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RESUMO

Grande parte dos vegetais vive em simbiose com microrganismos
gue podem viver em sua superficie (epifiticos) ou em seu interior
(endofiticos). Muitos destes microrganismos produzem compostos
secundarios que podem proteger o hospedeiro ou induzir alguma resposta de
defesa da planta. Os microrganismos produtores de tais substancias sdo
explorados como agentes de biocontrole contra insetos, ervas daninhas,
fungos fitopatogénicos e bactérias patogénicas. Dessa forma, o objetivo
neste trabalho foi isolar e identificar fungos endofiticos de Eremanthus sp. e
verificar se eles apresentam atividade antagonista contra fungos
fitopatogénicos e bactérias patogénicas. Foram isolados fungos endofiticos
de trés areas da Serra da Bocaina em Minas Gerais, em trés condigdes
diferentes com interagdo humana (area 1), em seu habitat natural (area 2) e
plantacdo planejada (area 3). Os fungos endofiticos encontrados foram
identificados por meio do sequenciamento da regido ITS e submetidos a
testes de antagonismo in vitro. No teste contra bactérias, os filtrados de cada
fungo endofitico foram separados e foi utilizada a metodologia de difuséo
em disco. Nenhum filtrado apresentou acdo inibidora contra as bactérias. No
pareamento dos fungos endofiticos contra os fitopatdgenos utilizados fungos
dos géneros Cryptosporiopsis, Diaporthe, Xylaria, Paraconiothirium e
Camarosporium apresentaram antibiose por difusdo de substancias no meio.
Neste trabalho é relatado pela primeira vez o isolamento de doze géneros de
fungos filamentosos em Eremanthus sp. além de verificar a capacidade
antagonista de tais fungos, o que abre caminho para a descoberta das
substancias produzidas pelos fungos endofiticos que possam ser utilizados
no controle desses patdgenos.

Palavras-chave: Cryptosporiopsis. Antagonismo. Screening. Inibi¢éo.



ABSTRACT

Many plants live in symbiosis with microorganisms that can live on
their surface (epiphytic) or interior (endophytic). Many of these
microorganisms produce secondary metabolites that can protect the plant or
induce some host defense response. Moreover, the microorganisms that
produce such substances have been explored as biocontrol agents against
insects, weeds, plant pathogenic fungi and pathogenic bacteria. Thus, the
aim of our study was to isolate endophytic fungi Eremanthus sp. and check
if they have antagonistic activity against fungal pathogens of plants and
pathogenic bacteria. The endophytic fungi were isolated from three areas of
the Serra da Bocaina in Minas Gerais, in three different conditions; with
human interaction (Area 1), in their natural habitat (Area 2) and in planned
planting (Area 3). The endophytic fungi found were identified by sequencing
of the ITS region and subjected an in vitro antagonism test. The antagonisms
that show antibiosis were submitted to tests on split plates to verify the
volatile compound production. In the test against bacteria, filtrates of each
endophytic fungus were separated and applied in the disk diffusion method.
Endophytic fungus filtrate showed no inhibitory action against bacteria. In
the pairing of endophytic fungi against the pathogens used fungi of the
gerera Cryptosporiopsis, Diaporthe, Xylaria, Paraconiothirium and
Camarosporium presented antibiosis by releasing compounds in the
medium. This paper is the first report on the isolation of twelve genera in
Eremanthus sp. besides verifying their antagonist capacity such fungi, which
opens the way for the discovery of the substances produced by the
endophytic fungi that inhibit pathogens.

Keywords: Cryptosporiopsis. Screening. Inhibition. Antagonism.
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1. INTRODUCAO

Grande parte dos seres vivos, especialmente vegetais, vive em
associagdo com outros organismos. Tais organismos podem ser fungos
filamentosos, bactérias, leveduras, virus, algas ou nematoides, sendo que
alguns destes se localizam tanto no interior (endofiticos) quanto no exterior

da planta (epifiticos).

Plantas hospedeiras de fungos endofiticos sdo mais produtivas
devido a resisténcia induzida contra fungos patogénicos, insetos e
nematoides, além de apresentarem grande tolerancia a condigdes climaticas
adversas, como altas temperaturas e a seca. Além dessas vantagens para a
planta, alguns endofiticos produzem metabdlitos secundarios como o0s

alcaloides que tém sido relacionados a intoxicagdo animal.

Os metabolitos secundarios produzidos por microrganismos
apresentam grande importancia a humanidade, devido as atividades
antibidticas e de importancia farmacéutica, bem como atividades
imunossupressoras e tdxicas. Produtos naturais bioativos de fungos
endofiticos, isolados de plantas superiores, estdo ganhando importancia
consideravel para produtos farmacoldgicos, agroindustriais, de tecnologia

ambiental e bioconversao.

Quase a totalidade das espécies vegetais ja estudadas possui uma
microbiota endofitica, porém algumas espécies de planas tém sido pouco
estudadas, como é o caso da Eremanthus sp., popularmente conhecida como
candeia. Esta arvore superior pertence a familia Asteraceae, é explorada
principalmente para producdo de moirGes de cercas, além disso, dela é
extraido o alfa-bisabolol, 6leo que contém propriedades dermatoldgicas,
antimicrobianas e espasmodicas. A associacdo da candeia com
microrganismos endofiticos tem sido pouco explorada e pode apresentar
resultados interessantes em relacdo as espécies presentes e ao potencial

biotecnoldgico.
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Dessa forma, o objetivo neste trabalho foi identificar géneros de
fungos endofiticos presentes nestas plantas, assim como avaliar o potencial
de inibicdo destes isolados contra fungos e bactérias patogénicas, uma vez
gue as candeias produzem o 6éleo alfa-bisabolol com propriedades
antimicrobianas.
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2. REFERENCIAL TEORICO
2.1.Fungos endofiticos

O termo endofitico é frequentemente utilizado para descrever a
microbiota interna das plantas vivas (STONE; BACON; WHITE, 2000).
Uma definigdo mais recente de fungos endofiticos, proposta por Azevedo e
Araljo (2007), estabelece tais microrganismos como aqueles que podem ou
ndo crescer em meios de cultura e que habitam o interior de tecidos e 6rgaos
vegetais sem causar prejuizo aparente ao seu hospedeiro, além de ndo
produzirem estruturas externas emergindo dos vegetais. Eles sdo encontrados
nas partes aéreas vegetais e/ou nas raizes, que é uma das principais portas de
entrada dos mesmos e diferem dos epifiticos que vivem na superficie das
plantas (ARAUJO, 2001; KONIG et al., 1999). Podem ser isolados de
plantas de florestas tropicais, temperadas, boreais e até mesmo de ambientes
articos e desérticos (STONE; BACON; WHITE, 2000).

A convivéncia entre fungo e planta é caracterizada como associa¢do
mutualistica, uma vez que 0s organismos envolvidos sobrevivem
assintomaticamente a associacdo e ambos sdo beneficiados. Por parte do
fungo, ele recebe nutricdo e abrigo da planta hospedeira, enquanto essa
aumenta sua capacidade competitiva e sua resisténcia contra fatores biéticos
(CLAY; SHARDL, 2002) e abitticos (SAIKKONEN et al., 1998;
SCHARDL; LEUCHTMANN; SPIERING, 2004). Além disso, o fungo
também é beneficiado quando ocorre disseminagdo a proxima geracdo do
hospedeiro, por meio de transmissdo vertical (FAETH; FAGAN, 2002;
MULLER; KRAUSS, 2005).

Os fungos endofiticos foram descritos pela primeira vez por Bary
(1866), porém durante mais de um século, foram quase que ignorados,
principalmente devido ao pouco conhecimento sobre suas reais fungdes no
interior dos vegetais e também por ndao produzirem estruturas externas

visiveis em seus hospedeiros. Em geral, os fungos adentram as plantas por
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aberturas naturais, como estdbmatos e hidatddios ou feridas causadas por
insetos, por estruturas de fungos patogénicos, como 0s apressorios ou

mecanicas e também podem ser transmitidos via sementes.

Na maioria dos casos estudados, as interacdes entre plantas e
microrganismos tém se mostrado benéficas e podem estar relacionadas a
sanidade vegetal, j& que atuam no controle do crescimento de
microrganismos patogénicos, inibem a herbivoria por insetos, além de outras
aces, que em conjunto, aumentam a capacidade adaptativa da planta
(PEIXOTO NETO; AZEVEDO; ARAUJO, 2002; VARMA; SUDHA;
FRANKEN, 1999).

Além de ser fonte alternativa dos metabolitos secundarios
conhecidos das plantas, fungos endofiticos produzem uma rica variedade de
outros ativos biol6gicos e produtos estruturalmente diversos nunca antes
encontrados na natureza (GUNATILAKA, 2006; STROBEL; DAISY, 2003;
STROBEL et al.,, 2004; TAN; ZOU, 2001; VERMA; KHARWAR;
STROBEL, 2009; ZHANG; SONG; TAN, 2006) e sdo de grande
importancia para a descoberta de drogas ou compostos utilizados na
agricultura (MITCHELL et al., 2008; STROBEL, 2006a, 2006b).

Produtos naturais obtidos a partir de microrganismos endofiticos tém
mostrado atividade antimicrobiana e, em muitos casos, atuam como prote¢édo
da planta hospedeira contra microrganismos fitopatdgenos (GUNATILAKA,
2006). Assim, fungos endofiticos sdo considerados importantes fontes para
triagem de agentes de biocontrole para suprimir pragas de plantas, como
insetos e patdgenos, e para superar estresses abioticos como a seca, 0 pH e
temperatura adversos (BACKMAN; SIKORA, 2008).

2.2.Controle bioldgico

Os termos “controle bioldgico” e seu sindnimo “biocontrole” tém
sido usados em diferentes areas da biologia, especialmente em entomologia e
patologia de plantas (PAL; GARDENER, 2006).
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De acordo com Lima, De Marco e Félix (2000), o controle bioldgico
é fundamentado nas interacfes antagbnicas que ocorrem entre as espécies.
As interagdes mais estudadas e melhor caracterizadas sdo aquelas que
envolvem fungos fitopatogénicos e seus antagonistas (CHET, 1992;
HARAN et al., 1996). Segundo estes autores, o fungo agente de controle
biolégico interfere na vida do fitopatdgeno por diversos mecanismos de
acdo, como a competi¢cdo por espago e nutrientes, antibiose (producéo de
substancias volateis ou ndao) (AHMED et al., 2003), micoparasitismo
(liberagdo de enzimas e morte de um dos microrganismos envolvidos),
predacdo, hipoviruléncia ou por inducéo de resisténcia, entre outros.

Pal e Gardener (2006) afirmam que, com relacdo as doencas de
plantas, a supressdo pode ser realizada de muitas maneiras. Se as atividades
dos produtores sdo consideradas praticas relevantes, tais métodos como o
uso de rotagbes e plantio de cultivares resistentes a doencgas (sejam
naturalmente selecionadas ou geneticamente modificadas) seriam incluidos
na definicdo. Porque a planta hospedeira responde a numerosos fatores
bioldgicos, ambos, a resisténcia do hospedeiro induzida pelo patégeno ou
ndo patdgeno, pode ser considerada uma forma de controle biol6gico. Mas,
de forma mais restrita, tais autores afirmam que o controle bioldgico refere-
se a utilizagdo intencional de organismos vivos, introduzidos ou residentes,
para suprimir as atividades e populagdes de um ou mais patdgenos de

plantas.

2.3.Fungos endofiticos e suas aplica¢des

A partir da sintese de metabolitos secundarios, os fungos podem ter
vantagens em habitats, nos quais estes necessitam competir com outros
microrganismos. Para tanto, muitos desses metabolitos atuam de forma
toxica e podem inibir outros organismos (KHALDI et al., 2010). Devido a
essas propriedades bioativas, muitos destes compostos tém sido adotados
para 0 uso farmacéutico como o0s antibidticos, agentes

hipocolesterolemiantes, inibidores tumorais e imunossupressores, sendo que,



15

poucos metabolitos secundéarios ndo apresentam atividade antibidtica
(DEMAIN, 1999; SHWAB; KELLER, 2008).

Dentre alguns estudos ja realizados com fungos endofiticos, Dai et
al. (2009) analisaram quimicamente o extrato de cultura de Nodulisporium
sp. (Xylariaceae), isolados da planta arborea Erica (Ericaceae) das llhas
Canarias e determinaram que esses isolados produzem seis novos
metabdlitos. As propriedades antibacterianas, antifingicas e algicidas, das
seis substancias, foram testadas em ensaio de difusdo em agar e comparadas
com antibidticos convencionais. Todas as substancias apresentaram

atividade antifingica e algicidas e trés exibiram também acéo antibacteriana.

Em outro trabalho o fungo endofitico Phomopsis sp. (Valsaceae),
isolado de folhas de Laurus azorica (Lauraceae), que cresce na ilha Gomera,
produziu outros seis metabo6litos. Dentre os compostos isolados, 0s novos
metabolitos cicloepoxytriol B e cicloepoxylactona mostraram atividades
antibacterianas e antiflngicas contra Bacillus megaterium e Microbotryum
violaceum (HUSSAIN et al., 2009).

Visto que os fungos endofiticos sdo fontes de metabolitos
secundarios antimicrobianos, estes podem ser testados como antagonistas de
fungos fitopatdgenos como espécies de Fusarium, Sclerotinia sclerotiorum,
Colletothricum lindemuthianum e Phytophthora sp. Tais fungos sdo agentes
etiologicos de inumeras doencas. Fusarium spp. causam infecgdes
oportunistas em humanos e animais (DE SILVA; PERERA, 1997;
MUHAMMED et al., 2013; RANAWAKA; DE SILVA; RAGUNATHAN,
2012). Em plantas eles causam podrid&o da raiz e murcha do Fusarium em
diversas culturas, sendo encontrados em solo de inUmeras areas de cultivo
pelo Brasil (TOLEDO-SOUZA et al., 2009). Sclerotinia sclerotiorum
provoca doencas conhecidas como mofo-branco, podriddo da Sclerotinia,
podridéo da cabeca por Sclerotinia, podriddo do colmo ou murcha em muitas

culturas (WANG et al., 2014). Colletotrichum lindemuthianum é causador da
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podriddo amarga e da antracnose, a Ultima estd espalhada em muitas areas de
cultivo de feijdo, mas prevalece em regides subtropicais e temperadas e pode
ser transmitida por meio da semente infectada (PASTOR-CORRALES; TU,
1989). Phytophythora sp. é um género de patégenos de plantas que infecta
guase todas as espécies de plantas (HANSEN; REESER; SUTTON, 2011) e
causa ferrugem e o damping-off (ZOHARA et al., 2016).

O biocontrole de patdégenos de plantas proporciona um meio
alternativo de reduzir o incidente de doengas de plantas sem o0 aspecto
negativo dos controles quimicos, como pesticidas (CHET, 1987). Fungicidas
quimicos sdo caros, podem causar poluicdo ambiental e induzir resisténcia
no patégeno (LARSON, 1987; JONES, 1985). Adicionalmente, eles podem

causar nanismo e clorose em mudas (JONES, 1985).

Da mesma forma que fungos endofiticos séo estudados na inibicéo
de fitopatdgenos, também sdo utilizados no antagonismo de bactérias
patogénicas. Entretanto, encontrar um antagonista se torna mais dificil pelo
uso indiscriminado de antibidticos, que é acompanhado da selecdo das
bactérias resistentes, fato que leva ao aumento das patologias. Tentando
contornar este problema deve-se alcancar o equilibrio entre 0 aumento da
resisténcia microbiana e o numero de novos antibidticos produzidos
(SILVA, 2010).

Algumas  bactérias  patogénicas de importdncia incluem
Staphylococcus aureus, Escherichia coli, Listeria monocytogenes e
Salmonella enterica Enteritidis. Staphylococcus aureus é a causa mais
comum de infeccBes estafilocdcicas como espinhas, impetigo, meningite,
osteomilite, endocardite e septicemia. E capaz de secretar diferentes tipos de
toxinas que estdo associadas a doencas especificas (DING et al., 2016).
Escherichia coli Enterotoxigénica esta associada com diarreia dos viajantes
em paises de risco e em criancas abaixo de dois anos de idade, podendo levar

a morte (HAINES et al., 2015). Listeria monocytogenes foi reconhecida
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como importante agente patogénico de origem alimentar, causando listeriose
em humanos. ManifestacOes clinicas de listeriose invasiva normalmente sdo
graves e incluem aborto, sepse e meningoencefalite e sindrome
gastroenterite febril (VAZQUEZ-BOLAND et al.,, 2001). Salmonella
enterica Enteritidis € uma das principais causas de doenca intestinal pelo
mundo, assim como agente etioldgico de doencas sistémicas mais severas,
como febre tifoide e paratifoide (POND, 2005).

Todas as espécies acima sdo consideradas de grande risco devido as
severas infecches que provocam em todo o mundo. Dessa forma, a
resisténcia microbiana a medicamentos e 0 uso excessivo destes, apenas
pioram a situacdo (AKSOY; UNAL, 2008). Portanto, é necesséria a continua
busca por antimicrobianos efetivos no tratamento de doengas infecciosas
(XING et al., 2011).

2.4.0 Género Eremanthus

Espécies de Eremanthus, também conhecidas como candeia, sdo da
familia Asteraceae, pertencem ao grupo ecoldgico das pioneiras e sdo
consideradas precursoras na invasdo de campos (CARVALHO, 1994). O
tronco dessa arvore possui casca grossa com muitas fendas e frustes e, nos
galhos mais novos, a casca torna-se menos ristica. As folhas tém como
caracteristica marcante a dupla coloracdo. Na parte superior sdo verdes e
glabras e na parte inferior possuem tom branco, tomentoso e sdo aveludadas
(CORREA, 1931). As folhas sdo simples, opostas com pilosidade cinérea
(CHAVES; RAMALHO, 1996). As flores sdo hermafroditas e se apresentam
em inflorescéncia e cor purpura nas extremidades dos ramos (ARAUJO,
1944). As caracteristicas das folhas e de inflorescéncia facilitam a
identificacdo da espécie mesmo a distancia. As flores se desenvolvem em
marco, abrem de maio a agosto e o pico de floragdo é no més de julho
quando alguns individuos ja frutificam, com pico de frutificacdo entre os

meses de setembro e outubro, quando se inicia a dispersdo de sementes ou


http://www.sciencedirect.com/science/article/pii/S0963996911004169#bb0610
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aquénios (CENTRO TECNOLOGICO DE MINAS GERAIS - CETEC,
1994).

De acordo com CETEC (1994), plantas desse género desenvolvem
em sitios com solos pouco férteis, rasos e, predominantemente, em areas de
campos de altitude, com estas variando entre 1000 e 1700m. A candeia se
desenvolve em locais nos quais seria dificil a implantacdo de culturas

agricolas ou mesmo a implantacdo de alguma outra espécie florestal.

Existem véarias espécies de candeia, porém a Eremanthus
erythropappus (DC.) Macleish e a Eremanthus incanus (Less.) Less sdo as
de maior importancia econémica e de maior ocorréncia em Minas Gerais,
com distribuicdo do sudeste ao nordeste do Planalto Central do Brasil. A

planta esta presente no cerrado, na floresta secundaria ou na caatinga.

As espécies E. erythropappus e E. incanus sdo as mais comumente
utilizadas para a extracdo de Oleo essencial com geracdo de renda
(SCOLFORO; OLIVEIRA; DAVIDE, 2004), além da madeira ser
comumente utilizada para moirdes de cerca (TEIXEIRA et al., 1996). Por
este fato, a candeia € a Unica espécie arbdrea do Brasil com legislacdo
propria para exploragdo (LINHARES, 2011). Até 2004 ndo existia plano de
manejo para Eremanthus sp., e este foi desenvolvido pelo Laboratério de
Manejo Florestal da Universidade Federal de Lavras, a fim de possibilitar
constante revitalizacdo dos candeiais e impedir que eles sejam substituidos

por alguma cultura pouco rentavel ou até mesmo pastagem.
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ARTIGO 1. ISOLATION, IDENTIFICATION AND ANTAGONISM
OF ENDOPHYTIC FUNGI FROM Eremanthus sp.

Artigo redigido conforme as normas de revista cientifica (verséo preliminar)

1. INTRODUCTION

The majority of living beings, especially plants, live in association
with other microorganisms (FAETH; FAGAN, 2002). Those organisms can
be filamentous fungi, bacteria and yeast, some of which can live inside
(endophytic), or outside (epiphytic) of plants (SANTAMARIA; BAYMAN,
2005).

Hosts plants of some endophytic fungi are more productive due
resistance induced against pathogenic fungi, insects and nematodes, besides
presenting considerable resistance to adverse climate conditions such as high
temperature and dry weather. Moreover, endophytic fungi may produce
alkaloids recently related to animal intoxication and they can attack
nematodes and insects (VARMA et al., 1999; PEIXOTO NETO;
AZEVEDO; ARAUJO, 2002; PAL; GARDENER, 2006).

Bioactive natural compounds of endophytic fungi, isolated from
superior plants, are gaining considerable importance for pharmacological
and agro-industrial products, environmental technology and bioconversion.
These compounds can be found as secondary metabolites (STROBEL;
DAISY, 2003; GUO et al.,, 2008), which present great importance to
humanity due to their important antibiotic, pharmaceutical and
immunosuppressive activities (NEWMAN; CRAGG; SNADER, 2000;
DEMAIN, 1999).

Almost all of the plant species studied have an endophytic

microbiota, but some plant species have been little studied, such as
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Eremanthus sp. This superior tree belongs to the Asteraceae family and is
extremely explored since its wood is used in fence posts and, in addition,
alpha-bisabolol is extracted from it, an oil containing dermatological,
spasmodic and anti-microbial properties (SCOLFORO et al., 2002,
TEXEIRA et al., 1996), that makes it a potential source of fungi with the
same properties. Thus, the objective of this work is to identify fungal genera
present in Eremanthus sp. and evaluate the inhibition potential of these

isolates against fungi in certain pathogenic bacteria and fungi.

2. MATERIAL AND METODS

The experiments were conducted in the Filamentous Fungi Genetics
and Bioprospecting Laboratory — BIOGEN and Laboratory of Food
Microbiology both from Federal University of Lavras - UFLA, Lavras,

Minas Gerais, Brazil.

2.1.Plant material

The samples of Eremanthus spp. were colected from three trees in
each area, which were three areas: with humans living close by (Area 1), in
their natural habitat (Area 2) and in planned planting (Area 3). Sampling was
in the Serra da Mantiqueira, in the cities Aiuruoca (22°04°45.1”S and
044°39°03.8”W) and Bocaina de Minas (22°08°37.1”’S and 044°27°12.3”W,
22°07°22.7”S and 044°27°51.3”W), and the tissues collected were taken to
the (BIOGEN) of the Federal University of Lavras.

The collection was made from three trees from an area at breast
height with the extraction of bark material 1 cm thick. The collected leaves
should not present any symptom of disease or herbivory. The seeds were
collected when they were still attached to the inflorescence. The samples
were kept on ice until arrival in BIOGEN and immediately disinfested for

endophytic isolation.
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2.2.Endophytic fungi isolation

Leaves and bark were washed in sterile distilled water, 70% ethanol
(1 min), sodium hypochlorite 2.5% (1 min) and sterile distilled water (3x),
and then dried on filter paper and cut into smaller fragments (0.3 to 0.5 cm)
totaling 135 fragments of each tissue. Five fragments were arranged on each
plate containing PDA (Potato Dextrose Agar) medium plus 250 mg.L* of
cefotaxime and incubated at 26°C. Emerging fungal colonies from fragments
were transferred to plates containing PDA/cefotaxime medium.

Seeds were placed in 50 mL Falcon tubes for disinfestation of
epiphytic microorganisms. They were washed with autoclaved distilled
water (1 mim), 70% ethanol (2 mim), sodium hypochlorite 5% (2 mim) and
autoclaved water three times (1 mim); 0.1 mL of this last water was plated
on PDA/cefotaxime for control verification. The seeds were dried on filter
paper before being placed in petri dishes containing PDA/Cefotaxime
medium. Five seeds were deposited in plates with three repetitions and
incubated at 26°C. Plates were examined daily for the presence of colonies
of fungi and bacterial contaminants. The grown endophytic fungi were
transferred to individual plates containing PDA medium/Cefotaxime,

incubated at 26°C and preserved by the Castellani method.

2.3.Molecular identification of isolated fungi

Molecular identification of isolated fungi was made by sequencing
the ITS region from rDNA. For that, total DNA was extracted according to
Wizard Genomic DNA Purification Kit (PROMEGA) protocol. The DNA of
each fungus was used for ITS amplification, which was conducted in 30 pL
volumes containing 15 pL of Qiagen TopTag Master Mix Kit 250
(containing 250U TopTaq DNA Polymerase in total, 10x CorallLoad
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Concentrate, and RNAse-free water), 10ng/3 pL of total DNA, 10 pmol/2
pL of each primer and 8 pL of Milli-Q water. The primers used in the
amplification are ITS1 (5'-TCCGTAGGTGAACCTGCGG-3') and ITS4 (5'-
TCCTCCGCTTATTGATATGC-3"). Amplifications were carried out in a
thermocycler with initial step of 94°C for 2 minutes, then programming of
35 cycles of denaturation at 94°C for 30s, annealing at 58°C for 30 seconds,
extension at 72°C for a minute and a final extension of 7 minutes at 72° C.
The amplification product was purified and sequenced by Macrogen
in South Korea. The sequences were edited using the software Sequencher
54., The sequences were then  analyzed in BLAST

(http://www.ncbi.nlm.nih.gov).

2.4.Antibacterial activity of supernatant of isolated fungi

Endophytic fungi were grown in 100ml of PD (Potato dextrose)
medium and 4ml of each fungal supernatant was stored in an eppendorf in a
freezer.

The fungal supernatant was tested for antibacterial activity by the
agar diffusion method described by NCCL (2003) with modifications. The
bacteria provided by the Food Microbiology Laboratory were Escherichia
coli ATCC 3540, Staphylococcus aureus ATCC 5674, Listeria
monocytogenes ATCC 19117 and Salmonela enterica Enteritidis S64. The
bacteria were grown at 37°C in 10 mL of TSB (Tryptone Soya Broth)
overnight and transferred to 10ml of saline until reaching a turbidity of 0.5
McFarland standard solution with a concentration of 108 CFU/ml. Then, 0.2
mL of the cultures were inoculated on plates with TSA (Tryptone Soya
Agar) medium. The paper disks with 5ul of the endophytic fungi supernatant
were placed over medium seeded with bacterial cultures. The plates with
bacteria were incubated at 37°C for 16 to 18 hours. After this period, the

inhibition zone formations were observed. The negative control was 5ul PD


http://www.ncbi.nlm.nih.gov/
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medium without supernatant and the positive control was 5ul of
Chloramphenicol at concentration of 30 pg/mL in the disks.

2.5.Antifungal activity of endophytic fungi isolates

The endophytic and phytopathogenic fungi were cultivated in PDA
medium, each in one plate, for 5 to 7 days at 25°C. After that, a small piece
of mycelium from isolated endophytes was placed in one half of the Petri
plate containing PDA and incubated for 4 days at 25°C. After this period,
fragments of the phytopathogenic fungi were removed and inoculated at 6
cm from endophytic fungus. These were incubated at 25°C in BOD for 10
days with subsequent analysis of the pathogen growth. As a control, the
plant pathogenic fungus was inoculated on a Petri dish containing PDA
medium. All the experiments were made in duplicate.

Those endophytes that inhibited the growth of phytopathogenic
fungi were inoculated on potato dextrose agar in bipartite petri dishes, to
determine whether the inhibition would be from the volatile compound.
Furthermore, the interactions observed between endophytic fungi and plant
fungi pathogens were separated into three classes: (1) Competition for space
and nutrients; (2) Mycoparasitism and (3) Antibiosis or inhibition zone
formed.

The pathogenic fungi tested were Fusarium solani, Fusarium
oxysporum, Sclerotinia sclerotiorum, Colletotrichum limdermuthianum and
Phytophthora sp., all from Mycological Collection of Lavras except C.
lindemuthianum, donated by the Molecular Genetics Laboratory, both from

the Federal University of Lavras.

3. RESULTS AND DISCUSSION
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Based on culture dependent technique, a total of 105 endophytic
fungi were isolated from Eremanthus sp. including 60 from bark, 13 from
leaves and 32 from seeds. However, two of them stopped growing after the

first antagonist test, thus, only 103 were molecularly identified (Table 1).

Table 1. Molecular identification of endophytic fungi recovered from
Eremanthus sp. based on ITS rDNA analysis and number of isolates by host
tissue.

Molecular Query Host tissue
o Ident (%)
Identification cover (%) Seeds Leaves Bark
Acremonium sp. 98 93 - - 1
Alternaria alternata 100 100 3 2 1
Anthostomella sp. 95 98 - 1 -
Camarosporium spp. 98 96 - - 14
Cladosporium
cladosporioides % 100 ! ) :
Coprinellus radians 99 99 1 - -
Cryptosporiopsis spp. 98 96 - - 22
Diaporthe spp. 100 97 16 - -
Epicoccum nigrum 98 97 1 - 1
Muscodor sp. 98 99 - 1 -
Not identified - - 2 - 4
Paraconiothyrium
98 99 1 - 1
spp.
Peniophora spp. 99 97 1 - 1
Periconia spp. 98 98 - 1 1
Pleosporales 71 90 - - 1
Trametes villosa 98 99 - - 1
Xylaria spp. 98 99 - 7 8
Xylariaceae 82 99 - 1 -

Xylariaceae 97 83 - - 1
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Area 2 (natural habitat) showed the highest number of isolates with
67 endophytic fungi. In Areas 1 (human interaction) and 3 (planned
planting) 25 and 13 isolates were found, respectively. This result was
expected because we believe that major vegetation diversity implies
increasing diversity in the endophytic microbial community, as well as
increased incidence of endophyte infections from the arctic to the tropics
(ARNOLD; LUTZONI, 2007). A curious fact is that in Areas 1 and 3 the
tissue with the highest amount of endophytic fungi was the seed with 52%
and 76.9% fungal isolates, respectively, while in Area 2 the bark had the
highest isolation, with 80.6% endophytic fungi obtained.

Most of our endophytic fungal isolates were present in bark samples,
isolates such as Camarosporium spp. and Cryptosporiopsis spp. that showed
specificity for this plant tissue. It is known that the largest amount of
secondary metabolites, for example alpha-bisabolol, is present in the stem
(LBVH, 2016), which suggests that the community living in the stem is
favored by the protective action of these metabolites (OTERO et al., 2002;
SIEBER; DOWORTH, 1994). Moreover, endophytic fungi exhibit tissue
specificity because of their adaptation to different physiological conditions
in plants (RODRIGUES; SAMUELS, 1990).

Magalhdes et al. (2008) also worked with Eremanthus sp. and
reported the isolation of 159 endophytic fungi distributed in eight genera.
However, our study identified fifteen genera, of which twelve were different:
Acremonium, Anthostomella, Camarosporium, Coprinellus,
Cryptosporiopsis, Diaporthe, Epicoccum, Muscodor, Paraconiothyrium,
Peniophora, Periconia and Trametes. This fact can be explained by
sampling carried out in different places, since we collected in the Mata
Atlantica while they collected in the Cerrado, two totally different biomes.
Thus, those twelve different genera are reported for the first time in

Eremanthus sp.
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Among the endophytic fungi found, some are described in the
literature for presenting interesting biotechnological features. The genus
Xylaria sp. is known to have secondary compounds that inhibit tumor cells
and various microorganisms such as bacteria, protozoa, yeasts and
filamentous fungi (HEALY et al., 2004; CHEN et al, 2011; JANG et al,
2007; TANSUWAN et al., 2007, JIMENEZ-ROMERO et al, 2008), in
addition to possessing an anti-inflammatory effect (KO et al, 2011).

The genus Muscodor, also found in our study, is known as a
producer of mixtures of volatile organic compounds, which inhibit growth of
a wide variety of pathogenic fungi and bacteria, as well as some nematode
and arthropod species (WORAPONG et al., 2001; STROBEL et al, 2001;
MCAFEE; TAYLOR 1999; WORAPONG et al, 2002).

Two species and one genera belonging to the phylum
Basidiomycota, Coprinellus radians, Trametes villosa and Peniophora spp.
was recovered in our study. T. villosa and Peniophora spp. has been reported
as producing important enzymes such as laccase (HUTTERMANN et al.,
1989; NIKU-PAAVOLA et al., 2004). The production of the enzyme laccase
by endophytic fungi is interesting because it is used in various industrial
applications, including bioremediation, clarification of wine, ethanol
production analysis and biosensors construction (YAROPOLOV et al., 1994;
SIGOILLOT et al., 2004).

Moreover, other endophytic genera found are known as producers of
compounds and enzymes important in the pharmaceutical and agronomic
industry. Among them there is the Acremonium sp, a producer of
cephalosporin C (HU et al., 2015); Alternaria sp, producer of mycotoxins in
cereals and fruits (LOPEZ, et al., 2016); Cladosporium sp, which produces
antimicrobial compounds (DING et al., 2008); Coprinellus radians that
releases enzymes with peroxidase action (ARANDA et al., 2009);

Cryptosporiopsis includes species that produce antibiotics and herbicides
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(NOBLE 1991; SCHULZ, 1995, 2002); Diaporthe sp. produces antibiotic
(BANDRE; SASEK, 1977, DETTRAKUL et al. 2003, LIN et al. 2005) and
anticancer (KUMARAN; HUR, 2009) compounds; Paraconiothyrium sp.
releases Brefeldin A with antifungal, antiviral and anticancer properties
(KHAN et al, 2012) and Periconia sp. produces alkaloids (VERMA, 2011).

Furthermore, in tests that evaluate the potential inhibition of
supernatants of endophytic fungi against pathogenic bacteria, our results
showed no inhibition of Escherichia coli, Staphylococcus aureus, Listeria
monocytogenes and S. Enteritidis. Previous studies reported that extract of
endophytic fungi belonging to genera identified in our study inhibited E.
coli, S. aureus and S. Enteritidis (VIEIRA et al., 2012; XING et al., 2011; LI
et al., 2015; SORRES et al., 2015; YUE et al., 2015; HU et al., 2015;
KURZATKOWSKI; GEBSKA-KUCZEROWSKA, 2015). However, those
endophytic fungi were not isolated from Eremanthus sp. Furthermore, in
these studies extracts were used that may be present higher bioactive

compound concentrations of than in our supernatant.

Endophytic fungi also were tested against five plant pathogens.
Figure 1 shows the interaction classes observed between endophytic and
phytopatogenic fungi. The antagonisms that show an inhibition halo were
tested for volatile compounds production and exhibited negative results
indicating that the inhibitory compounds are released into the culture

medium.
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Figure 1. Endophytic fungi are on the left and the pathogenic fungi are on the right
side. 1) Class | — Competition; Il) Class Il — Mycoparitism and 1) Class Il —
Antibiosis, inhibition zone formed.

According to Pal and Gardener (2006), promising results for
inhibiting pathogens in the field are mycoparasitism and antibiosis. Thus,
despite Class | being the most frequent accounting for 72.24% of the results,
it did not show inhibition of the pathogenic fungi, just competition for space

and /or nutrients, representing no interesting results for biological control.

Fungi of the phylum Basidiomycota, such as Trametes villosa, are
not commonly reported as endophytic and mycoparasitic at the same time. In
Class Il T. villosa did not overgrow only the colony of Fusarium oxysporum.
Thus, a better study of T. villosa would be interesting in order to discover
their biocontrol potential. In addition, studies with Basiodiomycetes have
increased considerably because of its ability to produce biotechnological

compounds used in pharmacology and agriculture (DE SILVA et al., 2013).

Class Il includes all antagonism tests that resulted in the inhibition
halo, and the results are shown in Table 2.

Some of the endophytic genera found in Eremanthus sp. are not
commonly reported in biological control, such as Crypstosporiopsis, which
inhibited the growth of F. solani, F. oxysporum, C. lindemuthianum, S.
sclerotiorum and Phytophthora sp. Some species have been found as
pathogen and endophyte and can produce secondary metabolites with
antibacterial, antifungal and herbicidal activity (NOBLE et al., 1991;
SCHULZ et al.,, 1995, 2002; STROBEL et al., 1999). Among these
metabolites, Strobel et al. (1999) described cryptocandin, which inhibits
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Trichophyton spp., S. sclerotiorum, Candida albicans and Histoplasma
capsulatum. Thus, fungi of this genus may be candidates for more detailed

studies on biological control.



Table 2. Number of endophytic fungi that formed an inhibition zone with the respective pathogens.

Endophytic fungi

Acremonium sp.
Alternaria sp.
Anthostomella sp.
Camarosporium sp.
Cladosporium sp.
Cryptosporiopsis sp.
Diaporthe sp.

E. nigrum
Not Identified

Paraconiothyrium sp.

Pleosporales
Xylaria sp.

Pathogenic fungi

F. solani

1/1
4/14

16/22
2/2
3/6
1/2
1/1

3/15

F. oxysporum
1/6
1/1

19/22
2/2
2/6
1/2

S. sclerotiorum

1/6

1/22
3/16

2/6

1/15

C. lindemuthianum

1/1
1/6
1/1

4/14
3/8

15/22

7116
2/2
4/6

2/15

Phytophthora sp.

1/22
1/16

8¢
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Moreover, in our study two strains of E. nigrum showed antimycotic
activity against F. solani, F. oxysporum and C. lindemuthianum. In previous
studys E. nigrum was reported as having efficient control of brown rot in
peach and nectarine postharvest (LARENA et al., 2005; MARI et al., 2007),
whereas Diaporthe sp. also presented inhibition of S. sclerotiorum, C.
lindemuthianum and Phytophthora sp. Interestingly, Diaporthe is a
teleomorph of Phomopsis, which was reported as a producer of enzymes and
secondary metabolites (ELSAESSER et al. 2005; KOBAYASHI et al. 2003;
ISAKA et al. 2001; DAI et al. 2005)., Diaporthe sp. was also reported as a
producer of phytotoxic and mycoherbicide compounds (ANDOLFI et al.,
2015).

In our study, the endophytic genus Xylaria sp. inhibit F. solani, S.
sclerotiorum and C. lindemuthianum. Previous works with compounds
produced by Xylaria species demonstrated that the secondary metabolites
released by this fungus have significant antifungal activity against pathogens
such as F. solani, Alternaria solani, Botrytis cinerea, Gibberella saubinetti,
Phytium ultimun, Magnaporte grisea, Aspergillus niger, Alternaria panax,
Fusarium oxysporum, Phytophthora capsici, Alternaria mali, A. porri,
Rhizoctonia solani, Fulvia fulva and Cylindrocarpon destructans (ZHANG
et al. 2014; BARABAN et al. 2013; JANG et al., 2007). Such reports
suggest that the compounds produced by the genus Xylaria should be further
studied to optimize their biocontrol activity also demonstrated herein.

Some endophytes of Emaranthus sp. were identified as belonging to
the genus Alternaria. Kumar et al. (2011) also found Alternaria species as
endophytic from Tylophora indicates. They reported that Alternaria
tenuissima and Alternaria sp. showed activity against both Sclerotinia
sclerotiorum and Fusarium oxysporum, which corroborates our results, in
addition to C. lindemuthianum.

To our knowledge, our study is one of the few reporting antifungal
activity of some genera found in Eremanthus sp., such as Camarosporium,

Anthostomella, Acremonium and Paraconiothyrium.
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3. CONCLUSIONS

Considering the results obtained in this study, it was concluded that
isolated genera of endophytic fungi have not been reported in Eremanthus
spp. yet, such as Acremonium, Anthostomella, Camarosporium, Coprinellus,
Cryptosporiopsis, Diaporthe, Epicoccum, Paraconiothyrium and Trametes.
Some have been found in other plants and reported as producers of
secondary metabolites and biocontrol agents.

Regarding antimicrobial potential, the fungal isolates did not inhibit
the growth of the bacteria used. However, regarding the antifungal potential
some fungi have excelled in antagonism against pathogens, including some
genera not yet reported in Eremanthus sp.

In general, the endophytic fungi found in our work are able to
produce substances that inhibit the growth of different pathogenic fungi.
Among them, Cryptosporiopsis sp showed high inhibition capacity of the
majority of the pathogens used. Furthermore, this work is the first to test
whether the endophytic fungi present in Eremanthus sp. have antimicrobial

activity.
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