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RESUMO

O baixo custo da medicina popular tradicional brasileira versus o seu beneficio terapéutico
aliado a falta de tratamento para determinadas doencas, seja por acesso ou inexisténcia,
geralmente sdo as razGes para a manutencao dessas tradigdes oriundas das culturas indigenas
locais, influéncias européias e africanas recebidas durante a colonizacdo. Na busca por novas
moléculas ativas, levantamentos botanicos etno-dirigidos sdo eficientemente aplicados como
ferramenta para selecdo de plantas para a triagem farmacolégica, onde é possivel averiguar o
potencial dos recursos vegetais sob diferentes aspectos, desde medicinais, industriais, até suas
formas de uso atraves das geracoes. Apuleia leiocarpa (Voguel) J. F. Macbride é uma arvore
leguminosa (Fabaceae) com grande valor na industria madeireira, agropecuaria e com alguns
relatos na literatura de uso medicinal como anti-sifilitico e anti-ofidico. Este trabalho inicia-se
com uma triagem realizada com plantas encontradas na Caatinga buscando investigar novas
fontes vegetais com potencial lectinico e atividade inibidora de protease. Em seguida, realizou-
se a purificacdo, caracterizacao e a atividade antimicrobiana da lectina extraida de sementes da
Apuleia leiocarpa (LeSApul) e do extrato aquoso (EA) de suas folhas. LeSApul foi obtida por
cromatografia em coluna de quitina por eluicdo com &cido acético 1M. A LeSApul é uma
proteina &cida com um peso molecular nativo de 55,8 kDa, termorresistente (100°C/2h), ion
dependente (Mn?*) e afinidade por N-acetilglicosamina, D(-)-arabinose e azocaseina. A
LeSApul apresentou atividade bacteriostatica e bactericida contra trés variedades de
Xanthomonas campestris (X. c. pv. campestris, X. c. pv. malvacearum e X. c. pv. viticola) como
também inibiu cepas Gram-negativas (Escherichia coli, Klebisiella pneumoniae, Pseudomonas
aeruginosa, Salmonella enteretidis) e Gram-positivas (Bacillus cereus, Bacillus subtilis,
Enterococcus faecalis, Micrococcus luteus, Staphylococcus aureus, Streptococcus pyogenes)
de patogenos humanos. Os taninos condensados e flavondides presentes no extrato aquoso (EA)
das folhas da A. leiocarpa, confirmados em CLAE-DAD/EM, apresentaram acentuada
capacidade antioxidante através dos ensaios de captura dos radicais de ABTS (2,2’-azinobis(3—
etilbenzotiazolina)6-acido sulfonico), de reducdo do radical DPPH (1,1-difenil-2-picril-
hidrazil) e de reducdo do ion molibdénio (V1) a molibdénio (V). Estes polifendis apresentaram
atividade bacteriostarica contra Enterococcus faecalis, Staphylococcus saprophyticcus
saprophyticcus, Bacillus subtillis, Staphylococcus epidermidis e Xanthomonas campestris pv.
campestris, onde o melhor desempenho contra a cepa padrdo e isolados clinicos multi-

resistentes de Staphylococcus aureus. EA diminuiu a sintese de estafiloxantina, pigmento



carotendide que estabiliza a membrana bacteriana, gerando um estravazamento proteico e uma

cinética de crescimento decrescente nas células nas primeiras 4h de incubag&o.

Palavras-chaves: Lectina. Inibidores de tripsina. Flavonodides. Xanthomonas campestris.

Staphylococcus aureus.



ABSTRACT

The low cost of traditional Brazilian popular medicine versus its therapeutic benefit combined
with the lack of treatment for some diseases, either by access or non-existence, are generally
the reasons for maintaining these traditions from local indigenous cultures, European and
African influences received during the colonization. In the search for new active molecules,
ethno-directed botanical surveys are efficiently applied tool for plant selection for
pharmacological screening, where it is possible to verify the potential of plant resources under
different aspects, from medicinal, industrial and their forms of use through generations. Apuleia
leiocarpa (Voguel) J. F. Macbride is a leguminous tree (Fabaceae) with great value in the
timber, agricultural and livestock industry and with some reports in the medical literature as
anti-syphilitic and anti-snakebite. This work begins with a screening carried out with plants
found in the Caatinga, exploring new plant sources with lectin potential and protease inhibitory
activity. Then, the purification, characterization and antimicrobial activity of the lectin
extracted from seeds of Apuleia leiocarpa (ApulSL) and from the aqueous extract (AE) of its
leaves. ApulSL was obtained by chitin column chromatography elueted by 1M acetic acid.
ApulSL is an acid protein with a native molecular weight of 55.8 kDa, heat-resistant
(100°C/2h), ion dependent (Mn?") and N-acetylglycosamine, D(-)-arabinose and azocasein
affinity. ApulSL showed bacteriostatic and bactericidal activity against three Xanthomonas
campestris varieties (X. c. pv. campestris, X. c. pv. malvacearum e X. c. pv. viticola as well as
inhibiting Gram-negative strains (Escherichia coli, Klebisiella pneumoniae, Pseudomonas
aeruginosa, Salmonella enteretidis) and Gram-positive (Bacillus cereus, Bacillus subtilis,
Enterococcus faecalis, Micrococcus luteus, Staphylococcus aureus, Streptococcus pyogenes)
human pathogens. The condensed tannins and flavonoids found in the aqueous extract (AE) of
the leaves of A. leiocarpa, confirmed in HPLC-DAD/MS, exhibited a marked antioxidant
capacity through the ABTS (2,2'-azinobis (3— ethylbenzothiazoline) 6-sulfonic acid) radical
capture test, DPPH (1,1-diphenyl-2-picryl-hydrazil) radical reduction and molybdenum (V1)
ion reduction to molybdenum (V). These polyphenols showed bacteriostatic activity against
Enterococcus faecalis, Staphylococcus saprophyticcus saprophyticcus, Bacillus subtillis,
Staphylococcus epidermidis and Xanthomonas campestris pv. campestris, where the best
performance was against the standard strain and multi-resistant clinical isolates of

Staphylococcus aureus. A decreased the synthesis of staphyloxanthin, a carotenoid pigment that



stabilizes the bacterial membrane, generating protein breakdown and decreasing growth
kinetics in cells in the first 4h of incubation.

Keywords: Lectin. Trypsin inhibitors. Flavonoids. Xanthomonas campestris. Staphylococcus
aureus.
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1 INTRODUCAO

O homem usufrui do ambiente no qual se encontra em beneficio préprio desde épocas
remotas e as plantas tém se relacionado com o homem mediante suas necessidades de
sobrevivéncia (ALBUQUERQUE, 2005). A medicina tradicional ainda € bastante praticada em
pequenas comunidades carentes onde plantas sdo a Unica alternativa disponivel para combater
enfermidades (MENALE et al., 2016; SILVA et al., 2015), onde a dificuldade de acesso ou
inexisténcia de tratamentos convencionais para determinadas doencas e 0 baixo custo versus o
beneficio terapéutico geralmente sao as razdes para a manutencao dessas tradicbes (MENALE
et al., 2016).

A busca por plantas com o objetivo de obter novas moléculas ativas pode acontecer
através de diferentes abordagens: a abordagem randdmica, a quimiotaxondmica, a de
amostragem étnico-dirigida e a baseada em tecidos especificos de plantas (ALBUQUERQUIE;
HANAZAKI, 2006; COTTON, 1996). Entretanto, estudos comparativos tém mostrado que a
abordagem mais eficaz para a obtencdo novas moléculas de origem vegetal é o levantamento
etno-dirigido que investiga o uso de diferentes espécies e tecidos vegetais por uma populacéo
através das geracoes, utilizando o consenso de informacdes (SILVA, 2013).

A Caatinga tem se mostrado mais promissora para estudos de bioprospeccao que outros
dominios fitogeograficos (ALMEIDA et al., 2012) e a sua flora tem se destacado na medicinal
popular pelas propriedades anti-inflamatoria, cicatrizante e antioxidante. Essas propriedades
estdo aparentemente relacionadas aos compostos fendélicos, presentes em praticamente todos os
grupos de plantas da regido (ALMEIDA et al. 2005; MONTEIRO et al., 2006).

Apuleia leiocarpa (Vogel) J.F. Macbride é uma arvore pertencente a familia Fabaceae
(Caesalpinioideae) (LEWIS et al., 2005) conhecida vulgarmente por grépia, tem uma
distribuicdo muito ampla na America do Sul, habitando preferencialmente solos bem drenados
(MARCHIORI, 1997), sendo encontrada na Caatinga. Tem usos multiplos na industria
madeireira (LORENZI, 2002), em sistemas agroflorestais (SOUZA et al., 1994), producéo de
substancias tanantes na industria de curtumes (CARVALHO, 2003) entre outros empregos.

Tendo em vista a promissora diversidade vegetal brasileira e a riqgueza do metabolismo
vegetal, neste trabalho foi feito um levantamento de plantas encontradas na Caatinga
investigando potenciais atividade lectinica e inibidora de protease, além de substancias ativas

na Apuleia leiocarpa até entdo ndo conhecidas, visando sua aplicabilidade na terapéutica.
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As lectinas, oriundas do metabolismo primério, estdo amplamente distribuidas na
natureza, estando presentes em todos os reinos. Sao moléculas com a habilidade de ligacéo a
mono e oligossacarideos, com uma variedade de aplicacfes: atividade imunoregulatoria
(DEAK et al., 2015; DE LA FUENTE et al., 2014; KOVACS-SOLYOM et al., 2010),
antiinflamatéria (MELO et al., 2010), pré-inflamatdria (ELIFIO-ESPOSITO et al., 2011)
antitumoral (DAMASIO et al., 2014; FANG et al., 2010; NOLTE et al., 2012; NUNES et al.,
2012; PATHAN et al., 2017), antifungica (SA et al.; 2009a; SANTANA et al., 2009; SOUZA
et al., 2011), antibacteriana (NUNES et al., 2011; SA et al., 2009b), anti-biofilme (KLEIN et
al., 2015), antiviral (SATO et al., 2011), antinociceptiva (FIGUEIREDO et al., 2009) e
inseticida (PAIVA etal., 2011a; OLIVEIRA et al., 2011). Algumas possuem como propriedade
biotecnolodgica a capacidade de reduzir a turbidez da agua por aglutinacdo (FREITAS et al.,
2016) e outras auxiliam na elucidacdo da estrutura glicidica em superficies bioldgicas e seus
resceptivas fungdes (KENNEDY et al., 1995). Alguma lectinas funcionam como inibidores de
proteases (CARBONARO et al., 2015) envolvidas em processos bioldgicos essenciais
(SALAGA et al., 2013), tornando-se um alvo promissor para o desenvolvimento de novos
compostos farmacéuticos, principalmente pela atuacdo crucial de proteases nos ciclos de
replicacdo de diversos virus (dengue, HIV e hepatite C, por exemplo), levando ao interesse no
desenvolvimento de inibidores destas enzimas (MURI, 2014).

Dentre as macromoléculas provenientes do metabolismo secundério, os polifendis
constituem o maior grupo. Polifendis representados pelos taninos e flavondides tém usos
terapéuticos devido suas atividades anti-inflamatdria, antifingica, antioxidante e cicatrizantes
(SANTOS, MELLO, 2004; VISIOLI et al, 2011; ZUANAZZI, MONTANHA, 2004).
Saponinas, alcal6ides, glicosideos de sesquiterpeno e lactonas de sesquiterpeno demonstraram
ter propriedades semelhantes (TALHOUK et al., 2007). Alguns taninos e flavondides tém sido
relacionados com atividade imunomoduladora (OKUDA, 2005; TALHOUK et al., 2007) e
alguns flavonoides com a inibi¢do da enzima conversora de angiotensina (ECA) (GUERRERO
et al., 2012) e acédo preventiva contra o cancer (CLERE et al., 2011; NISHIUMI et al., 2011) e
contra doenga isquémica cardiaca (WANG et al., 2011) também tém sido reportados.

Por essas propriedades promissoras da vegetacao caatingueira, que estudos como estes
realizados neste trabalho, buscam prospectar o potencial desta flora, agregando valor

bioquimico e terapéutico a mesma.
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1.1 OBJETIVOS

1.1.1 Objetivos Gerais

Através de um screening com plantas encontradas na Caatinga buscar novas fontes de
lectinas e inibidores de protease. Em seguida, purificar, caracterizar e avaliar potenciais
atividades biologicas de diferentes tecidos da Apuleia leiocarpa (Vogel) J. F. Macbride, visando

a obtencdo de novas biomoléculas ativas.

1.1.2 Objetivos Especificos

e Realizar umatriagem com plantas encontradas na Caatinga avaliando a atividade lectinica
e inibidora de tripsina a partir dos diversos extratos obtidos;

e Purificar a lectina de semente de Apuleia leiocarpa (LeSApul), utilizando métodos
cromatograficos convencionais e avancados para isolamento de proteinas;

e Caracterizar estruturalmente a LeSApul por eletroforese em gel de poliacrilamida,
eletroforese bidimensional, fluorimetria, dicroismo circular, e espectrometria de massas;

e Caracterizar a ApulSL determinando a afinidade da lectina por carboidratos e/ou
glicoproteinas, estabilidade frente a variagdes de temperatura e necessidade de ions;

e Avaliar a atividade antimicrobiana da lectina, determinando a concentracdo minima
inibitéria (CMI), a concentracdo minima bactericida (CMB) e a concentracdo minima
fungicida (CMF) frente a diferentes espécies.

e Realizar a analise fitoquimica do extrato aquoso das folhas de A. leiocarpa e dosagem de
compostos fenolicos presentes;

e Auvaliar o potencial antioxidante dos compostos fenolicos das folhas de A. leiocarpa;

e Auvaliar a atividade antimicrobiana e anti-adesdo dos compostos fendlicos das folhas de
A. leiocarpa, frente a diferentes espécies patdgenas a humanos e fitopatégenas;

e Elaborar a curva de morte e avaliar o estravazamento de proteinas dos microorganismos
sensiveis;

e Avaliar a producdo de estafiloxantina pelas cepas de Staphylococcus aureus frente a

diferentes concentragdes do extrato aquoso das folhas de A. leiocarpa.
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2 REFERENCIAL TEORICO

2.1 PLANTAS MEDICINAIS E ESTUDOS ETNOBOTANICOS

O homem em toda sua trajetoria registrada na histéria comportou-se como um agente
manipulador do ambiente no qual se encontra, usufruindo do mesmo em beneficio proprio
mediante suas necessidades de sobrevivéncia (ALBUQUERQUE, 2005). Mesmo com 0s
constantes aprimoramentos no ambito medico, a medicina tradicional ainda €
predominantemente praticada em pequenas comunidades onde a agricultura é a principal
vertente econdmica e co-existem diversas caréncias, de forma que as plantas medicinais séo a
Unica alternativa disponivel para combater as enfermidades nessas comunidades (MENALE et
al., 2016; SILVA; MARINHO et al., 2015). As razfes para a manutencdo dessas tradicdes
incluem o baixo custo versus o beneficio terapéutico, a falta de acesso aos tratamentos
convencionais para determinadas doengas. (MENALE et al., 2016).

No Brasil, a base da medicina popular é o conhecimento tradicional relacionado as
plantas medicinais derivado de uma mistura de culturas indigenas brasileiras e influéncias
europeias e africanas durante o periodo de coloniza¢do acumulados por pessoas locais com
acesso direto a natureza e aos produtos da biodiversidade (ALBAGLI, 2001; MARTINS et al.,
2000).

Dadas as circunstancias sobre a resisténcia adquirida por microorganismos causadores
de problemas de saude publica e a necessidade da descoberta de solugdes medicamentosas para
doencas que ndo possuem tratamento eficaz, mas apenas um controle paliativo, faz-se relevante
a bioprospeccéo por novas moléculas bioativas (ALMEIDA et al., 2012; GUIMARAES et al.,
2010; NASCIMENTO et al., 2000). De acordo com a Organiza¢do Mundial da Saude (OMS),
uma planta medicinal é definida como qualquer planta que contenha substancias que possam
ser usadas para fins terapéuticos ou que sejam precursoras da semi-sintese quimiofarmacéutica
(WORLD HEALTH ORGANIZATION, 1979). O desenvolvimento de novos produtos a partir
de fontes naturais também é encorajado porgue estima-se que das 300.000 espécies de plantas
existentes no mundo, aproximadamente 15% foram avaliadas quanto ao seu potencial
farmacologico (DE LUCA et al., 2012). Muitos estudos tém contribuido na descoberta de novas

substancias derivadas de plantas medicinais e varias drogas como a aspirina, atropina,
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camptotecina, digitoxigenina, morfina, podofilotoxina, taxol entre outras ja foram obtidas
(BOWERS, 1976; BROSSI, 1985; COREDELL, 1981; MUKHTAR et al., 2002)

Diferentes abordagens séo utilizadas como ferramenta para selecdo de plantas para a
triagem farmacologica: a randémica, que envolve a coleta de todas as plantas encontradas na
area de estudo; a quimiotaxonémica, que implica no coleta de todos os membros de uma familia
de plantas conhecidas por serem ricas em determinados compostos bioativos; a de amostragem
étnico-dirigida, com base no(s) uso(s) medicinal(is) tradicional(is) de uma planta e a
abordagem baseada em tecidos especificos de plantas (ALBUQUERQUE; HANAZAKI, 2006;
COTTON, 1996). A partir destes levantamentos é possivel averiguar o potencial dos recursos
vegetais sob diferentes aspectos, desde medicinais, alimentares, madeireiros, forrageiros,
incluindo também as formas de uso atraves das geracgoes.

Em estudos comparativos entre as abordagens, Balick (1990), Cox e Balick (1994)
Khafagi e Dewedar (2000) e Silva (2013) demonstraram que o método de amostragem étnico-
dirigido é mais eficiente para a identificacdo de compostos bioativos. Esta abordagem trata-se
de uma estratégia baseada no consenso de informac6es obtidas através de varios informantes
sobre uma mesma espécie (CANALES et al., 2005; HEINRICH et al., 1998). Assim, estudos
étnico-dirigidos sdo importantes para entender o relacionamento entre a comunidade e a
dinamica de uso das plantas (ARAUJO et al., 2007), conhecer 0s recursos terapéuticos das
plantas encontradas em seu ambiente natural bem como os alvos fisiologicos (BENNETT;
PRANCE, 2000). Estes estudos servem, portanto, como um instrumento promissor para a
industria farmacéutica na elaboragdo de novos medicamentos (SILVA; MARINHO et al., 2015)
e No gerenciamento para conservacao e sustentabilidade (ALMEIDA et al., 2010; SILVA et al.,
2010).

Classificando os estudos etnobotanicos de acordo com os dominios fitogeograficos
naturais encontrados no Brasil, o principal estudado é a Floresta Atlantica (35,25%), seguido
pelo dominio Caatinga (30,13%), o Cerrado (16,67%), a Amazonia (12,18%), os Pampas
(4,49%) e o Pantanal (1,28%). Até 2012, no minimo 248 estudos etnobotanicos examinaram a
vegetacdo da Caatinga, onde mais de 65% deles foram conduzidos no estado de Pernambuco
(ALBUQUERQUE et al., 2012).

No nordeste brasileiro é possivel encontrar dois dominios majoritarios: a Floreta
Atlantica e a Caatinga (DI STASI et al., 2002; ALBUQUERQUE et al., 2007). Plantas da
Caatinga utilizadas com finalidade medicinal tém se destacado pelas propriedades anti-

inflamatdria, cicatrizante e antioxidante, as quais estdo aparentemente relacionadas aos
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compostos fenolicos nelas produzidos, armazenados e presentes em praticamente todos 0s
grupos de plantas da regido (ALMEIDA et al. 2005; MONTEIRO et al., 2006).

Sabe-se que espécies de plantas em regides tropicais contém de 3 a 4 vezes 0 nimero
de constituintes quimicos ativos que seus homologos em regides temperadas (RODRIGUEZ;
WEST, 1995). Essa diferenca, segundo VUUREN (2008), provavelmente é reflexo de
estratégias bioguimicas em resposta as condi¢fes ambientais caracteristicas desse dominio
botéanico, fazendo com que a Caatinga seja mais promissora para estudos de bioprospecgéo que

outros dominios fitogeogréaficos, conforme estudo realizado por Almeida et al (2012).

2.2 Apuleia leiocarpa (VOGEL) J.F. MACBRIDE

As leguminosas (Fabaceae) sdo consideradas uma das familias com maior nimero de
espécies em florestas secas e Umidas dos neotropicos (GENTRY, 1988, 1990, 1995). Fabaceae
compreende 727 géneros e cerca de 19.325 espécies, distribuidas nas subfamilias
Caesalpinioideae, Mimosoideae e Papilionoideae. A subfamilia Caesalpinioideae compreende
quatro tribos: Cercideae, Detarieae, Cassieae e Caesalpinieae, com 172 géneros e cerca de 2.250
espécies com ampla distribuicdo nas regides tropicais e subtropicais do globo (LEWIS et al.,
2005).

O género Apuleia Mart. foi publicado em 1837 em substituicdo ao género Apuleia
Gaertn designado em 1791. Apuleia Mart. pertence a subfamilia Caesalpinioideae, tribo
Cassieae, que em algumas vezes € considerado compreender uma espécie e por vezes trés
espécies de arvores deciduas nativas da América do Sul, sdo elas a A. leiocarpa (Vogel) J. F.
Macbr., A. molaris Spruce ex Benth. e A. grazielana Afr. Fern. (LEWIS et al., 2005).Vogel
descreveu a nova espécie Leptolobium ?leiocarpum entre abril e maio de (1837) Em novembro
daquele ano, Martius descreveu as mesmas espécies como Apuleia praecox Mart., um nome
gue tem sido mais usado que L. leiocarpum. O nome da espécie Apuleia leiocarpa (Vogel) J.
F. Macbr. foi publicado por MacBride em 1919 (MACBRIDE, 1919) ap0és ja ter sido descrita
por Voguel entre abril e maio de (1837) como Leptolobium ?leiocarpum e em novembro
daquele ano como Apuleia praecox Mart., por Martius, o que ainda leva alguns autores a usarem
as antigas terminologias da espécie (MARTIUS, 1837; VOGUEL, 1837).

Apuleia leiocarpa (Vogel) J.F. Macbride é conhecida vulgarmente por gréapia, entre

outros nomes (Quadro 1). Segundo Carvalho (2003), a etimologia do nome Apuleia € uma
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homenagem a L. Apuleus Madaurensis, filosofo e escritor do século 2 DC; leiocarpa significa

fruto liso, sem ornamentacoes.

Quadro 1 - Nomes populares da Apuleia leiocarpa (Vogel) J.F. Macbride nos estados brasileiros e em alguns

paises.
Estado Nome popular
Mato Grosso Amareldo, cumarurana, garapa, garapeira, muirajuba
Mato Grosso do Sul Amarelinho, mulateira,
Parana Amarelinho, garapeira, gramiamunha, grapea,

) Amarelinho, amarelinho-da-serra, garapiapanha, grapiapunha-
Santa Catarina )
branca e guarapeapunha, grapiapunha,

Amarelinho, barajuba; cetim; coracdo-de-negro, Cumarurana,
Séo Paulo garapa, garapa-amarela, garapa-branca, garapiapunha, gema-de-ovo,

grapiapunha,

Maranhéo Aricirana, muirajuba

Bahi Cumarurana, garapa, garapeiro, gemada, grapeapunha, guareta;
ahia
jatai; jatai-amarelo, jitai, jitai-amarelo

. Cumarurana, garapa, garapa-amarela, gotai-amarelo, parajuba; pau-
Espirito Santo ]
cetim, pau-mulato

Cumarurana, garapa, garapa-branca, garapeapunha, gemada,

Minas Gerais

grapeapunha, jitai, parajuba; pau-cetim, pau-mulato
Rio de Janeiro Cumarurana, garapa, minrajuba
Para Garapeira, gema-de-ovo,
Rio Grande do Sul grapeapunha-branca, grapia
Alagoas guaretd; jatai; jatai-amarelo
Paraiba Jetai, jitai, jutai
Pernambuco Jitai, jutai
Ceard Jutai
Pais Nome Popular
Peru Anacaspi
Argentina Grapia
Paraguai Yvyra pere

Fonte: Carvalho (2003)
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2.2.1 Distribuicéo geogréfica

Apuleia leiocarpa é considerada uma das espécies da Floresta Estacional Decidual do
Alto Uruguai e Depressdo Central do Sul do Brasil, sendo amplamente distribuida, ocorrendo
desde o nordeste brasileiro até o Uruguai e Argentina (Figura 1). Na Amazoénia é tratada como
uma variedade (Apuleia leiocarpa var. mollaris) ou como espécie distinta (Apuleia mollaris)
(CARVALHO, 2003).

Apesar da ampla distribuicdo, essa espécie vem se tornando cada vez mais escassa
devido a devastacdo das florestas na sua area de ocorréncia natural pela exploracdo de sua
madeira de forma extrativista (HERINGER; FERREIRA, 1973; MATTOS; GUARANHA,
1983). A. leiocarpa esta categorizada como vulneravel e consta na Lista Oficial de Espécies da
Flora Brasileira Ameacadas de Extincdo (MARTINELLI; MORAES, 2013) e ja se encontra
descrita como criticamente ameacada de extin¢do de acordo com o Decreto 52.109, de 01 de
dezembro de 2014 do Estado do Rio Grande do Sul (2014), precisando ser considerada uma
prioridade para a conservacao (MEDEIROS et al., 2011).

Figura 1 — Distribuicdo geogréafica da Apuleia leiocarpa.
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Fonte: SOUZA; LEWIS; HAWKINS (2010).
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2.2.2 Caracteristicas botanicas e bioquimicas

De acordo com Reitz et al. (1988), Heringer e Ferreira (1973) e Carvalho (2003) a A.
leiocarpa é uma espécie arborea decidual (perde as folhas em determinadas épocas do ano),
heliofita (cresce melhor em locais bem iluminados) e pioneira (Se originam a partir de lugares
indspitos).

De modo geral, a espécie € mais abundante em encostas de morros com rapida
drenagem, mas também em regides de planalto, solos secos e de baixa fertilidade, notando-se
ndo haver pronunciada afinidade por determinadas condicdes fisicas de solo (HERINGER;
FERREIRA, 1973; MARCHIORI, 1997), podendo ser encontrada em altitudes de 20 a 1.200m
(CARVALHO, 2003). Possui copa larga, ramificada, aplanada e ndo muito densa, de até 8 m
de didmetro podendo alcancar 40 m de altura, proporcionando uma sombra média (Figura 2 A).
Carvalho (2003) destaca a presenca de tronco irregular (em lugares mais ou menos abertos) a
cilindrico (floresta fechada) (Figura 2 B). A casca externa é pardo-acinzentada e provida de
marcas arredondadas ou irregulares muito caracteristicas, resultantes da deiscéncia em finas
placas. A casca interna € dura, de cor rosada, fluindo uma seiva que se escurece em contato
com o ar, ap6s incisdo. Segundo Marchiori (1997), é também muito caracteristico o
enraizamento superficial, na base do tronco. A. leiocarpa ndo é muito resistente ao ataque de
fungos, apresentando tendéncia a ter a casca do caule manchado, sendo conveniente a
preparacdo de banhos preventivos com fungicidas (LEONARDIS, 1975).

As folhas sdo alternas e imparipinadas, com 7 a 11 foliolos alternos, elipticos ou
oblongos, coriaceos, de apice agudo-acuminado ou emarginado, com margem inteira e base
obtusa a arredondada (MARCHIORI, 1997), perdendo suas folhas total ou parcialmente durante
o inverno (REITZ et al., 1988). As flores sdo pequenas, meliferas, masculinas ou hermafroditas
(monoica), de coloracdo branca, amarela ou bege, reunidas em inflorescéncias dispostas em
pequenas paniculas, terminais do tipo cima ou cimeira, com 25 a 35 flores ou solitarias (Figura
2 D), inseridas sobre os ramos desfolhados ou com folhas novas (HERINGER; FERREIRA,
1973; REITZ et al., 1988; MARCHIORI, 1997). Sua polinizacdo ¢ realizada principalmente
por abelhas (CARVALHO, 2003).

O fruto € uma vagem oblonga ou ovado-oblonga, achatada, ligeiramente obliqua,
indeiscente, eliptica, de cor castanho-clara, comprimida lateralmente, com apice e base agudos,
estrutura levemente (HERINGER; FERREIRA, 1973) ou totalmente coridcea (MARCHIORI,
1997), com indumento dourado (Figura 2 C e E) (REITZ et al., 1988) onde aproximadamente
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93% dos frutos contém uma Unica semente e 7% duas (HERINGER; FERREIRA, 1973),
entretanto, é possivel observar até trés sementes por fruto (SOUZA et al., 1994).

As sementes possui coloracdo variando do castanho-esverdeado ao castanho-escuro
(Figura 2 C), tegumento de consisténcia dura, germinacao lenta (20-40 dias) e desuniforme
(inferior a 60%) (LORENZI, 2002), devido a presenga de dorméncia tegumentar, comum em
leguminosas (POPIGINIS, 1977). S&o consideradas ortodoxas (EIBL et al., 1994) por ter uma
longevidade de aproximadamente dois anos, ou seja, sobrevivem a secagem e congelamento
durante a conservacdo ex situ, como observado em Amaral et al. (1988) onde encontraram 96%
de germinacdo de 72 a 85% 19 meses depois de as sementes serem armazenadas, logo apés a
coleta, em sacos de papel em condi¢des de temperatura e umidade controladas. No Sul e
Sudeste, floresce na primavera (CARVALHO, 2003) e frutifica durante os meses de verao
(MARCHIORI, 1997; CARVALHO, 2003) ou no meio do ano (RIZZINI, 1971) e, as vezes, as
sementes permanecem nas arvores por varios meses (LORENZI, 2002).

Figura 2 - Apuleia leiocarpa (Vogel) J.F. Macbride (A); tronco cilindrico ou irregular casca externa pardo-
acinzentada e provida de marcas arredondadas ou irregulares bem caracteristicas (B); fruto (direita) e semente

(esquerda) (C); inflorescéncia (D); ramos com folhas e frutos (E).
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Fonte: acervo do autor.
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De acordo com anotacdes durante 3 anos, Felippi (2010) observou que o aparecimento
de flores foi perceptivel durante a transicdo para o periodo de maior pluviosidade (agosto a
novembro) no municipio de Frederico Westphalen - RS, o que pode estar relacionado a
disponibilidade de agua e luz. A maturacdo dos frutos ocorreu de janeiro a abril nos trés anos
de estudo, predominando no periodo de janeiro a margo.

Segundo Pontes et al. (2002) as sementes de A. leiocarpa possuem reserva de agucares
(glicose, manose, xilose, arabinose, amido, galactose), &cidos graxos (acido estearico, oleico,
miristico, palmitico, estearico, laurico e linoléico) e proteinas. A reserva de lipidio no embrido
de A. leiocarpa € a Unica a ser utilizada durante a fase pré-germinativa, enquanto as demais,
permanecem constantes em seus teores. Por outro lado, os cotilédones acumulam reservas que

seriam usadas na fase de plantula.

2.2.3 Aplicagoes

Por ter uma madeira de elevado porte, amarela e densa (0,75 a 1,00g/cm3)
(MARCHIORI, 1997), a A. leiocarpa é de interesse madeireiro, tendo mdaltiplos usos
(LORENZI, 2002). Devido a resisténcia mecanica média a alta e boa durabilidade natural, é
indicada para obras externas, construcdo civil (LORENZI, 2002; MARCHIORI, 1997;
MEDEIROS et al., 2011; REITZ et. al., 1988), construcdo naval (BAPTISTA et al., 2013) e
utilizada para a producao de alcool, carvéo e coque (CARVALHO, 1994). Na literatura também
ha registros de que possui potencial para uso em sistemas agroflorestais (SOUZA et al., 1994),
ornamentacao, reflorestamentos (MARCHIORI, 1997) e producdo de substancias tanantes na
industria de curtumes (CARVALHO, 1994), ja que sua casca chega a ter 24% de taninos
(HERINGER; FERREIRA, 1973; NICOLOSO et al., 1999; CARVALHO, 2003).

Face as suas multiplas aplicacdes, a A. leiocarpa deve ser considerada como uma das
mais valiosas madeiras do Rio Grande do Sul (CARVALHO, 2003) e, consequentemente,
merece uma atencgdo especial nos estudos sobre a viabilidade de seu reflorestamento em larga
escala, possuindo uma importancia ecoldgica inquestionavel (BIONDO et al., 2008).

Na medicina popular de algumas comunidades, o decocto das folhas e frutos de A.
leiocarpa sdo usados no tratamento de Ulceras externas (SILVA; MARINHO et al., 2015), como
anti-sifilitica (MENTZ et al., 1997) e antiofidica (GONCALVES; RUPPELT; PEREIRA,
1991). Em alguns estudos realizados em ratos, a administracdo prévia do infuso da casca e do

duramen apresentou acao analgésica e a antiinflamatdria, além de mostrar 100% de protecéo ao
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veneno da jararaca apos 24h. (GONCALVES; RUPPELT; PEREIRA, 1991; MARTZ, 1992;
PEREIRA et al., 1994).

No estudo realizado por Silva e Trentin et al. (2015), o extrato aquoso dos frutos de
Apuleia leiocarpa apresentou acdo antibiofilme ndo biocida contra o Sthaphylococcus
epidermidis com inibigdo de 52 %. Através da microscopia eletrénica de varredura confirmou-
se que a estrutura do biofilme foi fortemente impedida e que o extrato promoveu 0 excesso de
producdo de matriz e/ou modificacdo da morfologia bacteriana.

Na busca por novos compostos com atividade antimalarica, Mufioz et al. (2000)
avaliaram o extrato aquoso dos frutos da A. leiocarpa, que foi inativo in vitro mas mostrou boa
atividade in vivo em ratos (53% de inibicdo com 250 mg/kg). Neste mesmo trabalho, os autores
fizeram um estudo etno-dirigido com os indios Chacobo, onde o decocto do caule A. leiocarpa
é utilizado como antipirético, uso que pode ser justificado pela presenga da B-amirina, um
triterpeno que pode ser obtido através da extragdo com éter de petrdleo e que possui atividades
anti-inflamatorias e sedativas (KWEIFIO-OKAI et al., 1994; MITAINE, 1998), e do B-
sitosterol, que também possui propriedades anti-inflamatérias e inibe a elastase, enzima
relacionada a desordens inflamatorias (MITAINE et al., 2002). Além da B-amirina e do (-
sitosterol, também ja € sabido da presenca de flavondides, flavonas, pterocarpano, bamirina e
pinitol nas cascas e cerne da A. leiocarpa (BRAZ-FILHO; GOTTLIEB 1971; HIJWEGEN,
1973). Em contrapartida, ha relatos de dermatite de contato causada pelo p6 da madeira
(DEJOBERT; MARTIN; BERGOEND, 1995; LOPEZ et al., 2016).

2.3 METABOLISMO PRIMARIO E SECUNDARIO

Ao conjunto de reagdes quimicas que continuamente ocorrem em cada célula, da-se o
nome de metabolismo (SIMOES, 2007). Algumas vias metabdlicas sio semelhantes entre os
organismos, no entanto, algumas sdo restritas em sua ocorréncia. A malha metabdlica de plantas
€ mais extensa que a maioria dos outros organismos, pois além da produgdo metabolitos
primarios, as plantas também sintetizam uma vasta gama de metabdlitos secundarios. Embora
classificadas em metabolismo primario e secundario, as reagfes ndo ocorrem
independentemente umas das outras. Sdo conhecidos mais de 200.000 compostos quimicos
(EVANS, 2002; SCHWAB, 2003; SIMOES, 2007).
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De uma forma geral, os metabolitos priméarios essencialmente representam substancias
que sdo produzidas por todas as espécies de plantas e outros organismos; sao geralmente
essenciais para sobrevivéncia. Incluem, principalmente, a base universal e essencial dos
carboidratos, aminoacidos, nucleotideos, lipideos e proteinas, incluindo as enzimas e
coenzimas. As vias de sintese dos metabdlitos primarios sdo muito semelhantes entre 0s
organismos (PICHERSKY, GANG, 2000). O armazenamento de carboidratos nos vegetais
ocorre sob a forma de amido. Os aminoacidos ocorrem tanto sob a forma livre como unidades
formadoras de proteinas e outros metabolitos. A maioria dos aminoacidos contém apenas
carbono, hidrogénio, oxigénio e nitrogénio em sua estrutura, mas outros &tomos podem estar
presentes, como o enxofre e o iodo. As enzimas sdo geralmente constituidas de proteinas ou
contém proteina como parte essencial. Usualmente agem sobre uma categoria de substancia, ja
que sdo especificas para um grupamento quimico ou ligacdo quimica, podendo agir como
lipases, proteases, oxidases, redutases, hidrolases e entre outras fungdes. Os triglicerideos com
cadeias longas saturadas ou insaturadas sdo constituintes importantes de reserva animal e
vegetal, particularmente nas sementes (EVANS, 2002).

Os metabolitos secundarios séo estruturalmente diversificados. Determinadas estruturas
sdo encontradas, muitas vezes, em espécies especificas (PICHERSKY, GANG, 2000) e a
producdo destes metabolitos depende dos ciclos metabdlicos fundamentais do tecido vivo
(EVANS, 2002). Estes compostos desempenham papéis fundamentais na manutencdo da
planta, atuando na protecdo contra fungos, bactérias, infec¢bes virais, pragas, radiacdo UV,
além de participar em processos de alelopatia, sinalizacdo e atracdo de polinizadores e
frugivoros (DIXON, 1999).

A origem de todos os metabdlitos secundarios pode ser resumida a partir do
metabolismo da glicose (Figura 3), via dois intermediarios principais, o acido chiquimico e o
acetato. O acido chiquimico da origem aos precursores da maioria dos metabdlitos secundarios
aromaticos, como os taninos hidrolisaveis, alcaloides derivados de amino&cidos aromaticos e
fenilpropandides. O acetato fornece unidades de acetila que compdem o intermediario acetil-
tio-coenzima A (acetil-CoA), o precursor de varios grupos de substancias, como os aminoacidos
alifaticos e os alcaldides derivados destes, terpendides, esterois, acidos graxos e triglicerideos.
Os aminocidos alifaticos originam-se no ciclo do acido citrico, enquanto que os demais
metabolitos derivam do mevalonato ou da condensacdo de unidades de acetato. Alguns
compostos derivam ndo apenas de um desses intermediérios, mas da combinacdo de uma
unidade do &cido chiquimico e uma ou mais unidades de acetato ou derivados deste, como

ocorre com as antraquinonas, os flavonoides e os taninos condensados (SIMOES, 2007).



Figura 3 - Resumo do ciclo biossintético dos metabolitos secundarios.
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Fendis constituem o maior grupo de metabolitos secundarios vegetais. Sdo amplamente

distribuidos na natureza, sendo encontrados possuindo estrutura simples com um anel

aromatico até polimeros altamente complexos, como o0s taninos e ligninas (CARVALHO et al.,

2002; EVANS, 2002). Compostos fenolicos servem como atrativo ou repelentes para

predadores, pigmentos florais e componentes estruturais das plantas (HARBORNE, 1982,

1998). Também sdo importantes constituintes de algumas plantas medicinais e na industria

alimenticia sdo usados como agentes aromatizantes, corantes e antioxidantes. Algumas

categorias de polifendis sdo de interesse farmacéutico: fenois simples, taninos, cumarinas e seus

glicosideos, antraquinonas e seus glicosideos, naftoquinonas, flavonas e seus flavonoides

glicosidicos, antocianidinas e antocianinas, lignanas e lignininas. Quanto a sintese destes

compostos, estes podem ser formados pela via do acido chiquimico ou pela via do acido acético,
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onde a via do acido chiquimico parece ser importante para a biossintese de unidades C6-C3
(derivados de fenilpropano) a partir de hidrocarbonetos para a formacéo de blocos de lignina e
para a formacao de taninos hidrolisaveis, vanilina e unidades de fenilpropano de flavonas e
cumarinas (EVANS, 2002).

Os taninos, largamente distribuidos nas plantas e alimentos, s&o uma mistura complexa
de oligbmeros gerados pela polimerizacdo de unidades de flavan-3-ol (taninos condensados) ou
pela esterificacdo de varios residuos de acido galico em um cerne glicidico, principalmente
glicose (taninos hidrolisaveis) (MUELLER-HARVEY et al., 2001; SCHOFIELD et al., 2001),
com peso molecular entre 1000-5000 Da, com a capacidade de precipitar proteinas (EVANS,
2002) e cujas propriedades bioldgicas séo relacionados com o grau de polimerizacdo e padrao
de oxigenacdo dos mesmos (NOFERI et al., 1997; SCHOFIELD et al., 2001).

Taninos e flavonoides sdo empregados terapeuticamente devido as suas atividades anti-
inflamatoria, antifungica, antioxidante e propriedades cicatrizantes (SANTOS, MELLO, 2004;
ZUANAZZI, MONTANHA, 2004; VISIOLI et al, 2011). Mas outros compostos fendlicos
como as saponinas, alcaldides, glicosideos de sesquiterpeno e lactonas de sesquiterpeno, por
exemplo, também demonstram propriedades semelhantes (TALHOUK et al., 2007). Alguns
flavondides interferem nas enzimas e vias envolvidas em processos inflamatérios (TALHOUK
et al., 2007), outros inibem da enzima conversora de angiotensina (ECA) (GUERRERO et al.,
2012), outros estdo relacionados com agédo preventiva contra o cancer (CLERE et al., 2011,
NISHIUMI et al., 2011) e contra doenca isquémica cardiaca (WANG et al., 2011). Quanto aos
taninos, a atividade anti-inflamatdria tem sido observada com frequéncia, como citado no
trabalho de Okuda (2005), onde foi demonstrado que um grupo de taninos age no metabolismo

do &cido araquid6nico em leucdcitos com importante papel na reversao inflamatoria.

2.3.1 Lectinas

O primeiro relato a respeito de lectinas se deu em 1888, quando Stillmark, ao estudar a
toxicidade de extratos de Ricinus communis (mamona), observou sua capacidade para aglutinar
eritrocitos, devido a presenca de uma proteina extraida, a ricina, e foi essa descoberta que
marcou o inicio das pesquisas envolvendo lectinas (KENNEDY et al., 1995). Mas foi apenas
em 1960 que o estudo sobre lectinas comegou a ganhar impeto, atraindo a atencdo para a
investigacdo e aplicagdo das lectinas (GABOR et al., 2004; RUDIGER; GABIUS, 2009a).
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O termo lectina é originado do latim “lectus”, que significa “selecionado” e refere-se a
habilidade dessas proteinas ligarem-se seletivamente e reversivelmente (ndo-covalentemente)
a carboidratos (HONG et al., 2001; SHARON; LIS, 2001).

Ap0s anos de pesquisa, conceitua-se lectinas como glicoproteinas de origem ndo imune
que se ligam de maneira especifica e reversivel (ndo covalentemente) a residuos terminais ou
subterminais de carboidratos. Dessa forma, desempenham funcdo relacionada ao
reconhecimento das informacg6es contidas na enorme variedade e combinacdo de estruturas
oligossacaridicas conjugadas normalmente as proteinas ou aos lipideos na superficie celular
(BROOKS; LEATHEM, 1998; PEUMANS; VAN DAMME, 1995), interferindo no
comportamento celular (GABIUS, 2015; GABIUS; ROTH, 2017).

Esta interacdo ocorre através de ligagcdes de hidrogénio, interacdo de Van der Walls e
interacdes hidrofobicas em uma determinada regido da molécula proteica, denominada de
Dominio de Reconhecimento a Carboidrato (KENNEDY, 1995; NISHIMURA et al., 2006),
que tende a se localizar na superficie da molécula (COMINETTI et al., 2002; SHARON; LIS,
2002).

Devido a essa habilidade, as lectinas ou hemaglutininas, apresentam alto grau de
especificidade em suas rea¢cdes com grupos sanguineos do sistema ABO e MN (SHARON; LIS,
1993) e eritrocitos de diferentes espécies animais (CORREIA; COELHO, 1995; PAIVA;
COELHO, 1992; REYNOSO-CAMACHO et al., 2003)

A énfase dada quanto a origem ndo-imunoldgica das lectinas serve para distingui-las de
anticorpos anticarboidratos que aglutinam células. Os anticorpos sédo estruturalmente similares,
enquanto as lectinas diferem entre si quanto a composi¢do aminoacidica, requerimento de
metais, peso molecular e estrutura tridimensional (VAN DAMME et al., 1998).

Lectinas estdo amplamente distribuidas na natureza, estdo presentes em todos 0s reinos
da natureza e podem ser encontradas em bactérias (IMBERT et al., 2004); virus (GAMBLIN et
al., 2004); algas (HAN et al., 2010); vegetais (LEITE et al., 2005; SOL et al., 2007); fungos
(KHAN et al., 2007; LEONIDAS et al., 2007); liquens (SILVA et al., 2009); invertebrados:
esponjas (MOURA et al., 2006); cnidarios (FENTON-NAVARRO et al., 2003); moluscos
(TAKAHASHI et al., 2008; KONG et al., 2011); crustaceos (XU et al., 2010); insetos (OURTH
et al., 2005); vertebrados: peixes (TERADA et al., 2007); répteis (NUNES et al., 2011); aves
(HOGENKAMP et al., 2006); mamiferos (OLA et al., 2007). Em plantas, as lectinas tém sido
detectadas em: cascas (NASCIMENTO et al., 2008; SA et al., 2009b; VAZ et al., 2010;
ARAUJO et al., 2012); cerne (SA et al., 2008); claddnias (SANTANA et al., 2009); flores
(SANTOS et al., 2009); folhas (COSTA et al., 2010; GOMES et al., 2013); raizes (SOUZA et
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al., 2011); rizomas (SANTANA et al., 2012); sementes (COELHO et al., 2009; SANTOS et al.,

2009).

As lectinas mais estudadas s@o da familia Fabaceae, pois € nas sementes de leguminosas
onde sdo mais encontradas (LIU; BIAN; BAO, 2010; SOL et al., 2007) chegando a constituir
até 10% da proteina total (SHARON; LIS, 1990; SPILATRO et al., 1996). Entretanto, muitas
lectinas de outras familias também tém sido frequentemente isoladas e caracterizadas como,
por exemplo, lectinas de Solanaceae (PEUMANS et al., 2003), Cactaceae (ZENTENO et al.,
1995), Euphorbiaceae (WITITSUWANNAKUL et al., 1998), Labiateae (FERNANDEZ-
ALONSO et al., 2003) e Moraceae (MOREIRA et al., 1998) entre diversas outras.

As lectinas variam quanto as fontes, especificidade, estrutura, propriedades bioldgicas,
e por isso, sdo Vvarias as classificacdes dessas proteinas. A especificidade de lectinas de plantas
a carboidratos é primeiramente determinada pela estrutura tridimensional dos seus sitios de
ligacdo que se apresenta conservada a nivel aminoacidico, dentro de familias de lectinas
(PEUMANS; VAN DAMME, 1998). As lectinas exibem uma elevada homologia em seus
residuos de aminoacidos, incluindo aqueles envolvidos na ligacdo a carboidratos e a maioria
dos que coordena os ions metalicos, necessarios a integridade das subunidades e ao correto
posicionamento dos residuos para a ligacdo (SPILATRO et al., 1996).

Com base na estrutura geral, as lectinas de plantas tém sido subdivididas de acordo com
o dominio de ligagdo aos carboidratos (PEUMANS; VAN DAMME, 1998):

a) Merolectinas sdo aquelas que possuem apenas um dominio para ligacdo aos carboidratos,
sendo monovalentes e por isso ndo podem precipitar glicoconjugados ou aglutinar células.

b) Hololectinas também possuem dominio especifico para ligacdo a carboidratos, mas contém,
pelo menos, dois dominios idénticos ou mais dominios homologos ligantes a agucares; sendo
di ou multivalentes, aglutinam células e/ou precipitam glicoconjugados. A maioria das
lectinas de plantas pertence a esse grupo.

¢) Quimerolectinas sdo proteinas com um ou mais dominios de ligacdo a carboidratos e um
dominio ndo-relacionado. Esse dominio diferente pode ter uma atividade enziméatica bem
definida ou outra atividade bioldgica, mas age independentemente dos outros dominios de
ligacdo a carboidratos. Dependendo do numero de sitios de ligacdo para carboidratos,
quimerolectinas agem como merolectinas ou hololectinas.

d) Superlectinas consistem exclusivamente de pelo menos dois dominios de ligacéo a agucares
diferentes. Esse pode ser considerado um grupo especial de quimerolectinas, consistindo de
dois dominios estruturalmente e funcionalmente diferentes de ligacdo a carboidratos (VAN
DAMME et al., 1996).
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Quanto a especificidade por monossacarideos, podem se ligar a manose/glicose, D-
galactose, N-acetilglicosamina, N-acetilgalactosamina, L-fucose, &cido N-acetil-neuraminico e
grupos glicanos complexos (PEUMANS; VAN DAMME, 1998; RUDIGER, 2000), entretanto,
a maioria das lectinas que compartilnam entre si a caracteristica de reconhecerem o0 mesmo tipo
de monossacarideo, diferem entre si em relacéo a afinidade por oligossacarideos (MORENO,
2008). Algumas lectinas podem ter afinidade por diferentes carboidratos, ndo sendo portanto
especificas (TAKAHASHI et al., 2008).

Isolectinas sdo definidas como um grupo de proteinas intimamente relacionadas,
resultantes da expressdo de diferentes genes, com estruturas semelhantes em uma mesma
espécie, e apresentam formas moleculares com mobilidade eletroforética diferente. O termo
isoforma foi proposto para lectinas pertencentes a mesma espécie, cuja heterogeneidade de
origem genética ndo foi bem definida (PAIVA; COELHO, 1992).

Lectinas ligadoras de quitina tém sido isoladas de diversas fontes, incluindo bactérias,
insetos, plantas e mamiferos e muitas delas apresentam atividade antifungica e inseticida uma
vez que a quitina é o componente-chave da parede celular de fungos e de diversas estruturas no
corpo dos insetos. Dessa forma, o primeiro passo dado para proteger a planta poderia ser o
reconhecimento da quitina por esta pequena lectina (NEUMANN et al. 2004). Lectinas com
potencial antifingico e inseticida tém sido estudadas sob varios aspectos, seja como moléculas
que protegem as plantas que as produzem naturalmente ou como resultado de um material
genético modificado que expresse este tipo de lectina, desde que seja atdxica ao homem
(PEUMANS; VAN DAMME 1995, CARLINI; GROSSI DE SA, 2002).

As mais estudadas sdo aquelas pertencentes a familia das heveinas, assim chamadas por
possuirem em comum o dominio heveinico como motivo estrutural de reconhecimento da
quitina. A heveina é uma merolectina constituida por 43 aminoacidos (cerca de 4,5 kDa),
encontrada na seringueira (Hevea brasiliensis). E especialmente rica em residuos de glicina e
cisteina e sua estrutura é mantida por 4 pontes dissulfeto, o que Ihe confere uma estabilidade
notével, caracteristica que se estende as demais lectinas da familia das heveinas. Mesmo depois
de aquecida a 90 °C por 10 minutos, a heveina ainda inibe o crescimento de fungos. Do ponto
de vista bioldgico, a heveina, além de aglutinar eritrocitos e ligar-se a IgE, é o principal fator
alérgico do latex, por isso, também, tem sido apontada como envolvida na defesa da planta
frente ao ataque de insetos e fungos (NEUMANN et al. 2004).
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As lectinas sdo, em sua maioria, di ou polivalentes e s&o capazes de formar pontes entre
carboidratos ou glicoproteinas, que se apresentam em solucéo ou ligadas & membrana celular
(Figura 4) (CORREIA et al., 2008).

Figura 4 - Representacdo esquematica da ligacdo da lectina a um carboidrato (A). As linhas pontilhadas

representam pontes de hidrogénio.

Fonte: KENNEDY et al. (1995).

A presenca de lectinas em uma amostra pode ser facilmente detectada a partir de ensaios
de aglutinacdo, nos quais elas interagem com carboidratos em uma superficie celular através de

seus sitios, formando diversas liga¢des cruzadas reversiveis entre células distintas (Figura 5).

Figura 5 - Esquema representando a aglutinagdo de eritrécitos promovida por lectinas. Rede de aglutinagéo
formada pela ligacdo de uma lectina aos carboidratos da superficie dos eritrocitos (A). Inibicdo da formagéo da

rede de aglutinacdo por carboidratos livres.
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Fonte: PAIVA et al. (2011b).
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As lectinas podem aglutinar diversos tipos de células. O ensaio mais comumente
utilizado para a caracterizagdo de uma lectina € o de hemaglutinacéo, o qual é realizado através
de uma diluicdo seriada da amostra contendo lectina e posterior incubacdo com eritrocitos; a
rede formada decorrente da interacao entre a lectina e os carboidratos presentes na membrana
dos eritrécitos constitui o fendmeno de hemaglutinacdo (NAEEM et al., 2007a). O inverso da
maior diluicio em que se observa a hemaglutinacdo (titulo) corresponde a atividade
hemaglutinante (AH) (SANTOS et al., 2005). O ensaio possibilita, além da sua deteccao,
determinar a especifidade de uma lectina, para carboidratos e/ou eritrocitos humanos ou de
animais (SANTOS et al., 2005).

Para assegurar que o agente aglutinante & uma lectina, s80 necessarios ensaios
subsequentes de inibicdo da AH, utilizando-se uma solucdo do carboidrato ligante livre em
solucdo (WU et al., 2006).

A AH é detectada pela formacao de uma rede ou malha decorrente da interacéo entre a
lectina e os carboidratos presentes na membrana dos eritrécitos (NAEEM et al., 2007b). O
ensaio possibilita, além da sua deteccdo, determinar a especifidade de uma lectina, para
carboidratos e/ou eritrocitos. Os eritrdcitos utilizados podem ser de humanos ou de animais, 0s
quais podem ser tratados enzimaticamente (com tripsina, papaina, entre outras) com proteases
afim de remover glicoproteinas das superficie eritrocitéria e assim permitir melhor acesso aos
antigenos eritrocitarios (DANIELS, 2007), ou quimicamente (com glutaraldeido ou
formaldeido), aumentando a estabilidade da membrana celular (COELHO; SILVA, 2000;
SANTOS et al., 2005).

A AH de lectinas também pode ser realizada em diversas condi¢des: em diferentes
valores de pH (identificar o ponto isoelétrico e em pH tera maior atividade); ap6s serem
submetidas a distintas temperaturas (termolabilidade); apos exposicao a enzimas proteoliticas
(descobrir quais residuos aminodacidicos existem) e na presenca de ions (investigar a existéncia
de co-fator) (KING et al., 1980; KONOZY et al., 2003; MORAES et al., 2013; SUSEELAN et
al., 2002; WITITSUWANNAKUL et al., 1998).

Os aminodacidos tém capacidade de se complexarem com fons Cu?*, Zn?*, Ni?*, Co** e
outros através do grupo a-amina e carboxilico e formarem quelatos relativamente estaveis. Essa
propriedade dos aminoacidos e, portanto, das proteinas, é explorada em métodos de separacéo
baseados na afinidade entre proteinas, pH e ions metalicos (PESSOA-JUNIOR; KILIKIAN,
2005). Muitas lectinas contém metais e, em alguns casos, existe evidéncia da necessidade de
ions para suas atividades bioldgicas (SHARON; LIS, 1990).
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As lectinas, por terem a habilidade de se ligar a mono e oligossacarideos, apresentam
uma variedade de efeitos bioldgicos, como: atividade imunoregulatéria (DEAK et al., 2015; DE
LA FUENTE et al., 2014; KOVACS-SOLYOM et al., 2010), antiinflamatéria (MELO et al.,
2010), pro-inflamatéria (ELIFIO-ESPOSITO et al., 2011) antitumoral (DAMASIO et al., 2014;
FANG et al., 2010; NOLTE et al.,, 2012; NUNES et al., 2012; PATHAN et al., 2017),
antifingica (SA et al.; 2009a; SANTANA et al., 2009; SOUZA et al., 2011), antibacteriana
(NUNES et al., 2011; SA et al., 2009b), anti-biofilme (KLEIN et al., 2015), antiviral (SATO et
al., 2011), antinociceptiva (FIGUEIREDO et al., 2009) e inseticida (PAIVA et al., 2011a;
OLIVEIRA et al., 2011).

Devido ao fato de algumas lectinas possuirem habilidade para mediar mucoadesdo,
citoadesdo e citoinvasdo de drogas (GABOR et al., 2004; NEUTSCH et al., 2011), essas
moléculas tém sido exploradas em sistemas de liberacdo de drogas (NAEEM et al., 2007b), ja
que células tumorais ou alteradas expressam glicanos de superficie celular diferentes das células
normais. Podem também ser utilizadas como potencializadoras da absorc¢ao de drogas, pois ao
acionar o transporte vesicular, algumas lectinas sdo endocitadas pelas células epiteliais do trato
gastrointestinal, como mostram os estudos com aglutinina de gérmen de trigo (WGA), ConA e
lectina de tomate (BIES et al. 2004, GABOR et al., 2001; LEHR, 2000).

Com base na elevada capacidade de reconhecimento de carboidratos, as lectinas se
tornaram relevantes nas investigagdes estruturais e funcionais dos carboidratos complexos e seu
mapeamento a fim de analisar o cédigo de agucar (sugar code) (GABIUS; ROTH, 2017), as
mudancas na superficie celular durante processos fisioldgicos e patoldgicos (SHARON; LIS,
2001; GEMEINER et al., 2009; XIE et al., 2009), diferenciacéo e transformag&o neoplasica (LI
et al., 2008) e no tratamento de condigdes pré-cancerosas através da associacdo de farmacos a
lectinas com afinidade pela estrutura glicidica alterada decorrente do processo patoldgico
(WROBLEWSKI et al., 2001). Essa especificidade para glicanos e as caracteristicas
topoldgicas da apresentacao destes, cooperaram para garantir que o processo de reconhecimento
revele as associa¢Oes de ligacdo adequados no contexto fisiologico em conjunto (GABIUS,
2015; GABIUS; ROTH, 2017). Dessa forma, as lectinas séo destaque no campo da tecnologia
de bioreconhecimento na Histologia e Patologia como ferramentas em ensaios citoquimicos
para localizacdo de glicoconjugados e residuos glicosilados, bem como ferramentas
histoquimicas para analises de estruturas de tecidos humanos normais e alterados
(FRANCESCHINI et al., 2000; PEDINI et al., 2001; LIMA et al., 2010).
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2.4.2 Inibidores de Proteases

Proteases s@o enzimas que catalisam a hidrdlise de ligacGes peptidicas adjacentes.
Algumas proteases clivam apenas a ligacdo peptidica adjacente a determinados residuos de
aminoacidos e, portanto, fragmentam uma cadeia polipeptidica de uma maneira previsivel e
reproduzivel (NELSON, 2014). Proteases ou peptidases representam uma classe de enzimas
com importantes papéis em processos fisiologicos (HEDSTROM, 2002). Estas enzimas estdo
envolvidas em processos bioldgicos essenciais, como a coagulacdo sanguinea, morte celular e
diferenciacéo de tecidos, no mecanismo invasivo de tumores, no ciclo de infec¢do de um grande
namero de virus e microrganismos patogénicos (KOBLINSKI et al., 2000; RUFINO; SILVA
etal., 2006; SALAGA et al., 2013).

Devido aos importantes processos biologicos em que estdo envolvidas, as proteases
tornaram-se um alvo promissor para o desenvolvimento de novos compostos farmacéuticos,
principalmente pela atuacdo crucial de proteases nos ciclos de replicacdo de diversos virus
(dengue, HIV e hepatite C, por exemplo), levando ao interesse no desenvolvimento de
inibidores destas enzimas (MURI, 2014).

Os inibidores de proteases podem ser de origem natural, sendo globalmente achados em
organismos vivos e largamente descritos em plantas (JAMAL et al., 2013). Geralmente,
constituem de 1-15% das proteinas sollveis nos orgdos de estoque e reprodutivos vegetais,
como as sementes e tubérculos (BHATTACHARYYA et al., 2006). Estdo relacionados com o
sistema de defesa das plantas contra insetos, fungos e bactérias patogénicas (FANG et al., 2010;
WANG et al., 2010). Em animais, atuam como reguladores de processos proteoliticos de muitas
funcdes bioldgicas, como no combate as infecgbes, coagulacdo sanguinea, agregacao
plaquetaria e anti-carcinogénese (OLIVA, 2000).

As sementes de leguminosas sao uma excelente fonte de proteina na dieta, mas contém
varias classes de proteinas resistentes a proteolise em diferentes graus, preservando a atividade
biolégica durante a digestdo devido ao seu alto nivel de estabilidade e/ou afinidade pelas
enzimas ou receptores alvo. Estudos in vivo identificaram varias dessas classes de proteinas
resistentes a digestdo, incluindo lectinas, inibidores de protease e proteinas da albumina, que
diferem em tipo, abundéncia e relevancia entre as espécies de leguminosas (CARBONARO et
al., 2015). Dessa forma, inibidores de protease, especificamente inibidores de
tripsina/quimotripsina, nas sementes de espécies vegetais de leguminosas sdo considerados uma

limitacdo a exploragdo de sementes na nutricdo, geralmente levando a uma exigéncia de
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tratamento térmico de produtos de sementes durante o processamento para uso em alimentos
para animais (PATTO et al., 2015).

2.4.3 Atividade Antioxidante

A geracdo de radicais livres derivados do oxigénio ocorre majoritariamente nos
processos fisiologicos de forma continua durante os processos metabdlicos. Esses radicais
atuam como mediadores para a transferéncia de elétrons nas varias reacdes bioquimicas. Sua
producdo, em proporcoes adequadas, possibilita grande gama de eventos fisioldgicos: a geracéo
de ATP (energia) por meio da cadeia transportadora de elétrons, fertilizacdo do 6vulo, ativacdo
de genes, participacdo de mecanismos de defesa durante o processo de infeccdo, entre tantos
outros. Porém, a producdo excessiva pode conduzir a danos oxidativos (FERREIRA,;
MATSUBARA, 1997; SHAME; MOREIRA, 2004). A instalacdo do processo de estresse
oxidativo decorre da existéncia de um desequilibrio entre compostos oxidantes e a agdo
enddgena de sistemas de defesa antioxidante - enzimatico ou ndo-enzimatico -, podendo ser
decorrente de uma geragéo excessiva de radicais livres ou de uma menor velocidade de remogéo
desses. A principal funcdo desses sistemas de defesa antioxidante € inibir ou reduzir os danos
causados pelos radicais livres e espécies reativas de oxigénio (MANDEL; YOUDIM, 2004) e
tal desequilibrio conduz a oxidacdo de biomoléculas com consequente perda de suas funcdes
bioldgicas, desequilibrio homeostéatico, cuja manifestacdo é o dano oxidativo potencial contra
células e tecidos (HALLIWELL; WHITEMAN, 2004).

O sistema de defesa ndo-enzimatico € composto por uma gama de compostos que podem
ser encontrados na natureza através das plantas, por exemplo. Os antioxidantes naturais mais
comuns sdo compostos fendlicos (flavonodides, taninos, xantonas, tocoferdis) derivados do
metabolismo secundéario e s@o essenciais para o crescimento, reproducdo e defesa da planta
(BARBOSA et al., 2010; LUO et al., 2013; CHEEL et al., 2013; MARTORANA et al., 2013;
PEREIRA et al., 2014), as vitaminas (4cido ascérbico, o a-tocoferol e B-caroteno, precursores das
vitaminas E e A, respectivamente) e minerais (zinco, cobre, selénio e magnésio) (PRASAD, A.S. et
al.,2007). O sistema de defesa enzimatico inclui as enzimas Superdxido Dismutase, Catalase e
Glutationa Peroxidase. Essas enzimas agem por meio de mecanismos de prevencédo, impedindo
e/ou controlando a formacdo de radicais livres e espécies nao-radicais, envolvidos com a
iniciacdo das reagcOes em cadeia que culminam com propagacao e amplificagdo do processo e,
consequentemente, com a ocorréncia de danos oxidativos (SCHNEIDER; OLIVEIRA, 2004).
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E crescente o interesse sobre radicais livres e isto tem trazido como meta a descoberta
de protetores bioquimicos, ou seja, antioxidantes naturais, Vvisto que a cronicidade desse
desequilibrio tem relevantes implicacbes sobre o processo etioldgico de numerosas
enfermidades cronicas ndo transmissiveis, como a aterosclerose, diabetes, obesidade,
transtornos neurodegenerativos e cancer (FERRARI, 2004; GREEN; BRAND; MURPHY,
2004).

2.4.4 Atividade Antimicrobiana

Entre os anos 1940-1960 vérios antibidticos foram descobertos através de triagens de
produtos naturais, em sua maioria eficazes para o tratamento de bactérias Gram positivas: p-
lactdmicos (cefalosporina), aminoglicosideos (estreptomicina), tetraciclinas (clortetraciclina),
macrolideos (eritromicina), peptideos (vancomicina) e outros (cloranfenicol, rifamicina
B, clindamicina e polimixina B) (FERNANDES, 2006); estima-se que 30 a 40% dos
antimicrobianos  disponiveis no mercado sdo derivados de produtos naturais
(CHATTOPADHYAY et al., 2009).

Com a disponibilidade de varios antibiéticos no mercado, a resisténcia microbiana
aumentou significativamente, principalmente devido ao uso extensivo dessas drogas e a rapida
transferéncia genética de resisténcia microbiana. E sugerido que a resisténcia microbiana se
desenvolve dentro de sete a oito anos de uso regular de um antibiético. Paralelo ao aumento
desses niveis de resisténcia, surge a necessidade de encontrar novas substancias
antimicrobianas capazes de superar esses obstaculos no tratamento de infeccBes resistentes
(GUIMARAES etal., 2010; SILVEIRA et al., 2006).

A habilidade que lectinas de plantas tém em reagir seletivamente com carboidratos
expostos na superficie celular de microorganismos torna possivel o emprego dessas
biomoléculas como sondas-diagndstico para identificagdo de bactérias patogenas (DOYLE;
SLIFKIN, 1994; GEMEINER et al., 2009), na investigacéo de fatores de viruléncia (SLIFKIN;
GIL, 1984) e para a deteccdo de receptores em bacteridfagos, fungos e protozoarios (ETZLER,
1983; LIS; SHARON, 1986; NICOLSON, 1974).

Nas bactérias, a parede celular, alem de impedir qualquer interagdo entre as lectinas e
os glicoconjugados na sua membrana, impede que estas proteinas penetrem no citoplasma. Por
esta razdo, as lectinas ndo conseguem alterar a estrutura e/ou a permeabilidade da membrana
ou perturbar os processos intracelulares normais de microorganismos invasores. Sendo assim,

sua atuacdo na defesa da planta contra bactérias deve ser por meio de um mecanismo indireto,
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baseando-se em interagdes entre os glicanos extracelulares da parede celular (BOBBARALA,
2012).

Lectinas extraidas a partir de plantas medicinais do Sul da Africa apresentaram efeito
inibitério no crescimento de Staphylococcus aureus e Bacillus subitilis através de método de
aglutinacdo (GAIDAMASHVILI; VAN STANDEN, 2002). A lectina extraida das folhas da
Schinus terebinthifolius (SteLL) mostrou atividade contra Escherichia coli, Klebsiella
pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa, Salmonella enteritidis, S. aureus e
Candida albicans (GOMES et al., 2013). Concanavalina A pode ser precipitada por varios
polissacaridos bacterianos presentes nas paredes celulares das bactérias que contém residuos
glicosidicos, como o acido teicoico por exemplo, encontrados no Lactobacillus plantarum, S.
aureus e B. subtilis (ARCHIBALD; COAPES, 1971; DOYLE et al.,, 1982; REEDER;
EKSTEDT, 1971). As lectinas de soja (SBA) detectou um nimero muito baixo de células
vegetativas de B. anthracis (COLE et al., 1984; GRAHAM et al., 1984).

Véarios metabdlitos secundarios de plantas também tém apresentado atividade
antimicrobiana. Polifendis podem combinar-se com as adesinas bacterianas de forma a
comprometer a adesdo do microrganismo sobre a superficie celular do hospedeiro, além de
também exercerem atividade antibacteriana provavelmente pela inativacdo de enzimas
hidroliticas, adesinas e de proteinas transportadoras. Taninos podem afetar a sintese da parede
celular a0  formarem  complexos irreversiveis com  proteinas (CHUSRI;
VORAVUTHIKUNCHALI, 2009; COWAN, 1999), enquanto que alguns flavondides podem
atuar como inibidores da topoisomerase tipo Il bacteriana (CUSHNIE; LAMB, 2011).
Compostos de natureza terpénica tém sido relacionados com a inibicdo do crescimento
microbiano. Oleos volateis de diversas espécies vegetais também tém exibido atividade
inibitdria contra fungos e bactérias (ESPINA et al., 2011; HUANG et al., 2010)

2.5.1 Concentracao Minima Inibitoria (CMI) e Concentragdo Minima Bactericida (CMB)

A atividade antimicrobiana de uma substdncia € geralmente avaliada pela
determinacdo da concentracdo minima inibitéria (CMI) e a concentracdo minima bactericida
(CMB) in vitro apds incubacgéo aerdbia por um determinado tempo (LEVISON, 2004). CIM e
CMB séo consideradas o “padrdo ouro” para a determinacdo da susceptibilidade dos
organismos a microorganismos e sao usadas para julgar o desempenho de todos os outros

métodos de teste de susceptibilidade. Dessa forma, sdo usados em diagndsticos laboratoriais
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para confirmar uma resisténcia anormal, para dar uma resposta definitiva quando um resultado
limite é obtido por outros métodos ou quando métodos de teste de difusdo em disco ndo sdo
apropriados (ANDREWS, 2001).

A CMI é definida como a concentracdo minima de antibiotico que impede a suspensao
transparente de 10° UFC/mL de tornar-se turva apés a incubacgdo, visto que turbidez
normalmente conota um aumento na densidade bacteriana. A CMB é a concentracdo minima
de antibidtico que impede totalmente o crescimento ou resulta num decréscimo de 99,9% de
um indculo inicial (PANKEY; SABATH, 2004). A CMI e CMB séao determinados ap6s um
intervalo fixo de tempo ap6s a exposicao a concentracdes da droga que permanecem constantes
durante um periodo de incubagdo, mas ndo0 fornecem informacGes sobre a evolugdo temporal
do efeito antimicrobiano que varia em niveis quando em um paciente tratado com a droga. Estas
condicdes in vitro sdo muito provavelmente diferentes das esperadas no local da infeccdo, em
que o meio é frequentemente &cido e anaerdbico, e uma quantidade variavel da droga pode-se
ligar as proteinas de tecido. Além disso, a CMI e CMB sdo medidas contra um indculo
bacteriano padréo (cerca de 10° unidades formadoras de col6nias [UFC] por mililitro), que néo
corresponde necessariamente a densidade bacteriana no local da infecgdo (108° UFC por grama
de tecido ou pus). O indculo in vitro é também na fase exponencial de crescimento, ao contrario
da maioria dos organismos de uma infeccdo estabelecida, que ndo estdo em crescimento
(LEVISON, 2004).

Substancias antimicrobianas sdo consideradas agentes bacteriostaticos quando a razao
CMB/CMI > 4 e bactericidas quando a razdo CMB/CMI <4 (GATSING et al., 2006). Apesar
da atividade bacteriostatica ter sido definida pela razdo CMB/CMI > 4, varios problemas
técnicos podem afetar essa propor¢cdo (HANDWERGER; TOMASZ, 1985; PETERSON et al.,
1978; PETERSON; SHANHOLTZER, 1992; SHERRIS, 1986; TAYLOR et al., 1983). As
definigOes de “bacteriostatico” e “bactericida” sdo claras: “bacteriostatico” significa o agente
que previne o crescimento da bactéria, ou seja, a mantém na fase estacionaria de crescimento,
e “bactericida” significa que o agente mata a bactéria. Na realidade, ndo ha duas categorias
puras de agentes antimicrobianos (um que exclusivamente mate bactérias e outro que apenas
inibe crescimento). Os agentes que sdo classificados como bactericidas geralmente falham em
matar todos 0s microorganismos (se por acaso o inéculo for grande) dentro das 18-24 h ap6s o
teste, e a maioria dos entdo classificados como agentes bacteriostaticos matam algumas
bactérias dentro das 18-24 h apds o teste, frequentemente mais que 90%-99% do inéculo, mas
nédo o bastante (99,9%) para ser chamado de bactericida (PANKEY; SABATH, 2004)
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De acordo com Saraiva (2011), extratos de plantas com CMI <100 wpg/ml séo
considerados agentes microbianos altamente ativos; CMI variando de 100 a 500 pg/ml séo
classificados como ativos; CMI variando de 500 a 1000 ug/ml s@o definidos como
moderadamente ativos; CMI variando de 1000 a 2000 ug/ml sdo considerados ter uma baixa
atividade; e CMI > 2000 pg/ml séo classificados como inativos. Como esperado, de acordo com
a susceptibilidade de cada microorganismo, cepas sensiveis ttm CMI’s relativamente baixos,
cepas resistentes ttm CMI relativamente altas e isolados clinicos de uma mesma espécie tém
difer entes CMI’s (LEVISON, 2004).

2.5.2 Biofilmes

Afim de escaparem das defesas imunoldgicas do hospedeiro, microorganismos
patdgenos podem se arranjar quimica e estruturalmente em comunidades aderentes - biofilmes,
cercadas por um polimero extracelular, que confere resisténcia a tratamentos antibacterianos
(FUX, 2005; LEID, 2002; OTTO, 2008; H@IBY, 2010). Muitas espécies bacterianas vivem
predominantemente em biofilmes, tanto em ambientes naturais como artificiais (COSTERTON
etal., 1995; O’'TOOLE et al., 2000, SUTHERLAND, 2001a; 2001Db).

O carater inerentemente defensivo do biofilme é demonstrado por uma notavel
persisténcia de bactérias cultivadas de forma séssil versus bactérias cultivadas
planctonicamente, o que faz a maioria das infec¢fes associadas ao biofilme serem dificeis de
erradicar, assim, contribuindo para a cronicidade da doenca (DAVIES, 2003; PARSEK;
SINGH, 2003). Microrganismos associados em biofilme tém sido relacionados com mais de
65% de todas as infeccbes médicas, incluindo endocardite, otite, prostatite, periodontite,
conjuntivite, vaginite, infeccdes relacionadas com a fibrose cistica e sdo 0s principais
colonizadores em dispositivos médicos implantados, infecgdes cronicas e em tecidos
danificados (DONLAN; COSTERTON, 2002).

A formacéo de biofilmes em bactérias se da em cinco etapas (Figura 6). Na primeira
etapa ocorre a ligacdo reversivel a uma superficie, ditada por forcas eletrostaticas néo
especificas de longo alcance (movimento browniano, gravidade) entre a bactéria planctdnica e
a superficie (considerando superficies abidticas) e de modo dirigido via quimiotaxia e
motilidade através de flagelos, pili, forcas hidrodinamicas, forcas de van der Waals e interagdes
hidrofobicas (PAVITHRA; DOBLE, 2008; O’'TOOLE; KOLTER, 1998). A segunda etapa da
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adesdo bacteriana é a adesdo secundaria ou adesao irreversivel, onde os microorganismos fraca-
mente ligados a superficie consolidam o processo de adesdo através da producdo de matriz
exopolissacaridica (MEPS). Durante essa fase de adesdo, 0os microorganismos séo capazes de
se ligar a celulas da mesma ou de diferentes espécies, formando agregados que vao estar
firmemente ligados a superficie (STOODLEY et al., 2002). A producdo de MEPS ocorre tanto
por bactérias Gram-positivas como por Gram-negativas (VU et al., 2009). A medida que as
bactérias se desenvolvem em microcol6nias maiores na superficie, elas se tornam incorporadas
em uma MEPS mais extensa (etapa 3), que forma a base das estruturas de cogumelo mais
maduras que contém subpopula¢es mortas e vivas de células (etapa 4); na etapa final ocorre a
liberacdo de células plancténicas vivas desses "cogumelos"”, que colonizam novas superficies,
que reinicia o processo (MONROE, 2007).

Figura 6 - Formacédo do biofilme é um processo de desenvolvimento complexo envolvendo cinco etapas. Etapa 1
- adesdo inicial; 2 - adesdo irreversivel, 3 - maturacdo I; 4 - maturacdo Il; 5 - dispersdo. Cada etapa do
desenvolvimento esta acompanhada com a microfotografia do desenvolvimento do biofilme de Pseudomonas

aeruginosa. Todas as microfotografias séo exibidas na mesma escala.

Fonte: MONROE (2007)

Ao gque muitas evidéncias indicam, ap06s a adesao de células bacterianas, ocorre um au-
mento na producdo, na liberacdo e na deteccdo de moléculas sinalizadoras que regulam a
formacdo de biofilme (DAVIES et al., 1998; BJARNSHOLT; GIVSKOV, 2007,
HODGKINSON; WELCH; SPRING, 2007). Conforme a densidade bacteriana aumenta, essas
moléculas autoindutoras podem se acumular e induzir a transcrigdo de genes especificos que
regulam varias fungdes como motilidade, viruléncia, producdo de MEPS e a formacédo de
biofilmes (DONLAN, 2002). Esse processo de comunicacao que acopla a transcri¢do de genes
especificos com a densidade celular bacteriana, é referido como Quorum sensing (QS). Nestas

situagBes, os microorganismos aderidos podem sofrer alteragdes moleculares especificas e
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estabelecer biofilmes para tornarem-se patogénicos (COSTERTON et al., 1999; DONLAN;
COSTERTON, 2002).

A sobrevivéncia dentro do hospedeiro se da pela integracdo de respostas adaptativas a
expressdao génica e ao nivel metabdlico, aliada a exploracdo de caracteristicas estruturais e
funcionais definidas como fator de viruléncia (NOVICK, 2003), que funcionam como
ferramentas de defesa.

Sob tais circunstancias, ocorrem varias adaptacOes: as adesinas sdo produzidas
((VUONG et al., 2004); a MEPS assume diversos papeis, variando desde a adesdo de bactérias
patogénicas aos tecidos hospedeiros durante os estagios iniciais da invasdao a escudo para o
patégeno contra fatores imunolégicos do hospedeiro e estresses abidticos (ASLAM et al., 2008;
BYLUND et al., 2006; HALL-STOODLEY; STOODLEY, 2009); e espécies, como 0 S.
aureus, produzem um pigmento amarelo carotendide - a estafiloxantina - que promove
resisténcia as espécies reativas do oxigénio e ao sistema imunoldgico do hospedeiro (LEE et
al., 2013).

Maior parte dos estudos detalhando o processo de iniciacdo, maturacdo e dispersédo do
biofilme sdo focados nos patégenos humanos e animais. No entanto, a formacdo de biofilme
por bactérias fitopatdgenas tem recebido pouca atencdo (DOW et al.,2003; MARQUES et al.,
2002; MARQUES et al., 2003).

A inibicéo da formagé&o de biofilmes de tal forma que o crescimento bacteriano néo seja
negativamente afetado é uma abordagem alternativa e atraente, visto que pode dificultar o
rapido desenvolvimento de resisténcia bacteriana (RASKO; SPERANDIO, 2010). A habilidade
de prejudicar a adesdo representa uma estratégia ideal para combater a patogénese bacteriana,
dada sua importancia nos estagios iniciais do processo de infeccdo. O bloqueio da adesdo
bacteriana torna-se uma ferramenta adequada para promover uma intervengdo profilatica
(CEGELSKI et al., 2008) e o uso de agentes naturais que possam inibir com sucesso a adesao
torna-se uma ferramenta para a reducdo da colonizagdo bacteriana em vérias superficies
(BAVINGTON; PAGE, 2005). Nos ultimos anos, estudos com inibidores de biofilme tém
relatado compostos naturais com atividade anti-adeséo ou antibiofilme (CHAIEB et al., 2011;
LUNA et al., 2011; SA et al., 2012; SCHILLACI et al., 2010; WANG et al., 2012).

De acordo com Teixeira e colaboradores (2006), algumas lectinas de plantas séo capazes
de inibir a aderéncia bacteriana ao esmalte dentario provavelmente através do blogueio da
adesdo por Streptococcus. Liljemark e colaboradores (1981) mostraram o efeito ds interagoes
especificas lectina-carboidrato entre bactérias e seus resultados sugerem que a formacdo de

grandes agregados provoca uma diminui¢do do nimero de bactérias aderentes.
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Polifendis tém recebido atencdo por seu efeito antimicrobiano sobre microorganismos
organizados em biofilmes, como relatado em alguns estudos com S. epidermidis
(FERRAZZANO et al., 2009; PRABHAKAR et al., 2010; SCHITO et al., 2010). Extratos ricos
em polifendis de frutos da Caesalpiniea ferrea mostraram ter atividade antibiofilme sobre as
espécies Streptococcus sp., Candida albicans e Lactobacillus casei (SAMPAIO et al., 2009).
Poucos estudos analisaram a atividade anti-biofilme de cumarinas (GIRENNAVAR et al.,
2008; PRAUD-TABARIES et al., 2009). Contudo, outros estudos mostram a atividade
antimicrobiana das cumarinas, terpenos (exceto Oleos volateis) e esterdides (OJALA et al.,
2000; POPOVA et al., 2009; SPARG et al., 2004; SMYTH et al., 2009).
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3 METODO

As metodologias aplicadas para a coleta dos materiais vegetais, extracdes a partir dos
varios tecidos vegetais coletadas na Caatinga e pré-purificacdo de proteinas das sementes e
polifendis das folhas da A. leiocarpa estdo descritas nos artigos (RESULTADOS). Também
estdo descritas as metodologias para cromatografia, eletroforese, espectroscopia de massas,
espectroscopia de dicroismo circular, espectroscopia de fluorescéncia, avaliacdo da atividade
hemaglutinante, dosagem proteica, atividade inibidora de protease, atividades antioxidantes e

avaliacdo da atividade antimicrobiana.
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Although it is one of the most threatened areas in the Earth, there are few studies on the
biotechnological potential of the Caatinga. This work evaluated 36 extracts from 27
Caatinga plants for lectin and trypsin inhibitor activities. The presence of lectin was
detected in 77.7% of samples by haemagglutinating assay. The highest values of
specific haemagglutinating activity were found in extracts of leaves from Mimosa
lewesii, Bauhinia acuruana and Manilkara rufula and in branches from Myracrodruon
urundeuva. Trypsin inhibitor activity was detected in 63.9% of the tested extracts,
strong inhibitory effect (>=70%) being found in 11 samples. This work demonstrates
that Caatinga is a potential source of bioactive plant proteins that can be isolated and
studied for several applications. The biochemical prospecting of Caatinga is essential
for collection of bioactive principles so as to add conservation value to the region.
Keywords: biochemical prospecting; Caatinga; lectin; plant proteins; protease
inhibitor

1. Introduction

The Caatinga is a uniquely Brazilian vegetation formation that has been recognised as one of the
37 large wilderness areas of the planet (Mittermeier et al. 2002). The Caatinga is composed of
seasonally dry forests due to irregular rainfall regime and shrubby-spiny vegetation (Leal et al.
2005) and has an area of 844,453 km?, corresponding to approximately 10% of the national
territory (IBAMA/MMA 2010). Approximately 50% of this environment has been degraded as a
result of human activities (IBAMA/MMA 2010) and currently the Caatinga has less than 1% of
its area protected in full conservation units, which comprises neither all the kinds of formations
nor all its riches (Leal et al. 2005).

There have been few ethnobotanical studies in the semi-arid northeast, which still has some
of the lowest scores of socio-economic indicators in Brazil (Albuquerque & Andrade 2002). The
expansion of actions aimed at biochemical bioprospecting of plants of the Caatinga is extremely
important, since tropical plants have been sources of material for the production of pain
relievers, tranquilisers, diuretics, laxatives and antibiotics, as well as new alternatives for
industry and agriculture (Souza & Felfili 2006).

Lectins are proteins or glycoproteins that interact specifically with carbohydrates (Correia
et al. 2008). These molecules can act in the defense mechanism against pathogens and insects, in
the regulation of endogenous proteinases, as signs of responses to environmental conditions, as
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enzyme modulators, and in the recognition, liaison and colonisation of nitrogen-fixing bacteria
in cells of roots (Chrispeels & Raikhel 1991; Sreevidya et al. 2005; Vandenborre et al. 2011).

Lectins have been suggested as natural compounds for controlling fungi and insects which
are safer than synthetic agrochemical products. In addition, they are used in structural and
functional studies of complex carbohydrates as well as to analyse changes in the cell surface
during physiological and pathological processes (e.g. cancer), including as main components of
microarrays (Gemeiner et al. 2009). Antimicrobial activity of lectins has been reported in the
literature against fungi and bacteria (Oliveira et al. 2008; Gomes et al. 2013). The toxicity of
lectins has also been studied with the aim of ensuring their safe use vis-a-vis the human health
(Rolim et al. 2011).

Protease inhibitors are proteins that interact specifically and reversibly with proteolytic
enzymes, promoting their inhibition through competition with the substrate for the active site of
the enzyme. Protease inhibitors have been used in studies to evaluate their antimicrobial (Kim
et al. 2009) and insecticidal action (Pontual et al. 2014).

These two classes of vegetable proteins — lectins and protease inhibitors — have been
investigated for their applications in several biological processes. Despite the growing
interest for the isolation and structural and functional characterisation of these proteins, there
have been few studies in Caatinga in spite of the biochemical potential of the species of
this region. In this way, this work describes a survey of the presence of proteins with trypsin
inhibitor or lectin activities in various species (see Supplementary material) present in Caatinga,
with the aim of contributing to the collection of bioactive principles so as to add value to the
region.

2. Results and discussion

From a total of 36 samples, 28 (77.7%) showed haemagglutinating activity (HA). The protein
concentration in saline extracts of the species ranged from 0.95 to 20.88 mg/mL (Table 1). The
highest values of specific HA indicated the extracts with a greater concentration of lectins among
the extracted proteins. In this study it was observed that the extracts of leaves of Mimosa lewesil,
Bauhinia acuruana and Manilkara rufula and of branches of Myracrodruon urundeuva showed
the best values of specific HA.

The inhibitory activity of bovine trypsin, a serine proteinase, was evaluated in the extracts
from the species listed in Table 1. From a total of 36 samples, 23 (63.9%) inhibited to some level
the enzymatic activity of trypsin, where 11 (47.8%) samples strongly inhibited the enzyme
activity, 7 (30.4%) inhibited moderately and 5 (21.7%) caused weak inhibition.

Lectins with insecticidal activity have already been isolated from the heartwood, inner bark
and leaves of M. urundeuva (Napoledo et al. 2011, 2012). The detection of lectin in the M.
urundeuva branches reinforces the great potential of this Caatinga plant as source of useful
biomolecules. Just as in Eugenia brejoensis, studied in this work, another species of this genus,
Eugenia malaccensis, contains a lectin in its seeds, which has antibacterial activity (Brustein
et al. 2012). Lectins from seeds of Cratylia mollis, a Caatinga plant, have shown several
biological activities such as immunomodulatory, antitumour, healing and mutagenic activities
(Santos et al. 2013).

Even though the method for detecting HA is the most commonly used for checking the
presence of lectins, this test may produce false-negative results under several circumstances: if
the lectin coexists with inhibitors, interacts with substances present in the blood (such as
glycoproteins containing sialic acid, heterocyclic amines, carbohydrates and certain metal ions)
or if the receptors containing carbohydrates present in the erythrocytes do not exist in sufficient
numbers or are inaccessible as well as if the lectin presents low specificity for the carbohydrates
of the erythrocyte (Toms 1981).
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Table 1. Studied species and their tissues examined for lectin and trypsin inhibitor activity with the
respective titres of HA, protein concentration (mg/mL) and trypsin inhibitory effect of the saline extracts.

Protein Specific  Inhibition of
Species Tissue/organ HA (titre 1) (mg/mL) HA trypsin (%)
Abarema cochliacapos Leaves 2048 4.55 449.8 -
A. colubrina var. cebil Bark 512 4.08 125.3 -
A. colubrina var. cebil Leaves 4 3.18 1.2 5246
Apuleia leiocarpa Seeds 256 1.04 2447 41.39
A. leiocarpa Pericarp 32 2.95 10.8 100
B. acuruana Leaves 2048 4.32 473.6 100
Buchenavia capitata Leaves 2048 4.57 448.1 100
B. gardneriana Leaves 2048 5.60 365.5 -
Chamaecrista desvauxii Leaves - 3.00 - 100
Commifhora leptophloeos  Branches 2048 12.71 161.0 18.85
Commiphora leptophloeos  Bark 2048 17.80 115.0 -
Dioclea grandiflora Leaves 256 4.11 62.2 63.52
E. brejoensis Seeds 256 0.95 267.5 -
E. brejoensis Leaves 64 1.43 44.5 -
Harpochilus neesianus Branches + leaves - 2.67 - 58.19
+ fruits
Hymenaea courbaril Leaves 32 1.08 29.6 35.24
var. courbaril
Ipomea brasiliana Branches + leaves 512 5.18 98.7 -
Jacaranda rugosa Leaves 64 4.48 14.2 40.97
J. rugosa Branches - 9.72 - 100
M. rufula Leaves 2048 4.42 463.3 -
M. rufula Fruits 128 1.32 96.9 28.27
M. lewesii Leaves 2048 3.58 571.1 -
M. urundeuva Branches 2048 3.93 520.3 -
Myroxylum peruiferum Leaves - 3.88 - 100
Ouratea blanchetiana Leaves 64 3.25 19.6 -
Parkinsonia aculeata Branches - 2.02 - 25.85
Piptadenia viridiflora Branches - 1.84 - 72.13
Pityrocarpo moniliformis  Pericarp 512 2.40 213.0 100
Poincianella microphylla  Fruits 512 4.37 117.1 -
P. microphylla Leaves 512 5.83 87.7 -
Senna splendida Branches - 1.20 - 100
Sida galheirensis Branches - 5.03 - 86.34
Sideroxylon obtusifolium  Leaves 1024 2.67 383.5 83.60
S. obtusifolium Branches 2048 18.19 112.5 3524
S. obtusifolium Fruits 2048 20.88 98.0 5.73
Stigmaphyllon paralias Leaves 512 11.58 44.2 13.52

Note: —, no activity.

In this work, inhibitory activity of trypsin was detected in several extracts. The specificity of
the interaction of the inhibitors occurs due to the presence of amino acid residues at the reactive
site of the inhibitor which interact specifically and reversibly with the residues of the active site
of the target enzyme, allowing the formation of a stable complex (Bode & Huber 2000).

The study of applications of inhibitors isolated from these species may contribute in the
future, for example, to the treatment of metabolic dysfunctions associated with proteolytic
enzymes, such as in cases of pancreatitis, emphysema, inflammations and certain cancers, as
well as to the understanding of the involvement of these proteins in plant defense mechanisms
against the onslaught of different pathogens and predators. On the other hand, among the species
studied that are used as human food or animal feed, only one did not exhibit inhibitory activity
against trypsin, Byrsonima gardneriana. The presence of protease inhibitors can be regarded as
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an important anti-nutritional factor, since populations residing in Caatinga, for example, in
addition to not having a nutritionally recommended diet, use food species that interfere with
proper digestion.

It is also important to highlight that the results found in this work do not mean that lectins or
trypsin inhibitors are definitely absent in the plants whose extracts evaluated here did not show
haemagglutinating or trypsin inhibitor activities. For example the conditions of drying of plant
tissues and the extraction method may have been reasons for absence of one or both of these
activities.

3. Conclusion

This work demonstrates that in Caatinga there is a wealth of biochemical resources to be
exploited by the scientific community, since the two protein categories analysed in this study
have great biotechnological potential. The isolation and structural and functional
characterisation of these proteins will contribute to a better knowledge of Caatinga and of the
biochemical potential of its species and their applications. Ethnobotanical studies can also be
added to the results found and bring benefits to the population using such plants, improving the
nutritional quality of life of these people.

Supplementary material

Experimental details are available online, alongside Table S1.
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Apuleia leiocarpa is a tree found in Caatinga that has great value in the timber industry. Lectins are
carbohydrate-binding proteins with several biotechnological applications. This study shows the isolation,
characterization, and antibacterial activity of A. leiocarpa seed lectin (ApulSL). The lectin was chromato-
graphically isolated from a crude extract (in 150 mM NaCl) by using a chitin column. Apul5L adsorbed to
the matrix and was eluted using 1.0 M acetic acid. Native ApulSL was characterized as a 55.8-kDa acidic
protein. SD5-PAGE showed three polypeptide bands, whereas two-dimensional electrophoresis revealed

&Tﬁrﬁ: four spots. The peptides detected by MALDI TOF/TOF did not show sufficient homology (<30%) with the
Apuleia leiocarpa database proteins. Circular dichroism spectroscopy suggested a disordered conformational structure, and
Xanthomonas campestris fluorescence spectrum showed the presence of tyrosine residues in the hydrophobic core. The hemagglu-

tinating activity of ApulSL was present even after heating to 100+C, was Mn**-dependent, and inhibited
by N-acetylglucosamineg, n{ — }-arabinose, and azocasein. ApulSL demonstrated bacteriostatic and bacte-
ricide effects on gram-positive and gram-negative species, being more effective against three varieties
of Xanthomonas campestris (MIC ranging from 11.2 to 22.5 pg/mL and MBC of 22.5 pgfmL). The results of
this study reinforce the importance of biochemical prospecting of Caatinga by revealing the antibacterial
potential of ApulSL.

@© 2015 Elsevier B.V. All rights reserved.

with biotechnological potential [4]. Apuleia leiocarpa (Vogel) |. F.
Macbride is a tree belonging to the sub-family Caesalpinioideae of
Fabaceae. In Brazil, it is commonly known as “grapia” and “jatai,”

1. Introduction

The Caatinga is a type of vegetation exclusive to Brazil and has

been recognized as one of the most important natural regions of
the world [1]. Ethnobotanical surveys are important in bioprospect-
ing, to find herbal medicines and other biotechnologically relevant
compounds [2]. Although Caatinga is one of the most threatened
biomes on the planet, few ethnobotanical studies have been con-
ducted in the Brazilian semi-arid region [3].

Plants from Fabaceae family (leguminous plants) are well
known because of the many species used for human consumption,
such as soy, beans, and peas. However, Fabaceae plants that are not
used in the diet have been poorly studied as sources of compounds

* Corresponding author. Tel: +55 8121268540; fax: +55 8121268576.
E-mail address: thiagohn86@yahoo.com.br (T.H. Napoledo).

http:f{dx.doi.org/10.1016(j.ijbiomac.2015.02.001
0141-8130{© 2015 Elsevier B.V. All rights reserved.

among other names [5]. It has a wide distribution, occurring from
northeastern Brazil to Uruguay and Argentina, and it prefers moun-
tain slopes and well-drained soils [6]. The tree is used in the tanning,
timber, and construction industries [6-8]. It also has potential for
use in agroforestry systems and has ornamental and reforestation
uses [6,9].

Lectins are proteins from non-immune origin, which bind
specifically and reversibly to free sugars or to the subtermi-
nal or terminal residues of glycoconjugates [10]. These proteins
have been the most studied in leguminous species, because they
are frequently very abundant in the seeds of these plants and
may constitute up to 10% of the total protein [11,12]. Many
lectins have been also isolated from other plant tissues and
families [13].
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Lectins have been used in biorecognition technology to inves-
tigate the structure and function of complex carbohydrates and
to map changes in cell surface during physiological and patho-
logical processes [14]. They also have shown immunomodulatory,
anti-inflammatory, antitumor, hypotensive, insecticidal, antiviral,
antifungal, and antibacterial activities [13,15-21]. The antimicro-
bial activity of lectins may result from their ability to interact
with carbohydrates on the cell surface of microbes. Antibacterial
lectins can interact with bacterial cell wall components such as N-
acetylglucosamine, N-acetylmuramic acid (MurlNAc), tetrapeptides
linked to MurNAc, and lipopolysaccharides [19].

The phytopathogenic bacteria Xanthomonas campestris pv.
campestris causes black rot and produces extracellular enzymes
that promote plant cell wall degradation, which contributes to its
pathogenicity [22]. X. campestris pv. viticola is the causal agent of
bacterial canker of grapevine, causing necrotic spots in inflores-
cences and dark, roughly rounded lesions in the rachis and berries.
It is considered a pest in the northeastern states of Bahia, Per-
nambuco, and Piaui [23,24]. X. campestris pv. malvacearum attacks
cotton crops causing angular lesions in the leaves that are initially
green and oily, and later brown and necrotic [25].

An initial screening of 36 extracts from 27 Caatinga plants,
including A. leiocarpa, revealed that 77.7% of the samples had
hemagglutinating activity, which is indicative of the presence of
lectin [26]. The present study describes the purification, character-
ization and antibacterial activity of a lectin extracted from the seeds
ofA. leiocarpa (ApulSL), as part of an effort to expand the knowledge
of bioactive compounds found in Caatinga plants.

2. Materials and methods
2.1. Plant material and extract preparation

A. leiocarpa seeds were collected from the National Park of
Catimbau (PARNA Catimbau), Pernambuco, Brazil, from January
2011 to July 2011. The taxonomic identification was performed
in the Herbarium Dardano de Andrade Lima at the [nstituto
Agrondémico de Pernambuco (IPA) and the testimonial material was
archived under the number 84886.

For preparation of the extract., the seeds were dried at 45°C
and processed by grinding. The seed flour was homogenized under
agitation for 4 h at 28 °C with 150 mM NaCl to yield a final concen-
tration of 10% (wjv). The homogenate was filtered through filter
paper and centrifuged at 3600 rpm for 15 min. The supernatant was
the crude extract (CE).

2.2, Protein content and hemagglutinating activity (HA)

Protein concentration was determined according to Lowry et al.
[27] using a standard bowvine serum albumin curve with values
between 31.25 and 500 pg/ml. Protein concentration was also esti-
mated using the absorbance at 280 nm.

The lectin activity was measured by determining hemaggluti-
nating activity (HA) according to Paiva and Coelho [28] in 96-well
microtiter plates (Kartell SPA, Italy). The HA assay was started by
adding 50 pL of 150 mM NaCl to all wells and 50 pL of the sample
in the second well of the horizontal row. Successive dilutions were
performed until a ratio of 1:2048 was achieved. Next, 50 pL of a
2.5% (v/v) suspension of glutaraldehyde-treated erythrocytes [29]
from humans (A, B or O-types) or rabbits was added. The number
of units of hemagglutinating activity was defined as the reciprocal
of the highest dilution of sample that promoted full agglutination
of erythrocytes. The specific HA was defined as the ratio between
the units and protein concentration {mg/mL).

2.3. Purification of ApulSL

The CE (1.0mg of protein) was loaded onto a chitin
(7.5cm x 1.5 cm) column equilibrated with 150mM NaCl. The col-
umn was washed with the equilibrating solution until absorbance
at 280 nm was lower than 0.030. Elution was performed with 1.0M
acetic acid. Fractions of 2 ml were collected every 6 minutes and
monitored by absorbance at 280 nm. The fractions with absorbance
=0.100 were pooled (ApulSL) and dialyzed in agueous 150 mM NaCl
to remove the acetic acid.

24. Characterization of ApulSL HA

Inhibition of HA was evaluated using carbohydrates and gly-
coproteins. HA assays were performed as described above but
replacing the solution of 150mM NaCl with a solution of the car-
bohydrate prepared in 150mM NaCl. In addition, there was an
interval of 45 min between the end of sample dilution in car-
bohydrate solution and the addition of erythrocyte suspension.
The concentrations of inhibitor solutions were 100 and 200 mM
for carbohydrates [D(—) arabinose, L(+)-arabinose, fructose, fucose,
glucose, galactose, D-lactose, D(+)-maltose, mannose, methyl-o-D-
mannopyranoside, N-acetyl-galactosamine, N-acetyl-glucosamine,
raffinose, rhamnose, and D(—)-ribose]| and 250 and 500 p.g/mL for
glycoproteins (azocasein, casein, fetuin, and thyroglobulin).

The effect of divalent ions (Ca2*, MgZ*, and MnZ*) on the ApulSL
HA was evaluated. The lectin was dialyzed with 5mM EDTA (16h
at 4°C) and then with 150 mM NaCl (6h at 4°C) to remove the
EDTA. Next, the dialyzed ApulSL was incubated for 45 min with
10 mM Ca?*, Mg?*, or Mn? and then HA was evaluated. The effect
of these cations on HA of ApulSL non-treated with EDTA was also
determined.

The effect of temperature on the ApulSL HA was evaluated by
heating an aliquot of Apul5L (1.5 ml) during 30 min at 30, 40, 50,
60, 70, 80, or 100°C and for 2 h at 100°C prior to HA assay. HA of
ApulSLwas also determined after heating for 30 min at 121=Cin an
autoclave.

The ApulSL HA was also evaluated after it was boiled for 5 min
at 100 °C with electrophoresis buffer (1.0M Tris-HCl pH 6.8; 0.2g
sodium dodecyl sulphate; 1.0 ml glycerol; 2 mg bromophenol blue).
Control assays were also performed by incubating erythrocytes
only with buffer.

2.5. Gel filoration chromatography

A sample of ApulSL (500pg) in 150mM NaCl was loaded
onto a Hiprep Sephacryl™ 16/60 $100 HR column (GE Health-
care, Sweden) coupled to an AKTAprime system to determine the
molecular mass of the native protein. The chromatography was
performed at a flow rate of 0.5mL/min in 150mM NaCl. Frac-
tions of 2 ml were collected and protein elution was monitored
by absorbance at 280 nm. Molecular mass standards, phosphory-
lase b (97 kDa), albumin (66 kDa), ovalbumin (45 kDa), carbonic
anhydrase (30kDa), trypsininhibitor (20.1 kDa), and ci-lactalbumin
(14.4kDa), were similarly chromatographed.

2.6. Polyacrylamide gel electrophoresis (PAGE)

PAGE for native acidic proteins [15% gel (w/v])] was performed
according to Davis [30] and PAGE for native basic proteins was per-
formed according to Reisfeld et al. [21]. Polypeptide bands were
stained with 0.02% (w|v) Coomassie Brilliant Blue R-250 in 10%
acetic acid (for acidic proteins) or 1% Amido Black in 10% acetic
acid (for basic proteins).

Electrophoresis on a 15% {w/v) polyacrylamide gel in the pres-
ence of sodium dodecyl sulphate (SD5-PAGE) was performed
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according to Laemmli [32]. Polypeptide bands of ApulSLand molec-
ular mass standards (bovine albumin, 66 kDa; ovalbumin, 45 kDa;
glyceraldehyde-3-phosphate dehydrogenase, 36 kDa; bovine car-
bonic anhydrase, 29kDa; bovine trypsinogen, 24 kDa; trypsin
inhibitor soybean, 20.1 kDa; c-lactalbumin, 14.4 kDa) were stained
with 0.02% (w/v) Coomassie Brilliant Blue R-250 in 10% acetic
acid.

2.7. Two-dimensional electrophoresis

ApulSL (200 pg) was mixed with 250 pL of rehydration buffer
containing 8.0 M urea, 2% (w/v) CHAPS, 20 mM dithiothreitol (DTT),
0.5% IPG buffer (GE Healthcare, Piscataway, NJ, USA), and 0.002%
(wv) bromophenol blue. The samples were loaded on an IPG strip
of 13 cm (GE Healthcare, Piscataway, NJ, USA) and a linear pH range
from 3.0 to 10.0. The isoelectric focusing was performed on Ettan
IPGphor IIl system (GE Healthcare, Piscataway, NJ, USA) following
the manufacturer's protocol. Before running the second dimension
electrophoresis, the strip was equilibrated for 15 min in fresh buffer
(6 Murea, 30% (v/v) glycerol, 2% (w(v) SDS, and 100 mM Tris-HCI pH
8.8) with the addition of 100 mM DTT. Next, the strip was treated
for 15 min with the same buffer supplemented with 0.25 M iodoac-
etamide. The equilibrated IPG strip was transferred to 12.5% (w/v)
SDS-PAGE gel. The proteins in the gel were visualized by staining
with Coomassie Brilliant Blue R-250. Images with scanning reso-
lution of 300dpi and 16-bit pixel depth were acquired and then
analyzed using the software Image Master 2D Platinum 6.0 (GE
Healthcare, Piscataway, NJ, USA).

2.8. Mass spectrometry

Digestion of the polypeptide spots with trypsin (25 ng/mL) was
performed as described by Shevchenkoet al. [33], omitting the alky-
lation step and the in-gel reduction steps. The digested peptides in
0.1% trifluoroacetic acid (TFA) were mixed (1:1) with a solution
of ce-cyano-4-hydroxycinnamic acid (4 mg/mL) in 50% acetonitrile
and 0.3% TFA. After recrystallization, the samples were analyzed in
a mass spectrometer MALDI-TOF|TOF (Ultraflex, Bruker Daltonik)
in reflectron mode. On average, 10 MS/MS spectra were measured
for each protein digested. The mass spectrometer was calibrated
with standard from Bruker Daltonik GmbH.

Data analysis was performed using BioTools software 3.0
(Bruker Daltonik) and search engine MASCOT (Matrix Sciences,
UK). Searches were performed using the following parameters:
mass tolerance of 0.7 Da was adjusted to fragmented ions; trypsin
was defined as the proteolytic enzyme with two missed cleavages
permitted; charge state of 1+ was used; carbamidomethylation of
cysteine residues was used as a fixed modification; and oxidation of
methionine residues was defined as achange in the variable. MSDB,
Swissprot, and NCBInr databases and the MASCOT search engine
available online were used to identify proteins (Matrix Science, UK).

2.9. Circular dichroism (CD) spectroscopy

CD measurements were performed using a spectropolarime-
ter (JASCO J-810, Tokyo, Japan). The protein concentration was
300 pg/mL (dissolved in Milli-Q water) and the assays were per-
formed at 25°C. The CD spectra were measured in the far UV range
(190-250nm) in a quartz cuvette with a 10 mm optical path. The
baselines (water only) were subtracted from the protein spectra.
Results were expressed as mean residue ellipticity [¢/], defined as
[6]=6ghs/(10.C.Ln.), where gy is the CD in millidegrees, Cis the pro-
tein concentration (M), I is the path-length of the cuvette (cm), and
nis the number of amino acid residues, assuming an average of 469
residues according to results from gel filtration chromatography.
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2.10. Fluorescence spectroscopy

Intrinsic fluorescence assay was performed on a spec-
trofluorimeter (JASCO FP-6300, Tokyo, Japan). The intensity of
fluorescence emission of hydrophobic residues from the protein
dissolved in Milli-Q water was measured at 25°C in a rectangu-
lar quartz cuvette with a path length of 10 mm. For measurements
of intrinsic fluorescence, excitation was at 280 nm and emission at
305-450 nm was recorded using 10 nm. The contribution of the sol-
vent (distilled water) was subtracted. The center of spectral mass
(CM) was calculated according to the equation: CM=3%"I,F; /5"F,,
where F; is the fluorescence emission at wavelength [;, and the
summation was carried out over the range of appreciable values of
F.

2.11. Antibacterial activity

Strains of the gram-positive bacteria Enterococcus faecalis
(ATCC 6057JUFPEDA 138), Streptococcus pyogenes (UFPEDA 07),
Micrococcus luteus (ATCC 2225/UFPEDA 320), Bacillus subtilis
(ATCC 6633/UFPEDA 86), Bacillus cereus (ATCC11778/UFPEDA
213), Staphylococcus aureus (ATCC 6538/UFPEDA 02), and Staphy-
lococcus epidermidis (UFPEDA 183) and of the gram-negative
bacteria Escherichia coli (ATCC 25922]UFPEDA 224), Pseudomonas
aeruginosa (ATCC 27853/UFPEDA 416), Klebsiella pneumonia (ATCC
29665/UFPEDA 396), Salmonella enteritidis (UFPEDA 415), and
Shigella sonnei (UFPEDA 413) were provided by the Departamento
de Antibiéticos at the Universidade Federal de Pernambuco, Brazil. The
gram-negative species Acidovorax citrulli (Ac 1.12), Pectobacterium
carotovorum (Pcc 31), Ralstonia solanacearum (Rsol CM10R22), Xan-
thomonas campestris pv. viticola (Xcv 137), Xanthomonas campestris
pv. malvacearum (Xcm 11.2.1), and Xanthomonas campestris pv.
campestris (Xcc 53) were provided by the Laboratdrio de Fitobacte-
riologia of the Universidade Federal Rural de Pernambuco. Stationary
cultures were maintained on nutrient agar (NA) or Miiller Hinton
agar and stored at 4 °C. To evaluate antimicrobial activity, bacteria
were grown on Miller Hinton Broth at 37 °C for 24 h. The cultures
were adjusted turbidimetrically to 0.5 on the McFarland scale.

ApulSL (036 mg/mL, dissolved in sterile 150 mM NaCl) was
added (100 L) to a plate well containing 100 pL of Nutrient Broth
(NB) or Miiller Hinton Broth and serially diluted in a 96-well
microplate until a final ratio of 1:2048. Each well was then inoc-
ulated with 20 pL of bacterial culture. Negative control contained
only culture medium (100 pL) and sterile 0.15 M NaCl (100 pL). In
100% growth control, the microorganisms (20 L) were incubated
with culture medium (100 p.L) and sterile 150 mM NaCl (100 pL).
Also, assays were performed using amoxicillin (1.0 mg/mL) as pos-
itive control. After incubation (37°C, 24h), minimum inhibitory
concentration (MIC) was determined as the lowest concentration
of lectin at which there was a =50% reduction in optical density at
490 nm in regard to the control [34].

Inoculations (10Ll) from the control and from the wells in
which inhibition of bacterial growth was detected were transferred
to NA or Miiller-Hinton agar plates and incubated at 37 =C for 24 h.
Minimum bactericidal concentration (MBC) was defined as the low-
estlectin concentration that reduced the number of colony-forming
units (CFU) by 99.9% in comparison with control. All antibacterial
assays were performed in triplicate.

3. Results
3.1. Purification and structural characterization of ApuiSL

CE from A leiocarpa seeds showed a HA of 256, which was
totally lost after heating at 100°C for 1 h and partially inhibited by
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Fig.1. Isolation of Apuleia leiocarpa seed lectin (ApulSL) by chromatoegraphy of crude
extract on chitin column. The arrow indicates the addition of the 1.0M acetic acid
eluent. Fractions of 2.0 ml were collected. Each dot represents the average of three
experiments.

Table 1

Summary of purification of Apuleia leiocarpa seed lectin [ApulSL).
Sample  HA (units) Protein (mgfmL) Specific HA Purification (fold)
CE 256 387 66.13 1.0
ApulSL 512 0.062 8258 1248

CE: crude extract; HA: hemagglutinating activity. The number of units of hemagglu-
tinating activity was defined as the reciprocal of the highest dilution of sample that
promoted full agglutination of erythrocytes.

N-acetylglucosamine (100 mM). The CE was then chromatographed
on a chitin column (Fig. 1). The non-adsorbed fractions did not
show HA and elution with 1.0M acetic acid gave a single active
protein peak. The eluted fractions were pooled and the prepara-
tion was named ApulSL. After the removal of eluent by dialysis,
ApulSL showed a specific HA which was higher than that of the CE,
as shown in Table 1.

Analysis of ApulSL by gel filtration chromatography showed a
single peak corresponding to a native molecular mass of 55.8kDa
(Fig. 2). In PAGE for native acidic proteins, a single band was
detected (Fig. 2, inset 1) while no band was detected in the
native PAGE for basic proteins. SDS-PAGE of ApulSL revealed three
polypeptide bands with molecular masses 22, 16, and 14 kDa(Fig. 2,
inset 2). Two-dimensional electrophoresis of ApulSL revealed four
spots (Fig. 3), with respective isoelectric points (pl) and molecular

5.0

45 55.8 kDa
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35
10 o=

=

g 25
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1.5
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60 70 80
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Fig. 2. Profile of native ApulSL on gel filtration chromatography on a Hiprep 16/60
Sephacryl S-100HR column coupled to AKTA prime system. A 500 pg sample was
injected and eluted (2.0 mL fraction) with 0.15M NaCl. The insets represent PAGE
for native acidic proteins (1) and 5D5-PAGE of ApulSL (2).
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Fig. 3. Two-dimensional electrophoresis of Apuleia leiocarpa seed lectin (ApulSL).
There were four spots with the following molecular weights and isoelectric points:
21kDa and 5.4 (A17; 16kDa and 5.6 (A2); 16kDa and 6.4 (A3); 14 kDa and 7.1 (A4).
The gel was stained with Coomassie Brilliant Blue.

Table 2
Mass spectrometry analysis of peptides originated after digestion by trypsin of
ApulsL spots (Al, A2, A3 and A4 ).

Average isotopic mass of peptides (Da)

Al A2 AZ Ad
1206.532 505820 905.810 893360
1352730 1107 547 951.825 951.812
1476.738 1490364 1107.981 1107.940
1611.0M 1666.573 1490228 1494.255
1767.331 1742283 1822.611 1822.570
1851.392 1822643 2384804 2384741
1991.691 2384789 2501.891 2502.013
2152761 2502.138 2717.900

2385.857 2706487

2719185

masses of 5.4 and 21.0kDa(spot 1); 5.6 and 16 kDa (spot 2); 6.4 and
16 kDa (spot 3); 7.1 and 14 kDa (spot 4).

The four spots were then trypsinized and analyzed by mass spec-
trometry. The digestion of spots 1, 2, 3, and 4 yielded 10, 9, 8, and
7 peptides, respectively, and the average isotopic masses of the
peptides are shown in Table 2. The peptides showed a low level of
homology (<30%) with sequences in the protein databases.

CD spectrum of ApulSL(Fig. 4A) showed that this protein did not
contain regions of B-sheets or a-helices in its structure, because its
profile was similar to those of the spectrum of proteins with dis-
ordered structures. The intrinsic fluorescence spectrum of ApulSL
showed one major peak at 332 nm (Fig. 4B), indicating the presence
of tyrosine in the highly hydrophobic core.

3.2. Characterization of ApulSL HA

The ApulSL presented HA with all erythrocytes tested, showing
the following ascending order of preference: human types A and
B (specific HA of 4876), human type O (specific HA of 9752), and
rabbit erythrocytes (specific HA of 19,504).

The HA of ApulSL was partially inhibited by N-
acetylglucosamine and D{—)-arabinose (100 and 200mM) and
totally inhibited by azocasein (250 and 500 mg/ mL). ApulSL proved
to be a ion-dependent lectin since its HA dropped from 512
to 16 after dialysis against the chelating agent EDTA and was
partially restored by 10mM Mg2*, fully restored by 10mM Ca?*,
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Fig. 4. Structural characterization of Apuleia leiocarpa seed lectin (ApulSL). (A) Circular dichroism spectrum of ApulSL showing a negative peak at 212 nm. The spectrum is
similar to that of proteins with disordered structure. { B) Intrinsic fluorescence spectrum of ApulSL showing a main peak at 332 nm, indicating the presence of tyrosine in the

hydrophobic core.

Table 3
Evaluation of the ion dependence of Apul5L hemagglutinating activity.

Assay condition Hemagglutinating activity (umnits)

MNon-treated ApulSL EDTA-treated ApulsSL*

Without ion addition 512 16
With 10 mM Mg B.192 G4
With 10mM Ca2+ 256 256
With 10mM Mn** 32768 1.024

ApulSL concentration in all assays: B8 pg/mL

# Lectin was treated with 5 mM EDTA. The number of units of hemagglutinating
activity was defined as the reciprocal ofthe highest dilution of sample that promoted
full agglutination of erythrocytes.

and stimulated by 10 mM Mn2* (Table 2). When using ApulSL not
treated with EDTA, manganese was the most stimulating ion and
only the calcium ion did not stimulate HA (Table 3). The lectin
was thermo-stable since its HA was preserved after heating at
100=C for 2 h. ApulSL showed a reduction in HA by half after it had
been autoclaved for 30 min. ApulSL denatured after heating with
SDS-PAGE buffer did not show HA.

3.3. Antibacterial activity

ApulSL exerted bacteriostatic effects on the gram-positive bac-
teria B. subtilis, B. cereus, E. faecalis, M. luteus, 5. pyogenes, and
S. aureus (Table 4), with the smallest MIC (45.12 pg/ml) against
Bacillus species. Bactericidal activity was not detected against
gram-positive bacteria.

Table 4
Antibacterial activity of the ApulSL

The gram-negative bacteria inhibited by ApulSL were X.
campestris pv. campestris, X. campestris pv. viticola, X. campestris
pv. malvacearum, Klebsiella pneumoniae, E. coli, P. aeruginosa, and
S. enteritidis (Table 4), with the lowest MIC (11.2 pg/ml) against
X. campestris pv. campestris. ApulSL was bactericidal (MBC of
22.5pg/ml) only against the three varieties of X. campestris. The
MBC/MIC ratio ranged from 1 to 2, indicating the effectiveness of
Apul5L as a bactericide.

4. Discussion

This study shows the presence of lectin in the seeds of A. leio-
carpa, a legume with important applications in the timber industry.
Its presence was first suggested by the fact that the HA of the crude
extract was lost after heating, indicating that erythrocyte aggluti-
nation was promoted by a proteinaceous molecule. The inhibition
of HA by N-acetylglucosamine revealed that agglutination was
linked to a carbohydrate-binding protein. These results showed
that ApulSL was extracted in saline solution (150 mM NaCl), which
is similar to many other proteins that are solubilized in low ionic
strength solutions, generally around 0.15-0.2M [35].

The inhibition of HA from extract by N-acetylglucosamine
(chitin monomer) was the reason for choosing this matrix for lectin
isolation. Lectin purification was evidenced by the highest specific
HA of ApulSL obtained after chitin chromatography compared with
the extract. PAGE for native acidic proteins revealed the homogene-
ity of ApulSL.

Species ApulSL Positive control
MIC (pg/ml) MBC (pg/ml) MBC/MIC ratio MIC (g/ml) MBC (pg/ml)

Baillus cereus (+) 4512 >180.5 ND 15.62 3135
Bacillus subiilis (+) 45.12 >180.5 ND 15.62 3124
Enterococcus faecalis {+) 9025 >180.5 ND 39 15.62
Escherichia coli(-) 180.5 >180.5 ND 15.62 31325
Klebsielln pneumoniae (—) 4512 =180.5 ND 3125 31325
Micrococcus futeus (+) 90.25 >180.5 ND 15.62 3135
Pseudomonas aeruginosa [—) 180.5 >180.5 ND 7.81 15.62
Salmonella enteritidis {—) 180.5 >180.5 ND 15.62 3125
Staphylococcus aureus (+) 180.5 »180.5 ND 7.81 3125
Streptococous pyogenes (+) 180.5 =180.5 ND 7.81 1562
Xanthomonas campestris py. campestris [—) 112 225 2 31.25 G2.5
Xanthomonas campestris pv. malvacearum (—) 225 225 1 15.62 3125
Xanthomonas campestris pv. viticola (—) 225 225 1 15.62 G2.5

ND: not determined; (+): gram-positive; {—): gram-negative. Amoxicillin was used as positive control.
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The data from gel filtration chromatography and SD5-PAGE
suggested that ApulSL is a trimeric protein with a native molec-
ular mass of 55.8 kDa and composed by three distinct subunits.
Two-dimensional electrophoresis revealed two molecular forms of
the 16-kDa subunit (with isoelectric points of 5.6 and 6.4), which
suggests the presence of two ApulSL isoforms that have minor dif-
ferences in amino acid composition.

The mass spectrometry (MALDI TOF/TOF) gave us the aver-
age isotopic masses of several peptides obtained after digestion of
ApulSL spots. However, the lack of sufficient homology with pro-
tein sequences in databases did not allow the elucidation of the
primary sequence of this protein by peptide mass fingerprint. Thus,
the primary structure of ApulSL remains to be determined by other
technigues.

ApulSL showed good resistance to heating similar to others
lectins that were stable after being heated at 100°C, including Gan-
oderma capense mushroom lectin [36] and coagulant lectin from
Moringa oleifera seeds [37]. The disordered structure revealed by
CD analysis (which does not mean that there is no conformational
stability) can be linked to the stability of ApulSL at different tem-
peratures. According to Oxender and Fox [38], since less energy is
required to maintain a disordered tertiary structure, the protein has
high conformational entropy and, consequently, greater stability.

ApulSL is an ion-dependent protein, because its HA was signif-
icantly reduced after treatment with EDTA and partially or fully
restored by cations. Another lectin with similar ion-dependent
behavior has been extracted from Kalanchoe crenata leaves [39].
Several lectins contain metal ions, mainly Mn2* and/or CaZ*, which
are required for lectin activity. These metal ions can be located close
to or inside the carbohydrate-binding site to maintain the integrity
of the subunits and/or to help the positioning of amino acid residues
for carbohydrate binding [40].

Despite presenting HA with all erythrocytes tested (A, B, 0, and
rabbit), ApulSL showed a preference for human O-type. This result
can be related with those obtained in HA inhibition assays, since N-
acetylglucosamine is the main constituent of antigenic structures
of O-type cells [41].

N-acetylglucosamine is part of peptidoglycan and murein,
and is present in the cytoplasmic membrane of almost all
eubacteria [42,43]. These glycan chains are made by alternat-
ing units of N-acetylglucosamine and N-acetylmuramic acid. The
N-acetylglucosamine is present in both gram-positive and gram-
negative bacteria but is more exposed in gram-positive bacteria
[44]. This amino sugar plays important roles in bacteria by partic-
ipating in cell signaling, colonization of human hosts (formation
of fimbriae or pili that mediate adherence to host cells), and as
a component of the Curli fibers that promote biofilm formation
[44-47]. The binding of ApulSL to N-acetylglucosamine residues
may be linked to its antibacterial action.

Among the tested bacteria, X. campestris varieties were more
susceptible to ApulSL. A previous study showed that the lectin
extracted from the nitrogen-fixing soil bacterium Paenibacillus
polymyxa was bactericidal against X. campestris [48]. The authors
suggest that the antibacterial effect is a result of the interaction
between lectin and specific receptors at the cell membrane, induc-
ing conformational alterations and concurrent malfunctions of the
metabolism of bacterial cells.

In their studies of lectin-microorganism interactions,
Gaidamashvili and van Standen [49] observed that plant lectins are
able to promote agglutination when they bind to carbohydrates
exposed on the cell surface of microorganism. Therefore, it is
possible that ApulSL exert inhibitory effects on bacterial growth
by agglutination.

The increasing reports on the resistance of microorganisms to
the antibiotics currently used threat the prevention and treatment
of infections and thus stimulate the search for new antimicrobial
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agents [50]. The control of Xanthomonas species is mainly per-
formed using cooper-containing compounds but resistant strains
have been identified [51.52]. The isolation of ApulSL reinforces the
importance of biochemical prospecting of Caatinga as source of
potential new antibiotic drugs. The advances in nanotechnology
allow the development of strategies to increase the bioavailability
of proteins, in spite of their high molecular mass, and to optimize
the target delivery even with more efficacy than systemic applica-
tion [53].

In conclusion, this work reports the purification and character-
ization of a novel antibacterial lectin, with the best bacteriostatic
and bactericidal activities against three varieties of X. campestris,
which stimulates further studies to better understand the mode
of action of this lectin and to propose strategies for its possible
application for the control of these phytopathogens.
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Abstract

Apuleia leiocarpa (Voguel) JF Macbride is a legume tree (Fabaceae) with great value
in the timber industry for its high tannins contents. Phytochemical analysis of its leaves
aqueous extract (AE) revealed presence of condensed tannins, flavonoids and saponins, and
HPLC-DAD analysis showed peaks with UV spectra characteristic of condensed tannins,
flavonoids and the presence of vitexin. These polyphenols showed a marked antioxidant
capacity (ABTS, DPPH and AAT) and showed antibacterial activity against Staphylococcus
aureus, Enterococcus faecalis and Xanthomonas campestris pv. campestris. Standard and
clinical isolates of S. aureus were strongly inhibited by AE and after incubate with AE, there
was a decreased staphyloxatin synthesis, which can be associated with the bacterial
membrane destabilization, causing the protein leakage and a decreasing growth kinetics in
the first hours by unclear mechanisms. The antioxidant capacity and antibacterial activity of
the extract can be attributed to the polyphenols. Then, the data obtained using leaves A.
leiocarpa AE indicates that there is potential employing of this extract as an antibacterial

activity agent.

Keywords: Condensed tannins. Flavonoids. Staphylococcus aureus. Xanthomonas

campestris pv.campestris. Staphyloxanthin.
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1. Introducion

Throughout its history, man behaves as a handler agent in the environment in which
he finds himself, taking advantage of it for their own benefit (ALBUQUERQUE, 2005). Even
all constant scientific improvements, traditional folk medicine is still practiced in small
communities where agriculture is the main economy and medicinal plants are the only
available alternative to combat their ilinesses (MENALE et al., 2016; SILVA et al., 2015).
Reasons for maintaining these traditions include low cost versus therapeutic benefit, beyond
lack of available drug for some diseases (MENALE et al., 2016).

Apuleia leiocarpa (Vogel) JF Macbride is a tree (Fabaceae) (LEWIS et al., 2005)
commonly known as grapia, jatai among other names. It has a very wide distribution,
occurring from northeast Brazil to Uruguay and Argentina with preference for dwelling well-
drained soil (MARCHIORI, 1997) and its wood has multiple uses in the timber industry
(LORENZI, 2002), construction (REITZ et al., 1988; MARCHIORI, 1997; LORENZI,
2002), in agroforestry systems (SOUZA et al., 1994), ornamentals, reforestation
(MARCHIORI, 1997) and production of tanning substances in the tanning industry
(CARVALHO, 2003). In the folk medicine of some communities, the decoction of the leaves
and fruits of A. leiocarpa are used in the treatment of external ulcers (SILVA et al., 2015),
bark extract as anti-syphilitic (MENTZ et al., 1997) and roots aqueous extract as antiophidic
(PEREIRA et al., 1994).

Some phenolic compounds such as flavonoids and tannins may be potential natural
antioxidants (DRAGLAND et al., 2003; CAIl et al., 2004), cutaneous sunscreens
(VIOLANTE et al., 2009), antibacterial (SCHITO et al., 2010) among other activities.
Polyphenols may combine or inactivate bacterial adhesins by compromising adhesion on the
cell surface, may inactivate hydrolytic enzymes and carrier proteins. Tannins can affect cell
wall  synthesis by irreversibly complexing with specific proteins (CHUSRI;
VORAVUTHIKUNCHAI, 2009; COWAN, 1999), while some flavonoids may act as
inhibitors of bacterial type Il topoisomerase (CUSHNIE; LAMB, 2011).

Microbial resistance increased significantly with the availability of various antibiotics
and their extensive use, further the rapid genetic transfer of resistance between bacteria. In

consequence, there is a need to find new antimicrobial substances capable of overcoming this



61

obstacle in the treatment of resistant infections (SILVEIRA et al., 2006). Under stress
circumstances, bacteria produce virulence factors to protection from host defenses and
antibiotic. Staphyloxanthin (STX), a carotenoid pigment, produced by Staphylococcus
aureus and founded in bacterial membrane, promote neutralization of reactive oxygen
species (LEE et al., 2013) and its level influences bacterial membrane fluidity (MISHRA et
al., 2011). Adhesins can be produced to provide structural stability to biofilms and enhance
adhesion to surfaces (VUONG et al., 2004), exopolymeric matrix to work as a shield against
host immunological factors and abiotic stresses (ASLAM et al., 2008; BYLUND et al. 2006;
HALL-STOODLEY; STOODLEY, 2009).

Staphylococcus aureus is one of the most common agents of bacterial infections in
humans and animals, causing a extensive list of clinically significant hospital and community
acquired infections, including skin and systemic infection (DAUM, 2008; PACHECO et al.,
2011; KARAMATSU et al., 2012).

Xanthomonas campestris pv. campestris causes black rot in brassicas in all
development stages of plant and produces extracellular enzymes that promote plant cell wall
degradation, contributing to its pathogenicity (RODRIGUES-NETO; MALAVOLTA-
JUNIOR, 1995) and the control measures against these bacteria are hampered because
contaminated seed lots may allow disease spreadingthrough long distances (BACCHI et al.,
2002).

The aim of this work was to elucidate the phytochemical composition of aqueous
extract (AE) of A. leiocarpa leaves and to evaluate its antioxidant and antimicrobial activities,
anti virulence factor property, furthermore to mensure the ability of AE in promote the

leakage of intracellular proteins by bacteria cells.

2. Materials and Methods

Plant material

Apuleia leiocarpa (Vogel) J.F. Macbride leaves were collected at the Instituto
Agrondmico de Pernambuco - IPA (Goiana, Estado de Pernambuco, Brazil) in the month
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July 2015 that corresponding to the rainy season at brazillian Northeast. The Goiana
pluviometric index was 276.5 mm in that month (IPA, 2017). The taxonomic identification
was performed in the Herbarium Dardano de Andrade Lima at the Instituto Agronémico de

Pernambuco (IPA) and the testimonial material was archived under the number 91788.

Preparation of extract

The leaves of A. leiocarpa were dried at 45 °C and powdered in a grinder. To prepare
the aqueous extract, leaves flour was homogenized with distilled water in a proportion of
10% (w/v) under agitation for 24 h at 22 °C. The homogenate was filtered through filter paper
under vacuum, centrifuged at 9000 x g for 10 min, both at 4 °C. The supernatant corresponded
to the crude extract and it was then lyophilized. After, the aqueous extract (AE) was stored

under refrigeration (-20 °C) for use in the bioassays.

Thin layer chromatography (TLC) phytochemical analysis

Solution of AE from Apuleia leiocarpa leaves at a concentration of 1 mg/mL in
methanol were prepared. Aliquots of 30 pL of methanolic solution of AE-A. leiocarpa and
10 pL of the standards (caffeic acid, catechin, gallic acid, rutin, saponin; Sigma-Aldrich®)
solutions (1 mg/mL) were applied in bands of 10 mm of width and 5 mm space between
them.

Silica gel plates 60-F2s4 (Macherey-Nagel®) was used for analysis and the application
was performed with semi-automatic equipment (Linomat V, Camag®) controlled by
WinCats® software (Camag®). The chromatograms were developed in a twin trough vertical
glass chamber (10 cm x 10 cm, Camag®) after saturation (15 min) with the mobile phase
(ethyl acetate: formic acid: water - 90:5:5, v/v/v for cinnamic derivative; flavonoids; tannins;
or, ethyl acetate: formic acid: acetic acid: water - 100:11:11:27, v/v/v for saponins). The
plates were derivatized and observed at wavelengths of 254 and 366 nm. The chromatograms
were digitalized after development with NEU + PEG for cinnamic derivative and flavonoids;

ferric chloride 5% for hydrolysable tannins; hydrochloric vanillin for condensed tannins; and,
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Lieberman-Burchard for saponins; using MultiDoc — It Imaging System (Model 125, UVP®)
software and Canon® camera (Rebel T3, EOS1100D).

Determination of total phenolic compounds content

Total phenolic compounds content was determined by the Folin—Ciocalteu method
(LIetal., 2008). The samples were carried out in triplicate and the absorbance was measured
at 765 nm. Gallic acid (0-250 mg/L) was used for calibration of standard curve. The results

were expressed as milligram gallic acid equivalent (mg GAE)/g dry weight of plant material.

Determination of total flavonoid content

Total flavonoid content was determined using the AICI3 method (WOISKY;
SALATINO, 1998). The absorbance was measured at 420 nm. Calibration curve was made
using quercetin (5 — 35 pg/mL) as reference. Analysis was performed in triplicate. The
flavonoid content was expressed as milligram of quercetin equivalent (mg QE)/g dry

weight of plant material.

Determination of condensed tannins content

The condensed tannin content in extract was determined using a method proposed by
Swain and Hillis (1959). The samples was carried out in triplicate and the absorbance was
measured at 500 nm. Results were expressed as gram of catechin equivalent (CE)/100 g of

dry weight of plant material.

High Performance Liquid Chromatography (HPLC) coupled with a Diode Detector (DAD)

The analysis was conducted using a HPLC-DAD (Ultimate 3000, Thermo Fisher
Scientific®), a binary pump (HPG3x00RS, Thermo Fisher Scientific®) and an autosampler
equipped with a loop of 20 puL (ACC-3000, Thermo Fisher Scientific®). The chromatographic

separation was performed using a Cig column (250 mm x 4.6 mm i.d., particle size 5 pm,
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Dionex®), pre-column (C1s, 4 mm x 3.9 pm, Phenomenex®) and the analyses were performed
at 21 + 2 °C. The detection was performed at 210, 270 and 350 nm with acquiring UV spectra
in the range of 190-400 nm. For the analysis and processing of data, it was used Chromeleon
6.8 software (Dionex, Thermo Fisher Scientific®). The mobile phase was constituted of
ultrapure water (A) and methanol (B), acidified with 0.05% trifluoroacetic acid (TFA) at a
flow rate of 0.8 mL/min, according to the following gradient program 0-13.5 min, 15-40%
B; 13.5-22 min, 40-50% B; 22-35 min, 50-70% B; 35-37 min, 70% B; 37-38 min, 70-15%
B.

The AE of Apuleia leiocarpa was dissolved in water (1 mg/mL) and filtered through
a0.45 pm membrane to sample injection. The standard vitexin (98%, Sigma-Aldrich®) at 0.1

mg/mL was used. The peaks were identified by comparing the retention time and UV spectra.

ABTS radical decolorization assay

The 2,2-azino-bis (3-ethylbenzothiazoline) - 6-sulfonic acid (ABTS) assay method
was performed as described by Silva et al. (2012). The samples were diluted with water and
carried out in triplicate and the absorbance was recorded at 734 nm. Trolox solution (final
concentration 0—2000 pM/L) was used as a reference standard. The results were expressed
at Trolox Equivalent Antioxidant Activity (TEAC) in uM TEAC/g dry weight of plant

material.

DPPH radical scavenging activity

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay was adapted from Blois (1958).
The reaction mixture consisted of 250 UM DPPH solution (250 pL) incubated with the test
solution (40 pL) (15-500 pg/ml) for 25 min at room temperature in the dark. The samples
were carried out in triplicate and the change in absorbance of the samples was measured at
517 nm. The control consisted of DPPH solution (250 pL) and methanol (40 pL).

Radical scavenging activity was expressed as the inhibition percentage calculated
using the following formula, percentage of Radical Scavenging Activity RSA = (A-B/A)*100
where, A = absorbance of the blank solution and B = absorbance of the test solution.


http://www-sciencedirect-com.ez16.periodicos.capes.gov.br/science/article/pii/S0308814609013867#bib4
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Phosphomolybdenum complex assay

For determination of Total Antioxidant Activity (TAC), the reduction of molybdenum
(VI) to molybdenum (V) by the phytochemicals of the AE was followed (PRIETO et al.,
1999). The samples were carried out in triplicate and the change in absorbance of the samples
was measured at 695 nm against blank. Acid ascorbic solution (0.5 mg/ml) was used as a
reference standard.

TAC was expressed as the inhibition percentage calculated using the following
formula, percentage of Total Antioxidant Activity (TAA) = (A-B/C-B)*100 where, A =
absorbance of the test solution, B = absorbance of the control solution and C = absorbance

of the acid ascorbic solution.

Bacterial strains

Strains of the Gram-positive bacteria Enterococcus faecalis (UFPEDA 138), Bacillus
subtilis (UFPEDA 86), Staphylococcus aureus (UFPEDA 02; clinical isolates:
659/670/671/683/705/726), Staphylococcus epidermidis (UFPEDA 183), Staphylococcus
saprophyticcus saprophyticcus (UFPEDA 823), as well as the Gram-negative bacteria
Escherichia coli (UFPEDA 224), Pseudomonas aeruginosa (UFPEDA 416), Klebsiella
pneumoniae (UFPEDA 396) and Salmonella enteritidis (UFPEDA 415) were provided by
the Department of Antibiotics, Universidade Federal de Pernambuco, Brazil. Strains of the
gram-negative phytopagenic species Xanthomonas campestris pv. campestris (Xcc
153/326/15/347/119/253/259/343; differing by the source), Xanthomonas citri pv.
malvacearum (Xcm 11.2.1) and Pectobacterium carotovorum carotovorum (Pcc 31) were
provided by the Culture Collection of the Phytobacteriology Laboratory of the Agronomic
Department of the Universidade Federal Rural de Pernambuco (UFRPE), Brazil.

Disc Diffusion Test - Resistance Profile
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To evaluate the resistance profile of the strains of S. aureus, disc diffusion test was
performed according to CLSI (2011) using the standard antibiotics: ampicillin (AMP),
oxacilin (OXA), cephalotin (CFL), cephoxitin (CFO), cephazoline (CFZ), cefepime (CPM),
cefuroxime (CRX), cefotaxime (CTX), imipenem (IPM), meropenem (MER), nalidixic acid
(NAL), ciprofloxacin (CIP), nitrofurantoin (NIT), vancomycin (VAN), gentamicin (GEN),
clindamycin (CLI), chloramphenicol (CLO), tetracycline (TET), trimetropim (TRI).

Minimum Inhibitory and Minimum Bactericidal Concentrations

For pathogenic bacteria, minimum inhibitory concentration (MIC) was determined
by the microdilution method (AMSTERDAN, 1996). A twofold serial dilution of the AE (25
mg/mL initial concentration) was prepared in Mueller Hinton Broth (MHB). Then, 10 pL of
bacteria suspension (ODeoo 0.15 £ 0.05) was added. The samples were incubated for 24 h at
37°C and the growth rate was obtained through the ODgoo measurement. Afterwards, cultures
were seeded (10 pL) in MHA medium and incubated for 24 h at 37°C to determine the
minimum bactericidal concentration (MBC). For phytopathogenic bacteria, a twofold serial
dilution of the AE (25 mg/mL) was prepared in NYD (dextrose 10, meat extract 3, peptone
5, yeast extract 5 in gL™!) medium. Bacteria suspension (10 pL) were adjusted for ODgoo
0.15%0.05 and the time incubation was 48h at 29°C. Afterwards, cultures were seeded (10
uL) in NYDA (dextrose 10, meat extract 3, peptone 5, yeast extract 5, agar 21 in gL™)
medium and incubated for 48h at 29°C, to determine the minimum bactericidal concentration
(MBC).

The minimum inhibitory concentration (MIC) was determined as the lowest
concentration of AE in which there was a> 50% reduction in optical density relative to ODsoo
in negative control and minimum bactericidal concentration (MBC) corresponds to the
minimum concentration of extract that has antimicrobial activity. These assays were
performed in quadruplicate

Antimicrobial activity of a plant extract was considered highly active if its MIC <0.1
mg/ml, active with MIC ranging from 0.1 to 0.5 mg/ml, moderately active with MICs ranging
from 0.5 to 1.0, with low activity if MIC from 1.0 to 2.0 mg/ml and MIC > 2.0 mg/ml are
classified as inactive (SARAIVA, 2011). Antimicrobial substances were considered as
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bacteriostatic agents when the ratio MBC/MIC > 4 and bactericidal agents when the ratio
MBC/MIC <4 (GATSING et al., 2006).

Death Curve

Bacterial culture (100 pL; ODeoo 0,15 + 0,05 in saline) was incubated in MHB (900
pL) broth containing differents concentrations of AE (MIC/2, MIC and 2MIC). Bacterial
growth was evaluated considering the following intervals: 0, 1, 2, 3, 4, 5, 6 and 24 h and for
couting viable cells in plate agar after incubation at 37 °C for 24 h. The experiment was
performed in triplicate and the viable cells were expressed as CFU/mL (colony-forming units

per milliliter).

Biofilm formation assay

Biofilm formation was evaluated using the crystal violet assay in 96-well microtiter
plates (Costar 3599, Corning, Inc., USA). The incubation period at 37° C by 24 h for
pathogenic bacteria of human was performed according method described by TRENTIN et
al. (2011). The biofilm formation by phytopathogenic bacteria was evaluated by similar
method, but with modifications according MALAFAIA et al. (unpublished data). The
incubation period at 29° C by 48 h. For both evaluations, to represent 100% of biofilm
formation (untreated sample), the extracts were replaced with sterile water. Stimulation of
biofilm formation was assumed for the values higher than 100% in comparison with the
untreated sample. Since does not exist a commercially available non-biocidal compound

possessing antibiofilm activity, we can not apply a positive control to antibiofilm activity.

Protein leakage assay

Protein leakage by S. aureus microbial cells was monitored by comparing the protein

content at tOh and t24h after exposition at AE. For this, the S. aureus inoculum (100 pL;
ODegoo 0.15 £ 0,05 in saline) was incubated in MH broth (900 pL) containing different
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concentrations (MIC/2; MIC; 2xMIC) of AE at 37°C for 24 h in a shaking incubator at 200
rpm. For negative controls, the AE was replaced by distilled water. After this period, the
samples were centrifuged (300xg; 10 min, 25 °C) and the supernatants were evaluated by
Lowry et al. (1951) method. The samples were performed in quadruplicate.

Staphyloxanthin assay

The production of S. aureus staphyloxanthin (STX) was evaluated as described by
Lee et al. (2013) with slightly modifications. S. aureus cells were reinoculated at 1:100
dilution in MH medium (20 mL) and aliquots (100 pL) of this suspension were incubated
with diferent concentrations (MIC/2; MIC; 2xMIC) of AE at 37 °C for 24 h in eppendorfs at
200 rpm, in quadruplicate. AE was not added in the control. Cells were collected by
centrifugation at 11.000 x g for 10 min and washed once with saline. STX was extracted with
MeOH (600 pL) and the OD was determined at 465 nm. The OD data obtained were
statistically analyzed using GraphPad PRISM.

3. Results and Discussion

Using TLC analysis, the presence of flavonoids, cinnamic derivatives, condensed
tannins and saponins was observed in the aqueous extract from Apuleia leiocarpa leaves.
Spots with similar color to standards rutin, caffeic acid and catechin, suggests the presence
of the classes of these compounds in Apuleia leiocarpa leaves (Figure 1).
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Figure 1. Images captured from TLC analysis from aqueous extract of A. leiocarpa leaves.
A) Flavonoids at UV 365 nm; B) Condensed tannin at white light. AE: aqueous extract, CA:

caffeic acid, R: rutin, C: catechin. Source: Pharmacognosy Laboratory, 2020

The total phenolic compounds content in A. leiocarpa leaves was 152.43 mg GAE/g
of extract, the total flavonoid content was 16.827 mgQE/g and the condensed tannin content
was 57.11 g CE/100g of AE. As reported in the literature, A. leiocarpa is employed in the
tannery industry (CARVALHO, 2003). This characteristic is due to its high content of
polyphenols, mainly condensed tannins.

In this study, we developed a method by HPLC-DAD to obtain a chromatographic
system capable of eluting and providing good resolution in the separation of compounds in
the extract of Apuleia leiocarpa leaves.

When analyzing the chromatographic profile of the sample at 270 nm (Figure 2), we
can observe the presence of several compounds (Table 1). It was not possible to identify most
of these substances by comparing the retention time and maximum absorption spectra of
analytical standards, so they should be investigated. Despite this, and according to the
scanning spectra, it is possible to infer that the compounds with retention time between 9.35
and 17.49 min have an aromatic ring in their structure (maximum absorption around 270-285

nm) and simple aliphatic chains (maximum absorption around 200 nm). The other
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compounds, with retention time between 18.54 and 22.50 have maximums of absorption with
characteristics of flavanoidic compounds.

Catechin (Rt = 11.51 min), caffeic acid (Rt = 14.84 min), vitexin (Rt = 20.43 min)
and rutin (Rt = 23.67 min) were detected in the sample and the content was calculated
according to the equation of the standards, being equal to 0.10%m/m (2.56%), 0.20%m/m
(3.35%), 0.90%m/m (1.35%) and 0.15%m/m (2.56%), respectively for catechin, caffeic acid,

vitexin and rutin.

Table 1. Retention times and maximum absorption wavelength at 270 nm of the compounds
observed at the aqueous extract of A. leiocarpa leaves by HPLC-DAD.

Rt (min) Amax (NM) Rt (min) Amax (NM)
9.35 206.8/274.2 15.43 209.6/274.4
9.70 201.8/274.0 15.98 200.6/276.7

10.46 201.5/270.9 16.33 200.1/276.4
11.36 203.9/270.6 17.49 202.9/273.9
11.62 207.2/280.1 18.54 215.3/334.2
12.01 200.1/279.6 19.19 215.3/329.8
12.82 203.7/275.6 19.50 209.3/350.4
13.34 200.8/276.4 19.86 210.1/347.3
13.92 199.7/277.6 20.68 213.7/338.0
14.74 209.5/276.0 21.44 213.1/336.3
14.96 203.7/279.3 22.50 212.4/337.3

Rt: Retention time.
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Figure 2. Chromatograms from aqueous extract of Apuleia leiocarpa leaves and standards at 270 nm.

Source: Pharmacognosy Laboratory, 2020.
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The presence of vitexin in the AE of A. leiocarpa leaves corroborates the antioxidant
capacity found (data showed below), since that vitexin is bioactive flavonoid which exerts a
variety of biological and pharmacological activities, including anticancer, antioxidant,
anti-inflammatory and antimyeloperoxidase functions (DONG et al., 2011) and also inhibits
the production of pro-hyperalgesic cytokines and increases the production of anti-
hyperalgesics (DONG et al., 2013).

By phosphomolybdenum method, the Total Antioxidant Activity (TAA) of AE was
59,3% and, according ABTS assay, the capacity of reducing the generated cationic radical
(ABTS-+) as of 77.2%, where its corresponds to 1570 uM TEAC/g dry weight of plant
material. DPPH method is based on the transfer of electrons from an antioxidant to the radical
with a consequent color change monitored by absorbance variation. Radical scavenging
activity of AE was directly proportional with the concentrations and expressed as the
inhibition percentage: 500 pg/mL (88.32%); 250 pg/mL (88.25%); 125 pg/mL (85.41%);
62.5 pg/mL (84.79%); 31.25 pg/mL (59.88%) and 15.62 pg/mL (32.75%).

AE showed be active against E.faecalis (0,049 mg/mL), all S. aureus strains (0.391 —
0.78 mg/mL) and some Xanthomonas campestris strains (0.48 — 6.25 mg/mL) and inactive
against the other tested species (Table 2). Some clinical isolates of S. aureus (0.78 — 3.12
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mg/mL) and Xanthomonas campestris (6.25 — 12.5 mg/mL) were killed by AE. The antibiotic
resistance profiles of clinical isolates of S. aureus were defined by disk diffusion test with
the purpose of selecting strains with different resistance profiles (Table 2) to evaluate the
antimicrobial activity of AE against some of these strains. Antimicrobial activity of AE was
evalueted against standard strain and clinical isolates of S. aureus, though with different
resistance profiles, and their MICs were similar (0,39 mg/mL), except UFPEDA 705, had an
MIC (0,78 mg/mL).

Susceptible strains have lower MICs than resistant strains and isolated strains of a
particular species have different MICs (LEVISON, 2004). Antibacterial activity of AE can
be described as bactericidal against all isolates clinical of S. aureus, including the strains like
a UFPEDA 683 with a resistance profile to 16 antibiotics. Against some X. campestris pv.
campestris strains (Xcc 15, Xce 253, Xcc 326), despite of these MIC’s are > 2.0 mg/mL, AE
was bactericidal (MCB/MIC < 4). This antibacterial activity of AE of A. leiocarpa leaves
adds to Carvalho et al. (2015), where was observed bactericidal activity of ApulSL - lectin

of seeds of A. leiocarpa - against the same species
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Table 2. MCI and MCB of aqueous extract of Apuleia leiocarpa leaves against Gram-positive and Gram-

negative bacteria. Resistance profile of clinical isolates and ATCC strain of S. aureus by disc diffusion test.

Bacteria Species Resistance profile ID Mic MBC MCB/
(mg/mL) (mg/mL) MCI
Gram-positive
Enterococcus faecalis UFPEDA 138 0.04 >25 ND
S. saprop.saprophyticcus UFPEDA 823 6.25 >25 ND
Bacillus subtillis UFPEDA 86 6.25 >25 ND
Staphylococcus epidermidis UFPEDA 183 >25 >25 ND
Staphylococcus aureus - UFPEDA 02 0.39 >25 ND
Catheter tip OXA/NAL UFPEDA 659 0.39 0.78 2
Catheter tip AMP/OXA/NALI/CIP/CLI/TRI UFPEDA 670 0.39 1.56 4
Bone fragment AMP/OXA/NAL/CIPIAMI/ 0.39 0.78
GEN/CLI/CLO/TET/TRI UFPEDA 671
Purulent exudate AMP/OXA/NAL/CFL/CFO/ 0.39 1.56 4
CFZ/CPM/CRX/CTXICIPVAN/ UFPEDA 683
AMI/GEN/CLI/CLO/TRI
Surgical wound AMP/OXA/NAL/CFL/CFO/CPM 0.78 3.12 4
/CRXINIT/GEN UFPEDA 705
Nasal secretion OXA/CIP/GEN/CLO/TRI UFPEDA 726 0.39 1.56 4
Gram-negative
Pseudomonas aeruginosa UFPEDA 416 >25 >25 ND
Salmonela enteretidis UFPEDA 415 >25 >25 ND
Klebsiella pneumoniae UFPEDA 396 >25 >25 ND
Escherichia coli UFPEDA 224 >25 > 25 ND
Xanthomonas citri malvacearum Xcm11.2.1 >25 >25 ND
Pectobacterium carotovorum carotovorum Pcc 31 125 >25 ND
Xanthomonas campestres pv. campestris Xcce 347 0.049 125 256
Xcc 153 0.098 12.5 128
Xcc 259 0.098 6.25 64
Xcc 119 0.195 125 64
Xcc 326 3.125 125 4
Xcc 343 0.195 125 64
Xcc 253 3.125 125 4
Xcc 15 6.25 6.25 1
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For the following tests - growth Kinetics, protein extravasation and staphyloxantin
synthesis -, strains were chosen for the susceptibility at AE at antimicrobial test and
comprehended different resistance profiles: S. aureus UFPEDA 02 (no antibiotic), S. aureus
UFPEDA 659 (2 antibiotics), S. aureus UFPEDA 683 (16 antibiotics), S. aureus UFPEDA
705 (9 antibiotics).

The growth kinetics of the strains chosen in the AE of Apuleia leiocarpa leaves was
performed and in this test, the bacteria were exposed to different concentrations of AE
(MIC/2; MIC; 2xMIC), according the results obtained at the MIC test (Figure 3). Of the four
tested S. aureus strains, three were significantly inhibited at MIC and 2xMIC concentrations,
including S. aureus UFPEDA 683, resistant to 16 antibiotics. Only S. aureus UFPEDA 705
did not have a significative inhibition at MIC/2 and MIC concentrations but only at 2xMIC.
Despite the resistance profile of clinical isolate, UFPEDA 683 was significantly inhibited at
2xMIC and at MIC.

Figure 3. Death kinetics of the Staphylococcus aureus strains UFPEDA 02 (a), UFPEDA 659
(b), UFPEDA 683 (c) and UFPEDA 705 (d) in the presence of the different concentrations
of the aqueous extract of Apuleia leiocarpa leaves.
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All the tested bacteria species are biofilm forming, but AE did not demonstrated
activity anti-adhesion against them. In general, the species tested did not show changes in the
biofilm formation taxa or had their biofilm formation estimulated when exposed to AE.

After incubation period with the AE, protein leakage was mensured in the culture
medium and the results can be seen in Figure 4. Each S. aureus strain had a different leakage
but dose-dependent response was observed only with UFPEDA 705, the second most virulent
S. aureus between tested strains. MIC/2 caused an increase in protein dosage in all species
tested. It is important to note that there was more protein leakage for those clinical isolates
of S. aureus (UFPEDA 659, UFPEDA 683 and UFPEDA 705) in which AE showed

bactericidal effect.

Figure 4. Effect of aqueous extract of Apuleia leiocarpa leaves on leakage of protein in
culture medium from Staphylococcus aureus strains after 24h incubated with at MIC/2, MIC

and 2xMIC. There was no protein leakage in controls and assays were performed in four

replicates.
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Under stress circumstances S. aureus produces extracellular matrix binding proteins
with propose to colonization at various sites in the host (PALMA; HAGGAR; FLOCK,
1999), adhesins to stability structuraly the biofilms and enhance adhesion to surfaces
(VUONG et al., 2004), exopolymeric matrix against host immunological factors (ASLAM et
al., 2008; BYLUND et al. 2006; HALL-STOODLEY; STOODLEY, 2009). All theses
artifacts occurs during biofilm formation and can contribute to a protein leakage was in the
culture medium (GEOGHEGAN et al., 2013).

Several natural substances showed be active against microorganisms by different
mechanisms. Polyphenols may inhibit microorganisms by iron deprivation or hydrogen
bounding with vital proteins such as microbial enzymes (SCALBERT, 1991), associate with
bacterial adhesins in order to compromise the adhesion of the microorganism on the cell
surface and inactivate hydrolytic enzymes, adhesins and carrier proteins. Tannins can affect
cell wall synthesis by forming irreversible complexes with proteins (CHUSRI;
VORAVUTHIKUNCHALI, 2009; COWAN, 1999). Hydrolysable and condensed tannins and
flavonoid that suppressed the antibiotic resistance of methicillin-resistant Staphylococcus
aureus (MRSA) (HATANO, 2005).

STX synthesis was reduzed in all the S. aureus strains after exposure to polyphenols
present in the AE of leaves of A. leiocarpa (Figure 5). At UFPEDA 659 there was a reducing

significative and dose-dependent.



77

Figure 5. Profile of the STX synthesis by S. aureus strains in the presence of MIC/2, MIC
and 2xMIC of the AE. *** statistically significant.
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Inhibiting the synthesis of bacterial virulence factors essentials for bacterial growth
and/or survival in infected hosts, is an alternative strategy that is attracting attention because
it may be a promissor tool for treatment for complicated S. aureus infections, for example
(ESCAICH, 2008; ARTINI etal., 2011; MITCHELL et al., 2012). Enzymes such as catalase
and SOD contribute to the survival of cells during stress and the host response, but
staphyloxanthin plays an additional role in the defense against damage by ROS, enhancing
the virulence (CLAUDITZ et al., 2006). Then, inhibiting the synthesis of bacterial virulence
factors essentials is a new and alternative strategy that may be a promissor tool for treatment
for complicated S. aureus infections, for an example.

Some compounds are reported to inhibit enzymes involved in STX production
(CHEN et al., 2016; HAMMOND; WHITE, 1970a, b; LIU et al. 2008) and the decrease in
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the STX synthesis implies a greater fluidity of the membrane, may cause a lack of proteins.
This protein extravasation can be have two origins: membrane instability (WIDOMSKA et
al., 2009) or defense and/or adaptation unclear mechanism. Given that postulated STX
biosynthesis pathway involves condensation, dehydrogenation, oxidation, esterification steps
(PELZET al., 2005), it is possible that tannins found in AE compromise it, together with its
antioxidant capacity, inhibit the steps of enzymatic cascade of STX biosynthesis.

CONCLUSION

The aqueous extract of leaves of Apuleia leiocarpa showed antibacterial activity
against E. faecalis, S. saprophyticcus saprophyticcus, B. subtilis, S. epidermidis,
Xanthomonas campestris pv. campestris. The main antibacterial activity was against standard
and clinical isolates of S. aureus with different resistance profiles, acting as a bactericide
agent. AE reduced STX synthesis, an important virulence factor of the S. aureus that may
contribute to membrane stability, may be associated a protein extravasation and a decreasing
growth kinetics in the first four hours, still by unclear mechanisms.

In summary, the tannins and flavonoids present in AE could be a promising tool
against resistant S. aureus strains increasing the susceptibility of this pathogen, being

necessary further researchs on their antibacterial mechanism.
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5 CONCLUSOES

e A Caatinga constitui uma rica fonte de recursos naturais, mas ainda pouco estudada. A
prospeccdo de moléculas biologicamente ativas neste dominios fitogeograficos tem se
mostrado mais promissora que em outros, o que agregara maiores conhecimentos sobre sua
flora, além de valor biotecnolégico, econdmico e 0 manejo consciente;

¢ Leguminosas sdo uma excelente fonte de proteina pelos elevados teores protéicos em seus
tecidos, abrangendo varias classes de proteinas, desde enzimas, lectinas com atividade
hemaglutinante até lectinas com as resistentes a protedlise em diferentes graus. Dessa
forma, inibidores de protease, especificamente inibidores de tripsina/quimotripsina, nas
sementes de espécies vegetais de leguminosas sdo considerados uma limitacdo a exploragdo
de sementes na nutricdo, mas um grande potencial para a industria farmacéutica no
desenvolvimento de medicamentos anti-virais, por exemplo;

eUma lectina — LeSApul — foi pré-purificada a partir das sementes de Apuleia leiocarpa
(Voguel) J. F. Macbride através de cromatografia em coluna de quitina e apresentou
atividade hemaglutinante com eritrécitos humanos tipos A, B e O e de coelho, sendo inibida
pelo acucar aminado N-acetilglicosamina;

eLeSApul apresentou atividade bacteriostatica contra cepas bacterianas Gram-positivas
(Bacillus subtilis, Bacillus cereus, Enterococcus faecalis, Micrococcus luteus,
Streptococcus pyogenes, Staphylococcus aureus) e Gram-negativas (Xanthomonas
campestris pv. campestris, X. campestris pv. viticola, X. campestris pv. malvacearum,
Klebsiella pneumoniae, Escherichia coli, Pseudomonas aerugiosa, Salmonella enteritidis)
e atividade bactericida contra as variedades X. campestris pv. campestris, X. campestris pv.
viticola e X. campestris pv. malvacearum, fazendo-se necessario estudos complementares
visando a empregabilidade na préatica clinica e agricultura, visto que é crescente a resisténcia
bacteriana aos antibidticos mais utilizados e que ainda ha bactérias fitopatdgenas arruinando
lavouras por ndo ter combate eficiente;

¢ O extrato aquoso (EA) das folhas de Apuleia leiocarpa (Voguel) J. F. Macbride apresentou
destacada atividade antioxidante, associada aos taninos condensados, flavondides, dentre

eles a vitexina, encontrados;
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¢O EA apresentou atividade bacteriostatica contra E. faecalis, S. saprophyticcus
saprophyticcus, B. subtilis, S. epidermidis, Xanthomonas campestris pv. Campestris, porém
a principal atividade antibaceriana foi contra a cepa padréo e os isolados clinicos de S.
aureus com diferentes perfis de resisténcia, agindo como bactericida.

¢O EA reduziu a sintese de estafiloxantina, um pigmento carotendide que atua na
estabilidade da membrana bacteriana e é um importante fator de viruléncia. E possivel que
a capacidade antioxidante dos taninos encontrados no EA comprometam a sintese de
estafiloxantina, inibindo etapas da cascata enzimética da biossintese. Os baixos niveis de
estafiloxantina aumenta a fluidez da membrana bacteriana e pode justificar o
extravasamento proteico ocorrido nas linhagens de S. aureus;

¢ Dessa forma, tanto a LeSApul como os taninos e flavonodides presentes na A. leiocarpa
podem ser ferramentas promissoras contra diversas cepas bacterianas padrdes, além das
resistentes de S. aureus, sendo necessarias investigaces adicionais sobre seu mecanismo

de acdo antibacteriano.
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Abstract

Although it is one of the most threatened areas in the Earth, there are few studies on the
biotechnological potential of the Caatinga. This work evaluated 36 extracts from 27
Caatinga plants for lectin and trypsin inhibitor activities. The presence of lectin was
detected in 77.7% of samples by haemagglutinating assay. The highest values of specific
haemagglutinating activity were found to extracts of leaves from Mimosa lewesii, Bauhinia
acuruana and Manilkara rufula and of branches from Myracrodruon urundeuva. Trypsin
inhibitor activity was detected in 63.9% of the tested extracts being strong inhibitory effect
(> 70%) found in 11 samples. This work demonstrates that Caatinga is a potential source of
bioactive plant proteins that can be isolated and studied for several applications. The
biochemical prospecting of Caatinga is essential for collection of bioactive principles so as
to add conservation value to the region.

Keywords: biochemical prospecting; Caatinga; lectin; plant proteins; protease inhibitor.
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Experimental

Plant material

The plants were collected at several sites in the Vale do Catimbau National Park (PARNA
do Catimbau) in Pernambuco, Brazil. Botanical specimens were identified at the Herbarium
of the Instituto Agronémico de Pernambuco (IPA), where a voucher for each species was
deposited. The species studied are listed in Table S1 with their respective scientific names,

common names in Portuguese, voucher numbers and uses.

Extracts and protein concentration

The aerial parts of plants (leaves, fruit), the bark of the stems and the roots were dried in an
oven at 45 °C for 2-3 days. The dry material was ground into powder using a bench grinder.
The powders were added to a 0.15 M NaCl solution at a ratio of 10% (w/v), under constant
and gentle agitation for 4 h, at 4 °C or 28 °C. The mixtures were passed through filter paper
and centrifuged (9,000 g, 4 °C, 10 min) and the supernatant corresponded to extracts. The
extracts were then assessed for protein concentration and haemagglutinating and trypsin
inhibitor activities. The estimation of protein concentration was carried out according to
Lowry et al. (1951), using a standard curve of bovine serum albumin (BSA), with values
between 31.25 and 500 pg/ml.

Haemagglutinating activity

The presence of lectins was determined in microtiter plates (Paiva & Coelho 1992) using a
2.5% (v/v) suspension of rabbit erythrocytes treated with glutaraldehyde (Bing et al. 1967).
The haemagglutinating activity (HA) was determined by adding 50 uL of 0.15 M NaCl in
all wells and 50 uL of the sample to be evaluated in the second well of the horizontal row,
with successive dilutions until 1:2048 and disregarding the final 50 uL. Then 50 pL of the
erythrocyte suspension were added to each well and the plate left to stand for 45 min at 28
°C. One haemagglutinating unit (titer) was defined as the reciprocal of the highest dilution
of the sample promoting full agglutination of erythrocytes. The specific HA corresponds to

the ratio between titer and protein concentration in mg/mL.
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Trypsin inhibitor activity

The inhibition of trypsin activity was evaluated according to Pontual et al. (2012) in
microplates of 96 wells using 0.1 mg/mL of bovine trypsin in 0.1 M Tris-HCI (pH 8.0),
containing 0.02 M CaCl,. The bovine trypsin (5 ul) was incubated (5 min, 37°C) with the
extract (50 pl) in Tris-HCI pH 8.0 (150 ul). Subsequently, the synthetic substrate BApNA
(N-benzoyl-arginine-p-nitroanilide), dissolved in dimethyl sulfoxide, was added (5 ul) and
the mixture was incubated (30 min, 37 °C). The hydrolysis of the substrate was tracked by
the measurement of absorbance at 405 nm. The inhibitory activity was determined by
remaining hydrolytic activity and inhibition percentages were calculated as follows: %
inhibition = 100 - [100 x (residual activity /activity in control)]. Assays were performed in
triplicate. Inhibition effect was ranked as low (<30%), moderate (30-70%) and strong

(>70%). Reaction blanks containing only substrate and/or extract were also performed.
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Table S1. Species collected in the Vale do Catimbau National Park (Caatinga of Pernambuco).

Scientific name Common name Voucher Ethnobotanical uses
(in Brazil)
Abarema cochliacapos
Anadenanthera colubrina var. Angico IPA Timber, fuel, animal feed, human food, construction,
cebil 84.039 veterinary and technological use
Apuleia leiocarpa Garapa, grapia IPA Timber, fuel, animal feed, ornamental use, reforestation
84.886
Bauhinia acuruana Mororé IPA Timber, forrage, fuel
84.042
Buchenavia capitata Tanimbuca Landscaping
Byrsonima gardneriana Murici IPA Fuel, veterinary use
84.882
Chamaecrista desvauxii Camponesa IPA Fuel
84.064
Commiphora leptophloeos Amburana IPA Timber
84.037
Dioclea grandiflora Mucuna-de- IPA Timber, animal feed, veterinary and medicinal use
caroco 84.057
Eugenia brejoensis Cutia IPA

84.033




Harpochilus neesianus - IPA
84.879
Hymenaea courbaril var. Jatoba IPA Fuel
courbaril 84.888
Ipomea brasiliana IPA
84.883
Jacaranda rugosa Jacaranda IPA Landscaping
84.881
Manilkara rufula Magcaranduba IPA Fuel, animal feed, veterinary use
84.889
Mimosa lewesii IPA
84.053
Myracrodruon urundeuva Aroeira preta IPA Timber, fuel, animal feed, landscaping, veterinary &
84.059 apicultural use
Myroxylum peruiferum Cabretva IPA Timber, fuel, construction, perfume, ornamental use
84.110
Ouratea blanchetiana - IPA -
84.044
Parkinsonia aculeata Acécia, turco, IPA Fuel, reforestation, landscaping, apicultual & ornamental use
junco 84.113




Piptadenia viridiflora Espinheiro, IPA Fuel, animal feed
icarapé 84.058
Pityrocarpa moniliformis Canzenzo, IPA Timber, forrage, animal feed, human food, apicultural &
quipembe 84.048 medicinal use
Poincianella microphylla Catingueira IPA Forrage, fuel, animal feed, human food, construction,
84.880 medicinal & technological use
Senna splendida Fedegoso grande IPA Fuel
84.040
Sida galheirensis Malva branca IPA Medicinal use
84.078
Sideroxylum obtusifolium Umbuzeiro, IPA Timber, fuel, veterinary use
quixaba 84.076
Stigmaphyllon paralias Amarelinho IPA
84.090

References: Agra et al. 2007a,b; Ducke 1953; Braga 1976; Tokarnia et al. 1994; Queiroz et al. 2002; Leal et al. 2003; Pereira et al. 2003; Milano
et al. 2004; Silva et al. 2004; Foroughbakhch et al. 2005; Ferraz et al. 2006; Ramirez et al. 2006; Silva et al. 2006; Pinos-Rodriguez et al. 2007;
Moreira & Guarim-Neto 2009; Alves & Nascimento 2010; Loiola et al. 2010; Salin 2010; Moraes et al. 2011; Souza 2011.



