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RESUMO

Endofiticos sdo microrganismos que vivem no interior das plantas, sem causar sintomas de
doengas; varios deles ja demonstraram ter uma fungdo benéfica, como defesa contra
patdgenos. Lectinas sdo glicoproteinas ligantes de carboidratos que participam de varios
processos na célula, um deles sendo a ligacdo entre bactérias fixadoras de nitrogénio e
raizes. No presente trabalho foram isolados bactérias e fungos endofiticos de folhas de
Bauhinia monandra (Pata-de-Vaca). Os endofiticos foram utilizados para avaliar atividades
antimicrobianas. A disponibilidade de uma lectina de folha de Bauhinia monandra
(BmoLL), altamente purificada, permitiu avaliar potencial atividade aglutinante entre a
lectina e bactérias endofiticas. Em trés coletas consecutivas foram selecionadas folhas de
um mesmo espécime de B. monandra. Apds desinfestagdo e fragmentacao da folha foi
efetuado posterior plaqueamento nos meios SAB (Agar Saboureaud) ¢ BDA (Batata
Dextrose Agar) acrescidos de tetraciclina, visando o isolamento de fungos. Para o
isolamento de bactérias foram usados os meios AN (Agar Nutritivo), AN 50%, CZ
(Czapek) e CAA (Caseina Amido Agar) acrescidos de ciclohexamida. Foram isolados 69
endofiticos, dentre eles fungos (54%) e bactérias (46%). Um total de 9% dos isolados foi
obtido na primeira coleta, 38% na segunda e 54% na terceira e Ultima coleta. Entre os
fungos, 30% foram obtidos em meio SAB, 33% em BDA, 14% em CAA, 6% em CZ, 11%
em AN e 9% em AN 50%; entre as bactérias, 38% foram obtidos em AN, 29% em AN
50%, 25% em CAA e 10% em CZ. Um total de 32 linhagens bacterianas foram isoladas: 24
foram caracterizadas como gram-positivas € 6 como gram-negativas. A atividade
antimicrobiana em bloco de gelose foi realizada nos meios SAB e BDA para os fungos, e
nos meios TSA, CAA, AN, para as bactérias. Os testes com fungos ndo mostraram
resultados significativos, enquanto que 62% das bactérias endofiticas apresentaram
atividade antimicrobiana, sendo o meio AN o mais eficiente. O ensaio fermentativo
mostrou que apenas duas bactérias endofiticas apresentaram atividade. Uma bactéria foi
ativa contra os fungos Aspergillus niger, Fusarium moniliform e F. oxysporum, e também
contra as bactérias Sarcina lutea, Staphylococcus aureus e Bacillus subtilis; a outra bactéria
apresentou atividade contra Candida sp. linhagens 2224, 4224 e 4249, isoladas de
imunodeprimidos, Sarcina lutea e Staphylococcus aureus. Dados preliminares indicaram
que na atividade aglutinante da BmoLL contra as bactérias endofiticas, das quatro estirpes
testadas, uma bactéria gram-negativa, com atividade antimicrobiana, resultou em

aglutinagao.



ABSTRACT

Endophytes are microorganisms that live inside the plants, without causing symptoms of
diseases; several of them already demonstrated to have a beneficial function, as defense
against pathogens. Lectins are glycoproteins which bind carboydrates and participate of
several processes in the cell, one of them being the connection between bacteria fixation of
nitrogen and rootses. In the present work bacteria and fungi endophytics of leaves were
isolated from Bauhinia monandra Pata-de-Vaca). The endophytics were used to evaluate
antimicrobial activities. The availability of a lectin from leaves of B. monandra (BmoLL),
highly purified, allowed to evaluate a potential agglutinating activity between the lectin and
endophytes bacteria. In three serial collections leaves of a same specimen of B. monandra
were selected (Paw-of-cow). After desinfection, fragmentation of the leaf and posterior
distribution in the broths SAB (Agar Saboureaud) and BDA (Potato Dextrose Agar) added
of tetracycline, seeking for the isolation of fungi. For the isolation of bacteria the brohts
were used AN (Nutritious Agar); AN 50%, CZ (Czapek) and CSA (Casein Starch Agar)
added of ciclohexamide. A total of 69 endophytics were isolated, between them fungi
(54%) and bacteria (46%). Among the fungi, 30% were obtained in medium SAB, 33% in
BDA, 14% in CAA, 6% in CZ, 11% in AN and 9% in AN 50%; among bacteria, 38% were
obtained in AN, 29% in AN 50%, 25% in CAA and 10% in CZ. Of the 32 isolated bacterial
strains 24 were characterized as gram-positive; 6 as gram-negatives. The antimicrobial
activity in gelose block was accomplished in the media SAB and BDA for fungi, and the
media TSA, CAA, AN, for bacteria. The tests with fungi did not show significant results,
while 62% of the endophytic bacteria presented antimicrobial activity, being the broth AN
the most efficient and CAA the less. The antimicrobial activity of the fermentation showed
that two endophytic bacteria just presented activity: a bacteria was active against the fungi
Aspergillus niger, Fusarium moniliform and F. oxysporum, and also against the bacterial
Sarcina lutea, Staphylococcus aureus and Bacillus subtilis; while the other bacteria
presented activity against Candida sp. strains 2224, 4224 and 4249, isolated of
imunodepressives, Sarcina lutea and Staphylococcus aureus. Preliminary data indicated
that in the agglutinating activity of BmoLL against the endophytic bacteria, of four strains

tested, a gram-negative bacteria, with antimicrobial activity, resulted in agglutination.



INTRODUCAO

Microrganismos que vivem no interior das plantas, principalmente
dentro das folhas, na parede celular e, ou nos espagos vazios entre as células,
sao conhecidos como endofiticos, podendo ser bactérias ou fungos (Figura 1),
que durante o seu ciclo de vida invadem o tecido vegetal vivo e causam
infec¢do inaparente ou assintomatica dentro dos tecidos, mas ndo causam
sintomas de doencas (Sprent & James, 1995; Clay & Holah, 1999; Parniske,
2000; Omacini et al., 2001; Redman et al., 2002).

Em uma mesma planta varios endofiticos podem ser encontrados, sejam

eles bactérias ou fungos (Figura 1) (Wilson, 1995; Bacilio-Jiménez et al.,

2001; Vandenkoornhuyse, 2002).

Figura 1. Bactérias e fungos endofiticos isolados de folhas de Bauhinia

monandra.

Plantas em geral possuem endofiticos, como o endossimbiotico
Rhizobium comumente encontrado em leguminosas, além de fungos
micorrizicos arbusculares encontrados em associagdo obrigatoria ou

facultativa em muitos tipos vegetais (Parniske, 2000).



Devido a intima associagdo entre os endofiticos e espécies vegetais, tem
sido proposto que estes microrganismos co-evoluiram com o0s seus
hospedeiros, podendo ser descendentes de patdogenos de plantas (Parniske,
2000).

Segundo Sprent & James (1995) os endofiticos podem ser disseminados
por varios caminhos, o mais comum sendo através de feridas e aberturas
naturais da raiz, também podem penetrar por fungos (Paula ef al., 1991) ou
estomatos (Ddbereiner ef al., 1993), atingindo dessa forma os diversos 0rgaos
e tecidos das plantas. Alguns microrganismos endofiticos sdo transmitidos via
semente, em plantas com propagacdo vegetativa; eles passam de uma para
outra, através de estruturas utilizadas nessas propagacoes.

Em muitos casos endofiticos de plantas ndo causam danos em um
hospedeiro, e sdo patdgenos para outros (Azevedo, 1998; Sprent & James
1995).

Varios endofiticos ja demostraram ter uma funcao nas plantas que os
abrigam, como defesa, auxilio na fixagdo de nitrogénio, produzindo
fitohormdnios bem como armazenando nutrientes e 4gua no interior da planta,
desta forma aumentando a sua tolerdncia a ambientes inospitos (Sprent &
James, 1995; Azevedo, 1998; Clay & Holah, 1999; Shishido et al., 1999;
Parniske, 2000; Omacini ef al., 2001; Redman et al., 2002).

Muitos endofiticos sdo fontes potenciais de resisténcia contra
microrganismos patdégenos, tornando a planta mais resistente a ataques de
fungos ou bactérias (Benhamou et al., 1996), podendo atuar como agentes no
controle bioldgico de intimeras doengas e pragas (Hallmann et al., 1997;
Nejad & Johnson, 2000; Bacon & Hinton, 2002) ou como promotores de
crescimento vegetal (Hallmann ef al.,1997; Bacilio-Jiménez ef al.,2001).

Lectinas sdo proteinas ou glicoproteinas que participam de varios

processos na cé€lula através de uma estrutura caracteristica e principios de



interagdes comuns reconhecendo carboidratos (Figura 2) (Sharon, 1993;
Elgavish & Shaanan, 1997; Syed et al., 1999).

Elas tém sido previamente classificadas na base de sua especificidade a
grupos sanguineos ¢ subseqlientemente no potencial com o qual um
monossacarideo inibe sua aglutinacdo e atividade precipitante de
glicoconjugados. As lectinas dentro de cada grupo diferem significantemente
em sua afinidade por um especifico monossacarideo ou seus derivados.
Contudo muitas lectinas com especificidades monossacaridicas idénticas
diferenciam marcadamente com respeito ao ligamento de oligossacarideos;
indicando que suas interagcdes com glicanos sao muito mais complexas

(Sharma & Surolia, 1997).

Figura 2. Representacao esquematica de aglutinagao por lectinas;

, ®, m, carboidratos de superficie, |—[, lectina.

As lectinas sdo de significante uso na revelagdo de processos biologicos, em
sistemas de diagndsticos clinicos e na elucidacdo de estruturas de proteinas e
carboidratos (Kennedy et al., 1995); por causa de suas atividades biologicas

muito exploradas tém sido isoladas de uma diversidade de microorganismos,



animais e plantas(Wang et al., 2000; Coelho & Silva, 2001; Ye & Ng, 2001;
Kilpatrick, 2002).

Entre os processos biologicos especulados para as lectinas esta a
participagdo na protec¢ao da planta contra fitopatogenos (Chrispeels & Raiknel,
1991), dentre esses sua atividade antimicrobiana (Verheyden ef al., 1995; Xu
et al., 1998; Ciopraga et al., 1999).

Proteinas isoladas de sementes de Amaranthus (Amaranthus caudatus)
com potentes propriedades antimicrobiais e antifingicas foram identificadas
através de espectroscopia de Ressondncia magnética nuclear em H' como
pertencentes ao grupo das lectinas (Verheyden et al, 1995).

Xu et al. (1998) purificou e caracterizou como sendo lectina uma
proteina antifungica de Gastrodia elata, que inibiu o crescimento de hinfas de
alguns fungos fitopatdgenos.

Ciopraga et al. (1999) trabalhando com espécies de fusarios observou o
efeito da aglutinina de germe de trigo (WGA) um tipo de lectina na inibi¢do
da germinacao e infectibilidade de conidias.

Assim como raiz e sementes, folhas apresentam concentragdes
consideraveis de lectinas (Koike et al., 1995; Kamemura et al., 1996; Coelho
& Silva, 2000). Acredita-se que nesses Orgdos essas moléculas apresentam
uma fun¢do que favoreca a simbiose com organismos endofiticos, como
observado em raizes (Hirsch, 1999).

Kijne et al. (1997) propuseram que lectinas estdo envolvidas em
estabilizar o citoesqueleto da célula por interacdes transmembrana.

Em raizes de legumes dois modelos sdo propostos para explicar o
envolvimento de lectinas na formacao da linha de infeccdo por espécies de
Rhizobium: no primeiro, lectinas ligam glicoconjugados formados na
superficie de organismos estranhos, podendo assim servir como um tipo de

mecanismo protetor, facilitando a entrada de microorganismos patogenos. Ja



no segundo modelo, lectinas poderiam atuar no caminho de traducdo de sinais
pelo ligamento em proteinas transmembrana (Hirsch, 1999).

A habilidade que lectinas de plantas tém em reagir com carboidratos
expostos na superficie de micrébios vem tornando possivel o emprego dessas
biomoléculas como sondas-diagndstico para identificacdo de bactérias
patogenas, que estdo baseadas na reagdo de aglutinacao seletiva entre lectina e
bactéria (Pistole, 1981; Slifkin and Doyle, 1990; Calderon et al, 1998;
Munoz-Crego et al., 1999). Ratanapo et al (2001) mostraram a interagdo de
duas lectinas com especificidade para acido N-glicosilneuraminico contra
bactérias fitopatogenas, propondo uma possivel fungao na defesa de plantas.

Especulamos que a propriedade aglutinante de lectina ocorra também
com bactérias endofiticas nos 6rgdos e tecidos vegetais, imobilizando essas
bactérias sem prejudica-las, de modo que elas liberem constantemente
metabolicos antibidticos, inibindo o desenvolvimento de microrganismos
fitopatdgenos e, a planta fornega-lhes abrigo e nutricao. Esperdvamos que essa
associacao simbidntica pudesse ocorrer com endofiticos em folhas.

O género Bauhinia (Fabaceae) (Figura 3) contém numerosas espécies
ornamentais, as quais estdo bem distribuidas nas cidades brasileiras; as
espécies nativas ou introduzidas tém sido usadas como forragem, na
alimentacao humana e na medicina popular para o tratamento de diabéticos e
como um diurético. Dentro do género, além da extragdo de lectinas de folhas,
sementes e raizes, t€ém sido detectadas atividades hemaglutinantes, isolados e
seqiienciados genes desse grupo, para o preparo de lectinas quiméricas usadas
em pesquisas (Yamamoto ef al., 1992).

Em decorréncia das propriedades medicinais da espécie Bauhinia
monandra Kurt. e do grande potencial médico e biotecnologico das lectinas,
se fez necessario explorar as aplicacdes da lectina de folhas de Bauhinia

monandra (BmoLL), bem como obter endofiticos de suas folhas, com o



objetivo de descobrir novos compostos, que pudessem ser utilizados no

tratamento de enfermidades ou como recursos biotecnolédgicos.

Figura 3. Espécime de Bauhinia monandra (Pata-de-Vaca).

As folhas de Bauhinia monandra (Figura 4) podem produzir uma
consideravel quantidade em miligramas de lectinas (Coelho & Silva, 2000)

despertando dessa forma um grande interesse em sua aplicabilidade.

Figura 4. Folhas de B. monandra.



O presente trabalho pode contribuir para a verificagdo da potencial
interacdo entre lectinas e endofiticos de folhas, favorecendo um melhor
entendimento do processo endossimbiotico, visando também encontrar
correlagdo entre o metabolito bioativo da planta e de outros microorganismos.

A exploragao de endofiticos em folhas representa uma alternativa para
averiguacdo da ocorréncia de microorganismos biologicamente ativos. Esta
pesquisa, além da sua importancia econdmica € biotecnologica, diminui a
depredacao do meio ambiente na busca por fitoterapicos.

H4, muito pouco na literatura sobre lectinas de folhas, nenhum registro
foi encontrado relacionando lectina de folha com endofiticos, despertando

assim um grande interesse nesse tema.
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OBJETIVOS

Objetivo geral

» Testar a atividade antimicrobiana de BmoLL, isolar e caracterizar
endofiticos de folhas de Bauhinia monandra (pata de vaca), testar

atividade aglutinante entre lectina e endofiticos.

Objetivos especificos

» Isolar bactérias e fungos endofiticos de folhas de Bauhinia
monandra (pata de vaca)

» Testar atividade da lectina de folhas de Bauhinia monandra (pata de
vaca) na inibi¢do de microrganismos patogenos e endofiticos.

» Determinar a atividade antimicrobiana dos microorganismos
isolados.

» Verificar aglutinacdo da BmoLL perante bactérias patdgenas e

endofiticas.

11
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Endophytics of Bauhinia monandra leaves: Isolation, antimicrobial
activities and agglutination with leaf lectin
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Abstract: Endophytics (bacteria and fungi) were isolated (total of 69) from Bauhinia monandra (pata-de-
vaca, pulse) leaves. The microorganisms were used to evaluate antimicrobial activities; one bacterial
strain agglutinated highly purified B. monandra leaf lectin (BmoLL). Leaves were serially collected from
a unique specimen of pulse. After desinfection, leaves were fragmented and distributed in petri plates
with distinct media. Fungi (37 strains) were isolated with Saboureaud Agar plate (SAB) and Potato
Dextrose Agar plate (PDA) with tetracycline. Bacteria isolation (32 strains) were performed with
Nutritious Agar (NA); NA 50%; Czarpek (CZ) and Casein Starch Agar (CSA) culture medium, added of
cyclohexamide; 26 strains were gram-positive and 6 gram-negatives. Antimicrobial activity was not
detected with fungi. A previous endophytic bacterial assay (plug agar) revealed antimicrobial activity
(62% of strains). An accurate fermentation assay however showed that only 2 strains were active against
screened fungi and bacteria. A strain was active against the fungi Aspergillus niger, Fusarium moniliform
and F. oxysporum, as well as against the bacteria Sarcina Ilutea, Staphylococcus aureus and Bacillus
subtilis; the other bacteria showed activity against Candida sp. strains 2224, 4224 and 4249, isolated
from immunodepressed, Sarcinea lutea and Staphylococcus aureus. Preliminary data indicated that one
endophytic bacteria showed antimicrobial activity and agglutined with BmoLL.

Key words: Endophytics; Bauhinia monandra leaves; antimicrobial activities; agglutination; lectin.

Introduction

Endophytes are fungi and bacteria that live in symbiosis with plants, in tissues such as roots, stems and
leaves; they invade the vegetal in different stages of development, but they do not cause symptoms of
diseases (Clay & Holah, 1999; Omacini et al., 2001; Redman et al., 2002); several endophytes can be
found in a unique plant (Wilson, 1995; Vandenkoornhuyse et al., 2002). Lectins are proteins or
glycoproteins that participate of various processes in the cell through a characteristic structure (Sharon,
1993; Elgavish & Shaanam, 1997; Syed et al., 1999; Kilpatrick, 2002). Plant lectin functions have been
speculated, among them, the interaction between plants and microorganisms, as well as defense against
attack from virus, bacteria, fungi and insects (Chrispeels et al., 1991; Hirsch, 1999; Ciopraga et al., 1999;
Ratanapo ef al., 2001). In species of Fusarium, the lectin wheat germ agglutinin (WGA) inhibited
germination and conidial infectibility (Ciopraga et al., 1999). Seeds, roots, flowers as well as leaves may
contain considerable concentrations of lectins (Koike ef al., 1995; Kamemura et al., 1996; Coelho &
Silva, 2000). It is believed that in these organs, lectins possess a function that favors the symbioses with
endophytic organisms, as observed in roots (Hirsch, 1999). Although the interaction between lectins and
phytopathogen microorganisms has been studied thoroughly (Chrispeels ef al, 1991; Ciopraga et al.,
1999; Ratanapo et al., 2001) there is still, however, very little literature concerning the interaction with
plant endophytics (Hirsch, 1999). The present study reports endophytics, bacteria and fungi, isolated
from B. monandra leaves; some bacteria showed antimicrobial activities. Agglutination between BmoLL,
a highly purified lectin from B. monandra leaves, and an endophytic bacterium was also detected; the
latter strain inhibited pathogens.
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Materials and Methods

Endophytics (bacteria and fungi) were isolated (total of 69) from B. monandra leaves. Three sample
collections (two in January and one in July, 2001) were performed close to the Federal University of
Pernambuco (Recife City, State of Pernambuco, Northeast of Brazil). Leaves were washed (10 min) and
disinfected (70%, v/v ethanol, 1 min; 5%, v/v, sodium hypochloride, 5 min; 70%, v/v ethanol, 30 sec;
twice washed in sterile distilled water, 1 min). A control consisted of the last wash. Fragments of tissue
(5 mm) were distributed in petri plates with distinct culture medium. Bacterial isolation was performed
with Nutrient Agar (NA) ); NA 50%; Czarpek (CZ) and Casein Starch Agar (CSA) plate, added of
cyclohexamide; Fungi strains were isolated with Saboureaud Agar plate (SAB) and Potato Dextrose Agar
plate (PDA) with tetracycline. Samples were incubated at 28°C for 5 to 20 days. Bacteria grown around
fragments were isolated in NA and TSA (Triptic Soy Agar); fungi were isolated in SAB and BDA culture
medium. The strains were stored at 4°C, for short-term, or mineral oil, for long-term.

2. Antimicrobial Activity
To evaluate antimicrobial activity two assays were accomplished, one in solid and another in liquid

culture medium; in all assays 14 microorganisms were used (table 1).

Table 1. Microorganisms assayed with strain number and origin

Strain Origin
Microorganism Assayed Number
Staphylococcus aureus 1 A
Sarcina lutea 6 A
Bacillus subtilis 16 A
Pseudomonas aeruginosa 39 A
Escherichia coli 224 A
Candida krusei 1002 A
Candida albicans 1007 A
Aspergillus niger 2003 A
Candida sp. 2224 M
Colletotrichum gramminicola. 2403 A
Fusarium moniliforme 2409 A
Fusarium oxysporum 2414 A
Candida sp. 4224 M A
Candida sp. 4249 M ’

Department of Antibiotics; M, Department of Mycology, Federal University of Pernambuco.
2.1. Agar Plug Assay

Agar plugs (5 mm) were made in TSA, NA, and CAA to inoculate bacteria; SAB and PDA were used to
inoculate fungi. Each Agar plug was inoculated with 10 pL of each endophytic bacterium (density 3,
Mac-Farland scale) or with a spore suspension of each endophytic fungus. Bacteria (28°C, 24 h) and
fungi (30°C, 72 to 96 h) were cultured.

2.2. Assay with Fermentation Broth

The endophytic bacteria with highest spectrum activity in agar plug assay were cultured overnight (28°C,
180 rpm), 50 mL of TSB; 2.5 mL of each pre-inoculum was then cultured in a 250 mL Erlenmayer flask
containing 100 mL of M1 (Soybean meal 1 g, glucose 1 g, CaCO; 0.1 g, NaCl 5 g and 100 mL of
distilled water, pH 7.0) and TSB (Tryptic Soy broth, DIFCO, 3 g in 100 mL of distilled water). The
mixtures were incubated on a shaker (28°C, 180 rpm). The endophytic fungi were grown (48 h) in 50
mL of SAB as pre-inoculum and 100 mL of SAB, MPE and M1 as fermentation media, shaked at 180
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rpm, 30°C. Aliquots of fermentation broth (30 uL) were placed to petri plate containing suspension of
microorganisms (density 3, Mac-Farland scale) to be assayed in the respective culture media. All
experiments were made in triplicate.

3 Agglutination Assays
3.1. Assay of antimicrobial activity to lectin

A previous assay of antimicrobial activity to lectin (YE et al., 1999) was carried out in petri plates (100 x
15 mm) containing 10 mL of NA medium or 10 mL of SAB. Around a plug of bacterial or fungi (0.5 cm
in diameter) grown previously in specific culture medium, at a distance of 1cm away from it, were placed
sterile blank paper disks of the same size. Aliquots (10 puL) containing 30 to 300 ug of BmoLL (in the
phosphate-citrate buffer, pH 6.5) was added to a disk. The plates were incubated at 30°C, 72 h for fungi,
and at 28°C, 24 h to bacteria, to analyse the development of microorganisms on plates.

3.2. BmoLL agglutination assay

Two Gram-positive (strains 17 and 24) and two Gram-negative (strains 27 and 65) endophytics were
used as test organisms; four pathogens, S. lutea, P. aeruginosa, E. coli and S. aureus were used as
controls. The bacterial strains were cultured in TSB broth (50 mL) and incubated overnight under
permanent shaking at 28°C. Aliquots (5mL) were transferred to Erlenmeyers containing 100 mL of
medium, incubated at 28°C and 180 rpm. After 48 h, bacterial cells were centrifuged for 3000 rpm, 7 min
in 4°C, washed three times in NaCl 0.15 M, two times in phosphate-citrate buffer 5% (v/v) pH 6.5 for 7
min at room temperature and resuspended in buffer. The turbid suspensions were adjusted to
approximately 10 cell per mL.

The agglutination assay was performed in microtitre plates (96 wells): 50 uL of 0.15 M NacCl, 50 uL of a
bacterial suspension (10°® cell per mL) and a serial dilution of 50uL highly purified BmoLL (Coelho &
Silva, 2000), preparation with 0.96 mg/mL. The control did not contain lectin. Agglutination activity was
observed after 24 h, and photos were taken with an OLYMPUS BH-2 microscope.

Results and Discussion

B. monandra is an ornamental plant; the leaves are very healthy and contain in milligram quantities a
galactose specific lectin (Coelho & Silva, 2000). Sometimes endophytics are even potential sources of
resistance against pathogenic agents, such as fungi or bacteria (Benhamou ez al., 1996; Basham and
Holguin, 1997; Clay & Holah, 1999; Bacilio-Jiménez, 2001). Infusions of B. monandra leaves are
broadly used in popular medicine.

Bacterial (32) and fungi (37) strains were isolated from B. monandra leaves. The endophytics were
assayed for antimicrobial activity. A screen in plug agar promotes a strain selection which could have
antimicrobial activity.

In the assays performed in plug agar the endophytic fungi were negative to tested microorganisms, in
contrast to Huang ef al., (2001). However, from isolated endophytic bacteria 13 showed antimicrobial
activity against 2 tested pathogens and 6 showed activity against more than two. Table 2 reveals the
activity of 6 best strains. From the endophytic bacteria strains 24 and 27 showed the highest inhibition
spectrum; NA and TSA were the most efficient media. Endophyte 27 had the highest activity; 10 of 14
tested microorganisms were inhibited. Inhibition zone higher than 25 mm (Colletotrichum gramminicola)
and between 15-25 mm (Staplylococcus aureus, Bacillus subtilis, Sarcina lutea, Aspergillus niger and
Candida strain 4224) were obtained. Strain 24 was antagonic against 6 tested microorganisms; better
halo were observed against Staphylococcus aureus, Sarcina lutea, Bacillus subtilis and the fungus
Colletotricum gramminicola. Table 1 and 2 shows inhibition zones of 6 endophytes against tested
microorganisms.

19



Table 2. The antimicrobial activity in NA medium is expressed by the diameter of inibition zone against
pathogenic microorganism assayed.

Microorganisms Assayed Endophytics in NA medium
23 24 27 53 54 57
Staphylococcus aureus (01) - +++ -+ -- + 4+
Sarcina lutea (06) 4+ 4+ 4+ - + -
Bacillus subtilis (16) -- -- ++++ -- - -

Pseudomonas aeruginosa (39) - - - - - -
Escherichia coli (224) - - - - - -

Candida krusei (1002) - - - - - —
Candida albicans (1007) -- -- ++ - - -
Aspergillus niger (2003) -- -- +++ -- - -
Candida sp. (2224) ++ + - - + -
Colletotrichum gramminicola (2403) -- +++ -+ +++ - -
Fusarium moniliforme (2409) -- - + ++ - +
Fusarium oxysporum (2414) -- -- ++ + + ot
Candida sp. (4224) + + ++++ -- + -
Candida sp. (4249) -- +++ +++ - - -

Inhibition zone: --, 0-5 mm; +, 5-10 mm; ++, 10-15 mm; +++, 15-20 mm; ++++, 20-25 mm; +++++,
above 25 mm.

Table 3. The antimicrobial activity in TSA medium is expressed by the diameter of inibition zone against
pathogenic microorganism assayed.

Microorganisms Assayed Endophytics in TSA medium
23 24 27 53 54 57
Staphylococcus aureus (01) -- -+ 4+ - + ++
Sarcina lutea (06) ++++ -+ ++++ -- + ++
Bacillus subtilis (16) - - o+ - + n

Pseudomonas aeruginosa (39) - - - - - -
Escherichia coli (224) - - - - - -
Candida krusei (1002) - - - - - —

Candida albicans (1007) -- -- ++ - - -
Aspergillus niger (2003) -- -- +++ - - -
Candida sp. (2224) ++ ++ - - ++ -
Colletotrichum gramminicola (2403) -- -+ -+ 4+ - -
Fusarium moniliforme (2409) -- -- ++ ++ - ++
Fusarium oxysporum (2414) -- -- +++ + + +
Candida sp. (4224) - + +++ - ++ -
Candida sp. (4249) ++ + +++ - - -

Please refer to the footnote of table 2.

Fermentation in medium M1 (Figure 1) revealed that only strain 24 was bioactive. The best performance
was obtained with 48 h to Staphyloccocus aureus (14 mm) and with 72 h to Sarcina lutea (24 mm),
Bacillus subtilis (16 mm), Colletotrichum gramminicola (11 mm), Aspergillus niger (11 mm) and F.
oxysporum (17 mm). TSB (Figure 2) was the best medium to the fermentation assay of 2 endophytes and
a good performance was obtained against all tested microorganisms. The bioactivity with 48 h (strain 24)
and with 24 h (strain 27) showed higher antagonism, with inhibition zones between 10 and 27 mm.
Endophyte 27, in fermentation, did not show the same result as the anterior assay; maybe the metabolite,
an specific antibiotic, is not released in medium; it could be intracellularly stored (Pleban et al., 1997,
Sturz et al., 1998). The good performance of both strains revealed the potencial medical and
biotechnological applicability of the endophytes (Van Buren et al., 1993; Benhamou et al., 1996; Basham
and Holguin, 1997; Huang et al., 2001; Bacilio-Jimenéz et al., 2001; Bacon & Hinton, 2002). As showed
by Bacon & Hinton (2002) the strains can be of use in fungi biological control. Endophytic bacteria in
rice seeds inhibit early colonization of roots by Azospirillum brasilense (Bacilio-Jimenéz et al., 2001).

20



Strain

24
25
e 20 - - o1
E 15 m6
9 10 016
@©
T 5 02003
0 0 2403
24 48 72 02414
Time (h)
Figure 1. Time of fermentation and inhibition halo in medium M1.
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Figure 2. Time of fermentation and inhibition halo in medium TSB.

BmoLL did not show an inhibitory effect against six tested bacterial endophytes and negative results
were also obtained with all tested microorganisms. Positive results have already been mentioned to other
lectins, which agglutinated pathogen microorganisms (Verheyden et al, 1995; Ciopraga et al., 1999;
Ratanapo et al.,, 2001; Gaidamashvili & Van Staden, 2002) or symbiotic root endophytes (Hirsch, 1999).
BmoLL did aggutinate only an endophytic bacterium, strain 27 (Figure 3), with a tittle of 16". Besides
BmoLL concentration used (0.96 mg/mL) a low inhibition was detected, in comparison to available literature
(Ciopraga et al, 1999; Ratanapo et al., 2001; Gaidamashvili & Van Staden, 2002). However, the
agglutination activity revealed in Figure 3 was important to speculate a possible relationship between BmoLL
and endophytics from B. monandra leaves; also, BmoLL versus endophytes could function in plant defense
against phytopathogens. Strain 27 is gram-negative; BmoLL, as already mentioned, is galactose specific
(Coelho & Silva, 2000). In this work a simple mechanism, evolutionally plausible, can be proposed. Instead
of producing several proteins with antimicrobial activity (Chrispeels et al., 1991; Verheyden et al., 1995,
Ciopraga et al., 1999; Ye et al., 1999; Ratanapo et al., 2001; Gaidamashvili & Van Staden, 2002) the plant
could produce a lectin(s) with affinity to endophytes which would generate bioactive compounds inducing a
mild agglutination in strategic regions of the leaf, protecting the plant against a broad diversity of pathogen
microorganisms. Many plant lectins have already interacted with several pathogens (Chrispeels et al., 1991,
Verheyden et al., 1995; Ciopraga et al., 1999; Ratanapo et al., 2001; Gaidamashvili & Van Staden, 2002);
also, the symbiotic relationships between plants and root endophytic bacteria have been explored (Hirsch,
1999). To our knowledge, nothing has been suggested about lectins and leaf endophytics.
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Figura 3. Agglutination of bacteria (strain 27) by BmoLL (a) and control (b) without the lectin.
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CONCLUSOES

> Foram isolados 69 microrganismos endofiticos, dentre eles 54% fungos
e 46% bactérias, sendo observado o melhor isolamento de fungo em meio
BDA (33%) e bactérias AN (38%).

> Os fungos endofiticos ndo apresentaram atividade contra nenhum dos
microrganismos testados; enquanto das 32 linhagens bacterianas (6 Gram-
negativas e 26 positivas), 60% mostrou atividade antimicrobiana em bloco de
gelose, com AN sendo o melhor meio para o ensaio, apresentado halos entre
20 e 30 mm.

»  No ensaio de fermentativo apenas as linhagens bacterianas 27 (Gram-
negativa) e 24 (Gram-positiva) exibiram inibi¢ao.

> Em meio M1, a linhagem 24 foi a Uinica a apresentar formag¢do de halos;
possuindo bioatividade contra Sarcina lutea, Bacillus subtilis, Colletotrichum
graminicola, Aspergillus niger e Fusarium oxysporum.

> O meio TSB demonstrou ser o mais eficiente no ensaio de fermentacao,
com as duas linhagens sendo antagOnicas contra trés tipos de Candidas sp.
linhagens 2224, 4224 e 4249 e contra duas bactérias Sarcina lutea e
Staphyllococcus aureus.

> A BmoLL nao mostrou efeito inibitorio contra os endofiticos, nem
contra 0s microrganismos testes.

> Apesar da concentracdo da BmoLL (0.96 mg/mL), das quatro bactérias
endofiticas e das quatro patogenas, Apenas uma (linhagen 27) Gram-negativa
e com atividade antimicrobiana, apresentou aglutinacdo; demonstrando uma
possivel relagao da lectina e endofiticos na folha de B. monandra.
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