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RESUMO

Lipases (triacilglicerol acilhidrolases, EC 3.1.1.3) sao serino hidrolases de
consideravel relevancia fisioldgica e potencial uso industrial. O fungo filamentoso
Metarhizium anisopliae € um dos mais importantes e bem estudados agentes
bioldgicos para o controle de muitos artropodes-praga. Lipases secretadas por
M. anisopliae podem estar potencialmente envolvidas no processo de infecgao
do hospedeiro, porém, estudos sobre estas enzimas vém sendo negligenciados
principalmente em fungos patogénicos. Neste trabalho, investigamos o complexo
lipolitico de M. anisopliae relacionado com a infeccdo de hospedeiros
artrépodes. M. anisopliae foi eficiente no controle da aranha marrom, Loxosceles
sp., uma importante praga com grande impacto na saude publica e também um
modelo aracnideo alternativo para bioensaios. Uma mortalidade de 100% para
individuos juvenis foi observada em 12 dias e 9 dias para adultos usando 10°
conidios.mL™ com valores de LTso de 8,35 dias e 6,57 dias respectivamente.
Além disso, diferentes fontes de carbono, como constituintes da cuticula de
artrépodes, influem na secrecdo de enzimas lipoliticas por M. anisopliae. Valores
altos de atividade lipolitica foram induzidos em meios de cultura contendo
constituintes do tegumento de artropodes, quitina e estereato de colesteril. Em
zimogramas, muitas bandas de atividade lipolitica foram observadas em todos
os meios de cultura testados. Uma lipase de superficie de esporo de M.
anisopliae (MASSL) fortemente associada a superficie do esporo do fungo foi
purificada e caracterizada. Analises eletroforéticas mostraram que a massa
molecular desta lipase é ~66 kDa e o pl 5,6. O sequenciamento da proteina
revelou que os peptideos identificados em MASSL compartilham identidade com
muitas lipases ou sequéncias relacionadas a lipases. A enzima foi capaz de
hidrolisar muitos substratos com alguma preferéncia por esteres com cadeia de
acido graxo curta. Os valores de Km e Vmax para os substratos pNP palmitato
(PNPP) e pNP laurato foram respectivamente 0,474 mM and 1,093 mMol.min
"mg’ e 0,712 mM e 5,696 mMol.min".mg”. A temperatura étima da lipase

purificada foi de 30 °C e a enzima foi mais estavel em valores de pH mais acidos



(pH 3-6). A atividade de MASSL foi estimulada por Ca?*, Mg®* e Co®" e inibida
por Mn?*. O efeito inibitério na atividade exercido por EDTA e EGTA foi limitado,
enquanto o inibidor de lipase ebelactone B inibiu completamente MASSL.
Metanol 0,5% aparentemente ndo afetou a atividade enquanto 3-mercaptoetanol
ativou a enzima. Anticorpos contra MASSL foram produzidos e analises de
western blot sugerem que o anticorpo € especifico para lipase. Este trabalho
também apresenta o perfil de atividade de lipase durante o processo de infecgao
do carrapato Rhipicephalus microplus e o efeito do inibidor de lipase ebelactona
B na infeccdo. Durante a exposicdo dos carrapatos aos esporos a atividade de
lipase aumenta de 0,03 a 0,312 U usando pNPP como substrato. Em
zimogramas, bandas de atividade lipolitica foram detectadas em carrapatos
tratados com esporos sem inibidor. O tratamento prévio dos esporos com o
inibidor de atividade de lipase inibiu completamente a atividade lipolitica e
preveniu a infecgdo do hospedeiro R. microplus. Os resultados apresentados
neste trabalho sdao avangos importantes na elucidagdo da funcéo
desempenhada pelas lipases no processo de infeccdo do hospedeiro de M.

anisopliae.



ABSTRACT

Lipases (triacylglycerol acylhydrolases, EC 3.1.1.3) are serine hydrolases
of considerable physiological significance and industrial potential. The
filamentous fungus Metarhizium anisopliae is one of the most important and best-
studied biological agents for the control of many arthropod pests. Lipases
secreted by M. anisopliae could potentially be involved in the host infection
process, but studies about these enzymes have been neglected, mainly in fungi.
In this work, we investigated the lipolytic complex of M. anisopliae related with
infection of arthropod hosts. For this purpose, we attested the efficiency of M.
anisopliae to control the brown spider, Loxosceles sp., an important plague with
great impact on public health, as an alternative arachnid model other than the
cattle tick for bioassays. A mortality rate of 100% for juvenile Loxosceles sp. was
observed 12 days after application and 9 days for adults, using 10° conidia.mL™
with LTso values of 8.35 days and 6.57 days, respectively. We also evaluated the
effects of different carbon sources, such as components of the arthropod
cuticles, on the secretion of lipolytic enzymes by M. anisopliae. Higher values of
lipolytic activities were induced in the culture media containing arthropod
tegument constituents chitin and cholesteryl stearate. In zymograms, several
lipolytic activity bands were observed in all culture media tested. An M.
anisopliae spore surface lipase (MASSL) strongly bound to the fungal spore
surface has been purified and characterized. Electrophoretic analyses showed
that the molecular weight of this lipase is ~66 kDa and pl is 5.6. Protein
sequencing revealed that identified peptides in MASSL shared identity with
several lipases or lipase-related sequences. The enzyme was able to hydrolyze
several substrates, with some preference for esters with a short acyl chain. The
values of Km and Vmax for the substrates pNP palmitate (pNPP) and pNP
laurate were respectively 0.474 mM and 1.093 mMol.min".mg™" and 0.712 mM
and 5.696 mMoI.min'1.mg'1. The optimum temperature of the purified lipase was
30 °C and the enzyme was most stable within the most acid pH range (pH 3-6).
MASSL activity was stimulated by Ca?*, Mg®* and Co®" and inhibited by Mn?*".
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The inhibitory effect on activity exerted by EDTA and EGTA was limited, while
the lipase inhibitor Ebelactone B completely inhibited MASSL. Methanol 0.5%
apparently did not affect MASSL activity while B-mercaptoethanol activated the
enzyme. Antibodies against MASSL were produced and western blot analysis
suggests that the antibody is lipase specific. This work presents also the lipase
activity profile during the host infection process of tick Rhipicephalus microplus
and the effect of lipase activity inhibitor ebelactone B on infection. During the
course of tick exposure to spores lipase, activity increased from 0.03 to 0.312 U,
using pNPP as substrate. In zymograms, bands of lipase activity were detected
in ticks treated with spores without inhibitor. The previous treatment of spores
with lipase activity inhibitor completely inhibited lipolytic activity, and prevented
the infection of the R. microplus host. We hope that results presented in this work
will contribute to elucidate the role played by lipases in M. anisopliae host

infection process.
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1. INTRODUCAO

Atualmente, existe uma tendéncia mundial, oriunda principalmente dos
paises europeus e de outros mais desenvolvidos sécio-economicamente, no
consumo de alimentos e derivados agropecuarios produzidos de maneira
organica, sem o emprego de agentes quimicos. A busca por alternativas mais
limpas de producdo e metodologias menos agressivas ao meio ambiente
direcionam, cada vez mais, estudos cientificos visando uma diminuicdo dos
efeitos danosos causados pela intervencdo humana em suas diversas relacoes
com o ecossistema. Entre estes estudos, vem aumentando significativamente a
busca por métodos alternativos ao controle quimico para o controle de pragas
domésticas e da agropecuaria. O controle quimico de pragas acarreta inimeras
desvantagens nas quais se destacam (i) a persisténcia no ambiente e os danos
recorrentes deste fato, (ii) os efeitos deletérios sobre a saide humana e animal,
(iii) a contaminacdo das reservas de agua e do solo, (iv) o desenvolvimento de
pragas resistentes pelo uso constante dos agentes quimicos empregados no
controle de pragas, e (v) o alto custo dos defensivos agricolas. Desta maneira,
o controle biolégico de pragas surge cada vez mais como uma alternativa
viavel sob diversos aspectos e 0 seu emprego e estudo vém aumentando

significativamente nos ultimos anos.

1.1. O controle bioldgico

A constante degradacao do meio ambiente e a cobranca cada vez mais

intensa da sociedade por metodologias novas e alternativas resultam em um
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aumento significativo das pesquisas cientificas visando a diminuicdo da
agressao que o ecossistema vem sofrendo por intervencdo do homem.

O controle bioldgico se baseia em um dos fundamentos basicos das
relacbes ecoldgicas entre os seres vivos de que cada espécie, seja animal,
vegetal ou microbiana, possui inimigos naturais. Desta forma, organismos
capazes de inibir o crescimento populacional de outros podem ser utilizados no
controle de populacdes especificas que possam vir a se tornar pragas. Um
agente biocontrolador eficiente deve propiciar uma reducdo significativa dos
danos causados por um organismo praga, por morte ou reducdo de seu
crescimento populacional (MELO & AZEVEDO, 1998). O controle bioldgico
pode ser aplicado pela protecdo e manutencédo do desenvolvimento de um
antagonista natural ou através da introducdo de um competidor, patdgeno ou
predador exdgeno (GRONVOLD et al. 1996). A aplicagdo de um organismo
exdgeno em um ambiente a fim de controlar uma determinada praga constitui
no emprego do controle biologico classico. Porém, respeitando as
caracteristicas basicas de um bom agente biocontrolador com potencial
comercial, € fundamental a adaptacdo e o sucesso deste agente exdgeno no
ambiente de aplicacdo, para efetivo controle da praga alvo de maneira
harmoniosa e sem impacto a outras espécies nativas (HOWARTH, 1996).
Aspectos de grande relevancia sobre o uso do controle biologico estdo
relacionados a intensidade e diferencas de formulacfes de aplicagéo. O uso de
formulacdes de biopesticidas sem adicdo de agentes quimicos caracteriza o
controle bioldégico completo; a aplicacdo de agentes biocontroladores (75 a
100%) associados a outros agentes caracteriza o controle biolégico substancial

e a reducdo do emprego de controladores quimicos (entre 25 e 50%) com o
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uso de biocontroladores caracteriza o controle biolégico parcial (GRONVOLD et
al. 1996).

Comparado ao controle quimico, o controle biolégico apresenta
inUmeras vantagens, especialmente quanto ao impacto ambiental, custo,
manuseio, especificidade e desenvolvimento de resisténcia. Entretanto, 0s
bioinseticidas, de maneira geral, apresentam ainda uma eficiéncia mais baixa
em relacdo ao tempo de morte do organismo alvo, quando comparado ao
controle quimico. Esforgos tém sido realizados com o intuito de potencializar o
controle bioldgico utilizando microrganismos, visando otimizar a producéo e o
in6culo destes agentes, além de aumentar a estabilidade dos mesmos. O
estudo das caracteristicas basicas da relacdo entre o microrganismo e o seu
respectivo hospedeiro tem permitido um melhor entendimento do processo de
patogenicidade e de suas caracteristicas especificas.

Entre os organismos utilizados como agentes no controle biolégico de
pragas, destacam-se 0s microrganismos pela facilidade de manuseio e
aplicacao, custo e conhecimento do processo de producéo, além da eficiéncia
pronunciada de algumas espécies jA amplamente utilizadas com este intuito.
Entre os microrganismos utilizados no controle de pragas destacam-se 0s
fungos filamentosos, pois estes ndo necessitam ser ingeridos para que possam
efetivar o controle do organismo-alvo, desenvolvendo-se, de forma ativa,
diretamente sobre o tegumento do hospedeiro.

Os fungos foram os primeiros patdogenos de insetos a serem utilizados
para o controle microbiano destes organismos, destacando-se 0s géneros:
Aschersonia, Aspergillus, Beauveria, Entomophthora, Erynia, Hirsutella,

Metarhizium, Nomuraea, Paecillomyces e Verticillium (SHAH & PELL, 2003). A
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grande variabilidade genética desses entomopatdégenos pode ser considerada
uma das suas principais vantagens. Mais de 700 espécies de fungos
pertencentes a aproximadamente 90 géneros sao agentes etiologicos de 80%

das doencas de insetos (ALVES, 1998).

1.2. O controle bioldgico e Metarhizium anisopliae

Atualmente, M. anisopliae é um importante agente utilizado no controle
biologico de pragas, tendo sua acéao bastante estudada e amplamente utilizada
(SHAH & PELL, 2003). Este fungo infecta mais de 300 espécies de insetos,
incluindo pragas importantes tanto para agricultura como para pecuaria
(ALVES, 1998).

No Brasil, M. anisopliae € utilizado com sucesso desde 1965, para o
controle da cigarrinha-da-cana (Mahanarva posticata) e, a partir dai, houve a
instalacdo de laboratorios na regido Nordeste para viabilizar sua utilizagcdo no
controle biologico (MARQUES et al. 1981). Sua utilizacdo tem aumentado nos
dltimos anos, atingindo milhares de hectares. Tal sucesso possibilitou a
diminuicdo do uso de produtos quimicos que inicialmente era de 150.000
ha/ano para 12.000 ha/ano, ou seja, uma reducdo de quase 90% (MELO &
AZEVEDO, 1998), havendo ainda, perspectivas para sua utilizagdo em nivel
comercial em outros paises (FERNANDEZ, 2000). Aléem do controle da
cigarrinha-da-cana, M. anisopliae € utilizado no Brasil para controlar a broca da
cana-de-acucar (Diatrea saccharalis), a cigarrinha das pastagens (Deois
flavopicta e Zulia entreriana), percevejos da soja dos géneros Nezara e

Piezodorus, broca do café (Diploschema rotundicollee) e broca do rizoma
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(Cosmopolites sordidus) em bananeira (ALVES, 1998). Em trabalhos
experimentais, o fungo foi testado com sucesso sobre larvas de Lucilia sericata
(WRIGHT et al. 2004), Dysdercus peruvianus (LUBECK, et al. 2008), Musca
domestica (ALVES, 1998) e ectoparasitos de abelhas Varroa destructor
(KANGA et al. 2003). Sua patogenicidade tem sido ainda demonstrada para
alguns vetores de doencas humanas (SHERLOCK & GUITTON, 1982; SILVA &
MESSIAS, 1986; SCHOLTE et al. 2005) e para carrapatos de diferentes
géneros e espécies (KAAYA et al. 1996; ZHIOUA et al. 1997; FRAZZON et al.
2000; FARENHORST et al. 2008). A Tabela 1 apresenta uma listagem de
pragas comprovadamente suscetiveis a infeccao e controle por M. anisopliae.
O primeiro relato de ocorréncia natural de M. anisopliae infectando
fémea ingurgitada de carrapato foi realizado por COSTA et al. (2002), no
municipio de Paracambi, no estado do Rio de Janeiro. Este fato evidenciou a
possibilidade do uso de M. anisopliae como biocontrolador do carrapato bovino
R. microplus, para o qual foi demonstrada elevada mortalidade em ovos, larvas
e fémeas ingurgitadas (BITTENCOURT et al. 1994; CASTRO et al. 1997;
CORREIA et al. 1998; MONTEIRO et al. 1998; BITTENCOURT et al. 1999,
2000; FRAZZON et al. 2000; ONOFRE et al. 2001; FERNANDES et al. 2004).
Recentemente foi relatada a capacidade de adaptacdo para o crescimento em

raizes de plantas (ST LEGER, 2008).
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Tabela 1 - Artropodes alvos suscetiveis a infec¢cdo de M. anisopliae.

Artrépode Area de Impacto Referéncia
Aedes ageypti (Vetor da Saude publica SCHOLTE et al. 2007
dengue)

Anopheles gambiae (Vetor da
malaria)
Triatoma infestans (Vetor da
doenca de Chagas)

Blatella germéanica

Rhipicephalus microplus
Glossina sp. (Vetor da doenca
do sono)

Peregrinus maidis

Capnodis tenebrionis

Saude publica

Saude publica

Saude publica

Pecuaria

Saude publica

Agricultura
Agricultura

SCHOLTE et al. 2005

JUAREZ et al
LAZZARINI et al. 2006
QUESADA-MORAGA et al.
2004

FRAZZON et al. 2000
KAAYA & MUNYINI, 1995

2000;

TOLEDO et al. 2007
MARANINNO et al. 2006

Atualmente surgem cada vez mais produtos formulados a partir dos

conidios de M. anisopliae para 0 manejo organico de pragas em diferentes

paises, inclusive no Brasil (Tabela 2). A regulamentacéo de biopesticidas deve

respeitar normas, registros e regulamentacdes do pais. Aspectos relacionados

a seguranca ambiental e ao manejo pelo usuéario, além de possiveis

implicagbes na saude humana destacam-se entre as normas e exigéncias para

aplicacao e comercializacéo legal destes agentes biocontroladores. Nos ultimos

anos, entre os 171 biopesticidas desenvolvidos para o controle de acaros e

insetos 35,7% destes continham M. anisopliae em sua formulacdo (FARIA &

WRAIGHT, 2007).
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Tabela 2 - Produtos comercializados a base de M. anisopliae.

Produto Pais Empresa
Meta-Guard india Ajay Bio-Tech
Metabiol Colémbia Control Biologico
Destruxin México Biotropic
Metanat EF Brasil Natural Rural
Metanat PM Brasil Natural Rural
Metanat CE Brasil Natural Rural

Fonte: Ajay Bio-Tech (2009), Natural Rural (2009), Control Biologico (2009),
Biotropic (2009).

1.3. Taxonomia de M. anisopliae

M. anisopliae (Metschn.) Sorokin foi primeiramente isolado pelo
microbiologista russo Metchnikoff em 1879 de uma praga de cereais, o besouro
Anisoplia austriaca, e descrito por Sorokin em 1883 como M. anisopliae. Este
fungo & amplamente distribuido na natureza, podendo ser encontrado
facilmente no solo, onde sobrevive por longos periodos (ALVES, 1998). M.
anisopliae foi classificado durante muito tempo como Deuteromiceto
pertencente a classe Hiphomycetes (TULLOCH, 1976). Entretanto, utilizando
analises de sequéncias da regido de ITS (internal transcribed spacers) do
rDNA, LIU et al. (2001, 2002) identificaram o fungo M. anisopliae var. majus
como sendo a forma anamorfa de Cordyceps brittlebankisoides, classificando
M. anisopliae var. majus como um ascomiceto.

Morfologicamente, M. anisopliae apresenta-se como um fungo

filamentoso, com micélio hialino e septado, possuindo conidiéforos
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caracteristicos, dos quais emergem conidios cilindricos organizados em
colunas. Sao conhecidas duas formas de reproducao: a reproducédo assexual,
responsavel pelo crescimento vegetativo do fungo e a reproducédo parassexual,
que envolve os fendmenos de heterocariose e de recombinagdo mitotica. O
desenvolvimento vegetativo de Metarhizium ocorre normalmente na faixa de
temperatura entre 15 e 32 °C, sendo a temperatura ideal entre 24 e 30 °C e pH
6timo de 6,9 (DRIVER et al. 2000; ARRUDA, 2005). No entanto, existe
tolerancia a um intervalo de pH relativamente amplo (2,0 a 8,5). Os requisitos
nutricionais do fungo sdo poucos, podendo utilizar como fonte de carbono o
amido, a glicose, o glicerol, a maltose, a sacarose e a quitina (ALVES, 1998).
Em uma revisdo da classificacdo, levando-se em consideracdo analises de
sequéncias do rDNA, DRIVER et al. (2000) reavaliaram a taxonomia do género
Metarhizium e encontraram um alto nivel de diversidade genética entre 123
isolados analisados. Seus resultados confirmaram a prevaléncia do grupo M.
anisopliae e os autores reconheceram duas outras variedades (M. anisopliae
var. lepidiotum e M. anisopliae var. acridum), aléem de duas novas variedades
de M. flavoviride (M. flavoviride var. novazealandicum e M. flavoviride var.
pemphigum). Recentemente uma nova linhagem de Metarhizium foi isolada na
China de cupins da espécie Odontotermes formosanus e classificada como

uma nova variedade (M. anisopliae var. dcjhyium) (DONG et al. 2007).

1.4. A aranha marrom Loxosceles sp.

As aranhas pertencentes ao género Loxosceles, popularmente

conhecidas como aranha marrom, sao pragas urbanas, causadoras do
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loxoscelismo, de grande relevancia e impacto na saude publica mundial. O
termo loxoscelismo é usado para definir os acidentes envolvendo picadas de
aranhas do género Loxosceles e a sintomatologia resultante. As aranhas deste
género possuem distribuicdo mundial e acidentes tém sido descritos nas
Ameéricas, Europa, Asia, Africa e Oceania (SILVA et al. 2004). Existem cerca de
100 espécies de aranhas Loxosceles, porém, muitas destas sdo conhecidas a
partir de poucos espécimes ou sao endémicas de areas muito restritas e com
importancia exclusivamente académica (SWANSON & VETTER, 2006). Na
Ameérica do Norte, a aranha responsavel pela maioria dos acidentes e a mais
bem estudada é da espécie L. reclusa (SWANSON & VETTER, 2006). No
Brasil, existe cerca de oito espécies relatadas, a maioria delas nas regioes sul
e sudeste (SEZERINO et al. 1998). Porém, trés espécies estao implicadas na
grande maioria dos casos de envenenamento humano no Brasil e na América
do Sul: L. intermedia (América do Sul), L. gaucho (Brasil) e L. laeta (Brasil e
Argentina) (MALAQUE et al. 2002; SWANSON & VETTER, 2006), sendo L..
laeta a mais toxica (SWANSON & VETTER, 2006).

No Brasil, o loxoscelismo foi responsavel por 36% dos 17781 casos de
picadas de aranha entre os anos de 1990 e 1993, de acordo com o Ministério
da Saude (SEZERINO et al. 1998). Na regiao metropolitana de Curitiba, estado
do Parand, o loxoscelismo €é particularmente proeminente, com média anual de
mais de 2500 acidentes por ano (MARQUES DA SILVA & FISCHER, 2005). L.
intermedia € a aranha marrom predominante nos estados do Parana e Santa
Catarina (SILVA et al. 2004).

As aranhas do género Loxosceles sdo conhecidas como aranha marrom

pela sua cor em tons de marrom, variando do marrom claro (L. laeta) até
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chocolate escuro (L. gaucho). Sdo aranhas pequenas e o tamanho do seu
corpo varia de 8 até 15mm e suas pernas de 8 a 30 mm de comprimento.
Apresentam dimorfismo sexual, sendo normalmente as fémeas maiores que 0s
machos e possuem seis olhos arranjados em pares com um par anterior e mais
dois pares laterais, um de cada lado, (Figura 1) sendo esta disposicdo dos
olhos descrita como melhor caracteristica para identificacdo da aranha marrom,

pois ndo varia entre as espécies de Loxosceles (VETTER & VISSCHER, 1998;

SWANSON & VETTER, 2006).

Figura 1 — Exemplos de aranha marrom. (A) L. laeta (SWANSON &
VETTER, 2006) e (B) L. intermedia (SILVA et al. 2004). Vista anterior de L.
reclusa mostrando o padrdo de 6 olhos arranjados em pares (SWANSON &

VETTER, 2006).
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As aranhas marrom s&o animais sedentarios, apresentando habito
noturno e comportamento defensivo, preferindo presas mortas (SANDIDGE,
2003) ndo sendo consideradas agressivas para o homem (FURBEE et al.
2006). Constroem teias pegajosas e irregulares em forma de algodao esfiapado
(FUTRELL, 1992). Preferem lugares secos, escuros, tranquilos e ao abrigo das
intempéries do ambiente, vivendo em frestas de barrancos, sob paus e pedras,
cascas de arvores, sob troncos de arvores caidos e entulhos (FISCHER, 1996;
ANDRADE et al. 1999, SILVA et al. 2004). Adaptam-se as condicOes
domiciliares, alojando-se atras de quadros, moveis, rodapés soltos, pilhas de
tijolos, telhas e entulhos em geral, garagens, etc (FISCHER, 1996; FURBEE et
al. 2006). Toleram temperaturas variando de 8 a 43 °C e podem sobreviver por
dias e até mesmo meses sem agua e alimento (FUTRELL,1992), vivendo de 3
a 7 anos (ANDRADE et al. 2000). Alimentam-se de pequenos insetos e servem
de alimento para anfibios, répteis e aves. Com um ano de vida atingem a
maturidade sexual (FISCHER, 1996).

O veneno da aranha marrom € usado para paralisar a presa e também
como mecanismo de defesa. A picada desta aranha pode causar uma
sindrome necrotizante-hemolitica, e é a forma mais grave de araneismo no
Brasil (Figura 2) (SILVA, 2002). Sua peconha é do tipo proteolitica e hemolitica,
podendo produzir reacdes cutaneas (dermonecrose) e/ou viscerais levando, em
alguns casos, até ao Obito (SILVA et al. 2004). Os principais sintomas
resultantes da acdo do veneno incluem, além da lesdo necrosante, efeitos
sistémicos como febre, sensacéo de frio, erupcdes na pele, coceira, dores nas
juntas e hemolise (FURBEE et al. 2006). Pelo fato destas aranhas ndo serem

agressivas, as picadas, normalmente imperceptiveis, ocorrem quando as
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pessoas comprimem-nas contra 0 corpo quando vestem suas roupas ou
dormindo (FURBEE et al. 2006). O local da picada mais frequiente é o tronco e
as regides proximais dos membros (SEZERINO et al. 1998; MALAQUE et al.
2002). A forma cutanea de reacdo do veneno € de instalacdo lenta e
progressiva e as principais manifestagdes clinicas locais sdo edema e eritema
no local da picada, cuja lesdo evolui com areas hemorragicas mesclada com
palidez (“placa marmoérea”), cercada por eritema, empastamento doloroso, com
sensacao de dor em queimadura ou prurido; apos a delimitacdo da lesdo, ha
formacao de crosta necrotica seca que se desprende deixando uma ulcera que
pode demorar meses para cicatrizacdo completa (SILVA, 2002). Na forma
cutaneo-visceral observa-se, além das manifestagdes locais, comprometimento
clinico devido a hemodlise intravascular como anemia, ictericia e
hemoglobinuria, que se instalam geralmente nas primeiras 24 h. Nos casos
graves pode haver evolucdo para insuficiéncia renal aguda, de etiologia
multifatorial, sendo esta a principal causa de 6bito no loxoscelismo (SILVA,
2002).

Pelo constante avan¢co dos grandes centros urbanos e o consequente
desmatamento e diminuicdo de predadores naturais, a aranha marrom tornou-
se, em varias regidées do mundo, uma praga de grande relevancia médica. O
transporte e o comeércio contribuem muito para o envio e posterior colonizagéao
de novos locais por diferentes espécies de aranha marrom. Pelos habitos deste
animal e auséncia de controladores especificos, o controle biolégico surge
como uma importante opcdo de controle populacional e, consegientemente,

prevencao de acidentes ocasionados por esta praga.
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Figura 2 - Acidentes com picada de aranha marrom evidenciado lesdes
caracteristicas como eritema e dermonecrose. (A) e (B) fechamento do olho
via inflamacdo, edema e area de necrose (AKDENIZ et al. 2007); (C) leséo
local 48h apdés a picada evidenciado dermonecrose e delimitacdo da area
hemorragica; (D) paciente 26 dias ap0s a picada com intensa lesdo necrotica

(HOGAN et al. 2004).
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1.5. O carrapato bovino Rhipicephalus microplus

O carrapato R. microplus (Figura 3) é um ectoparasita hematéfago, cujo
principal hospedeiro € o bovino. Este parasita € encontrado em areas tropicais
e subtropicais, entre as latitudes 40°N e 30°S, e estdo disseminados por todo o
continente americano, exceto no Chile e nos Estados Unidos, onde foram
erradicados (FURLONG et al. 2002). A introducdo desta praga no Brasil
ocorreu com as primeiras importacdes de bovinos zebuinos (Bos indicus) do
continente asiatico, de onde o carrapato é originario (HOOGSTRAL, 1985).
Assim como outros artropodes-pragas, o controle deste organismo é feito por
agentes quimicos, acarretando no surgimento de resisténcia, principalmente
em regides com alta incidéncia de carrapatos.

R. microplus gera diversas perdas econdmicas, tornando-se o principal
alvo de programas de controle e erradicacédo nos rebanhos da Ameérica do Sul.
Um Unico carrapato suga, em média, de 2 a 3 mL de sangue do hospedeiro, o
gue reflete em grandes perdas na producédo de leite e carne. Além disso,
durante o processo de alimentacdo, o0s carrapatos podem causar acéo
traumatica e espoliativa, pela dilaceracdo de células e tecidos, bem como acao
toxica, pela inoculacdo de substancias através da saliva (LEAL et al. 2003).
Além disso, este carrapato pode atuar como vetor de doencgas, como a tristeza
parasitaria bovina, causada por protozoarios do género Babesia e por rikétsias
do género Anaplasma (ANGUS, 1996; LEAL et al. 2003; ESTRADA-PENA et
al. 2006). Este parasita pode modificar os parametros bioquimicos sanguineos,
funcbes renais e digestivas do hospedeiro (CORREIA et al. 1998; GONZALES-

ACUNA & GUGLIELMONE, 2005) e causa importantes alteracdes sistémicas
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na hemostasia durante a infestacao de bovinos (RECK et al. 2009). GRISI et al.
(2002) relataram que as perdas econémicas causadas por R. microplus podem
chegar a cerca de dois bilhdes de doélares anuais, valores que resultam da
diminuicdo de ganho de peso, gastos com ectoparasiticidas, diminuicdo da
producéo de leite, depreciacéo do couro e lesdes contaminadas, predispondo a
miiases.

No Rio Grande do Sul, a diminuicdo da producdo de carne e da
qualidade do couro aumentou devido a introducdo do gado da espécie Bos
taurus, mais suscetivel ao carrapato (EVANS et al. 2000). Alternativas ao
controle quimico, como o emprego atestadamente eficiente, em laboratério, de
M. anisopliae pode ser extremamente interessante comercialmente por todas

as vantagens inerentes ao seu emprego.

Figura 3 — O carrapato R. microplus. (A) Fémeas de R. microplus
ovipositando (esquerda), com consideravel diminuicdo de tamanho em relacao
a fémea ingurgitada (direita). Tamanho aproximado de 5mm

(http://www.ufrgs.br/depbiot/201). (B) bovino com infestacdo de carrapatos

(EMBRAPA Gado de Corte).
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1.6. O processo de infecgao

A patogenicidade de M. anisopliae sobre hospedeiros artrépodes
depende de uma sequéncia de eventos de ordem mecanica e bioquimica que
ocorrem de maneira simultanea a partir da deposicdo do conidio sobre o
tegumento do hospedeiro, seguido por germinacao, penetracéo, colonizagao,
exteriorizacdo das estruturas do fungo e producéo de esporos (ST LEGER et
al. 1991b; ARRUDA et al. 2005).

O mecanismo de infec¢cdo ocorre pela combinacdo de dois processos:
pressdo mecanica, exercida pela extremidade modificada das hifas (apressorio)
e, degradacéo por enzimas hidroliticas como proteases e quitinases (Figura 4)
(KUCERA, 1980; ST. LEGER et al. 1986a, 1991b; PINTO et al. 1997; ALVES,
1998; KRIEGER DE MORAES et al. 2003; BARRETO et al. 2004; SILVA et al.
2005). Encontrando condi¢cdes ambientais favoraveis, os esporos do fungo
interagem hidrofobicamente com a cuticula do hospedeiro (BIDOCHKA et al.
1997). Esta etapa € considerada limitante para o sucesso da infec¢ao e o papel
de hidrofobinas (ST LEGER et al. 1992; FANG et al. 2007) e de adesinas é
extremamente relevante (WANG & ST LEGER, 2007a). A adesao do esporo é
mediada por interacdo hidrofébica entre proteinas apolares, as hidrofobinas, e
a camada lipidica do hospedeiro (ST LEGER et al. 1992; FANG et al. 2007).
Recentemente, foi demonstrada a participacdo de uma adesina (MAD1) na
adesdo de esporos em larvas de Manduca sexta, sendo diminuida a
germinacao e a viruléncia em mutantes nulos para o gene que codifica esta
proteina (WANG & ST LEGER, 2007a). Estruturas da superficie, topologia e

composicdo quimica da cuticula dos artropodes também podem afetar a
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adesao do esporo (LORD & HOWARD, 2004; PEDRINI et al. 2007). M.
anisopliae é capaz de reconhecer sinais especificos do hospedeiro,
provavelmente lipidios da epicuticula, sendo a especificidade decorrente destes
sinais (PEDRINI et al. 2007). Segundo ST LEGER et al. (1991a), os
componentes presentes na epicuticula sdo extremamente heterogéneos,
inclusive entre artropodes do mesmo género. ApOs o contato e adsor¢éo sobre
0 tegumento do hospedeiro o esporo germina e o fungo desenvolve-se

iniciando todo o processo de infecgéo.
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Figura 4 - Ciclo de infeccdo e possivel mecanismo de penetracdo do

fungo M. anisopliae em seus hospedeiros. (A) Ciclo de infeccao sobre o

carrapato bovino R. microplus (modificado de ARRUDA, 2005). (B) Durante o

processo de penetracdo na cuticula dos hospedeiros o fungo secreta diversas

enzimas hidroliticas, com funcdo relacionada a aquisicdo de nutrientes e

degradacéo dos componentes do tegumento do hospedeiro. No detalhe uma

representacdo esquematica da procuticula (cedida por SCHRANK, A.).
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A cuticula do hospedeiro é a principal barreira contra infeccdes e
apresenta natureza quimica complexa nos artropodes, sendo formada por duas
camadas: a epicuticula e a procuticula (Figura 5). A procuticula compreende a
maior parte da cuticula sendo sua composicdo basicamente de natureza
protéica e quitinosa (CLARKSON & CHANRLEY, 1996). Nesta porgao
encontram-se, portanto, sitios especificos para acao de proteases e quitinases.
Porém, para que o fungo alcance esta camada do tegumento é necessario que
este transponha a epicuticula, camada superficial, composta majoritariamente
por lipideos esterificados, substratos especificos para a acao de lipases.

A epicuticula, camada mais externa da cuticula, € delgada (0,1 — 3 um) e
composta por pelo menos duas camadas distintas sendo a mais interna
denominada de cuticulina composta por lipoproteinas, lipideos polimerizados e
polifendis, e outra mais externa, uma camada orientada de ceras formada
exclusivamente por lipideos esterificados a partir de acidos graxos (em sua
maioria de cadeia longa) e alcoois (HACKMAN & FILSHIE, 1982; PEDRINI et
al. 2007). Em alguns insetos pode haver ainda uma camada protetora sobre

esta camada de ceras com a funcao de protege-la de processos abrasivos.

31



cuticulina

\%Tnocamada de ceras ;% EPICUTICULA
A

1Ae e = ':_ {f-';f' exocuticula
po i

PROCUTICULA endocuticula

epiderme

'}"

membrana basal

Figura 5 - Constituicdo basica do tegumento de artropodes. (SILVA, 2005)

Na superficie do esporo ainda ndo germinado, foi detectada a presenca
de enzimas como proteases, esterases e N-acetilglicosidases, que auxiliam na
adesdo e na aquisicdo preliminar de nutrientes, causando modificacdes
superficiais na cuticula do hospedeiro (ST LEGER et al. 1990). Estes esporos
germinam sobre o inseto produzindo um tubo germinativo, que, na
extremidade, se modifica formando o apressorio. M. anisopliae pode
desenvolver o apressoério in vitro ou in vivo, sendo influenciado pela superficie
topografica e por superficies hidrofébicas duras (ST LEGER et al. 1991b;
MILNER, 2000). O apressoério acumula acgucares, sendo responsavel pela
geracdo de pressdo osmotica necessaria para a penetracdo (WANG & ST
LEGER, 2007b). Recentemente, foram demonstrados pelo menos quatro sinais
diferentes que afetam a formacgéo do apressoério: (i) a fracdo polar da cuticula
do hospedeiro, (i) os niveis de nutrientes, (iii) a superficie hidrofobica, e (iv)

sinais ainda desconhecidos resultantes da carapaca do hospedeiro (WANG &
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ST LEGER, 2005). Apos a formacdo do apressorio, desenvolvem-se 0s
grampos de penetracdo, que sao caracterizados por uma alteracdo na parede
celular da porgcéao do apressorio que estd em contato com o hospedeiro, sendo
mais fina e saliente (ST LEGER et al. 1991b; CLARKSON & CHARNLEY,
1996). ApoOs transpor a cuticula, ha um espessamento das hifas e a formacao
de blastosporos responsaveis pela nutricdo do fungo com a degradacdo das
fontes de carbono da hemolinfa dos hospedeiros. Com o desenvolvimento do
fungo, toxinas e metabolitos secundarios, como os acidos citrico e oxalico, sao
secretados (BIDOCHKA et al. 1997).

A penetracdo do fungo no hospedeiro ocorre por uma combinacédo de
pressdo mecanica e degradacao enzimatica (ST LEGER et al. 1986a; ARRUDA
et al. 2005; SILVA et al. 2005). Nesta etapa do processo patogénico s&o
produzidas enzimas fundamentais para a degradacdo da cuticula, como
lipases/esterases, quitinases e proteases (KUCERA, 1980; ST. LEGER et al.
1986a, 1991b; ALVES, 1998; KRIEGER DE MORAES et al. 2003; SILVA et al.
2005). As primeiras enzimas comprovadamente secretadas no inicio da
penetracdo sdo as proteases, que participam da hidrolise da porcéo protéica da
cuticula. Possivelmente as lipases precedam as proteases devido a camada de
composicéo lipidica externa, epicuticula, encontrada na cuticula dos artrépodes
(ST LEGER et al. 1986a). Entretanto, muito pouco tem sido relatado em
relacdo a estas enzimas que comprovadamente s&o secretadas por M.
anisopliae (SILVA et al. 2005), inclusive durante o processo de infec¢cdo do
carrapato bovino R. microplus (SILVA, 2005). A atividade quitinolitica decorre a
proteolitica devido a estrutura fisica da cuticula de artropodes, uma vez que as

fiboras de quitina funcionam como sitios de ancoramento para algumas
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proteinas, estando, portanto recobertas por uma matriz de natureza protéica
(BIDOCHKA et al. 1997).

ApOs a penetracdo, inicia-se 0 processo de colonizagdo. As hifas
germinam, sofrem um engrossamento, ramificam-se e desenvolvem-se como
blastosporos na hemocele. O fungo coloniza a cavidade interna do corpo do
hospedeiro e produz metabdlitos secundarios, como acidos organicos e toxinas
ciclodepsipeptidicas, conhecidas como destruxinas (DTX) que vao pronunciar o
processo patogénico. Foram descritos diferentes tipos de DTX: A, B, C,D e E,
e outras 27 variantes (WANG et al. 2003), as quais causam paralisia muscular
e inibicdo da funcdo de hemdcitos e tubulos de Malpighi além da supressao do
sistema imune do hospedeiro (BIDOCHKA et al. 1997; MELO & AZEVEDO,
1998; KERSHAW et al. 1999; PAL et al. 2007). As destruxinas, encontradas em
M. anisopliae podem variar de acordo com o substrato utilizado pelo fungo. O
tempo de colonizagao pode variar, dependendo do hospedeiro e das condicbes
ambientais (HSIAO & KO, 2001; WANG et al. 2003).

Os sintomas causados pela patogenia sobre o hospedeiro sdo perda da
sensibilidade, descoordenacdo dos movimentos e paralisia, levando-o a morte
(ALVES, 1998). Apos a morte do hospedeiro, as hifas invadem 6rgaos internos
e, com o esgotamento de nutrientes, se estendem para fora do tegumento. Sob
condicbes ambientais apropriadas, ocorre a producdo de esporos de coloracéo
verde oliva que poderdo ser disseminados pelo vento para infectar outros

individuos (ALVES, 1998).
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1.7. Fatores de viruléncia de M. anisopliae

A grande variabilidade genética que apresenta esta espécie resulta no
aparecimento de muitas linhagens com diferentes graus de viruléncia,
especificidade, producédo de conidios e resisténcia a luz ultravioleta (ALVES,
1998; ARRUDA, 2005). Linhagens patogénicas de Metarhizium para uma
espécie particular de hospedeiro, podem n&o apresentar as mesmas
caracteristicas de patogenicidade para outras espécies de artropodes
(HUXHAM et al. 1989). Uma definicdo aceita de viruléncia é “o grau de
patogenicidade entre um grupo ou espécies” (SHAPIRO-ILAN et al. 2005), e a
variacdo na viruléncia de linhagens fungicas sobre uma variedade de insetos
pode ser relacionada com a producdo de enzimas, entre outros fatores
(BIDOCHKA & KHACHATOURIANS, 1990).

Para que as hifas atravessem a cuticula dos artrépodes, o
reconhecimento e a resposta do hospedeiro parecem criticos para a seqiiéncia
de eventos que culmina em uma infeccdo eficiente. Sugere-se que varias
classes de genes de patogenicidade estejam envolvidas nesse processo
(FREIMOSER et al. 2003; DUTRA et al. 2004): Pode-se dividir estes grupos de
genes como: (i) aqueles que codificam receptores que detectam a presenca do
hospedeiro; (ii) aqueles que codificam enzimas que facilitam a penetracao; (iii)
aqueles cujos produtos inativam as defesas do hospedeiro; e (iv) aqueles que
codificam toxinas necessarias para causar sintomas de doenca (SCREEN et al.
2001; FREIMOSER et al. 2003).

Vérios fatores tém sido apontados como possiveis determinantes de

patogenicidade para M. anisopliae, entre os quais a producdo de toxinas e a
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producdo e secrecdo de enzimas hidroliticas (CLARKSON & CHARNLEY,
1996). Alguns autores sugerem ainda, que a expressdo diferenciada das
superéxido-dismutases (SODs), enzimas que atuam como um sistema de
defesa contra radicais livres de oxigénio (SCHRANK et al. 1993;
BITTENCOURT, 1998; BITTENCOURT et al. 2004) e a presenca de micovirus
com genoma de dsRNA (GIMENEZ-PECCI et al. 2002; TIAGO et al. 2004)
podem influenciar na viruléncia de M. anisopliae, comprometendo este
potencial. Entretanto, poucos determinantes de patogenicidade foram
funcionalmente caracterizados até o presente.

A possibilidade de correlacdo entre a viruléncia de fungos
entomopatogénicos com a producdo de enzimas que degradam a cuticula de
insetos tem sido amplamente investigada. Entretanto, apenas a protease
PR1A, uma protease do tipo subtilisina, estd comprovadamente envolvida na
entomopatogenicidade de M. anisopliae (ST. LEGER et al. 1996a; JOSHI et al.
1997). Quando cépias multiplas do gene prla, fusionadas a um promotor
constitutivo, foram inseridas em M. anisopliae, a sua eficiéncia no processo de
infecgdo foi substancialmente aumentada, ocorrendo uma redugéo de 25% no
tempo necessério para matar larvas de Manduca sexta em comparagdo com a
linhagem selvagem (ST. LEGER et al. 1996a). Entretanto, WANG et al. (2002)
mostraram que mutantes espontaneos estaveis de M. anisopliae linhagem
V275 deficientes para os genes prla e prlb sdo capazes de infectar o inseto
Galleria mellonella. A infeccédo ocorreu em niveis similares aqueles da linhagem
selvagem, mas com uma reducdo na patogenicidade para outro inseto,
Tenebrio molitor. Este fato demonstrou que estas proteases ndo sao 0s Unicos

fatores envolvidos na patogenicidade (WANG et al. 2002).
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M. anisopliae produz varias isoformas de proteases do tipo subtilisina
PR1. No banco de sequéncias Genbank encontram-se disponiveis sequéncias
de onze genes de protease da familia das subtilisinas PR1 (PR1A a K), sendo
essas encontradas em um banco de ESTs, estabelecido por FREIMOSER et al
(2003). As diferentes isoformas das subtilisinas sdo oriundas de eventos de
duplicacdo génica e provavelmente estas isoformas estao relacionadas com a
patogenicidade, aumento da adaptabilidade em diferentes ambientes e
especificidade para o hospedeiro podendo ocorrer também com genes de
outras hidrolases envolvidas neste processo (BAGGA et al. 2004; HU & ST
LEGER, 2004).

A segunda classe de proteases com maior producéo in vitro, quando M.
anisopliae é cultivado em cuticula de insetos, € a de serino proteases
relacionadas com tripsinas (PR2) (GILLESPIE et al. 1998; ST. LEGER et al.
1994). Duas destas isoformas de PR2 parecem estar associadas ao
apressorio, sugerindo que estdo disponiveis durante os primeiros estagios da
colonizacéo da cuticula (ST. LEGER et al. 1994b). Embora o gene que codifica
para uma destas serino proteases tenha sido clonado e caracterizado, ainda
ndo esta completamente elucidada a fungdo de PR2 na patogenicidade.
Entretanto, é possivel que PR2 seja relevante na indu¢do ou na ativacédo de
PR1A (SMITHSON et al. 1995). Outras proteases também s&o secretadas por
M. anisopliae como do tipo cisteino-protease (Pr4, podendo ser uma isoforma
de Pr2) (COLE et al. 1993), carboxipeptidases (ST. LEGER et al. 1994b; JOSHI
& ST LEGER, 1999) e metaloproteases (ST LEGER et al. 1994a). A

identificacdo de inibidores de proteases produzidos por artropodes durante o
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processo infeccioso constitui um indicio da importancia destas enzimas para a
infeccédo de M. anisopliae em hospedeiros (SASAKI et al. 2008).

As quitinases sao outras enzimas hidroliticas que, além de estarem
envolvidas na morfogénese do fungo, podem também estar envolvidas na
patogenicidade, como fatores de viruléncia. Acredita-se, que estas enzimas
estejam relacionadas com a viruléncia durante o parasitismo em fungos
fitopatogénicos, micopatogénicos e entomopatogénicos (HASSAN &
CHARNLEY, 1989; ULHOA & PEBERDY, 1991; DE LA CRUZ et al. 1992;
ULHOA & PEBERDY, 1993; ST LEGER et al. 1998; KISHMOTO et al. 2002,
KRIEGER DE MORAES et al. 2003; BARRETO et al. 2004; SILVA et al. 2005).
Provavelmente estas enzimas atuem sinergisticamente com as enzimas
proteoliticas para solubilizar a cuticula do hospedeiro durante a penetracao (ST
LEGER et al. 1986a, 1987, 1993, 1998). Em relacdo ao entomoparasitismo,
ainda ndo estd completamente elucidado o papel das quitinases no processo
de penetracdo da cuticula.

Apenas trés genes que codificam quitinases de M. anisopliae foram
clonados: genes chitl, chi2 e chi3 (BOGO et al. 1998; FREIMOSER et al. 2003;
BARATTO, 2005) e um quarto gene, o gene chill descrito por KANG et al.
(1998). Entretanto, foi sugerido que o gene chill é oriundo de E. coli, sendo
seu isolamento um artefato da construgcao da biblioteca do fungo, pois o gene
apresenta 100% de homologia com o gene chiA, identificado em um projeto
genoma de E. coli (FRANCETIC et al. 2000). SCREEN et al. (2001)
demonstraram que transformantes de M. anisopliae var. anisopliae

superexpressando o gene chitl (que codifica para uma quitinase de 42 kDa) de
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M. anisopliae var. acridum n&o alterou a patogenicidade contra M. sexta.
Porém, isto nao significa que estas enzimas nao participem da infecgao.
Estudando o complexo quitinolitico secretado por M. anisopliae var.
anisopliae em condi¢bes de inducdo, PINTO et al. (1997) demonstraram a
presenca de pelo menos trés enzimas quitinoliticas e mais recentemente,
SILVA et al. (2005) detectaram pelo menos seis enzimas quitinoliticas. Uma
destas quitinases, de 30kDa (CHIT30), apresenta atividade de endo e
exoquitinase. Como esta capacidade provavelmente habilita esta quitinase a
degradar mais eficientemente a quitina, € provavel que desempenhe uma
funcdo importante durante o processo de penetracdo dos hospedeiros. SILVA
et al. (2005) demonstraram a presenca desta quitinase CHIT30 durante o
processo de infec¢ao e penetracdo de M. anisopliae sobre o carrapato bovino
R. microplus através de imunolocalizagdo, sugerindo a importancia desta
enzima no processo de patogenicidade. Em um trabalho com outro fungo
entomopatogénico, Beauveria bassiana, a superexpressdo de uma
endoquitinase, denominada Bchitl, ocasionou um aumento da viruléncia para
um afideo (Myzus persicae), diminuindo 50% a sua concentracdo letal e em
50% o tempo que levou para matar os insetos adultos (FANG et al. 2005), o
gue contribui para a conclusdo que as quitinases sdo enzimas que estédo
potencialmente envolvidas na patogenicidade. A acdo das quitinases em
processos especificos como infec¢cdo de patdgenos requer um mecanismo de
inducao/repressao, em que a quitina e seus produtos de degradacao induzem a
secrecdo de quitinases, enquanto glicose e outras fontes de carbono faciimente
metabolizaveis reprime a secrecdo (KRIEGER DE MORAES et al. 2003; SILVA

et al. 2005). Porém, a regulacdo destas enzimas ndo estd completamente
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elucidada, uma vez que transcritos de genes de quitinases aparecem durante o

cultivo em meio contendo glicose (BARATTO et al. 2006).

1.8. Lipases

Lipases (triacilglicerol ester hidrolases, EC 3.1.1.3) sdo enzimas que
catalisam, entre outras reacdes, a hidrélise das ligacbes éster de lipideos
gerando alcoois e éacidos graxos (Figura 6). Sdo enzimas de consideravel
importancia fisiologica e industrial, constituindo um dos mais importantes
grupos de biocatalizadores com aplicagcdo biotecnologica (JAEGER &
EGGERT, 2002; JOSEPH et al. 2008; REIS et al. 2009), por serem utilizadas
nos mais variados segmentos industriais, como a industria quimica, de
alimentos, farmacéutica, do papel, coureira, de cosméticos, detergentes, entre
outras (SHARMA et al. 2001; JAEGER & EGGERT, 2002; REETZ, 2002;
JOSEPH et al. 2008; REIS et al. 2009).

O numero de lipases comerciais vem crescendo desde os anos 80 em
virtude da demanda por estes biocatalisadores, visto suas caracteristicas de
grande potencial industrial (BORNSCHEUER et al. 2002). A maioria das lipases
comerciais € de origem microbiana, destacando-se alguns fungos filamentosos
pelo baixo custo de extracdo, estabilidade térmica e de pH, especificidade a

substratos e atividade em solventes organicos (SAXENA et al. 1999).
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Figura 6- Reacdes catalisadas por lipases.

Ao contrario das esterases, as lipases possuem uma atividade
pronunciada na interface O6leo-dgua, fendbmeno este que ocorre por
caracteristicas estruturais especificas pertencentes a este grupo de enzimas
(JAEGER et al. 1999; UEDA et al. 2002; REIS et al. 2009). As lipases possuem
um oligopeptideo helicoide, uma espécie de “tampa” que protege o sitio ativo.
Ao interagir com uma superficie hidrofébica, o sitio ativo é exposto, permitindo
livre acesso ao substrato; processo este caracteristico das verdadeiras lipases,
chamado de ativacéo interfacial (REETZ, 2002; JOSEPH et al. 2008). O sitio
ativo destas enzimas é caracterizado geralmente por uma triade composta de

serina (nucledfilo), histidina (residuo basico) e aspartato (residuo acido —
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podendo ser acido glutamico em alguns casos), crucial para todas as reacdes
catalisadas pelas lipases sendo, portanto, classificadas como serino hidrolases
(UPPENBERG et al. 1994a,b; JAEGER et al. 1999; REETZ, 2002; JOSEPH et

al. 2008).

1.8.1. Lipases e lipideos

Os lipideos, principal alvo de acdo das lipases, possuem diversas
fungbes no metabolismo e constituicdo de todos os seres vivos, formando o
qguarto principal grupo de moléculas biolégicas encontradas em todas as
células, e apresentando uma variedade estrutural maior do que todas as outras
moléculas biologicas (VOET et al. 2000). Os lipideos sao caracterizados
basicamente por possuirem um esqueleto carbdnico, serem majoritariamente
hidrofébicos e a maioria dos seus constituintes serem insolUveis em agua e
soliveis em solventes organicos. Nao sédo poliméricos, mas tém, por suas
caracteristicas estruturais e quimicas, a capacidade de se agregarem,
exercendo neste estado sua mais caracteristica fungdo como matriz estrutural
de membranas biologicas. Além de servirem como estoque de energia e como
componentes estruturais de membranas celulares, sdo também extremamente
importantes como efetores biologicos. Os lipideos atuam na sinalizagéo intra e
extracelular, transporte intracelular e transcricdo génica, entre outras funcoes
(VOET et al. 2000; STEHR et al. 2003). Diversas substancias constituem este
importante grupo de moléculas, como gorduras, 0leos, acidos graxos, algumas
vitaminas, horménios entre outras. Além disso, os lipideos podem exercer a

funcdo de protecdo contra dessecamento ao formarem uma barreira
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impermeavel a agua, como é o caso dos lipideos que ocorrem na cuticula de
plantas e artropodes (BUCZEK, 1999; SHAH, 2005; BENOIT et al, 2007;
PEDRINI et al 2007; REINA-PINTO & YEPHREMOV, 2009), protegendo-o0s
também contra predadores e infec¢cdes microbianas.

Lipideos esterificados formados a partir de alcoois e acidos graxos sao
0S principais substratos para acao das lipases e podem variar muito em sua
composicdo, sendo imprescindivel apenas a ligacao éster, podendo ser tri, di
ou monoacilgliceroéis ou ainda moléculas lineares, ciclicas ou alifaticas.

Os produtos gerados a partir da acao de lipases podem desencadear
processos fisiologicos importantes nos mais diversos organismos, seja em
reacdes endogenas e benéficas do proprio metabolismo, como também em
relacbes ecologicas e algumas vezes deletérias, como no caso de infeccdes

por organismos parasitarios, especialmente infeccbes microbianas.

1.9. Lipases e sistemas de infecg¢éo

Além das diversas possibilidades de aplicacdo industrial e importancia
fisiologica, é crescente a evidéncia de que lipases sao importantes fatores de
viruléncia microbianos (STEHR et al. 2003). Vem aumentando o numero de
trabalhos relacionando as lipases e os mais diversos sistemas de infec¢éao, ou
comprovando papéis importantes exercidos por estas enzimas nestes
sistemas.

Entre os muitos microrganismos estudados onde se caracteriza a
participacdo de lipases durante seu processo de infecgéo, estdo as bactérias.

Algumas do género Staphylococcus sdo amplamente estudadas em relacdo a
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participagdo destas enzimas. S. epidermidis, descrito como um habitante
comensal da pele de seres humanos, pode se tornar um patégeno oportunista
e duas lipases secretadas durante o processo de infec¢cdo podem ter um papel
importante, suportando o crescimento e a colonizagéo ao clivar triacilgliceréis
derivados do sebo (LONGSHAW et al. 2000). Isolados clinicos de S. aureus
oriundos de infec¢cdes profundas produzem lipases em niveis muito maiores
gue os isolados superficiais, indicando a importancia na nutricdo e na
disseminacao da bactéria (ROLLOF et al. 1987). A principal funcdo para estas
enzimas na viruléncia realmente é relacionada a degradacéo de lipideos para
aquisicao de nutrientes (BRADY et al. 2006). Estudos in vitro com lipase
purificada de S. aureus mostraram que ela pode também influenciar a
quimiotaxia de células do sistema imune humano (ROLLOF et al. 1988). Além
disso, granulocitos incubados com a lipase mostraram um decréscimo em
relacdo a capacidade fagocitaria, possivelmente por danos estruturais na
superficie de células imune causados pela enzima microbiana. Outra evidéncia
da participagdo de lipases no processo de infeccdo de S. aureus é seu
potencial imunogénico, ja que anticorpos IgG anti-lipase foram detectados em
pacientes infectados por este microrganismo e também em biofilmes (RYDING
et al. 1992; ETZ et al. 2002; BRADY et al. 2006). Outra importante bactéria que
habita a pele de seres humanos é o0 agente causador da acne
Propionibacterium acnes, que secreta diversas enzimas, incluindo lipases
relacionadas com a colonizacdo da pele humana. Neste sistema, as lipases
tém um importante papel na patogénese, tanto em células livres, como em
biofilmes (COENYE et al. 2007). Acidos graxos livres liberados pela acdo da

atividade lipolitica facilitam a ades&o bacteriana e, consequientemente, a
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colonizacdo dos foliculos sebaceos (MISKIN et al. 1997). Além disso,
produzem alguns acidos graxos irritantes que contribuem substancialmente
para a inflamacéo (JAPPE, 2003).

As lipases também atuam no processo de infeccdo de Pseudomonas
aeruginosa de maneira sinergistica com outras enzimas, como uma fosfolipase
C, desorientando a resposta imune, iniciando danos teciduais e estimulando
processos inflamatdérios (KONIG et al. 1996). No complexo Burkholderia
cepacia, um importante grupo de 10 espécies de patdgenos altamente
relacionados associados com infeccdo em fibrose cistica, a lipase é relevante
na infeccdo de células epiteliais de pulmdo (MULLEN et al. 2007). Em
Mycobacterium tuberculosis, as lipases estdo também potencialmente
relacionadas com diferentes etapas da infeccédo (COTES et al. 2008). Por tudo
isso fica evidente a relevancia destas enzimas nos sistemas bacterianos de
infeccdo. Porém, estes ndo sdo 0s Unicos microrganismos onde as lipases
participam ativamente.

Os fungos sao outro importante grupo de microrganismos patogénicos.
Leveduras do género Malassezia, apesar de constituirem a microbiota normal
da pele de humanos, podem causar dermatites, infec¢cdes brandas de pele e
até mesmo infecgfes sistémicas. Seis de sete espécies do género Malassezia
requerem lipideos exdgenos para seu crescimento (PAPAVASSILIS et al.
1999). A adicdo de um indutor de lipase aumentou o crescimento celular e
induziu a transicdo desta levedura para seu estagio filamentoso, associado
com a doenca (STEHR et al. 2003). Para a levedura negra Hortea werneckii,
causadora de uma importante infeccdo de pele, a atividade lipolitica descrita

por GOTTLICH et al. (1995) aumentou a quantidade de interagdes hidrofébicas
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por liberacdo de acidos graxos livres, o que pode facilitar a adeséo a superficie
do hospedeiro e a consequente colonizacdo do mesmo. Por meio de técnicas
moleculares foi comprovada a expressao durante a infeccdo experimental de
ratos de quatro genes correspondentes a lipases de Candida albicans
(GILFILLAN et al. 1998), uma levedura comensal que pode se tornar invasiva e
patogénica e € bastante comum em amostras clinicas. Esta foi a primeira
evidéncia de que lipases secretadas por um fungo patogénico de humanos
estdo envolvidas no processo de infeccdo (STEHR et al. 2003). STEHR et al.
(2004) mostraram ainda que varios genes de lipases Sao expressos em niveis
diferentes e em diferentes estagios de infeccdo em modelos experimentais e
em amostras de pacientes infectados por C. albicans. Recentemente foi
comprovado que a lipase 8 de C. albicans € um importante fator de viruléncia
pois mutantes deficientes no gene desta proteina foram menos virulentos em
modelos murinicos de infecgéo intravenosa (GACSER et al. 2007a).

A participacdo de lipases também & caracterizada no sistema de
infeccdo de fungos filamentosos fitopatogénicos. Em Alternaria brassicicola,
uma lipase de superficie de esporo tem atividade patogénica crucial para o
desenvolvimento do processo de infeccdo em folhas de couve flor, e parece
estar associada com a adesédo do esporo a superficie do hospedeiro e com a
penetragdo na cuticula do mesmo (BERTO et al. 1999). Além disso, esta
enzima também possui uma atividade inespecifica de cutinase que pode
contribuir durante o processo de infeccdo. Quando a atividade desta enzima foi
bloqueada, as lesfes resultantes da infeccédo foram reduzidas em torno de 90%
(BERTO et al. 1999). Em outro importante fitopatégeno, Botrytis cinerea, uma

lipase mostrou ser um fator essencial para a patogenicidade pela sua presenca
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inicial no sitio de infeccdo na folha do hospedeiro (COMMENIL et al. 1998).
Além disso, a inibicdo da atividade de lipase preveniu a infec¢do por B. cinerea
de tecidos de folhas de tomateiros (COMMENIL et al. 1998). O patogéno
Fusarium graminearum também secreta uma lipase comprovadamente
reconhecida como fator de viruléncia para infeccdo de cereais (VOIGT et al.
2005).

A caracterizacao de lipases nos mais diversos sistemas de infecgcdo vem
atribuindo diferentes papéis desempenhados por estas enzimas. Como descrito
anteriormente, destacam-se algumas funcées como influéncia na resposta
imune, adesdo, sinergismo entre outros (Figura 7). Apesar destas fortes
evidéncias, estudos sobre lipases de fungos patogénicos vém sendo
negligenciados (STEHR et al. 2003). Em relacdo as lipases de fungos
patogénicos de artrOpodes ou microrganismos patogénicos destes organismos
em geral, os estudos sdo muito escassos e publicacdes referentes as lipases

durante o processo de infeccdo nestes sistemas especificos ainda nao existem.
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Figura 7 - Possiveis funcdes de lipases microbianas extracelulares
durante o processo de infec¢cdo. Crescimento: lipdlise pode disponibilizar
nutrientes; adesao: liberacdo de acidos graxos livres aumenta a quantidade de
interacdes hidrofobicas, facilitando a adesdo célula-célula e interacdo célula-
superficie hospedeira; penetracdo: degrada camadas lipidicas, facilitando a
penetracdo; sinergismo: lipases atuam com outras enzimas; defesa:
degradacéao por lise de componentes celulares de outros microrganismos e
células que interfiram na infeccéo do hospedeiro; sistema imune: lipases e seus
produtos podem ter efeito em células imunes iniciando processos inflamatorios;
hidrolise inespecifica: lipases podem exercer outras atividades como

fosfolipolitica (SILVA, 2005).
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1.10. Lipases e M. anisopliae

Lipases e esterases estdo também supostamente envolvidas no
processo de infec¢cdo de M. anisopliae, pois, dentre os constituintes da cuticula
dos hospedeiros, estdo os lipideos (ST. LEGER et al. 1986a, 1991a;
CLARKSON & CHARNLEY, 1996; SILVA et al. 2005).

Recentemente, nosso grupo comprovou que M. anisopliae é capaz de
produzir lipases induzidas por diferentes lipideos como fonte de carbono
(SILVA et al. 2005). Apresentamos também uma metodologia de extracéo
desta enzima, ja que, apds a cultura liguida de M. anisopliae nestes meios
indutores, atividade lipolitica no sobrenadante de cultura ndo era detectada,
apesar do bom crescimento do fungo e do consumo da fonte lipidica presente
no meio de cultivo. Esta dificuldade de deteccdo da atividade lipolitica em M.
anisopliae pode ser um dos fatores que ocasionam a auséncia de trabalhos no
estudo destas enzimas neste sistema, apesar da grande possibilidade de que
as lipases possam estar presentes no processo de infeccdo. A producéo de
lipases por M. anisopliae relatada pelo nosso grupo foi o primeiro trabalho
especifico sobre lipases deste fungo. Até a publicacdo deste trabalho, apenas
deteccdes pontuais de atividade de lipase foram relatadas (ROBERT & AL
AIDROQOS, 1985; ST LEGER et al. 1986a; NAHAR et al. 2004). Além disso,
desenvolvemos uma estratégia para detecgdo da atividade in situ durante o
processo de infec¢ao do carrapato bovino R. microplus (SILVA, 2005).

A fim de se identificar proteinas participantes do processo de infecgcéo de
M. anisopliae outras abordagens vém sendo realizadas, principalmente com o

uso de ferramentas moleculares que permitem uma visao global do padrédo de
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expressado deste fungo frente a componentes estruturais dos seus hospedeiros
(FREIMOSER et al. 2003; DUTRA et al. 2004). No banco de ESTs (expressed
sequence tags) estabelecido por FREIMOSER et al. (2003), foram identificadas
sequéncias parciais provaveis codificadoras de enzimas lipoliticas, sendo uma
esterase e trés lipases. Neste trabalho, FREIMOSER et al. (2003) cultivaram
duas variedades de M. anisopliae em meios de cultura liquido acrescido com
cuticula de insetos para inducdo de enzimas relacionadas com a infeccéo.
Duas destas sequiéncias possivelmente correspondentes a enzimas lipoliticas
foram identificadas para a variedade anisopliae, com um amplo espectro de
hospedeiros, e outras duas para a variedade acridum, especifica para
gafanhotos.

A fim de contribuir na elucidacédo da possivel participacdo de lipases
durante o processo de infecgdo de hospedeiros artropodes por M. anisopliae,
objetivamos, neste trabalho, estudar a regulacdo da secrecdo de enzimas
lipoliticas, bem como avaliar a importancia da atividade lipolitica durante a
infeccédo do carrapato bovino R. microplus e a purificacdo e caracterizacdo de
uma lipase de superficie de esporo com posterior elucidacédo de seu papel na
infeccdo de hospedeiros artropodes. Para isso, avaliamos o potencial de M.
anisopliae no controle da aranha marrom, Loxosceles sp., como modelo
alternativo para estudos de infeccao. Além disso, purificamos e caracterizamos
as propriedades bioquimicas e cinéticas de uma lipase de superficie de esporo
e produzimos anticorpos contra esta enzima. Avaliamos o efeito destes
anticorpos durante a infeccdo do carrapato bovino R. microplus e da aranha
marrom e o efeito de um inibidor especifico de atividade de lipase na infeccéo

do carrapato bovino. Também utilizamos diferentes meios de cultura com
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constituintes do tegumento de hospedeiros artropodes e outros compostos de

mesma natureza para comparacao da secrecéo de atividade lipolitica.

51



2. OBJETIVOS

2.1. Objetivo Geral

Investigar o complexo lipolitico de M. anisopliae e sua relacdo com o

processo de infec¢cdo de hospedeiros artropodes.

2.2. Objetivos Especificos

Avaliar o efeito de M. anisopliae no controle da aranha marrom,
Loxosceles sp., como modelo de infeccdo de aracnideo alternativo ao
carrapato bovino.

Avaliar a regulacdo da atividade lipolitica de M. anisopliae frente a
diferentes fontes de carbono, incluindo compostos constituintes das cuticulas
dos hospedeiros deste fungo.

Purificar e caracterizar uma lipase de superficie de esporo de M.
anisopliae, bem como produzir anticorpos contra esta enzima.

Avaliar o efeito dos anticorpos produzidos contra a lipase de superficie
de esporo de M. anisopliae durante o processo de infec¢ao do carrapato bovino
R. microplus e da aranha marrom Loxosceles sp.

Avaliar o efeito da inibicdo da atividade lipolitica durante o processo de

infeccéo do carrapato bovino R. microplus.
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3. CAPITULOS

Os resultados desta tese estdo organizados em cinco capitulos apresentados

na forma de manuscritos cientificos.

3.1. Capitulo 1

Potential biocontrol of brown spider, Loxosceles sp., by the arthropod

pathogenic fungus Metarhizium anisopliae

Manuscrito submetido ao periédico Medical and Veterinary Entomology

Neste capitulo apresentamos o efeito de M. anisopliae sobre individuos jovens
e adultos da aranha marrom Loxosceles sp., uma praga urbana causadora do
loxoscelismo. Os acidentes ocasionados por esta aranha tém um grande
impacto na saude publica mundial, inclusive no Brasil, com milhares de casos
por ano. A comprovagdao do potencial de M. anisopliae como agente
biocontrolador desta aranha pode ser de suma importancia na busca de futuras
estratégias de controle populacional e, consequentemente, na reducdo do

loxoscelismo.
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Abstract

Loxosceles spp. (Aranae: Sicariidae), brown spiders, are an important plague with great
impact on public health. These spiders have a worldwide distribution, and accidents
(loxoscelism) have been described in all continents. The population control for this
organism is unspecific and alternative and most effective strategies for control of brown
spider population are necessary. This work attests the efficiency of an alternative to
control the brown spider (Loxosceles sp.) using the arthropod pathogenic fungus
Metarhizium anisopliae. A mortality rate of 100% for juvenile Loxosceles sp. was
observed 12 days after application of 10° conidia.mL™ with LTs, value of 8.35 days. For
adult Loxosceles sp. a 100% mortality rate was observed 9 days using the same conidial
concentration, and LTz of 6.57 days. LCsg values on day 25 post-treatment were 2.39 X
10" and 6.83 x 10" conidia.mL™ for juvenile and adult spiders, respectively. Public
health strategies aiming at spider population control and based on the use of M.

anisopliae could offer an interesting alternative to reduce loxoscelism occurrence.

Keywords: biological control, brown spider, Loxosceles sp., Metarhizium anisopliae.
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Introduction

Brown spiders (Loxosceles genus) bites cause several and damaging clinical conditions,
classically associated with dermonecrotic lesions and systemic manifestations including
intravascular haemolysis, disseminated intravascular coagulation and acute renal failure
(Silva et al., 2004). Systemic reactions may be severe in some patients and occasionally
fatal. These spiders have a worldwide distribution and accidents have been described in
America, Europe, Asia, Africa and Oceania. Some urban regions around the world, such
as the metropolitan area of Curitiba city, Brazil, present thousands of loxoscelism
(accidents caused by spiders from Loxosceles genus) cases per year (Malaque et al.,
2002). Particularly in these regions, loxoscelism is an important and severe public
health problem, with great economic impact. Population control strategies for these and
other spiders are unspecific, and are mostly based on the use of insecticides. In this
scenario, re-infestation is a continuous problem and the toxic side effects of the
indiscriminate use of insecticides for humans have to be considered (Forks, 2000).
Thus, alternative and more effective strategies to control brown spider populations and
the consequent loxoscelism occurrences have recently gained considerable importance.
The fungus Metarhizium anisopliae is a well-studied and broad host-range
arthropod pathogen, including agricultural pests and plagues of medical relevance (Luz
et al., 1998; Wright et al., 2004; Scholte et al., 2005; Lazzarini et al., 2006; Walker &
Lynch, 2007). In Brazil, it is used to control insect pests in sugar cane plantations and
offers a great application potential against other arthropods, including arachnids as the
bovine tick Boophilus microplus (Frazzon et al., 2000; Arruda et al., 2005). The host

infection mechanism of the fungus M. anisopliae has been widely studied and it is now
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relatively well understood (St Leger et al., 1986b; Arruda et al., 2005; Silva et al.,
2005).
In this work, we present the effect of M. anisopliae on the control of the brown

spider, Loxosceles sp., an important public health plague with worldwide distribution.

Materials and methods

M. anisopliae

M. anisopliae var. anisopliae isolate E6 was originally isolated from insects
(Rosato et al., 1981) and kept as previously described (Bogo et al., 1998). Fungus
cultivation for conidia production was performed using 100 g of rice added to 30 mL
0.5% peptone solution. The culture media was autoclaved in polypropylene bags for 30
minutes. In each bag, 10° spores were inoculated and the fungus was grown at 28 "C for
14 days. For conidial suspension production, 100 mL of sterile distilled water were
added to a polypropylene bag containing grown and sporulated fungus. The material
was manually shaken, and the resulting suspension was collected. Prior to use, the
concentration of conidia was determined by direct count using a Neubauer
hemocytometer. Suspensions were diluted in sterile distilled water to a final
concentration of 1x10° conidia.mL™, or other concentrations used in this work.

For re-isolation of M. anisopliae, experimentally infected spiders were
maintained in a plate with 90% humidity at 28 "C for fungus growth and sporulation.
After spider death and fungus sporulation, spores collected on the spider cadaver were

placed onto MCc agar plates to germinate.
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Loxosceles sp.

All Loxosceles sp. spiders were collected from a highly infested house in
Viaméo city, Rio Grande do Sul State, Brazil. The spiders were fed and maintained at
20 'C, individually in 50 mL plastic tubes (Labconco, USA) without lid and covered

with screen tissues and had free access to sterile water.

Spider bioassays, determination of lethal time (LTs), lethal concentration (LCsg) of M.

anisopliae and statistical analysis

The bioassays were performed using recently fed spiders. For each experiment,
we used ten Loxosceles sp. adult or juvenile individuals. M. anisopliae conidia were
applied through sprinkling until the body of spider had been totally covered by conidial
suspension. After fungus inoculation, the spiders were individually placed in 50 mL
plastic tubes (Labconco, USA) without lid and covered with screen tissues. Spiders had
free access to sterile water. All spiders were maintained in a humid chamber (>90%
relative humidity), at 28 "C. Controls consisted of Loxosceles sp. spiders treated with
sterile distilled water instead conidial suspension and submitted to the same conditions
described above. Horizontal infection was tested placing spider cadavers with
sporulated fungus in the same environment of non-inoculated spiders, under the same
conditions described above. Experiments were carried out in three replicates and the
spiders were observed daily to determine LTso mortality and residual survival. M.
anisopliae lethality was tested in three conidial concentrations (10°, 10% and 10°
conidia.mL™), as described, to determine LCso. Analysis of probit was conducted to

obtain the LCsg and the LTsg values using SPSS 13.0 for Windows.
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Results

A mortality rate of 100% for juvenile Loxosceles sp. was observed 12 days after
application of 10° conidia.mL™ (Fig. 1A). Concentrations of 10® and 10" conidia.mL™
caused 33.3 and 13.3% of mortality, respectively, during the same period. LTs, values
were observed to be 8.35, 16.46 and 22.77 days for 10°, 10® and 10 conidia.mL™,
respectively (Table 1). For adult Loxosceles sp. a 100% mortality rate was observed 9,
15 and 21 days after conidia application of 10°, 10® and 10 conidia.mL™, respectively
(Fig. 1B). LTs was observed at 6.57, 10.12 and 16.69 days for 10°, 10% and 10’
conidia.mL™, respectively (Table 1). In all experiments, the survival rate in the brown
spiders control group was 100%. LCs, values on day 25 post-treatment were 2.39 x 10’
and 6.83 x 10" conidia.mL™ for juvenile and adult spiders, respectively.

In the re-isolation experiment, M. anisopliae was successfully re-isolated from spider
cadavers. Horizontal infection did not occur and no damaging effect were observed for
spiders target when were placed in the same environment of brown spiders cadavers
with sporulated fungus. During fungal infection, a degree of preference was observed in
spider articulations, as legs inter-segmental regions, where M. anisopliae was an intense

development.

Discussion

M. anisopliae is widely used and studied for the biological control of agriculture pests
and arthropods of medical relevance, as mosquitoes vectors of malaria and dengue

(Scholte et al., 2005; Scholte et al., 2007; Walker & Lynch, 2007). To our knowledge,

this is the first study that evaluated the effect of a microorganism to control a venomous
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arthropod of medical relevance. We have shown here that the fungus M. anisopliae can
be used to control juvenile and adult Loxosceles sp. spiders.

Concentrations above 107 and a concentration of 10° conidia.mL™ of M.
anisopliae caused mortality of adult and juvenile spiders at different times. These
results have also been obtained for others arthropods, as the blowfly Lucilia sericata
(Wright et al., 2004) and the housefly Musca domestica (Darwish & Zayed, 2002). A
gradual conidia dose-dependent response was seen after achieving a certain threshold,
also observed by Zhioua et al. (1997) and Frazzon et al. (2000) for the tick B. microplus
infected with M. anisopliae. In the present study, the adults were more susceptible to
fungal infection in comparison to juvenile spiders, as evidenced by the LTso values
obtained.

Entomopathogenic fungi developed distinct strategies for their attachment to
hosts, varying considerably in their ways of action, virulence and degree of host
specificity (Clarkson & Charnley, 1996). M. anisopliae infects arthropods hosts by
direct penetration of intact cuticle. However, some degree of preference was observed in
spider articulations, also reported for Frankliniella occidentalis, Nezara viridula and B.
microplus (Goettel et al., 1989; Vestergaard et al., 1999; Arruda et al., 2005).
McCauley et al. (1968) reported that infection sites varied among host species, and that
most infections occurred in the membranous inter-segmental regions.

Horizontal infection did not occur, possibly because all spider cadavers with
sporulated fungus were quickly mummified with spider web that isolates conidia and
protects the target spider.

This work attests the efficiency of an alternative to control the brown spider
Loxosceles sp. using the arthropod pathogenic fungus M. anisopliae. This fungus seems

to be a promising alternative to unspecific chemical insecticides in use due to its
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verified efficiency in Loxosceles sp. infection and control. The development of specific
spider traps containing M. anisopliae conidia for domestic use and the treatment of
highly infested sites by Loxosceles sp. with conidial suspension in urban areas could be

an alternative for spider population control and consequently reduce loxoscelism.
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Fig. 1- Effect of M. anisopliae conidial concentration in control of Loxosceles sp.
juvenile (A) and adult (B). Concentrations of M. anisopliae: (m) 10° conidia.mL™;

(A) 108 conidia.mL™; (o) 10" conidia.mL™. Bars represent standard error.
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Table 1- LTso values in days following immersion of Loxosceles sp. juvenile and adult

in aqueous suspension of M. anisopliae conidia (95% confidence).

Suspension (conidia.mL™) LTso (days)
Juveniles Adults
10’ 22.77 16.69
10° 16.46 10.12
10° 8.35 6.57
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3.2. Capitulo 2

Substrate regulates Metarhizium anisopliae lipolytic enzymes secretion: a

putative relation to the infection system

Manuscrito submetido ao periédico Comparative Biochemistry and Physiology -

Part B: Biochemistry & Molecular Biology

Neste capitulo apresentamos e caracterizamos o perfil de atividade lipolitica
secretada por M. anisopliae frente a diferentes fontes de carbono.
Evidenciamos aqui que constituintes da cuticula de artropodes tém um efeito
positvo na secrecdo de enzimas lipoliticas, bem como no desenvolvimento do
fungo. Os resultados deste trabalho permitem um melhor entendimento do
mecanismo regulatorio do complexo lipolitico de M. anisopliae e sua relacéo

com o processo de infecgao do hospedeiro.
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Abstract

The entomopathogenic filamentous fungus Metarhizium anisopliae is a well-
characterized, broad host-range arthropod pathogen applied in biological control of
several arthropod plagues. Studies on the participation of proteases and chitinases
during host infection have been reported but little is known about lipolytic enzymes in
this fungus. Lipolytic enzymes of several pathogenic microorganisms play different
roles in the infection and have their synthesis regulated during this process. In this work
we present the effects of different carbon sources, such as components of the arthropod
cuticles, on the secretion of lipolytic enzymes by M. anisopliae. Differences in the
induction of lipolytic activity were observed among several carbon sources tested.
Higher activities of lipase or lipase/esterase were found in the culture media containing
arthropod tegument constitutes, chitin and cholesteryl stearate. In zymograms, several
bands of lipolytic activity were observed in all culture media tested. The results
presented here reinforce the possibility of the lipolytic enzymes acting actively in this

infection system.

Keywords: Biological control; Esterase; Lipase; Lipolytic enzymes; M. anisopliae
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1. Introduction

The filamentous fungus Metarhizium anisopliae is one of the most important
and best-studied biological agents for control of many arthropod plagues (Frazzon et al.,
2000; Gillepsie et al., 1998; Scholte et al., 2007). The host infection process begins with
conidial adhesion to host surface and integument penetration (Askary et al., 1999).
Conidia attachment to cuticle is thought to involve non-specific adhesion mechanisms
mediated by the hydrophobicity of the conidial cell wall (Boucias et al., 1988; 1991).
The attachment is followed by germination and formation of penetration structures. To
penetrate the host cuticle M. anisopliae utilizes a synergistic strategy of secretion of
hydrolytic enzymes, such as proteases, chitinases and possibly lipases, and mechanical
mechanisms to transpose the first and main host barrier to infection. The participation of
proteases and chitinases in the infection process has been shown (Dutra et al., 2004;
Gillepsie et al., 1998; Silva et al., 2005). Microbial lipases are also secreted by
pathogenic microorganisms and may have a role as virulence factors (Stehr et al., 2003)
and have been described to act during host infection by bacteria and fungi (Gacser et al.,
2007; Gribbon et al., 1997; Smoot, 1997; Stehr et al., 2003). A range of extracellular
enzymes able to degrade host cuticle is produced by M. anisopliae in liquid cultures
added of extracts from host cuticle (Krieger De Moraes et al., 2003). Among such
enzymes, the lipases are poorly characterized. In a previous work, we characterized
lipolytic activity in M. anisopliae culture filtrates and optimized culture conditions to
the production of lipases (Silva et al., 2005). Lipases (triacylglycerol acylhydrolases,
EC 3.1.1.3) are versatile serine hydrolases which catalyze several reactions. There is a
great interest in the versatility of these enzymes due to their applications in different
industrial segments (Jaeger and Eggert, 2002; Reis et al., 2009).

Here, we present the effects of different carbon sources, such as components of
the arthropod cuticle, in the secretion profile of lipolytic enzymes from M. anisopliae

cultures.

2. Materials and methods

2.1. Microorganism and culture conditions
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M. anisopliae var. anisopliae E6, originally isolated from insects (Rosato et al.,
1981) was kept and conidia were produced as described earlier (Pinto et al., 1997). The
experiments were performed in triplicate in 125 mL Erlenmeyer flasks with 20 mL of
sterile growth medium containing 0.6% (w/v) NaNOs, 0.2% (w/v) glucose, 0.2% (w/v)
peptone and 0.05% (w/v) yeast extract supplemented with different combinations of
carbon sources. Supplementary carbon sources were glucose, olive oil, chitin, which can
also be used as a nitrogen source (Sigma Chem. Co., St. Louis, USA) and an animal
lipid cholesteryl stearate (Acros organics — New Jersey, USA). The medium was
inoculated with 10° conidia.mL™ and the flasks were incubated for different times in an
orbital shaker operating at 150 rpm at 28 °C. After growth, 0.25% (v/v) SDS was added
and mixed for enzyme extraction as described (Silva et al., 2005). For biomass
determination the mycelium was separated from the culture supernatants the by
filtration through Whatman no. 1 filter paper and dried at 80 °C until constant weight

was achieved.

2.2. Quantification of lipolytic and proteolytic activity and protein

Lipolytic activity of culture supernatants was assayed using p-nitrophenyl
palmitate (oNPP), p-nitrophenyl myristate (pbNPM) and p-nitrophenyl butyrate (oNPB)
(all from Sigma Chem. Co., St. Louis, USA). Samples (10 uL) were mixed with 90 uL
of substrate solution at pH 8.0 (Silva et al., 2005). After 30 to 60 minutes of incubation
at 37 °C, the absorbance was measured spectrophotometrically at 410 nm using a plate
spectrophotometer Spectramax (Molecular Devices, Sunnyvale, USA), and an enzyme-
free control. One lipase unit (U) was defined as the amount of enzyme that releases 1
umol p-nitrophenol per hour, in the assay condition described above. Protease activity
was determined using azocasein (Sigma Chem. Co., St. Louis, USA) and one unit of
protease activity was defined as the amount of enzyme that increases the absorbance in
0.1 unit, in 1 h in the conditions described above (Sangali and Brandelli, 2000). Protein
measurements were carried out by the method of bicinchoninic acid (BCA protein assay

- Pierce), using bovine serum albumin as standard (Smith et al., 1985).

2.3. Zymograms
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Culture supernatants were concentrated by liophilization and used as sample for
zymograms. The detection of lipase activity in 10% polyacrilamide native gels was
performed using the fluorogenic substrate 4-methylumbelliferyl (MUF)-butyrate (Sigma
Chem. Co., St. Louis, USA). After electrophoresis, the gels were immersed in 50 mM
Tris-HCI pH 8.0 solution containing 2% Triton X-100 and 10 uM of MUF-butyrate, at
37 °C, under slow agitation for 10 min. Upon UV illumination (UV-B lamp Sankyo
Denki G15T8E, Japan), bands of lipase activity were revealed by fluorescence and
photographed (Diaz et al., 1999).

3. Results

Lipolytic activity was detected in all cultures analyzed when pNP-palmitate was
used as substrate as well as for the substrates pNP-butyrate or pNP-myristate. We found
a higher lipase activity in filtrates from cultures added of cholesteryl stearate 1% plus
chitin 0.8% after 48 h of growth, followed by cholesteryl stearate plus chitin 0.8% plus
glucose 1% as substrate, with decreasing lipase activity along the progress of the fungus
growth (Fig. 1A). These results were similar to those found when pNP-myristate was
used as substrate, but in higher levels (Fig. 1B). In general, we observed a higher
specific activity when pNP-palmitate was used as substrate in the culture medium
containing cholesteryl stearate, where a higher specific activity was detected in 48 h
cultures in a medium containing constituents of arthropods tegument, cholesteryl
stearate 1% plus chitin 0.8% (980 £ 6 U/mg protein) as well as when pNP-myristate
substrate was used (270 £ 10 U/mg protein) (Table 1). When pNP-butyrate was used as
substrate a different profile and much higher levels of lipolytic activity were observed in
comparison to the other two substrates (Fig. 1). For this substrate, the highest activity
found was in the medium containing cholesteryl stearate 1% plus chitin 0.8% plus
glucose 1% in 96 h of growth (Fig. 1C). The specific activities in 72 and 96 h (when the
higher levels of activity were reached), have also shown much higher values in culture
media containing the constituents of arthropods tegument (Table 1).

Cholesteryl stearate induced higher levels of lipase activity, mainly when it was
combined with chitin (Fig. 1). The specific activity was also higher in the medium
containing this lipid in all the times and substrates tested. Moreover, the liquid culture

media added of cholesteryl stearate and chitin, with or without glucose, provided a
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better growth substrate for the fungus as detected by dry weight (data not shown).
Besides, proteolytic activities were also significantly higher in culture media containing
the constituents of arthropods cuticle in almost all incubations times analyzed (Table 1).

The zymograms for lipolytic activity from M. anisopliae culture filtrates
revealed a complex pattern of lipolytic enzymes. This pattern became more complex
with the progress of the culture incubation time for all the culture media analyzed
except the medium supplemented only with glucose 1% (Fig. 1D).

4. Discussion

Recent studies have shown the relevance of the lipases in infection systems of
several microbial pathogens (Stehr et al., 2003). Lipolytic enzymes of several
pathogenic microorganisms play different roles in the infection and have their synthesis
regulated during this process (Gacser et al., 2007; Stehr et al., 2004). Different
chromogenic substrates were used in order to assess the pattern of the lipolytic enzymes
secreted by M. anisopliae. Here we found differences of lipolytic activity induction
among several different substrates. When pNP-butyrate was used as substrate much
higher levels of lipolytic activity were observed in comparison to the other two
substrates. It could be reasoned that pNP-butyrate is not an exclusive substrate for
lipases, but it is also a substrate for esterases that are also probably being secreted by the
fungus. Nevertheless, for all pNP-esters substrates tested, higher activities of lipase or
lipase/esterase (pNP-butyrate) were found in the culture media containing constituents
of arthropod tegument which is composed mainly of proteins, chitin and lipids. These
results reinforce the physiologic importance of the secretion of lipases and esterases in
M. ansiopliae, possibly involved in the infection of the host (Clarkson and Charnley,
1996; Silva et al., 2005). Unlike chitinases (Krieger de Moraes et al., 2003; Barreto et
al., 2004) in which glucose plays an important regulatory role in their secretion,
lipolytic enzymes did not display this behavior, since glucose does not seem to play
significant influence on the induction or repression of the lipases or esterases activities
here analyzed, except on the case of cholesteryl stearate associated with chitin.

The lipid cholesteryl stearate, an ester formed from cholesterol and stearic acid,
is characteristic of animal cells. Besides, lipids form the outer layer and the most

protective layer of the epicuticle in many arthropods (Pedrini et al., 2007), for that
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reason, being the first barrier to be transposed by the pathogen. Comparatively to olive
oil, the other lipidic source tested, cholesteryl stearate induced higher levels of lipase
activity, mainly when it was combined with chitin that provided also a better growth
substrate for the fungus. This suggests that these specific constituents, present in the
host tegument, are more easily recognized by the fungus, inducing higher levels of
lipase activity. It can also suggest that M. anisopliae utilizes these specific elements
more readily, reflecting in higher mycelium mass produced. Olive oil is a vegetal lipidic
source that usually induces higher levels of lipolytic activity in fungi (Shirazi et al.,
1998; Maia et al., 1999; Lee et al., 2009), nevertheless higher specific activities were
found in the medium containing cholesteryl stearate in all the times and substrates tested
reinforcing our hypothesis of the specificity that M. anisopliae might have for this
animal lipid.

The fact of proteolytic activies have shown also higher values in presence of
elements of arthropod tegument could suggest that the enzymes involved in the
infection, lipases and proteases, may really act synergistically in order to degrade the
cuticle of the host as previously postulated (St Leger et al., 1993).

The complexity in zymograms with several lipolytic activity bands is in favor of
the expected participation of the lipolytic activity during host infection. As postulated
for the pathogenic yeast Candida albicans, which also have a vast repertoire of lipolytic
enzymes, the significant number of these enzymes possibly reflects the flexibility of
adaptation of the pathogen to environmental changes (Stehr et al., 2004). It is probably
an adaptive mechanism by which new host environments with different compositions
can be conquered (Stehr et al., 2003). Further studies regarding lipases of M. anisopliae
should be carried out, mainly to reveal the true role played by these enzymes, already

described as virulence factors in many pathogenic microorganisms (Stehr et al., 2003).
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Table 1

Lipase and protease specific activity of culture supernatants of M. anisopliae grown in different carbon sources at different times.

Specific activity A B C D E F G

(U/mg protein)

48

pNP-palmitate 240 + 9° 160 + 6° 70+ 2° 220+ 7° 980 + 6° 160+ 1" 870 + 20"
pNP-myristate - 10+2° - 10+1° 270 +10° 50+ 3° 10 +1°
pNP-butyrate 400 £ 3° 1100 + 4° 1800 + 8° 900 +1.1° 1100 + 8° 200 + 15° 2200 + 10"
Protease - - - - 4+0.2 02%0 -

72h

pNP-palmitate 300+ 7° 10+0.2° 310 + 2° 290 +5° 450 + 28" 200 + 4° 660 + 4°
pNP-myristate 10+0.2° 40 £ 0.5° 40 £ 1° 80 + 2° 30+1° 50 + 2° 110 + 2°
pNP-butyrate 900 + 3 500 + 5° 1200 + 13° 2100 +5° 6500 + 11' 7300 + 15° 1400 + 25"
Protease 35+0.4 28+0.1 22+03 125+08 136 +2.1 58 +2 17.9+05
96 h

pNP-palmitate 190 + 4 - 190+ 3° 280 + 2° 210+ 6° 70 +2° 380+2°
pNP-myristate - - - - - - -
pNP-butyrate 700 + 3° 6700 + 7° 6200 + 3° 14100 £ 5' 12000 + 16° 20800 + 14° 6000 + 28"
Protease 1740 398+11 19.6+05 76.5+0.7 84.8+0 98 +2.4 405 + 3.4

+: Standard deviation (based on three replicates).
a,b,c,d,e: Means followed by the same letter are not significantly different according to Tukey’s test (a=0.05) within the same line.
(A) glucose 1%, (B) glucose 0.2% + olive oil 1%, (C) glucose 1% + olive oil 1%, (D) glucose 1% + cholesteryl stearate 1%, (E) cholesteryl stearate 1% +

chitin 0.8%, (F) cholesteryl stearate 1% + chitin 0.8% + glucose 1% (G) cholesteryl stearate 1%.
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Fig. 1. Lipolytic activity with different pNP substrates and zymograms of culture
supernatants of M. anisopliae grown in different carbon sources at different times. (A)
pNP-palmitate; (B) pNP-myristate; (C) pNP-butyrate; (D) zymograms using MUF-
butyrate as substrate. (a) glucose 1%, (b) glucose 0.2% + olive oil 1%, (c) glucose 1% +
olive oil 1%, (d) glucose 1% + cholesteryl stearate 1%, (e) cholesteryl stearate 1% +
chitin 0.8%, (f) cholesteryl stearate 1% + chitin 0.8% + glucose 1% (g) cholesteryl
stearate 1%. At the bottom the gels corresponding to each graphic bar are presented.

Gels were loaded with 10ug of protein per well.
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3.3. Capitulo 3

Characterization of a spore surface lipase from the biocontrol agent Metarhizium
anisopliae

Manuscrito publicado no periddico Process Biochemistry

Neste capitulo apresentamos a purificacdo e caracterizacdo de uma lipase de
superficie de esporo de M. anisopliae. Esta enzima fortemente associada ao
esporo apresenta caracteristicas interessantes que a candidatam como
potencial alvo de estudo relacionado ao mecanismo de infecgéo do fungo. Pela
primeira vez uma enzima lipolitica de M. anisopliae foi isolada e caracterizada,
etapa fundamental para o entendimento do papel destas enzimas no processo

de infeccao do hospedeiro.
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A Metarhizium anisopliae spore surface lipase (MASSL) strongly bound to the fungal spore surface has
been purified by ion exchange chromatography on DEAE sepharose followed by ultrafiltration and
hydrophobic interaction chromatography on phenyl sepharose. Electrophoretic analyses showed that
the molecular weight of this lipase is ~66 kDa and pl is 5.6. Protein sequencing revealed that identified
peptides in MASSL shared identity with several lipases or lipase-related sequences. The enzyme was able
to hydrolyze triolein, the animal lipid cholesteryl stearate and all pNP ester substrates tested with some
preference for esters with a short acyl chain. The values of K,, and V;,,a for the substrates pNP palmitate
and pNP laurate were respectively 0.474 mM and 1.093 mMol min~'mg~! and 0.712mM and
5.696 mMol min~! mg~'. The optimum temperature of the purified lipase was 30 °C and the enzyme
was most stable within the most acid pH range (pH 3-6). Triton X-100 increased and SDS reduced
enzyme lipolytic activity. MASSL activity was stimulated by Ca?*, Mg?* and Co?* and inhibited by Mn?*.
The inhibitory effect on activity exerted by EDTA and EGTA was limited, while the lipase inhibitor
Ebelactone B completely inhibited MASSL activity as well as PMSF. Methanol 0.5% apparently did not
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affect MASSL activity while 3-mercaptoethanol activated the enzyme.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Lipases (triacylglycerol acylhydrolases, EC 3.1.1.3) are versatile
serine hydrolases which catalyze several reactions. The versatility
of these enzymes has raised great interest, due to their applications
in different industrial segments, like dairy products and food
manufacture, leather and detergent industries, production of
cosmetics and pharmaceuticals, and organic synthesis reactions,
especially in non-aqueous media [1]. Microbial lipases represent
the major commercial source of this enzyme. Current research on
lipases, mainly of microbial origin, has increased in volume
because of their great and superior commercial potentiality.

The filamentous fungus Metarhizium anisopliae is an important
agent used for the biological control of many arthropod plagues
[2,3]. The host infection process begins with conidial adhesion to
host surface followed by cuticle penetration [4]. In order to
penetrate the host cuticle, M. anisopliae utilizes a synergistic

* Corresponding author. Tel.: +55 051 3308 6060; fax: +55 051 3308 7309.
E-mail address: mhv@cbiot.ufrgs.br (M.H. Vainstein).

1359-5113/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.procbio.2009.03.019

strategy of secretion of hydrolytic enzymes, such as proteases,
chitinases and possibly lipases, associated with mechanical
mechanisms to transpose the arthropod’s cuticle. The first barrier
formed mainly by lipids in the cuticle is the epicuticle, and it is a
potential target for the action of specific lipases, a group of
important enzymes present in infection systems of pathogenic
microorganisms. Microbial lipases secreted by pathogenic micro-
organisms seem to play an important role as virulence factors [5].
In fact, their primary action during host infection by bacteria and
fungi has been well documented [5-7].

Although the biotechnological potential of lipases produced by
M. anisopliae has previously been reported [8], the role of these
enzymes in fungi infection has not been completely established.
Similarly, associated components of conidia, the infective unit of M.
anisopliae, such as its lipases and other enzyme constituents that
could be involved in the initiation of the infection process have not
yet been fully characterized. Apart from this, their possible roles in
the infective process as well as the mechanism of action are even
less understood. In this work, we present the purification and
biochemical characterization of one of these components, an M.
anisopliae spore surface lipase (MASSL).
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2. Materials and methods

2.1. Microorganism, spore production and enzyme extraction

M. anisopliae var. anisopliae E6, originally isolated from insects [9] was kept as
previously described [10]. Fungus cultivation for spore production was performed
using 100 g of rice added to 30 mL of a 0.5% peptone solution in polypropylene bags.
In each sterilized bag, 10° spores were inoculated and the fungus was grown at
28 °C for 14 days. Sporulated fungus were mechanically desorbed from rice grains
by gently shaking using a plastic spatula and then sieved to collect conidia. The
spores obtained were suspended in an extraction buffer (Tris-HCl 50 mM pH 8.0
containing 0.25% Triton X-100) in a proportion of 1:2.5 (w/v). The suspension was
strongly shaken for 5 min and the resulting supernatant was filtered in a 0.2-pm
filter (Millipore, USA), which was named “spore extract”, and used as source of
enzyme.

2.2. Enzyme purification

For enzyme purification, 20 mL of spore extract were loaded into a column
containing 3 mL of anion-exchange resin DEAE sepharose (Amersham Pharmacia,
Upsala, Sweden) pre-equilibrated with 50 mM Tris-HCI buffer (pH 8.0). A linear
gradient of 1 M NaCl in the same buffer was used to elute the proteins at a flow rate
of 0.5 mL/min in 2-mL fractions. Fractions containing lipolytic activity were pooled
and filtered with a 50-kDa Amicon Ultra device (Millipore, USA). The filtered sample
was equilibrated with 1 M Na,SO,4 in 50 mM Tris-HCl buffer (pH 8.0) and loaded
into a phenyl sepharose column (Amersham Pharmacia, Upsala, Sweden) pre-
equilibrated with the same buffer. A decreasing linear gradient of 1 M Na,SO4 was
used to elute the proteins in a FPLC purification system (Pharmacia, Upsala,
Sweden) at a flow rate of 0.5 mL/min. Fractions containing purified lipase were
pooled, named MASSL (M. anisopliae spore surface lipase), and used in this study.

2.3. Lipolytic activity, substrate specificity of the purified enzyme and kinetic
parameters

Lipolytic activity of all fractions obtained in the purification steps was assayed
using p-nitrophenyl palmitate (pNPP) (Sigma Chem. Co., St. Louis, USA). Samples
(10 L) were mixed with 90 pL of substrate solution under pH 8.0 [8]. After 30 min
of incubation at 37 °C, absorbance was measured at 410 nm against an enzyme-free
control using a plate spectrophotometer Spectramax (Molecular Devices, Sunny-
vale, USA). The enzymatic activity was calculated with reference to a calibration
curve of standard solution of 4-nitrophenol (Sigma Chem. Co., St. Louis, USA). One
lipase unit (U) was defined as the amount of enzyme that releases 1.0 mol p-
nitrophenol/min. For enzyme substrate specificity, pNPP and other p-nitrophenyl
(pNP) ester substrates (all from Sigma Chem. Co., St. Louis, USA) were used as
described above. The K, and V.« values for the hydrolysis of two esters by MASSL
were determined using pNPP and p-nitrophenyl laurate (pNPL) as substrates at
different concentrations. The kinetic values were calculated using GraphPad Prism
3 software. Lipolytic activity of purified lipase was tested also using natural
substrates. This lipase assay by titration of fatty acids was carried out in 125-mL
Erlenmeyer flasks containing 500 L of MASSL, 500 wL of triolein or 0.5 g of the
animal lipid cholesteryl stearate (Acros organics, New Jersey, USA) as substrate,
1 mL of polyvinylic alcohol and 1.25 mL of the 0.02 M Tris-HCl buffer (pH 8.0)
incubated at 30 °C and agitated at 150 rpm for 30 min. The reaction was stopped
with 5mL of an acetone/ethanol solution (1:1) (v/v) and lipase activity was
calculated by titration of fatty acids released with 0.05 M NaOH in 500 w.L of thymol
blue (0.1% in methanol). Control was made using water instead of enzyme. One
lipase unit (U) was defined as the amount of enzyme that releases 1 wmol of fatty
acids in the assay conditions described above.

2.4. Protein analysis

Protein measurements were carried out according to the method of bicinch-
oninic acid (BCA protein assay - Pierce), using bovine serum albumin as standard
[11]. Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was
performed using the method developed by Laemmli [12]. For 2D-electrophoresis,
protein samples were solubilized in isoelectric focusing buffer (IEF buffer)
containing 7 M urea, 2 M thio-urea, 4% (w/v) CHAPS, 1% (w/v) dithiothreitol
(DTT) and 0.2% (v/v) ampholytes (pH 3-10) (Bio-Rad). The 7-cm immobilized pH
gradient (IPG) strips (pH 3-10, Bio-Rad) were passively rehydrated for 16 h with
150 g of protein. Isoelectric focusing was performed in a Protean IEF cell system

(Bio-Rad) with up to 10,000 Vh at a maximum voltage of 4000 V. Strips were
equilibrated for 15 min in equilibration buffer I (30%, v/v, glycerol, 6 M urea, 1% DTT,
a trace of bromophenol blue) and for 15 min in equilibration buffer Il (equilibration
solution I with DTT replaced by 4% iodoacetamide). In the second dimension, IPG
strips were run vertically on SDS-PAGE 12% gels using PROTEAN II xi Cell (Bio-Rad).
Gels were subsequently stained with Coomassie Brilliant Blue R250 (Bio-Rad). The
stained gels were scanned with an Image Scanner (Amersham Biosciences) and
analyzed with the PDQuest Basic-8.0 software (Bio-Rad), followed by additional
visual analysis.

2.5. Enzyme characterization

All enzymatic characterization assays were performed using pNPP as substrate, as
described above. The optimal temperature for enzymatic activity was determined as
the interval 25-45 °C. The pH stability of the enzyme was determined by pre-
incubating the purified enzyme solution before assaying at 37 °C for 30 min under
different pH values (from 3.0 to 10.0, using 25 mM buffers: citric acid/sodium
phosphate, pH 3.0-7.0; Tris-HCl, pH 7.0-9.0 and sodium carbonate/sodium
bicarbonate, pH 10.0). The effect of metal ions was determined with chloride cobalt
salts, magnesium, zinc, manganese and calcium at 5 mM. Triton X-100 (Sigma),
Tween 80 (Sigma) and SDS were used to study the effects of detergents on the activity
of MASSL. The effect of other chemical agents, such as methanol (Merck), [3-
mercaptoethanol, the chelating agents EDTA and EGTA (all Sigma Chem. Co., St. Louis,
USA) and some inhibitors upon enzyme activity was determined. The serine hydrolase
inhibitor phenylmethylsulphonyl fluoride (PMSF) and the specific lipase inhibitor
Ebelactone B (all Sigma Chem. Co., St. Louis, USA) were also tested.

2.6. Protein sequencing

In order to analyze protein fragments, proteins separated by SDS-PAGE and 2D-
electrophoresis were stained with Coomassie Brilliant Blue and the protein band or
protein spot of interest cut out of the gel. The proteins were digested in gel with
trypsin as described previously, with minor modifications [13]. Mass spectrometric
analysis of peptides was performed on a LTQ XL instrument from Thermo Electron
Corporation (Waltham, MA). Data were collected in a top 10 mode, meaning one MS
scan taken and followed by MS/MS fragmentation spectra of the top 10 intensity
ions collected. After MS/MS fragmentation, the m/z of particular parent ion was
placed in an exclusion list. The repeat count for the exclusion list was 1, repeat
duration was 30 s and exclusion duration was 120 s. The electrospray voltage was
set to 2.5 kV, capillary temperature was 230 °C and flow rate was 500 nL/min.

The mass spectra were extracted and analyzed utilizing Bioworks Sequest 3.11. A
database containing 29348 lipase sequences was used. Spectra were searched using
1.5-Da parent tolerances and 1-Da fragment tolerance. All hits were required to be
fully tryptic.

3. Results
3.1. Protein purification

The lipolytic activity in crude spore extract was 0.01 U/mL min
and the whole activity was released from the conidia with
extraction buffer containing 0.25% Triton X-100. This extract was
used as starting material for the purification of MASSL following
the protocol summarized in Table 1. The enzyme was purified with
3 purification steps and an 86-fold purification was achieved, with
overall yield of 25.23%. Analysis by SDS-PAGE (Fig. 1C) showed
only one band for the purified protein with molecular weight of
66 kDa. Using 2D-electrophoresis, the enzyme pl value was
estimated as 5.6 and the same technique also confirmed molecular
mass of MASSL.

3.2. Protein sequencing and identification

According to the Sequest search engine, the peptides found in
other lipase sequences were also found in MASSL. As shown in

Table 1

Purification of MASSL from spore extract.

Purification step Total protein (mg) Total activity (mU) Specific activity (mU/mg) Purification (fold) Yield (%)
Spore extract 82 210 2 1 100
DEAE sepharose 6 167 28 14 80
Ultrafiltration 14 155 111 55 74
Phenyl sepharose 0.31 53 172 86 25
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Fig. 1. Chromatographic profiles and SDS-PAGE of MASSL purification. (A) Chromatography on DEAE sepharose. (B) Chromatography on phenyl sepharose. Lipolytic activity of
all fractions of chromatography steps was assayed using pNP palmitate as substrate. (C) SDS-PAGE of purified MASSL stained with Comassie blue. Lane M: molecular weight

marker; lane 1: 150 pg of spore extract; lane 2: 10 wg of MASSL.

Table 2, the identified peptides were analyzed using NCBI BLAST
and revealed 100% of identity with other microbial lipase
sequences deposited in the NCBI protein database. Furthermore,
the identified MASSL peptides also share similarity with other
lipolytic enzymes or lipase-related sequences, as observed in the
NCBI BLAST result.

3.3. Substrate specificity

The catalytic specificity of MASSL for hydrolysis of different pNP
ester substrates is presented in Fig. 2. MASSL was able to hydrolyze
all substrates tested with marked preference for esters with a short
acyl chain. The highest activity was detected with pNP acetate
(0.023 U), which contains 2 carbon atoms in the fat acid chain,
followed by pNP butyrate and pNP myristate. Differently from
substrates with long acyl chains (14, 16 and 18 carbons) a linear
decrease in activity was not detected and the highest activity was
reached with pNP palmitate. Comparatively, the kinetic para-
meters K, Vimax and K, for the hydrolysis of pNP palmitate were
0.474 mM, 1.093 mMol min~' mg~' and 1.2 mMol s~!, while for
pNP laurate the values were 0.712 mM, 5.696 mMol min~' mg~!
and 6.26 mMols~!, in that order. These data allowed the
estimation of catalytic efficiencies (Keat/Km) of 2.5 Mol s~! with
pNP palmitate and 8.8 Mols~! with pNP laurate, indicating a
marked preference for the enzyme for the second substrate.

Lipase activity using natural lipids as substrates was also
quantified. For the specific lipase substrate triolein the activity
value reached was 25 +5U. Using the animal lipid cholesteryl
stearate the activity reached was 33.5 + 7 U.

3.4. Effect of temperature and pH stability

Lipase activity was determined from 25 to 45 °C. The optimum
temperature of the purified lipase was 30 °C. The activity was
maintained around 100% also at 37 °C (94% of activity) and 45 °C
(85% of activity) (Fig. 3). As shown in Fig. 4, the enzyme was most

Table 2
MASSL sequencing and identification.
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Fig. 2. Effect of acyl chain length on the activity of MASSL with different pNP ester
substrates. pNP acetate (2C), pNP butyrate (4C), pNP laurate (12C), pNP myristate
(14C), pNP palmitate (16C), and pNP stereate (18C). Results are the means of three
activity determinations and are expressed relative to the maximal activity. Error
bars represent standard deviation.

stable within the most acid pH range (pH 3-6) with an increase of
around 20% in activity under pH 3. It sustained its activity in the
range of 60% under pH 7.0 to 9.0, being clearly less stable under
more alkaline pH with a significant decrease in MASSL activity with
pH values above 9.0 (Fig. 4).

3.5. Effect of detergents, metals, inhibitors and selected chemicals

The effects of detergents, metals, inhibitors and other selected
reagents on the lipolytic activity of purified enzyme upon pNPP are
shown in Table 3. Tween 80 affected the activity only slightly,
while Triton X-100 increased lipolytic activity after incubation by
27.27% and SDS reduced it by 18.19%. The effect of divalent cations
on MASSL activity was determined at concentration of 5 mM for

Peptide sequence

Identity (%)

Accession number of the
correspondent protein in
NCBI database

Correspondent Protein name in NCBI database

Monoglyceride lipase [Tanapox virus].

K.KSYPNVPMYILGHSMGSAIAILISVK.Y 100 YP_001497005
K.IYEKIDPMLAIDGSK.Y 100 YP_300432
KASPFEDFVIR 100 XP_001728136

Putative esterase [Staphylococcus saprophyticus subsp.
saprophyticus ATCC 15305]
Hypothetical protein NCU11352 [Neurospora crassa OR74A].
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Fig. 3. Effect of temperature on MASSL activity. The hydrolytic activity upon pNPP
was determined at indicated temperatures in 50 mM Tris-HCl buffer (pH 8.0) and is
expressed relative to the maximal activity. All measurements were repeated three
times and error bars represent standard deviation.

each cation. The lipolytic activity of MASSL was significantly
enhanced by Ca?*', Mg?* and Co?' and to a similar level of
stimulatory effect by a factor of 1.68, 1.45 and 1.59, respectively.
Conversely, Mn?" at the same concentration produced an
expressive inhibitory effect (64%) of enzyme activity. The metal
chelating agents EDTA and EGTA partially inhibited lipase activity.
On the other hand, PMSF and Ebelactone B at 1 mM concentration,
completely blocked MASSL activity. Methanol 0.5% apparently did
not affect MASSL activity, and a stimulatory effect (1.23 times
higher) on the enzyme activity was also shown upon its incubation
with 2 mM of [3-mercaptoethanol.

4. Discussion
The number of available lipases (triacylglycerol hydrolases; EC
3.1.1.3) has increased considerably in last decades, side by side
with the demand for these biocatalysts. The characterization of
new lipolytic enzymes, the development of new purification
procedures and the increased number of studies on the subject—
mainly in lipases of microbial origin—are all factors that contribute
to the new biotechnological applications of these enzymes.
140
120 4
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Residual activity (%)

40+
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Fig. 4. Effect of pH on stability of MASSL. The enzyme was pre-incubated at 37 °C for
30 min in various buffers under different pH values. The buffers (all at 25 mM final
concentration) used were: citric acid/sodium phosphate (pH 3.0-7.0), Tris-HCI (pH
7.0-9.0) and sodium carbonate/sodium bicarbonate (pH 10.0). Activities are
expressed as residual activity relative to a control made with fresh enzyme sample
using distillate water instead buffer. All measurements were repeated three times
and error bars represent standard deviation.

Table 3
Effect of selected chemicals on MASSL activity.

Compounds Concentration Residual activity (%)
Control 0 100

Ca% 5 mM 168.15 + 19.28
Co?* 5 mM 14545+ 0
Mn?* 5 mM 36.36 +0
Mg?* 5 mM 159.09 + 32.14
EDTA 5 mM 68.18 + 6.42
EGTA 5 mM 77.27 +6.42
PMSF 1 mM 0
Ebelactone B 1 mM 0

Triton X-100 0.5% 127.27 £12.85
SDS 0.5% 81.81 +12.85
Tween 80 0.5% 95.45 +9.43
Methanol 0.5% 95.45 +19.28
3-Mercaptoethanol 2 mM 122.72 £ 6.42

Activities are expressed as residual activity compared to a control made with fresh
enzyme sample using distillate water instead of chemical compound. The enzyme
was pre-incubated at 37 °C for 30 min with selected chemical compound. All
measurements were repeated three times.

Lipolytic enzymes also have great physiologic and ecologic
importance. These enzymes have been described as virulence
factors in several microbial pathogens [5]. Spores are the infective
unit of several pathogenic fungi, and the occurrence of a lipase with
a crucial role in infection in spores of other fungus, Alternaria
brassicicola, has been reported [14]. Although the great relevance of
lipolytic enzymes in several microbial infection systems, this is the
first report describing the purification and characterization of a
lipolytic enzyme in M. anisopliae, a pathogenic fungus that infects
arthropods and that is used as biocontrol agent.

Lipolytic activity of M. anisopliae has been proved to strongly
interact with the fungal mycelium [8], and now also with the spore
surface. As in the mycelium [8], the extraction procedure of lipases
in spore was made with extraction buffer containing detergent,
Triton X-100 0.25%. The enzyme was found to be very hydrophobic,
interacting strongly with phenyl sepharose resin used in purifica-
tion procedures. This strong hydrophobicity is characteristic of
these enzymes, and purifications strategies based on hydrophobic
interaction chromatography are common [15].

SDS-PAGE and 2D-electrophoresis have shown that MASSL has
a molecular mass of approximately 66 kDa, similar to those of
other fungal lipases like the 60-kDa lipase B of Rhizopus delemar
[16], 67-kDa lipase from Rhizopus arrhizus [17] and 60-kDa lipase
from Botrytis cinerea [18], among others. Results from protein
sequencing revealed that the peptides identified shared identity
with several lipases or lipase-related sequences. All the three
different protein sequences that showed 100% of identity with
peptides found in MASSL have a conserved domain of esterase/
lipase super-family present in other lipases (including fungal
lipases), as seen in the NCBI BLAST analyses.

Regarding substrate specificity, the lipase described here seems
to differ from others lipolytic enzymes, like lipase from Strepto-
myces rimosus [19] and the recently described lipases Lip2 from
Yarrowia lipolytica [20] and from grey mullet (Mugil cephalus) [21].
MASSL hydrolyzed all tested substrates, an interesting character-
istic for some biotechnological purposes. However, MASSL showed
preference for short chain fatty acid substrates, differently from
other previously described lipases [19-21]. Although in long acyl
chain substrates tested the highest activity was reached with pNP
palmitate, comparing the kinetic parameters with the substrate
pNP laurate the enzyme was 3.5 times more efficient to hydrolyze
this second substrate as seen in values of catalytic efficiencies.
MASSL was also able to hydrolyze triolein, the standard substrate
for true lipases [1,22]. This ability to hydrolyze this triglyceride and
substrates with long acyl chains is what differentiates MASSL of
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esterases and is essential to classify MASSL as a true lipase, as
discussed in several lipase reviews [1,5,22,23]. Besides the
interfacial activation of the enzyme and structural characteristic
of the lid covering the active site, the lipases are simply defined as
carboxylesterases that catalyze the hydrolysis (and synthesis) of
long-chain acylglycerols (acyl chain length > 10 carbon atoms),
with being triolein the standard substrate [22]. The preference for
substrates with short acyl chains, also esterase substrates, is a
specific characteristic of MASSL. It should be emphasized that most
lipases are perfectly capable of hydrolyzing esterase substrates
[22,24].

Lipids were recently related with pre-penetration growth of M.
anisopliae on the host cuticle [25]. These molecules are present in
the epicuticle, the first barrier against arthropod pathogenic
microorganism, reinforcing the importance of lipolytic enzymes in
initial infection stages. Among lipids in the cuticle, the major
components are acids and alcohols largely combined as esters [26],
and thus form the substrate for the action of lipases. MASSL was
also able to hydrolyze the lipid cholesteryl stearate. This is a lipid
present in animal cells and in arthropod cuticle. There is growing
evidence that extracellular lipases may be important microbial
virulence factors [5]. Besides, the ability of MASSL to degrade a
variety of substrates could be an important adaptive mechanism
by which new host environments with different compositions
could be conquered by the pathogen, as suggested for a vast
repertoire of Candida albicans lipolytic enzymes [27].

The optimum temperature of MASSL activity of between 30 and
37°C is in accordance with the environmental conditions of
application of M. anisopliae as a biocontrol agent, mainly in tropical
regions. The MASSL showed a good stability at acidic pH range as
well as lipase Lip2 from Y. lipolytica [20] and differently from those
found for other lipases described, like a fish lipase [21] and
microbial lipases [19,28,29].

The addition of surfactants could facilitate the contact between
enzyme and substrate and consequently increase lipase activity.
Similarly to our results, Nawani et al. [30] also found an enhanced
lipase activity in the presence of Triton X-100 but total loss of
activity in the presence of SDS—contrarily to what was found for
MASSL.

The chelating agents EDTA and EGTA had only a partial
inhibitory effect on activity, suggesting that this lipase is not a
metalloenzyme. The specific lipase inhibitor Ebelactone B com-
pletely inhibited MASSL activity. The total inhibition by PMSF is in
accordance with results found before [21,31] and with the lipase
characteristic as a serine hydrolase. The positive effect of Ca%* is
very usual in lipases [20,31] and could be explained by the removal
of fatty acids as insoluble Ca?* salts or simply by enzyme
stabilization. Kambouruva et al. [31] reported the inhibitory effect
of Mn?* on Bacillus stearothermophilus MC 7 lipase as detected in
this work, but Mg?* and Co?* exerted a positive effect on MASSL
activity—contrarily to what was found for MC 7 lipase. As recently
reported for M. cephalus lipase [21], -mercaptoethanol activated
MASSL and methanol apparently did not affect activity, as also
reported for lipase from Y. lipolytica [20].

5. Conclusion

The results obtained in this work showed, for the first time, the
characterization of a lipolytic enzyme from M. anisopliae. Besides
the interesting characteristics of MASSL for biotechnological
purposes, this enzyme could be involved in host infection process
of this important biocontrol agent. Purification and characteriza-
tion of a lipase from M. anisopliae are important steps to reveal the
role played by lipases in its infection system and could be helpful to
optimize the biocontrol process performed by this fungus of great
biotechnology relevance.
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3.4. Capitulo 4

Antibodies production against spore surface lipase from Metarhizium anisopliae

Neste capitulo apresentamos a producdo de anticorpos policlonais contra a
lipase purificada de esporo de M. anisopliae. A produ¢cdo de anticorpos aqui
apresentada nao foi satisfatéria em quantidade. Porém, ocorreu o
reconhecimento da lipase purificada e de possivelmente outra lipase do esporo
em western blot com os anticorpos produzidos. Além disso, a partir destes
resultados poderemos tragar novas estratégias para melhorar a produgédo de
anticorpos, como aumento da quantidade de antigeno nas imunizagdes e 0 uso

de outros modelos animais.
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Abstract

The fungus Metarhizium anisopliae is a broad host-range arthropod pathogen
applied in biological control. Studies on the participation of proteases and
chitinases during host infection have been reported but little is known about
lipases in this fungus. In a previous work, a 66-kDa lipase from M. anisopliae
spore surface was purified, and in the present work antibodies against this
enzyme were produced to investigate its possible role in infection. Western blot
analysis suggests that the purified antibody was lipase specific, with two weak
bands in spore surface proteins corresponding to the 66-kDa lipase (strongest
band), and other with approximately 45 kDa, which is probably another lipase,
according to previous purification results. Antibodies production was low and no
inhibition of lipase activity occurred using these antibodies at any of the
concentrations tested. Similarly, no influence in the infection of arthropod
models inoculated with spores plus antibodies was observed. In the future, other
strategies with higher concentrations of lipase protein and the use of other
animals for antibody production will be used to help in the investigation of the

actual role this enzyme plays in the infection system.
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Introduction

Microbial lipases secreted by microbial pathogens may play a role as
virulence factors, and have been described in host infection processes of
bacteria and fungi (Stehr et al. 2003). In fact, their primary action during host
infection by bacteria and fungi has been well documented (Stehr et al. 2003;
Gribbon et al. 1993; Smoot 1997). These enzymes are essential to degrade
barriers in host environment containing lipids. Lipases of many pathogenic
microorganisms described so far play different roles in the infection process, and
their synthesis is regulated during this process (Schofield et al. 2005; Stehr et al.
2004). Some of such roles could be the enhancement of the adhesion to the
host cuticle or tissue penetration.

The filamentous fungus Metarhizium anisopliae is an pathogenic arthropod
microorganism used in biological control strategies against several plagues
(Frazzon et al. 2000; Gillespie et al. 1998). The M. anispoliae host infection
process begins with conidial adhesion to host surface and integument
penetration by a synergistic strategy of mechanical pathways and secretion of
hydrolytic enzymes, such as proteases (Dutra et al. 2004; Freimoser et al. 2005;
Gillespie et al. 1998) chitinases (Silva et al. 2005; St Leger et al. 1996) and
possibly lipases, to transpose the first host barrier to infection. In a previous
work, we optimized culture conditions to the production and extraction of lipases
in M. anisopliae (Silva et al. 2005). Due to the fact that arthropod cuticle
architecture contains the epicuticle, a primary barrier formed mainly by lipids,

lipases are possibly very important to transpose this and to trigger whole
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infection process.

Associated components of conidia, the infective unit of M. anisopliae,
such as its lipases or other enzyme constituents that could be involved in the
initiation of the infection process have not yet been fully characterized. In this
scenario, their possible role in the infective process as well as the action
mechanism are even less understood. A 66-kDa M. anisopliae spore surface
lipase (MASSL) was previously purified and characterized (Silva, unpublished
data). In this work, we produced anti-MASSL antibodies and evaluated the effect

of these antibodies in spores of M. ansiopliae to control arachnid hosts.

Materials and Methods
Microorganism

M. anisopliae var. anisopliae isolate E6 was originally isolated from
insects (Rosato et al. 1981) and kept as previously described (Bogo et al. 1998).
Fungus cultivation for conidia production was performed using 100 g of rice
added to 30 mL 0.5% peptone solution. The culture media was autoclaved in
polypropylene bags for 30 min. In each bag, 10° spores were inoculated and the
fungus was grown at 28°C for 14 days. For conidial suspension production, 100
mL of sterile distilled water were added to a polypropylene bag containing grown
and sporulated fungus. The material was manually shaken and the resulting
suspension was collected. Prior to use, the concentration of conidia was
determined by direct count using a Neubauer hemocytometer and diluted in

sterile distilled water to the concentration desired.
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Antibody production and immunoblotting

Antiserum against MASSL was raised in a 2-month-old New Zealand
white rabbit. Purified MASSL bands from SDS-PAGE electrophoresis excised
and emulsified with Freund’s incomplete adjuvant were injected subcutaneously,
at 10-day intervals (total of 9 injections, 5 injections with 100 pg followed by 4
injections with 150 ug of MASSL). Serum collected after the third injection was
titrated by western blot. Serum was collected prior to immunization and used as
control. For western blot analysis, proteins were electroblotted onto
nitrocellulose membranes. The blotted membranes were blocked with 5% (w/v)
nonfat dried milk in Tris buffered saline (TBS-T, 20 mM Tris—HCI, 100 mM NacCl,
0.05% Tween 20, pH 7.6) for 120 min at room temperature. After blocking, the
membranes were exposed to primary antibodies (250 ug in 10 ml buffer) raised
against MASSL overnight at 4 °C in TBS-T. The membranes were then washed
with TBS-T three times, for 10 min each wash, and then incubated for a further 1
h in a second antibody solution of anti-rabbit IgG alkaline phosphatase
conjugated at a 1:2000 dilution, washed and revealed according to the

instructions provided by the ECL kit (GE, USA).

Extraction of spore surface proteins (SSP)

M. anispliae spores produced as described above were suspended in an
extraction buffer (Tris HClI 50 mM pH 8.0 containing 0.25% Triton X-100, 1:2.5
w/v) (Silva et al. 2005). The suspension was vigorously shaken for 5 min and the

resulting supernatant was filtered in a 0.2-um filter (Millipore, USA). The
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supernatant thus obtained was named spore surface proteins (SSP) and used

as source for enzymatic assays.

Quantification of lipolytic activity and protein

Lipolytic activity was assayed using p-nitrophenyl palmitate (oNPP)
(Sigma Chem. Co., St. Louis, USA). Samples (10 uL) were mixed with 90 puL of
substrate solution at pH 8.0 (Silva et al. 2005). After 30 to 60 min of incubation
at 37 °C, the absorbance was measured spectrophotometrically at 410 nm using
a plate spectrophotometer Spectramax (Molecular Devices, Sunnyvale, USA),
and an enzyme-free control. To study the effect of anti-MASSL antibodies on the
in vitro lipase activity of the SSP sample or purified lipase (Silva, unpublished
data), each sample was assayed with different concentrations of anti-MASSL
antibodies incubated with each enzymatic solution in 50 mM Tris-HCI buffer at
pH 8.0 for 30 min. Activity was expressed as percent of control value (100%)
recorded in experiments with no antibodies. Protein measurements were carried
out according to the bicinchoninic acid method (BCA protein assay - Pierce),

using bovine serum albumin as standard (Smith et al. 1985).

Gel electrophoresis

SDS-PAGE was performed according to Laemmli (1970), using a 4.5%
(w/v) stacking gel and a 12% (w/v) running gel in a Mini-Protean ||
electrophoresis cell (Bio-Rad). The run was carried out at 200 V constant

voltage. Proteins were detected in gels using coomassie G and respective

93



molecular masses were determined by the mobility of known molecular mass

standards (Sigma).

Bioassays

For the bioassays, fully engorged R. microplus females or adults of
Loxosceles sp. individuals were externally disinfected with hypochlorite 2.5% for
2 s and washed first with sterile saline and then with sterile distilled water. For
exposure, ticks or recently fed spiders were totally immersed in a suspension of
108 M. anisopliae conidia.mL™" for approximately 15 s. For the bioassays with
anti-MASSL antibodies, we used a spore suspension mixed and previously
incubated with 2 mg.mL™" of anti-MASSL for 30 min. After treatments, ticks were
sorted into groups of 9 individuals in Petri dishes and 6 spiders were individually
placed in 50-mL plastic tubes (Labconco, USA) without lid and covered with
screen tissues for each experiment. All animals had free access to sterile water
and were maintained in a humid chamber (>90% relative humidity) at 28 °C. As
control, ticks and spiders were treated exactly in the same way, except for the

immersion in sterile water instead of the conidia suspension.
Results and Discussion

A partially purified and electrophoretically homogeneous lipase was
prepared from a spore extract from M. anisopliae and used to produce

polyclonal antibodies against a 66-kDa lipase. The antibodies produced were

purified by Protein G affinity chromatography. Spore extract from M. anisopliae
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was separated by SDS-PAGE and the gel was used to test the specificity of
antibodies for the lipase. Western blot analysis showed two weak bands
corresponding to the 66-kDa lipase (strongest band), and another lipase, with
approximately 45 kDa. This 45-kDa band is probably another lipase, according
to previous purification results (data not shown), suggesting that the purified
antibody was lipase specific (Fig. 1). We used also purified lipase that was
recognized in western blot analyses as a single weak band. Although the
antibody produced has recognized lipase in western blot analyses, the
enzymatic activity was not inhibited by the antibody solution at any concentration
tested, for lipases extracted from spore surface or purified lipase. This fact
occurs probably and mainly due to the low concentration of antibody produced
(dilution of 1:10 for a positive result in western blot). Besides, the success in
inhibition of enzymatic activity by specific antibodies is related with the fact that
the region of active site of the lipase is involved in the specific antibody-antigen
interaction (Comménil et al., 1998). The inhibition of activity was reached in
previous works (Commeénil et al., 1998; Berto et al. 1999), which also
characterized lipase in microbial infection systems. Commeénil et al. (1998)
reported that 5.7 ug.ml™ of specific antibodies reduced lipase activity of Botrytis
cinerea by 70%, while higher concentrations almost completely inhibited all
activity. Using the same antibodies for the lipase of Alternaria brassicicola, 192
ng.ml™ was necessary to produce an inhibition of almost 90% (Berto et al. 1999).
Although a similar procedure for antibody production had previously been

applied (Silva et al. 2005) with lower protein concentrations in immunizations,
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the immunogenic properties exhibited by M. anisopliae lipase could be rather,
which would result in low antibody concentration.

We also tested the effect of antibodies produced in spores used for
infection of arachnid hosts. As seen in Fig. 2, the previous treatment of spore
has no influence in infection development and consequently in spider or tick
control. Contrarily to these results, Comménil (1998) and Berto (1999) showed
that anti-lipase antibodies prevent infection of host or drastically reduced the
lesions and symptoms caused by infection by around 90%, but also inhibited
lipase activity, as discussed before.

The relevance of lipase activity in microbial infections was previously
reported (Sther et al. 2003). The lipase from M. anisopliae spore surface could
be related with pathogenesis, and strategies using antibodies to investigate the
actual role this enzyme plays in infection have been reported (Commeénil et al.
1998; Berto et al. 1999). In the future, strategies that use higher concentrations
of lipase protein and animals such as mice for antibody production will be

employed to investigate the actual role this enzyme plays in infection systems.
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Fig. 1. Western blots of spore surface proteins (SSP) (lane A) and purified spore
surface lipase (lane B) from M. anisopliae. The proteins were subjected to
SDS-PAGE (12% acrylamide) and immunoblots were performed with purified

antibodies raised against lipase from spore surface of M. anisopliae.
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Fig. 2. Mortality of R. microplus and Loxosceles sp. exposed to M. anisopliae
conidia suspension (10° conidia.mL™") with different treatments. (A) Mortality
of R. microplus: (m) control (without conidia); (o) conidia suspension plus
anti-lipase antibodies; ( A) conidia suspension. (B) Mortality of Loxosceles
sp.: (o) conidia suspension plus anti-lipase antibodies; (A ) conidia

suspension. Bars represent standard error.

Al
J

Survival (%

1 2 3 4 5 6 7 8 9 10

Days after exposure

100 -
80 -
60 -

40 |

Survival (%),

20

1 3 5 7 9 11 13 15 17 19

Days after exposure

101



3.5. Capitulo 5

Metarhizium anisopliae lipolytic activity plays a pivotal role in Rhipicephalus

(Boophilus) microplus infection

Manuscrito submetido ao peridédico Mycological Research

Neste capitulo apresentamos o efeito da inibicdo da atividade lipolitica na
infeccdo do carrapato bovino R. microplus por M. anisopliae através da
utilizacdo de um inibidor especifico. A inibicdo desta atividade previniu a
colonizacdo e a morte do hospedeiro. Comprovamos, desta maneira e pela
primeira vez, a importancia das enzimas lipoliticas no processo de infeccdo do

hospedeiro de M. anisopliae.
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Short summary

Lipases secreted by Metarhizium anisopliae, an important biological control agent, could
potentially be involved in the host infection process. Here, we present the activity profile
during the host infection process and the effect of lipase activity inhibitor ebelactone B
on infection. The previous treatment of spores with lipase activity inhibitor, ebelactone
B, completely inhibited lipolytic activity and prevented the infection of the R. microplus
host. The results herein presented prove, for the first time, the importance of lipase

activity in M. anisopliae host infection process.
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ABSTRACT

The filamentous fungus Metarhizium anisopliae is one of the most important and studied
biological agents for the control of several arthropod pests, including the cattle tick
Rhipicephalus (Boophilus) microplus. Lipases secreted by M. anisopliae could
potentially be involved in the host infection process. This work presents the activity
profile during the host infection process and the effect of lipase activity inhibitor
ebelactone B on infection. During the course of tick exposure to spores (6 to 120 h)
lipase activity increased from 0.03 £ 0.00 U to 0.312 + 0.068 U using pNP palmitate as
substrate. In zymograms, bands of lipase activity were detected in ticks treated with
spores without inhibitor. The previous treatment of spores with lipase activity inhibitor,
ebelactone B, completely inhibited lipolytic activity, at all times specified, and prevented
the infection of the R. microplus host. Spores treated with the inhibitor did not germinate
on the tick, although this effect was not observed in the culture medium. The results
herein presented prove, for the first time, the importance of lipase activity in M.

anisopliae host infection process.

Keywords: Ebelactone B, Host infection process, Lipase, Metarhizium anisopliae, p-

nitrophenyl palmitate (pNPP), Rhipicephalus (Boophilus) microplus, Tick.
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Introduction

Lipases (triacylglycerol acylhydrolases, EC 3.1.1.3) are serine hydrolases of
considerable physiological significance and industrial potential that catalyze the
hydrolysis and synthesis of ester bonds formed from glycerol and long-chain fatty acids.
These enzymes are extremely versatile because they catalyze several different reactions
and offer a wide array of industrial applications such as observed in dairy and food
industries, leather and detergent industries, among others (Jaeger & Eggert 2002;
Sharma et al. 2001).

Apart from these industrial applications, lipases secreted by pathogenic
microorganisms may play a role as virulence factors (Stehr et al. 2003), and are involved
in some infection systems among bacteria and fungi (Berto et al. 1999; Comménil et al.
1998; Gribbon et al. 1993). In order to determine the significance of lipases in the host
infection process by the insect- and mite-pathogenic fungus Metarhizium anisopliae,
known as a good lipase producer (Silva et al. 2005), this study developed a strategy for
in situ determination of lipases.

The filamentous fungus M. anisopliae is one of the most important and studied
biological agents for the control of many arthropod pests, including the cattle tick
Rhipicephalus (Boophilus) microplus (Frazzon et al. 2000). Conidial adhesion to host
surface and integument penetration are the first events of the infection process (Arruda
et al. 2005; Askary et al. 1999). Conidia attachment to the cuticle is thought to involve
non-specific adhesion mechanisms mediated by the hydrophobicity of the conidial cell
wall (Boucias et al. 1988; Boucias et al. 1991). The participation of proteases and

chitinases in the infection process has been demonstrated in previous research (Dutra et
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al. 2004; Freimoser et al. 2005; Gillepsie et al. 1998; da Silva et al. 2005; St Leger et al.
1996). However, only a few studies that detected the lipolytic activity of M. anisopliae
in synthetic culture medium have been published (Robert & Messing-Al-Aidroos 1985;
Rosato et al. 1981; Silva et al. 2005; St Leger et al. 1986).

The aim of this work was to analyze the lipolytic activity profile and the effect of
lipase activity inhibition using ebelactone B during the infection by M. anisopliae of

cattle tick, R. microplus.

Materials and methods

Microorganism and in vivo assays

M. anisopliae var. anisopliae isolate E6 was originally isolated from insects (Rosato et
al. 1981) and kept as previously described (Bogo et al. 1998). Conidia were collected
from fungi grown on Cove’s medium (MC) agar plates (Pinto et al. 1997) in 0.01%
Tween 80 solution and washed in sterile distilled water. Prior to use, the concentration of
fresh conidial suspensions were determined by direct counts using a Neubauer
hemocytometer, and suspensions were diluted in sterile distilled water to a final
concentration of 1x10® conidia.mL™".

For the in vivo assays, fully engorged R. microplus females from infested bovines
were externally disinfected with hypochlorite 2.5% for 2 s and washed first with sterile
saline and then with sterile distilled water. For exposure, ticks were totally immersed in
a suspension of 10* M. anisopliae conidia.mL™ for approximately 15 s. For the

inhibition assays we used a spore suspension previously incubated with 2 mM of lipase

107



inhibitor ebelactone B dissolved in ethanol 99.3% for 15 min. Ethanol controls were
prepared with a conidial suspension supplemented with an equivalent volume of ethanol.
After treatments, ticks were sorted into groups of 9 individuals in Petri dishes,
maintained in a humid chamber (>90% relative humidity) at 28 °C and collected at
different times for analyses. As control, ticks were treated exactly in the same way but

were immersed in sterile water instead of the conidial suspension.

Lipase quantification during the in vivo assays

The lipase activity was assayed using p-nitrophenyl palmitate (PNPP - Sigma) as the
substrate followed by established procedures (Winkler & Stuckmann 1979). Ticks from
the different in vivo assays treatments described above and pre-selected according to
weight and size were totally immersed in 0.9 mL of substrate solution (3 mg of pNPP
dissolved in propanol-2-ol (1):(9) 50 mM Tris-HCI pH 8.0 / 40 mg Triton X-100/ 10 mg
gum arabic) each in a 1-mL cuvette (Fig 1). After a 30-min incubation period at 37 °C,
ticks were removed, and the absorbance of the solution was measured
spectrophotometrically (LKB Ultraspec III, Pharmacia) at 410 nm. The controls
consisted of ticks treated exactly in the same way, except for the immersion in sterile
water instead of the conidial suspension. One lipase unit (U) was defined as the amount
of enzyme that released 1 pmol p-nitrophenol per min in the assay conditions described
above.

Protein quantification was performed according to the bicinchoninic acid method
(BCA protein assay - Pierce), using bovine serum albumin as standard (Smith et al.

1985).
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Crude lipase extracts and zymograms

For lipase extraction, 200 pL of 50 mM Tris-HCI pH 8.0 / 0.25% (v/v) of SDS (Sigma)
(Silva et al. 2005) per tick was added, and the mixture was vigorously mixed in vortex
for 2 min. Ticks were removed, and the solution was centrifuged for 10 min at 10.000
rpm. The supernatant was collected, concentrated by lyophilization and used for
zymograms.

The detection of the lipase activity in 10% polyacrilamide native gels was
performed using the fluorogenic substrate 4-methylumbelliferyl (MUF)-butyrate. After
electrophoresis gels were immersed in 50 mM Tris-HCI pH 8.0 / 2% Triton X-100 / 10
uM of MUF-butyrate at 37 °C, under light agitation for 10 min. Upon UV illumination
(UV-B lamp Sankyo Denki G15T8E, Japan), lipase activity bands were revealed by

fluorescence and recorded (Diaz et al. 1999).

Scanning electron microscopy (SEM)

For SEM analysis, ticks from different treatments and times described in in vivo assays
were fixed for 4 days at 4 °C in 2% (v/v) glutaraldehyde, 2% paraformaldehyde with 0.1
M sodium cacodylate buffer at a pH of 7.2. After four days, the specimens were rinsed
in buffer, dehydrated in a series of 30 to 100% acetone solutions, dried at critical point in
CO, (CPD 030 BALTEC), and coated with gold using a sputter-coater (SCD 050
BALTEC). Ticks were examined in a Jeol JSM 6060 scanning electron microscope at

the Centro de Microscopia Eletronica da Universidade Federal do Rio Grande do Sul
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(CME/UFRGS, Porto Alegre/RS).

Results

Table 1 show the lipase activity quantified using the in vivo assay developed in this
work, where M. anisopliae treated ticks were totally immersed in the substrate solution
(Fig 1). Lipase activity was constant during the first 48 h of treatment of ticks with M.
ansiopliae spores without lipase inhibitor ebelactone B, and had values of around 0.03 U
for total activity per tick. Within 72 h, lipase activity began to increase sharply, both
with the ethanol suspension and with the spore suspension. Within 96 h, activity reached
levels of around 0.2 U per tick, and the highest activity peak was observed at 120 h, with
roughly 0.3 U (Table 1). In 120 h we also observed a 50% tick death rate (Fig 2) and
total colonization of the host cuticle by M. anisopliae (Fig 3) for both treatments with
spores without lipase inhibitor. In both treatments, activity levels were very similar for
all times analyzed. In the treatment with lipase inhibitor ebelactone B no lipase activity
was observed in any of the times specified (Table 1). Similarly, no germination of spores
treated with inhibitor was detected on ticks (Fig 3). Germination of spores on the culture
medium was not affected by 2 mM ebelactone B (data not shown). Moreover, the
survival curve constructed for the bioassays with the treatment with ebelactone B was
very similarly shaped to that of the control curve (water only), and no host death after up
to 7 days was recorded.

The zymograms of the treatments conducted with lipase inhibitor or with the
control without spores no lipase activity bands were observed. Extracts prepared from

conidia-treated ticks without lipase inhibitor produced at least 3 lipase activity bands
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(Fig 4). Lipolytic activity bands were detected for all times analyzed from ticks exposed

to spores and showed a pattern with bands differing mainly in relation to intensity.

Discussion

There is growing evidence that extracellular lipases may be important microbial
virulence factors (Stehr et al. 2003). Lipolytic enzymes of many pathogenic
microorganisms described so far play different roles in the infection process, and their
synthesis is regulated during this process (Schofield et al. 2005; Stehr et al. 2004). One
such role, the enhancement of the adhesion to the host cuticle, is experimentally
supported by the detection of lipase activity in the very first 6 h of tick exposure to
conidia (Table 1 and Fig 4). As described by Géttlich et al. (1995), lipolytic activity
increases the hydrophobic interactions by releasing free fatty acids that favor adhesion to
the host. The early detection of lipolytic activity could also be related to the possible
presence of lipolytic enzymes on the M. anisopliae conidial surface, as observed for
plant pathogenic fungi for wich an important role in successful infection is suggested
(Berto et al. 1999). In contrast to what was previously reported by Freimoser et al.
(2005) and St Leger et al. (1986), we found that lipases are probably not the last class of
depolymerases to be secreted onto the host cuticle since they could be detected as early
as 6 h of host exposure to spores and at all initial times analyzed in the bioassay. Fully
engorged females of R. microplus exhibit an increase of 215% in the total lipid content
at this stage, from 20 to 63 ug per tick (Hackman & Filshie 1982). Further, since lipids
are the first barrier against arthropod pathogenic microorganism, in importance of

lipases in initial infection stages is reinforced. Among lipids in the cuticle, the major
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components are acids and alcohols largely combined as esters (Hackman & Filshie
1982), thus forming substrate for the action of lipases.

The effective control of the host as well as the secretion of lipases during the
process, were negatively affected by the spore treatment with the specific lipase activity
inhibitor ebelactone B. The inhibition of lipolytic enzymes that cause a decrease or even
the total absence of host infection has been reported, and characterized mainly for
phytopathogens. Comménil et al. (1998) observed the need for lipase activity at the first
stages of the infection of the host of fungus B. cinerea, and revealed that anti-lipase
antibodies prevented the infection of tomato leaves. By using the same strategy of
blocking the lipase activity of Alternaria brassicicola spores, Berto et al. (1999) showed
that the lipase produced by this fungus plays a crucial role in the infection of cauliflower
leaves, and thus proposed that these enzymes may be related to the adhesion and/or
penetration of the fungal propagules during early stages of host-parasite interactions. In
M. anisopliae, the inhibition of lipase activity using ebelactone B may have also caused
the absence of infection (Fig 3), possibly due to the compromised ability to degrade this
top most lipid layer of the tick cuticle, thus preventing the triggering of the whole
infection process. The results obtained with ebelactone B indicate that lipases are closely
involved in the fungal infection and pathogenesis with M. anisopliae. Strategies that use
inhibitors of the ebelactone group have been widely adopted in the study of fungal
infection systems, as recently reported for Candida parapsilosis, in which the prevention
of lipase activity reduced the destruction of epidermal and epithelial human tissues
(Gacser et al. 2007). The ebelactone treatment strategy has been used mainly with
phytopathogenic fungi in which lipolytic enzymes have been proved to be very

important (Davies et al, 2000; Francis et al. 1996; Koller et al 1990; Voigt et al. 2005).
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Apart from this, the structure of plant hosts is very similar to that of arthropods that play
the role of hosts to M. anisopliae in possessing a lipid barrier that works as the first layer
exposed to fungal attack. In both systems, the pathogen initially needs to traverse this
lipid barrier on the host’s cuticle and usually does so by
secreting lipolytic enzymes. In spite of this similarity and of the proven importance of
these enzymes to other infection systems, apart from those of phytopathogens (Sther et
al. 2003), this is the first study to demonstrate the importance of lipases in the infection
of arthropod hosts.

Zymograms of extracts from spores non-treated ticks and spores plus ebelactone
B treated ticks showed no lipolytic activity bands. On the other hand, we detected lipase
activity bands in ticks exposed to this fungus without lipase inhibitor at post-exposure
that we analyzed. At least 3 different lipolytic activity bands were detected during the
experiment. The different bands could be involved in different stages and roles during
infection process as for instance fungal nutrition, as reported for higher amounts of
lipase activity in clinical isolates of Staphylococcus aureus and to support colonization
as lipolytic activity of Malassezia furfur (Stehr et al. 2003).

Differences in lipase activity profiles of zymograms, when compared to
enzymatic assays during the host infection process, may be explained by the nature of
the substrates used in the analysis. The pNPP used for the enzymatic assays is a specific
lipase substrate, while MUF-butyrate may also be degraded by lipolytic enzymes other
than lipases (e.g., esterases; Jaeger & Eggert 2002). Another important difference
between these substrates, besides the fact that pNPP is a chromogenic while MUF-
butyrate is a fluorogenic substrate, is that the number of carbon atoms in the fatty acid

chain might influence the preferential action of the lipases enzymes. The combination of
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these different substrates in the present strategy is very important, since it allows
detecting different lipolytic enzymes.

In addition, an interesting characteristic of the strategy presented here was the
use of live hosts to detect lipase activity in situ during host infection. Studies on this
subject are usually based on the detection of proteins by specific antibodies or by
assessing the effect of activity inhibition. In this work, besides assessing the effect of
inhibition, we also were successful in quantifying lipase activity during the whole
process and also in visualizing different activity bands extracted at different times during
the bioassay. The simple and rapid method for lipase activity detection applied to the M.
anisopliae/tick model could be helpful in elucidating the participation and the possible
role of lipases in other pathogen / host systems. Here we showed a reproducible pattern
of lipase activities detected even at the first stages of the infection process. The
results presented here prove for the first time the importance of lipase activity in the
infection process of the tick R. microplus. Future work will deal with the isolation of
these lipases and the characterization of the differing roles these enzymes play during

the host infection process.
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Table 1- Lipase activity from M. anisopliae during infection in R. microplus.

Lipase activity (U/tick) *

Conidia exposure Ss** Ss** + Ss** +

time (h) ethanol ebelactone B***
6 0.030+0 0.032 +0.002 0

12 0.033 +0.007 0.035 +0.004 0

24 0.031 +0.002 0.033 + 0.009 0

48 0.036 £0 0.038 £0.021 0

72 0.042+0.011 0.043 +£0.009 0

96 0.207 + 0.021 0,215+ 0.015 0

120 0.312+0.068 0.305 +0.088 0

* Lipase activity was assayed using p-nitrophenyl palmitate as substrate during 30 min

of reaction and incubation at 37 °C. Absorbance was measured spectrophotometrically at

410 nm against a control consisting of a non-infected tick.

. 8 -1
** Spore suspension 10 spores.mL™".

+ Standard deviation (based on five replicates).
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Figure legends

Fig. 1- Lipase activity produced by M. anisopliae infection on R. microplus. Lipase
activity was measured with p-NP palmitate after 30 min of reaction. A- Non-exposed
tick (control); B- tick exposed to M. anisopliae conidia (after 96 h of incubation). Lipase
activity was expressed as the amount of paranitrophenol released and that produced the

yellow color observed in “B”.
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Fig. 2- Mortality of R. microplus exposed to M. anisopliae conidial suspension (10°
conidia.mL™) with different treatments: (I]) control (without conidia); (m) conidial
suspension plus ethanol; (A) conidial suspension; (©) conidial suspension plus

ebelactone B 2 mM. Bars represent standard error.
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Fig. 3- Scanning electron microscopy (SEM) of R. microplus exposed to M. anisopliae conidia with different previous treatments. Ss —
spore suspension. Ss + ethanol — spore suspension incubated with ethanol. Ss + ebelactone B — spore suspension incubated with ebelactone

B at concentration of 2mM.
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Fig. 4- Lipase activity zymograms of extracts from R. microplus exposed to M.

anisopliae conidia. Activity was revealed by MUF-butyrate after native electrophoresis.

Gels were loaded with 10 pg of protein.
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4. DISCUSSAO

Os fungos patogénicos constituem um importante grupo de
microrganismos com muitos e diferentes fatores de viruléncia e estratégias
para exercer sua patogenicidade. Considerando a aplicacdo de fungos
patogénicos de artrépodes, a elucidagdo de seus determinantes de
patogenicidade, fatores de viruléncia e mecanismos infecciosos € um passo
importante para melhorar sua eficiéncia. Além disso, a descoberta de novas
pragas suscetiveis a infecgdo € de extrema relevancia para o crescimento do
controle biolégico como pratica e também em futuros estudos do mecanismo
de agao dos agentes biocontroladores.

A aranha marrom Loxosceles sp. € uma praga urbana de grande
impacto na saude publica mundial (SILVA et al. 2004). Como agente
causador do loxoscelismo tem impacto mundial e areas criticas de incidéncia
com milhares de acidentes por ano, como descrito para a cidade de Curitiba,
estado do Parana (MALAQUE et al. 2002). Neste trabalho, comprovamos a
eficiéncia de M. anisopliae no controle de individuos juvenis e adultos de
aranha marrom. Atualmente, as poucas alternativas quimicas para o controle
de aranhas nado sio especificas. O alcance e a possibilidades de um
biocontrolador tém grande potencial em futuras politicas sanitarias publicas,
visando a diminuicdo populacional desta praga e, consequentemente, do
loxoscelismo em regides urbanas. Além da importancia de inserir este fungo
como potencial biocontrolador desta praga surge, a partir deste trabalho, um
novo modelo aracnideo para o estudo de M. anisopliae e seu sistema de

infecgao.
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Diversos estudos tém ratificado a importdncia de quitinases e
proteases durante o processo de infeccdo de M. anisopliae (DUTRA et al.
2004; FREIMOSER et al. 2005; SILVA et al. 2005; BARATTO et al. 2006;
QAZI & KHACHATOURIANS, 2007). Porém, lipases sdao muito pouco
investigadas neste sistema de infecgdo, apesar de estudos atuais
demonstrarem cada vez mais a importancia destas enzimas em outros
sistemas de diversos patdégenos microbianos (ETZ et al. 2002; STEHR et al
2003; VOIGT et al. 2005; BRADY et al. 2006; COENYE et al. 2007; GACSER
et al. 2007a; MULLEN et al. 2007; COTES et al. 2008). Contrariamente ao
que foi relatado anteriormente por ST LEGER et al. (1986a) e FREIMOSER
et al. (2005), as lipases nao sao a ultima classe de depolimerases secretadas
na cuticula do hospedeiro, sendo detectada sua atividade ja em 6 horas de
infeccdo e até mesmo na superficie do esporo. Esta atividade lipolitica
presente na superficie do esporo pode estar relacionada com o
desencadeamento de todo o processo de infecgdo, como ja foi relatado em
outros fungos filamentosos, fitopatogénicos, com um sistema infectivo
evolutivamente proximo ao sistema de infeccdo de M. anisopliae
(COMMENIL et al. 1998; BERTO et al. 1999).

Em microrganismos como bactérias, leveduras e fungos filamentosos,
a secregcao de enzimas € uma estratégia utilizada para degradagédo de
substratos complexos n&o assimilaveis, liberando moléculas mais simples
utilizadas nutricionalmente e importantes para o desenvolvimento e
disseminacdo das células microbianas. Enzimas secretadas no meio
extracelular podem desempenhar diversas fungdes relacionadas com a

degradacédo de macromoléculas que podem liberar nutrientes metabolizaveis,
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auxiliar na penetracédo da cuticula do hospedeiro em processos patogénicos
(ST LEGER et al. 1991b) e degradacdo de compostos toxicos. Muitos
trabalhos vém apresentando estudos de regulagédo da secrecéo de hidrolases
em microrganismos e, em M. anisopliae, ja foram publicados alguns trabalhos
relacionados a proteases e quitinases (ST LEGER et al. 1986a, 1986b;
KRIEGER DE MORAES et al. 2003; SILVA et al. 2005). O estudo da
regulagéo de lipases € extremamente relevante e permite entender e associar
mecanismos de indugéo e relagdes ecoldgicas dos microrganismos tais como
interacdo com o hospedeiro. Visualisamos diferencas de inducdo entre
diversas fontes de carbono na atividade lipolitica frente a diferentes
substratos. Com os diferentes substratos pNP-ésteres utilizados, foram
detectadas atividades de lipase ou lipase/esterase (pNP-butirato) maiores
nos meios contendo os constituintes do tegumento de artrépodes, quitina e
estereato de colesteril. Este lipideo, um éster formado a partir de colesterol e
acido estearico, é caracteristico de células animais. As maiores inducdes de
atividade lipolitica ocasionadas pelo lipideo animal, comparativamente a outra
fonte lipidica testada, 6leo de oliva, inclusive em valores de atividade
especifica e principalmente quando combinada com quitina, destacam um
facil reconhecimento destes substratos pelo fungo. Além disso, o melhor
desenvolvimento de M. anisopliae frente a estes compostos especificos
reforca esta idéia, de facil reconhecimento e metabolizacdo destes
compostos presentes no tegumento de seus hospedeiros. Como descrito em
muitos trabalhos, o 6leo de oliva € uma fonte lipidica usualmente aplicada na
inducao de altos niveis de atividade lipolitica em fungos (SHIRAZI et al. 1998;

MAIA et al. 1999; LEE et al. 2009), o que reforgca nossa hipdtese de

127



relevancia da especificidade que M. anisopliae possa ter por este lipideo
especifico, o estereato de colesteril. A glicose parece ndo ter exercido
influéncia significativa na indugcdo ou repressao da atividade de lipase ao
contrario do que é visto para quitinases (KRIEGER DE MORAES et al. 2003;
BARRETO et al. 2004).

O sinergismo das enzimas envolvidas na infecgdo para degradar a
cuticula do hospedeiro reportado para proteases e quitinases (ST LEGER et
al. 1987, 1993, 1996b, 1998) pode agora, de acordo com este trabalho, ser
complementado com as lipases. A atividade de protease foi
significativamente maior também nos meios onde se encontravam os dois
constituintes especificos do tegumento dos hospedeiros de M. anisopliae. O
vasto repertério de enzimas lipoliticas evidenciado nos zimogramas podem
direcionar a especificidade por determinados hospedeiros e facilitar a
degradacéao de diferentes compostos lipidicos. Assim como postulado para a
levedura patogénica C. albicans, que também possui um extenso repertorio
de enzimas lipoliticas, o numero significativo destas enzimas reflete a
flexibilidade de adaptagdo do patdogeno a mudangas ambientais (STEHR et
al. 2004) e o habilita para conquistar diferentes ambientes do hospedeiro com
diversas constituicdes, podendo ser um mecanismo adaptativo para
colonizagéo (STEHR et al. 2003).

As lipases s&o enzimas muito particulares pela sua importancia
fisioloégica, potencial biotecnoldégico e industrial, e também por suas
caracteristicas diferenciais como substratos sobre as quais agem,
caracteristicas estruturais, especificidade, entre outras (JAEGER & EGGERT,

2002; JOSEPH et al. 2008; REIS et al. 2009). Além disso, estas enzimas
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variam muito em suas propriedades e de acordo com o microrganismo de
origem (SHARMA et al. 2001). Por todas essas particularidades, inumeras
estratégias vém sendo desenvolvidas para purificar lipases (SHARMA et al.
2001). Este trabalho é o primeiro a isolar uma enzima lipolitica de M.
anisopliae, apesar da importancia que estas enzimas tém nos sistemas de
infeccdo microbianos (STEHR et al. 2003). A caracterizagao desta lipase de
esporo indica possiveis caracteristicas adaptativas as condicdes ambientais
enfrentadas pelo fungo e possivelmente em condi¢ées de infec¢do como
temperatura otima, estabilidade a diferentes pHs e especificidade de
substratos. Além disso, lipases associadas a parede de células microbianas
em microrganismos patogénicos vém sendo descobertas e estudadas
(BERTO et al. 1999; COMMENIL et al. 1998; SAKINC et al 2007; LUN &
BISHAI, 2007) com implicagbes importantes nos respectivos sistemas de
infeccdo. Uma das grandes perspectivas deste trabalho sera produzir
anticorpos policlonais contra esta enzima purificada da superficie do esporo
de M. anisopliae a fim de caracterizar satisfatoriamente sua possivel
participacdo na infecgdo. Diversas analises e experimentos poderédo ser
desenvolvidos através do uso destes anticorpos como relatado em outros
trabalhos (COMMENIL et al. 1998; BERTO et al. 1999; SILVA et al. 2005). A
producao nao satisfatéria de anticorpos pode ter ocorrido por uma possivel
baixa imunogenicidade desta lipase que necessitaria de doses maiores de
antigeno a serem inoculadas nos animais para provocar a resposta esperada.
Apesar do reconhecimento da lipase nos westerns blots, os outros
experimentos realizados com os anticorpos podem ter sido compremetidos

devido a baixa concentracdo dos mesmos. Alternativas para producado de
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anticorpos podem ser realizadas através de doses maiores de antigeno a
serem inoculadas e a producdo em outros modelos animais como
camundongos.

Enzimas lipoliticas de diversos microrganismos patogénicos atuam de
inumeras maneiras na infecgdo e tém sua sintese regulada durante este
processo (STEHR et al. 2004; SCHOFIELD et al. 2005). Comos lipideos
formam a camada mais externa e protetora da epicuticula dos artropodes, um
papel imputado para enzimas lipoliticas € o aumento da adesao a superficie
do hospedeiro no estagio inicial da infeccdo (STEHR et al. 2003), como
descrito por GOTTLICH et al. (1995) para a levedura Hortaea werneckii, fato
este que pode também estar ocorrendo no sistema de infeccdo de M.
anisopliae, sendo suportado pela atividade de lipase presente na superficie
do esporo e também em estagios iniciais da exposi¢do dos carrapatos aos
conidios.

Embora a expressiva importancia das lipases ja tenha sido descrita
para diversos microrganismos patogénicos (STEHR et al. 2003), este € o
primeiro relato de que a inibicdo da atividade lipolitica tenha prevenido a
infeccdo de um hospedeiro artrépode por um fungo patogénico. Na exposicéo
de R. microplus aos esporos de M. anisopliae, mostramos a deteccdo de
atividade lipolitica ja em 6 h e acompanhamos o aumento desta atividade
com o progresso da colonizagdo do hospedeiro, o que reforga a importancia
destas enzimas neste sistema de infecgdo. Além disso, visualizamos
diferentes bandas de atividade durante este processo. O tratamento dos
esporos com o inibidor especifico de lipase ebelactona B, ndo so6 inibiu

completamente a atividade lipolitica durante todo o bioensaio, como também
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preveniu a colonizacdo do hospedeiro e o efetivo controle. Este resultado é
extremamente relevante e esta de acordo com varios relatos em outros
sistemas de infecgao, onde este tipo de atividade é importante e, as vezes,
fundamental (KOLLER et al. 1990; FRANCIS et al. 1996; COMMENIL et al.
1998; BERTO et al. 1999; DAVIES et al. 2000; VOIGT et al. 2005; GACSER
et al. 2007b).

Uma das grandes dificuldades de se estudar a participagao de lipases
nos sistemas de infeccdo em artropodes é a auséncia de trabalhos nesta
area. Outros sistemas vém sendo muito bem estudados (BERTO et al. 1999;
STEHR et al. 2003; VOIGT et al. 2005; GACSER et al. 2007b). Porém, néo
existem muitas técnicas ou metodologias disponiveis para detec¢do de
atividade lipolitica durante o processo de infeccdo como aplicado neste
trabalho. Além disso, apesar da potencial importancia destas enzimas no
processo de infeccdo de artrépodes e obviamente em M. anisopliae, o
primeiro trabalho especifico sobre estas enzimas foi publicado por nosso
grupo (SILVA et al. 2005). Anteriormente, somente detecgbes pontuais em
meios de cultura e inferéncias sobre estas enzimas haviam sido relatadas.
Neste trabalho, apresentamos o efeito da inibicdo da atividade de lipase na
infecgdo do carrapato e, desta maneira, comprovamos, pela primeira vez, a
real importancia desta atividade. Também purificamos e caracterizamos uma
lipase de M. anisopliae, algo inédito até entdo. Avangos nesta area sao de
extrema relevancia para o entendimento da participagdo destas enzimas ja
comprovada em outros sistemas de infeccdo e que podem contribuir, no
futuro, para a otimizagdo de processos que utilizam microrganismos para o

controle biologico de artrépodes.
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Por tudo isso, este trabalho visa contribuir na elucidagdo da
participacédo das lipases no processo de infeccdo, pouco estudadas em M.
anisopliae, apesar de estarem ja bem caracterizadas em muitos outros
sistemas microbianos. A negligéncia no estudo de lipases e enzimas
lipoliticas em fungos (STEHR et al. 2003) ressalta a importancia de estudos
deste tipo. Nossos resultados ratificam a importancia das lipases no processo
de infecgao e podem contribuir no estudo destas enzimas em outros sistemas

ou em estudos futuros, visando seu melhor entendimento em M. anisopliae.
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5. CONCLUSOES

M. anisopliae é eficiente no controle da aranha marrom Loxosceles sp.;

O constituinte lipidico de células animais, estereato de colesteril, induziu a
producdo de maiores niveis de atividade lipolitica por M. anisopliae,
comparado com Oleo de oliva;

A combinagdo de constituintes do tegumento de artropodes, como
estereato de colesteril e quitina, induziu niveis altos de atividade lipolitica
secretadas por M. anisopliae;

O crescimento do fungo foi maior nos meios suplementados com
constituintes da cuticula dos hospedeiros de M. anisopliae;

M. anisopliae secreta diversas enzimas lipoliticas em cultura liquida;

A glicose parece néo regular a secregao de lipases;

M. anisopliae possui uma lipase de ~66 kDa e pl 5,6 associada a
superficie do esporo (MASSL);

MASSL hidrolisa diversos substratos com cadeias acil curtas e longas e
possui certa preferéncia por substratos com cadeia de acidos graxos
curta;

MASSL tem maior estabilidade em pHs mais acidos;

MASSL tem sua atividade aumentada na presenca dos metais Ca?", Mg2+
e Co*" e na presenca do detergente Triton X-100 e do agente redutor 3-
mercaptoetanol;

MASSL tem inibicdo parcial da sua atividade na presenga de SDS, Mn?*,
EDTA e EGTA e total na presenca dos inibidores ebelactona B e PMSF e

parece nao ser afetada por metanol e Tween 80;
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- M. anisopliae secreta lipases durante o processo de infeccdo de R.
microplus, desde os periodos iniciais deste processo até a total
colonizacéo do hospedeiro;

- A inibicdo da atividade lipolitica previne a infecgédo e efetivo controle do

carrapato bovino R. microplus;
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6. PERSPECTIVAS

Otimizar a producao de anticorpos policlonais contra a lipase de superficie de

esporo de M. anisopliae e realizar experimentos com estes anticorpos a fim de

elucidar o papel desta enzima no processo de infec¢gao do hospedeiro.
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