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RESUMO

SARAIVA, Nayara Braga, D.Sc., Universidade Federal de Vicosa, fevereiro de 2018.
Interacdo Cigarrinha-das-PastagengMahanarva spectabilis) e Capim-Elefante: andlise
protebmica dos ovos e efetores em glandulas salivare3rientadora: Mra Goreti de
Almeida Oliveira.Coorientadores: Alexander Machado Auad, Humberto Josué de Oliveira
Ramos, Edvaldo Barros e Glaucia Cordeiro.

A cigarrinha-das-pastagerddahanarva spectabiligDistant,1909) é a principal praga em
forrageiras na América Tropical. Este inseto entra em diapausa na fase de ovo durante as
estacbes desfavoraveis do ano. Informacfes sobre os processos de desemvotlamen
diapausa das cigarrinhas das pastagens e a reprogmanmclefesas das plantas durante a
colonizacdo do inseto sdo necessarias para auxilimlesenvolvimento de taticas de seu
controle. Por meio de analises protedbmicas nés ideartibs e caracterizamos proteinas
envolvidasemovo de M. spectabilisddurante a diapausa, ndo-diapausa e pos-diapausa. Essas
estdo envolvidas no processamento de informacdesjzsicdo celular e metabolismo dos

ovos deste insetdNa segunda etapa deste trabalho foi detectado anmaesle efetores nas
glandulas salivares ddahanarva spectabilistais como acidos graxos de cadeia longa e
acido salicilico que podem estar envolvidos no processofeitacao de plantas de capim-
elefante. Também foi confirmado e caractatza presenca de apirases nas glandulas
salivares dasVl. spectabilis evidenciando que esta enzima interfere na modulacdo de
resisténcia da planta. As andlises fitohormonais das folhas de capim elefante indecam um
flutuacdo nos niveis de horménios em funcdo do tempo de infestacdo. Estes resultados nos
permitem propor que efetores presentes nas glandulas salivares de cigarrinha das pastagens
Sao responsaveis por suprimir a resposta de defesa da planta, tornando-se uma estratégia ben

sucedida do inseto na coloniza¢do do hospedeiro.
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ABSTRACT

SARAIVA, Nayara Braga, D.Sc., Universidade Federal de Vigosa, February, 2018.
Interaction Spittlebugs (Mahanarva spectabilis) and Elephant Grass: proteomic analysis

of eggs and effectors in the salivary glandsAdviser: Maria Goreti de Almeida Oliveira
Co-advisers: Alexander Machado Auad, Humberto Josué de Oliveira Ramos, Edvaldo Barros
and Glaucia Cordeiro.

The spittlebugsMahanarva spectabiligDistant, 1909) is a major pest in forages in tropical
America. This insect enters diapausa in the egg phase during the unfavorable seasons of the
year. Information on the processes of development of spittlebugs tasks and reprogramming of
plants during livestock colonization are necessary to assist in the development of their control
tactics. By means of proteotic proteins we identified and characterized the egg proMins of
spectabilis during a diapause, non-diapause and post-diapause. Cells are involved in
information processing, cell signaling and egg metabolism of this insect. On Monday of this
year the presence of effectors in the salivary glandg.o$pectabilis such as long-lasting

fatty acids and salicylic acid, that are involved in the infestation process of elephantgrass
plants were detected. It was also confirmed and marked an apirinal presence in the salivary
glands of M. spectabilis evidencing that this enzyme interferes in the modulation of
resistance of the plant. Phytohormonal analyzes of elephantgrass leaves are indicated for
fluctuation in hormone levels as a function of time of infestation. The results in relation to the
proportion that the indicators present in the spittlebugs salivary gland glands are responsible
for suppressing a defense response of the plant, becoming a successful strategy in the fight

against host colonization.
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INTRODUCAO GERAL

A pecuéria é uma atividade de fundamental importancia para a humanidade que utiliza
a criacdo e reproducdo de animais para fins econdmicos e para o consumo. Suaexplorac
caracteriza-se pela forma extensiva ou intensiva de criacdo do rebanho, a qual ocupa lugar de
destaque para as economias de muitos paises em desenvolvimento (Upton, 2004; Souza
Sobrinho et al., 2010).

O Brasil possui 0 maior rebanho comercial do mundo, sendo o segundo maior
produtor e o maior exportador mundial de carne bovina, tendo as pastagens como base de
alimentacédo do rebanho garantindo baixos custos de producad-(b@a&2014; Carvalho &

Zen, 2017). Em 2014, o Pais alimentou 212,3 milh6es de bovinos, sendo que a perspectiva de
crescimento neste setéide 21,0% até 2026 (MAPA, 2016). No entanto, cerca de 50 a 70%
das areas de pastagens apresentam algum grau de degradacao que decorre detaliggrsos fa
como o manejo inadequado dos animais, a lotacBes excessivas ocasionando reducdo dos
niveis de nutrientes e fertilidade do solo, que provoca a perda de vigor e produtividade da
pastagem (Dias-Filho, 2014), ou seja, sem possibilidade de recuperacéo natural e incapaz de
sustentar os niveis de producéo e qualidade exigidas pelos animais (Dutra, 2009). Outro fator
gue afeta a produtividade das pastagens é a ocorréncia de insetos praga, como as cigarrinhas
das-pastagens (Valério, 2009).

As cigarrinhas correspondem um complexo de espécies que estao distribuidas
pela América tropical, desde o sul dos Estados Unidos até o Norte da Argentina (Holmann and
Peck 2002; Peck 2002). A espédibahanarva spectabilis(Distant, 1909) (Hemiptera:
Cercopidae) atacam os principais géneros de forragens (Poaceaelgracmaria, Cynodon,
Panicum e Pennisetyne sdo considerados praga limitante, sendo que muitos genétipos de
forrageiras sdo suscetiveis a esse inseto-praga (Auad et al., 2010; Fonseca €}.al., 2016

O pico populacional das cigarrinhas em regides tropicais, geralmente, ocorre em
fevereiro-marco, sendo que os ovos colocados em abril (baixa pluviosidade) entram em
quiescéncia até as primeiras chuvas de outubro (Gallo et al., 2002). O aumento da temperatura
do solo também é um indicativo do aparecimento das primeiras ninfas, que eclodem formando
adultos em novembro, podendo ocorrer trés geracdes até fevereiro-margo (Gallo et)al., 2002

Os fatores climéaticos como temperatura, chuva, alta umidade e fotoperiodo durante as
estacoes de primavera e verao nas regides tropicais influenciam a duracéao do ciclo de vida, o
namero de picos populacionais e, consequentemente, o numero de geracdes de cigarrinhas por

ano (Mendonca, 1996). O ciclo completo da embriogénese ocorre por volta de 15 dias em
1



ovos nédo-diapausos, favorecido pelo clima quente e umido, por outro lado, nos ovos em
diapausa essa duracdo pode se estender por até 200 dias, relacionado com meses de baix
pluviosidade e temperaturas, onde 0s ovos se encontram estagnados no estadio 2 da
embriogenese (Auagt al.,2009).

Os ovos de cigarrinha-das-pastagens sao depositados em solo e em restos culturais
(Valério 2009). Estudos envolvendo aspectos biologicos dos ovos de cigarrinhas do género
Mahanarva,foramrealizados por Peck (2002) e Auad & Carvalho (2009), que descrevem 0s
quatro estadios embrionarios: a) Estadiol (SN1): Ovos recém-colocados; b) Estadio 2 (SN2):
Ovos com opérculo evidente de cor negra; c) Estadio 3 (SN3): Superficie negra do opérculo
exposta e mancha avermelhada na parte anterior do ovo; d) Estadio 4 (SN4): Ovos proximos a
eclosdo, com dois pontos avermelhados em cada lado do opérculo, correspondendo aos olhos
e pontos avermelhados maiores representando pigmentos abdominais das ninfas.

A quiescéncia e diapausa estdo entre estados inativos mais importantes para a
sobrevivéncia dos insetos. A quiescéncia € caracterizada por uma resposta imediata as
condicdes ambientais adversas e pode ocorrer em qualquer estagio do desenvolvimento,
guando as condicbes se tornam favoraveis novamente o desenvolvimento se restabelece
imediatamente(Gullan & Cranston, 2009; Kostal, 2006). A diapausa é um processo
complexo, sendo desencadeada por uma programac¢do genética que pausa, ou retarda, c
desenvolvimento em resposta a estimulos ambientais (Hahn & Denlinger, 2011). Esse
processo vem acompanhado de supressdo metabdlica e ocorre em um Unico estagio da
ontogénese, variando de espécie para espgéaiea 2006).

Na diapausa de insetos a tolerancia ao estresse ambiental é reforcada, permitindo a
sobrevivéncia em ambientes sazonais que nao poderiam ser tolerados e permitindo a
sincronizacgao do ciclo de vida com periodos adequados para crescimento, desenvolvimento e
reproducéo (Hahn & Denlinger, 2011).

O inicio da diapausa geralmente precede as condicbes adversas do ambiente e seu
término, ndo necessariamente, ocorre com o fim das adversidades (Gullan & Cranston 2009).
Os estimulos ambientais que desencadeiam a entrada em diapausa sdo variaveis, mas
geralmente estdo ligados a variacdes de fotoperiodo, temperatura e umidade (Tauber et al
1986). A mudanca sazonal na duracdo dos dias pode ser um bom indicador para prever a
mudanca de caracteristicas ambientais que causam a ocorréncia de diapausa, mas a diapaus
ndo corresponde necessariamente a uma reagdo imediata ao fotoperiodo, podendo ocorrer err
resposta a sinais recebidos numa fase anterior (Delinger, 2009; Simdes et al., 2013).

Segundo Zhangt al. 011), as acdes hormonais juntamente com a interacdo nas
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vias de sinalizacdo regulam eventos homeostaticos e de desenvolvimento durante o inicio e
bloqueio da diapausa em inseto. Embora exista uma variedade de estudos focados nas
mudancas climéticas e enzimas chave que estdo relacioaaplaxessos de diapausa
(Yamashita & Yaginuma, 1991; Liat al., 2009), neste contexto autores (6ual., 2011;

Gong et al, 2013; Biet al., 2014) tém evidenciado que alteracfes protéicas podem estar
envolvidas no processo de regulacao da diapausa.

No entanto, a maioria dos estudos de cigarrinha-das-pastagens concentraram-se na
ecologia, 0 que torna importardgorimeira investigacdo de analise protéica em aeb!.
spectabilispara a compreensao dos ciclos de vida dos insetos, além disso, esses resultados
poderdo servir de subsidio nos estudos de desenvolvimento de estratégias de controle no
manejo de pragas.

A variacdo na biologia, habitat e taxonomia de espécies de cigarrinhas compromete
seriamente a eficacia de um sistema de gestdo que tende a generalizar os diversos associacoe
entre o inseto, a planta hospedeira e 0 habitat (Peck 200&estacdo das cigarrinhas-nas-
pastagens tem inicio com a chegada das chuvas, os ovos sdo depositados no solo que dac
origem as ninfas que séo ativas e resistentes, ficam sempre protegida por uma espuma branca
caracteristica e seu estagio de vida dura aproximadamente 40 dias, variando de acordo com as
condicges climéticas e espécie (Valério, 2009).

As ninfas sdo responsaveis por sugar constantemente a seiva das raizes, ocasionam
desordem fisiol6gica em decorréncia das picadas que atingem 0s vasos lenhosos da raiz e 0s
deterioram dificultando ou impedindo o fluxo de agua e de nutrientes (Auad et al, 2010)
Porém os maiores danos sédo causados pelos insetos adultos que vivem em torno de 10 a 1&
dias e se alimentam da parte aérea, folhas e brotacdes, sugando a seiva e injetando toxinas na
plantas (Resendet al, 2013; Fonsecat al., 2016), causando disturbios fisiolégicos,
reduzindo a producédo de massa seca e qualidade da forragem, tornando-as impalamaveis pare
0 gado e limitando a produtividade de pastagem (Byers & Wells, 1966; Resehgd2013).

No entanto, as plantas ndo sdo passivas a essas injurias e desenvolveram mecanismos
de resposta contra secrecdes orais de herbivoros (efetores), através de sinais de
reconhecimento importantes que podem ser utilizados para mediar defesas induzidas
(elicitores) (Nabityet al, 2013; Giron & Glevarec, 2014). Para colonizar e explorar as
plantas, os herbivoros devem "derrotar” os elicitores, quanto antes a "sinalizacdo de perigo”
da planta for derrotada mais efetiva a colonizacao (Guejwst2016).

Em plantas anodulacdo do “sinal de perigo” pode ser oriundo por mecanismos de

eATP: (1) reducado/a geragéo de eATP, (2) diminuigdo da longevidade do sinal eATP gerado,
3



(3) intervencéo no funcionamento de receptores,(4) intervencdo em vias de sinalizacdo. Um
dos efetores de herbivores que ajuda a controlar [eATP] é a enzima apirase, que desempenha
um papel fundamental na modulagdo das respostas, sendo classificada como ATP
difosfohidrolase (Clarket al., 2014; Lim et al., 2014). As ATP difosfohidrolase (apirase,
ATPDase, ATPase, NTPDase, EC 3.6.1.5) compdem uma familia de enzimas; existem trés
familias de apirases: a célula CD39 apirase (Knowles, 2011) e as apirases do tipo Cimex
(Valenzuelaet al., 1996), ambas as quais sdo ectonucleosideos trifosfate difosfoidrolases
(NTPDases) e as ecto-50-nucleotidases. Estas enzimas atuam na hidrolize de nucleotideos di e
tris-fosforilados, como ADP e ATP, sendo ativadas por ions bivalentes como calcio e
magnésio (Zimmermmann, 2001).

Guiguetet al. (2016) evidenciou que durante a colonizacdo de @astderbivoros
injetam apirases presentes em sua saliva interferindo nos "sinais de perigo precoce", que
inicia com aumento de eATP gerado no local de feridas da planta e ativando mensageiros
secundarios que ativam as respostas especificas de defesa da planta. Desta forma a sinalizaca
dos fitohorménios de defesa é bloqueada (Guiguat. 2016) pelo suprimento da expressao
de genes defensivos regulados pelas vias jasmonato (JA) e etileno (ETet(8krkp06; Wu
et al.,2012), tornando-se uma estratégia de sucesso utilizada pelos herbivoros na colonizacéo
e exploracéo de plantas (Liebal, 2014).

Estudo de efetores utilizados por herbivoros na colonizacdo de plantas ainda sao
recentes (Acevadet al, 2015; Giroret al.,2016; Zhacet al.,2016). Assim, o0 objetivo desse
trabalho foi evidenciar o papel da apirase presente em glandula sali\aldmarva
spectabilis envolvida na modulacdo hormonal de plantas durante a colonizacdo, além disso
foi indentificado as proteinas espressas nos ovos desta praga. No capitulo I, os experimentos
foram direcionados para a identificacdo de proteinas presentes em ovos diapausicos, ndo-
diapausicos e poés-diapausa. No capitulo 1l, realizamos analise investigativa da presenca de
apirase em glandula salivar M&ahanarva spectabilie sua acdo na modulagdo hormonal de

plantas.
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RESUMO

Muitos insetos entram em diapausa como alternativa de sobrevivéncia em periodos
desfavoraveis. A cigarrinha das pastagdatanarva spectabiligDistant, 1909) (Hemiptera:
Cercopidae) acometem o0s principais géneros de forrageiras e garantem a sobrevivéncia dos
seus descendentes por meio da diapausa facultativa. No entanto, a diapausa envolve processo
de geracdo, manutencdo e ruptura que ainda ndo foram completamente elucidados. Nest
trabalho realizamos a identificacdo e caracterizar as proteinas de ovos em diapausa (D), ndo-
diapausa (ND) e pés-diapausa (PD)MEghanarva spectabilisitilizando abordagershotgun
LC-MS/MS combinada com analises de bioinformatica. Um total de 87 proteinas, sendo 20
diapausa, 19 ndo-diapausa e 22 pds-diapausa foram identificadas. O agrupamento das
proteinas identificadas revelou maior numero de proteinas envolvidas com processos de
informacéo (55%) em ovos diapausicos, no entanto, os ovos nao-diapausicos e pds-diapausa
apresentaram maior nimero de proteinas relacionadas ao processe salalaracao (42%;
50%) e com metabolismo (15%; 35%) respectivamente. Com base nas suas funcdes
moleculares, os resultados de agrupamento funcional e GO obtidos revelaram que o grupo de
proteinas predominantes estdo a relacionadas com atividade molecular e constituintes
ribossomais em ovos ndo-diapausa e sinalizacdo celular e proteinas de choque térmico (Hsps)
em ovos diapausa e mecanismos de fosforilagdo e transporte de protons em ovos poés-
diapausa. NOs concluimos que o desenvolvimento e os caminhos fisioldgicos entre a diapausa,
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nao-diapausa e pos-diapausa de ovad.degpectabilisestéo relacionadas com a auto-protecéo

dos ovos durante a diapausa e com desenvolvimento da embriogénese nos ovos nao-
diapausicos, favorecendo a sobrevida da espécie e de futuras gerac6es no campo. Este € ¢
primeiro estudo sobre a analise protedémica de ovos diapausa, nao-diapausa e pos-diapausa en
M. spectabilise acreditamos que nossas descobertas serdo Uteis no desenvolvimento de

estratégias para o controle desta praga.

Palavras-chave:DiapausaMahanarva spectabiligProteémica

ABSTRACT

Many insects enter into diapause as an alternative for survival in unfavorable periods. The
grasshopper oMahanarva spectabiligDistant, 1909) (Hemiptera: Cercopidae) pastures
affects the main genera of forages and guarantees the survival of their offspring through
facultative diapause. However, diapause involves processes of generation, maintenance and
rupture that have not yet been fully elucidated. In this work we performed the identification
and characterization ®f. spectabilisdiapusa (D), non-diapause (ND) and post-diapause (PD)
eggs proteins using LC-MS / MS shotgun approach combined with bioinformatics analyzes. A
total of 87 proteins, 20 diapause, 19 non-diapause and 22 post-diapause were identified.
However, non-diapse and post-diapause eggs presented higher number of proteins involved in
the cellular process and signaling (42%; 50%) and with metabolism (15%, 35%) respectively.
Based on their molecular functions, the functional grouping and GO results revealed that the
predominant proteins group is related to molecular activity and ribosomal constituents in non-
diapause eggs and cell signaling and heat shock proteins (Hsps) in diapause eggs and
mechanisms of phosphorylation and proton transport in post-diapause eggs. We conclude that
the development and physiological pathways between diapause, non-diapause and post-
diapause oM. spectabiliseggs are related to the self-protection of eggs during diapause and
to the development of embryogenesis in non-diabetic eggs, favoring the survival of the
species and future generations in the field. This is the first study on the proteomic analysis of
diapause, non-diapause and post-diapause eggs in M. spectabilis and we believe that our

findings will be useful in developing strategies to control this pest.

Key words: Diapausa, Mahanarva spectabilis, Proteomics
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INTRODUCAO

A pecuaria tem fundamental importancia para a humanidade, pois utiliza a criagcdo e
reproducdo de animais para fins econdmicos e de consumo. Sua exploragao caracteriza-se
pela forma extensiva ou intensiva de criacdo do rebanho, a qual ocupa lugar de destaque para
as economias de muitos paises em desenvolvimento (Upton, 2004; Souza & Sobrinho, 2010).

O Brasil possui 0 maior rebanho comercial do mundo, tendo as pastagens como base
da alimentacdo do gado, garantindo baixos custos de producad-(b@29014; Carvalho &

Zen, 2017). No entanto cerca de 50 a 70% das areas de pastagens apresentam algum grau d
degradacéce pouca possibilidade de recuperacdo natural, sendo incapazes de sustentar os
niveis de producdo e qualidade exigidas pelos animais (Dias-Filho, 2014). Outro fator que
afeta a produtividade das pastagens é a ocorréncia de insetos praga, como as cigarrinhas-das
pastagens (Valério, 2009).

As cigarrinhas Mahanarva spectabilis(Distant, 1909) (Hemiptera: Cercopidae)
acometem os principais géneros de forragens, sendo considerada inseto-praga limitante na
Ameérica Tropical (Holmann & Peck 2002; Auatal.,2010; Fonsecat al, 2016).

Os ovos de cigarrinha das pastagens sé&o depositados em solo e em restos culturais
(Valério, 1999). Estudos envolvendo aspectos biologicos dos ovos de cigarrinhas do género
Mahanarvaforam realizados Peck (2002) e Auad & Carvalho (2009), que descrevem 0s
quatro estadios embrionarios: Estadiol (SN1): Ovos recém-colocados; Estadio 2 (SN2): Ovos
com opérculo evidente de cor negra; Estadio 3 (SN3): Superficie negra do opérculo exposta e
mancha avermelhada na parte anterior do ovo; Estadio 4 (SN4): Ovos préximos a ecloséo,
com dois pontos avermelhados em cada lado do opérculo, correspondendo aos olhos e pontos
avermelhados maiores representando pigmentos abdominais das ninfas.

O ciclo completo da embriogénese ocorre por volta de 15 dias em ovos néo-diapausos,
favorecido pelo clima quente e uamido, por outro lado, nos ovos em diapausa essa duracao
pode se estender por até 200 dias, relacionado com meses de baixa pluviosidade e
temperaturas, onde os ovos se encontram estagnados no estadio 2 da embriogenese (Auad
al., 2009 Kostal et al.,2017). Os fatores climaticos como temperatura, chuva, alta umidade e
fotoperiodo durante as estacdes de primavera e verdo nas regifes tropicais influenciam a
duracéo do ciclo de vida destes insetos praga, assim como o numero de picos populacionais e,
consequentemente, o niumero de geracgdes de cigarrinhas por ano (Mendonca, 1996).

Os estimulos ambientais que desencadeiam a entrada em diapausa séo variaveis, mas

geralmente estdo ligados a variagbes de fotoperiodo, temperatura e umidade (Tauber et al
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1986). Assim, o inicio da diapausa geralmente precede as condi¢cdes adversas do ambiente e
seu término, ndo necessariamente, ocorre com o fim das adversidades (Gullan & Cranston
2009). A mudanca sazonal na duracdo dos dias pode ser um bom indicador para prever a
mudanca de caracteristicas ambientais que causam a ocorréncia de diapausa, mas a diapaus
nao corresponde necessariamente a uma reacao imediata ao fotoperiodo, podendo ocorrer err
resposta a sinais recebidos numa fase anterior (Delinger, 2009; Simdes et al., 2013).

A diapausa é considerada uma via dindmica induzida por pistas ambientais especificas
gue envolve varias fases, contribuindo para a sobrevivéncia dos insetos em condicdes
desfavoraveis, como baixa temperatura, seca ou falta de alimentos (Denlingek ;260 2t
al., 2017). Nesse estagio a atividade metabdlica transitoria, garantindo varias necessidades
ligadas aos preparativos para o periodo longo de inatividade comportamental e supressao
metabolica Kostal, 2006). Assim, 0s insetos continuam respondendo e induzindo estimulos
gue os ajudam na manutencdo da diapausa, com tolerancia ao estresse ambiental reforcada
permitindo a sincronizacdo do ciclo de vida com periodos adequados para crescimento,
desenvolvimento e reproducdo, porém, para conseguir esse empreendimento 0s insetos
necessitam gerenciar suas reservas de energia (Hahn & Denlinger, 2011).

As reservas extras permanecem com o inseto apos o término da diapausa, e servem
como aditivo para o desenvolvimento e reproducdo, aumentando a desempenho metabdlico
pés-diapausa (Zhou & Miesfeld, 2009). Além disso, sdo utilizadas na manutencao celular de
ambos os grupos, promovendo a producdo de energia catabdlica e processos anabolizantes,
incluindo rotacdo de proteinas e manutencdo da remodelacdo da membrana celular (Kostal,
2006). Deste modo, os insetos em diapausa nao apresentam metabolismo mais lento do que
outros insetos comuns na mesma fase de vida; eles encontraram um caminho alternativo de
desenvolvimento que demanda outros empreendimentos metabdlicos.

O conhecimento da diapausa € essencial para a compreensao dos ciclos de vida dos
insetos e para auxiliar no desenvolvimento de estratégias de controle de pragas (Bnlinger
al., 2012). No entanto, a diapausa envolve processos de geracdo, manutencao e ruptura, que
ainda ndo foram completamente elucidados (Giteal., 2014). Neste trabalho, propomos
identificar e caracterizar as proteinas expressawae em diapausa (D), ndo-diapausa (ND)

e pos-diapausa (PD) dé. spectabilisutilizandoabordagenshotgunLC-MS/MS combinada
com analises de bioinformatica.

Este é o primeiro estudo sobre a analise protedbmica de ovbk dpectabilise
acreditamos que nossas descobertas serdo Uteis no desenvolvimento de estratégias pare

controle desta praga.
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MATERIAL E METODOS

Criacao deM. spectabilis e coleta dos ovos

Adultos deM. spectabilisforam coletados na estacdo experimental do Programa de
Criacéo de Forragens da Embrapa Gado de Leite, Brasil, e transportados para Laboratorio de
Entomologia. Os insetos foram mantidos em gaiolas cilindricas de acrilico (30 x 30 x 60 cm),
forradas com gaze umedecida com agua destilada que servia como substrato para ovoposicao
dos insetos.

Para remover os ovos depositados no substrato, a gaze foi colocada sobre um conjunto de
peneiras e submetida a jatos de agua, de modo que 0s ovos permanecessem na Peneira (40
um). Os ovos foram colocados em placas de Petri (10 cm de didmetro), que foram revestidas

com papel de filtro e incubadas em uma camara climética (28 £ 2 ° C, 70 = 10% umidade
relativa, fotofase de 14 h). O papel de filtro foi umedecido diariamente com agua destilada e o
desenvolvimento embrionario foi observado até os estagios diapausa (D) (S2D), ndo-diapausa
(ND) (S2N e S4N), pés-diapausa (PD) (S4N), periodo de aproximadamete 200 dias, para

utilizag&o nos bioensaios.

Preparo das amostras e SDS-PAGE

As amostras de 120 ovos diapausicos e ndo diapausicos foram mecanicamente
homogeneizados em 50 pl de tampao SDS 4% e submetidas a cinco ciclos em banho de
nitrogénio liquido por 5s, vortexadas (Tissyelyser-lIQIAGEN®) por 2 min/30rpm e
sonicadas por 30s com 30s de intervalo, em banho de gelo. Os sobrenadantes foram coletados
apos centrifugacdo 13.000g a 4°C por 10min e submetido a quantificacdo protéica pelo
método de Bradford (1976).

Um total de 50ug de proteina foi analisada em gel de poliacrilamida (12%) em
condi¢cdes desnaturantes (SDS-PAGE), conforme descrito por Laerhrali (1970). A
corrida foi realizada a 70 V, deixando a amostra percorre por 2 cm no gel. Os géis foram
corados com solucade azul deCoomassigz-250 e digitalizados usandmageScannetll
(GE Healthcare).

Digestdo triptica e preparacdo de amostras para analises por LC-MS

As bandas de proteinas foram excisadas manualmente do gel e submetidas a digestao
14



com tripsina em gel segundo Shevcherdtoal. (2007). Os fragmentos de gel foram
descorados através de sucessivas lavagens em solugdo 50 mM bicarbonato de amdnio/50% de
metanol (v/v), seguido de acetonitrila para desidratacdo. As proteinas foram reduzidas em
solucéo de DTT 200 mM em bicarbonato de aménio 100 mM por 30 min a 56°C utilizando
banho seco. Em seguida, alquiladas em solucéo de iodoacetamida 200 mM em bicarbonato de
amoénio a 100 mM por 30 min a temperatura ambiente, na auséncia de luz. Os pedacos de gel
foram lavados com bicarbonato de aménio 100 mM por 10 min, desidratados em acetonitrila
por 5 min e secos eapeed vapor 15 min.

Para a digestdo enzimatica, os géis foram reidratados com solucdo contendo tripsina
(Trypsin, from porcine pancreas, Proteomics grade - Sigma) 20 ng/mL em solugcédo de
bicarbonato de aménio 40 mM pH 8,0 e acetonitrila 10%, incubadas a 37°C por 16h. Os
peptideos digeridos foram extraidos utilizando tampao de extracdo com acetato de etilo 50%
(v / v), acido formico a 5% (v/v), seco por centrifugacdo a vacuo e ressuspendido em acido

formico a 0,1% (v/v).

Identificacdo de proteinas por espectrometria de massas

Para a identificélp das proteinas 10 pL da amostra de ovos diapausicos, nao-
diapausicos e pés-diapausa foram aplicados em sistema LC-MS, usando um nanoUPLC
(nanoACQUITY-Waters) contendo uma coluna capilar C18 BEH130 1.7 uM -100 nm x 100
mm, operando com uma taxa de fluxe €,5 pulL/min. Os peptideos eluidos foram
automaticamente injetados em espectrometro de massas do tipo Q-Tof (Bruker Daltonics),
atuando no modonline usando uma agulha de ionizacdo nanoESI. O escaneamento dos ions
realizado pelo espectrometro massas foi entre 300 e 1500 m/z em modo positivo e os dados
foram adquiridos durante 70 min em cada analise LC-MS/MS. O espectrémetro de massas
operou no modo auto-MSn. A aquisicdo dos dados do instrumento LC-MS foi gerida pelo
software Hystar (Bruker) e os espectros foram processados peftware Data Analysis
(Bruker) utilizando as configuracdes padrées para protedmica.

Os espectros foram analisados pelo programa PEAKS 7 com uma licenca de Client
local, conectado com um servidor remoto, para identificacdo de proteinas. Os parametros
utilizados no programa foram: lista de proteinas obtidagkrta contendo todas as proteinas
descritas no banco de dados, oxidacdo da metionina como modificacdo variavel,
carbamidometilacdo de cisteina como modificacéo fixa, uma clivagem perdida, estados de

cargas de 2+, 3+, 4+, tripsina como enzima de clivagem e erro de massa de 0.15Da. Foram
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consideradas como positivos verdadeiros, identificagdes com FDR menor que 5,0%.

Anotacdes funcionais e analise de ontologia

As proteinas identificadas foram submetidos a pesquisa de homologia usando
BLASTX contra a base de dados de proteinas Phytozome, os nimeros Gl foram extraidos e
enviados para a ferramenta de mapeamento UniprotRetrived/ ID para gerar a caracterizacao
funcional (GO). Os genes foram identificados utilizando anotagbedDrdeophila
depositados no banco de dados de Grupos Ortélogos (KOG). As redes de interacao proteina-
proteina entre as proteinas identificadas no estudo e entre elas e outras proteinas néo
identificadas aqui, foram preditas pelsoftware String 10.0 (disponivel online:
http://stringdb.org/). Os nimeros de acesso para cada proteina gerada pelo UniProt foram
carregados neoftware que foi configurado para pesquisar o banco de dadbsogephila
O escore de interacdo minimo requerido foi ajustado para 0.900 (alta confianca) e ndo foram

permitidas mais de 20 interacdes.

RESULTADOS

Identificacdo proteins expressas em ovos diapausicos, nao diapausicos
e pos-diapausicosle Mahanarva spectabilis

Um total de 87 proteinas, sendo 20 diapausa e 41 ndo-diapausa e 26 poOs-diapausa
foram identificadas (Figura 2 e Tabela Suplementar 1) com alta confidencia pelo do software

PEAKS 7 (FDR menor 5%). Foram identificadas 12 proteinas comuns entre os estagios, entre

elas, vitelogenina, histona H4, histona HaAubulina,a-hemoglobina e ATP sintase.

NDS2 NDS4 PDS4

M
kDa
TS -
25—
15 | ——
10—

Figura 1. SDS-PAGE de proteinas nado fracionadas de ovos em diapausa (S2By-diapausa (NDs2 e

NDs4), pés-diapausa (PDs4) respectivamentds amostras foram separadas em gel de resolugdo 12% até
percorrem por 2 cm e fracionadas manualmente em dez tMjamarcador de massa molecular.
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Figura 2. Agrupamento das proteinas identificadas em ovos Diapausa (DliE&iapausa (NDS2, NDS4) e
poésdiapausa (PS4) ddahanarva spectabilis

O agrupamento das proteinas identificadas revelou maior nimero de proteinas
envolvidas com processos de informacao (55%) em ovos diapausicos, no entanto em ovos
nao-diapausicos e poés-diapausa apresentaram maior namero de proteinas relacionadas ac
processo celular/sinalizacdo (42%; 50%) e metabolismo (15%; 35%) respectivamente (Figura
3).
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Figura 3. Categorizagao funcional das proteinas identificadas em ovos Dapausicos, Nao-diapaBsisos e
diapausa deMahanarva spectabilisA) Resultado da andlise de categorizacdo funcional das proteinas
identificadas em ovos Diapausa, que apresentaram assinaturas especificas nass aaeg®G. B) Resultado

da analise de categorizacao funcional das proteinas identificadas emédovtiapausa e (C) Resultado da
andlise de categorizagdo funcional das proteinas identificadas em ovos pésadiapmusapresentaram
assinaturas especificas nas categorias do KOG. Noxeestdo as categorias do KOG. No eixo y estdo os

nameros de proteinas encontradas para cada categoria do KOG.

Interacdo proteina-proteina e significado bioldgico das proteinas
identificadas em ovos diapausicos, ndo diapausicos e pés-diapausicos
de Mahanarva spectabilis

A lista de proteinas identificadas em ovos diapausa e nao-diapausa com anotacdes
foram submetidas asoftware String 10.0, possibilitando a visualizacéo redes de interagao
protéicas e processos metabdlicos (Figura 4). Nos ovos em diapausa, identificamos proteinas
de ligacdo ao DNA (His2A, His2B, His4, Fbpp0085281, CG31613), vitelogenina (Ypl, Yp2,
Yp3), proteinas de choque térmico (Hsp68, Hsp70Ab, Hsp70Bc) e proteinas relacionadas a
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geracdo de metabolitos precursores de energia (Eno, Tpi, PyK, PgK, Pglym78, Ald, Gapdhl,
Gapdh2, blw, Oscp, ATPsyn-d, CG7813, CG5389, CG7610, CG1746, 1(1)G0230) que
compreendem processos glicoliticos e metabolismo de ATP (Figura 4A). Entre as proteinas
identificadas nos ovos nao-diapausa, identificamos histonas (His2A, His2B, His4), proteinas
ribossomais (RpS19a, RpS2, RpS17, RpL27A, RpL13A, RpS16, RpL1l4, RpL9, RpL15,
RpS8, RpS28b, RpS20, RpS23, RpS9, RpS10Ab, RpL4, RpS15, RpS3, RpLP2, RpS5a) e
fator de elongacao (F2) que compreendem proteinas envolvidas em processos de biossintese
de macromoléculas e regulacéo de expressao génica em grupos pos-diapausa (Figura 4B).
Com base nas suas funcbes moleculares, os resultados de GO obtidos do String
revelaram que o grupo de proteinas predominante sdo a relacionadas com atividade molecular
e constituintes ribossomais em ovos pos-diapausa e mecanismos de fosforilacdo e transporte

de protons em ovos diapausa (Figuras 4C).
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Figura 4. Rede de possiveis interacfes proteina-proteina em ovos de Mahanarva spectakismapas de interacdo foram gerados pelo software SRTING 10.0. A) Penteina
ovos diapausicos: H3A (Hig3, Histona H4 (His4) Histona H2A, Histona H2B (His®)telogenina (Ypl,Yp2,Yp3), Proteinas de choque térmico (Hsp70Ab, H$i{8/0Bc),e
proteinas de ligagdo a DNA (FBpps), (CG316113). B) Proteinas de ovabapaosicosFator de elongacgéo -&lpha (F2), Protenas ribossomais (RpSs e RyLHistona H4
(His4) Histona H2A, Histona H2B (HisB)Proteinas dos ovos poés-diapausicos : Histona H4 (His4) Histona Higsna H2B (FBpp0085281), DNA binding (CG31613),
Proteinas de choque térmico Proteinas (Hsp70, Hsp6870Bc), Enolase (Eno), Triose fosfato isomerase (Tpi), Piruvato cing®e&), Fosfoglicerato cinase (PgK),
Fosfogliceromutase(Pglym78), Aldolase (Ald), Gliceraldeido-3P deidrogenase 1 (Gaptibdraldeido-3P deidrogenase 2 (Gapdh2), Bellwether-ATP sintase (blugirRrque
confere sensibilidade a oligomicina (Oscp), ATP sintase (ATPsyn-d), AT Pasetagikqa de hidrogénio (CG7813), ATPase exportadora de hidrogéni@8G)GBTP sintase-gama
(CG7610), ATPase exportadora de hidrogénio (CG1746), Lethal (1(1)G0230), Vitelogenina (Ypl,Yp2,Yp3).
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DISCUSSAO

A cigarrinha-das-pastagei spectabilis € uma praga economicamente importante para as
forrageiras. A falta de informacdes relacionada a diapausa € uma barreira para compseender a
estratégias evolucionarias desta espécie e novas alternativas de controle. A estratégia de shotgun
baseada em digestdo proteolitica de misturas de proteinas complexas, por separacdo LC de
peptideos e sequenciamento de MS em tandem, tem sido amplamente utilizadal(F201.3).

Neste estudo nos identificamos proteinas expressas em ovos diapausa, ndo-diapausa e pés
diapausicos d¥l. spectabilisrelatando a presenca de proteinas comuns entre os diferentes estadios
como tubulina, albumina, vitelogenina, histonas e ATP sitase, sendo essas porteinas relacionadas &
importantes processos fisioldgicos. Segundo Rockman & Wray (2002), as histonas sdo reguladoras
de expressdo génica no desenvolvimento dos ovos. No entanto, em nossas analises observamo:
maior interacdo de histonarofeinas de choque térmico (Hsp) e proteinas de ligacdo a DNA,
presentes em ovos diapausa com as proteinas depositadas no banco de dados do String, sugerind
estas proteinas estdo associadas a processos de regulacdo do estagio de dorméncia, auxiliando r
manutencdo. Porém o0s papéis da acetilacdo de histonas em ovos diapausa permanecen
desconhecidos (Acevedt al.,2017).

As proteinas de choque térmico (Hsp68, Hsp70Ab, Hsp70Bc) e proteinas relacionadas ao
metabolismo de energia (Eno, Tpi, PyK, PgK, Pglym78, Ald, Gapdhl, Gapdh2, blw, Oscp, ATPsyn-

d, CG7813, CG5389, CG7610, CG1746, 1(1)G0230) (Figura 4B), foram identificadas em ovos poés
diapausicos. Estas proteinas compreendem processos glicoliticos e metabolismo de ATP a qual
apresentam funcéo de defesa sob condicdes extremas, especialmente sob estresse e alta temperatL
(Li et al.,2009), além de serem ativas também no frio, seca, oxidacéo, estresse hipertdnico, UV e
metais pesados (Zhang & Denlinger, 2011). No entanto, as HSPs (proteinas de choque térmico) de
insetos podem ndo estar associada apenas a resposta aos estresses ambientais, mas também es
envolvidas na recepc¢dao/traducdo durante a programacao para o término da diapaus&t(&lgribe

2010; Fanet al., 2013), contribuindo para o dobramento correto proteinas recém sintetizadas,
protegendo-as contra desnaturacdo irreversivel e promovendo a degradacdo de proteinas nac
recuperadas (Storey & Storey, 2011).

Assim, durante a diapausa, ocorre um processo fisioldgico caracteristico em niveis
diferentes de metabolismo, a rede sHsp / Hsp70 / Hsp90 / Hsp60 tem potencial para impulsionar o
dobramento e armazenamento de proteinas, influenciando a disponibilidade de ATP (adenosina
trifosfato). A ligacdo do substrato ao Hsps € independente do ATP, porém um aumento da

guantidade de sHsps-ATP potencializa a protecéo da proteina, ou seja, se houver disponibilidade de
21



ATP, as proteinas podem se ligar de forma estavel as Hsp70, Hsp90 e Hsp60 (King & MacRae,
2015). Nossos resultados corroboram com as evidéncias de que a presenca de sHsps-ATP ne
diapausa dos ovos dé. spectabiliscontribui para o aumento do metabolismo e auxilia na defesa

das células contra a perda de proteina induzida pelo estresse durante a diapausa.

Em adicdo, também identificamos a proteina EF1 (fator de alongamento lalfa), que atuam
na iniciacdo da traducdo, e proteinas ribossémicas (RpS19a, RpS2, RpS17, RpL27A, RpL13A,
RpS16, RpL14, RpL9, RpL15, RpS8, RpS28b, RpS20, RpS23, RpS9, RpS10ADb, RpL4, RpS15,
RpS3, RpLP2, RpS5a) em ovos ndo-diapausos. Esses componentes sdo importantes na regulacao ¢
traducdo e sintese protéica, indicando que a traducdo do mRNA e a sintese de proteinas é
potencialmente mais ativa em ovos ndo-diapausicos. Estas abundancias de proteinas ribossémicas
podem estar relacionadas a sintese protéica durante a embriogénedealH@913) observaram
um aumento de proteinas ribossomais em analise protedbmica via KEGG, bem como de vias do
metabolismo, traducao e transcricdo em ovos nao-dipausiGmugyx mori.

Gu et al. (2011), relatam que a fosforilacdo da proteina 4EBP parece ser a sinalizacdo para a
progranacdo de término da diapausa em ovosBoenbyx morireforcando a hipétese de que o
metabolismo biossintético de proteinas € um dos principais impasses entre diapausa e nao-diapausa

Nosso estudo mostrou que o desenvolvimento e os caminhos fisiolégicos dos ®&os de
spectabilisestéo relacionadas com a auto-protecdo durante a diapausa e com desenvolvimento da
embriogénico nos ovos nado-diapausicos favorecendo a sobrevida da espécie e de futuras geracoe:
no campo no perido pés-diapausa. No entanto a identificacdo de proteinas envolvidas nesses
estadios de desenvolvimento pode auxiliar pesquisas estratégica para a manipulacdo de populacoe:

de pragas, forcando-as ser ativas em condi¢des desfavoraveis.
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MATERIAL SUPLEMENTAR

Tabela Suplementar 1.Identificacdo de proteinas dos ovos Diapausos, Nao-diapausos e Pos

diapausicos d&ahanarva spectabilipor LC-MS.

N&o-Diapausa

Proteina

Peptideos

B2BD67 Vitelogenina 83.64 YTIQSSVTTNK
YPVHAFGR
E3WH90 Vitelogenina 43.92 DAVAEAGTGPALLTIK
B2BD67 Vitelogenina 62.34 YPVHAFGR
AOA151IEV1 Vitelogenina-1 62.79 NVPTWELNLLK
AOA151IEV1 Vitelogenina-1 0 NVPTWELNLLK
B41P23 Histona H4 115.59 TVTAMDVVYRAK
ISGLIYEETR
DNIQGITKPAIR
AOAQ75C4X2 Histona H2A 37.11| VGAGAPVYLAAVM(+15.99)EYLAAEVL
ELAGNAAR
B4IN83 Histona H2B 66.36 HAVSEGTK
AMSIMNSFVNDIFER
B4IMC5 Histona H2B 73.63 AMSIMNSFVNDIFER
HAVSEGTK
H91Z57 a-tubulina 51.11 LIGQIVSSITASLR
H9JV50 a-tubulina 102.81 TIQFVDWC(+57.02)PTGFK
IHFPLVTYAPVISAEK
T1DQ28 a-hemoglobina 112.65 IGGHGAEYGAEALER
FLASVSTVLTSK
T1E7Z1 a-hemoglobina 78.81 FLASVSTVLTSK
IGGHGAEYGAEALER
AOA026X3R9 Actina 91.19 AGFAGDDAPR
EITALAPSTIK
DLYANTVLSGGTTM(+15.99)YPGIADR
AOA154PBX6 Actina 67.47 IAPEEHPVLLTEAPLNPK
AGFAGDDAPR
B8Y197 Fator de alongamentol 65.50 M(+15.99)DSTEPPYSESR
YYVTIIDAPGHR
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B3NQ25 ATPase de transporte de calcio  60.89 NILFSGTNVAAGK
AOA026WRY7 Ankyrin-2 34.08 EFAQLADYIDSR
B3GCD7 Isopropase cis-trans peptidil- 58.10 HVVFGSVVEGMDIVK
prolique
D2A4R3 B-ATP sintase 50.92 TVLIMELINNVAK
AOA146LX34 B-Spectrin 47.48 LIAENNFR
D1LBX8 Ribosomal S5 38.84 TIAEC(+57.02)VADELINAAK
A0A084VJ18 AGAP013356 1 DLRVTTQR
AOA182MI61 Outros segmentos 44.6p EYNMVADALR
X1XR84 N&o caracterizada 40.37 TPPGGE
AOA1B6MMGS8 N&o caracterizada 44.79 ILLELYYK
K7IRP4 N&o caracterizada 47.5p VLEQLTGQQPVEFSK
AOA1B6C1IN7 Nao caracterizada 50.7b ALGNIAHPR
AOA1B6E1L5 Nao caracterizada 57.28 YSTETDEVYK
J9JRM2 N&o caracterizada 61.23 AAVTGLGFLLFR
AOA1B6LOY6 N&o caracterizada 71.45 DAVAQAGTGPALLTIK
NLQVNIPIR
AOA1B6EBM7 N&o caracterizada 81.41 YIIQSSVTTNK
IFAPQHDLEVQYDGTGVK
AO0A1B6DDC?2 Nao caracterizada 143.01 ALDSIQASLEAESK
KLEADINELEIALDHANK
DVQTALEEEQR
SQLELSQVR
QIEEAEEIAALNLAK
NLADEVKDLLDQIGEGGR
DELQAALEEAEAALEQEENK
ANALQNELEESR
AOA1B6DHB6 N&o caracterizada 126.78 IFAPQHDLEVQYDGTGVK
YHQSSVTTNK
AOA1B6LOY6 N&o caracterizada 99.34 DAVAQAGTGPALLTIK
NLQVNIPIR
AOA1B6CLY7 N&o caracterizada 77.38 ALGNIAHPR
AOA1B6D741 Nao caracterizada 60.87 IYTNC(+57.02)C(+57.02)PQSTDR
AOA1B6EGC2 N&o caracterizada 49.08 IIGWGEENGVK
AOA182UHL8 N&o caracterizada 42.62 ASHAAC(+57.02)R
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AOA026WAJ5 Nao caracterizada 38.89 NAVAQAGTGPALLTIK
AOA1B6EBA7 Nao caracterizada 35.80 KIVSALSKLSK
Diapausa
B2BD67 Vitelogenina 59.67 YPVHAFGR
AOA151IEV1 Vitelogenina-1 37.69 NVPTWELNLLK
AOAOABKZN4 Histona H4 85.86 TVTAMDVVYALK
AOA1A9WA425 Histona H2A 58.41 LLSGVTIAQGGVLPNIQAVLLPK
H91Z57 a-tubulina 72.22 LIGQIVSSITASLR
T1E7Z1 a-hemoglobina 95.97 IGGHGAEYGAEALER
FLASVSTVLTSK
Q6WAW3 Proteina de choque térmicot 60.60 VEIIANDQGNR
Hsp70
AOA069DXP5 Cinase ativada por mitdbgenaos 31.53 NPPPR
AOA1IBMMG5 Transportador de aminoéacidas 33.16 QDAEPTLIR
C4AWXAO0 ACYPI009011 45.21 MVLTVDDITC(+57.02)TR
AOA1B6E1LO N&o caracterizada 89.48 LGQEFDEETPDGR
MILTVDDIVC(+57.02)TR
AIGVGFFTR
AOA1B6EBM7 N&o caracterizada 88.97 IFAPQHDLEVQYDGTGVK
YIIQSSVTTNK
AOA1B6LOY6 N&o caracterizada 84.94 DAVAQAGTGPALLTIK
NLQVNIPIR
AOA1B6CLY7 N&o caracterizada 64.18 TNPSMQLLQR
ALGNIAHPR
TNPSM(+15.99)QLLQR
AOA1B6DMGS8 N&o caracterizada 46.50 AGGEIITFDELALR
AO0A182L4P4 Nao caracterizada 44.65 GSGGGGGGGGPNRR
AOA182HNE4 N&o caracterizada 41.77 DSYVGDEAQSK
AOA182MEX8 N&o caracterizada 38.59 YWIAVNSWGK
AOA1BOEMO4 N&o caracterizada 32.2p LLLEVIDR
AOA182LXE1 N&o caracterizada 32.00
HAAGDK
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Pds-diapausa

B2BD67 Vitelogenina 88.94 YTIQSSVTTNK
YPVHAFGR
B41QA5 Histona H4 108.76 TVTAM(+15.99)DVVYALK
ISGLIYEETR
AOAOL7RDX3 Histona H2A 70.15 LLSGVTIAQGGVLPNIQAVLLPK
H9JV50 a-tubulina 114.30 TIQFVDWC(+57.02)PTGFK
LIGQIVSSITASLR
DVNAAIATIK
F6M9IL9 B-tubulina 79.60 IM(+15.99)NTYSVVPSPK
TiDQ28 a-hemoglobina 48.53 FLASVSTVLTSK
AOAO0U4B5C7 Proteina de choque térmicoi 120.80 TTPSYVAFTDTER
Hsp70 IINEPTAAAIAYGLDK
VEIIANDQGNR
TFFPEEVSSMVLTK
AOAOP4VVE9 Isoforma muscular de acting 119.p0 DSYVGDEAQSK
AGFAGDDAPR
DLYANTVLSGGTTM(+15.99)YPGIADR
HQGVM(+15.99)VGMGQK
EITALAPSTIK
AOAOP4VVE9 Isoforma muscular de actina 119.00 DSYVGDEAQSK
AGFAGDDAPR
DLYANTVLSGGTTM(+15.99)YPGIADR
HQGVM(+15.99)VGMGQK
EITALAPSTIK
AO0A158P200 Acido aminolevulinico 103.48 IINEPTAAAIAYGLDK
desidratase VEIIANDQGNR
DVDEIVLVGGSTR
AOAOK8W1R2 B-ATP sintase 80.59 IINVIGEPIDER
FTQAGSEVSALLGR
AOA1B6FW63 Citrato sintase 67.01 ALGTLASLVWDR
AOA067R2J7 B-Spectrin 66.18 VQQLEDAYAELVK
AOA193PCD1 Adenina nucleotideo translocase 57|88 GFGVSVQGIIIYR
AOAO0Z7 Enolase 55.10 AVDNINKSIAPELLK
A4V3G1l Fructose-bisfosfato aldolase 49.49 VTETVLAAVYK
JoJvQs Serina/Treonina fosfatase 48.56 EIFLSQPILLELEAPLK
Q5PXZ1 IDGF 37.75 TLLESVESR
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AOA1B6DDC2 N&o caracterizada 120.45 AQQELEEAEER
ALDSIQASLEAESK
GAYEEGQEQLEAVR
NLADEVKDLLDQIGEGGR
KLEGELQTLHADLDELLNEAK
AOA1B6DHB6 N&o caracterizada 93.44 YIIQSSVTTNK
IFAPQHDLEVQYDGTGVK
AOA1B6CLY7 N&o caracterizada 81.10 ALGNIAHPR
AOA1B6LOY6 N&o caracterizada 79.20 DAVAQAGTGPALLTIK
NLQVNIPIR
AOA1B6EFU4 N&o caracterizada 63.57 TNDIAGDGTTTATVLAQAIVR
AOA1B6CCS82 Nao caracterizada 52.97 YFTILEAGSR
AOA1B6CGM1 Nao caracterizada 52.28 LWLVDGAPDFLK
K7JMJ3 N&o caracterizada 42.99 SNPTVSYYFLK
AOA1B6EGC2 N&o caracterizada 42.20 IIGWGEENGVK
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ABSTRACT
Plant perception of signals at first stages of the insect attack are determinants to trigger specific
physiological alterations that confer resistance. Thus, the molecular characterization of both insect
effectors and plant hormonal regulators are essential to the development of the resistant genotypes
of forages grasses to the infestation Mghanarva spectabilisApplying biochemical and mass
spectrometry tools, we evaluated the presence of effectors in the salivary glahdspefctabilis
that could be related to high capabilities of infestation of elephant grass. The presence of an
NTPDase apyrase-like was confirmed and higher activities were observed for fagthldgzing
ADP. High levels of long chain fat acids, such as Octadecanoid acid (19.5%), Prostaglandin A2
(4.7%) and Eicosanoic acid and of the phytohormone salicylic acid (~3.0 ng/g) were also detected
in the salivary glands. After 24hs of infestation, the phytohormone profiles were altered specifically
when of presence of leaf damagesvbyspectabilisand could be an indicative of the modulation by
insect effectors that suppressed the plant response. Our results further suggest that this may be a
result of crosstalk between the SA, JA, ABA and Zeatin pathways, as an effect of the SA induction.
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Our results demonstrate that the presence of the spittlebugs interfered with JA and Zeatin

accumulation in elephant grass plants.

Key words: Fat acids; apyrase; phytohormone; jasmonic acid; salicylic acid
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INTRODUCTION

Effector molecules secreted by the salivary glands of insects during infestation lead to a
reprogramming of the plant metabolism for the defense of the attack (Gatehouse 2002; Guiguet et
al., 2016). A number of recent discoveries have shifted attention to damage-associated molecular
patterns (DAMPSs) involved in the earliest events that occur during plant attack by herbivorous
insects (Maffei et al., 2007; Zebelo and Maffei, 2015). These include the plant perception of
specific physiological alterations that occur at the attack site, including the release of eldracell
ATP, the elevation of cytosolic calciuconcentration, and the production of reactive oxygen (ROS)
and nitrogen (RNS) species (Zebelo and Maffei, 2015). These responses originate at the plant cell
plasma membrane, and are triggered both physical damage and by molecules from the herbivores.
The elicitors of these responses can be low mass conggpsuch as FACs (fatty acid-amino
acid conjugates), inceptins, caeliferins, bruchias,well as high mass molecules, such as the
enzyme glucose oxidase (Acevedo et al., 2015; Shatyal., 2016; Aljbory and Chen 2018).
Besidestheir mass, insect elicitors may differ in origin &rdmolecular function, such as
herbivore-associated elicitors (HAEs) derived framsects, damage-associated molecular
patterns (DAMPSs) from plants, effectors, and mie®lgebelo and Maffei 2012; Acevedo et al.,
2015).

In animals and plants, a diverse array of extracellular enzymes helps control extracecular
ATP. Among them, apyrases play a major role (Guiguet et al., 2016). Apyrases, also named
Nucleoside triphosphate diphosphohydrolases (NTPBa34%1.5), are a family of enzymes that
hydrolyze nucleosides triphosphates and diphosphates upon bivalent metal ion. Among the
hematophages that possess apyrase activity in the salivary gland are a variety of ticks {&lutzer e
2009). However, there are few studies of this enzyme in the salivary gland in sucking insects. In
plants, the recent identification of the DORN1 eATP receptdy. ithalianahas stimulated interest
in the study of apyrases modulation plant response to herbivory (Tanaka et al., 2014) because could
be involved in the control extracellular ATP (Detoni et al., 2012).

Given emerging links between these molecules to the plant growth and defense, have been
propose that these effectors interfere with phytohormone signaling (Schultz and Appel 2004;
Schmelz at al., 2008). Oral secretions also have important functions for herbivores, as some
components are active for interfering with plant defense-signaling pathways (Nabity et al., 2013;
Giron and Glevarec, 2014). The phytohormones most often associated with mediating plant
responseto insecs are jasmonic acid (JA), Ethylene, and salicylic acid (SA) (Nguyen et al.,.2016)

The spittlebugs is the generic name for a complex of spittlebugs that attack almost all important

34



genera of forage grasses, such Bxschiaria, Cynodon Panicum and Pennisetum and are
considered limiting insects-pests in livestock production of tropical America (Holmann & Peck,
2002). The genuBlahanarvais among the main genera of spittlebugs that occur in Brazil and are
harmful to forage grasses (AUAD et al., 2007; Auad et al., 2010; Fonseca et al., 2016). The nymphs
feed on the roots, inserting their stilettos in the xylem vessels and sucking the sap, thus destroying
the conducting vessels, which hinders the transport of water and nutrients, weakening the plant and
causing the symptom known as physiological disorder (BYERS WELL, 1966). However, the main
damage is caused by adults who, when feeding, inject toxins present in the saliva, causing
yellowing and drying of the leaf, reducing the photosynthetic capacity of the plant (Resende et al.
2013; Fonseca et al., 2016

In this study, the presence of effectors in the salivary glandd.ofpectabiliswas
investigated applying diverse analytical tools. The presence and activity of an BE RRa
confirmed and is an indicative that it could be involved in the susceptibly of elephant grass to the
infestation. Applying LC/MS approaches was also verified the presence of several long chain fat
acids derivatives also as putative effectors. Interesting, high level of the SA were detected in the
salivary gland and could be involved in the fluctuation of phytohormone levels observed in the
elephant grass leaves. The role of these effectors in the molecular signaling bétvepentabilis

and elephant grasses are discussed.

MATERIALS AND METHODS

Plants and Insects

Plants ofPennisetum purpureund Mahanarva spectabilisised were kindly provide by
Embrapa Dairy Cattle, Brazil. The plant grown in 500-mL pots containing soil and were and
maintained in a greenhouse temperature + 27°C and relative humidity + 81%) for 30 days. The
developmental stages males, females and nymphs were collected from experimental station from

Forage Breeding Programme of Embrapa.

Preparation of the gland homogenates and Enzymatic Assays

To prepare cell homogenates of the salivary glands were processed 10 insects and the
salivary glands were removed by excision using a fine-tipped twedzs pool containing the
excised salivary glands were placed in buffer containing 5 mmol/L Tris-HCI, pH 7.4, 8% sucrose,
leupeptin (0.5 pg/mL), pepstatin  (0.07 pg/mL), trypsin inhibitor (50 pg/L) and

phenylmethylsulfonyl fluoride (2g/mL). The homogenate was prepared by 3 cycles in ultrasonic
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bath (Ultrasonic Cleaner, Unique 700) by 5 min followed of freeze-thaw in liquid nitrogen. Samples
were centrifuged at 600 g for 10 minutes and the supernatant was collect to new Eppendorf tube
The protein concentration was determined by the method of Lowry, using bovine serum albumin as
a standard (Lowry, 1951). Aliquots from homogenates of the salivary (0.1 mg/mL) were used to
measure phosphohydrolytic activity in triplicate in standard reaction medium containing MOPS(3-
(N-Morpholino) 50 mM pH 7.4, 5mM CaCl2, 2 mM MgCI2, 150 mM NaCl , 5mM KCI and
10mM azide. The reaction was initiated by adding 3 mmol/L of the substrate ATP at 37°C and
stopped after 60 minutes with addition of 0.1 N HCI. The amount of inorganic phosphate (Pi)
liberated was determined spectrophotometrically according to Taussky and Schorr (1953). Each
assay was performed in triplicate, using tissue samples obtained from each group. The mean of each
triplicate was calculated, and value with a variation of more than 15% between them was discarded.

Zymogram of the NTPDase activity

A nondenaturing polyacrylamide gel electrophoresis was performed with a 6%
polyacrylamide gel plus 0.1% (v/v) Triton X-100 and 0.1% (w/v) sodium deoxycholate added in
running buffer. Aliquots from homogenates containing 120 pg of proteins were homogenized in
0.125 mol/L Tris-HCI, pH 6.8, 10% glycerol, 0.2% sodium deoxycholate, 0.2% Triton X-100, 5%
bromophenol blue and were submitted to electrophoresis using a Mini-Protean IIl Cell (Bio-Rad)
apparatus for approximately 4 h at 130 V. The gel was washed twice for 20 minutes with 50 mmol/L
MOPS (3{N-Morpholino) propanesulfonic acid) buffer, pH 7.4 and incubated at 37°C in fresh 50
mmol/L MOPS buffer, pH 7.4, supplemented with 10 mmol/L CaCl2 and 5 mmol/LATP.
Approximately 12 hours later according to Detoni et al. (2012), the presence of white calcium
phosphate precipitates were evaluated as indicative of the phosphohydrolytic activity and the

images were photographed against a dark background.

Polyacrylamide gel electrophoresis and Western blotting

Aliquots of the 12Qugthe homogenate protein were solubilized in gel loading buffer and
submitted to sodium dodecyl sulphate-10% polyacrylamide gel electrophoresis (SDS-PAGE), using
the MiniProtean Il Cell system (Bio Rad Laboratorios Brasil Ltda, Brazil), as described by
Laemmli (1970). The proteins were electroblotted onto nitrocellulose membrane, followed by a
blocking step with a solution containing 0.15 mol/L phosphate buffer solution, pH 7.4, plus 0.3%
Tween-20 and 3% casein. Western blots were developed with rabbit anti-potato apyrase (diluted
1:1,000). Signals were revealed by chemiluminescence with anti-rabbit IgG antibody conjugated

with horseradish peroxidase (1:1,000) using luminol substrate (GE Healthcare, Brazil) and exposed
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to X-ray film.

Immunolocalization of the NTPDase in the Salivary Glands oM.

gpectabilis

Immunolocalization was performed by immunofluorescence, as previously described by
Zimmermann (2001) with modifications. The insects were dissected in 0.5% v/v glutaraldehyde
and the salivary glands were removed and fixed in 4% v/v paraformaldehyde and 0.2% v/v Triton
X-100 for one week at 8 ° C. After washing with the buffer PBS and 0,05% v/v Tween, the tissues
were post fixed in the same buffer and block with 4% v/v FCS (fetal calf serum) for 1h. The slides
were incubated for 12 h at 4 ° C with anti-potato apyrase antibodies (1: 500). The slides were
washed 3 times in PBS and 0.05% Tween and incubated for 60 min with anti-mouse 1gG antibody
conjugated withrhodamine (1pg/ml) (Rhodamine Red, Molecular Probes). After incubation, the
glands were again washed 5 times with buffer, and incubated with DAPI (4',6-Diamidino-2-
phenylindole / Invitrogeriug /ml), followed by further washes. Signals were revealed by on the
immunofluorescence microscope, Olympus BX53 equipped with DP73 digital camera. The images

were captured and edited by the CellSens Dimension® program.

Hormone Analysis

For analysis of hormones produced by the insect, the salivary glands were extracted of 10
adults of M. spectabilis(5 male and 5 female). The salivary gland were placed in a 1.5 mL
Eppendorf tube and were addé@d pL of the a solution containing methanol, isopropanol and
acetic acid (20:79:1). The hormones were extracted by four cycles of vortexing by 20 s and
sonicationby 5 minutes. The mixture was placed on ice for 30 min then centrifuged at 13000 x g for
10 min at 4 °C (Muller and Munné-Bosch 2011). The supernatant was carefully removed and the
pellet re-extracted with 40QL methanol, isopropanol and acetic acid (20:79:1). Following, the
extract were incubated again by 30 min on ice, centrifuged and the supernatants were pooled.

For extraction of the phytorhomones from elephant grass, each vessel with an plant were kept a
growth chamber (50 cm high x 10 cm in diameter) containing 10 insects adultsvbf$pectabilis

(5 males and 5 females). Every time of O hours, 24 hours, 48 hours and 72 hours of infestation by to
M. spectabilisthe plant leaves were collected and stored at -80°C. For simulation of the mechanical
damages the elephant grass plants were injured with 10 softs perforation by pin randomly along of
the leaves. The treatments were performed in triplicate. The leaves were powdered in liquid

nitrogen and 110 mg fresh weight was extracted in 400 pL of the a solution containing methanol,
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isopropanol and acetic acid (20:79:1). The phytohormones were extracted by four cycles of
vortexing by 20 s and sonication by 5 minutes. The mixture was placed on ice for 30 min then
centrifuged at 13000 x g for 10 min at 4 °C (Muller and Munné-Bosch 2011). The supernatant was
carefully removed and the pellet re-exted with 400 uL methanol, isopropanol and acetic acid
(20:79:1). Following, the extract was incubated again by 30 min on ice, centrifuged and the
supernatants were pooled.

A aliquot of 300 uL of the extracts from leaves and other 300 uL of the salivary glands insect
were placed in vials and 5.0 pL was injected into the LC/MS system from NuBioMol (Center for
Biomolecules Analysis- UFV, Brazil). We used a chromatography column (Agilent Eclipse Plus,
RRHD, 1.8 um, 2.1x50 mm) with a flow rate of 0.3 ml/min, coupled online to a mass spectrometer
QQQ triple quadrupole Agilent 6430. The mass spectrometer was operated in a negative mode
according to retention time for each hormone and the sample scanned by MRM (multiple reaction
monitoring) for detecting each hormone as shown in Table S1. The generated mass spectra were
processed using the Skyline software to obtain the extracted chromatograms (XIC) of each
transition and to obtain the area values as indicative of the abundance of each hormone. A standard
curve of each hormones varying concentrations of 0.1 to 300 ng/mL was used to convert the area

values from XIC in ng/g of plant tissue and salivary glands.

Metabolic profiles of the salivary glands oM. spectabilis

The salivary glands of 10 insects were added in 1.5 ml of cold extraction solution water:
methanol:chloroform (1:2.5:1ontaining 60 uL of ribitol (0.2 mg/ml stock in water) as an internal
guantitative standard. The extracted by four cycles of vortexing by 20 s and sonication by 5
minutes. The samples were shaken in Thermomix for 30 min at 4 ° C, centrifuged at 14,000 g for 5
min and the supernatant was collected. After then 750uL of water was added and the samples were
vortexed, followed by centrifugation at 14000 g for 5 min. An aliquot of 50 pL of the supernatant
was transferred into a new tube and dried by vacuum centrifugation. The dried samples were
dissolved in methoxyamine pyridine (40pL of a 20 mg/mL solution), homogenized in a vortex for
30 s, and then incubated for 2h at 37 °C stirring. Lastly, 70uL of N-methyl-N-(trimethylsilyl)
trifluoroacetamide (MSTFA) reagent (20uL / mL of retention time standard) was added and the
mixture was incubated for 30 min at 37 °C (Lisec et al. 2006). Metabolic extracted were analyzed
using an Agilent 7890A GC System coupled to Mass Spectrometric TruTOF® HT TOFMS, Leco,
equipped with a capillary column of 30mm (MDN-35) operating according to Lisec et al (2009).
Samples were injected in splitless mode at 230 °C using a gas flow (continuous flow of helium) of 2

mL/min. The oven temperature was initially maintained constant at 80° C and then increased to
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15°C/min to reach 330°C, this temperature being maintained for 5 min. Mass spectrum was
obtained by the full-scan method ranging from 33 to 600 m/z. A serieslkénes was used along

with samples to calculate retention indices. Raw GC/MS data were processed and converted to the
CDF format (NetCDF) using the ChromaTof package and analyzed by TargetSearch algorithms
(Cuadros-Inostroza et al. 2009). We used a script for identification and quantification of metabolites
designed to run on R package (Cuadros-Inostroza et al. 2009) and the processing parameters and
alignment utilized was optimized for our GC/TOF platform. The parameters used were: mass range
of 85-500 Da; IntThreshold 50; TopMasses 10; r thresh of 0.05; quality index threshold 600. The
compounds identification were determined by database searches based on the combination of the
mass spectrum and chromatographic retention indices by TAG-based method (Cuadros-Inostroza et
al. 2009). In this search was used a metabolites fragmentation library by electron impact (El) and
retention index (RI) GMDB_FAMELib_TS 20110228 IS.txt, generated by GMD Mass Spectrum
Reference Library (http://gmd.mpimp-golm.mpg.de/ download /) that was generated using the same
configuration of our GC/MS platform. A filtered identification table containing the identified
compounds and their intensities were submitted to pathway analysis of the Metaboanalyst plataform

(http://www.metaboanalyst.da/

RESULTS

NTPDase activity from the salivary gland

In order to verify the presence of the apyrase in the salivary extracts, an NTdeDase
assay was performed under nondesaturating conditions of three developmental stages (Fig. 1).
Hydrolysis of ATP and ADP were observed for all samples, except for males when substrate wa
ADP (Fig. 1). The activity in the females extracts were more pronounced when the substrate was
ADP (2 fold) and was higher than the males and nymphé. gipectabilisThe zymogram analysis

confirmed the presence of the ADPase activity in the salivary glands extracts (Fig. 2).

Identification and localization of Apyrase in salivary gland ofM. spectabilis

For confirmed the presence of apyrase in the salivary gland was performed a western
blotting using the homogenates in SDS-PAGE (Fig.3) against an anti-potato apyrase antibodies, was
described in Faria-Pinto et al, 2004. The apyrase biosynthesis in the salivary gland was confirmed
by the presence of a signal at approximately 58 kDa for the all from nymph, males ahekfem

(Fig. 3). This result suggest that a protein homologous to NTPDase was expressed in salivary gland

39


http://www.metaboanalyst.ca/

of M. spectabilis The immunolocalization assay of the apyrase within secretory cells of females of
M. Spectabilisconfirmed the expression of the apyrase in those tissues (Fig. 4) and was localized
throughout the acini cells, punctate staining is evident in the cells in red (Fig. 4B). Anti-potato
apyrase antibodies further bound to vesicular structures within the secretory cells, indicating the

presence of NTPDase.

Phytohormones responsive to the infestation byl. spectabilis

Seven phytohormones were evalued in the leaves of the elephant grass under infestation by
M. spectaledy LCMS (Table S1). The concentration of the each phytohormone and treatment were
combined and analyzed in the MetaboAnalyst platform www.metaboanalyst.ca (Xia et al., 2015).
Quality Filters based on the standard deviation method were used to automatic remove of the low-
quality data and after then the intensity values were normalized by sum. The data Waedana
using the Partial Least Squares Discriminant Analysis (PLS-DA) for generate 2D Scores Plot
displaying the effect phytohormones and treatments on the data grouping. The phytohormone
response were distinct for the leaves exposed to the insect (IN) and injured by a mechanical damage
(DM) after 48 and 72 hours (Fig. 5A) and was a indicative that the phytohrmone levels also
responsive wherthe leave were injured by pin. Thus, the effect of the insect infestation and
mechanical damage were evaluated separately. In the Fig. 5B, we can obkeamredeparation of
the variance from the experiment in two distinct groups, which reflect the infestation times. The
first principal component (PCA 1) explained greatest variance (93%) across the data and the
exposition time of 24h were grouped separately (Fig. 5B). The phytohormones jasmonic acid (JA),
abscisic acid (ABA), Zeatin 1 and indolacetic acid (AlA) increased the concentrationimfetsted
leaves until 24h, followed of a progressive reduction (Fig. 6). In contrast, for the salicylic acid (SA)
was observed a reduction after 24h, followed of a progressive increasing. For the methyl jasmonate
and ACC were not observed significantly alterations. Despite of have been observed alteration in
the phytohormones leaves in response to the mechanical damage, the behavior was completely
different those observed for the insect infestation (Fig. 7). The JA and ACC showed a progressive
increasing at long of time, while the SA in contrast was decreasing. The Zeatin and Al&ddcrea
after 24h, followed of a progressive decreasing (Big. 7

Metabolic profile of the salivary gland

Metabolic profile performed by GC/MS reveal the compound present in high abundance and
those that are present in the spectral library used for identifications. Using this approach, we

identified 416 compounds showing signal over 500 and quality factor over 600 (Cuadros-Inostroza
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et al., 2009). The most abundant compounds and their intensities were submitted to pathway
analysis (Fig. 8). The more representative metabolic pathways were for arginine and proline
metabolism, biosynthesis of unsaturated fatty acids, galactose metabolism and fatty acid
biosynthesis (Table 1). Some of the most abundant compounds were classified as lipids, which
showed relative intensities over 1%: Octadecanoid acid (19.5%); Phosphoric acid (16.5%),
Prostaglandin A2 (4.7%), Tetradecanoic acid (2.4%), Hexadecanoic acid (1.7%), Heptadecanoic
acid (1,6%), Heptadecanoic acid (1.5%), Eicosanoic acid (1.4%), Methyl palmitate (1.3%).
The salivary extracts analyzed by LC/MS indicated the presence of the phytoho®Agnes

AlA e MeJA (Table 1). High concentration was detected for SA (~4.0 ug/g fresh gland).

DISCUSSION

Recent discoveries for salivary effectors produced by herbivores species have been reported,
however their genetic and functional characterization is a challenge. The plant defehses
recognizing the molecules belonging to the invading organism. Thus, the molecular characterization
of theses effectors is essential to understand the mechanism of plant resistance to insect attack and
for the development of new genotypes by genetic engineering(Gatehouse, 2002; VanDoorn and De
Vos 2013). However, for attained this is necessary the knowledge of the molecular determinants of
the interactionM. spectabilisand the host plants. In this context, the oral secretions also have
important functions for herbivores, interfering with plant defense-signaling pathways.

The effectors involves high mass molecules, such as proteins and low mass, such as fat acid-
amino, acid conjugates (Stanley 2005; Wu et al., 2007; Walley et al., 2013; Tanaka et al., 2014;
Stanley and Kn 2014). One theses including enzymes Apyrases, recently have been characterized
in plants (Choi et al., 2014; Tanaka et al., 2014) and is involved in the control the concentration of
extracellular ATP in the plant tissues. The confirmation of the presence of the apyrase in the salivary
of M. spectabilisis also indicate of their involvement in the infestation of grasses. The activities
apyrase releasing ADP was higher in femalessiadar to that observed by Detoni et al., (2012) in
galls, where insect-borne tissue greatly increases ADP activity. In addition, the aghoasel be
highly activate also in the gland tissues and presumably due to their ability to modulate extracellular
ATP levels (Tanaka et al.,2014). The detection of active ATP hydrolyzing enzymes, such as apyrases
in the salivary glands dfl. spectabilis,leaded us to verified the phytohormonal balance in the
elephant grass leaves under infestation. The phytohormones most often associated with mediating

plant responses to insects are jasmonic acid (JA), and salicylic acidN§4yen et al., 2016).
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Jasmonates are key regulators of plant responses to damage, necrotrophic pathogens, and insec
herbivory, whereas by modulates the magnitude of direct and indirect plant defenses produced in
response to jasmonates (Schultz and Appel 2004; Nguyen et al., 2016). We observed until 24hs of
infestation an increase of the JA and a reduction of the SA (Fig5). However, afteit 2vdss
reverted, with JA decreasing and SA increasing. SA has been shown to correlate negatividy with
accumulation (Nguyen et al., 2016) and where accumulation of SA results in a negativekieedba
reducing JA accumulation. In accordance, Schwartzberg and Tumlinson (2014) conclude that both
aphid feeding and exogenous honeydew deposition suppress JA accumulation in response to
damage and that honeydew application results in an increased accumulation of SA within plant
tissue

Other phytohormones, such as abscisic acid (ABA) and cytokinins (CKs) have more
recently emerged as important defense regulators as well (Schafer et al., 2015; Ngly@0E8;

Zhang et al., 200)7Until 24hs of the infestation byl. spectabilisthe levels of the ABA reaching

at the maximum, however after 72hs it was reduced at the same proportion that was observed for
JA. ABA has been involved in signaling process inducing JA-dependent defense responses in
systemic tissues (Nguyen et al., 2016). Thus, the increased of SA observed in elephant grass leaves
could be a modulated response by effectors present in the saliva that blocked the plant defense and
allowed spittlebug infestation for long times (Schmelz et al., 2008). However, when the leaves were
injured by a mechanical damage by pin were observed responses to hormonal levels completely
distinct (except for 1AA), which is an indicative that the presence of the insect is involved in the
modulation of the plant response. The high levels of(B#ble 1) weredetected in the salivary

gland of M. spectabiliscould also alter the phytohormonal balance in the plant tissues under the
contact with the sucking apparatushas been suggested that insect-associated microbes may
facilitate host plant use (Hansen and Moran 2014) and thus symbionts present in the salivary glands
could be responsible for the biosynthesis of metabolites including SA.

Zeatin are plant hormones involved in numerous plant-biotic interactions and an increase in
its concentrations is commonly observed after insect or pathogen attack, suggesting to be used to
modified the plant metabolism and to allow the infestation plant (Git@h, 2013 Zhang et al.,

2017. The levels of Zeatin likewise JA, increased until 24h, following of a decreased bellow the
background level. The antagonist effect of the SA apparently blocked also the Zeatinfedfect a

24hs. Therefore, cytokinins like Zeatin might also be involved in the regulation of plant response to
infestation by M spectabilis JA-mediated defense responses, such as proteinase inhibitor
accumulations, were found to be promoted by CKs (Dervinis et al., 2010). It is in accordance with

the concomitant reduction observed for the JA and Zeatin after 24hs in elephant grass leaves. In
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addition, the levels of the Zeatin after mechanical damage was also distinct of those observed for
infestation and was again an indicative that salivary injection altered the metabolism also for this
phytohormones (Fig. 6).

The suppression of JA observed leaves infested spectabiliscould be also due to ATP
degrading enzymes, as a direct or indirect effect through the upregulation of SA-dependent plant
defenses (Wu et al., 2007). Interesting, ABA can also trigger ATP release during plant stress
response (Tanaka et al., 2014) and play a very important role in plant resistance against insect
herbivores through a modulation of JA-driven defense responses (Giron et al., 2013; Erb et al.,
2012; Dinh et al., 2013). ABA also acts as an antagonist of CKs (Schéafer et al., 2015). We also
observed a concomitant reduction of the Zeatin with the increase of the ABA levels after 48hs of the
infestation (Fig. &

Mechanical wounding of plant tissues is an inevitable consequence caused ly insec
herbivory. However, abiotic and biotic wounds are perceived distinctively by the plant, as it has
been demonstrated in different plant-herbivore interactions (Schmelz et al. 2008etGirpA013
Zhang et al., 2017)Insect wounding and chemical interactions thus play a vital role in recognition
of the type of the damage by the plant. Thus, plants are able to differentiate between mechanical
wounding and herbivory damage, which indicates the recognition of insect specific molecules by
the plant. We observed several long chain fat acids and derivatives present in high relative
abundances in salivary glanbls spectalis (Table 1), which could acting as elicitors or blocked of
the response of elephant grasses leaves to the infestation. In plants, fatty acid signals are called
““oxylipins’’ (Walley et al., 2013) and are produced via enzymatic oxidation of linoleic or linolenic
and major product of this pathway jasmonic acid (JA). The potential for specific signaling between
plants and herbivores via fatty acids have been suggested and that diverse fatty acid-derived can
elicit diverse plant responses (Stanley and Kim 2014), and that some plants can use arachidonic acid
to produce analogous oxylipin signals. Additionally, these signals could also suppress defense
responses in plants, as they do in vertebrate hosts (Stanley 1999).

Other lipids were detected in high level including eicosanoic acid, prostaglandin D2 and A2.
Prostaglandins and other eicosanoids are oxygenated metabolites of certain polyunsaturated fatty
acids. Prostaglandins and other eicosanoids are central operators in insect immune signaling and
have been suggested that plant defense responses can be mediated by these lipids (Schultz an
Appel 2004; Stanley and Kim 2014). The activation of defense genes in tomato plants has been
shown to be mediated by an octadecanoic acid-based signaling pathway in response to herbivore
attack or other mechanical wounding and plants deficient in their production are also compromised

in their ability to accumulate jasmonic acid (Howe et al., 1996). Thus a presence of high relative

43


http://onlinelibrary.wiley.com/doi/10.1111/1744-7917.12500/full#ins12500-bib-0027

abundance of octadecanoic acid (19%) in the salivary glanis spectabiliscould disparate the

biosynthesis of JA in local area of the injection and contribute for the increased observadhefter
(Fig.7).

CONCLUDING REMARKS

In summary we have identify some elicitors present in the salivary glakld sfpectabilis
that could be related to infestation of elephant grass. Apyrase activities and higher levels of long
chain fat acids and salicylic acid were detected in the salivary glands. After 24hs of infestation, the
phytohomones profiles were altered specifically when of presence of leaf damadesgectabilis
and is an indicative of the modulation by insect effectors that suppréss plant response. Our
results further suggest that this may be a result of crosstalk between th#A3hd Zeatin
pathways, as an effect of the SA induction. Our results demonstrate that the presence of the
spittlebugs interfered with JA accumulation in elephant grass plants.
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Figure 1. NTPDase activity of the homogenate of, males, females and nyniphspectabilis Hydrolysis
of ATP or ADP was measured from the total homogenate of nymphs, males andsfeshi.
spectabilisin standard reaction medium (50 mM MOPS, pH 7.4, 1 mM ouabain, 10 mM azide, 5 mM
CaCl 2, MgCl 2 mM, 150 mM NaCl, 5 mM KCI) containing ATP or ADP as substratesuliRe
represent the mean of 3 independent experiments, made in triplicate. Data des rapanean + SD.
Statistical analysis: ANOVA with Tukéypost-tesy. *P < 0.05***P < 0.001.
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Nymphs Females Males

Figure 2: Zymogram result of the ADPase activities from homogenate salivangglof nymph, females
and males ofM. spectabilis Regions showing the white regions generated by calcium phosphate

precipitates are indicatives of the phosphohydrolytic activity.
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Figure 3: Identification of NTPDases isoforms from salivary glandvbfSpectabilidoy werternblotinngin
(A) the SDS-PAGE stained with commassie blue.(BpWestern blotting reveled by chemiluminescence
from secondary antibody. Presence of Apyrase-like proteins are indicateddiyridls between 762 kDa.

Nymphs; Females and Males.
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DAPI-stained nuclei NTPDase

Figure 4: Immunofluorescence localization Apyrase within secretory cells of females of Mbjisctn (A)
DAPI-stained nuclei (blue) (arrows), (B) Labelling of a longitudinal section through asailands stained

with anti-NTPDase 1 antibodies (red)(arrows), in (C and D) zoom of previous images.
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Figure 5: Clustering analysis byPCA (principal component analysishethod of the phytohormones
guantified of the elephant grass leaves in different times of injurjbgpectabilis(IN) and by
mechanical damage (DM). In (A) the behavior of the experimental variances wheiffénend
treatments IN and DM are compared. In (B) the pattern of response of thequinaoe a long of the

time of the infestation.
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Figure 6: Phytohormones quantified by LC/MS from the elephant grass leaves injukédsipgctabilig(IN)

different time of infestation. The data were analyzed by Metaboanalist plataform.
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Figure 7: Phytohormones quantified by LC/MS from the elephant grass leaves injurecedhamcal
damagesM) spectabilis different time of infestation. The data were analyzed by MetaboAnalist platform.
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Table 1: Identified Metabolites in the salivary glandshf spectabilis

Metabolite Intensity* Relative
Abundance (%)
L-Isoleucine 836597 100
Carbamide 470054 56,18
Valine 389256 46,52
Octadecanoic acid 163492 19,54
Phosphoric acid 138803 16,59
Oleic acid 95197 11,37
Spermidine 60724 7,258
Prostaglandin A2 39534 4,725
Alanine 30275 3,618
Tetradecanoic acid 20395 2,437
Cadaverine 17651 2,109
Methyl tetracosanoate 15327 1,832064901
Methyl Palmitate 14013 1,6750000299
Hexadecanoic acid 14013 1,675
Heptadecanoic acid 13014 1,555
Canosine 12277 1,467
Eicosanoic acid 12222 1,460
Vitamin K1 11278 1,348
Aphidicolin 9421 1,126
9-Octadecenoic acid 4601 0,549
Dodecanoic acid 4475 0,534
Citrulline 3434 0,410
Epicatechin 3006 0,359
Prostaglandin D2 2992 0,357
Heneicosanoic acid 2173 0,259
Salicylic Acid (AS) 3923,97** -
Indolacetic Acid (AIA) 33,81** -
Methyl Jasmonate (Me-JA) 58,17**

* Intensities of the ions from GC/MS spectrum in arbitrary units

** Concentration of the phytohomones in ng/g fresh glands determinate by LC/MS
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SUPPLEMENTARY MATERIAL

Table S1: Transition list of the ions monitored for quantification analysis of the phytohormones
from Pennisetum purpureum leaves by MRM. The scan mode, the mass of the molecular ion and of

respective fragment ions are indicated.

PHYTOHORMNES MS1 MS2 SCAN MODE

Zeatin 220 202 Positive

ACC 106 56 Positive

Auxin 176 130 Positive

ABA 263 153 Negative
Salicylic acid 137 93 Negative
MeJda 225 151 Negative
Jasmonic acid 209 59 Negative
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