are formed by 4 subunits, each composed of
about 5000 amino acids (Figure 1).

Ryanodine receptors regulate and pump
Ca?* from the sarcoplasmic reticulum to
the cytosol. Nevertheless, the name of this
receptor was given in honor to ryanodine, a
toxic substance produced by the plant species
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Ryania speciosa that acts as an allosteric molecule in specific sites in the receptor.
The original activators of the ryanodine receptors are Ca?* ions from extracellular
fluids (COOPER, 2016).

View from cytoplasm Lateral view View from reticulum

Cytoplasm

Reticulum
membrane

Figure 1. Overview of the homotetramer architecture of the Plutella xylostella (Lepidoptera:
Plutellidae) ryanodine receptor modeled from its primary structure (NCBI reference requence:
NP_001296002.1).

1.2 Diamides

Diamides are insecticides that promote disfunctions in ryanodine receptors. In
Brazil this mode of action is registered for controlling lepidopteran and coleopteran
pests (IRAC, 2017; AGROFIT, 2020). This class of insecticide is the most recent,
launched in 2006 by Bayer with the active ingredient flubendiamide, followed by
chlorantraniliprole (DuPont) and cyantraniliprole (Syngenta) (HIROOKA et al.,
2007). The mode of action of such insecticides is based on the uncontrolled calcium
release from the sarcoplasmic reticulum into muscle fibers due to the abnormal
modulation of the ryanodine receptor. In the insect organism, such calcium release
causes irreversible muscle contraction, leading to a rapid food uptake paralysis,
lethargy, heart muscle failure and lately death (TOHNISHI et al., 2005).

It was found that chlorantraniliprole and cyantraniliprole compete for the same
binding site, on the other hand, flubendiamide and ryanodine increase the sensitivity
of the receptor to chlorantraniliprole (ISAACS et al., 2012). Thus, hypothetically the
anthranilic diamides, phthalic acid diamides and ryanodine bind to different, but
somehow, related sites.

1.3 Receptor mutations and insect resistance

Studies have shown that mutations in the amino acids G4946E and 14790M
in Plutella xylostela (Lepidoptera: Plutellidae) and in the homologues G4903E and
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14746M in Tuta absoluta (Lepidoptera: Gelechiidae) are related to the development
of resistance to diamides (RODITAKIS et al.,, 2017; TROCZKA et al., 2012).
Furthermore, in a population of Spodoptera frugiperda (Lepidoptera: Noctuidae)
resistant to chlorantraniliprole, it was shown that an isoleucine was replaced by a
methionine in the position 14790M (BOAVENTURA et al., 2020). In addition, by virtual
docking, it was confirmed that the responsible mutations for insect resistance to
diamides are located in specific sites in the transmembrane region of the ryanodine
receptor (LIN et al., 2019). Additionally, a region close to the N-terminal (residues
183-290) of Bombyx mori (Lepidoptera: Bombycidae) and two located within the
C-terminal of transmembrane region of Drosophila (residues 4610-4655) ryanodine
receptor also showed sensitivity to such insecticides (KATO et al., 2009; TAO et al.,
2013).

Thus, it is well accepted that diamides or ryanodine bind in the transmembrane
C-terminal region. As exemplified in Figure 2, this region is formed by a series of
6 a-helices, and the probable binding site for diamides or ryanodine has as key
Glycine residues, present in the a-helices 4 and 5, and Isoleucine, present in the
a-helix 2 (TROCZKA et al., 2015; KATO et al., 2009; TAO et al., 2013; RODITAKIS
et al., 2017).
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Plasmatic membrane

A Cytoplasm
P e

Hypothetic binding
site of diamides

—

Reticulum membrane

Ca?* Ca*"

Y
J - Y
Sarcoplasmatic reticulum lumen

Ca*t L2 ol o s
P Y LY Ca."
Ca*t

Figure 2. Probable binding site for specific ligands of ryanodine receptors. (A) The
transmembrane region houses the binding sites for ligands, such as ryanodine. (B) In red, amino
acid residues that probably are directly related to receptor modulation. In pink, the probable
position that ryanodine takes inside the receptor. Model generated with Chilo supresalis
(Lepidoptera: Crambidae) ryanodine receptor (NCBI reference sequence: AFN70719.1)
based on the three-dimensional structure of Oryctolagus cuniculus (Mammalia: Lagomorpha:
Leporidae) (Protein data base code: 6FG3; https://www.rcsb.org/). Docking simulation performed
by AutodockVina and models edited by Chimera Software™

2| FUTURE PERSPECTIVES

Even though diamides are the earliest class of insecticides to be launched
in the market, there are already several documented cases of insect resistance
(APRD, 2020). Thus, in addition to the correct use of this technology, rotating the
use of different modes of action is essential to avoid insect resistance.

Given the challenges of pest control, ryanodine receptors are attractive targets
for insecticide design. Laboratory studies and bioinformatic tools can help us to
better understand mechanisms of action and provide new models for development
of novel, efficient and selective molecules.
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