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CARACTERIZACAO DE COMPOSTOS PRODUZIDOS POR
ACTINOMICETOS PARA O BIOCONTROLE DE Bipolaris sorokiniana

Autor: Elisandra Minotto?!
Orientador: Sueli Teresinha Van Der Sand

RESUMO

As actinobactérias endofiticas estdo presentes nos tecidos das plantas e, por
meio da producdo de metabdlitos ativos, as protegem e auxiliam em condi¢cdes
de estresse. Esses microrganismos tem sido amplamente estudados no controle
de doencas fitopatogénicas, como a mancha marrom causada por Bipolaris
sorokiniana. Este fungo é o agente causal da podriddo comum da raiz, manchas
foliares, morte de plantulas e ponto preto das sementes de trigo e cevada,
causando reducéao significativa na produtividade. Neste contexto, os objetivos do
presente estudo foram avaliar a viruléncia de isolados de B. sorokiniana e a
atividade antifungica de actinobactérias contra este fitopatdgeno. Os
antagonistas com elevada atividade contra o fitopatdgeno foram caracterizados
guanto a producédo enzimatica, fisiologia, condicdes de crescimento e producdo
de metabdlitos, bem como sequenciamento do 16S rRNA para identificacdo dos
antagonistas. A caracterizacdo parcial dos metabalitos foi realizada por meio de
sistemas de Cromatografia de Camada delgada (CCD) contendo diferentes
solventes. Os resultados mostraram que os isolados de B. sorokiniana
apresentaram elevada viruléncia as plantulas e sementes de trigo, sendo que a
maior agressividade foi relatada a semente. Por outro lado, 69,6% das
actinobactérias apresentaram elevada atividade antifingica contra isolados de
B. sorokiniana em meio solido, e 17% a mantiveram em cultura submersa. A
maior producao ocorreu a 30°C ap6s 72h de incubacédo, para a maioria dos
isolados. A deteccdo da producdo de catalase, amilase, pectinase, lipase e
esterase foi observada para a maioria das actinobactérias (100, 95,6, 91,30,
95,6, 100%, respectivamente). Enquanto que a degradacdo de caseina,
carboximetilcelulose e gelatina foi realizada por 60,8, 34,78 e 47,82% dos
isolados, respectivamente. Os isolados 6(2), 6(4), 16(3) e R18(6), selecionados
devido a elevada atividade antifungica e enzimatica, apresentaram reacao
positiva para producdo de compostos volateis, quitinase e glucanase,
sideroforos, fixagdo de nitrogéno, AlA e colonizagéo de raizes. Somente isolado
R18(6) ndo apresentou capacidade de solubilizar fosfatos. A caracterizacao
molecular determinou que estes isolados pertencem ao género Streptomyces.
Os metabolitos produzidos pelo isolado R18(6) foram mais estaveis a mudancas
de temperatura e pH, bem como para a acao das proteases e EDTA, quando
comparado aos demais. Os solventes acetato de etila e hexano foram mais
eficientes na extracdo de metabolitos do extrato bruto, porém a melhor
separacdo de metabdlitos em CCD foi obtida com misturas de solventes.

1 Tese de Doutorado em Microbiologia Agricola e do Ambiente, Instituto de Ciéncias
Basicas da Saude, Universidade Federal do Rio grande do Sul, Porto Alegre, Brasil
(177p.). Marco de 2014
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CHARACTERIZATION OF COMPOUNDS PRODUCED BY
ACTINOMYCETES TO BIOLOGICAL CONTROL OF Bipolaris sorokiniana?

Author: Elisandra Minotto
Advisor: Sueli Teresinha Van Der Sand

ABSTRACT

Endophitic actinobacterias are present in plant tissues and by means of active
metabolites they protect and help them in stress conditions. These
microorganisms have been widely used in the control of phytopathogenic
diseases, such as the spot blotch caused by Bipolaris sorokiniana. This fungus
is a causal agent of common root rot, leaf spots, death of seedlings and black
point of the seeds of wheat and barley, causing significant reduction in
productivity. In this context, the aim of this study was to evaluate the virulence of
the B. sorokiniana isolates and the antifungal activity of actinobacterias against
this phytopathogen. The antagonists with the higher activity against the
phytopatogen were characterize taking in consideration their physiology, enzyme
production, growth conditions and metabolites production and 16S rRNA
sequencing for identification of the antagonists. Partial characterization (nés nao
purificamos) of the metabolites was performed using thin layer chromatography
(TLC) systems containing different solvents. The results showed that the isolates
of B. sorokiniana have a high virulence on wheat seed and seedlings, however
the greater aggressiveness was observed to seed. On the other hand, 69.6% of
actinomycetes showed high antifungal activity against of B. sorokiniana isolates
on solid medium, and 17% maintained this behavior in submerged culture. The
highest yield happened, for most isolates, when grown at 30°C with agitation after
72h of incubation. The detection of catalase, starch, pectin, lipase and esterase
production was observed for most of the actinomycetes (100, 95.6, 91.30, 95.6,
100%, respectively). While the hydrolysis of casein, carboxymethylcellulase and
gelatin was performed by 60.8, 34.78 and 47.82% of the isolates, respectively.
Isolates 6(2), 6(4), 16(3) e R18(6), selected due to the high antifungal and
enzyme activity, showed a positive reaction for the production of volatile
compounds, chitinase and glucanase, siderophores, nitrogen fixation, AIA and
colonization of the roots. Only the isolated R18(6) showed no ability to solubilize
phosphates. Molecular characterization of the isolates determined that they
belong to the genus Streptomyces. The metabolites produced by isolate R18 (6)
were more stable to temperature and pH changes, as well to the action of
proteases and EDTA, when compared to the others. The solvents ethyl acetate
and hexane were more efficient for the extraction of the metabolites from the
crude extract, however a better separation of the metabolites in the TLC was
obtained with mixture of solvents.

! Doctoral thesis in Agricultural and Environmental Microbiology, Instituto de Ciéncias
Basicas da Saude, Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brazil.
(177p.) March, 2014.
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INTRODUCAO GERAL

O trigo (Triticum aestivum L.) foi uma das primeiras espécies
domesticadas pelo homem e tem sido, desde entdo, fundamental na base
alimentar da humanidade, ocupando o primeiro lugar em volume de producao
mundial. De acordo com os dados da Organizacdo das Nacbes Unidas para
Agricultura e Alimentacao (FAO, 2014) a producdo mundial de trigo atingiu um
recorde de 708,5 milhdes de toneladas na safra de 2013. A producao brasileira
para a safra 2013/2014 devera alcancar 5,798 milhdes de toneladas (CONAB,
2014), sendo a regido sul responséavel por 90% dessa producao. De acordo com
dados do Ministério da Agricultura Pecuaria e Abastecimento o consumo anual
nacional em 2013 foi de 11 milhdes de toneladas (MAPA, 2014).

Na agricultura, existem muitos fatores que podem causar danos ou
reducdo da produtividade. As doencas sdo responsaveis pelas perdas mais
expressivas na cultura do trigo, dentre elas dstaca-se, a mancha marrom
causada por Bipolaris sorokiniana. Esse patdgeno € capaz de provocar perdas

econdmicas que podem atingir até 80% da producao, além de infectar sementes,



gue servirdo como fonte de indculo para o estabelecimento de focos iniciais da
doenca em outros ciclos e localidades de producéo (Reis & Casa, 2005).

No Brasil, a presenca da mancha marrom é considerada elevada e de
grande impacto econdmico. Para evitar perdas causadas por este patdgeno o
controle recomendado € a utilizacdo de cultivares resistentes e rotacdo de
culturas, além da aplicacéo de fungicidas, tanto para o tratamento de sementes
como para a doenca ja estabelecida na lavoura. A dificuldade em controlar a
mancha marrom € maximizada pela ampla distribuicdo do patdgeno, grande
diversidade genética e a associacdo com diversas plantas hospedeiras. Estes
fatores associados a necessidade de se desenvolver alternativas menos
agressivas ao ecossistema e economicamente viaveis para o produtor tém
estimulado o desenvolvimento de novos métodos de controle, entre os quais esta
o controle biologico.

O biocontrole, pela aplicacdo de microrganismos benéficos ou do
produto de seu metabolismo, tem sido apontado como uma alternativa
importante e tecnicamente justificavel, pois tem por finalidade de manter o
equilibrio do agroecossistema, fazendo com que o hospedeiro, na presenca do
patdgeno, ndo sofra danos significativos (Grigoletti Junior et al., 2005).

Na busca por novos produtos, os actinomicetos, principalmente o
género Streptomyces, tém sido apontados com grande entusiasmo nas
descobertas de novos agentes antifUngicos com potencial para emprego na
agricultura. Essas bactérias sado prolificas produtoras de metabdélitos secundarios
bioativos podendo ser utilizadas como agentes de controle biolégico de

fitopatégenos.



Levando em consideracdo o0s potenciais dessas bactérias como
agentes de controle bioldgico para emprego na agricultura, este trabalho teve
como principais objetivos: i) avaliar a severidade de isolados de B. sorokiniana,
oriundos de diferentes regibes do Brasil e de outros paises, a plantulas e
sementes de trigo; ii) avaliar a atividade antifungica de compostos ativos
produzidos por actinobactérias contra isolados de B. sorokiniana, oriundos de
diferentes regides do Brasil; iii) caracterizar enzimatica e fisiologicamente os
isolados de actinobactérias com maior potencial antifangico; iv) purificar e
caracterizar parcialmente as substancias bioativas produzidas pelas

actinobactérias com potencial para uso no controle de B. sorokiniana.



1. REVISAO BIBLIOGRAFICA

O trigo tem sido fundamental na base alimentar da humanidade,
ocupando o primeiro lugar em volume de producéo mundial. Acredita-se que esta
cultura seja originaria de gramineas silvestres, que se desenvolveram nas
proximidades dos rios Tigre e Eufrates (Asia), por volta dos anos 10.000 a 15.000
AC. Contudo, os primeiros registros encontrados datam de 550 AC, o que leva a
concluir que ja é cultivado a mais de 2000 anos (Brum & Heck, 2005).

No Brasil, o trigo foi introduzido pelos imigrantes portugueses em
1634, na Capitania de Séo Vicente, de onde foi difundido por todo o pais (Osorio,
1992). O crescimento do trigo no Brasil apresentou muitas dificuldades de
adaptacao devido a elevada acidez do solo e ao elevado indice de doencas
fungicas, como a ferrugem que destruiu os trigais. No Rio Grande do Sul o trigo
foi introduzido em 1737, mas o aumento da producao ocorreu somente no século
XIX, com a chegada dos imigrantes europeus que detinham o conhecimento de
técnicas de cultivo (Oso6rio, 1992).

O trigo é uma planta herbacea, monocotiledénea, fasciculada com a

parte aérea formada por um conjunto de colmos, sua inflorescéncia € terminal



do tipo espiga e o fruto é do tipo cariopse (Osério, 1992). Botanicamente o trigo
pertence ao género Triticum e a familia Poaceae. Este género apresenta um
grande numero de espécies, sendo que a espécie Triticum aestivum L., trigo de
panificacdo, é hoje a espécie mais cultivada, da qual sédo conhecidas mais de 20
mil variedades. Seu genoma é resultante da hibridizacéo natural de trés espécies
diferentes, o que confere excepcional capacidade de adaptacdo as variadas
condicBes ecoldgicas (Cunha et al.,1999).

Em nivel mundial, o trigo € a cultura de grdos de maior producao
anual. De acordo com a Organizacdo das Nacfes Unidas para Alimentacéo e
Agricultura (FAO, 2014) a producdo mundial de trigo em 2013 foi de 708,5
milhdes de toneladas, 7,4% a mais que o0 ano de 2012. Os maiores produtores
sdo a Unido Europeia, China e india, juntos representam 50% da produc&o
mundial.

No Brasil, o cultivo deste cereal é realizado nas regifes Sul, Sudeste e
Centro-Oeste sob os sistemas de irrigacdo ou de sequeiro (Embrapa Trigo,
2014). A producéao nacional deste cereal para safra 2013/2014 esta estimada em
5.470,9 mil toneladas, geradas por uma produtividade média de 2,631 Kg.ha
(CONAB, 2014). Em nivel regional, o Rio Grande do Sul registrou, nesta safra,
uma producéo 3,17 milhdes de toneladas, representando 58% da safra nacional
(CONAB, 2014). De acordo com dados do Ministério da Agricultura, Pecuaria e
Abastecimento o consumo anual nacional em 2013 foi de 11 milhbes de

toneladas (MAPA, 2014).

O cultivo do trigo no Brasil est& sujeito a limitacbes de ordem bidtica

e abidtica, tais como: condi¢gbes climaticas adversas e solo, pragas e doencas.



As doencas causadas por fungos, bactérias e virus ocupam posicao de destaque
entre os limitantes naturais desta cultura. Durante as Ultimas décadas, doencas
provocadas por fungos foram causas de muitas frustracées e prejuizos para 0s
agricultores. Dependendo do patdégeno, cultivar e condicbes climaticas, as
doencas fungicas podem causar até 100% de perda na cultura do trigo (Mehta,
1993). Dentre os patdgenos fungicos, a espécie Bipolaris sorokiniana apresenta
uma séria ameaca, pois pode causar perdas de até 80% na cultura do trigo (Reis

& Casa, 2005, Tanaka et al., 2008).

1.1. Mancha marrom

Dentre as doencas fungicas que acometem a cultura do trigo,
destacam-se aquelas que incidem sobre a parte aérea e sdo causadas por
fungos biotréficos como oidio (Blumeria graminis f. sp. tritici) e a ferrugem da
folha (Puccinia triticina), e por fungos hemibiotréficos, como a mancha-marrom
(Bipolaris sorokiniana) e a mancha-bronzeada (Pyrenophora tritici-repentis)
(Funck et al., 2009). Estas ultimas doencas sdo seguidamente referidas como
manchas foliares (Bedendo, 1995).

O fungo Bipolaris sorokiniana é o agente causal da podriddo comum
da raiz, mancha marrom, morte de plantulas e ponto preto das sementes de trigo
e cevada. Podendo, ainda, causar doenca em centeio, aveia, triticale, sorgo e
festuca (Tinline, 1988). O fungo apresenta os sintomas mais graves da doencga
nas culturas de trigo e cevada cultivada em areas quentes e umidas.

Na forma assexuada ou imperfeita, Bipolaris sorokiniana (Sacc. In

Sorok.), pertence a classe Deuteromycetes, subclasse Hyphomycetidae, ordem
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Moniliales e a familia Dematiaceae (Alexopoulos & Mims, 1985). A forma
sexuada ou teleomorfica, Cochiobolus sativus (Ito & Kurib), pertence a classe
dos Ascomycetes, ordem Pleosporales e a familia Pleosporaceae (Menezes &
Oliveira, 1993). A forma perfeita raramente ocorre na natureza, nao tendo ainda
sido relatada no Brasil (Reis et al., 1997). Esta foi encontrada apenas na Zambia
em 1988 (Kumar et al. 2002).

Na planta, a mancha marrom ou helmintosporiose desenvolve-se
sobre folhas, bainhas, nés (lesbes castanhas) e, as vezes, nos entrends. Os
sintomas manifestam-se, primeiramente, nas plantulas originadas a partir de
sementes infectadas. O fungo cresce a partir da semente e coloniza o coledptilo,
no qual aparecem lesGes castanhas escuras (Mehta, 1978). As lesbes
apresentam-se tipicamente ovaladas a oblongas, com bordos bem definidos,
com 1-2 cm de comprimento e coloracdo marrom-escura a negra, podendo ser
observadas também nas folhas, bainhas e colmos (Mehta, 1978). Essas
manchas aumentam de tamanho e tornam-se tipicamente elipticas com
abundante esporulacdo e margens cloréticas (Fetch & Steffenson 1994). Quando
as lesfes coalescem, a folha toda fica crestada e seca prematuramente (Mehta,
1978).

Nas sementes infectadas, originadas a partir de espigas doentes,
observa-se a ponta da semente negra e muitas vezes sementes com aspecto
enrugado (Luz, 1982a). Lesdes castanho-escuros ocorrem, nos nds e, as vezes,
entre-nds, podendo ocorrer estrangulamento, com consequente quebra e morte
da planta (Mehta, 1978; Picinini & Fernandes, 1995). O fungo pode infectar

também raizes, interferindo nos processos de absor¢do de 4gua e nutrientes,
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doenca conhecida como podriddo comum da raiz (Reis & Casa, 1998). A mancha
marrom € considerada uma doenca de grande impacto econémico, com elevada
incidéncia e transmissdo a partir e sementes podendo variar de 60 a 90% de
perdas (CABI, 2000).

B. sorokiniana € um agente patogénico hemibiotréfico, ou seja, exerce
uma fase biotroéfico e uma fase subsequente necrotréfica. As fases de
crescimento sucessivas sdo caracterizadas por: (i) penetracdo na cuticula e na
parede celular, seguido pelo desenvolvimento de hifas no interior das células
epidérmicas do hospedeiro (fase biotréfica), e (i) invasao de hifas na camada
mesofilica, seguido da epiderme e morte celular mesofilica (fase necrotrofica)
(Kumar et al. 2002). Em casos raros, o patdgeno penetra através dos estématos.
O colapso das células é provocado pela secrecdo de toxinas, pois as células
morrem sem contato direto com hifas fangicas, devido a infiltracdo de toxina nas
folhas que provoca respostas necréticas indistinguiveis ao hospedeiro (Kumar et
al. 2001).

Durante o processo de infeccdo o patdgeno utiliza mecanismos
fisicos, através da formacdo de apressorio, e quimicos, com a producéo de
varios metabolitos téxicos, identificados como sesquiterpenos. Estabeleceu-se
gue estes metabdlitos tem importante papel na patogénese (Aggarwal et al.
2011; Agrawal et al. 2008; Jahani et al. 2012) e que as BS-toxinas sao um fator
determinante de viruléncia (Jahani et al. 2012). A necrose gerada no hospedeiro
€ consequéncia da secrecdo de toxinas liberadas pelo patégeno, que sdo
sintetizadas a partir do farnesol (Kumar et al. 2001; Kumar et al. 2002) A toxina

conhecida como prehelmintosporol é responsavel pela inibicdo da ATPase
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(Kumar et al. 2002). Outra toxina importante no processo de infec¢cdo é chamada
de helmintosporol que afeta a permeabilidade da membrana, a fosforilacéo
oxidativa e o bombeamento de prétons através da membrana plasmatica.
Nakajima et al. (1994), isolaram um composto chamado de sorokianina, capaz
de inibir a germinacdo de sementes de aveia.

O fungo pode sobreviver na forma vegetativa em sementes infetadas,
plantas voluntérias e saprofiticamente, em retos culturais de seus hospedeiros.
Os principais agentes de disseminacao sdo: sementes, ventos e respingos de
chuvas, sendo os restos culturais as fontes de indculo mais abundantes (Mehta,
1978; Sjoberg et al. 2007). Segundo observacdes feitas por Meronux & Pepper
(1968), as células internas de alguns conidios de B. sorokiniana que caem no
solo se transformam em clamidésporos, fato este que permite a sobrevivéncia
do patégeno no solo, mesmo na auséncia de hospedeiro e por um longo periodo
de tempo.

Os principais métodos de controle recomendados para doencas
causadas por B. sorokiniana s&o a rotacdo de cultura, eliminacdo de restos
culturais, uso de cultivares resistentes e aplicacao de fungicidas (Mehta, 1978,
Reis & Casa, 2005). Inicialmente, o uso de cultivares resistentes apresentou-se
como o método mais barato, o mais facil e 0 mais seguro de controle de doencas,
apresentando inclusive aumento de produtividade. No entanto, com o passar dos
anos, novas ragas e variantes do fungo surgiram, induzindo a quebrando a
resisténcia e reduzindo a produtividade (Cunha & Trombini, 1999).

O controle de doencas fitopatogénicas é, em geral, realizada atraves

da aplicacao de fungicidas, os quais sao bastante utilizados pelos agricultores
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devido a sua facilidade de aplicacdo, aos resultados previsiveis e imediatos e a
necessidade de pouco entendimento dos processos basicos do agroecossistema
para a aplicacdo (Morandi & Bettiol, 2009).

Por outro lado, a crescente preocupacéo da sociedade com o impacto
deste produtos utilizados na agricultura e seus efeitos sobre a cadeia alimentar,
tem gerado intensos debates sobre o rumo da agricultura mundial e o uso de
agrotoxicos. Esse cenério, tem levado muitos consumidores a buscar de
mercados de alimentos livres de residuos deixados pela aplicacdo de
agrotoxicos. Dentre as alternativas mais discutidas, para a reducdo do uso dos

produtos quimicos na agricultura, esta o controle biolégico.

1.2. Controle biolégico

A utilizacdo de microrganismos benéficos com o objetivo de aumentar
a produtividade e controlar doencas de plantas é registrada de longa data. Os
primeiros trabalhos envolvendo a introducdo massiva de microrganismos
antagonistas visando o biocontrole de doencas de plantas aconteceram no inicio
do século XX. A partir desta data até o periodo atual, inUmeras pesquisas tém
sido desenvolvidas com o objetivo de controlar doencas, causadas por
fitobactérias, fungos patogénicos, nematoides e virus, em diferentes culturas
(Romeiro, 2005).

O controle biolégico, apesar de pouco utilizado especialmente em
grandes culturas, é amplamente empregado na producgédo de alimentos organicos
para o controle de pragas e doencgas e tem apresentado excelentes resultados.

No entanto, segundo Atikinson & McKinlay, (1995) € necessario um amplo
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conhecimento da ecologia dos sistemas para o sucesso do biocontrole. Bettiol &
Ghini (2003), afirmam que o desenvolvimento da protecdo de plantas em
sistemas sustentaveis de cultivo, requer estudos sobre a estrutura e o
funcionamento dos agroecossistemas, com atencdo especial as condicOes
nutricionais e a biota do solo, a biodiversidade funcional, e a outros fatores que
permitam um adequado manejo dos sistemas produzidos.

Segundo Baker & Cook (1974) o controle biolégico em relacdo a
patdgenos de plantas é dado pela redu¢cédo da soma de indculo ou das atividades
determinantes da doenca, provocada por um patdégeno, através de um ou mais
organismos que ndo o homem. Os organismos gque estéo envolvidos no controle
de doencas atuam por diferentes mecanismos para controle de doencas
fitopatogénicas.

Pesquisas neste sentindo estdo sendo realizadas, e os resultados
mostram gue 0S microrganismos agem sobre os patdgenos por mecanismos
como antibiose, inducao de resisténcia, competicao, parasitismo, hipoviruléncia
e predacao (Hoffland et al., 1997; Melo 1998; Luz, 2002; Kilic-Erici & Yuen, 2004;
Monaco et al., 2004, Wan et al., 2008).

As bactérias biocontroladoras estdo entre 0s microrganismos com
grande potencial para o controle de doencas de plantas, pois residem no
rizozfera (Melo & Valarini, 1995, Amorim & Melo, 2002, Guo et al., 2004). Estes
biocontroladores tém habilidade de suprimir patégenos do solo, ocorrem
naturalmente e em elevadas populagdes na rizosfera, crescem em uma ampla
faixa de condi¢cdes ambientais e produzem uma ampla variedade de antibioticos,

sideroforos e reguladores de crescimento (Melo, 1998).
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Bactérias com potencial para o controle sdo capazes de controlar
patdgenos que causam manchas foliares, murchas, podriddes de raizes,
tombamento e destruicdo dos 6rgaos de reservas em diferentes culturas (Paulitz
& Belanger, 2001; Tan, et al., 2006,). Conforme Erici & Yuen (2004), as bactérias
testadas para o controle do patdgeno Bipolaris sorokiniana inibiram o
crescimento micelial e a germinacdo dos esporos, in vitro e, quando colocadas
a campo foram capazes de diminuir a severidade da doenca. Carissimi et al.
(2009) relataram que 5,74% das bactérias isoladas de sementes de trigo foram
eficientes na producédo de metabdlitos que inibiram o crescimento in vitro de B.
sorokiniana, todas pertencentes ao género Bacillus. Sementes tratadas com
bactérias biocontroladoras e infectadas por fungos como, B. sorokiniana,
Drechslera tritici-repentis, Fusarium graminearum e Stagonospora nodorum
apresentaram baixa ou nenhuma incidéncia destes patdégenos, proporcionando
resultados semelhantes as sementes tratadas com fungicidas (Luz, 2001).

Vérias pesquisas tém mostrado que actinomicetos sdo promissores
agentes de biocontrole de doencas plantas. A eficacia destes organismos no
biocontrole ndo se resume apenas a producao de metabdlitos secundarios, mas
também a capacidade de colonizar tecidos vegetais, produzir enzimas que
degradam a parede celular de fungos e exoesqueleto de insetos (Emmert &
Handelsman 1999; Siddiqui & Mahmood, 1999; Doumbou et al. 2001; Paulitz &
Belanger 2001; Whipps 2001; Weller et al. 2002).

As principais caracteristicas desejaveis para um biocontrolador é que
ele tenha capacidade de sobreviver em condi¢des adversas, seja eficiente contra

uma vasta gama de patdgenos em varias plantas hospedeiras, preparado em



16

férmulas de facil armazenamento, tolerante a agrotoxicis e tratamentos fisicos.
Dentre as bactérias utilizadas para o biocontrole de doencas os isolados de
Bacillus, Pseudomonas e alguns géneros de actinomicetos sdo os mais citados
e 0S que apresentam o maior niamero de caracteristicas desejaveis (Bettiol,
1991).

As populacbes de actinomicetos sdo importantes componentes da
comunidade microbiana, endofitica e rizosférica, de muitas plantas superiores.
Estes estdo sendo avaliados como agentes de controle biolégico, principalmente
por sua capacidade de interagir com as plantas ou mesmo com outras
populacdes microbianas, mediante a producdo de antibidticos e outros
metabdlitos secundarios (Moura & Romeiro, 1998; Gava et al., 2002; Cao et al.,
2004).

Segundo Tan et al. (2006) as actinobactérias podem colonizar o interior
da planta hospedeira, evitando concorréncia com quaisquer outros
microrganismos do solo. A protecdo as razies por actinomicetos deve-se a
inibicdo do desenvolvimento de fungos potencialmente patogénicos através da
producado de enzimas que degradam a parede celular de fungos ou producéo de
compostos antifungicos (Goodfellow & Williams, 1983; Cao et al., 2004).

Os actinomicetos podem promover o crescimento das plantas pela
producdo de acido 3-indol acético (AlA) para ajudar o crescimento de raizes ou
produzir sideroforos para melhorar a absorcdo de nutrientes (Merckx et al.,
1987). De acordo como Coombs.et al., (2004) Streptomyces endofiticos podem
melhorar a producao agricola e reduzir o impacto da podriddo de raiz e coroa em

trigo.
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1.3. Actinobactérias

As actinobactérias séo um dos maiores Filos no dominio Bactéria,
inferido a partir do seu padrao de ramificacdo filogenético do gene 16S rRNA
(Garrity e Holt, 2001; Ludwig e Klenk, 2005). A separacédo do Filo, de outros
taxons do Dominio Bactéria, € suportada por insercdes/delecdes em algumas
proteinas, pela presenca de uma grande insercéo no 23S rRNA (Gao & Gupta,
2005; Gao et al., 2006) e por distintos arranjos de genes (Kunisawa, 2007).

O Filo Actinobacterias € constituido de bactérias Gram-positivas,
aerdbias, anaerObias facultativas ou anaerObias. A maioria destes
microrganismos sao quimio-organotroéficos, os quais crescem em pH neutro, mas
alguns sao aciddfilos ou alcaldéfitos. Outros, ainda, sdo haldfilos e alguns sao
termdfilos (Goodfellow, 2012). Caracterizadas pela formacdo de micélio no
substrato e micélio aéreo em meios solidos, apresentam elevado conteudo
guanina e citosina no seu genoma (50-70 mol %) (Goodfellow and Williams,
1983).

Os dados mais recentes sobre a classificacdo taxondmica do Filo
Actinobacteria, apresentados no Bergey's Manual of Systematic Bacteriology
2012, engloba cinco classes, 19 ordens, 50 familias e 221 géneros (Goodfellow,
2012), sendo Acidimicrobiia, Actinobacteria, (Stackebrandt et al., 1997),
Coriobacteriia, Rubrobacteria e Thermoleophilia as classes constituintes.

Os microrganismos da Classe Actinobacteria sdao amplamente
distribuidas em habitats aquaticos e terrestres, incluindo habitats extremos,

como sedimentos marinhos (Pathom-aree et al., 2006) e solos desérticos hiper-
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aridos (Okoro et al., 2009). Eles estdo comumente presentes no solo onde
participam da decomposicdo da matéria organica e de moléculas recalcitrantes
(Goodfellow e Simpson, 1983; Goodfellow e Williams, 1983). Outros sao
patdgenos de plantas e animais, simbiontes, comensais ou habitantes do trato
gastrintestinal (Goodfellow, 2010).

As actinobactérias contém genomas circulares que transcrevem mais
de 3300 genes (Bervanakis, 2008). A maioria destes genes codificam amplas
sequéncias que sao utilizadas durante uma complexa diferenciacdo morfolégica
e biossintese de metabdlitos secundarios (Hopwood et al., 2000). Este filo inclui
fenotipicamente diversos organismos com morfologia que variam de cocos a
micélio altamente diferenciado.

A ordem Actinomycetales compreende 63 géneros, constituindo
aproximadamente 20-60% da populacdo microbiana do solo (Ezziiyyane et al.,
2004). Em geral, estdo divididos em dois grupos, os “actinomicetos
nocardioformes”, que apresentam micélio rudimentar seguido de fragmentacao
€ 0 grupo “esporoactinomicetos” que exibem uma rede de micélio aéreo bem
desenvolvido com esporos. Neste Ultimo grupo encontram-se 0s géneros
Streptomyces, Actinoplanes e Microbispora, entre outros (Araujo, 2001).

Estes microrganismos, especialmente os Streptomyces, destacam-se
por apresentar um grande potencial na producdo de compostos, como:
antibidticos, antivirais e agentes anti-tumorais (Berdy, 2005; Newman e Cragg,
2007; Olano et al., 2009). Além dos compostos antimicrobianos de uso clinico,
farmacoldgico, veterinario e agroquimico (Lechevalier, 1988; Sanglier, 1993),

outros metabdlitos secundarios como enzimas, imunomoduladores e inibidores
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de enzimas sao produzidos por essas bactérias (Aradjo, 1998). As
actinobactérias filamentosas produzem cerca de 45% de todos os metabdlitos
secundarios bioativos microbianos, sendo que aproximadamente 80% dos 7600
compostos sdo produzidos por estreptomicetos (Berdy, 2005). Apesar dessa
incrivel diversidade metabdlica, estima-se que apenas cerca de 10% do niumero
total de produtos naturais que podem ser sintetizados por estes organismos

foram descobertos (Watve et al., 2001; Demain & Sanchez 2009).

1.4. Actinobactérias endofiticas e rizosféricas

Algumas actinobactérias sdo capazes de formar associa¢cdes com
plantas e colonizar seus tecidos internos. Isso se deve principalmente a sua
capacidade de consumir diversas fontes de carbono organico, colonizar a
rizosfera de plantas e produzir compostos ativos antagbnicos a outro
microrganismos ou substancias promotoras do crescimento de plantas (Suzuki

et al., 2000; llic et al., 2007).

Microrganismos endofiticos sao definidos como: fungos ou bactérias,
gue durante todo ou parte do seu ciclo de vida, invadem os tecidos de plantas
vivas e causam infec¢cdes ndo-aparentes e assintomatica no interior tecidos
vegetais, mas nao causam sintomas de doenca (Wilson, 1995).

Um importante nicho que tem sido explorado como fonte de novos
actinomicetos sao os tecidos de plantas superiores. Por definicdo estes
microrganismos nao causam aparentemente danos aos seus hospedeiros
(Bacon et al., 2000; Strobel & Daisy, 2003; Tan & Zou, 2000), e representam

provavelmente o arranjo biolégico mais simples, em que a planta fornece
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nutrientes para o microrganismo e este oferece alguma forma de protecao para
a planta (Bacon et al., 2000; Strobel & Daisy, 2003; Tan & Zou, 2000).

Estes microrganismos podem viver em diferentes 6rgaos das plantas
hospedeiras, principalmente nos espacos inter e intracelular (Qin et al. 2011). As
raizes das plantas constituem um importante 6rgdo de absorcdo de agua e
nutrientes, mas também liberam uma vasta gama de compostos carbonados de
baixa massa molecular, os metabdlitos secundarios. A constante exsudacao
destes compostos das células radiculares, como aglutininas, lectinas,
flavondides e polissacarideos s&o responsaveis pelo reconhecimento
microrganismo-planta (Aguillar et al., 1988; Kijne et al., 1988) e o efeito
rizosférico que culmina na colonizacéo radicular por microrganismos (Chet et al.,
1990; Kortemaa et al., 1994).

O fluxo de carbono é essencial para o funcionamento e manutencgao
da dinAmica da comunidade microbiana dentro da rizosfera (Toal et al. 2000),
gue é distinta da comunidade nao-rizosférica do solo (Whipps & Lynch, 1986;
Frey-Klett et al., 2005). De acordo com Kennedy & Smith (1995) a rizosfera € um
ambiente fisica, quimica e biologicamente distinto do restante do solo, com
elevada diversidade e atividade microbiana. Este ambiente constituido pela
interface solo-raiz constitui um microcosmos dinamico, onde 0s microrganismos,
as raizes das plantas e os constituintes do solo interagem constantemente
(Lynch 1990; Azcén-Aguilar & Barea, 1992; Kennedy, 1998; Bowen & Rovira,
1999).

Actinobactérias endofiticas tem sido relatadas habitando a rizosfera e

os tecidos internos uma ampla variedade de plantas, incluindo tomateiro
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(Solanum lycopersicum L.) (Germida et al., 1998), de batata (Solanum
tuberosum L.) (Sturz et al., 1999), trigo (Triticum aestivum L.) (Coombs & Franco,
2003; Siciliano et. al., 1998), milho doce (Zea mays L.) (McInroy & Kloepper.
1995; Azevedo), algodao (Gossypium hirsutum L.) (Mclnroy & Kloepper. 1995),
colza (Brassica napus L.) (Germida et al.,, 1998), arroz selvagem (Oryza
officinalis L.) (Garbeva et al., 2001), e plantas citricas (Araujo et al., 2001; Araujo
et al., 2002).

De acordo com a literatura os actinomicetos frequentemente
encontrados nos tecidos vegetais sdo Streptomyces, Microbispora,
Micromonospora, e Nocardioides (Castillo et al.,2002; Conn & Franco, 2004; Cao
et al. 2004, 2005).

Algumas associacdes entre actinobactérias e plantas sdo bem
caracterizadas, dentro da ordem Actinomycetales, onde ha exemplos de
espécies fitopatogénicas, simbidticas e endofiticas. De acordo com Tarkka &
Hampp (2008), entre as centenas de espécies de Streptomyces descritas,
poucas espécies sdo consideradas patogénicas a plantas. Estas espécies, S.
scabies, S. acidiscabies, S. turgidiscabies e S. ipomoeae, séo agentes da sarna
comum em batata e em outras culturas relacionadas (Loria et al., 1997). A
patogenicidade estd associada com a presenca de uma ilha de patogenicidade
(PAI) conservada e transmissivel nos seus genomas (Bukhalid & Loria, 1997,
Healy et a., 2000). Esta PAI codifica para a biossintese de uma fitotoxina, a
taxtomina, além de conter fatores de viruléncia, como o gene necl (Bukhalid et

al., 1998; Loria et al. 1995).
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No primeiro relato de isolamento e identificacdo de actinobactérias
endofitica a partir de plantas trigo saudaveis no sul da Australia (Coombs &
Franco 2003) identificaram através do rDNA 16S e sequenciamento 49 isolados
pertencentes aos géneros Streptomyces, Micromonospora e Nocardioides spp.
Os autores observaram ainda que, nenhum desses isolados, incluindo as cepas
de S. caviscabies e S. setonii, apresentaram genes associados a patogenicidade
(necl) ou a producéo da toxina taxtomina, indicando que eram ndo patogénicos
(Coombs & Franco 2003).

Por outro lado, muitos Streptomyces endofiticos podem melhorar o
rendimento das culturas por meio da protecdo de seu hospedeiro contra
patdogenos. Estes microrganismos sdo conhecidos por sua capacidade de
promover o crescimento de plantas e raizes através da producao de acido indole-
3-acético (IAA), ou através da producdo de sideroforos para captacao de ferro
do ambiente, além de melhorar absorcéo de nutrientes (Leong, 1986). Tokala et
al. (2002) observaram que a colonizacao de nédulos radiculares de ervilha eleva
significativamente a taxa de fixacdo de nitrogénio. Estes microrganismos sao
também conhecidos pela sua atuacdo nos processos de compostagem, devido
a capacidade de producdo de enzimas capazes de degradar moléculas
complexas e recalcitrantes, especialmente celulose, lignocelulose, xilanase e
lignina (Crawford, 1988).

Segundo Tarkka & Hampp (2008) a produgdo de metabdlitos
secundéarios em estreptomicetos permite uma melhor adaptacdo ecoldgica,

sendo que a caracteristica mais marcante dessas bactérias é a capacidade de
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produzir simultaneamente varias substancias (metabolitos secundarios) com

acao sinérgica ou cooperativa.

1.5. Compostos biologicamente ativos

As actinobactérias tém sido especialmente Uteis para a industria
farmacéutica devido a sua capacidade, aparentemente ilimitada, de produzir
metabdlitos secundarios com diversas estruturas quimicas e atividades
bioldgicas. Milhares destes compostos ja foram isolados e caracterizados e um
grande numero transformado em produto comercial para o tratamento de uma
ampla gama de doencas humanas, veterinarias e agricolas.

Dentre 22500 compostos biologicamente ativos extraidos a partir de
microrganismos, até o momento 45% sao produzidos por Actinobactérias, 38%
por fungos e 17% por bactérias (Bérdy 2005; Demain & Sanchez, 2009).
Segundo Bérdy (2005). Os Actinomycetales filamentosos produzem mais de 10
000 compostos bioativos, sendo que 7600 sdo derivados de Streptomyces e
2500 de espécies de actinomicetos raros.

A definicdo usual de produtos naturais, no mais amplo sentido,
enfatiza que "sdo compostos quimicos isolados a partir de diversos seres vivos"
(Bérdy, 2005). Estes compostos podem derivar do metabolismo primario ou
secundario de organismos vivos. Segundo Bérdy, (2005) os metabdlitos
primarios (polissacarideos, proteinas, acidos nucleicos e graxos) sdo comuns a
todos os sistemas biolégicos. Os metabdlitos secundarios sédo, no entanto,

compostos extremamente diversificados quimica e taxonomicamente, de baixa
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massa molecular (MW<3000) e com funcdo diversificadas, presentes em
organismos distintos e com caracteristicas especificas.

Os metabolitos secundarios representam uma importante parcela dos
compostos naturais produzidos pelos microrganismos e geralmente apresentam
algum tipo de atividade biolégica. As caracteristicas mais marcantes destes
compostos sao a incrivel variedade de estruturas quimicas unicas, a frequente
ocorréncia e versatilidade de atividades biologicas (Demain & Fang, 2000).

Compostos secundarios isolados de microrganismos e que exibem
atividade antimicrobiana, antitumoral e/ou antiviral s&o chamados de antibiéticos.
No entanto, de acordo com Bérdy, (2005) esta definicdo deve ser ampliada a
todos os metabdlitos secundarios microbianos que regulam processos de
crescimento, replicacdo e/ou exibem de algum tipo de resposta (regulatoria,
inibitéria, estimulante) para células procariéticas ou eucariéticas em nivel
bioquimico, a uma concentracdo minima.

A producdo de metabdlitos secundarios geralmente precede o
desenvolvimento de hifas aéreas, quando a taxa de crescimento dos filamentos
diminuiu e a esporulacdo inicia (Bibb, 2005). Muitos dos dados publicados
indicam que o sinal ambiental mais importante para desencadear o metabolismo
secundario é dado pela auséncia de nutrientes, principalmente de fosfato (Sola-
Landa et al., 2003). Estas substancias sao produzidas por grupos taxonémicos
restritos de microrganismos e geralmente sao constituidos por uma mistura
intimamente relacionada de familias de produtos quimicos (Hampp, 2008). Em
particular, a habilidade de produzir um grande numero de substancias,

guimicamente diferentes, esta associada aos procariotos, actinomicetos
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filamentosos, mixobactérias, Pseudomonas e cianobactérias, e aos fungos
filamentosos, eucariotos (Donadio et al., 2002).

A biossintese dos metabdlitos secundarios € derivada de precursores
e de energia gerada através de vias metabdlicas primarias (August et al., 1999).
Os grupos de metabdlitos secundarios comumente distribuidos na natureza sao
a poliquetideos, terpenos, esterdides, acido chiguimico e alcaldéides (Herbert,
1989). A diversidade de estruturas geradas € o resultado de modificacbes e
combinacgdes de reacles primarias de vias metabdlicas (Hampp, 2008).

Segundo Bérdy, (2005) os metabdlitos secundarios parecem ser
desnecessarios para os produtores, ndo tendo qualquer funcao aparente no seu
ciclo de vida. No entanto, de acordo com alguns pesquisadores a producao
destes compostos prové um namero importante de funcdes, beneficiando os
organismos que os produzem (McCann & Pogell, 1979, Demain, 1995a, El-
Tarabily et al., 2010) . Primeiramente, atuam como agentes quimicos na
destruicdo de outros microrganismos e aumentam aptidao e sobrevivéncia dos
organismos produtores no seu ambiente natural (Demain, 1995a). Alguns
metabdlitos secundarios auxiliam no transporte de ions metalicos
disponibilizando-os em uma forma sollvel para que possa ser prontamente
utilizada pelos microrganismos (Neilands, 1995).

Os actinomicetos sdo a fonte mais atrativa de novos metabdlitos
bioativos. Nas ultimas décadas, a descoberta de novos metabdlitos aumentou,
entretanto, apesar do grande esfor¢o dos pesquisadores, a ocorréncia de novas
moléculas quimicas diminuiu (Bérdy 2005; Valanarasu et al. 2010). Aliado a este

fato, o surgimento de novas doencgas infecciosas, a resisténcia dos patdgenos a
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compostos existentes e a toxicidade de alguns medicamentos atualmente
utilizados na medicina e na agricultura, tem alavancado a busca por novas fontes
de compostos biologicamente ativos, especialmente de actinobactérias
(Nicolaou et al., 2002). Na busca de novos compostos quimicos com atividade
biologica as espécies ubiquas tem sido extensivamente examinadas e varios
estudos tem sido direcionados ao isolamento de actinomicetos incomuns em
ambientes inexplorados (Zgoda & Porter, 2001; Castillo et al. 2006; Gandhimathi
et al. 2009; Goudjal & Toumatia 2013;).

Os novos desafios na terapia de doencas e na agricultura, permitiram
a renovacdo dos meétodos classicos de rastreamento de compostos (Bérdy
2005). Estes produtos naturais bioativos sao frequentemente uma mistura de um
namero de compostos com estruturas e polaridades semelhantes. A separacao
destes, geralmente, inclui dois passos: a extracdo e a purificacdo. No processo
de extracdo, os estudos concentram-se principalmente na aplicacdo solventes
organicos e na intensificacdo dos processos de extracdo por meios fisicos (Ren
et al. 2013). As tecnologias cromatograficas sdo frequentemente os métodos
mais empregados para a purificacdo de produtos naturais. Sua eficiéncia na
separacdo do composto alvo € altamente dependente da sua adsorcdo e
afinidade pela fase estacionaria (Ren et al., 2013).

A utilizacdo de métodos modernos de deteccdo de compostos
naturais, tais como a espectrometria de massa permite a detec¢ao e identificacdo
de quantidades muito pequenas de substratos ambientais seguidos de extragcéo
organica (Esquenazi et al., 2009). Outras técnicas baseadas no rastreamento de

alto rendimento de bibliotecas quimicas poderdo ser utilizada no futuro para o
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isolamento e identificacdo de compostos organicos em misturas, embebendo
potenciais inibidores em cristais de um substrato alvo desejado, seguido de
analise do complexo inibidor-substrato (Simmons et al., 2010), bem como outros

inUmeros avancgos nessa area (Davies 2011).
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2. MATERIAIS E METODOS

Os materiais e 0s métodos especificos para cada um dos
experimentos desenvolvidos neste trabalho estdo descritos nos respectivos
artigos, apresentados nos capitulos 1, 2, 3 e 4 que seguem desta Tese
(RESULTADOS).

Este estudo foi realizado na cidade de Porto Alegre, Rio Grande do
Sul no Laboratério de Micologia Ambiental (Lab. 209) do Instituto de Ciéncias
Basicas da Saude (ICBS) da Universidade Federal do Rio Grande do Sul

(UFRGS).



3. RESULTADOS

Os resultados deste trabalho estdo apresentados na forma de artigos
cientificos. Os subtitulos deste capitulo correspondem aos titulos do artigo
publicado e do artigo formatado de acordo com as normas do periédico escolhido

para submissao.
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VIRULENCE OF MONOSPORIC AND POLYSPORIC BIPOLARIS

SOROKINIANA ISOLATES UNDER CONTROLLED CONDITIONS?

1 Artigo submetido ao comité editorial do periédico cientifico African Journal of
Microbiology Research
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1. ABSTRACT
Bipolaris sorokiniana may present considerable genetic diversity and highly
variable virulence and virulence. The virulénce of 99 B. sorokiniana isolates (27
polysporic and 72 monosporic isolates) from Brazil and other countries was
assessed. The variables evaluated were abnormal and non-germinated seeds,
seed rot, leaf spot, and coleoptile lesion. The Principal Component Analysis
(PCA) was used to evaluate the similarity patterns between isolates considering
the variables of virulence. Polysporic isolates presented higher virulence (over
60%), when compared with the monosporic isolates (43%) in all variables
analyzed, except coleoptile injury. Of the isolates used to infect seeds, 8%
presented the highest virulence value, with pathogenic action over 75% in all
variables assessed. The correlation of B. sorokiniana isolates with virulence
variables demonstrated that polysporic isolates were more virulent, especially in

seeds, compared with aerial plant parts.

Key words: Virulence, Triticum aestivum L., spot blotch

2. INTRODUCTION
Wheat (Triticum aestivum L.) was one of the first plant species grown by man.
Throughout history the species has had fundamental importance in mankind’s
food basis, and today it takes the first place in worldwide agricultural production
figures (EMBRAPA, 2013). According to data published by the United Nations
Food and Agriculture Organization, global wheat production is estimated to reach

a record number of 708,5 million ton in the 2013 harvest (FAO, 2014). In Brazil,
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wheat production is around 5,000 to 6,000 ton. The largest cultivated areas,
accounting for 90% of the country’s production, are in southern (states of Rio
Grande do Sul, Santa Catarina and Parana) and midwest Brazil (States of Mato
Grosso do Sul, Goias and Distrito Federal) (EMBRAPA, 2013).

As an agricultural product, wheat is subject to biotic and abiotic limitations,
such as adverse climatic and soil conditions, pests and diseases. Among the
limiting conditions, the phytopathogen Bipolaris sorokiniana (Sacc.) Shoemaker
(teleomorph, Cochliobolus sativus) stands out as the causal agent of common
root rot, leaf spot, seedling blight and black point in seeds of both wheat and
barley cultures, apart from diseases in rye, oat, triticale, sorghum and fescue
(Tinline, 1961). However, the most severe symptoms of these diseases are
observed in wheat and barley cultures in hot and humid regions, with significant
production losses (Kumar et al., 2002).

Of a cosmopolitan nature, spot blotch caused by B. sorokiniana is
estimated to affect 25 million hectares of wheat plantations worldwide to variable
degrees, which accounts for 12% of the total area of the culture that is grown
(Duveiller et al., 2005). Seeds infected with the pathogen are considered one of
the most efficient means of transmission and dissemination of phytopatogenic
agents and stand as the main survival mechanism of this fungus off season,
representing the means by which hot spots of the disease remain active in the
field (Forcelini, 1991). This fungus may also play a deleterious role in germination
and in the establishment of cereal plantations, leading to aborted germination of
seed, seed rot, necrosis and discoloration of aerial parts of infected plants,

reducing seed viability (Neergard, 1979). Spot blotch has symptoms that usually
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appear on the aerial parts of plants and take the form of oval necrotic lesions
surrounded by chlorotic halos. This infection may reduce photosynthetic area and
eventually to premature plant senescence (Ghazviniand et al., 2007).

Combined strategies to control B. sorokiniana in wheat and barley cultures
have been recommended by Mehta (1998). These strategies include the use of
resistant varieties, chemical control of soils, waste management and crop
rotation. In spite of the fact that spot blotch is considered one of the most
important diseases affecting wheat worldwide, control measures have not
produced satisfactory results (Kumar et al., 2007).

In this scenario, the present study assesses the pathogenic potential of
monosporic and polysporic B. sorokiniana isolates in wheat seeds and seedling

under controlled conditions.

3. MATERIALS AND METHODS

3.1. Origin of microorganisms
The fungal polysporic isolates from different regions in Brazil were provided by
Empresa Brasileira de Pesquisa Agropecuaria - Trigo (EMBRAPA- Trigo, Passo
Fundo), while the other isolates used in this study were kindly provided by the
International Maize and Wheat Improvement Center (CIMMYT — Mexico). All
isolates used were obtained from seeds and tissues of wheat plants. The
biological material was deposited in the collection of the Environmental Mycology
Laboratory, DMIP, ICBS, UFRGS. Ninety-nine B. sorokiniana isolates were used
in the virulence assay, of which 27 were polysporic and 72 were monosporic

isolates (Table 1).
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Table 1: Origin of Bipolaris. sorokiniana isolates from different regions in Brazil

and other countries.

Isolates code

Origin

98004 P, A, B, C
98007 P, A, C
98030 P, A, C
98032 P, A, B, C
CEV53 A, B
98011 P, A, C
98012 P, A, C
98031 P, A, B, C
98028 P

98025 P, A, C
98026 P, B, C
98042 P, A, B, C
1992 B, C
98010 P, C
98041 P, C
98023 P, A, B, C
98013 P, A, B, C
98017 A, B, C
CEV48P,A,B,C
98034 P, A, B, C
NRRL5851 P, A, B
CFO201P,A,B,C
A20P,A, B, C
1965 P

BS15M2 P, A, B, C
BS16M1 P, C
BS18M2 P, A, B, C
CMO105 P, A, B, C
BS52M1 P, A, B,
CS1004 P, A, B, C

,B,

A
A, B,
A
A

, C

Cruz Alta, RS —Brazil

Cruz Alta, RS -Brazil

Cruz Alta, RS —Brazil
Engenheiro Beltrdo, PR —Brazil
Guarapuava, PR —Brazil
Lagoa Vermelha, RS —Brazil
Lagoa Vermelha, RS —Brazil
Nova Estancia, PR —Brazil
Pelotas, RS —Brazil

Piratini, RS —Brazil

Piratini, RS —Brazil

Piratini, PR —Brazil
Planaltina, GO — Brazil
Santa Rosa, RS —Brazil
Unido da Vitéria, PR —Brazil
Unido da Vitéria, PR —Brazil
Unido da Vitéria, PR —Brazil
Samambaia, PR —Brazil
Tapera, RS —Brazil
Unknown

South Africa

South Africa

Canada

Copenhague- Denmark
Delicias, Chihuahua — Mexico
Delicias, Chihuahua- Mexico
Poza Rica,Vera Cruz-Mexico
Mexico

Monterrey-Nuevo Leon
Hanoi-Vietnam

P: Polysporic B. sorokiniana isolate; A, B, and C: Monosporic B. sorokiniana isolate originated

from the respective polysporic isolate; CEV: B. sorokiniana isolate from barley.

3.2. Monosporic cultures

The monosporic cultures were obtained from the aerial mycelia of the polysporic

cultures grown on plates with potato dextrose agar (PDA). A 0.85% saline
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solution was poured over the plated colonies, and the conidia were transferred to
microcentrifuge tubes. The contents of tubes were homogenized thoroughly to
achieve complete conidia release. The suspension was transferred to a Petri dish
with PDA and incubated at room temperature for 2 h. Using a stereomicroscope
with optical magnification of x40, the conidia were transferred using plates with
PDA media. The plates were maintained at 24 + 2°C until the complete colonies
had developed, and then were stored at 4°C. Each spore culture was designated

with a letter (A, B, and C) Tabela 1.

3.3. Fungal inoculum preparation
B. sorokiniana isolates were multiplied in a culture medium prepared with
vegetable broth and carrot agar specific for sporulation and incubated in a BOD
stove for 10 to 15 days at 25°C in a 12-h photoperiod. To standardize the fungal
inoculum, 5 mL sterile saline (0.85%) containing Tween 80 (0.1%) were added to
colonies. Then, colonies were lightly streaked using a Drigalski spatula, spores
were removed and the suspension was transferred to sterile glass test tubes.
Final spore concentration was adjusted to 10® spores mL™ by counting conidia in

a Neubauer chamber.

3.4. Virulence assay
The virulence assay was carried out using the 99 B. sorokiniana isolates.
Samples of 100 wheat seeds, cultivar BRS Buriti, which is considered moderately
susceptible to leaf spot, were disinfected using ethanol 70% for 2 min, sodium

hypochlorite 2.5% for 2 min and then washed three times with sterile distilled
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water. Seed samples were then placed in tubes containing the previously
adjusted spore suspension and left at room temperature for 24 h. After, seeds
were incubated according to a modified version of the Blotter test method. Each
100-seed sample was divided in groups of 25 seeds that were placed one by one
on wet filter paper sheets, accounting for four repeats. The sheets containing
seeds were folded as a sachet, which was incubated in a seed germinator (JP-
1000, J. Prolab) at 25°C in a 12-h photoperiod with controlled temperature and
humidity for 10 days. Then, 10 days after seeding, wheat seeds and seedlings
were individually assessed as to abnormal and non-germinated seeds, leaf spot,
black point of the seed and coleoptile lesion. The assay was carried out as 10
steps, each of which included a control group of seeds not challenged with the B.
sorokiniana infection. After the lesions were analyzed, all the tissues of the
organs were submitted to re-isolation of the phytopathogen using culture
conditions on dishes contain PDA medium and after growth analysis of the

structures under the microscope was realized.

3.5. Statistical analysis
A descriptive statistics of the pathogenic action of B. sorokiniana was
carried out for the four variables, expressed as percent values: % to abnormal
and non-germinated seeds (GA), % black point of the seed (BP), % leaf
spot/germinated seeds (LS), % coleoptile lesion/germinated seeds (CL).
The differences in virulence degree between controls and groups of
monosporic and polysporic isolates, for the variables analyzed, were assessed

using the one-factor analysis of variance followed by an analysis of the
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differences between treatments using the randomization test, as described by
Pillar & Orléci (1996).

The differences in virulence patterns between isolates based on the four
variables assessed (GA, BP, LS and CL) was evaluated using the Principal
Component Analysis (PCA) (Person, 1901).

The statistical analyses were carried out using the application R (R
Development Team 2008) and the action interface for Excel (Estacamp, 2013).
Normality of variables was tested using the Shapiro-Wilk test. The analyses of

variance and multivariate analyses were made in the MULTIV (Pillar, 1997).

4. RESULTS
The data analyses of the four variables assessed indicated that the monosporic
and polysporic isolates of B. sorokiniana strongly induced the diseases in wheat

seed and seedlings, when compared to controls (Table 2).



44

Table-2: Analysis of variance between the treatment groups monosporic and

polysporic isolates and control, for the variables abnormal and non-germinated

seeds, black point of seed, leaf spot/germinated seeds, and coleoptile

lesion/germinated seeds.

Lower Upper
Variable Treatment N Mean median Min Max SD Limit Limit
(LL mean) (UL mean)
Abnormal Cca 11 25.7 24 16 41 7.7 20.6 30.9
and non-
_ Mb 74 60.7 59.5 16 100 19.9 56.1 65.3
germinated
seeds @ pe 27 72.4 75.0 43 100 17.5 65.5 79.3
Cca 11 13.2 10.0 0 44 16.1 2.3 24
Black point of
Mb 74 83.9 100.0 0 100 27.0 77.6 90.1
seed @
pe 27 97.4 100.0 61 100 8.1 94.2 100
Cca 11 9.3 0.0 0 83.3 2438 0 26
Coleoptile
) Mb 72 60.7 67.9 0 100 34.3 52.6 68.8
lesion®
pb 26 69.0 82.0 0 100 341 55.3 82.8
Cca 11 5.6 0.0 0 545 16.3 0 16.6
Leaf spot® Mb 72 43.0 44.6 0 100 33.7 35.1 51
pc 26 59.9 65.4 0 100 31.3 47.3 72.6

C: Control, M: Monosporic isolate, P: Polysporic isolate, N: Number of treatments, Min: Minimum

seeds, Max: Maximum seeds, SD: Standard deviation. Groups followed by different letters differ

significantly from one another based on the probabilities obtained by the pairwise randomization

test: (1) P=0.001 for C-M. P=0.001 for C-P and P=0.01 for M-P; (2) P=0.001 for C-M. P=0.001

for C-P and P= 0.009 for M-P; (3) P= 0.005 for C-M. P= 0.001 for C-P and P= 0.02 for M-P; (4)

P=0.001 for C-M. P=0.001 for C-P and P= 0.296 for M-P.
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The comparison between treatment groups (monosporic, polysporic and
control isolates) revealed a significant difference between groups, when one
same variable is considered. The exception was observed for coleoptile lesion,
for which no significant difference was observed between monosporic and
polysporic isolates (Table 2).

The action of single spore isolates on germination, showed a median of
59.5 seeds with to abnormal and non-germinated seeds, and the variation ranged
from a minimum of 16 to a maximum of 100 seeds. The pathogenesis of
polysporic isolates had a higher median, of 75 seeds with to abnormal and non-
germinated seeds, and the variation ranged from a minimum of 43 and maximum

100 seeds (Table 2).

The highest virulence towards germination (values above the third quarter)
was exerted by 18 monosporic isolates, with values over 73.25% of seeds to
abnormal and non-germinated seeds, and by 6 polysporic isolates, with seed
values over 84%.

The pathogenic action of B. sorokiniana isolates on wheat seeds led to
high degree of deterioration, with a median value of 100 seeds with black point,
both for monosporic and polysporic cultures. The data analyses showed
statistically significant differences between all treatments. With polysporic
cultures, a higher incidence of black point of the seed was observed. Mean
number of seeds affected by black point after treatment with polysporic cultures
was 97.4%, while monosporic cultures caused the disease in 83.9% and the black
point of seed in controls was 13.2% (Table 2). On the other hand, 5.4% of

monosporic isolates did not cause symptoms in seeds, and did not differ from



46

controls. All polysporic isolates caused black point of seeds, with the lowest value
of 61% of seeds.

Coleoptile lesion caused by polysporic and monosporic B. sorokiniana
isolates presented medians of 82% and 67.9%, respectively (between zero and
100%). The analysis of variance to compare groups indicated a significant
difference between the control and the treatment groups, though this difference
was not observed between monosporic and polysporic isolates (Table 2).

Incidence of lesions on leaf blades presented medians of 44.6% and
65.4% for monosporic and polysporic isolates, respectively (Table 2). Among the
most virulent isolates that caused the symptom of leaf spot (above the third
quarter), 18 were monosporic isolates, causing the effect in more than 69% of
leaves, while six polysporic isolates triggered the effect in more than 79.8% of

seeds.

4.1. Analysis of the pathogenic action of monosporic and
polysporic isolates

The similarity pattern in the pathogenic action of isolates, based on the four
variables evaluated simultaneously, is shown in Figure 1 and 2. Ordination axis |
contains 64.9% of the total variation of virulence data, in which all variables
exhibited high, positive correlation (GA = 0.71, PS=0.79, LF = 0.87, and LC =
0.83) with this axis and the major contribution was that of leaf spot with 29.5% of
the total variation in this axis. The position of isolates on axis | allows identifying

the most virulent isolates, on the right, namely CEV48P, 98042P, 98042C and
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CFO201B. Low virulence isolates are at the far end of the axis, especially

98012C, 98023B, 98026C, CFO201A and CS1004A (Figure 3)

0,4 -

Axis | 64,9%

" Pp B, fmﬁ

: e : .

04 - -0, -0, M 1 P 2 0,3 0,4
™M

Axis 11 20,9%

03 4

Figure 1 Ordination chart for Bipolaris sorokiniana isolates in terms of virulence
variables constructed based on the principal components analysis and correlation
as a measure of similarity between the variables. Abnormal and non-germinated
seeds (GA); Black point of seed (PS); Leaf spot/germinated seeds (LF);
Ccoleoptile lesion/germinated seeds (LC). The percentage of variation in each
axis and the variables that correlated with at least one of the two axes is indicated.

C: Control, M: Monosporic isolate, P: Polysporic isolate.
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Axis Il contains 20.9% of the total variation in virulence data and allows
differentiating the most pathogenic isolates to wheat seeds from the most
pathogenic to the aerial parts of the plant. Abnormal and non-germinated seeds
and black point of seed had positive correlation with axis 1l (0.58 and 0.36,
respectively), while leaf spot and coleoptiles lesion presented negative
correlation (-0.35 and -0.48 respectively). The highest contribution was given by
the variable abnormal and non-germinated seeds, with 40.9%.

The ordination chart of isolates also reveals a clear distinction between
control and monosporic and polysporic isolates (Figure 1). Also, single spore
isolates presented higher variation in virulence degree, when compared to
polysporic isolates. However, these were a little more specialized in terms of
virulence, affecting more seeds than the aerial parts.

Of the isolates used to infect seeds, 8% presented the highest virulence,
with pathogenic action over 75% for all variables assessed. The isolates with the
highest and lowest scores in axis | and Il were the most virulent when the four
variables are considered as a set 98004A, 98025C, 98034C, 98042P, 98042C,
CEV48P and BS15M2A (Figure 2). Black point of seed was observed in all
monosporic and polysporic isolates, except for isolates 98031P, 98012C, 98041A
and CFO201A. On the other hand, monosporic isolates 98012C, 98041A and
CFO201A presented low virulence, with symptoms observed in less than 1% of

wheat seedlings and seeds.
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Figure 2 Ordination chart for Bipolaris. sorokiniana isolates in terms of virulence

variables constructed based on the principal components analysis and correlation

as a measure of similarity between the variables abnormal and non-germinated

seeds (GA), black point of seed (PS), leaf spot/germinated seeds (LF), and

coleoptile lesion/germinated seeds (LC). The identification codes of isolates with

high and low values are shown in axes | and Il. Isolates presenting intermediate

values were not labeled, and are identified by dots. The ellipsis | indicates isolates

with low virulence, ellipsis Il signals highly pathogenic isolates affecting mainly

seeds, and ellipsis Il indicates highly pathogenic isolates affecting mainly aerial

parts.
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5. DISCUSSION
In general, microorganisms present high genetic diversity, leading to differences
in morphology, physiology and virulence. Variations in the use of substrates,
tolerance to determined temperature and pH ranges, production of toxins and
other metabolites are among the manifestations of physiological distinctions in
one population, which often result in variation of virulence of biotypes (Machado,
1980).

The most interesting aspects observed in the present study are associated
with the wide pathogenic variability of B. sorokiniana isolates. Pathogenic action
patterns based on conidial origin were established using the correlation (r = 0.5)
between the variable leaf spot and polysporic isolates for which we observed the
highest values of pathogen virulence.

The pathogenic fungus B. sorokiniana uses all plant organs of winter
cereals as substrate. For this reason, two distinct disease stages are discernible:
the interference in photosynthesis, when the infection occurs in the aerial parts
of the plant, and the interference in the search and absorption of water and
nutrients, which is the stage that affects underground parts (Forcelini, 1991).
Here, the presence of symptoms and the wide variation in this pathogen’s
virulence patterns are reported based on the analysis of virulence variables,
which indicate that polysporic isolates are more virulent, with values over 60%,
when compared with monosporic isolates, with values over 43% (Table 2). The
monosporic cultures were used to reduce the effect of heterokaryosis, since one
single conidium may be homokaryotic or present reduced variability, which

makes it easier to identify pathotypes based on isolate virulence. This



51

characteristic may be linked with the different genes present in heterokaryotic
cells of monosporic isolates, which in turn may manifest in different ways,
depending on the quality and quantity of nuclei contained in cells and on the roles
played by the environment and the host (Tinline, 1961). This may explain the
wider effect spectrum of monosporic isolates on the virulence variables shown in
Figure 3.

Pathogenicity tests carried out by Christensen (1925) using 37 monosporic
H. sativum (Cochiobolus sativus) isolates indicated that 18 formed zones in BDA
medium, which differed from the parental colony as to morphology and virulence.
In a previous study, the virulence, morphology and growth rate in culture medium
of 10 B. sorokiniana isolates from different regions in Brazil were analyzed in
wheat. Wide variations in morphology and growth rates were observed between
parental and re-isolated isolates. However, no relationship between
morphological variability and virulence was detected between these two types of
isolates (Oliveira et al., 1998) or origin of isolates (Valim-Labres et al. 1997).

The results obtained in the present study show that polysporic isolates
exerted higher pathogenic action, predominantly in seeds, as compared to aerial
parts. Often the pathogens that cause common root rot also cause different
symptoms in one single plant species; however, most specific symptoms in one
plant are regulated by infection time and soil conditions, mainly temperature and
humidity (Wheeler & Rush, 2001). Our results also reveal that polysporic isolates,
which presented high virulence levels in seed germination, did not show the same
virulence indices in comparison with the respective monosporic isolates. For

example, isolate 98041P inhibited germination in 97% of wheat seeds, while the
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monosporic isolates generated from this polysporic strain reduced germination
by approximately 50%. According to Mehta (1998), a likely source of variability
may be inherent to the fungus itself, since its virulence may vary with time.

Duveiller & Garcia Altamirano (2000) showed that B. sorokiniana isolates
from different parts of a plant did not cluster according to virulence, when they
were reinoculated. In this sense, the authors discovered that the number of leaf
spot varies with the isolate used for inoculation, and that this isolate does not
depend on the organ from where it was isolated (Duvellier & Garcia Altamirano,
2000). Fetch & Steffenson (1999) observed variation in virulence patterns of
Cochliobolus sativus in relation to barley cultivars and to the development stage
of plants.

In the present study, we observed that the most severe symptoms were
associated with germination and black point of the seed, with reduced
germination and high levels of rot (Table 2). This condition is due to mainly the
hemibiotrophic nature of B. sorokiniana and to the complex enzymatic apparatus
it has, which is able to use any organ of a plant as nutritional substrate.

The incidence of B. sorokiniana in wheat seeds is often observed
negatively, affecting germination and triggering the occurrence of symptoms in
plants and seeds, and even causing the death of plants (Lasca et al., 1983). The
association of the pathogen to seeds is an efficient mechanism of survival and
dissemination, and is the main reason behind the outbreaks of epidemics in
wheat production regions in Brazil (Goulart et al., 1990). According to Kumar et
al. (2002), infections may be so severe that the infected plants wither, without

producing one single seed. Under conditions that favor the pathogen’s life cycle,
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spikelets may be affected, causing seeds to dry out.

The virulence assays were carried out using the wheat cultivar BRS Buriti,
which is moderately susceptible to leaf spot and is recommended for the
establishment of wheat plantations in winter, in southern Brazil. In this sense, the
use of B. sorokiniana isolates from different regions of Brazil and the world may
indicate that virulence levels differ, which in fact was not observed. The results
obtained did not afford to cluster B. sorokiniana isolates by geographic origin or
the definition of similarity patterns in pathogenic action. Maraite et al. (1998)
analyzed 360 wheat leaf samples from 10 countries presenting symptoms of the
disease, and did not observe specific relationships between virulence in terms of

geographic origin and genotype.
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1. Abstract
Endophytic actinobacteria produce active metabolites, protecting plant tissues against
stress. They compounds are widely used in human and veterinary pharmaceutics and
agriculture, and of several enzymes with biotechnological potential. The present study
characterizes the enzymatic production of endophytic actinobacteria colonizing tomato
plants. Twenty-three actinobacteria isolates were tested for the detection of amylase,
pectinase, cellulase, lipase, esterase, caseinase, gelatinase and catalase, at three
temperatures (25°C, 28°C and 30°C) for 7 days. Substrate hydrolysis and enzymatic index
(EI) were determined. The results showed that mean EI of all actinobacteria isolates was
between 0.8 and 7.1. Although 30°C was the temperature at which the highest number of
isolates presented enzymatic activity, it was at 25°C that amylase, pectinase, lipase and
esterase activity reached the highest mean EI. Catalase was produced by all

actinobacteria, while lipase, esterase and pectinase activity was observed for at least 20
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isolates, regardless the incubation temperature. However, the highest number of isolates
able to hydrolyze gelatin and cellulose (8) was observed when growth was carried out at
30°C. The highest EI means were observed for the hydrolysis of lipases, while the lowest

values were seen for the hydrolysis of cellulose.

Keywords: Actinomyecetes, enzymatic production, extracellular enzymes.

2. Introduction

Actinobacteria are ubiquitous microorganisms widely distributed in natural ecosystems.
The phylum comprises bacteria with high levels of guanine and cytosine in their DNA,
whose morphology, physiology and relationship with oxygen follow considerably varied
patterns [1]. These spore-forming Gram positive bacteria belong to the order
Actinomycetes [2], and develop aerial mycelia, as well as in the substrate, when grown
in solid media. They represent between 20% to 60% of the total population of
microorganisms living in the soil [3, 4]. Another typical characteristic of these
microorganisms is the production of an odor similar to that of wet earth [5].
Actinomycetes are also observed in several other natural environments, such as fresh and
salt waters, the rhizosphere, root nodules and inner plant tissues, decomposing organic
matter, sediments, animal feces, activated sludge, and food products [6].

Filamentous soil bacteria belonging to the genus Streptomyces are rich sources of
a high number of bioactive natural products with biological activity, which are
extensively used as pharmaceuticals and agrochemicals. Some important characteristics
of the genus Streptomyces include (i) the ability to colonize the rhizosphere, (ii) efficient

biocontrol of phytopathogenic fungi, (iii) production of siderophores and growth-
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promoting substances in vitro, (iv) promotion of nodulation, and (v) an ancillary role in
iron assimilation and nitrogen fixation by Rhizobium bacteroids in leguminous species [7,
8].

The biochemical heterogeneity, the ecological diversity and the exceptional
capacity of these microorganisms to produce secondary metabolites make them an ideal
target for the production of enzymes. Actinomycetes synthesize extracellular enzymes
that hydrolyze complex macromolecules like proteins, starch, chitin, cellulose and
lignocellulose in different habitats. Furthermore, according to Pereira et al. [9], some
enzymes produced by actinomycetes are also able to degrade substances known to be
resistant to the attack by most bacteria and fungi, such as organic nitrogen compounds,
steroids, aromatic compounds, acetylene, rubber and paraffins.

The several metabolic and physiologic properties of actinomycetes are behind
their involvement in organic matter recycling processes and in the bioremediation of
environments contaminated with xenobiotics and hydrocarbons compounds.
Additionally, these microorganisms take part in the conversion and production of biofuels
[9] and act as important agents in the biocontrol of plant diseases [7] this ability is mainly
due to their capacity to interact with other microbial populations, producing antibiotics
and other secondary metabolites, with no damage to plants [10].

In this sense, based on the considerable economic and biotechnological
importance that actinobacteria have as producers of large amounts of antibiotics and
commercially interesting enzymes, the objective of the present study was to characterize
the enzymatic activity profile of endophytic actinobacteria isolated from tomato plants

grown under different temperature conditions.
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3. Materials and methods
Microorganisms
The endophytic actinobacteria isolates used in this work were obtained from
tomato plant roots (Lycopersicon esculentum) collected in three cities in the state of Rio
Grande do Sul, Brazil between 2005 and 2006 [8]. The isolates are deposited in the
collection of microorganisms maintained by the Laboratory of Environmental Mycology,
Department of Microbiology, Immunology and Parasitology, Basic Health Sciences

Institute, Universidade Federal do Rio Grande do Sul, Brazil.

3.1. Enzymatic activity characterization

In total, 23 endophytic actinobacteria isolates were evaluated for their capacity to
produce extracellular enzymes. Enzyme production, by the actinomycetes, was detected
using solid culture media with a specific substrate for each enzyme (amylase, pectinase,
cellulase, lipase, esterase, caseinase, gelatinase and catalase) produced. Gelatinase was
detected using a semisolid medium. Actinobacteria cultures grown for 7 days in casein
starch agar (2.0 g KNOgz, 2.0 g NaCl, 2.0 g K2HPO4, 0.05 g MgSOs, 0.02 g CaCOs, 0.01
g FeS0s4, 0.3 g casein, 10 g starch; 15 g agar; 1,000 mL distilled water) were inoculated
using the spot method onto a Petri dish containing 20 mL of the specific culture media
for each enzyme. After, dishes were placed in an incubator for seven days at 25°C, 28°C

and 30°C in the dark. All assays were carried out in duplicate.

3.1.1. Amylase production
The consumption of starch by endophytic actinobacteria was assessed as described

by Conn et al. [11] Isolates were transferred to starch agar media containing 0.2% soluble
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starch. After incubation, 10 mL lugol solution (aqueous solution of iodine and potassium
iodide) were poured onto colonies. Amylase production was detected as a transparent
halo around the colony that typically signals starch hydrolysis.
3.1.2. Pectinase production
Pectinolytic activity was detected using tripticase soy agar (TSA) supplemented
with 1% citric pectin. After incubation, 10 mL lugol solution was added to the colonies.
Pectinase production was detected upon observation of a transparent halo caused by

pectin hydrolysis, indicating positive pectinolytic activity.

3.1.3. Cellulase production
Cellulase production was assesses using a minimal mineral salt medium [12]
supplemented with 0.5% carboxymethylcellulose (CMC) as the single carbon source.
After incubation, cellulase production was detected adding a 0.1% solution of Congo red
onto the colonies. After 15 min the solution was drained and media were washed with
NaCl (1 M). After 30 min. the formation of an orange halo around the colony indicated

cellulloytic activity.

3.1.4. Lipase and esterase production
The lipase and esterase activity of the isolates was evaluated according to the
method described by Sierra [13] using culture media containing Tween 20 (fatty acids
C10) and Tween 80 (fatty acids C18), respectively. Culture media were sterilized and 1%
(v/v) Tween 20 or Tween 80 previously sterilized by filtration was added. After
incubation, dishes were stored at 4°C for 48 h to afford a better visualization of the halos.
The production of lipase and esterase was confirmed upon observation of a whitish halo

due to the formation of calcium crystals, contrasting with the transparent medium.
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3.1.5. Protease production (caseinase and gelatinase)

The ability of actinomycetes to produce proteases was assessed using milk agar
(solution A: 10.0 g low-fat powdered milk, 90 mL distilled water; solution B: 3.0 g agar,
97.0 mL distilled water) and gelatin agar medium (40.0 g gelatin, 3.0 g meat extract, 5.0
g peptone, 1,000 mL distilled water) to detect caseinase and gelatinase, respectively. After
incubation, casein hydrolysis was observed as the presence of transparent zones
surrounding the colonies. Gelatin hydrolysis was assessed in test tubes containing 4 mL
specific medium and after incubation period the tubes were incubated under refrigeration

at 4°C for 2 h upon confirmation of the liquid state of the medium.

3.1.6. Catalase production
Catalase production was assessed transferring actinobacterium isolates to nutrient
yeast dextrose agar (NYDA) culture medium [14]. After a 7-day incubation period, 1 mL
hydrogen peroxide 3% was added to colonies. Positive reaction was observed as the

formation of bubbles upon addition of hydrogen peroxide [14].

3.2. Evaluation of enzymatic activity

Enzymatic activity was detected measuring hydrolysis halos and the colonies
diameter on two directions. After, data were evaluated based on the determination of the
enzymatic index (EI) expressed as the ratio hydrolytic halo diameter: colony diameter
[15]. For catalase and gelatinase activity, only the presence of enzymatic activity was
assessed. Enzymatic indices were submitted to variance analysis and the Tukey’s
correlation test (a=0.05), when necessary, to compare means using the Statistica 8
software.

4. Results
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4.1.Enzymatic characterization

Extracellular enzyme activity by endophytic actinobacterium isolates in solid
media and specific substrates was observed based on the presence hydrolytic halos.
4.1.1. Amylolytic activity
Starch hydrolysis in the culture medium was observed for 73.91% of isolates grown at
25°C and 28°C, and for 95.65% of isolates cultured at 30°C. Each isolate was able to

degrade starch in at least one of the incubation temperatures determined in this work (Fig.
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Fig. 1 Amylolytic activity of actinomycetes isolates assessed based on the hydrolysis of

soluble starch after incubation at 25°C, 28°C and 30°C for 7 days. (*) Different means
according to the Tukey test (a=0.05).

Isolate 8(4) presented the highest amylolytic activity at 25°C and at 30°C, with EI
of 7.04 and 5.86, respectively. High activity was observed for isolates 2(4) and R27(6),

which showed statistically significant difference when grown at 25°C. For isolates
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incubated at 28°C, the highest starch hydrolysis index was observed for isolate R24(6)
(EI=6.46), which differed statistically from the other isolates. On the other hand, 17.39%

of isolates incubated at 25°C and at 28°C and 4.34% of those incubated at 30°C did not

present hydrolysis halo.

4.1.2. Pectinolytic activity

Most of the isolates show pectinolytic activity of the isolates 4(1) and R12(6) presented
El of 14.0 and 9.0 when grown at 28°C and 25°C, respectively. The lowest pectinolytic
indices were observed when isolates were incubated at 30°C. Isolates R11(6), R21(6) and
R24(6) presented the highest pectinolytic indices at 30°C, which did not differ

significantly (Fig. 2). Also, 8.69% of isolates did not present pectinolytic activity at any

temperatures used.
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Fig. 2 Pectinolytic activity of actinomycestes isolates assessed based on the hydrolysis of

citric pectin incubated at 25°C, 28°C and 30°C for 7 days. (*) Different means according

to the Tukey test (0=0.05).
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4.1.3. Lipolytic activity

Isolate R18(6) was the only isolate unable to degrade long-chain esters (Fig. 3) at all

temperatures assayed. On the other hand, the highest EI values were observed for isolate

R11(6) grown at 25°C and 28°C.
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Fig. 3 Lipolytic activity of actinomycetes isolates assessed based on the hydrolysis of

Tween 20 at 25°C, 28°C and 30°C for 7 days. (*) Different means according to the Tukey

test (0=0.05).

4.1.4. Esterase activity

Enzymatic indices in the esters hydrolysis assay were lower than those observed in the
lipase hydrolysis assay. However, 91.30% of isolates were able to degrade simple-chain
esters at the three temperatures stipulated. The exception was isolate 3(3), which did not
present detectable activity, and isolate 26(3), which only degraded esters at 30°C (Fig. 4).

The highest esterase production values were observed for isolates 4(1) (E1=6.8), 6(4)



67

(EI1=6.8) and R24(6) (EI=6.1) cultured at 25°C. In the assays carried out at 28°C and at

30°C the highest indices were 5.58 and 5.59 for isolates 15(3) and 4(1), respectively (Fig.

4).
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Fig. 4 Esterasic activity of actinomycetes isolates assessed based on the hydrolysis of

Tween 20, at 25°C, 28°C and 30°C for 7 days. (*) Different means according to the Tukey

test (0=0.05).

4.1.5. Caseinase activity
Caseinase was detected based on the presence of hydrolysis halos in media containing
casein as substrate. In total, 12 isolates (52.17%) degraded this substrate, considering all
incubation temperatures. However, 11 isolates (47.82%) no presented caseinase activity
at temperature tested. Therefore, the presence of caseinase was confirmed for endophytic

actinobacteria in tomato plants, with isolate 6(2) presenting the highest EI (>2.8) at the

three temperatures stipulated (Table 1)
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Table 1 Enzymatic index from Caseinase and cellulase activity of actinobacteria isolates
assessed based on the hydrolysis of milk casein and of carboxymethylcellulose,

respectively, incubated at 25°C, 28°C and 30°C for 7 days.

Caseinase Cellulase

Actinobacterium

28°C 30°C 25°C 28°C 30°C
2(1) 174 056 155 343 189 206
4(1) 0.88 0.00 0.00 3.05 3.75* 3.77*
6(2) 2.80* 3.04* 2.78* 0.00 0.00 0.00
3(3) 0.00 0.00 0.00 0.00 0.00 0.00
5(3) 0.00 0.00 0.712 0.00 0.00 0.00
15(3) 0.00 0.00 0.00 0.00 0.00 o0.00
16(3) 135 173 194 0.00 0.00 0.00
24(3) 0.00 0.00 0.00 0.00 0.00 0.00
26(3) 0.00 0.00 0.00 0.00 0.00 o0.00
27(3) 0.00 0.00 0.00 0.00 0.00 o0.00
2(4) 135 162 1.75 0.00 0.00 0.00
6(4) 1.87 147 185 0.00 0.00 0.00
8(4) 138 151 1.82 0.00 0.00 0.00
S5(1) 0.00 0.00 0.00 0.00 0.00 o0.00
R11(6) 138 135 141 0.00 0.00 0.00
R12(6) 0.00 0.00 0.00 164 233 237
R18(6) 0.00 0.00 000 270 255 3.30*
R19(6) 0.00 2.07 0.00 3.70 3.84* 4.18*
R21(6) 185 158 148 0.00 0.00 0.00
R24(6) 0.00 2.03 0.00 4.08* 4.04* 4.14*
R26(6) 192 153 187 320 0.00 0.63
R27(6) 166 187 174 0.00 0.00 0.00
1SO5(5) 226 189 205 000 167 0.89

(*) Different means according to the Tukey test (a=0.05).
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4.1.6. Cellulase activity
Of the 23 isolates tested, 30% of the isolates grown at 25°C and at 28°C were able to
degrade the CMC present in the culture medium. Of the isolates cultured at 30°C, 34,78%
exhibited this characteristic. Isolate ISO5(5) presented activity when incubated at 28°C
and 30°C, while isolate R26(6) presented activity when incubated at 25 and 30°C (Table
1).

Isolate R24(6) presented EI>4, the highest observed, independently of the
incubation temperature. However, this index did not differ significantly from the index
presented by isolates 4(1) and R19(6) incubated at 28°C and 30°C, and from that one
obtained for isolate R18(6) at 30°C.

4.1.7. Gelatinase and catalase activity
Gelatinase activity was observed for an increasing number of isolates with increasing
incubation temperatures (from 25°C to 30°C). The enzyme was produced by 8.69%
(isolates 15(3) and 26(3)), 26.08% (isolates 5(3), 15(3), S5 (1), R12(6), R21(6), R27(6))
and 34.78% (isolates 3(3), 15(3), 27(3), 6(4), 8(4), S5(1), R12(6), R26(6)) of isolates
grown at 25°C, 28°C and 30°C, respectively. For isolate 15(3), the production of this
enzyme was very efficient, being able to degrade gelatin at all temperatures stipulated. A
distinct behavior was observed for catalase, for which all isolates (100%) reacted with

hydrogen peroxide.

5. Discussion
Actinomycetes are characterized by the ability to produce a large variety of secondary
biologically active metabolites, such as vitamins, enzymes and antibiotics [6]. These

microorganisms or their enzymes have an array of biological, industrial and
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environmental applications, like polymer hydrolysis, synthesis of chemicals, soil
decontamination, biological control of diseases, and decomposition of organic matter.

The actinomycete isolates analyzed in the present study exhibited mean ElI
between 0.8 and 7.1, considering the three temperatures stipulated and the enzymes
investigated. According to Fungaro and Maccheroni [16], EI values above 1.0 indicate
enzymes with biotechnological potential. The hydrolysis of specific substrates by
actinobacteria presented higher mean EI values when incubation was carried out at 25°C,
while the highest number of isolates presenting activity was observed when incubation
was conducted at 30°C. This may be due to the different nutritional and environmental
demands of each isolate has concerning the optimal conditions to produce a given enzyme
or other secondary metabolites. Variation in the production of enzymes by actinobacteria
was reported by Duarte [17] in a study that found that temperature changes in the
incubation of actinobacteria in the soil interferes with the capacity to produce enzymes,
which is specific in terms of enzymatic activity. The author also observed that, except for
gelatinase and lipase, the enzymatic activity amylase, caseinase, pectinase and cellulose
were detected in a wide range of temperatures (25°C to 40°C). The results of the present
study confirm this variation, showing that the hydrolysis of different specific substrates
is associated with incubation conditions. In this sense, the mesophile or thermophile
character and the niche of isolates has to be considered in this kind of investigation.
According to Gomes et al. [18], there is a narrow relationship between the niche taken by
a microorganism and its intra- and extracellular enzymatic profile.

The hydrolysis of starch, the most important organic compound in terms of energy
storage, formed by two glucose polymers (amylose and amylopectin), was observed for

100% of isolates grown at three temperatures in the present study (Fig. 1). The occurrence
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of amylase in actinomycetes is commonly observed in Nocardia and Streptomyces [19].
Our results are similar to the findings by Karanja et al. [20] who observed the amylolytic
hydrolysis with EI between 3.4 and 5.2 for all Streptomyces species isolated from soils in
Kenya. Ayhsa et al. [21] reported an EI of 1.2 for Actinomyces pyogenes. The hydrolysis
of this substrate by actinobacteria was also reported by Rodrigues [22], who analyzed the
production of extracellular enzymes by 188 actinomycete isolates, observing a
predominance of the genera Nocardia, Nocardiopsis, Streptomyces and Terrabacter in
the hydrolysis of starch. Sousa et al. [23], in a study on the role of Streptomyces isolates
in the growth promotion of plants and in the biological control of phytopathogens,
observed that the isolates investigated produced amylase, lipase and catalase.

Pectinases are present in plants and microorganisms, such as bacteria, yeasts and
filamentous fungi [24]. These enzymes are used mainly in the juice, food [25] and paper
[26, 27] industries. These enzymes are important for plants, since they play an important
role in cell wall extension [28], infections [29], apart from helping in the maintenance of
ecological balance due to their ability to decompose and recycle plant waste. In the
present study, 90.30% of isolates hydrolyzed citric pectin, with the highest El observed
for actinomycetes grown at 25°C (Fig. 2). Duarte [17] observed similar results in a study
that evaluated the hydrolysis of citric pectin by actinobacteria isolated from soil, with a
direct relationship between the rise in temperature from 25°C to 30°C and the drop in the
number of isolates that produced the enzyme. In a study that characterized the production
of pectinases by Penicillium oxalicum, Santi [30] observed that the optimal temperature
for the production of polygalacturonase was 32°C, while for pectin lyase and
pectinesterase optimal values were observed at 28°C. According to Gummandi and Panda

[31] the presence of several pectins in plant cells requires microorganisms to produce
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pectinases with different mechanisms of action to degrade these compounds. Considering
that endophytic bacteria used in the present study are mesophiles and that the pectin lyase
degrades specifically the citric pectin, it is possible to suggest that the lyase in these
isolates acts in the production of this enzyme at an optimal temperature of 25°C.

Cellulose is the most abundant polysaccharide in the plant biomass, accounting
for between 20% and 50%, and is degraded by several enzymes produced by a number of
microorganisms, such as cellulases [32, 33]. These microorganisms play an important
role in the decomposition of organic matter, mineralization of nutrients and in the
promotion of plant growth. They also may act as agents in the biocontrol of some
phytopathogenic Oommyecetes, like Phytophtora and Pytium, whose cellulose content in
cell wall is between 17% and 35% [34].

Here, 26.08% of endophytic actinobacteria collected from tomato plants produced
cellulases, independently of incubation temperature (Table 1). It is known that
actinobacterium isolates from compost piles produced cellulases when incubated at
temperatures between 35°C and 37°C [35, 22]. Similar results were obtained by Sousa et
al. [23] in studies that observed a high number of actinobacteria (over 95%) able to
produce cellulases by hydrolysis of microcrystalline cellulose in the medium, when
incubation temperature was 28+2°C. Therefore, the detection of a low number of
endophytic actinomycetes (8) isolated from tomato plants that were able to degrade
cellulose in the present study may be linked to the use of CMC, a specific substrate, and
to incubation temperatures (25°C, 28°C, and 30°C). It is possible to speculate that these
isolates may show a better result for CMC hydrolysis when incubated at higher
temperatures, since the number of isolates producing cellulase increased with temperature

(Table 1) or more that CMC was not a good substrate for these isolates, some other assays
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must be done using different substrates in order to confirm this behavior of the isolates.
Schrempf and Walter [36] observed that Streptomyces reticuli produces cellulases only
when grown in microcrystalline cellulose, and that growth in glucose, glycerol or CMC
inhibits the production of these enzymes, which present optimal activity at 55°C and
neutral pH. Li et al. [37, 38] reported the production of cellulases by Streptomyces spp.
that present excellent activity at the 50°C-55°C temperature range. Streptomyces rochei
produces endoglucanases and B-glycosidase when grown at 42°C [39].

Of the Streptomyces species isolated by Ramirez and Coha [40], 92% presented
cellulolytic activity in CMC in filter paper. Wirth et al. [41] analyzed 39 Streptomyces
isolates, 11 degraded pure, amorphous or crystalline cellulose, 11 degraded colloidal
forms but did not hydrolyze native and crystalline cellulose, and only 17 isolates were
able to hydrolyze CMC. Similar results were observed by Wachinger et al. [42] in a study
that analyzed 160 isolates: 100% hydrolyzed soluble cellulose, but only 15% hydrolyzed
microcrystalline cellulose.

In the present study, of the 23 tested isolates to detect the production of lipases
and esterases, over 91% were able to degrade long-chain and short-chain esters at a 25°C-
30°C temperature range. These results confirm the findings by Rodrigues [22] in a study
that investigated actinobacteria from a compost pile. Lipases (olive oil) and esterases
(Tween 80) were produced by 44% and 88% of isolates, respectively. In another study on
soils impacted with oil-derived hydrocarbons but without history of contamination with
hydrocarbons, the production of lipase and esterase by actinomycetes isolated from the
soil was higher than 80%, while the actinomycetes isolated from contaminated soils
presented hydrolysis rate 10% higher from the results obtained with the actinomycetes

from the non contaminated soil [17].
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The biotechnological potential of Streptomyces to produce lipases and esterases
was also reported by Karanja et al. [20]. The authors reported maximum EI of 4.2 and of
5.3for the hydrolysis of Tween 20 and Tween 80, respectively. Here, the results obtained
are more promising, with mean EI for lipases and esterases of 7.6 and 3.7, respectively,
while for Tween 20 maximum hydrolysis observed was El of 16, higher than that
observed for the detection of Tween 80 by esterases (EI = 7) (Fig. 3 and Fig. 4).

The production of lipases and esterases is a typical characteristic of several
microorganisms, and is influenced mainly by growth conditions. In the present study,
isolates R18(6) and 3(3) were not able to degrade lipases and esterases, respectively.
These results may be linked to the narrow incubation temperature range and/or specificity
of substrates used. Some authors claim that these enzymes are substrate-specific and,
thus, their activities vary with the triacylglycerol composition of oils used [43, 44].
According to Vieira [45], olive oil contains high levels of oleic acid (63%), a substrate
preferentially degraded by lipases.

Esterases play an essential role in the synthesis of some clinically important
medical drugs. Esterases produced by Trichosporon brassicae and other microorganisms,
such as Rhodococcus spp. and Bacillus circulans may produce large amounts of
compounds with therapeutic applications. Esterases produced by Pseudomonas spp.
produce drugs with anti-inflammatory properties, like ibuprofen [46]. For Biely et al.
[47], the hydrolysis of ethylene glycol and the hydrolysis of aspirin can be carried out by
Streptomyces lividans.

In a study that characterized endophytic bacteria, isolated from plants of the
Cerrado biome, presenting potential use in bioremediation, the most commonly detected

isolates (Bacillus cereus, Staphylococcus pasteuri and Pseudomonas spp.) were able to
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promote plant growth and to degrade esterases, B-glucosidases, amylases and proteases.
In the present study, protease detection based on casein and gelatin hydrolysis varied with
the substrates used. The presence of caseinase was confirmed for 65.21% of the
endophytic bacteria incubated between 25°C and 30°C. Except for isolate 5(3), the other
isolates presented EIl higher than 1.0 but lower than 3.0 (Table 1). These results were
lower than those obtained by Karanja et al. [20], who observed EI values between 3.0 and
7.4 in the proteolytic hydrolysis of low-fat milk by Streptomyces isolates incubated
between 27.5°C and 32.5°C.

Azeredo et al. [48] reported that Streptomyces isolated from soil in the Cerrado
biome were able to hydrolyze gelatin, casein and bovine albumin, which is commonly
observed in these microorganisms. In the present study, 34% of isolates hydrolyzed
gelatin when grown at 30°C, while only 17.39% presented activity when incubated at
25°C or 28°C (Table 1). These values are lower than those found by Rodrigues [22] who
observed the hydrolysis of gelatin by 40% of actinobacteria incubated at 35°C. Goshev et
al. [49] observed similar results for thermophile actinomycetes, whose proteolytic activity
fell when the temperature rose from 60°C to 70°C.

Catalase was produced by all isolates used in the present study, independently of
incubation temperature. In a previous study, Sousa [23] observed that all Streptomyces
isolates produced lipase, amylase and catalase, which play important roles in growth
promotion and biological control of plant diseases. Some actinomycetes, like
Streptomyces coelicolor, produce three different catalases [50] as a protection mechanism
against osmotic and oxidative stress. The most important (catA) is induced by hydrogen
peroxide.

Here, some of the actinobacteria tested were proven to be potential producers of
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extracellular enzymes; however, only isolate R26(6) was able to hydrolyze all substrates
used. Catalase, lipase, esterase, pectinase and starch were produced by a considerable
number of isolates (86.95%), which exhibited mean EI between 2.9 and 7.5 Still, only a
few isolates degraded casein, carboxymethylcellulose and gelatin. Actinobacteria play an
important role in the sustainability of ecosystems in the natural environment. These
organisms, due to the ability to produce antibiotics and several enzymes, have a wide
array of industrial applications. The high efficiency and selectivity of reactions they
catalyze are important features in industrial processes, which make these microorganisms
an attractive choice, fostering further investigations in the attempt to find new sources of
actinomycetes. In this sense, the results obtained in the present study underline the
biotechnological potential of some of these isolates, and may add to the development of

new, efficient industrial processes in sectors these microorganisms are useful.
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1. Abstract
Actinobacteria secrete substances that limit or inhibited the growth of phytopathogenic
fungi and may be used in the biocontrol of these microorganisms. This study evaluated
the physiological and enzymatic activity of tomato plant endophytic actinobacteria and
their inhibition of Bipolaris sorokiniana based on the production of secondary
metabolites. Their efficiency to colonize wheat seedlings was also assessed. Antibiosis
was analyzed using the double-layer method, the agar well diffusion test, volatile
metabolites, chitinase, glucanase, siderophores, indole-3-acetic acid, nitrogen fixation,
phosphate solubilization and root colonization. Isolates with the highest antifungal
potential were used to optimize the production of active compounds in submerged culture.
Enzymatic and physiological activities were evaluated at different incubation
temperatures. A significant number (69.6%) of actinobacteria presented antifungal
activity against at least one B. sorokiriana isolate. Of these, 17% produced a crude extract
with inhibition halos over 2 cm. The highest production of bioactive metabolites was at
30°C after 72h of incubation. The four isolates selected produced volatile compounds,
chitinase, glucanase, siderophores, and exhibited nitrogen fixation, produced indole-3-
acetic acid and root colonization. Only one isolate was not able to solubilize phosphate.
The results obtained indicate that the isolates selected have good biocontrol potential and

may be tested in vivo.

Keywords: Antagonist actinobacteria, antifungal activity, biocontrol, spot blotch, lytic

enzymes.
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2. Introduction

Wheat is the main cereal used in human nutrition. However, the species is
susceptible to an array of phytopathogens. These microorganisms cause considerable
damage to wheat plantations, reducing yields and increasing the need to use fungicides,
which in turn selects resistant strains and increases production costs. Synthetic fungicides
currently used pose a considerable health hazard to animals, man and the environment,
mainly due to the low specificity of these compounds.

Several diseases affect wheat cultures. One of the most relevant is caused by
Bipolaris sorokiniana Sacc (teleomorph Cochliobolus sativus, Ito & Kurib.), a
hemibiotrophic fungus. The phytopathogen is the causal agent of spot blotch, one of the
most damaging diseases in wheat, which causes losses of between 20% and 80% in yields,
apart from other diseases in gramineous species [1]. The fungus attacks all organs of the
plant, from the stem to the head, and disseminates through the remains of previous
harvests and host plants and seeds [2]. Depending on how favorable are the conditions,
the disease occurs throughout the culture cycle.

Fungicides have been recommended to prevent the losses caused by the pathogen,
to treat both seeds and to fight the disease already established in the plantation [2]. The
difficulty to control spot blotch is worsened by the wide distribution of B. sorokiniana,
its high genetic diversity and the association it forms with several host plants. In light of
the need to develop economically viable control alternatives that are less aggressive to
human health and to ecosystems, these factors have prompted the development of new
methods, like biocontrol.

Biocontrol is based on the use of beneficial microorganisms and is considered an

important, technically justified alternative. It maintains balance in agricultural



87

ecosystems, protecting hosts against significant damage caused by phytopathogens [3].

In this regard, actinobacteria have been indicated as potential biocontrol agents
against plant diseases. Several researchers have described the in vitro and in vivo activities
of these microorganisms [4,5,6]. Several are their action mechanisms, which include
parasitism of hyphae and lytic enzymes [7], competition with pathogens [9], production
of antibiotics [10], of siderophores [4] and pesticides [11]. A previous study discovered
that endophytic Streptomyces may promote the growth of plants, increasing nutrient
assimilation and the production of secondary metabolites [5].

In this scenario, the present study evaluated the physiological and enzymatic
activity as well as the capacity of endophytic bacteria isolates to suppress B. sorokiniana
based on the production of secondary metabolites. The efficiency of these isolates in the

colonization of the roots of wheat seedlings was also assessed.

3. Material and methods
3.1.  Microorganisms
Twenty-three actinobacteria were obtained from the roots of tomato seedlings
(Lycopersicon esculentum). Twenty-two B. sorokiniana isolates from different Brazilian
regions were provided by EMBRAPA — Passo Fundo, RS, Brazil. All biological material
used in this study has been deposited in the collection of the Environmental Mycology

Laboratory, DMPI, ICBS, UFRGS, RS, Brazil.

3.2.  Antifungal activity
The antifungal activity of the 23 actinobacteria selected was assessed using 22 B.

sorokiniana isolates. Actinobacteria were inoculated using the spot method in starch
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casein agar (SCA) medium (10 g starch, 0.3 g casein, 2.0 g KNOs, 2.0 g NaCl, 2.0 g
K2HPOj4, 0.05 g MgS04.7H20, 0.02 g CaCOs, 0.01 g FeSO4.7H20, 15.0 g agar, distilled
water to complete 1L) and incubated at 28°C for 7 days. After, the antibiosis of
actinobacteria against B. sorokiniana isolates was assessed using the double-layer agar
method. In this evaluation, 10 mL potato dextrose agar (PDA) was melted and inoculated
with a B. sorokiniana suspension (10° spores/mL), poured on actinobacterium colonies
and incubated at 28°C for 4 days. The essay was carried out in triplicate. Antibiosis was
determined by mensuration of two directions halos and colonies. Antibiosis index (Al)
was determined as the ratio halo/colony, that is, the mean difference in halo diameter and

colony diameter [41].

3.3.  Production of antifungal compounds in submerged culture

Endophytic bacteria that exhibited a wide activity spectrum in the double-layer
assay were chosen to optimize growth conditions in liquid medium.

Actinomycetes were inoculated in 250mL conic flasks containing 50mL starch
casein broth (CS) and incubated at 20, 25, 28, 30 and 40°C for 48 h under standardized
shaking and aeration conditions (115 rpm). The pre-inoculum obtained was used in the
assay. After, an aliquot containing 10% (v/v) of the pre-inoculum was transferred to new
flasks containing 50mL CS broth and incubated under the same conditions described
above, for 7 days. Then, 1mL aliquots were retrieved from each flask at 24h intervals,
transferred to microtubes and centrifuged at 13,000 rpm for 10 min. The supernatant was

transferred to a new tube. This crude extract was used in the antifungal activity assay.
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3.4.  Antifungal activity of the crude extract

The antifungal activity of the crude extract was assessed using the agar well
diffusion test, for actinomycetes isolates that showed higher Al (>2.0 cm) against at least
one pathogen isolated from the double-layer. Pre-inoculums of these isolates were
multiplied under the conditions previously determined in the optimization assay for the
production of compounds. In this assay, five B. sorokiniana isolates (98004, 98012,
98032, 98040 and 98041) were used to assess antifungal activity. These isolates were
selected based on the results obtained in virulence (chapter 1) tests done before by our
research group. The first three isolates were more aggressive to leaves and coleoptile,
while the others were more harmful to seeds.

Petri dishes containing PDA medium were inoculated with 200 pL of a suspension
containing 1 x 10® spores/mL of each test isolate. A metal cylinder (9 mm in diameter)
was used to punch wells in the PDA medium. A 100uL aliquot of the crude extract
produced by actinomycetes was transferred to these wells. Dishes were incubated at 4°C
for 18 — 20h to ensure metabolite diffusion and then incubated at 28°C for 4 days in the
dark. Then, antifungal activity was determined measuring halos (in two directions,
expressed as cm). The assay was carried out in duplicate, and the procedure was repeated

for each of the different temperatures.

3.5.  Pairing of cultures and volatile compounds

Actinomycete isolates were tested against B. sorokiniana using the pairing of
cultures in dishes containing PDA and with overlapping dishes. Pairing of cultures was
carried out to analyze the direct antagonic action of actinobacteria against B. sorokiniana.
The overlapping dishes technique was used to observe the production of volatile

compounds produced by actinobacteria, which may influence the growth of
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phytopathogens [13]. Dishes were inoculated according to each test and incubated at 28°C
in the dark.

The pairing of cultures was assessed after a 7 days incubation period. Antagonic
activity of actinobacteria was determined as the distance between the edges of the
antagonist colony and the phytopathogen. Production of volatiles was recorded after 192h
and 336h of incubation based on the growth of fungal mycelia. Fungal growth inhibition
(%) was calculated using the formula (R1 — R2/R1) x 100, where R1 is the radial growth
of the fungus with no exposure to actinobacteria, and R2 is the radial growth of the fungus
inoculated with the actinobacterium. All experiments were carried out in triplicate.

3.6. Enymatic and physiological characterization

Actinomycete isolates were tested for their capacity to solubilize siderophores,
hydrolyze chitinases and B-1,3-glucanase, produce siderophores and indole-3-acetic acid
(IAA) and to fix nitrogen. Except for the production of IAA, which was determined only
at 28°C, all other assays were carried out at 15, 28 and 30°C. All assays were carried out
in triplicate and the data obtained were analyzed using the analysis of variance and the
Tukey test (o = 0.05) for comparison of means in the software SASM-Agri [14], when

necessary.

3.7.  Production of chitinase and f5-1,3-glucanase

The production of chitinase (EC3.2.1.14) and B-1,3-gluganase (EC 3.2.1.39) by
actinomycetes was detected based on a previous study [15]. Actinomycetes were grown
in minimum salt medium [16] supplemented with 0.08% chitin and 0.5% laminarin,
respectively, as single carbon source. After 14 days of incubation, chitinolytic activity of

isolates was measured based on the visualization of a hyaline hydrolysis zone around
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colonies. The formation of yellow to orange zones (developed using congo red) around
colonies indicates the hydrolysis of B-1,3-glucane. Al was determined as described above.
3.8. Phosphate solubilization

The phosphate solubilization assay was carried out as described elsewhere [17].
Actinomycete isolates were previously grown in NBRIP solid medium (National
Botanical Research Institute’s phosphate growth medium devoid of yeast extract). Then,
isolates were inoculated using the spot method and incubated for 21 days. The evaluation
was determined based on the presence (phosphate solubilizers) or absence of halos under

the colony growth.

3.9.  Production of siderophores

The production of siderophores by actinomycetes was assessed as previously
described [18]. Isolates were inoculated using the spot method in trypticase soy agar
(TSA) 1/10 supplemented with chrome-azurol S complex
([CAS/iron(ll)/hexadeciltrimethyl ammonium bromide]. Dishes where inoculated for 14
days. The positive reaction for isolates that are able to produce siderophores was signaled

by the formation of a yellow halo around colonies grown in a blue-green medium.

3.10. Production of indole-3-acetic acid (IAA)

Production of IAA by actinobacteria was assessed as described elsewhere [19].
Isolates were inoculated in TSA 10% supplemented with tryptophan 5mM and incubated
at 28°C for 14 days under standardized shaking and aeration conditions. After, cultures
were centrifuged and 2mL of the supernatant was transferred to test tubes containing 1

mL Salkowski reagent [19]. The mixture was incubated at 28°C for 30 min in the dark.
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The evaluation was carried out in a spectrometer at 530nm [20]. IAA was determined

(ug/mL) preparing a calibration curve with different concentrations of synthetic IAA (0,

1,2,3,6,10and 16 pg/mL).

3.11. Nitrogen fixation

Nitrogen fixation by actinomycete isolates was assessed as described in the
literature [21]. Samples were inoculated using the spot method in semisolid NFb medium
(biological nitrogen fixation) and incubated at 25, 28 and 30°C for 14 days. Positive

reaction was indicated by the presence of a halo in the culture medium [21].

3.12. Invitro colonization of wheat seedling roots by actinomycete isolates

Seeds of wheat cultivars BRS Buriti and BRS Camboata were submitted to surface
disinfection and then microbiolization. Seeds were immersed in separate suspensions
containing propagules of the four actinomycetes chosen with shaking for 4h at 25°C.
Suspensions were prepared growing microorganisms in ACA medium for 10 days at
28°C. After, cultures were washed in saline 0.85% to release bacterial propagules. The
solution was collected and concentration was adjusted to Ass = 0.50.

After microbiolization, two seeds of each wheat cultivar were transferred to tubes
containing agar-water (0.8%). The tubes were incubated at 25°C under 12h photoperiods
for 7 days. Colonization of roots of wheat seedlings by actinomycetes was assessed as
described in the literature [23]. The presence of actinomycetes in roots was sliced in 2-
3cm long fragments and placed on ACA and BDA culture media.

The experimental design of this totally randomized as five repeats, with four

actinomycete isolates, two wheat cultivars (BRS Buriti and BRS Camboata). Uninfected
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seeds immersed in saline were used as negative control, while tomato seeds submitted to
microbiolization with actinomycetes were used as positive control.

4. Results
4.1.  Antifungal activity

All actinomycete isolates inhibited at least one B. sorokiniana isolate (Fig. 1). The
data reveal a wide variation in Al means, with the lowest value below 0.5 for isolates
26(3), R24(6) and 2(1), and above 2.0 for isolaets 6(40), R18(6), 6(2) and 15(3).

Of the 23 actinomycetes tested, 69.9% presented antifungal activity, with Al of or
above 2.0, against at least one B. sorokiniana isolate. Actinomycetes 6(4), 6(2), R18(6),
15(3) and 16(3) presented activity against at least 50% of the B. sorokiniana isolates,
which represents growth inhibition values of 86.4%, 77.3%, 59.1% and 54.5%,

respectively (Fig. 1).
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Fig. 2. Antifungal activity of 23 actinomycetes against 22 Bipolaris sorokiniana isolates
from different Brazilian regions, in the double-layer method. Results are expressed as

antibiosis index (Al).
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The other actinomycete isolates that exhibited inhibition potential [27(3), S5(1),
8(4), 24(3), 1SO5(5), 5(3), 3(3), R11(6), R27(6), R21(6) and R26(6)] inhibited the growth
of no more than 45% of the B. sorokiniana isolates (10), with Al between 4.5% and
45.5%. Isolates 2(1), 4(1), 26(3), R12(6), R19(6) and R24(6) presented the worst

inhibition results (Fig. 1).

4.2. Production of antifungal compounds in submerged culture

The double-layer method revealed that isolates 6(2), 6(4), 15(3), 16(3) and R18(6)
presented high capacity to suppress the growth of B. sorokiniana. Of these, isolates 6(2),
6(4), 16(3) and R18(6) were selected to determine the optimal conditions of active
compound production in submerged culture. The antifungal activity of crude extracts was
evaluated against B. sorokiniana isolates 98004, 98012, 98032, 98040 and 98041.

The results show that isolates (2), 6(4) and 16(3) produced the highest amounts of
active metabolites against B. sorokiniana at 30°C and 72h of incubation in submerged
culture. The same was observed for isolate R18(6), but at 20°C and 25°C, and 168h and
72h of incubation, respectively (Fig. 2). Under these conditions, inhibition zones of the
first three isolates were 3.3cm, 3.7cm and 3.4cm, respectively. In turn, for isolate R18(6)
inhibition zones were approximately 2.1 cm in diameter. On the other hand, this isolate
presented the lowest variation in inhibition activity across all temperatures and periods
stipulated.

Fig. 2A shows that isolate 6(2) produced active compounds at all incubation times
and temperatures. At 40°C, only isolates 16(3) and 6(4) presented inhibition halos, after
48 h and 120 h of incubation, respectively (Fig. 2B, 2C). However, isolate 16(3), when
grown at 20°C, exhibited antifungal activity only when incubated for 96h and 168h, while

the other crude extracts obtained at all conditions stipulated exhibited antifungal activity
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in submerged culture at different incubation times and temperatures. A: Isolate 6(2); B:

Isolate 6(4); C: Isolate 16(3); D: Isolate R18(6). *Statistically significant means in the

Tukey test (.= 0.05).

4.3.

Antifungal activity of the crude extract

According to obtained results of the production assay of antifungal compounds

produced by actinomycetes in liquid cultures, the growth occurred from 72 to 120 h and

variations were observed in tested temperatures (Figure 2). Due to this fact, the crude

extract of the 16 actinobacterias isolates that presented > 2 cm activity against at least one

phytopathogen isolate in double layer assay were submitted to antifungal test.



96

Analyzing the results, all crude extracts of 16 actinobaterias isolates in liquid
cultures at 20, 25, 28 and 30°C presented phytopathogen inhibition capacity (Figure 3).
The average number of actinobacterias isolates with capability to suppress the growth of
five B. sorokiniana isolates increased with temperature rising (from 3.8 isolates at 20°C
to 14.4 at 30°C).

On the other hand, in evaluation of antifungal activity of crude extract, isolates
16(3), 6(4), 6(2) e R11(6) presented activity above 2 cm when submitted to different
temperatures (25°, 28° and 30°C). The 16(3), 6(4), 6(2) isolates revealed significant
average activity for at least one of these temperatures (Figure 3). Moreover, the 16(3) and
6(2) were the only ones to inhibit the five B. Sorokiniana isolates in all temperatures
tested. When incubated at 25° and 28°, the 16(3) isolate, demonstrated the highest average
antifungal activity; the 6(4) isolate revealed significant activity against phytopathogen at
25° and 30°C. The other two isolates that presented significant inhibition averages were

6(4) and R26(6) at 20° and 30°C, respectively.
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Fig. 4 Antifungal activity (cm) of the crude extract of 16 actinomycetes against five
isolates of B. sorokiniana isolates, under different incubation temperatures. *Statistically

significant means in the Tukey test (a = 0.05).

The 6(2), 6(4), 16(3) e R18(6) isolates were selected to antifungal assays, due to

high capacity for active metabolites production in solid medium and liquid culture.

4.4, Pairing of cultures and volatile compounds

The results of the antibiosis assays carried out by direct comparison of two
cultures show that isolates 6(2), 6(4), 16(3) and R18(6) suppressed the development of
five B. sorokiniana isolates (98004, 98012, 98032, 98040 and 98041). Antifungal activity
was observed as the formation of an inhibition area > 2 c¢m, between the edge of the

colony of the actinomycete and the edge of the colony of the phytopathogen (Fig. 4).
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Fig. 4 Pairing of actinomycetes cultures [6(2), 6(4), 16(3) and R18(6)] with Bipolaris

sorokiniana cultures (98004, 98012, 98032, 98040 and 98041), showing the formation of

an inhibition area.

The bioactive volatile compounds produced by the four actinomycete isolates
showed increased or decreased the development of the fungal mycelium of B. sorokiniana
(Table 1), depending on the antagonist and on the phytopathogen isolates and on the
exposure time to the metabolites.

Bipolaris sorokiniana isolates were more susceptible to the presence of these
volatile compounds produced after 336 h of incubation, with reduced mycelial growth of
all isolates. This decrease became more intense, from 4.16% (first evaluation, 48h of
incubation) to 15.66% (the last evaluation, 336 h of incubation) (Table 1). The exception
was R18(6), which exhibited low inhibition percentage (2.47%) after 336h of incubation,
though this actinomycete actually favored the development of B. sorokiniana mycelia,
with negative inhibition between incubation times of 96 h and 264h.

Volatile compounds produced by isolate 16(3) promoted the largest radial increase

in fungal mycelia (15.66%) after 264h of incubation (Table 1).
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Table 1 Inhibition of Bipolaris sorokiniana isolates growth (%) by volatile compounds

produced by actinomycetes.

Incubation time (h)

(%) by actinomycete isolates

Inhibition of mycelial growth of B. sorokiniana

6(2) 6(4) 16(3) R18(6)
48 4.16 7.54 8.19 0.65
96 4.74 9.38 14.75 -3.37
144 6.26 1237  13.65 -3.24
192 0.14 12.44  14.79 -2.14
264 8.32 1410  15.66 -0.26
336 11.54 1478 13.04 2.74

4.5.  Chitinase and glucanase activities

The production of chitinase and B-1,3-glucanase by actinomycetes was observed

as the hydrolysis of the specific substrate present in specific growth media. The four

isolates tested inhibited the two enzymes at 25°C, 28°C and 30°C. The highest hydrolysis

rate was observed for isolate 16(3), both against chitinase and glucanase (Figure 5).
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4.6.  Physiological activity

The four isolates were able to fix nitrogen and produce siderophores in at least
one of the temperatures they were grown at. The lowest siderophore production was
detected for isolate 16(3), and only at 25°C. Similarly, nitrogen fixation by isolates R18(6)
and 6(2) was observed only at 28°C and 30°C, respectively (Table 2).

Phosphate solubilization in solid medium showed that isolate R18(6) did not
convert atmospheric nitrogen into ammonia, at any of the temperatures stipulated.

However, the other isolates exhibited this characteristic at all temperatures (Table 2).
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Table 2 Physiological activity (phosphate solubilization, siderophore production,

nitrogen fixation) of actinomycete isolates grown at different incubation temperatures.

Phosphate Siderophore
Actonomycete Nitrogen fixation

solubilizaion production

isolates
25°C 28°C 30°C 25°C 28°C 30°C 25°C 28°C 30°C

6(2) + + + - +++ ++ - - +
16(3) + + + + - - + + +
6(4) + + + - ++ ++ + + +
R18(6) - - - - ++ - - + -

- Isolate with no activity; + Isolate with positive activity and siderophore production and H/C > 1; ++

Isolate with positive activity and H/C < 1 > 3; Isolate with positive activity and H/C 3 <.

4.7.  Production of indole-3-acetic acid

All actinomycetes incubated at 28°C for 7 days synthesized high levels of auxins,
with no statistically significant differences. IAA production oscillated between
337.76pg/mL by isolate 6(4) and 32.78ug/mL by isolate R18(6). Isolates 16(3) and 6(4)

synthesized 33.58 pg/mL and 33.76 pg/mL of IAA, respectively (Table 2).

4.8.  Colonization of roots of wheat seedlings

Roots of wheat seedlings of the two cultivars microbiolized with isolates 6(2),
6(4), 16(3) and R18(6) and placed in agar-water 0.8% were colonized. The presence of
the actinomycete in the root system was observed as the turbidity of the medium along
roots, which characterizes bacterial growth. The confirmation of the presence of
actinomycetes colonizing the rhizosphere was obtained by growth of isolates in ACA and

ISP2 media.
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5. Discussion

Actinomycete populations are important components of the endophytic and
rhyzospheric microbial community of several higher plant species. The production of
antibiotics or other toxic metabolites by these microorganisms has been widely reported
as a biocontrol tool against plant diseases [14, 25]. Additionally, endophytic Streptomyces
may improve the agricultural production, reducing the impact of root and crown rot [26].

Of the endophytic actinomycetes investigated in the present study, 69.6%
presented significant inhibitory activity against B. sorokiniana in the double-layer assay.
Of these, isolates 6(2), 6(4), 16(3) and R18(6) were able to maintain high antifungal
activity when grown in submerged culture, as well as in the pairing of cultures in solid
media. These results are higher than the findings reported in the literature for the
inhibition of 6.5% of the fungi Alternaria solani, B. sorokiniana Fusarium. oxysporum
fsp. lycopersiccom, Gerlachia oryzae, Seclerotinia sclerotiorumaa, Verticillium
alboatrum and Rhizoctonia sp. with endophytic bacteria [5]. In a previous study that
analyzed 191 actinomycete isolates against Colletotrichum gloeosporioides, only six
inhibited fungal development by 100%.

In a previous study, the largest inhibition zones in the growth of C. sativus by
Chaetomium globosum was 6.3 mm in the pairing of cultures [28]. The authors discovered
that the filtered cultures of this antagonist reduced the pathogen’s growth by between
19.6% and 100%. In the present work, the crude extracts of actinomycetes inhibited the
growth of B. sorokiniana, forming inhibition zones of up to 3.7cm in diameter. Similar
results were reported in another study, in which antibiosis zones produced by filtered
Streptomyces cultures reached 39mm in diameter, against Gram-positive and Gram-

negative bacteria [29]. Similar results were reported for the inhibition of Staphylococcus
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aureus, Candida albicans and Micrococcus luteus, with inhibition zones larger than
25mm in diameter [30].

The optimal conditions of metabolite production in submerged cultures are
determined by temperature. It is known that optimal growth temperature ranges are wide,
of roughly 25°C, while optimal temperature for the production of secondary metabolites
lies in a narrow interval, of 5°C to 10°C [31]. In the production of streptomycin by
Streptomyces griseus, an increase of 1°C leads to a 80% drop in antibiotic production
[32]. However, here isolate 6(2) produced antifungal compounds against B. sorokiniana
throughout the incubation period (168 h). This flexibility in antifungal activity has also
been demonstrated by the presence of inhibition halos at 20°C, 25°C, 28°C and 30°C.

The optimal production of secondary metabolites in submerged culture by
Streptomyces isolates occurs after 240h of incubation at 27°C, with the formation of
inhibition zones larger than 25 mm in diameter [3]. A previous study has shown that the
mean production times of metabolites with antimicrobial action was between 120h and
240h of incubation [31]. In the present study, the highest production of bioactive
compounds was observed at 30°C between 72 and 96h of incubation, with inhibition
zones between 3.4cm and 4.1cm in diameter. These results confirm the findings of
another study, where the highest production of antimicrobial compounds by Streptomyces
1S was between 48h and 120h after incubation at 28°C [33].

Antimicrobial action of isolate R18(6) had been reported against a wide spectrum
of important microorganisms in agriculture [5] and medicine [34,35]. This was confirmed
in the present study, which shows that this and the other isolates selected exhibited high
potential to inhibit de B. sorokiniana development, which causes spot blotch.

The volatile compounds produced by Streptomyces philanthi RM-1-138 isolated



104

from the rhizosphere soil of chili pepper suppressed the growth of the Rhizoctonia solani,
Pyricularia grisea, Bipolaris oryzae e Fusarium fujikuroi (52.85-100 %) [36]. Different
results were observed in this study, where the reduction of radial growth of the pathogen
was 14.78% shown by isolate 16(3) after 336h of incubation. The evolution of volatile
organic compounds by soil microorganisms has been associated to the promotion of plant
growth [37] and to the induction of systemic resistance in cultures [38], growth inhibition
[39], and germination of spores of pathogenic fungi [40].

Isolates 6(2), 6(4), 16(3) and R18(6), from the Streptomyces genus, were selected
between a set of 23 actinomycetes because they presented significant antifungal activity
in all tests they were submitted to. During the conduction of this study, these isolates
exhibited other properties often associated with biocontrol agents, such as the ability to
hydrolyze chitin and glucan, to produce siderophores and IAA, to solubilize phosphates,
to fix nitrogen and to colonize the rhizosphere of wheat seedlings. Additionally, these
isolates are efficient producers of several hydrolases, assessed in previous tests. Studies
have shown that the action of Streptomyces includes the inhibition of pathogens by the
production of antifungal compounds [7], the competition for iron in siderophore
production, and the production of hydrolysis enzymes, like chitinase and glucanase [41].

The four isolates tested presented high enzyme index (El) (>0.6) for the two
enzymes, chitinase and glucanase, at 28°C. A previous study has shown that EI higher
than 1.0 indicates the secretion of enzymes with biotechnological potential [42]. Also,
Streptomyces isolates prescribed for the control of white rot in coal and for the growth
promotion of plants have been shown to produce significant amounts of chitinase and of
B-1,3-glucanase [43]. Additionally, the production of chitinase and of glucanase was the

main mechanism associated with the biocontrol potential of Streptomyces viridodiasticus
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against Sclerotinia minor [41]. This was also reported in the control of Phytophthora
fragariae [44], Fusarium oxysporum [45] and other phytopathogens [46].

Microbial enzymes, especially chitinases, are highly important in biocontrol
strategies due to their ability (a) to degrade chitin (the main component of the cell wall of
most fungi), (b) to inhibit the germination of fungal spores and the elongation of the
germinative tube, and (c) to lyse hyphae [47].

The capacity of actinomycete isolates to produce siderophores, to fix nitrogen and
to solubilize phosphates has also been reported in a previous study [5]. The authors also
observed that IAA was produced by 72.1% of actinomycetes tested, while the 86.8%
solubilized phosphates and 16.2% produced siderophores.

Although several bacterial siderophores differ in their ability to sequester iron, as
a rule these structures deprive fungi of this essential element due to their higher affinity
[48]. Some bacteria that promote plant growth may go beyond, attracting iron of
heterologous siderophores produced by co-inhabiting microorganisms [49]. In this sense,
the microorganisms selected in the present study may play a beneficial role in plant
development, since growth promotion effects are also associated with the production of
IAA [4] and phosphate solubilization [50].

In spite of its importance, phosphate solubilization has been reported in a small
number of microorganisms [51]. However, the absence of detection does not mean that
the microorganism does not have this property. Rather, it may just indicate that the
methodology used to detect it is not the suitable. Here, isolate R18(6) did not solubilize
phosphate. Nevertheless, a previous study reported that it does indeed exhibit this
property [5]. This discrepancy may be explained by the fact that different methodologies

were used.
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In the rhizosphere soil, root exudates are the natural source of tryptophan for
rhizospheric microorganisms, which may increase the biosynthesis of auxin in this site
[4]. In the present study, all Streptomyces isolates colonized the root system of seedlings
of the two wheat cultivars used. This suggests the possibility that high levels of tryptophan
are present in wheat root exudates, which may enable the biosynthesis of high amounts
of IAA, as the efficient colonization of roots.

Several studies have investigated the antimicrobial and antifungal potential of
actinomycetes to test the use of secondary metabolites in the control of diseases caused
by phytopathogens. Here, actinomycete isolates were tested for the production of
extracellular metabolites often associated with biocontrol strategies, with excellent in
vitro results for four of these bacteria. Therefore, these Streptomyces isolates may be seen
as potential agents in the control of B. sorokiniana. However, further studies should be
carried out to obtain more conclusive results about the effectiveness of these

actinomycetes against spot blotch in vivo.
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1. Resumo

Trés actinobactérias caracterizadas em um estudo anterior foram
selecionadas em decorréncia do seu alto potencial de producdo de compostos
bioativos. Estes isolados apresentaram uma ampla atividade antifingica contra
Bipolaris sorokiniana e producao de inumeros metabdlitos de origem fisiologica
e enzimatica necessarios a um microrganismo biocontrolador. No presente
estudo, foi realizado a classificacdo taxondmica destes isolados de

actinobactérias e a caracterizagado parcial dos compostos bioativos presentes no


mailto:svands@ufrgs.br

115

extrato bruto produzido pelos mesmos. Para tanto, as actinobactérias foram
submetidas ao crescimento em cultura submersa para determinacao da curva de
biomassa e producéo de metabdlitos. Apds a obtencéo do extrato bruto, avaliou-
se a sua estabilidade frente a diferentes temperaturas, pHs, proteases e
concentracfes de EDTA. O extrato concentrado foi submetido a extracdo com
diferentes solventes organicos, purificacdo parcial em CCD, autobiografia. Os
resultados mostraram que os trés isolados pertencem ao género Streptomyces
no entanto a diferenciacdo de espécie nado foi determinada, desta forma os
isolados ficaram com as denominagdes Streptomyces 6(2), Streptomyces 6(4) e
Streptomyces R18(6). A maior producdo de biomassa ao final da fase de
crescimento, bem como a maior atividade antifiUngica ocorreu para o isolado 6(2).
Enquanto que, para o 6(4) e o R18(6), essa atividade foi observada na fase
estacionaria. O isolado R18(6) demonstrou elevada estabilidade frente a
temperatura (60% a 100°C), pH (88%), proteases (78%) e EDTA (90%), quando
comparado aos demais. A extracdo de metabdlitos do extrato bruto foi mais
eficiente com os solventes acetato de etila e hexano, enquanto que misturas de

solventes apresentaram maior eficiéncia na separacéo dos metabdlitos em CCD.

Palavras Chave: antibiose, controle biolégico, Bipolaris sorokiniana,

actinobacteria
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2. Introducéo

As actinobactérias sdo o grupo de microrganismos mais amplamente
distribuido na natureza. Estas tém sido especialmente Uteis para a industria
farmacéutica devido a sua capacidade, aparentemente ilimitada, de produzir
metabdlitos secundarios com diversas estruturas quimicas e atividades
bioldgicas. Milhares de tais compostos foram isolados e caracterizados, muitos
dos quais foram transformados em medicamentos para o tratamento de uma
ampla gama de doencas humanas, veterinarias e agricolas (Demain and
Sanchez, 2009).

Dentre 22500 compostos biologicamente ativos extraidos a partir de
microrganismos até o momento 45% sao produzidos por actinobactérias, 38%
por fungos e 17% por bactérias unicelulares (Demain and Sanchez, 2009).
Segundo Bérdy (2005) os Actinomycetales filamentosos produzem mais de 10
mil compostos bioativos, sendo que 7600 sdo derivados de Streptomyces e
2.500 de espécies de actinomicetos raros.

Metabdlitos secundarios microbianos representam uma grande fonte
de compostos dotados de complexas e harmoniosas estruturas e com potente
atividade biolégica. Segundo Tarkka and Hampp, (2008) os metabdlitos
secundarios de Streptomyces podem ser distribuidos em quatro classes de
acordo com a sua atividade bioldgica: (1) agentes antagdnicos (antibacterianos,
antifangicos, antiprotozoarios e antivirais); (2) agentes farmacolégicos
(antitumorais, imunomoduladores, agentes neurolégicos e inibidores de
enzimas); (3) agrobiolégicos, (inseticidas, fungicidas e herbicidas); e (4)

compostos com atividades de regulacao (fatores de crescimento, sideroforos ou
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agentes morfogénicos). Devido a estas e outras propriedades as actinobactérias
desempenham um papel importante no controle de patdgenos habitantes do solo
transmitidos as plantas (El-Tarabily et al., 2000), como fungos e bactérias
fitopatogénicas. Na cultura do trigo, por exemplo, o fungo Bipolaris sorokiniana
€ 0 agente causal da mancha marrom, morte de plantulas e ponto preto das
sementes, podendo causar reducdes no rendimento da producéo de 20 a 80%
(Mehta 1978; Hetzler et al., 1991). Para evitar as perdas causadas por este
patdgeno, o controle recomendado, em geral, € a utilizacdo de fungicidas, tanto
para o tratamento de sementes como para a doenca ja estabelecida na lavoura
(Reis & Casa, 2005).

Por outro lado, pesquisas com o objetivo de controlar doencas
utilizando microrganismos biocontroladores ou produtos do seu metabolismo tem
sido desenvolvida com o intuito de reduzir as perdas na producdo por acéo
destes agentes bem como a utilizacdo de produtos quimicos que causam a
resisténcia de fitopatbgenos e a contaminacdo ambiental, além de graves
problemas a saide do homem.

Em nossa busca continua por novos metabdlitos bioativos que
possam ser utilizados no controle de fitopatdogenos, os isolados de actinobactéria
endofitica 6(2), 6(4) e R18(6) apresentaram um bom potencial antifingico e
foram selecionadas entre vinte trés isolados de tecidos radiculares de plantas de
tomate (Oliveira et al., 2010). O presente estudo objetivou a caracterizagéo
parcial dos compostos bioativos presentes no extrato centrifugado produzido por

estes microrganismos e a classificacdo taxonémica destes isolados.
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3. Materiais e métodos

3.1. Micro-organismos

As actinobactérias foram obtidas a partir de raizes de plantas de
tomate (Lycopersicon esculentum), como descrito por Oliveira et al. (2010). Os
isolados de B. sorokiniana de diferentes regides do Brasil foram fornecidos pela
EMBRAPA - CNPT- Passo Fundo, RS, Brasil. Todo o material biologico
encontra-se depositado na colecdo da Micologia Ambiental do Departamento de
Microbiologia, parasitologia e Imunologia, localizado no Instituto Ciéncias

Basicas da saude da Universidade Federal do rio Grande do Sul.

3.2. Analise da sequéncia do 16S rDNA

A fim de confirmar a identificagdo morfolégica dos isolados, o DNA
gendmico dos isolados 6(2), 6(4) e R18(6) foi extraido de acordo com protocolo
descrito por Oliveira (2003). O DNA foi amplificado utilizando os primers pA e pF
de Edwards et al. (1989). As amplificacBes foram realizadas em um volume final
de 25 pL. Na mistura da reacéo continha: 10 ng de DNA molde, 1,5 mM de MgClz,
tampdo de reacdo 1 X 0,2 uM de cada oligonucleotideo, 0,3 mM de
desoxinucleotideo, 1 U de Taq polimerase (Platinum®Taq DNA Polymerase) e
agua Mili-Q estéril. As condices de amplificacdo foram adaptadas de Salamoni
et al. (2010): desnaturacao inicial a 94°C por 5 minutos e 35 ciclos: 94°C por
1min., 59°C por 1 min., 72°C por 2 min. e uma extensao final a 72°C por 10 min.
O produto da amplificagéo foi purificado com kit GFX (GE Healthcare) e
sequenciado em um sequenciador automatico no Laboratdrio de Biologia

Molecular da Universidade Federal de Ciéncias da Saude de Porto Alegre
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(UFCSPA). No sequenciamento foram utilizados seis oligonucleotideos internos
(Tabela 1). As sequéncias resultantes foram comparadas com todas as
sequéncias disponiveis no GenBank, utilizando o software BLAST do National
Center for Biotechnology Information (NCBI) (http://www. ncbi.nlm.nih.gov/). A
sequéncia foi alinhada utilizando software CLUSTAL. A arvore filogenética foi
construida usando MEGA 4.0 com o método neighbor joining. Analise de
bootstrap (1000 resamplings) foi utilizado para avaliar a topologia dos dados

neighbor joining.

Tabela 1 Relac&o de oligonucleotideos utilizados para caracterizacdo molecular
dos isolados de actinobactérias. Oligonucleotideos a partir da sequéncia parcial

do rRNA 16S de Streptomyces sp MTCC8377.

Oligonucleotideos  Sequéncia (5°>3’) Referéncia

pA sense AGAGTTTGATCCTGGCTCAG Edwards et al. (1989)
16S sense GGATGAGCCCGCGGCCTA Este trabalho

Strep 1F sense AAAGAGCTCGTAGGCGGCTTT Este trabalho

pF antisense ACGAGCTGACGACAGCCATG Edwards et al. (1989)
Strep 2F sense CCGTGTACAGGTGGTGCATG Este trabalho

Strep H antisense AGG AGG TGA TCC AGC CGC AC  Este trabalho

3.3. Estudo taxondmico
Os isolados de actinobactéria foram caracterizados morfologicamente
e bioquimicamente conforme descrito no Internacional Streptomyces Project

(ISP) (Shirling & Gottlieb 1966; Shirling et al. 1972; Williams et al. 1983a). A
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morfologia geral dos isolados foi determinada por microscopia de luz direta da
superficie de cultivos em meios ACA e ISP2 (Williams et al., 1983). As placas
foram incubadas a 28°C durante 7-10 dias. A cor da massa de esporos aéreos
das colbnias, cor do micélio, producdo de pigmentos e utilizacdo de fontes de
carbono como substrato foram determinadas de acordo com Shirling & Gottlieb
(1966) e Williams et al. (1983a). Testes de hidrdlise e a capacidade de crescer
em diferentes concentracfes de sal foram determinados de acordo com Williams
et al. (1983b) Producao de melanina foi detectada por crescimento dos isolados
em meio de ISP6 e ISP7 ((Shirling and Gottlieb, 1966). A ornamentacdo da
superficie de esporos foi observada por microscopia eletrénica de varredura,

apos 2 dias de incubacdo em meio agar nutriente.

3.4. Curvade producédo de metabolitos bioativos

Para determinar as condicfes de producdo de metabdlitos ativos,
foram selecionadas as actinobactérias com amplo espectro de atividade
antifngica em ensaios anteriores. Sendo assim, 10% de pré-indculo dos
isolados 6(2), 6(4) e R18(6) foram inoculados em frascos, Erlennmeyer de 250
mL, contendo em 50 mL caldo amido caseina (AC). O ensaio foi realizado
durante o periodo de 168h, sob agitacdo constante de 115 r.p.m. Apds a
incubacdo, as culturas foram centrifugadas a 6000 x g. por 12 min. O
sobrenadante livre de células foi utilizado para avaliacdo do pH e da atividade
antifungica (mm) e o pellet foi empregado para a determinag&o da biomassa seca
(mg/50 mL). As avalia¢des para cada uma destas variaveis foram obtidas a cada

24 horas através de ensaios realizados em triplicata. O isolado 98012 de B.
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sorokiniana foi empregado como microrganismo teste antifingico pelo método
de difusdo em agar (Salamoni et al., 2010).
3.5. Estabilidade dos compostos antifungicos presentes no
extrato centrifugado

O extrato centrifugado, dos trés isolados, foi submetido a testes de
estabilidade frente a diferentes temperaturas, pH, proteases e concentracdes de
EDTA. Ao final de cada ensaio foram realizados testes de atividade antifungica
contra B. sorokiniana e a atividade residual foi calculada de acordo com a
equacao:

A.R (%)= Hr-8/Hc-8x100. Sendo: AR: Atividade residual, Hr: halo do
sobrenadante tratado (mm) e Hc: Halo do controle (mm) e 8: o diametro do poco
(mm).

Para a atividade antifungica do extrato centrifugado foram utilizados
cinco isolados de B. sorokiniana 98004, 98012, 98032, 98040 e 98041,
selecionados devido a resultados obtidos em teste de virulénciarealizado pelo
nosso grupo (Minotto et al., 2014). Neste os trés primeiros isolados foram mais
agressivos as folhas e coledptilo enquanto os demais foram mais agressivos a

sementes.

3.6. Estabilidade dos extratos centrifugados frente a

diferentes temperaturas
Para avaliar o efeito da temperatura sob a estabilidade do composto
antifangico dos extratos de actinobactérias, aliquotas de 1mL do extrato

centrifugado foram incubados por 10, 20 e 30 dias a 4°C. Outras aliquotas foram
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mantidas a 30°, 40°, 50°, 60° e 70°C por 5h em banho de agua e atividade
residual (AR) foi avaliada a cada 60 min. Quando expostas a 80°C a AR das
amostras foi determinada a cada 30 min. durante 3h, e a cada 5 minutos quando
incubadas a 100°C por um periodo de 0,5h. Além disso, avaliou-se a estabilidade

térmica dos extratos brutos apos 15 min a 121°C (1 atm).

3.7. Estabilidade dos extratos centrifugados frente ao pH

Para avaliar a estabilidade da substancia antifungica frente a
diferentes pHs, em aliquotas de 1mL dos extratos centrifugados de cada isolado
foram adicionadas de 200 uL dos diferentes tampdes de pH 5,0, 6,0, 7,0, 8,0, 9,0
e 10,0, ou tampéao PBS, no tratamento controle. Os tratamentos foram incubados
por 2 horas a temperatura de 25°C. A solucdo tampéo de Mcllvaine (fosfato
dissddico e acido citrico) foi empregada para os valores de pH de 5,0a 8,0 e a
solucdo de acido bérico cloreto de potassio para os valores de 9,0 e 10,0

(Assumpcéo and Morita, 1968).

3.8. Estabilidade dos extratos centrifugados frente a

enzimas
Para avaliar a resisténcia da substancia bioativa frente a enzimas
proteoliticas, o extrato centrifugado foi adicionado das enzimas proteinase K,
pepsina, tripsina, papaina nas concentracdes finais de 2 mg/mL, ou de tampéao
PBS, no controle. O pH da solugbes enziméticas foi ajustado de acordo com a
atividade otima para cada enzima e o do tampéo PBS para pH fisiol6gico. As

solugdes foram incubadas a 37° C durante 2 h. A fim de observar a interferéncia
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da acdo térmica sobre o extrato bruto, aliquotas de 1 mL de extrato foram
incubados a 37° C e a 4° C pelo mesmo periodo. Os testes foram realizados em

triplicata.

3.9. Estabilidade a diferentes concentracdes de EDTA

Para determinar a acao de diferentes concentracfes de EDTA (acido
etilenodiamino tetra-acético) sobre a atividade antifingica, 1 mL do extrato
centrifugado de cada um dos trés isolados de Streptomyces foi adicionado de
EDTA em uma concentracao final de 100 uM, 500 uM e 1 mM. O extrato
centrifugado e as solucbes de EDTA sddico adicionados de PBS foram utilizadas
como controles. As solucfes de EDTA foram previamente preparadas em baldo
volumétrico com pH fisiologico (7,2 — 7,4). Os tubos foram incubados a 4° C por

duas horas.

3.10. Analise estatistica dos dados de estabilidade dos

compostos antifungicos
Todos os ensaios foram realizados em triplicata. Quando necessario
realizou-se analise da variancia e a comparacao de médias pelo teste de Tukey

(a=0,05) utilizando-se o programa estatistico SASM-Agri (Canteri et al., 2001).

3.11. Extracdo de metabdlito do extrato centrifugado dos
isolados
O extrato centrifugado foi submetido a uma extragao liquido- liquido

com diferentes solventes: acetato de etila, hexano, acetona, metanol, alcool
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isoamilico, isobutanol, cloroférmio, BAW (butanol/acido acético/agua). A
extracdo consistiu de trés lavagens consecutivas do extrato bruto com cada
solvente na propor¢ao 1:1 (v:v) para os solventes puros e. 4:1:5 para a mistura
BAW. As fases aquosa e organica foram separadas em funil de decantacéo e
posteriormente submetidas a testes de atividade antifingica contra Bipolaris
sorokiniana, pela técnica de difusdo em poco de agar. Os extratos centrifugados
e 0s solventes organicos puros foram utilizados como controle. O ensaio foi
realizado em triplicata para cada um dos trés isolados de actinobactérias. Os
extratos foram concentrados em um evaporador rotativo, com velocidade de 100
m/s a uma temperatura de 40°C, até a consisténcia de po. Este foi ressuspendido
com a menor quantidade possivel de tampao PBS (aprox. 2 mL), caracterizando

o extrato bruto. Os quais foram armazenados a -20°C.

3.12. Cromatografia em camada delgada e bioautografia

Para a realizacdo da Cromatografia em Camada Delgada (CCD)
utilizaram placas (7x10 cm) de aluminio revestidas com silica gel (Merck, silica
gel 60 F254) como fase estacionaria. Diferentes solventes ou misturas destes
como fase mével foram testados. Os extratos centrifugado e bruto foram
aplicados nas placas de CCD com auxilio de um capilar. Apos a secagem, as
mesmas foram colocadas em cuba previamente saturada com o eluente da fase
movel. A cuba foi fechada para saturacdo da placa de CCD e elui¢do do solvente
até aproximadamente 1 cm da borda superior da placa. Apos as placas de CCDs
foram retiradas da cuba, secas e reveladas sob dois comprimentos de onda de

luz UV (254 e 365 nm), e revelacdo quimica com anisaldeido sulfarico e
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ninhidrina. Ap6s mensuracdo da movimentacao das bandas calculou-se o fator
de retencéao (Rf).

Os solventes e misturas de solventes testados foram: acetato de etila
(1:1), n-butanol/alcool butilico (1:1), cloroférmio/acetona (9:1), hexano/acetato
(7:3), acetato de etila/ alcool butilico (8:2), cloroférmio/metanol(8:2),
isobutanol/acido acético/agua (BAW) (4:1:5), metanol/acido acético/agua (MAW)
(2:1:7) metanol/acido acético/agua (MAW) (4:1:5) e isopropanol/acido
acético/dgua (PAW) (4:1:5).

As placas de CCD reveladas pelo método fisico foram submetidas a
revelacdo bioutografica na qual, as cromatoplacas foram depositadas no fundo
de placas de Petri e sobre elas verteu-se uma fina camada de meio de cultivo
BDA. Apos a solidificacdo do meio, semeou-se sobre a superficie do mesmo 100
UL de esporos do fitopatdégeno (1x108 esporos/mL). Apds incubacéo por 7 dias a
28° C, observou-se a presenca ou auséncia de inibicdo sobre as bandas

observadas sob luz UV. O ensaio foi realizado em duplicata.

4. Resultados

4.1. Andlise da sequéncia do rDNA 16S dos isolados de

actinobactérias

O sequénciamento de aproximadamente 1400 nucleotideos do rRNA
16S dos isolados 6(2), 6(4) e R18(6) foi realizada. Estes dados foram
comparados com todas as sequencias disponiveis na base de dados do
GenBank. A cepa Mott-02 de Mycobacterium intracellulare foi utilizada como

referéncia de grupo externo. O alinhamento das sequéncias de 1369 pb do 16S
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rRNA dos isolados 6(4) e R18(6) mostraram que os mesmos apresentaram 100%
similaridade com um grande nimero de espécie de Streptomyces. Enquanto que
a sequéncia de 1426 pb do isolado 6(2) mostrou 99% de similaridade com as
cepas de S. albus, S. sampsonii e S. albidoflavus. O dendrograma filogenético
de neighbor-joining baseado na sequéncias do rDNA 16S mostram que 0s trés
isolados formaram ramos distintos dos demais representantes da familia
Streptomycetaceae (Figura 1A, B, C). O Isolado 6(2) e o R18(6) formaram um
ramo adjacente ao cluster que compreende S. albus e S. avidinii,
respectivamente, enquanto que o 6(4) apresentou um clado independente das
demais cepas de Streptomycetes. O dendrograma construido pelo método de
maxima parcimonia também mostrou que as cepas formam uma linha filética
distinta das cepas estreitamente relacionadas, disponiveis no banco de dados

GenBank..
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Streptomyces_rochei_strain_SCSIOZ-SH08_16S_ribosomal_RNA_gene_partial_sequence
Streptomyces_fungicidicus_gene_for_16S_rRNA_partial_sequence_strain:_NBRC_13848

Streptomyces_enissocaesilis_strain ACCAL_16S_ribosomal_RNA_gene_partial_sequence
Streptomyces_vinaceusdrappus_gene_for 16S_rRNA_partial_sequence_strain:_NBRC_13099
Streptomyces_rubrocyanodiastaticus_subsp._piger_gene for_16S_rRNA_partial_sequence_strain;_NBRC_14692

Streptomyces_avidinii_strain_173969_16S_ribosomal_RNA_gene_partial_sequence
Isolado_R18(6)

i

Streptomyces_plicatus_gene_for_16S_rRNA_partial_sequence_strain:_NBRC_13071

Streptomyces_olivaceus_gene_for_16S_rRNA_partial_sequence_strain:_NBRC_3119

Streptomyces_maritimus_16S_ribosomal_RNA_gene_partial_sequence AF233338

Mycobacterium_intracellulare_MOTT-02_strain_MOTT-02_16S_ribosomal_RNA_complete_sequence

{ Isolado 6(2)
Streptomyces albus J1074 strain J1074 16S ribosomal RNA complete sequence

Streptomyces sampsonii strain ATCC 25495 16S ribosomal RNA complete sequence

Streptomyces albidoflaws strain HD-103 16S ribosomal RNA gene partial sequence

Mycobacterium intracellulare MOTT-02 strain MOTT-02 16S ribosomal RNA complete sequence

Streptomyces somaliensis strain RCS17 16S ribosomal RNA gene partial sequence
Streptomyces exfoliatus 16S ribosomal RNA partial sequence

Streptomyces albus gene for 16S rRNA partial sequence strain: NBRC 13689

Streptomyces rutgersensis gene for 16S rRNA partial sequence strain: NBRC 13029
Streptomyces daghestanicus strain SCSIOZ-SH01 16S ribosomal RNA gene partial sequence
Streptomyces albidoflawis 16S rRNA gene partial

Streptomyces sampsonii strain 112903 16S ribosomal RNA gene partial sequence
Streptomyces paulus gene for 16S rRNA partial sequence strain: NBRC 14877

Streptomyces flavofungini isolate XSD-104 16S ribosomal RNA gene partial sequence

Streptomyces griseochromogenes strain ISP 5499 16S ribosomal RNA partial sequence
Streptomyces resistomycificus partial 16S rRNA gene strain ISP 5133

Actinomycetales bacterium DM6 16S ribosomal RNA gene partial sequence
Streptomyces limosus gene for 16S rRNA partial sequence strain: NBRC 12790

LT

Isolado 6(4)

Streptomyces felleus gene for 16S rRNA partial sequence strain: NBRC 12766

Streptomyces griseus strain 45H 16S ribosomal RNA gene partial sequence

Streptomyces violascens isolate XSD-115 16S ribosomal RNA gene partial sequence

Streptomyces coelicolor gene for 16S rRNA partial sequence strain: NBRC 12854

Mycobacterium intracellulare MOTT-02 strain MOTT-02 16S ribosomal RNA complete sequence

Figura 1 Dendrograma filogenético baseado em sequéncias parciais (<1300 pb)

do gene 16S rDNA que mostram relacdes entre isolados de Streptomyces e

espécies tipo de Streptomyces. A: Isolado 6(2); B: Isolado 6(4); C: Isolado

R18(6). Analise de neighbor-joining de 1000. A barra de escala indica a posi¢céo

de substituicdo por nucleotideo 0,01.
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4.2. Estudo morfolégico e bioquimico

A andlise taxonbmica e bioquimica mostrou que os isolados sao
Gram-positivas, sem motilidade, aerébio e apresentam micélio aéreo ramificado.
A comparacdo de caracteristicas bioquimicas e culturais dos isolados com
aquelas espécies Streptomyces conhecidos descritas no Manual de Bergey de

Bacteriologia Sistematica encontram-se na tabela 1.
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Tabela 2 Caracteristicas fenotipicas e bioquimicas que diferenciam os isolados 6(2), 6(4) e R18(6) das espécies intimamente

relacionadas.
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o : T © 2 T © 3 3 o S &
: = . ]
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Morfologia da ) ) Recti ) Recti Recti _ Recti Recti Recti Recti Recti
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cadeia de esporo flexivel flexivel flexivel flexivel flexivel  flexivel flexivel flexivel
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o ] ] ] branco/ verde ] branco/ branco/
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L- Arabinose -
L- D- Ramnose ++
D-Frutose +
D- galactose ++
D-Raffinose -
D-manitol ++
I- Inosiitol +
L- salcina +
D-Sacarose -

nd
nd

++

++

++
+
+

++

++

++

nd

nd
nd

(+) positivo; (-) negativo; ND = ndo determinado;
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4.3. Curva de producédo de metabolitos bioativos

A determinacdo das condi¢cdes otimas de producdo de metabdlitos
ativos foi realizada em ensaio prévio (Minotto et al. 2014b), no qual observou-se
a maior producdo média destes compostos, em caldo AC, a uma temperatura de
30°C para os isolados 6(2) e 6(4) e a 25°C para o0 R18(6).

Ao final da fase de crescimento exponencial ocorreu a maior producao
de biomassa, as 72, 96 e 144 horas apods a incubacao para os isolados 6(4), 6(2)
e R18(6), respectivamente (figura 2 A, B e C). Enquanto que a deteccdo da
atividade antifungica maxima foi observada na fase estacionaria, apés 72h
(33,7mm) de incubacéo para o isolado 6(2), com 96h (37 mm) para 6(4) e 168h
(27,7 mm) para o isolados R18(6) (Figura 2A, 2B, 2C).

O pH de todas as culturas manteve-se entre 7,1 e 8,6 praticamente
durante todo o periodo de cultivo (figura 2D). A menor variacéo foi evidenciada

pelo isolado R18(6).
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Figura 2 Curva de atividade antifungica (mm), biomassa seca (mg) e pH de
isolados de actinobactérias submetidos a diferentes condicfes de incubacdo. Os
isolados 6(2) e 6(4) foram incubados a 30°C e o R18(6) a 25°C por 168 h em

caldo AC. A: isolado 6(2), B: isolado 6(4), C: isolado R18(6) e D: curva de pH.

4.4. Estabilidade dos extratos centrifugados a temperatura
A atividade antifungica residual (AR) dos extratos bruto dos isolados
reduziu com a elevacdo da temperatura e o tempo de exposicdo. Para os
isolados 6(2) e 6(4), observou-se uma reducédo de aproximadamente 50% da AR
até a terceira hora de exposicéo a 50°C. Resultados semelhantes também foram
observados para as temperaturas de 60°C e 70°C, ap0s 2h e 1h de tratamento

térmico, respectivamente (Tabela 3). Por outro lado, o isolado R18(6) manteve

Atividade antifiingica (mm)
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uma AR superior a 70% por 1h nas temperaturas entre 30 e 80°C (Tabela 3).
Além disso, o extrato bruto deste microrganismo quando exposto a uma
temperatura de 100°C por 10 min. apresentou AR superior a 65% (dados nao
mostrados). Nao foi possivel detectar atividade residual para nenhum dos
extratos submetidos a 121°C (1atm) por 15 min, bem como com em temperaturas

superiores a 80°C com os extratos dos isolados 6(2) e 6(4) (Tabela 3).
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Tabela 3 Estabilidade da Atividade antifungica (AR%) de compostos presentes no extrato bruto de isolados de Streptomyces

submetidos a tratamento térmico, em diferentes temperaturas e periodos de incubacéo.

Isolado R18(6) 6(2) 6(4)

Tempo 1lh 2h 3h 4h 5h 1h 2h 3h 4h 5h 1lh 2h 3h 4h 5h
30°C 95,72 91,47 91,36 8929 87,91 8385 98,18 72,49 30,14 19,53| 94,25 93,37 92,83 48,19 0,00
40°C 92,59 74,88 68,18 62,50 61,86 76,39 97,67 56,84 10,33 0,00, 82,70 87,76 60,71 0,00 0,00
50°C 92,59 65,88 50,00 49,11 42,33| 66,87 76,08 42,89 0,00 0,00| 7533 66,33 48,47 0,00 0,00
60°C 90,37 47,39 36,36 35,71 82,56| 65,43 57,42 31,00 0,00 0,00 52,65 45,73 30,61 0,00 0,00
70°C 80,21 36,02 0,00 0,00 60,47| 38,58 60,29 0,00 0,00 0,00| 48,14 25,51 10,20 0,00 0,00

Tempo 30 min 1h 1:30h 2h 2:30 h | 30 min 1lh 1:30h 2h 2:30 h | 30 min 1h 1:30h 2h 2:30 h
80°C 74,59 70,26 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Tempo 3min 5min 10min 20min 30min| 3min  5min 10min 20min 30min| 3min  5min 10 min 20 min 30 min
100°C 88,07 74,07 65,43 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Tempo 10 dias 20 dias 30 dias 10 dias 20dias 30 dias 10 dias 20dias 30dias

4°C

64,95 62,95 62,95

97,44 90,46 90,46

61,76 53,68 53,68
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A atividade residual de extratos dos isolados 6(4) e R18(6), mantidos a 4°
por 30 dias, apresentou reducéo de até 50%, sendo esta detectada nos primeiros
10 dias (tabela 3). Por outro, a reducdo maxima da AR do isolado 6(2) foi de

aproximadamente 10% apos 30 dias.

4.5. Estabilidade dos extratos centrifugados frente ao pH

Os extratos bruto foram submetidos a teste de estabilidade frente a
diferentes pHs (5,0-10,0). A atividade antifingica residual mostrou que o0s
isolados 6(2) e R18(6) apresentaram elevada estabilidade dentro de toda a faixa
de pHs testados, mantendo uma AR superior a 88% e 81%, respectivamente
(Figura 3). Resultado semelhante a este foi observado para o 6(4) em uma faixa
de pH de 6,0 a 10,0 onde o extrato bruto manteve pelo menos 80% da sua
atividade. No entanto, quando este isolado foi submetido a pH 5,0 a atividade

antifangica residual foi reduzida em aproximadamente 50% (Figura 3).

110

100 ~
90 -

80 1
70 1
60 -

Atividade Residual (%)

50 -

40

5,0 6,0 7,0 8,0 9,0 10,0
pH

—8—R18(6) —6--6(2) - O 6(4)

Figura 3 Estabilidade de compostos antifungicos (AR%) presente no extrato
bruto de isolados de Streptomyces, submetidos a diferentes pHs por duas horas
a 25°C.
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4.6. Estabilidade dos extratos centrifugados frente a enzimas

Os extratos dos trés isolados foram tratados com 2 mg/mL das
enzimas Proteinase K, Tripsina, Papaina, Pepsina e Lisozima para avaliar o
efeito das mesmas sobre a atividade antifungica. Cada extrato adicionado de
uma determinada enzima foi submetido a temperatura de 37°C, bem como o0s
controles (extrato + PBS) de cada ensaio. Um segundo controle foi mantido por
igual periodo a 4°C, para averiguar a influéncia da temperatura sobre o extrato
durante o ensaio.

A atividade antifungica residual (%), calculada para os dois controles,
mostrou que apenas o extrato bruto do isolado 6(4) sofreu reducdo de sua
atividade devido a temperatura de conducédo do ensaio (37° C) (tabela 4). Os
demais apresentaram uma AR estavel, superior a 78% quando incubados a 37°
C, frente a todas as enzimas.

Em relacdo a acdo das enzimas proteoliticas sobre a atividade do
extrato bruto, observou-se que o extrato dos isolados 6(2) e 6(4) apresentou
maior sensibilidade a proteinase K, embora tenham mantido 78 e 80% da sua
atividade inicial, respectivamente. Por outro lado, o R18(6) mostrou-se mais

sensivel a tripsina, mantendo 78% de sua atividade (tabela 4).
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Tabela 4 Estabilidade de compostos antifungicos (AR%) presentes no extrato

bruto de isolados de Streptomyces, ap0s tratamento com enzimas proteoliticas

por duas horas.

Extrato bruto + enzima (2 mg/mL) (AR%)

Enzimas Isolado 6(2) Isolado 6(4) Isolado R18(6)

proteoliticas 37°C 4°C 37°C 4°C 37°C 4°C
Proteinase K 78+0,2 7302 80+0,0 8300 8601 800,1
Tripsina 86+0,2 81 +02 95+0,3 9903  78%0,1 720,11
Papaina 84+0,4 7904 96+0,0 100+0,0 9202  850,2
Pepsina 100 £0,2 9403 94+0,1 9801  100+0,1 93 0,3
Lisozima 98+0,4 9204 80+0,3 8303 100+0,2 93+0,1

*AR foi calculada para dois tratamentos controles: um mantido a 4°C e outro a 37°C, para

determinar a acdo da temperatura.

4.7.

Estabilidade dos extratos centrifugados a diferentes

concentracbes de EDTA

O tratamento do extrato centrifugado com diferentes concentracdes

de EDTA mostrou que os trés isolados de Streptomyces foram capazes de

manter uma AR superior a 70%, exceto o isolado 6(2) quando submetido a

concentracéo de 100 uM (AR=55,5%) (Tabela 5). A maior estabilidade do extrato

bruto foi observada para o isolado R18(6), que manteve aproximadamente 90%

da AR para todas as concentragdes testadas.
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Tabela 5 Atividade antifungica (mm) do extrato centrifugado de isolados de
Streptomyces, apos tratamento com diferentes concentragdes de EDTA. Dados

entre parénteses representam a atividade residual (AR%).

Concentracéo de EDTA
Isolado

Controle 100 uM (AR%) 500 uM (AR%) 1 mM (AR%)

6(2) 20,25a  11,25¢ (55,56)  17,25ab (85,19)  15,5b (76, 54)
6(4) 21,25a  17,75ab (83,63) 15,25b (71,76)  16,25ab (76,47)
R18(6) 17,0a 15,25b (89,71)  15,5b (91,18) 15,75b (92,65)

Médias seguidas de mesma letra, na linha, ndo diferem entre si pelo teste de Tukey (a=0,05)

4.8. Extracdo de metabdlito do extrato bruto de
actinobactérias

A extracdo de metabdlitos ativos do extrato centrifugado, produzido
pelos isolados 6(2), 6(4) e R18(6) de Streptomyces, apresentou maior atividade
antifangica quando realizada com os solventes acetato de etila e hexano puros,
narazao 1:1 (v:v). Neste caso, a atividade antifungica foi detectada tanto na fase
aguosa como na organica, sendo a fase organica do acetato de etila mais
eficiente para os trés isolados (Tabela 6).

Elevada deteccdo de compostos ativos, produzidos pelos trés
isolados, foi verificada na fase aquosa do hexano, indicando que este solvente
nao foi capaz de extrai-los eficientemente do extrato centrifugado (Tabela 6).

Na utilizacdo dos solventes acetona e metanol para extracdo de
compostos ndo houve a formacédo de fases distintas, devido a polaridade

semelhante dos solventes e do extrato centrifugado. Sendo assim néo foi
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possivel a utilizacdo dos mesmos, embora tenham demonstrado atividade
antifangica (Tabela 6).

Para os demais solventes organicos ou misturas destes nédo foi
detectada atividade antifungica. Além disso, elevada toxicidade ao micélio de B.

sorokiniana foi observada com uso do cloroférmio como solvente extrator.

Tabela 6 Atividade antifingica (mm) do extrato bruto de isolados de

Streptomyces, apoés extracdo com diferentes solventes orgéanicos.

Extrato Acetato Etila Hexano Solvente
Isolado

centrifugado F Aquosa F. Organica. F.aquosa F.organica Metanol Acetona

6(2) 29,6 27,9 40,4 37,1 27,9 33,8 35
6(4) 32 34,3 36,8 35 32,9 - -
R18(6) 28,6 21,9 29,6 19 24 - -

(-) Auséncia de atividae antifungica

4.9. Cromatografia em camada delgada

Os eluentes MAW e PAW, constituidos de misturas de solventes,
guando utilizados como fase mdvel propiciaram a separacédo de compostos tanto
do extrato bruto quanto do extrato centrifugado. A visualizacdo de bandas
formadas pela migracdo dos compostos na CCD foi possivel através da
revelacao utilizando dois compimentos de onda de luz UV (254 e 365 nm) o que
permitiu a visualizagdo de bandas apenas no extrato bruto, enquanto que a

revelacdo com anisaldeido sulfarico mostrou a presenca de bandas tanto no
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extrato centrifugado quanto no extrato bruto (Tabela 7). Na revelacdo das
cromatoplacas com ninhidrina ndo foi detectado a presenca de bandas.

A utilizacdo da luz UV 365 nm permitiu a visualizacdo de duas bandas
em alturas diferentes no extrato bruto de cada isolado, com Rf variando de 0,08
a 0,2 para as primeiras bandas e Rf entre 0,8 e 0,92 para a segunda. Para o
comprimento de onda 254 nm uma banda foi visualizada no ponto de aplicacao
e outra com Rf 0,23 apenas no extrato concentrado do isolado R18(6).

A revelacdo das placas de CCD com anisaldeido permitiu a
observacdo de uma banda tanto no extrato centrifugado quanto no extrato bruto,
sendo que o Rf das bandas no extrato centrifugado ficaram entre 0,15 e 0,30 e
entre 0,63 e 0,81 no extrato bruto para as duas fase moéveis (PAW e MAW )
testadas (Tabela 7). Os demais solventes ou misturas de solventes utilizados
como eluente da CCD nao apresentaram bandas visiveis quando revelados
pelos diferentes comprimentos de onda UV, aniasldeido sulfdriaco ou pela

ninhidrina.

Tabela 7 Fator de retencdo (Rf)) do extrato bruto e do extrato centrifugado de

isolados de Streptomyces, ap0s revelacao por diferentes métodos.

Extrato bruto Extrato centrifugado
Fase moével 6(2) 6(4) R18(6) 6(2) 6(4) R18(6)
PAW (anisaldeido) 0,79 0,81 0,81 0,27 0,27 0,30
MAW (anisaldeido) 0,65 0,63 0,65 0,15 0,20 0,18
PAW (UV 365 nm) 0,08/0,9 */0,89 0,2/0,92 - - -
PAW (UV 254 nm) - - */0,23 - - -

*Banda no ponto de aplicacdo; dados separados por (/) indicam presenca

de duas bandas para o mesmo sistema da CCD.
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Todas as placas de silica reveladas pelo método fisico (UV) foram
submetidas a autobiografia frente ao isolado 98012 de B sorokiniana. A
autobiografia permitiu a identificacdo da presenca de compostos com atividade
antifingica nas bandas que apresentaram Rf entre 0,7 e 0,9, visualizadas pela
revelacdo com luz UV 365nm e anisaldeido. Entretanto, a inibicdo antifingica
nao foi observada apenas na altura da banda visualizada, mas também em

outros pontos da cromatoplaca, especialmente para o isolado 6(2) (Figura 4).

Figura 4 Autobiografia da placa de CCD mostrando atividade antifingica do
extrato concentrado de isolados de Streptomyces. O sistema constituiu-se de
placas de silica gel 60 F254, como fase estacionaria, e eluente
agua:metanol:acido acético (5:4:1), como fase mével. A: isolado 6(2); B: isolado

6(4) e C: isolado R18(6). Setas indicam atividade antifingica.

5. Discusséao
Diferentes estudos sobre actinobactérias endofiticas demonstraram
a predominancia do género Streptomyces ((Bascom-Slack et al., 2009; Oliveira

et al., 2010). A investigacao de diversas fontes nutricionais e fatores ambientais,
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juntamente com a capacidade metabodlica do microrganismos, tem sido
constantemente reportados pois exercem profunda influéncia sobre a
biossintese de metabdlitos ativos produzidos por actinobactérias. Segundo
Waksman (1961) a habilidade de producdo de antibiéticos, por cepas de
Streptomyces, é uma propriedade que pode ser otimizada ou completamente
perdida sobre diferentes condi¢cdes de nutricdo e cultivo.

Neste trabalho, a maior producédo de biomassa seca ocorreu ao final
do periodo de crescimento exponencial (tempo), sendo que a maxima atividade
antifingica para o isolado 6(2) foi observada com 72h de crescimento e para 0s
isolados 0 6(4) e R18(6) apds 96 e 168h de incubacéo, respectivamente. A partir
disso, pode-se inferir que 0 aumento da biomassa nédo apresenta uma relacéo
direta com o aumento da producao de metabdlitos com atividade antimicrobiana.
Estes resultados diferem daqueles observados por Salamoni et al. (2012) em
que a maior atividade antimicrobiana das culturas filtradas do Streptomyces 1S
coincidiram com o0s picos de maior producdo de biomassa. De acordo com
Antunes et al. (2013) a melhor atividade antimicrobiana do isolado Streptomyces
8S foi obtida apds 72h de incubacéo (fase estacionaria) utilizando meio de cultivo
com amido e nitrato de potassio, o que proporcionou maior estabilidade do pH e
aumento da biomassa. No entanto, Prapagdee et al. (2008) observaram que a
cultura filtrada de Streptomyces hygroscopicus, obtida em fase exponencial,
apresentou enzimas hidroliticas, enquanto que a obtida da fase estacionaria, a
presenca de composto secundario termoestavel. Ambos desempenharam um
papel importante na inibicdo do crescimento de Colletotrichum gloeosporioides

e Sclerotium rolfsii.
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O pH das culturas manteve-se em elevacao durante todo o periodo
de cultivo. Vasavada et al. (2006) reportaram a influéncia do pH na producéo e
no crescimento de Streptomyces sannanensis e observaram que essa espécie,
assim como outras pertencentes ao género, secreta metabolitos antimicrobianos
em condic¢des alcalinas. Fato este também observado neste trabalho, a elevacao
de pH de 7,7 para 8,7, entre 120 e 144h de incubacéao, influenciou na atividade
antifingica do isolado 6(4), reduzindo-a de 33mm para 26,5mm (Figura 2B e D).
O mesmo efeito foi observado por Sultan et al. (2002) ao obter as melhores
condi¢cdes de producdo de metabdlitos ativos de Streptomyces em pH 8,0 e,
observar sua reducdo com a acidificacao do pH.

O isolado R18(6) mostrou-se mais estavel ao calor, mantendo 70% da
atividade apdés incubacédo por 60 min. a 80°C, quando comparado com 0S
demais. Quando exposto a uma temperatura de 100°C por 10 min. 60% de sua
atividade ainda foi detectada. Diversos trabalhos reportam resultados similares,
em que foi observada perda parcial ou total da atividade antimicrobiana em
temperatura superior a 100°C (Augustine et al. 2005; Malik et al. 2008; Salamoni
et al. 2012).

Por outro lado, Uddin et al. (2013) relataram que os metabdlitos
antimicrobianos de Streptomyces albolongus apresentaram estabilidade a
temperatura de 100°C e mostraram variacdes quando submetidos a diferentes
pH (5,0 a 11,0), apresentando atividade maxima em pH 7,0. Neste estudo,
resultados semelhantes foram observados para a mesma faixa de variagao de
pH, onde uma AR superior a 90% foi mantida por todos os isolados de

Streptomyces. Redugéo da atividade antimicrobiana de compostos secundarios
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devido a exposicdo a diferentes temperaturas e niveis de pH também foram
relatados em outros estudos (Mustafa, et al, 2004; Augustine et al. 2005; Muiru
et al. 2007)

Prapagdee et al. (2008) observaram que a atividade antifingica da
culltura filtrada de S. hygroscopicus contra C. gloeosporioides e S. rolfsii foi
significativamente reduzida apos tratamento térmico e com proteinase-K. No
presente trabalho dentre as cinco proteases testadas sobre extrato centrifugado,
a proteinase K e a tripsina apresentaram as maiores reducfes de atividade
antifangica 27% e 28%, respectivamente, a 4°C. No entanto, para papaina,
pepsina e lisozima a AR manteve-se superior a 80%, indicando uma elevada
estabilidade dos compostos ativos. Isso pode indicar a presenca de uma
molécula de natureza proteica mais especifica ou a presenca de diferentes
moléculas ativas, sendo que parte destas sao sensiveis as proteases, ou ainda,
que esta (s) molécula (s) pode (m) ndo ser proteica. Isso porque estas
substancias agem quebrando as ligacdes peptidicas. A tripsina age ligando-se
no C-terminal de residuaos de lisina e arginina. A papaina age clivando as
ligacdes peptidicas de aminoacidos basicos como leucina e glicina, além disso
também hidroliza esteres e aminas (Kamphuis et al., 1985). A proteinase K tem
como sitio predominante de clivagem a ligacdo peptidica adjacente ao grupo
carboxilico de aminoacidos alifaticos e aromaticos.(Ebeling et al. 1974)

Fontoura et al. (2009) estudando a sensibilidade de um peptidio
antimicrobiano, produzido por Pseudomonas aeruginosa 4B, a papaina, tripsina,
proteinase K e pronase, observaram que esta ultima foi responsavel pela menor

AR da fracao Il (85% com 2 mg/mL). Estes autores relatam, ainda, AR de 71%
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para a fracdo Il parcialmente purificada apés tratamento com 10 mM de EDTA.
Atividade residual semelhante (superior a 71%) foi observada para os extratos
centrifugados apos tratamento com concentracdo maxima de 1 mM de EDTA.
Estes resultados indicam a existéncia de ions metalicos no extrato centrifugado,
que poderdo influenciar no processo de purificacdo dos compostos devido
presenca de cargas.

A caracterizacdo de metabdlitos ativos € importante uma vez que sua
utilizacdo no controle de doencas de plantas e o estabelecimento dos métodos
de purificacdo sdo determinadas através de sua estabilidade (Mustafa et al.,
2004). A CCD do extrato bruto dos isolados de Streptomyces, revelado por luz
UV (365 nm), mostrou a presenca de dois compostos. Bandas semelhantes as
de maior Rf também foram detectadas na CCD eluida com PAW e reveladas com
anisaldeido sulfarico. A acdo antifungica foi confirmada pela autobiografia. De
acordo com Cunha et al. (2009), analisando CCD da fracdo S3 do extrato bruto
de Streptomyces, revelada com luz UV (254 nm e 366 nm), mostrou a presenca
de dois compostos com Rf 0,84 e Rf 0,61, cuja autobiografia revelou que o
composto com maior Rf apresentava maior halo de inibicdo (20mm).

Muitos eluentes e reveladores sao testados até que ocorra uma boa
separacdo dos compostos presentes nos extratos. Nesse estudo, os eluentes
mais eficientes na separacdo de compostos foram aqueles formados por
misturas de metanol ou isopropanol:acido acético:agua (4:1:5). As misturas
solventes constituidas de agua sao frequentemente relatadas para separacéo de
compostos produzidos por actinobactérias. Usha et al. (2010) utilizando a

mistura de solventes n-butanol:actetato de etila:dgua (9:9:1) para a separacéo
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de compostosproduzidos por Streptomyces e revelados com ninidrina
produziram bandas amarelas com Rf 0,742. Atta (2010) relatou a separacao de
compostos antifingicos produzidos por Streptomyces antibioticus através da
mistura metanol:diclorometano:agua (1:1:1).

A pesquisa de novas substancias com atividade antimicrobiana € um
campo muito importante. O surgimento de patdgenos multi-resistentes tanto na
area clinica como na agricultura incentivam a busca por métodos eficiente de
controle de infec¢des. O papel das substancias antimicrobianas produzidas por
estes isolados de Streptomyces ainda estd em especulacdo e novos estudos
devem ser realizados para a caracterizacdo e purificacdo dos compostos

antifangicos por eles produzidos.
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4. RESULTADOS E DISCUSSAO GERAL

Os isolados de B. sorokiniana originarios de diferentes regides do
Brasil foram fornecidos pela Empresa Brasileira de Pesquisa Agropecuaria- Trigo
(EMBRAPA- Trigo, Passo Fundo) e os demais foram gentilmente cedidos pelo
International Maize and Wheat Improvement Center (CIMMYT — México). Todos
foram obtidos de sementes e tecidos de plantas de trigo. O material biolégico
encontra-se  depositado na colecdo do Laboratério de Micologia
Ambiental/DMIP/ICBS/UFRGS.

Estes isolados foram depositados na colecdo do Laboratério de
Micologia Ambiental por volta do ano 2000. No decorrer dos anos, alguns destes
foram submetidos a teste de viruléncia para realizacao de trabalhos cientificos
(Poloni et al. 2008). No entanto, para a maioria dos isolados preservados nao
foram encontrados indicios de avaliagcbes mais recentes, com dados
relacionados a viruléncia ou a agressividade. De acordo com Romeiro (2005)
preservar o microrganismo vivo néo é o bastante, é necessario que se preserve

0 organismo vivo, pelo periodo de tempo mais longo possivel. No entanto, a
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necessidade de efetuar repicagens periddicas para garantir a viabilidade das
culturas pode induzir o patégeno ao habito saprofitico, a alteracdo de sua
morfologia, a diminuicdo ou perda de sua capacidade de esporular e a reducéo
de sua agressividade (Alfenas & Mafia 2007).

Levando em consideracdo que a viabilidade e o aspecto patogénico
dos fitopatbgenos devem ser constantemente avaliados devido as
peculiaridades de cada espécie, os 99 isolados de B. sorokiniana, de origem
monospédricas (72) ou polisporica (27), utilizados neste trabalho, foram
submetidos a teste de viruléncia e apds o cumprimento dos postulados de Koch
e certificacdo da pureza das culturas as mesmas foram armazenadas por dois
diferentes métodos: em tubo com BDA inclinado e em 6leo mineral, as mesmas
foram mantidas 4°C.

As variaveis avaliadas no teste de viruléncia, para cada isolado, foram
sementes anormais e ndo germinadas, podriddo de sementes, lesédo de folha e
lesdo de coledptilo. Estes sintomas causados pelo fitopatégeno B. sorokiniana
as plantulas e sementes de trigo foram observados em uma situacao hipotética
de infestacdo. Os dados obtidos no teste de viruléncia mostraram que o0s
isolados de B. sorokiniana, tanto os polispéricos quanto 0s monosporicos,
apresentaram elevada agressividade (60 e 43% respectivamente) as plantulas e
as sementes de trigo. Dentre os isolados, 8% apresentaram maior agressividade,
com acao patogénica superior a 75% para todas as varidveis avaliadas. A
correlacdo dos isolados de B. sorokiniana com o sintoma leséo de folha, leséo

de coleoptilo, germinacdo de sementes e podriddo de sementes mostrou que 0s
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isolados polisporicos foram mais efetivos na agcdo patogénica, com maior
tendéncia de agressividade sobre as sementes do que sobre as partes aéreas.

A elevada agressividade deste fitopatdgeno a diferentes oOrgaos
vegetais também foi observada por (Kosiada, 2013) durante estudo da influéncia
da inoculacdo de Ascochyta, Bipolaris, Drechslera e Fusarium na germinagéao,
emergéncia e infeccéo de folhas de cevada. Segundo o autor a germinacgao de
sementes foi significativamente reduzida por todos os patdgenos, ja a
emergéncia de plantulas foi reduzida apenas por Fusarium sp. (5-55%) e B.
sorokiniana (22.5-70%), enquanto que o aparecimento de sintomas na parte
aérea foi causado apenas por B. sorokiniana (30-60% da planta infectada).

Por outro lado, segundo Duveiller & Garciia Altamirano (2000) a
deteccado de diferencas na patogenicidade entre isolados ndo € surpreendente
qgquando um grande numero de isolados coletados em diferentes paises €&
comparado. Segundo Arabi & Jawhar (2007) isolados de B. sorokiniana de
diferentes regides da Siria mostrou diferentes niveis de patogenicidade a plantas
de cevada localizadas dentro, e entre, as regides. De forma semelhante, em
nosso estudo nao foi possivel correlacionar origem geografica com niveis de
agressividade do patdgeno.

A semente é considerada um dos meios mais eficientes de veiculacao
e disseminacao de agentes fitopatogénicos, principalmente a longas distancias.
Por intermédio delas os patégenos podem ser introduzidos em areas indenes,
disseminados, selecionados e distribuidos através de focos primarios de
doencas (Maffia et al., 1988; Menten, 1988). Em nosso estudo, foi observado

que os sintomas mais graves da doenca estdo relacionados a germinacao e a
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podriddo de sementes, mostrando drastica reducdo da germinacéo e elevados
indices de sementes mortas, ao quais atingiram o indice maximo de 100% para
alguns isolados.

O controle da mancha marrom €, em geral, realizado através do
emprego de cultivares resistentes e da aplicacdo de fungicidas. No entanto, o
efeito do controle quimico sobre a cadeia alimentar tem gerado grandes debates
e levado consumidores a buscar cada vez mais alimentos livres destes tipos de
compostos. Com o intuito de reduzir a aplicacdo de agrotdxicos na agricultura o
controle biolégico aparece como uma alternativa viavel e que tem apresentado
resultados promissores (Paulitz & Belanger, 2001; Luz, 2001; Tan, et al., 2006;
Bettiol & Morandi, 2009).

Dentre os promissores agentes de biocontrole de doencas de plantas
estdo as actinobactérias endofiticas que podem colonizar o interior da planta
hospedeira, evitando concorréncia com quaisquer outros microrganismos do
solo. A colonizacéo da rizosfera pode proteger a planta de fungos potencialmente
patogénicos devido a producdo de uma ampla gama de compostos ativos, tais
como: antimicrobianos, enzimas liticas, promotores de crescimento entre outros
(Goodfellow & Williams, 1983; Cao et al. 2004; Tarkka & Hampp 2008). Visando
ao controle biolégico de B. sorokiniana, neste trabalho, foram empregados 23
isolados de actinobactérias endofiticas provenientes de raizes de tomateiro
(Oliveira et al., 2010).

Os 23 isolados de actinobactérias foram avaliadas quanto a sua
capacidade de supressdo a 22 isolados de B. sorokiniana provenientes de

diferentes regides do Brasil. Neste ensaio observou-se que todos os isolados de
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actinobactérias foram capazes de inibir pelo menos um isolado fitopatégeno,
sendo que 69,6% apresentaram atividade antifungica elevada (1A > 2,0) em meio
sélido e 17% [os isolados 6(2), 6(4), 16(3) e R18(6)] a mantiveram em cultura
submersa. Este resultado corrobora com o observado por Aggarwal et al. (2004),
no qual relataram que as maiores zonas de inibicdo do desenvolvimento de
Cochliobolus sativus, provocadas por Chaetomium globosum, no pareamento de
culturas foi de 6,3 mm de didmetros. De acordo com esses autores, ainda, a
utilizacao de culturas filtradas deste antagonista causou reducdes de 19,6 até
100% do crescimento do patdgeno. A pesquisa mostrou que a producdo de
compostos antibioticos € mais eficiente em meios de cultura sélidos, comparado
com os meios de cultivo submerso, em que a atividade pode diminuir ou mesmo
cessar completamente. Fato este, também relatado por Spadari et al. (2013) que
nao detectou atividade antifUngica em cultura submersa, para dois dos trés
isolados de actinobactérias testados que apresentaram elevada atividade contra
espécies de Candida sp. em meio sélido. Thakur et al., (2007) relataram que, de
65 isolados que demonstraram atividade antibacteriana em meio sélido, 15 ndo
conseguiu fazé-lo em meio liquido. Resultados semelhantes foram descrito por
outros autores (Anibou et al. 2008; salamoni et al., 2010). De acordo com Oliveira
et al. (2010) a producdo de compostos antibioticos em meios de cultivo liquido &
geralmente baixo, e a detec¢cdo de compostos bioativos requer concentracées
elevadas destes.

As 23 actinobactérias foram submetidas a caracterizagcéo da producgéo
enzimatica em trés temperaturas diferentes (25, 28 e 30°C). Os resultados

obtidos revelaram que quando incubados a 30°C um maior numero de isolados
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apresentou habilidade de degradar o substrato especifico, mas que a maior
producdo em termos de indice enzimatico (IE) ocorreu a 25°C. A deteccdo da
producdo de catalase, amido, pectina, lipase e esterase foi observada para a
maioria das actinobactérias (100, 95,6, 91, 30, 95,6, 100%, respectivamente)
engquanto que a degradacéo de caseina, carboximetilcelulase (CMC) e gelatina
foi realizada por 60,8, 34,78 e 47,82% dos isolados, respectivamente. Com
excecdo da degradacéo de caseina (94%) e CMC (91%), os resultados obtidos
por Rodrigues (2006) foram inferiores aos obtidos neste trabalho. Essa diferenca
observada na degradacdo dos substratos caseina e CMC provavelmente se
deve a origem dos isolados pois as actinobactérias eram oriundas de processos
de compostagem e portanto apresentam um aparato enzimatico mais
especificos para a degradacéo destes compostos. Segundo (Groth et al., 1999)
as actinobactérias desempenham um papel crucial na decomposicdo de
compostos organicos e poluentes na natureza. De acordo com (Tuomela et al.,
2000) no processo de compostagem quanto mais complexo o substrato, mais
amplo e complexo é o sistema enzimatico requerido.

Dentre as actinobactérias testadas foram encontradas potenciais
produtores de enzimas extracelulares e embora, somente o isolado R26(6) tenha
apresentado capacidade de degradar todos os substratos testados sua atividade
antifangica média foi de apenas 4,5%. Enquanto que os isolados 6(4), 6(2),
R18(6), 15(3) e 16(3) que apresentaram uma inibicdo de crescimento do
patdgeno de 86,4%, 86,4%, 77,3%, 59,1% e 54,5%, respectivamente, mostraram
elevada capacidade de producdo enzimatica (IE médio = 3,52; 3,46; 1,67; 3,62

e 2,96, respectivamente. Segundo Wiener (2000) e Challis & Hopwood (2003)
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uma importante vantagem competitiva do género Streptomyces em relagéo a
outros microrganismos esta baseada, possivelmente, na producdo de
metabdlitos secundarios, agentes degradantes da parede celular (como as
enzimas liticas), e na sua resisténcia contra compostos toxicos produzidos pela
interacdo microbiana.

Na determinacdo das condi¢cdes 6timas de producédo de metabdlitos
em cultura submersa, a temperatura exerce papel fundamental. De acordo com
Iwai & Omura (1982) a temperatura 6tima de crescimento é ampla e pode variar
25 graus, enquanto a temperatura Otima de producdo de metabdlitos
secundarios é estreita, entre 5-10 graus. Neste trabalho, os quatro isolados de
actinobactérias com maior atividade antifingica e excelente producéo enzimatica
foram selecionados para a otimizacdo da producdo de compostos ativos em
cultura submersa. Nesta condicdo os maiores intervalos de inibicdo do micélio
fungico ocorreram a 30°C com 72h de incubacgéo para os isolados 6(2), 6(4) e
16(3) e nas temperaturas 20°C e 25°C com 168 e 72 horas de incubacao,
respectivamente, para o isolado R18(6). Resultados semelhantes foram obtidos
por Salamoni et al., (2012) que observaram a maior producdo de
antimicrobianos, pela cepa de Streptomyces 1S, entre 48 e 120h apds a
incubacédo a 28°C. Por outro lado, Bervanakis (2008) determinou que a producao
O0tima de metabdlitos secundarios, em cultura submersa, por isolados de
Streptomyces ocorreu apos 240h de incubacédo a 27°C, com a formacao de
zonas de inibicdo superiores a 25mm de diametro. lwai & Omura (1982)
observaram que o tempo médio de producdo de metabdlitos com atividade

antimicrobiana foi determinado entre 120 a 240h de incubacéo.
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Neste estudo, os quatro isolados de actinobactérias que
apresentaram elevado potencial de inibicdo do desenvolvimento do fitopatdgeno
e producdo de enzimas liticas foram submetidos uma série de testes para
determinacao de outras habilidades frequentemente associados ao biocontrole,
tais como: a producéo de metabdlitos volateis, quitinase, glucanase, sideréforos,
AlA, fixacdo de nitrogénio, solubilizacdo de fosfato e colonizacdo de raizes.
Excelentes resultados in vitro e in vivo foram obtidos para as quatro
actinobactérias, que, de modo geral, apresentaram reacao positiva para todos
0s testes.

De acordo com (Berg, 2009) diversos mecanismos estdo envolvidos
na interacdo planta-microorganismo. Os mecanismos de promocdo de
crescimento vegetal e supressdo de doencas sdo dificeis de serem
diferenciados. Além disso, a importancia de um mecanismo especifico pode
variar dentro de diferentes patossistemas (Chet & Chernin, 2002). No entanto,
para todas as interacdes planta-microrganismo de sucesso, a competéncia para
colonizar habitats de plantas € importante (Lugtenberg et al. 2002; Kamilova et
al. 2005).

Por outro lado, o antagonismo microbiano inclui (1) a inibicdo do
crescimento microbiano pelos antibidticos difusiveis e compostos organicos
volateis (CVO), toxinas e biossurfactantes, (2) a competicdo por sitios de
colonizacgéo e nutrientes, (3) competicdo por minerais, por exemplo, para o ferro
e a producao de sideroforos ou sistemas de captacdo de sideroforos eficiente,
(4) degradacdo dos fatores de patogenicidade do agente patogénico como

toxinas, e (5) parasitismo que pode envolver a produgcdo de enzimas
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extracelulares para a degradacao das paredes celulares, tais como: quitinases e
B-1,3-glucanase (Whipps, 2001; Wheatley, 2002; Compant et al., 2005; Haas &
Défago, 2005; Raaijmakers et al., 2006). Bactérias associadas a plantas podem
reduzir a atividade de micro-organismos patogénicos, por ativacao da resisténcia
sistémica induzida, (Conrath et al., 2002 ; VanLoon, 2007 ) .

Além da elevada atividade antifungica, fisiolégica e enzimatica, estes
promissores isolados de actinobactérias produziram compostos ativos com
propriedades bastante estaveis. O isolado R18(6), por exemplo, demonstrou
elevada estabilidade frente a temperatura (60% a 100°C), pH (88%), proteases
(78%) e EDTA (90%), guando comparado aos demais. Por outro lado, a extracdo
de metabdlitos do extrato bruto foi mais eficiente com os solventes acetato de
etila e hexano, enquanto que misturas de solventes apresentaram maior
eficiéncia na separacédo dos metabdlitos em CCD.

A caracterizacdo de metabdlitos ativos € importante uma vez que sua
utilizacdo no controle de doencas de plantas e o estabelecimento dos métodos
de purificacdo séo determinadas através de estabilidade (Mustafa et al., 2004).

A caracterizacao dos isolados 6(2), 6(4) e R18(6) foi realizada por
analises do perfil molecular, determinado através do sequenciamento parcial
(<1300pb) do 16S rRNA, previamente amplificado pela Reacdo em Cadeia da
Polimerase, para qual utilizou-se um par de oligonucleotideos iniciadores pA e
pF, propostos por Edwards et al. (1989). Outros oligonucleotideos, internos a
estes, desenhados especialmente para este trabalho foram empregados no
sequenciamento do 16S. A andlise das sequéncias (<1300pb) mostrou que 0s

trés isolados pertencem ao género Streptomyces, apresentando elevada
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similaridade (<99%) com diversas espécies do género. No entanto, a arvore
filogenética de neighbor-joining baseado nas sequéncias do rDNA 16S mostrou
que os trés isolados formaram ramos distintos dos demais representantes da
familia Streptomycetaceae. Diferentes estudos sobre actinobactérias endofiticas
demonstraram a predominancia do género Streptomyces (Bascom-Slack et al.,
2009; Oliveira et al., 2010).

A fim de determinar a identificacdo dos isolados de Streptomyces em
nivel de espécie realizou-se uma série de analises bioquimicas e morfolégicas
conforme Shirling & Gottlieb, (1966); Williams et al., (1983); Williams et al.,
(1983). A comparacao de caracteristicas bioquimicas e culturais dos isolados foi
realizada com aquelas espécies Streptomyces, conhecidas e descritas no
Bergey’'s Manual® of Systematic Bacteriology (Goodfellow, 2012), que
apresentaram elevada similaridade na andlise do 16S rRNA com cada um dos
isolados estudados nesta pesquisa. No entanto, apesar das varias provas terem
sido realizadas nao foi possivel determinar a espécie. Dessa forma os isolados
foram denominados de Streptomyces 6(2), Streptomyces 6(4), Streptomyces
16(3) e Streptomyces R18(6).

As propriedades fenotipicas geralmente fornecem uma resolucéo
taxondmica insuficiente. A classificacdo dos estreptomicetos torna-se mais clara
com a aplicacdo de abordagens genotipicas, mas em termos praticos, o grande
namero de espécies descritas no género continua a ser o principal obstaculo da

taxonomia de Streptomyces.



5. CONCLUSOES

1. Os isolados de B. sorokiniana, oriundos de diferentes regides do
Brasil e de outros paises apresentaram elevada viruléncia e sementes de trigo,
sendo que os isolados polispéricos apresentam maior agressividade quando
comparados aos monosporicos.

2. Isolados monosporicos e polisporicos apresentaram diferente
predominancia em relacdo aos tecidos da plantulas colonizados, apresentando
maior agressividade as sementes do que sobre as partes aéreas.

3. Actinobactérias endofiticas de tomateiro apresentaram elevada
atividade antifingica, contra isolados os isolados B. sorokiniana, tanto em meio
sélido como em cultura submersa.

4. A maior producdo de compostos antifingicos ocorreu a 30°C apos
72h de incubacédo sob agitacdo constante. A mesma teve inicio durante a fase
de crescimento exponencial e continuou na fase estacionaria, para a maioria dos
isolados.

5. A producdo enzimatica das actinobactérias foi expressiva, sendo
que a deteccédo da producao de catalase, amilase, pectinase, lipase e esterase

foi observada para a mais de 90% dos isolados, enquanto que a degradacéo de
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caseina, carboximetilcelulase e gelatina foi realizada por 60,8, 34,78 e 47,82%
dos isolados, respectivamente.

6. Os isolados 6(2), 6(4), 16(3) e R18(6), apresentaram eficiente
reacao posisitiva para a producdo de compostos volateis, quitinase e glucanase,
sideroforos, fixagcdo de nitrogéno, AIA e colonizacdo de raizes, sendo que
somente o isolado R18(6) ndo apresentou capacidade de solubilizar fosfatos.

7. Os metabdlitos ativos produzidos pelo isolado de Streptomyces
R18(6) apresentaram maior estabilidade as mudancas de temperatura e pH,
acao de proteases e EDTA, quando comparado aos demais.

8. A extracdo de metabdlitos do extrato bruto foi mais eficiente com
0s solventes acetato de etila e hexano.

9. A autobiografia permitiu a identificacdo da presenca de compostos
com atividade antifungica nas bandas que apresentaram Rf entre 0,7 e 0,9,
visualizadas pela revelagdo com luz UV 365nm e anisaldeido.

10. Os isolados 6(2), 6(4), 16(3) e R18(6), pertencem ao género

Streptomyces.



6. PERSPECTIVAS

Realizacdo de testes in vivo para avaliar o potencial de biocontrole
dos isolados de Streptomyces a mancha marrom na cultura do trigo.

Purificacdo dos compostos com atividade antifungica produzidos
pelos isolados de Streptomyces sp. com maior potencial de controle do
fitopatbgeno B. sorokiniana, através de técnicas cromatograficas e
espectrométricas.

Caracterizacdo da estrutura quimica dos compostos purificados
através de Ressonancia Magnética Nuclear (NRM).

Determinacéo do espectro de acdo da molécula purificada, bem como

seu uso potencial na industria farmacéutica e agricola.
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