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RESUMO

Plantas contém lectinas, ligantes de carboidratos e proteinas
hemaglutininantes, capazes de induzir respostas biolégicas em células de plantas e
animais. Portulaca elatior € uma planta toxica para o gado e cabras. Este estudo
identificou um tecido de P. elatior com atividade hemaglutinante (AH), isolado a
lectina a partir dele e determinada as caracteristicas da lectina isolada. Extratos de
folhas, caule e raiz foram investigados e o extrato de raiz foi 0 Unico a apresentar
HA, com isso foi selecionado para isolamento da lectina por cromatografia em
coluna de quitina. A lectina de raiz de P. elatior (PeRoL) eluida da coluna de quitina
apresentou peptideos com 32 e 15 kDa na SDS-PAGE sob condi¢g6es ndo redutoras
e redutoras, respectivamente. A AH de PeRoL se manteve a 120°C e numa faixa de
pH de 4.0 a 8.0 e os fons Ca* e Mn?" ndo estimularam a lectina. O dissacarideo
trealose foi o melhor carboidrato inibidor da AH. Ensaios revelaram que o extrato da
raiz de P. elatior contém trealose e apresentou uma AH de 4 e pés-purificado de
4096 enquanto o extrato tratado com trealase apresentou AH de 256™. Estes
resultados revelam que trealose € o inibidor endégeno da AH de PeRoL. PeRoL
apresentou atividade bacteriostatica contra Pseudomonas aeruginosa (CMI 32,5
pug/mL), Enterococcus faecalis (CMI 8,1 pug/mL) e Staphylococcus aureus (CMI 4,06
png/mL) e atividade fungicida contra Candida albicans (CMI e CMF 16,5 pg/mL),
Candida parapsilosis, Candida krusei e Candida tropicalis (CMI e CMF 15 pug/mL). O
estudo demonstrou que a raiz de P. elatior contem PeRoL, um ligante de quitina e

lectina antimicrobiana, bem como a trealose, o carboidrato inibidor de PeRoL.

Palavras-chave: Bactérias, fungos, PeRoL, raiz, trealose.



ABSTRACT

Plants contain lectins, carbohydrate binding and hemagglutinin proteins,
capable of induce biological responses in cells of plants and animals. Portulaca
elatior is a plant toxic to cattle and goats. This study identified the P. elatior tissue
with the best specific hemagglutinating activity (SHA), isolated the lectin from it and
determined characteristics of isolated lectin. Leaf, stem and root extracts were
investigated and the root extract, which was the one that presented HA, was selected
to isolate lectin by chitin column chromatography. P. elatior root lectin (PeRoL) eluted
from chitin column showed polypeptide bands with 32 and 15 kDa on SDS-PAGE
under non-reducing and reducing conditions, respectively. The PeRoL HA was active
at 120°C and pH range from 4.0 to 8.0 and Ca?* and Mn** did not affect its HA. The
disaccharide threalose was the best carbohydrate inhibitor of HA. Assays revealed
that the root extract containing threalose and showed HA 4™ and post-purification
4096 while the root extract treated with threalase showed HA 256™. These data
revealed that trehalose is an endogenous inhibitor of PeRoL HA. PeRoL showed
bacteriostatic activity against Pseudomonas aeruginosa (MIC 32.5 ug/mL),
Enterococcus faecalis (MIC 8.1 pg/mL) and Staphylococcus aureus (MIC 4.06
png/mL) and fungicide activity against Candida albicans (MIC and MFC 16.5 pg/mL),
Candida parapsilosis, Candida krusei and Candida tropicalis (MIC and MFC 15
png/mL). The study demonstrated that root of P. elatior contain PeRoL, a chitin-
binding and antimicrobial lectin as well as threalose, a carbohydrate inhibitor of

PeRoL.

Keywords: Bacteria, fungi, PeRoL, root, threalose.
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1. INTRODUCAO

A rica biodiversidade brasileira inclui inUmeras plantas com potencial
farmacoldgico e que vém sendo utilizadas pela populagédo no controle de diversas
doencas (SANTOS et al., 2009). O semiarido brasileiro possui uma parte significativa
desta diversidade, principalmente na regido conhecida como Caatinga
(NASCIMENTO et al., 2011). A identificacdo de compostos bioativos em plantas da
Caatinga contribui para promover o desenvolvimento biotecnolégico do semiéarido e
valorizar o bioma como fonte de recursos para o homem, o que estimula a sua
conservacao (TABARELLI et al., 2000; ALVEZ, 2007).

Lectinas sdo proteinas que ligam carboidratos ou glicoconjugados, de forma
especifica e reversivel (NUNES et al., 2011). Sado moléculas com diversas
propriedades bioldgicas e vastamente encontradas em plantas. Sharon e Lis (2004)
afrmam que as lectinas desempenham papéis importantes no controle da
biossintese de glicoconjugados, imunidade inata, regulacdo do crescimento e
apoptose das células e regulacao do ciclo celular. Do ponto de vista biotecnoldgico,
tém sido relatadas atividades antitumoral, anti-inflamatéria, inseticida e
antimicrobiana (PAIVA et al., 2010; 2013).

A atividade antibacteriana das lectinas resulta da interagdo com &cidos
teicoicos e teicurénicos, peptideoglicanos e lipopolissacarideos presentes na parede
celular bacteriana. As lectinas podem causar a formacéo de poros na parede celular
promovendo a morte bacteriana pelo extravasamento do conteddo celular
(RATANAPO et al.,, 2001; CORREIA et al., 2008; PAIVA et al., 2010). A atividade

antifingica de lectinas resulta da interacdo com a parede celular de hifas, o que
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pode levar a reducdo na absorcdo de nutrientes, assim como interferir no processo
de germinac&o de esporos (SA et al., 2009; LAM & NG, 2011).

O género Portulaca apresenta cerca de 120 espécies no mundo e no Brasil
apenas 13 espécies foram relatadas (COELHO & GIULIETTI, 2010). Diversas
espécies desse género sao descritas no Nordeste brasileiro, sendo Portulaca elatior
(MART. EX ROHRB, 1872) encontrada nos municipios de Juazeiro e Castro Alves,
Estado da Bahia, no municipio de Petrolandia, Estado do Pernambuco, no municipio
de Aroeiras, Estado da Paraiba e em outros locais do semiarido nordestino. Essa
espécie foi relatada por produtores rurais, como causa de manifestacdes clinicas de
perturbacdes gastrintestinais em bovinos (COELHO et al., 2010).

O presente trabalho teve como objetivos avaliar a presenca de lectina em
extratos de folhas, caule e raiz de P. elatior, purificar lectina a partir do extrato que
apresentou a maior atividade hemaglutinante especifica e caracterizar a lectina
isolada por métodos eletroforéticos, quanto a afinidade da lectina por carboidratos
elou glicoproteinas, estabilidade frente a variacbes de temperatura e pH, efeito de
ions divalentes. Por fim avaliar a atividade antimicrobiana da lectina frente a
diferentes espécies de importancia médica. O estudo € a primeira etapa para

identificacdo de moléculas com propriedades farmacol6gicas em P. elatior.
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2. FUNDAMENTACAO TEORICA

2.1. Ecossistema Caatinga

O numero de espécies de plantas conhecidas no Brasil é de
aproximadamente 43 mil. Uma parte significativa desta diversidade esta contida na
Caatinga, um ecossistema exclusivamente brasileiro, encontrado na regiao
semiarida nordestina (NASCIMENTO et al., 2011).

A Caatinga ocupa uma &rea equivalente a 11% do territério nacional,
distribuida pelos estados de Alagoas, Bahia, Cear4, Maranhdo, Pernambuco,
Paraiba, Rio Grande do Norte, Piaui, Sergipe e o norte de Minas Gerais (Figura 1).
Este tem sido considerado um ecossistema bastante degradado, o que tem
comprometido a sua biodiversidade. E composta por uma grande variedade de
plantas, a depender dos periodos de chuva, tipo de solo e altitude (LEAL et al. 2005;

ARAUJO, et al., 2008; ALVES et al. 2009; MMA, 2015).

Figura 1. Distribuicdo Geogréafica da Caatinga.

Fonte: ALVES et al., 2009
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De acordo com Drummond et al. (2002) e Leal et al. (2005), a Caatinga €
composta de florestas secas com arvores, arbustos e ervas. A precipitacdo anual no
bioma esta abaixo de 1.000 milimetros e € fortemente concentrada numa estacao
chuvosa curta, seguida por uma estacdo seca marcante de até 10 meses
(MENEZES & SAMPAIO, 2000).

Estima-se que pelo menos 932 espécies ja foram registradas para a regiao,
sendo 380 endémicas (MMA, 2011). A Caatinga € um tipo de formacédo vegetal com
caracteristicas bem definidas: arvores baixas e arbustos que, em geral, perdem as
folhas na estacdo seca (espécies caducifélias). Apresenta trés estratos: arboreo (8 a
12 metros), arbustivo (2 a 5 metros) e herbaceo (abaixo de 2 metros) (TABARELLI et
al., 2000; ALVES, 2007).

Vérias espécies de plantas encontradas na Caatinga apresentam atividades
bioldgicas diversas, dentre elas atividade anticolinesterasica (TREVISAN; MACEDO,
2003), gastroprotetora (PEREIRA et al., 2012), analgésica (CARVALHO et al., 1996),
antialérgica (ALBUQUERQUE et al.,, 2011), antiinflamatéria (CARVALHO et al.,
1996; ALBUQUERQUE et al., 2011), broncodilatadora (LEAL et al., 2006),
anticoagulante (ARAUJO et al.,, 2011), ansiolitca (RIBEIRO et al., 2006),
antiplasmodica (KOHLER et al., 2002) e antimicrobiana (GOMES et al., 2013;
CARVALHO et al., 2015).

O semiarido brasileiro possui uma parte significativa da grande biodiversidade
do pais, principalmente na Caatinga (NASCIMENTO et al., 2011). A identificacdo de
compostos bioativos em plantas desta regido contribui para promover o
desenvolvimento biotecnoldgico e valorizar o ecossistema como fonte de recursos
para o homem, o que estimula a sua conservacédo (TABARELLI et al., 2000; ALVES

et al., 2007).
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2.2. Plantas Toxicas

Entende-se por planta toxica aquela capaz de causar uma determinada
enfermidade ou até mesmo morte, para homens e/ou animais, quando consumida in
natura (RIET-CORREA et al.,, 1993). Numerosas espécies de plantas, no mundo
todo, sdo consideradas toxicas, principalmente na pecuaria (BURROWS AND TYRL,
2013). No Brasil, o nimero de plantas conhecidas e relatadas como toxicas para
ruminantes e equinos tém tido um aumento gradual. Em 1990, Tokarnia et al. (1990)
mencionam a existéncia de 60 espécies toxicas. Em 2000, eram conhecidas 90
espécies pertencentes a 52 géneros (RIET-CORREA & MEDEIROS, 2001). Em
2004 este numero aumentou para 113 espécies e 64 géneros (RIET-CORREA et al.,
2007); em 2008, 122 espécies e 71 géneros (RIET-CORREA et al.,, 2009) e, em
2012, 129 espécies e 78 géneros (RIET-CORREA et al., 2012).

Sao conhecidas pelo menos 38 plantas téxicas na Regido Nordeste, sendo as
mais importantes Mimosa tenuiflora, para caprinos e ovinos, Mascagnia rigida e
Thiloa glaucocarpa para bovinos (TOKARNIA et al., 2000, RIET-CORREA et al.,
2006). O numero de plantas toxicas conhecidas aumenta consideravelmente com a
exploracdo de novas areas. Um exemplo disso é o Estado da Paraiba, onde até o
ano 2000 eram conhecidas 8 plantas toxicas e, ap0s a criacdo de um grupo de
pesquisa em plantas toxicas esse niumero aumentou para 21 (RIET-CORREA et al.,
2006).

Dentre as diversas patologias causadas por plantas téxicas, destacam-se 0s
distarbios gastrointestinais, pois podem causar morte subita nos animais (PESSOA
et al., 2013). S&do conhecidas, no nordeste brasileiro, atualmente, 7 espécies de

plantas toxicas que afetam o sistema digestivo dos ruminantes: Enterolobium
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contortisiliguum (TOKARNIA et al., 1999; BENICIO et al., 2007) Stryphnodendron
coriaceum (TOKARNIA et al.,, 1991) e Luetzelburgia auriculata, que causam
alteracdes digestivas com lesbdes degenerativas dos pré-estbmagos e diarreia ou
fezes amolecidas (MELLO et al.,, 2010); Arrabidaea corallina, que causa diarreia
(PESSOA et al., 2010); Plumbago scandens, que causa degeneragéo e necrose da
mucosa dos pré-estbmagos com pigmentacdo da urina e mucosa do trato digestivo
(TOKARNIA & DOBEREINER 1975, 1976, MEDEIROS et al., 2001); Centratherum
brachylepis, que causa degeneracdo e necrose dos pré-estbmagos com edema de
face e garganta (MEDEIROS et al., 2009); Dieffenbachia sp., que causa edema na
lingua e face (DANTAS et al., 2007) e Portulaca elatior, que ataca primariamente o

sistema digestivo e depois o0 sistema nervoso dos ruminantes (GALIZA et al., 2011).

2.3. Familia Portulacaceae

Com distribuicdo cosmopolita, a familia Portulacaceae possui cerca de 30
géneros e 500 espécies. Os géneros mais representativos sao: Portulaca com cerca
de 100 espécies, Calandrinia com cerca de 150 espécies e Talinum com mais de 50
espécies (CAROLIN, 1993; NYFFELER & EGGLI 2010). Coelho (2015) relatou, no
Brasil, 15 espécies em dois géneros: Talinum e Portulaca, sendo o Portulaca com 13
espécies.

O género Portulaca apresenta plantas herbaceas, raramente arbustivas ou
arboéreas, geralmente suculentas, de folhas simples, alternas, sub-opostas,
verticiladas, inflorescéncias cimosas ou apresentando flores solitarias. Suas flores
sdo bissexuadas, raramente unissexuadas, actinomorfas e monoclamideas

(geralmente com um par de bractéolas) (COELHO et al., 2010).
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A espécie Portulaca elatior (Figura 2) é caracterizada por apresentar habito
ereto, pouco comum no género Portulaca, com caules variando de 20 a 80 cm de
altura. O caule € bastante ramificado desde a base, apresentando cor verde ou
avermelhado, neste Udltimo caso quando encontrado em ambientes éaridos da
Caatinga. As folhas se apresentam lineares e pouco suculentas (COELHO et al.,
2010).

Figura 2. Portulaca elatior.

Fonte: COELHO et al., 2010

Diversas espécies do género Portulaca sao descritas na regido do semiarido
brasileiro. P. elatior ja foi relatada no Estado da Bahia, municipios de Castro Alves e
Juazeiro, em Pernambuco no municipio de Petrolandia e na Paraiba no municipio de
Aroeiras (GALIZA et al, 2011; MACHADO-FILHO et al, 2012). Como ja
mencionado, essa espécie foi descrita por produtores rurais, como causa de

manifestacdes clinicas de perturbagdes gastrintestinais em ruminantes. Os sinais
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clinicos observados foram intensa salivacéo, relutancia em se movimentar, tremores
de labios, marcha levemente incoordenada arrastando as pincas dos membros
posteriores, diarreia, timpanismo, dor abdominal, gemidos, desidratacdo e berros
constantes. A morte ocorria 2 a 48 horas apdés o inicio dos sinais clinicos. (DURVAL
et al. 2006; ALBUQUERQUE et al. 2007; SILVA et al. 2009; COELHO et al., 2010;

GALIZA et al., 2010).

2.4. Lectinas

Lectinas sdo proteinas com a capacidade de reconhecer e se associar por
interacfes de Van der Waals ou pontes de hidrogénio, de forma reversivel e com
elevada afinidade, a carboidratos especificos sem, contudo, apresentarem
caracteristicas imunolégicas ou promovem alteracdo na estrutura covalente do
carboidrato (LIS & SHARON, 1998; CAMACHO, 2007; SILVA et al., 2010;
KARNCHANATAT, 2012; FREIRE et al., 2015). Estas proteinas detectadas pela sua
capacidade de se ligar aos carboidratos da superficie de células (PAIVA et al., 1992;
LAM et al., 2011; GEMEDE et al., 2014).

A presenca de lectinas em uma amostra pode ser detectada a partir de
ensaios de aglutinacdo, sendo mais comumente utilizado o de hemaglutinacéo
(Figura 3), no qual é realizado através de uma diluicdo seriada da amostra contendo
lectina e posterior incubacdo com eritrécitos; a rede formada entre os eritrécitos
constitui o fenbmeno de hemaglutinacdo. Os eritrécitos utilizados podem ser de
humanos ou de animais, 0s quais podem ser tratados enzimaticamente (com
tripsina, papaina, entre outras) ou quimicamente (com glutaraldeido ou formaldeido),

aumentando ou nédo a sensibilidade das células a lectina (COELHO & SILVA, 2000;
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SANTOS et al., 2005). O ensaio de inibicdo por carboidratos se d& pela adi¢cdo de
um acucar ou glicoproteina ao tampao NaCl 0,15M, assim € possivel verificar a
especificidade da lectina.

Atualmente, sabe-se que as lectinas sdo amplamente distribuidas na
natureza, sendo encontradas em seres unicelulares (IMBERT et al., 2004), animais
(MOURA et al., 2006) e vegetais (LEITE et al., 2005; PAIVA et al., 2010). No
entanto, as primeiras lectinas foram extraidas de plantas, devido a facilidade de

extracdo e ao rendimento elevado (SHARON & LIS, 1990).

Figura 3. Esquema representando a aglutinacdo de eritrocitos promovida por
lectinas. Rede de aglutinacdo formada pela ligacdo de uma lectina aos carboidratos
da superficie dos eritrocitos (A). Inibicdo da formacdo da rede de aglutinacdo por

carboidratos livres (B).

; 0_.. (@

_.i¢ g_,
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e |ectina ‘ Eritrécito °,* Carboidratos livres

Fonte: PAIVA et al., 2011

Nos vegetais, as lectinas tém sido encontradas em cerne (SA et al., 2008),
folhnas (NAPOLEAO et al., 2012), flores (SANTOS et al., 2009), sementes (SILVA et
al., 2012), cascas (VAZ et al., 2010), raizes (AGRAWAL et al.,, 2011) e rizomas

(YANG et al., 2011; SANTANA et al., 2012).
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As lectinas, devido as suas diferencas estruturais e de especificidade,
apresentam uma grande variedade funcional. A Figura 4 representa algumas

funcdes desempenhadas pelas lectinas.

Figura 4. Representacao da diversidade funcional das lectinas.

Matriz
extracelular
Reconhecimento

do agente
patogeénico e
opsonizagdo

Adesdo
celular

Matriz

Lectina extracelular

Formacdo de estrutura e sinalizagdo
| carboidratos

Adaptado de VASTA et al. (2012)

As lectinas sintetizadas que se encontram no citoplasma (1) podem ser
armazenadas nos vacuolos de reserva proteica, podem ser translocadas para o
nacleo da célula (2) ou secretadas para o meio extracelular (3), onde funcionam
como receptores de carboidratos de agentes patogénicos (4), estabelecem ligacdes
entre si, formando complexos que se ligam a carboidratos presentes na célula que
as sintetizou (5) e a carboidratos da matriz extracelular (6). Podem desencadear
cascatas de sinalizacao (apoptose, migracdo celular, liberacdo de mediadores) (7)

ou promover interagdes célula-célula e célula-matriz (8) (VASTA et al., 2012).
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2.4.1. Classificacéo

As lectinas podem ser classificadas de acordo com sua estrutura,
especificidade de ligacdo ao carboidrato e dominio de reconhecimento ao
carboidrato (CRD — Carbohydrate Recognition Domain) (VANDENBORRE et al.,
2011).

Quanto a estrutura, as lectinas podem ser classificadas em quatro grupos:
merolectinas, hololectinas, quimerolectinas e superlectinas (Figura 5). As
merolectinas sdo proteinas que contém apenas um dominio de ligacdo a
carboidratos. As hololectinas tém pelo menos dois dominios de ligacdo a
carboidratos idénticos. As quimerolectinas sdo constituidas por um ou mais dominios
de ligacdo a carboidratos incorporando outros dominios que exercem outra atividade
biolégica, sendo as hololectinas e as quimerolectinas estruturas bastante
abundantes nas lectinas de plantas. Por fim, as superlectinas que possuem pelo
menos dois dominios de ligacdo a carboidratos estruturalmente diferentes

(VANDENBORRE et al., 2011; KARNCHANATAT, 2012; FREIRE et al., 2015).

Figura 5. Classificacdo das lectinas quanto a estrutura, com os sitios de ligacédo a

carboidratos representados em preto e dominio que exerce atividade biolégica em

o e oite

Merolectina Hololectina  Quimerolectina Superlectina

azul.

Adaptado de: Karnchanatat (2012).
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As lectinas também sédo classificadas de acordo com a especificidade de
ligacdo ao carboidrato em seis grupos: ligadoras de glicose/manose, ligadoras de
galactose/N-acetilgalactosamina, ligadoras de N-acetilglicosamina, ligadoras de L-
fucose, ligadoras de &cido sialico e ligadoras de glicanos complexos (PEUMANS et
al., 1995; KARNCHANATAT, 2012).

A classificagdo CRD é atribuida em funcdo da estrutura dos dominios que
estabelecem e reconhecem a ligacdo ao carboidrato. Sendo assim, as lectinas de
plantas sdo classificadas em quatro grupos: lectinas de monocotiledbneas que se
ligam a carboidratos a-D-manose, lectinas de dominio folhas-, dominio homologo a
cianovirina-N e lectinas de leguminosas, sendo este ultimo grupo o mais estudado

(VARROT et al., 2011; JOHN et al., 2013).

2.4.2. Funcdes e Aplicacdes

As lectinas de plantas desempenham diversas funcdes fisioldgicas, uma delas
€ a protecdo contra agentes patogénicos externos devido a sua capacidade de
aglutinar e imobilizar esses agentes. Para desempenhar esta funcédo as lectinas
estdo presentes nos locais com maior potencial de invasao e tem a capacidade de
se ligar a varios fungos inibindo o seu crescimento nas plantas; outra funcdo é a
capacidade de interagir com células animais, 0 que pode ser visto no contexto
ecologico como protecao das plantas aos predadores. Quando ingeridas por insetos
e herbivoros ligam-se a receptores glicosilados ao longo do trato intestinal
provocando desconforto, repelindo assim o predador (efeito antinutricional)
(SHARON & LIS, 2004; VANDENBORRE et al.,, 2011; KARNCHANATAT, 2012;

BUUL & BROUNS, 2014).
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Atualmente, as lectinas sédo alvo de grande interesse devido as suas

aplicacbes na agricultura, na biotecnologia e investigacao biomédica (Tabela 1).

Tabela 1. Atividades biolégicas e aplicacdes das lectinas em diferentes areas

Atividade / aplicac&o Eventos envolvidos

Antibacteriana Interacdo com componentes da parede celular

bacteriana. @®

Antiviral Interferéncia na fase inicial do ciclo de replicacdo do virus

suprimindo o crescimento. ©

Biomarcador Marcadores de superficie celular.

Referéncias: SILVA et al., 2010 (1); HAMID, 2013 (2); BAH et al., 2013 (3); SILVA et al., 2013 (4); REGO et
al., 2013 (5);
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2.4.3. Aplicacao das Lectinas na Microbiologia

Recentes estudos tém mostrado o potencial das lectinas na Microbiologia. As
lectinas possuem a habilidade de reconhecer especificamente carboidratos e com
iISso se tornam ferramentas valiosas para estudar a interacdo entre os carboidratos
presentes nas células eucarioticas e patdgenos. Muitos patdégenos iniciam a adeséo
seguida da infeccdo usando carboidratos da superficie celular como receptores ou
ligantes (ORDONEZ et al., 2006; CARVALHO et al., 2015; BRAGA et al., 2015).
Como exemplos, foi demonstrado que Escherichia coli se liga a residuos de manose
nas células hospedeiras (MUKHOPADHYAY et al., 2009), Neisseria gonnorrhea se
liga especificamente a N-acetil-lactosamina, Streptococcus pneumonia se liga a
pentasacarideos, tetra e trisacarideos, enquanto Pseudomonas aeruginosa se liga
especificamente a fucose (BARTHELSON et al., 1998).

As bactérias possuem em suas paredes celulares acidos teicdicos e
teicurbnicos, peptidioglicanos e lipopolissacarideos que podem interagir com
lectinas. A habilidade de lectinas de ligar especificamente a carboidratos permite o
emprego dessas proteinas como sondas-diagnéstico para identificacdo de bactérias
patbgenas, 0 que se baseia na reacdo de aglutinacdo seletiva entre lectina e
bactéria (IORDACHE et al., 2015). Diferentes padrdes de aglutinacdo de bactérias,
promovidas por 23 lectinas, foram analisadas e mostraram que a interacao lectina-
bactéria € uma boa ferramenta para identificar rapidamente espécies de
Mycobacterium (ATHAMNA et al., 2006). Monteiro et al. (2002) mostraram que 0 uso
da lectina de sementes de Amburana cearenses € um bom marcador para S. aureus

e Candida sp. Ratanapo et al. (2001) mostraram duas lectinas, MLL 1 e 2, de folhas
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de Morus alba, com especificidade para acido N-glicosilneuraminico contra bactérias
fitopatogénicas, propondo uma possivel funcéo na defesa de plantas.

Lectinas também tém sido usadas com grande sucesso na identificacdo de
fungos, devido a sua alta especificidade a carboidratos presentes na parede celular
fungica (ZABEL & MORRELL, 1992; MONTEIRO et al., 2002). O conhecimento do
perfil sacaridico na superficie fungica habilita o uso de lectinas como promissoras
sondas celulares, que podem servir como carreadores de agentes antifungicos que
utilizam, como alvos especificos, os carboidratos existentes na superficie da célula
do microrganismo (LEAL et al., 2007).

As lectinas possuem acdo antimicrobiana, o que pode levar a inibicdo do
crescimento ou até mesmo a morte do microrganismo. Atividade antifangica foi
observada para uma lectina isolada de folhas de Schinus terebinthifolius que teve
acdo frente a Candida albicans (CMI de 6,5 e CMB de 26 pg/mL) (GOMES et al.,
2013), sementes de Castanea molissima frente aos fungos Botrytis cinerea,
Mycosphaerella arachidicola e Physalospora piricola (WANG & NG, 2003), bem
como para a lectina de sementes de Indigofera heterantha, na qual teve agéo frente
a Fusarium oxysporum, Aspergillus oryzie, e Aspergillus niger (QADIR et al., 2013).
Xu et al. (1998) purificaram e caracterizaram uma lectina da Gastrodia elata que
inibiu o crescimento dos fungos fitopatdgenos Valsa ambiens, Rhizoctonia solani,
Gibberella zeae, Ganoderma lucidum e Botrytis cinerea. Boteli et al. (2007)
mostraram que, lectinas podem formar uma barreira na superficie da parede celular
de Candida sp., alterando sua estrutura e permeabilidade (BOTELI et al., 2007).
Efeitos indiretos relacionados a ligacdo de quitina na parede celular também estédo

sendo estudados (LATGE et al., 2007; LAM et al., 2011).
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Estudos comparativos com a lectina extraida de sementes de Artocarpus
heterophyllus, Canavalia ensiflora, Pisum sativum e Lens culinaris apresentou um
CMI de 1 mg/mL para as 4 lectinas testadas contra Bacillus subtilis, S. aureus, E. coli
e P. aeruginosa, porém apenas a lectina de Artocarpus heterophyllus foi bactericida
(NAIR, et al., 2013). Petnual et al. (2010) reportou atividade antimicrobiana da lectina
de rizoma de Curcuma longa para P. aeruginosa, S. aureus, B. subtilis, E. coli, e C.
albicans, sendo P. aeruginosa a mais sensivel apos tratamento com a proteina. A
lectina de sementes de Indigofera heterantha apresentou um efeito bactericida,
sendo o CMB de 500 pg/mL, contra K. pneumoniae, Staphylococcus aureus, E. coli
e Bacillus subtilis (QADIR et al., 2013). A lectina extraida de folhas de Schinus
terebinthifolius (SteLL) apresentou atividade bactericida contra E. coli (CMI de 28,75
e CMB de 115 pg/mL), K. pneumoniae (CMI de 3,59 e CMB de 115 pg/mL), P.
aeruginosa (CMI de 1,79 e CMB de 14,37 ug/mL), Proteus mirabilis (CMI de 3,59 e
CMB de 14,37 pg/mL), S. aureus (CMI de 1,79 e CMB de 7,18 ug/mL) e Salmonella
enteritidis (CMI de 0,45 e CMB de 115 pg/mL) (GOMES et al., 2013).

Moura et al. (2015) mostraram que a lectina de Moringa oleifera (WSMoL)
inibiu o crescimento bacteriano, em poucas horas, de Bacillus pumillus, Bacillus
megaterium, Micrococcus sp., Pseudomonas sp., Pseudomonas stutzeri,
Pseudomonas fluorescens e Serratia marcescens. WSMoL também provocou a
perda da integridade da membrana celular de S. marcescens, além da liberacdo de
proteinas intracelulares para o meio extracelular.

Avancos biotecnoldgicos e farmacéuticos em diversas areas vém sendo
estudados, através da acdo das lectinas na regulacdo de vias celulares, nas suas
funcbes fisiolégicas de comunicagdo célula-célula e patoldgicas de interacdo

hospedeiro-patdégeno. Contudo, estudos mais detalhados sobre o efeito das lectinas
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nas células humanas, a médio e longo prazo, devem ser realizados, principalmente,

por conta dos efeitos toxicos que algumas destas proteinas possuem.
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3. OBJETIVOS

3.1. Objetivo geral

Isolar, caracterizar e determinar o potencial antimicrobiano da lectina presente

em raiz de P. elatior.

3.2. Objetivos especificos

e Avaliar a presenca de lectina em extratos de folhas, caule e raiz de P. elatior.

e Purificar lectina a partir do extrato com a maior atividade hemaglutinante
especifica.

e Caracterizar a lectina isolada por métodos eletroforéticos.

e Determinar a afinidade da lectina por carboidratos e/ou glicoproteinas, sua
estabilidade frente a variacdes de temperatura, pH e o efeito de ions divalentes
na sua atividade hemaglutinante;

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

e Avaliacao e identificacdo do inibidor endégeno.
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Abstract

Plants contain lectins, carbohydrate binding and hemagglutinin proteins,
capable of induce biological responses in cells of plants and animals. Portulaca
elatior is a plant toxic to cattle and goats. This study identified the P. elatior tissue
with the best specific hemagglutinating activity (SHA), isolated the lectin from it and
determined characteristics of isolated lectin. Leaf, stem and root extracts were
investigated and the root extract, which was the one that presented HA, was selected
to isolate lectin by chitin column chromatography. P. elatior root lectin (PeRoL) eluted
from chitin column showed polypeptide bands with 32 and 15 kDa on SDS-PAGE
under non-reducing and reducing conditions, respectively. The PeRoL HA was active
at 120°C and pH range from 4.0 to 8.0 and Ca®* and Mn?* did not affect its HA. The
disaccharide threalose was the best carbohydrate inhibitor of HA. Assays revealed
that the root extract containing threalose and showed HA 4 and post-purification
4096 while the root extract treated with threalase showed HA 256™. These data
revealed that trehalose is an endogenous inhibitor of PeRoL HA. PeRoL showed
bacteriostatic activity against Pseudomonas aeruginosa (MIC 32.5 pg/mL),
Enterococcus faecalis (MIC 8.1 pg/mL) and Staphylococcus aureus (MIC 4.06
pg/mL) and fungicide activity against Candida albicans (MIC and MFC 16.5 pg/mL),
Candida parapsilosis, Candida krusei and Candida tropicalis (MIC and MFC 15
png/mL). The study demonstrated that root of P. elatior contain PeRoL, a chitin-
binding and antimicrobial lectin as well as threalose, a carbohydrate inhibitor of

PeRoL.

Keywords: Bacteria, fungi, PeRoL, root, threalose.
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1. Introduction

The rich Brazilian biodiversity includes numerous plants with pharmacological
potential and that have been used by people for treatment of several diseases
(Santos et al., 2009). The Brazilian semiarid region comprises a significant part of
this diversity, especially in the region known as Caatinga (Nascimento et al., 2011).
The identification of bioactive compounds in plants from Caatinga helps to promote
biotechnological development of this ecosystem, which stimulates its conservation
(Tabarelli et al., 2000; Alvez, 2007).

The Portulaca genus includes about 120 species in the world and 13 species
have been reported in Brazil (Coelho & Giulietti, 2010). Among the species of this
genus described in Caatinga, there is Portulaca elatior Mart. ex Rohrb. Farmers
reported this species as a cause of clinical manifestations of gastrointestinal
disorders in cattle (Coelho et al., 2010).

Lectins are proteins that bind reversibly to carbohydrates and glycoconjugates
(Nunes et al., 2011). This class of proteins is widely found in plants and includes
molecules with diverse structures and many biological properties. Sharon and Lis
(2004) state that lectins play important roles in the control of biosynthesis of
glycoconjugates, defense responses and growth regulation. In the biotechnological
point of view, it has been reported anti-inflammatory, antimicrobial and insecticidal
activities of lectins, among others (Paiva et al., 2010).

The antibacterial activity of lectins may result from the interaction with teichoic
and teichuronic acids, peptidoglycan and lipopolysaccharide present in the bacterial
cell wall. Lectins can also promote protein leakage and the formation of pores in the
cell wall promoting bacterial death (Ratanapo et al. 2001; Correia et al., 2008; PAIVA

et al., 2010; Moura et al.,, 2015). The antifungal activity of lectins results from
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interaction with chitin and other components of cell walls, which can lead to reduced
absorption of nutrients, as well as interfere with the spore germination process (Séa et
al., 2009; Lam and Ng, 2011).

This study aimed to evaluate the presence of lectin in extracts from P. elatior
leaves, stems and root and to isolate and characterize a lectin from the extract with
highest lectin concentration. In addition, the isolated lectin was investigated for
antimicrobial activity against bacteria and fungi of medical importance. The study is

the first aiming to identify molecules with pharmacological properties from P. elatior.

2. Materials and methods

2.1. Preparation of extracts

Leaves, stem and roots of P. elatior Mart. ex Rohrb. were collected in Aroeiras
city, State of Paraiba, northeastern Brazil, with authorization of the Instituto Chico
Mendes de Conservacao da Biodiversidade (number 38690) from Brazilian Ministry
of Environment. The material was dried at 60°C for 5 days and then powdered using
a blender.

The powder of leaves, stem or roots was homogenized with 0.15 M NaCl, in a
proportion of 1:10 (w/v), using a magnetic stirrer during 6 h at 4°C. The extracts were

obtained after filtration through filter paper and centrifugation (9,000 g; 15 min, 4°C).



48

2.2. Protein concentration and hemagglutinating activity

The concentration of proteins was estimated according to Lowry et al. (1951)
using a standard curve (31.25 to 500 pg/mL) of bovine serum albumin.
Hemagglutinating activity was investigated according to Paiva and Coelho (1992) in
96-well microplates with V-bottom. The sample (50 pL) was two-fold serially diluted in
in 0.15 M NaCl and then, 50 pL of a suspension (2.5% v/v) of rabbit erythrocytes
treated with glutaraldehyde was added to each well and the plate was incubated at
27°C for 45 min. In the control, the erythrocyte suspension was incubated with 0.15
M NaCl. The hemagglutinating activity (HA) was expressed as the reciprocal of the
highest dilution of sample able to promote agglutination. Specific hemagglutinating
activity (SHA) was calculated by the ratio between the hemagglutinating activity and

the protein concentration (mg/mL).

2.3. Isolation of Portulca elatior root lectin (PeRoL)

The root extract was selected to isolate lectin because it was the one that
presented HA. The extract (2 mL; 10.26 mg of protein) was loaded onto a chitin
column (7.5 x 1.5 cm) previously equilibrated (20 mL/h) with 0.15 M NaCl. After
loading of sample, the column was washed with 0.15 M NaCl until that absorbance at
280 nm was lower than 0.030. Then, 1.0 M acetic acid was passed through the
column in order to elute the adsorbed proteins. The eluted fractions with absorbance
higher than 0.100 were pooled (PeRoL) and dialyzed against 0.15 M NaCl during 8 h

(one change each 2 h) to eliminate the eluent.
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2.4. Lectin characterization

Sample of PeRoL (100 pg) was submitted to polyacrylamide gel
electrophoresis in the presence of sodium dodecyl sulphate (SDS-PAGE), under
non-reducing and reducing conditions, according to Laemmli (1970). Polypeptide
bands of PeRoL and molecular mass standards (bovine albumin, 66 kDa; ovalbumin,
45 kDa; glyceraldehyde-3-phosphate dehydrogenase, 36 kDa; bovine carbonic
anhydrase, 29 kDa; bovine trypsinogen, 24 kDa; trypsin inhibitor soybean, 20.1 kDa;
a-lactalbumin, 14.4 kDa) were stained with 0.02% (w/v) Coomassie Brilliant Blue R-
250 in 10% acetic acid.

The carbohydrate-binding specificity of PeRoL was determined by
hemagglutinating activity inhibition assay replacing the 0.15 M NaCl by solutions of
glycidic molecules. The assays used the carbohydrates (0.2 M) D-galactose, D-
mannose, D-glucose, D-threalose, N-acetyl-glucosamine, D-ribose, xylan, chitosan,
inulin and the glycoproteins (500 pug/mL) fetuin, casein, ovalbumin, and thyroglobulin.
After dilution of sample in the glycidic solutions, the assay was incubated for 15 min
before the addition of rabbit erythrocyte suspension.

The thermal stability of PeRoL hemagglutinating activity was evaluated by
incubating the lectin at different temperatures (30-120°C) for 30 min prior to the
assay. The effect of pH was determined by incubating the lectin at buffers with pH
values between 4.0 and 12.0. The hemagglutinating activity of PeRoL was also
determined after incubation of lectin with divalent ions (Ca®* e Mg?"). For this, the
NaCl solution was replaced by 10 mM CaCl, or MgClI, solutions; in controls, the

erythrocytes were incubated with these solutions.
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2.5. Endogenous inhibitor investigation

Total carbohydrate content in root extract was determined by phenol-sulphuric
acid method (Masuko et al., 2005). Reducing sugars were detected by the
dinitrosalycilic acid method (Miller, 1959) and hexuronic acids were investigated by
carbazol reaction (Kosakai, 1978).

PeRoL HA was also performed in presence of the root extract in order to
evaluate the presence of an endogenous inhibitor in the extract. For this, a HA
inhibition assay was performed as described in the previous section replacing the
glycidic solution by the root extract (5.1 mg/mL of protein and 6.8 mg/mL of
carbohydrates).

The root extract (20 yL) was loaded onto a Aminex HPX-87H ion exclusion
column (300 mm x 7.8 mm I.D., Bio-Rad®, Hercules, CA, USA) coupled to a liquid
chromatography system (Hewlett Packard Agilent Technologies—1200 Series) with
binary pump, automatic injector, and Diode Arrays Detector (DAD) at 210 nm. The
mobile phase was composed by 5.0 mM sulphuric acid at a flow rate of 0.6 mL/min at
35°C. The running time was 25 min. D-threalose (Sigma-Aldrich, USA) was used as
standard.

The root extract (50 pL) was also incubated (40 min at 37°C) with trehalase
from porcine kidney (30 pL; 1 mg/mL) in 50% glycerol containing 1% Triton X-100
and 25 mM potassium phosphate (Sigma-Aldrich, USA). After this, the HA from
treated extract was determined as described above. A control assay (control 1) was

performed by incubating the root extract (50 pL) with the buffering solution without
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enzyme (30 L) at the same conditions. Another control was also performed by

incubating the erythrocyte suspension (50 pL) with the enzyme (50 pL).

2.6. Antimicrobial assay

Gram-positive (Enterococcus feacalis WDCM 00117, Staphylococcus aureus
WDCM 00032) and Gram-negative (Pseudomonas aeruginosa WDCM 00025,
Escherichia coli WDCM 00013) bacteria were provided by the Departamento de
Antibioticos of the Universidade Federal de Pernambuco (UFPE). Yeasts (Candida
albicans 7098, Candida tropicalis 7092, Candida krusei 6391, Candida pelliculosa
6284 e Candida parapsilosis 7087) were provided by the University Recife Mycologia
(URM), Departamento de Micologia, UFPE. The microorganisms were inoculated in
Nutrient Broth (bacteria) or Sabouraud-Dextrose (yeasts) and incubated at 37°C for
16 h, under shaking. The culture concentrations were adjusted turbidimetrically (600
nm) to 10° colony-forming units (CFU) for use in the assays for determination of the
minimal inhibitory (MIC), bactericidal (MBC) and fungicidal (MFC) concentrations.

In a 96-microplate row, the sample (PeRoL in 0.15 M NaCl) was two-fold
serially diluted from the third well in the culture medium. In the first well, it was added
only the culture medium (sterility control) and in the second well it was added the
culture medium diluted 1:1 with 0.15 M NaCl (100% growth control). Next, 20 yL of
the microbial suspension was added to each well and the plate was the optical
density (OD) at 600 nm was determined. After incubation at 37°C for 24 h, the OD
was read again. The assays were performed in triplicate. The MIC corresponded to
the lowest concentration of the sample that promoted a reduction higher or equal to

50% in OD in comparison with the 100% growth control (Amsterdam, 1996).
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To determine the MBC or MFC, inoculations (10 pl) from wells corresponding
to concentrations higher or equal to MIC were transferred to Nutrient Agar (bacteria)
or Sabouraud Dextrose Agar (yeasts) plates, which were incubated at 37°C for 24 h.
The MBC corresponded to the lowest concentration able to reduce the viability of

initial inoculum in 99.9%.

3. Results and discussion

Leaf, stem and root extracts from P. elatior showed 5.87, 5.42 e 5.13 mg/mL
of proteins, respectively while HA was only detected in the root extract (SHA: 1.55).
However, the HA was low, which can be due to a low concentration of lectin or the
presence of contaminants able to inhibit lectin HA.

The root extract was chromatographed on a chitin column (Figure 1) aiming to
separate the P. elatior root lectin (PeRoL) from others compounds. The chitin matrix
was selected due its efficiency to isolate chitin-binding lectins which are reported to
have antimicrobial activity (Gomes et al., 2013; Albuquerque et al., 2014; Moura et
al., 2015; Carvalho et al., 2015). The non-adsorbed fractions did not show HA, while
PeRoL (pool of fractions eluted with 1.0 M acetic acid) showed SHA of 34.133

corresponding to a purification factor 43.760 times.
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Figure 1. Purification of P. elatior root lectin (PeRoL). Chromatography of root
extract (10.3 mg of protein) onto a chitin column. The washing step used 0.15 M
NaCl. PeRoL was eluted using 1.0 M acetic acid. Fractions of 2.0 mL were collected
and evaluated for absorbance at 280 nm and hemagglutinating activity. The insert
shows SDS-PAGE (12%, w/v) of PeRoL under non-reducing (1) and reducing (2)
conditions. The gels are stained with Coomassie Blue.

Polypeptide bands with 32 and 15 kDa were detected on SDS-PAGE under
non-reducing and reducing conditions, respectively (Figure 1, insert). This result
revealed that PeRoL is a homodimeric protein with subunits linked by disulfide
bridges, similarly to reported for lectins isolated from Astragalus mongholicus, with 2

subunites 29.6kDa, and Erophaca Baetica, with 2 subunites 30kDa (Yan et al., 2005;

Megias et al., 2013).

The data from HA inhibitory assay (Table 1) revealed that threalose was the
best inhibitor of PeRoL HA while chitosan, inulin, ribose and xylan did not interfere on
HA and the tested monosaccharides promoted low reduction of HA (Table 1). Lectins

that bind preferentially to complex sugars such as oligosaccharide moieties of
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thyroglobulin, fetuin, a1-acid glycoprotein, ovoalbumin and transferrin have been
isolated from Flammulina velutipes, Griffonia simplicifolia, Phaseolus vulgaris, Olneya
tesota and Acacia constricta (Guzman-Partida et al.,, 2004; NG et al., 2006;
Fouquaert et al., 2009; Bhat et al., 2010; Shimokawa et al., 2016). It is important to
carry out the HA inhibition assay using carbohydrates and glycoproteins in order to
confirm that the agent responsible for agglutination is really a lectin as well as to
establish the carbohydrate specificity of lectin (Gomes et al., 2013; Cruz et al., 2015).
Table 1. Hemagglutinating activity of PeRoL in presence of carbohydrates and

glycoproteins.

Carbohydrates / Glycoproteins SHA of PeRoL
Monosaccharides (200 mM)
Galactose 8,533
Glucose 8,533
Mannose 8,533
N-acetyl-glucosamine 17,066
Ribose 34,133
Disaccharide (200 mM)
Trehalose 266
Polysaccharides (1.0 mg/mL)
Chitosan 34,133
Inulin 34,133
Xylan 34,133
Glycoproteins (1.0 mg/mL)
Casein 17,066
Fetuin 2,133
Ovalbumin 8,533
Thyroglobulin 533

SHA of PeRoL in 0.15 M NaCl: 34,133

The thermal stability assay indicated that PeRoL is resistant to heating since
its HA was preserved even after heating at 120°C for 30 min (Figure 2A). This result

can be linked to the presence of disulfide bonds similar to reported for other heat-
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stable plant lectins containing disulfide bonds including those isolated from seeds of
Apuleia leiocarpa, Bauhinia forficata and Moringa oleifera (Santos et al., 2009; Silva
et al., 2012; Carvalho et al., 2015).

Figure 2B shows that PeRoL HA was stable at a pH range from acidic to
slightly alkaline (4.0-8.0) but the lectin was inactive in the alkaline pH range (9.0 -
12.0). The pH variations modify the net charge of the proteins and may break
electrostatic interactions and hydrogen bonds that stabilize protein structure, thus
leading to denaturation and loss of biological activity. The pH range at which PeRoL
was active was similar to those determined for lectins isolated from Capparis
spinosa seeds and Schinus terebinthifolius leaves (Lam et al., 2009; Gomes et al.,
2013). The assays in presence of divalent cations showed that Ca®** e Mn?®* did not

affect the PeRoL HA.
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Figure 2. Effect of temperature (A) and effect of pH (B) on hemagglutinating activity
(HA) of PeRoL.

The expressive purification factor of PeRoL could indicate that the
chromatographic process was efficient to eliminate an endogenous inhibitor present
in the root extract. Aiming to investigate this hypothesis, the carbohydrate content of
extract and the effect of extract on PeRoL HA were determined. The root extract

contains total carbohydrates (6.6 mg/mL), reducing carbohydrates (1.5 mg/mL) and
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hexuronic acids (1.2 mg/mL) and it was able to reduce the HA of PeRoL from 4096™
to 4. These data revealed that the root extract containing carbohydrate inhibited the
PeRoL-erythrocyte interaction. The extract was then subjected to HPLC and the
chromatographic profile was compared with those from threalose, which was the best
inhibitor of PeRoL HA (Table 1). Figure 3 shows that the main peak detected in the
chromatographic profile of root extract (3A) corresponded to those of threalose (3B)
and thus this carbohydrate is probably the endogenous inhibitor of PeRoL HA.

In order to prove that trehalose corresponds to the endogenous inhibitor, the
root extract was treated with trehalase before the use of extract in the HA assay. The
data revealed that lectin incubated with extract untreated with the enzyme (control 1)
showed HA of 8 while the extract treated with enzyme showed HA of 256. The
erythrocytes incubated only with the enzyme (control 2) showed normal precipitation,
indicating that the enzyme solution did not interfere with the assay. The data
revealed that the trehalose present in the root extract is an endogenous inhibitor of
PeRoL activity since increase of HA was detected when this disaccharide was
removed from extract by enzymatic hydrolysis.

PeRoL showed bacteriostatic activity against Enterococcus faecalis (MIC de
8.1 ug/mL), Pseudomonas aeruginosa (MIC 32.5 ug/mL) and Staphylococcus aureus
(MIC 4.06 pg/mL), but it did not inhibit the growth of Escherichia coli. Bacteriostatic
agents may act through inhibition of enzymatic activity associated with growth and/or

cell lysis (Matsumoto et al., 1999).
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Figure 3. HPLC profile of P. elatior root extract (A) and trehalose (B). The arrows
indicate the peaks corresponding to trehalose.

The lectin presented fungicide activity against Candida albicans (MIC and
MFC 16.5 ug/mL), Candida parapsilosis, Candida krusei and Candida tropicalis (MIC
and MFC 15 pg/mL). PeRoL was a potent antifungal agent, being more efficient that
lectin from seed of Archidendron jiringa (MIC 56.7 pg/mL) and rhizome of Curcuma
longa (MIC 46 pg/mL) (Silva et al., 2007; Cruz, 2015). The prevalence of diseases
caused by fungi of the genus Candida is much higher in hospitals. Infections related
to Candida species are raising interest in fungal diseases (Bassetti et al., 2006;
Ostrosky-Zeichner et al., 2006), because these fungi, although low virulent, show
great resistance to antifungals (Colombo et al., 2003; Neufeld et al., 2009). This
highlights the importance of seeking new compounds with antifungal activity against
these yeasts.

The antifungal activities mechanisms of lectins are not completely understood.
Study suggests that Talisia esculenta lectin inhibited growth is related to the

carbohydrate recognition of fungal cell wall and other structures (Pinheiro et al.,
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2009). Studies suggest that lectins can form a barrier on the surface of the cell wall of
fungi, changing its structure and its permeability (Boleti et al., 2007; Lam et al.,
2011). Low molecular weight lectins may cross the yeast cell wall and act on the
plasma membrane, blocking the active sites of enzymes related to morphogenesis
(Boleti et al., 2007). Lectins with more than 20 kDa can have indirect effects caused
by interactions with carbohydrates exposed in the fungal cell membrane (Peumans

and Van Damme et al., 1995).

4. Conclusion

Root of P. elatior contain an antimicrobial lectin (PeRoL) as well as threalose,

the carbohydrate inhibitor of PeRoL.
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6. CONCLUSAO

A raiz de Portulaca elatior contém lectina ligante de quitina com atividade
antimicrobiana e trealose, carboidrato inibidor da lectina. A estabilidade em elevada
temperatura e ampla faixa de pH sdo importantes caracteristicas, para futuras

aplicacoes da lectina. PeRoL tem potencial de uso como agente antimicrobiano.



