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RESUMO

A Organizacdo Mundial da Satde classificou a resisténcia bacteriana aos antibidticos como
um importante problema de satde publica no século XXI, em virtude dos danos causados
tanto a saide humana e animal quanto no ambito econdmico, fazendo-se necessario o
desenvolvimento de novas estratégias, a fim de solucionar esta problematica. Visando isso,
estudos in vitro revelam que uma classe de proteinas com habilidade de reconhecerem e
interagirem com carboidratos especificos, chamadas lectinas, quando associadas a antibioticos
tém se mostrado uma alternativa eficaz para o tratamento de infec¢des causadas por
patégenos multirresistentes, visto que essa combinacdo ¢ capaz de aumentar o efeito
antibacteriano de aminoglicosideos. Nesse contexto, esse trabalho teve como objetivo avaliar
a interacdo e o efeito modulador da lectina de Dioclea violacea (DVL) e o antibidtico
gentamicina contra linhagens bacterianas multirresistentes. Inicialmente foi realizada a coleta
das sementes, preparagdo da farinha e extragdo da lectina utilizando solugdo salina de NaCl
0,15 M, seguida da purificagdo da lectina por meio de cromatografia de afinidade em gel
sephadex G-75. A lectina pura foi utilizada nos ensaios de interagao, os quais foram: inibigao
da atividade hemaglutinante e espectroscopia de fluorescéncia, a fim de medir a constante de
interacdo entre lectina e antibidtico. Nos ensaios biologicos foram utilizadas cepas
multirresistentes de Staphylococcus aureus 10, Escherichia coli 06 e Pseudomonas
aeruginosa 15, onde foi observada a concentracdo inibitéria minima (CIM) da lectina, além
disso, foi utilizada uma concentragdo sub-inibitoria da lectina no ensaio de modulagdo da
atividade antibiotica, buscando observar a capacidade da lectina de potencializar o efeito da
gentamicina contra as cepas bacterianas e, realizou-se ainda o ensaio de influéncia da DVL
no desenvolvimento do fendtipo adaptativo para a gentamicina. O perfil do cromatograma
mostrou dois picos, o primeiro (PI) correspondendo a fracdo de proteina ndo retida e o
segundo (PII) correspondendo a fragdo de proteina retida. Na eletroforese, PII mostrou trés
bandas correspondendo a cadeia a (25,5 kDa ), cadeia B (14 kDa ) e cadeia y (12 kDa ) de
DVL. A inibi¢do da atividade hemaglutinante mostrou que DVL tem afinidade a gentamicina,
glicose € manose com concentragdes inibitorias minimas de 12,5, 25 e 12,5 mM,
respectivamente. Os resultados revelaram uma diminuicdo gradual na intensidade de
fluorescéncia de DVL levando a extingdo na presenga de concentracdes crescentes de
gentamicina. A CIM obtida para DVL contra todas as cepas estudadas ndo foi clinicamente
relevante (CIM > 1024 ug/mL). No entanto, quando a DVL foi combinada com gentamicina,
foi observado um aumento significativo da atividade antibidtica, representando uma reducdo
de 80,1% e 60,3% na quantidade de gentamicina necessaria para ter o mesmo efeito em S.
aureus € E. coli respectivamente, constatou-se ap6s 10 dias de tratamento continuo que a
DVL reduziu a tolerancia de S. aureus a gentamicina. Desta forma observou-se que a
gentamicina pode interagir com DVL através do dominio de reconhecimento a carboidratos
(DRC), sugerindo que os resultados obtidos neste estudo podem estar diretamente
relacionados a interagdo DVL-gentamicina.

Palavras chaves: Antimicrobiano; Proteina; Interacao.



ABSTRACT

The World Health Organization ranked the bacterial resistance to antibiotics as an important

public health problem in the 21% century, due to the damage caused both to human and animal
health and economically, making it necessary to develop new strategies in order to solve this
problem. To this end, in vitro studies reveal that a class of proteins with the ability to
recognize and interact with specific carbohydrates, called lectins, when associated with
antibiotics have been shown an effective alternative for the treatment of infections caused by
multidrug-resistant pathogens, since this combination is able to increase the antibacterial
effect of aminoglycosides. This work aimed to evaluate the interaction and the modulating
effect of the lectin of Dioclea violacea (DVL) and the antibiotic gentamicin against
multiresistant bacterial strains. Initially, seeds were collected, flour was prepared and lectin
was extracted using 0.15 M NaCl saline solution, followed by lectin purification by means of
sephadex G-75 affinity chromatography. Pure lectin was used in the interaction tests, which
were inhibition of hemagglutinating activity and fluorescence spectroscopy in order to
measure the interaction constant between lectin and antibiotic. In biological assays,
multidrug-resistant strains of  Staphylococcus aureus 10, Escherichia coli 06 and
Pseudomonas aeruginosa 15 were used, where the minimum inhibitory concentration of
lectin capable of inhibiting bacterial growth was observed, a subinhibitory concentration of
lectin was used in the modulation test of the lectin antibiotic activity, aiming to observe the
ability of lectin to potentiate the effect of gentamicin against bacterial strains, in addition, the
DVL Influence assay on the development of the adaptive phenotype for gentamicin was
carried out. The chromatogram profile showed two peaks, the first (PI) corresponding to the
fraction of unretained protein and the second (PII) corresponding to the fraction of retained
protein. In electrophoresis, PII showed three bands corresponding to the a (25.5 kDa), (14
kDa) and y (12 kDa) DVL chains. The inhibition of hemagglutinating activity showed that
DVL has an affinity for gentamicin, glucose and mannose with minimum inhibitory
concentrations of 12.5, 25 and 12.5 mM, respectively. The results revealed a gradual decrease
in the fluorescence intensity of DVL leading to extinction in the presence of increasing
concentrations of gentamicin. The MIC obtained for DVL against all strains studied was not
clinically relevant (MIC > 1024 pg / mL). However, when DVL was combined with
gentamicin, a significant increase in antibiotic activity was observed, representing a reduction
0f 80.1% and 60.3% in the amount of gentamicin needed to have the same effect in S. aureus
and E. coli respectively, it was found after 10 days of continuous treatment that DVL reduced
the tolerance of S. aureus to gentamicin. In this way it was observed that gentamicin can
interact with DVL through the carbohydrate recognition domain (CRD), suggesting that the
results obtained in this study may be directly related to the DVL-gentamicin interaction.

Keywords: Antimicrobial; Protein; Interaction



1 INTRODUCAO

A Organizagdo mundial da Saude (OMS) estima que as infecgdes causadas por
bactérias resistentes a medicamentos, sdo responsaveis por 700 mil mortes anualmente,
principalmente relacionadas a infec¢des comuns como tuberculose e malaria. Baseado neste
indice e considerando o atual arcabougo terapéutico estima-se que no ano de 2050 ocorrerdo
10 milhdes de mortes associadas as infec¢des bacterianas multirresistentes (WHO, 2014).

Diante do surgimento de cepas de micro-organismos, tais como S. aureus e E.
coli, resistentes a diversos antibidticos, surgiram grandes desafios na escolha da terapéutica,
devido a maior parte das cepas isoladas de infec¢des hospitalares ser resistente as principais
classes de antibidticos utilizados nos tratamentos convencionais tais como, aminoglicosideos,
betalactamicos, fluoroquinolonas e glicopeptideos (MONTUFAR ANDRADE et al., 2016).
No Brasil, foi criado, o plano nacional para a prevencao e controle da resisténcia microbiana
nos servigos de saude, visando notificar os casos e buscar solu¢des para a problematica da
resisténcia bacteriana aos antibidticos (ANVISA, 2017).

A resisténcia dos microrganismos a acdo dos antimicrobianos pode ocorrer de
forma parcial ou total, por meio de diferentes mecanismos, sendo que o uso incorreto de
antibidticos aliado a pressdo seletiva, sdo fatores determinantes no surgimento e disseminacao
da resisténcia bacteriana (CARD et al., 2013).

Atualmente tem ocorrido uma constante busca por novas moléculas que possam
ser utilizadas como alternativas para aumentar a eficiéncia dos antibioticos quando
administradas em menores concentragdes. Essa pratica, visa controlar o surgimento de novas
cepas resistentes a determinados antibidticos e reduzir os efeitos nefrotdxicos ocasionados
pelo uso prolongado dessas drogas (SIEBRA et al., 2018). Entre as diversas moléculas de
origem natural com potencial em modular a acdo de antibidticos, podemos citar, os 6leos
essenciais (COUTINHO et al., 2017), secre¢des glandulares de anfibios (SALES, et al., 2017)
vitaminas (TINTINO, et al., 2018), extratos de macroalgas (CORDEIRO et al., 2018) e
proteinas de plantas (SANTOS et al., 2019).

Dentre as proteinas com ac¢do contra bactérias destacam-se as lectinas, que sdo
proteinas de origem nao-imunologica com capacidade de reconhecer glicanos na superficie
das membranas biologicas e assim modular diferentes respostas celulares (PEUMANS;VAN

DAMME, 1995). Essas proteinas sdo classicamente consideradas um grupo heterogéneo com
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propriedades bioquimicas e atividades biologicas acentuadamente diferentes, e apresentam
fungdes em processo importantes tais como infecgdes, cancer, transporte proteico e
embriogénese (GABIUS;GABIUS, 1997). Todas as atividades estdo diretamente relacionadas

com a capacidade dessas proteinas em reconhecer carboidratos de membranas celulares.

As lectinas podem mediar a identificagio de microrganismos por meio da
interagdo com carboidratos complexos em superficies de bactérias (PROCOPIO et al., 2017).
Muitos trabalhos tém relatado o papel das lectinas com atividade antibacteriana tanto contra
bactérias Gram-negativas quanto Gram-positivas, através da interagdo com peptideoglicanos,

polissacarideos e lipopolissacarideos da parede celular bacteriana (IORDACHE et al., 2015).

Estudos com lectinas na modulagdo da atividade antibidtica tém ganhado destaque
nos ultimos anos, a exemplo podemos destacar o potencial modulador de uma lectina isolada
das sementes de Vatairea macrocarpa (VML), uma espécie encontrada no cerrado
maranhense conhecida popularmente como amargoso ou angelim-do-cerrado. Nesse estudo
Santos e colaboradores (2020a), relataram a interacdo da lectina com o antibidtico
gentamicina por meio da inibigdo da atividade hemaglutinante. Além disso, foi demostrado o

efeito modulador da gentamicina contra cepas multirresistentes de S. aureus.

A lectina presente nas sementes de Parkia platycephala, que apresenta afinidade
principalmente com os carboidratos glicose e manose, também se mostrou um agente
modulador da acdo antibidtica de gentamicina contra cepas bacterianas multirresistentes

(SILVA et al., 2019).

Diante do exposto, ¢ importante destacar que a lectina de Dioclea violacea
(DVL), a qual ¢ alvo de estudo desse trabalho, € uma proteina que assim como outras lectinas
com potencial modulador da agdo antibidtica, reconhece e interage primariamente com

residuos de glicose e manose. (BEZERRA et al., 2013; NASCIMENTO et al., 2019).

Nesse cendrio o presente estudo buscou examinar a interacao e o efeito modulador
da atividade antibiotica da lectina das sementes de D. violacea e sua capacidade de inibir o
desenvolvimento do fenétipo adaptativo em cepas bacterianas. Visando contribuir com as

medidas de combate a resisténcia bacteriana aos antibioticos.
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2 REFERENCIAL TEORICO
2.1 RESISTENCIA BACTERIANA AOS ANTIBIOTICOS

A resisténcia bacteriana aos antibioticos tem sido uma problematica preocupante
no ambito clinico e da satde publica, haja vista que o desenvolvimento da resisténcia de
determinadas bactérias patogénicas estd ocorrendo num fluxo muito rapido, comparando-se
com a capacidade da industria de produzir novas drogas, o que torna, escassa a terapéutica

antimicrobiana convencionalmente aplicada (GUIMARAES; MOMESSO; PUPO, 2010).

A evolugdo da resisténcia dos microrganismos aos antimicrobianos ocorre como
uma resposta natural das bactérias a frequente exposi¢ao aos diferentes farmacos, podendo ser
definida por sua capacidade de resistir as concentragdes terapéuticas do antimicrobiano. Esta
separada em duas formas, a resisténcia intrinseca ¢ a adquirida. Entende-se por resisténcia
intrinseca quando esta ocorre de forma natural, ja a resisténcia adquirida se da através do
surgimento de mutagdes durante a fase de crescimento bacteriano e/ou aquisicdo de DNA
exogeno, por transferéncia de genes de organismos resistentes para os sensiveis, sendo por
isso considerada a forma mais preocupante de resisténcia, em vista da possibilidade do
surgimento da rapida disseminacdo dos genes entre populagdes bacterianas (TROTT;MOSS et
al.,, 2007; TAFUR; VILLEGAS, 2008; BLAIR et al., 2015; LUPO et al., 2018; SCHWARZ et
al., 2017).

Muitos sdo os fatores que contribuem para o surgimento da resisténcia bacteriana
aos antibidticos, como a utilizagdo irracional de diversos agentes antimicrobianos na
agricultura, na medicina humana e na veterinaria (LIMA et al., 2016). A maioria das bactérias
tém multiplos mecanismos de resisténcia a qualquer droga e, uma vez resistente, pode
rapidamente dar origem a um grande nimero de descendentes resistentes (GOLD;
MOELLERING, 1996).

Existem diversas formas pelas quais os microrganismos adquirem resisténcia aos
efeitos dos antimicrobianos, dentre elas podemos citar; as modificagdes no arranjo molecular
dos agentes antimicrobianos, a inativagdo da droga através da producdo de enzimas para
catalisar tal reacdo, alteragdo das proteinas ligantes a penicilina ou outros pontos-alvo nas
paredes das células, alvos modificados da DNA-girase, mutagdes de permeabilidade e

modifica¢des ribossdémicas (FILE-JUNIOR, 2000).
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Desta forma, a resisténcia antimicrobiana pode causar sérias consequéncias e
portanto, representa um risco para a saidde humana e animal, ndo devendo ser entdo
subestimada, em vista que diminui a eficacia dos agentes microbicidas, podendo tornar
procedimentos clinicos importantes como transplantes de 6rgdos, quimioterapia para o cancro,
ou até mesmo procedimentos cirurgicos comuns, invidveis de serem realizados com seguranga

(Centro Europeu de Prevengao e Controle das Doengas - ECDC, 2017).
2.2 MODULACAO DA ATIVIDADE ANTIBIOTICA

Diante da crescente importidncia dada a infecgdes bacterianas em comunidades
hospitalares e para o desenvolvimento progressivo da resisténcia antimicrobiana, diversas
pesquisas tém demostrado que a associacao multipla de drogas sintéticas esta sendo utilizada
na tentativa de combater a disseminacao de bactérias patogénicas resistentes aos antibidticos,
como acontece na combinagdo de penicilina com a gentamicina. Tal combinagdo vem sendo
utilizada também entre antibidtico e produtos naturais de origem vegetal, demostrando a
modificagdo do efeito dos antibidticos, gerando respostas sinérgicas capazes de aumentar a
atividade antibidtica ou até mesmo reverter o quadro da resisténcia bacteriana (COUTINHO

et al., 2008; GIBBONS, 2004)

A busca por novas moléculas que possam ser utilizadas como alternativas para
aumentar a eficiéncia dos antibidticos quando administradas em menores concentragdes, tem
ocorrido de forma constante, haja vista que, essa pratica, visa controlar o surgimento de novas
cepas resistentes a determinados antibidticos e reduzir os efeitos nefrotoxicos ocasionado pelo
uso prolongado dessas drogas (SIEBRA et al., 2018).

A pesquisa por produtos de origem natural com potencial modulador da atividade
antibiotica tem ganhado importincia nos ultimos anos, entre esses agentes moduladores
podemos citar, os 0leos essenciais, vitaminas e as lectinas de plantas, uma classe de proteinas
com diversas atividades biologicas (COUTINHO et al.,2017: TINTINO, et al., 2018:
SANTOS et al., 2020).

Dentro as proteinas de plantas, a classe das lectinas tém se tornado alvo de estudo
das pesquisas por potenciais agentes moduladores da atividade antibidtica, a exemplo
podemos citar a lectina das sementes de Vatairea macrocarpa (VML), uma espécie
encontrada no cerrado maranhense conhecida popularmente como amargoso ou angelim-do-

cerrado. Nesse estudo Santos et., al. (2019) demostraram que esta lectina foi capaz de
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interagir com o antibidtico gentamicina e, além disso potencializou o efeito do antibidtico
contra S. aureus multirresistente. A lectina presente nas sementes de Parkia platycephala,
também se mostrou um agente modulador da ac¢do antibidtica de gentamicina contra cepas

bacterianas multirresistentes (SILVA et al., 2019).

Desta forma faz-se necessario mais estudos utilizando outras lectinas e/ou
técnicas mais avangadas que visem aprimorar o entendimento a cerca do processo de

modulagdo da atividade antibidtica de aminoglicosideos.
2.3 ANTIBIOTICOS AMINOGLICOSIDEOS

Sobre os aminoglicosideos, a classe em que estd inserido o antibidtico
gentamicina, um dos alvos de estudo desse projeto, podemos destacar que essa classe foi
primeiramente estudada em 1994, quando Waksman e seus colaboradores isolaram a partir de
culturas de Streptomyces griseus o primeiro antibidtico aminoglicosideo, a estreptomicina,
sendo o segundo antibidtico a ser utilizado no tratamento de infeccdo por Mycobacterium
tuberculosis, apos o aparecimento da penicilina. Diante do surgimento de cepas de M.
tuberculosis resistentes a estreptomicina foram descritos novos antibidticos com melhores
caracteristicas terapéuticas (SOUSA, 2006).

Os aminoglicosideos sdo em sua maioria de origem natural, pois sdo em geral
produzidos por microrganismos, alguns sdo derivados de Streptomyces spp., a exemplo a
neomicina, tobramicina e estreptomicina, ja a gentamicina ¢ encontrada em Micromonospora
spp. Contudo esses antibidticos também podem ser sintetizados in vitro a custa de produtos
naturais como por exemplo a netilmicina, amicacina, arbecacina e isepamicina (DURANTE-
MANGONI et al., 2009).

Os aminoglicosideos sdo antibioticos de largo espectro, moderadamente ativos
contra bactérias aerobias Gram-positivo, apresentam extensa atividade sobre bactérias
aerobias Gram negativo, ndo apresentando, todavia, atividade sobre bactérias anaerdbias
estritas (SOUSA, 2006). Diante do fato de que os aminoglicosideos dependem da cadeia de
transporte de elétrons para adentrar no interior das bactérias, as bactérias anaerdbicas sdo
intrinsecamente resistentes, o que torna este o principal mecanismo de resisténcia natural a
estes antibioticos (LEGGETT, 2017).

Em geral os aminoglicosideos apresentam um peso molecular variando entre os 445

e os 600 daltons, possuem alta solubilidade em &gua, sdo estaveis na faixa de pH 6 a 8,
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destacando-se ainda a sua estrutura polar cationica (OLIVEIRA et al., 2006). Essas moléculas
apresentam em sua composi¢do um anel aminociclitol que deriva do inositol, onde este anel
estd associado através de ligagdes glicosidicas a um ou mais carboidratos aminados
(MAGNET; BLANCHARD, 2005).

Quando associados com outros antimicrobianos, os aminogliscosideos apresentam
uma caracteristica extremamente relevante, que ¢ a sua capacidade de desencadear um efeito

sinérgico na atividade bactericida (VAKULENKO; MOBASHERY, 2003).

Dentre os antibidticos aminoglicosideos encontra-se a gentamicina, um antibidtico
bactericida pertencente ao grupo aminoglicosideo usado para o tratamento de diferentes
infec¢des bacterianas, principalmente para infec¢des do trato urindrio, pneumonia, infecgdo
ossea, meningite ¢ doengas inflamatorias pélvicas. Gentamicina consiste em um numero
diferente de compostos relacionados, incluindo gentamicina C1, Cla e C2 (que possuem
80% de atividade antibacteriana) enquanto; gentamicina A, B, X (possui 20% de atividade
antibacteriana) (VYSAKH et al., 2018).

A gentamicina atua ligando-se a subunidade ribossdmica 30S, que causa erros na
ordem e no tipo de aminoacidos inseridos na cadeia polipeptidica, causando interrupgao do
alongamento da cadeia peptidica e morte bacteriana (PERIANU; RAU; VIJAN, 2019;
PRATT et al., 2018).

Os quatro principais mecanismos de resisténcia a gentamicina sdo: a modificagdo ou
destrui¢do enzimatica do antibidtico que modificam covalentemente os grupos hidroxila ou
amino da molécula de aminoglicosideo (RAMIREZ; TOLMASKI, 2010); A prevencio da
acumulagdo intracelular do antibidtico através da redugdo da permeabilidade celular ao
antibidtico ou da existéncia de bombas de efluxo dos antibidticos das células bacterianas; As
alteragdes nas moléculas alvo dos antibidticos e a producdo de moléculas alvo alternativas
que ndo sdo inibidas pelo antibidtico, enquanto se continua a produzir as moléculas alvo
originais, contornando desse modo a inibi¢do induzida pelo antibidtico (HAWKEY, 1998;
FORBES, SAHM, WEISSFELD, 2007; LOUREIRO et al., 2016).

Com a inten¢do de impedir a acdo destes mecanismos, o efeito sinérgico de
moléculas e o antibidtico gentamicina ja vém sendo descrito, como no trabalho de Alves et al.
(2019) em que o oleo essencial de Piper rivinoides Kunth (BETIS-WHITE) quando acoplado
a gentamicina, agiu sinergicamente a partir de ensaios de Concentracdo Inibitoria

Minina(CIM). Desta forma se faz necessario mais estudo a cerca dos mecanismo de
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resisténcia dos antibidticos aos aminoglicosideos em especial a gentamicina e a utilizagdo das

lectinas como agente modulador.
2.4 CARACTERISTICAS GERAIS DAS LECTINAS

Lectinas sdo consideradas uma classe de proteinas ou glicoproteinas de origem nao
imune que apresentam a capacidade de interagir de forma reversivel a carboidratos, aglutinam
células e/ou precipitam glicoconjugados (figura 1) (FAHEINA-MARTINS et al., 2012;
GOLDSTEIN et al., 1980). Devido a sua capacidade de fazer ligagcdes com oligossacarideos
de membranas celulares, as lectinas participam de uma diversidade de processos celulares

(ASSREUY et al., 2009).

Figura 1- A: interacfo entre a lectina e carboidratos da membrana dos eritrocitos. B: Ilustracio da
reversibilidade da ligacdo lectina-carboidratos.

Fonte (BEZERRA, 2009)

A histdria das lectinas teve inicio no final do século XIX, quando algumas evidéncias
demonstravam que havia no meio ambiente um grupo de proteinas que possuia a habilidade
de aglutinar eritrocitos. A principio estas proteinas ficaram conhecidas através dos termos
hemaglutininas ou fito-hemaglutininas, dado que a maioria foram encontradas em plantas

(SHARON;; LIS, 2004).

Estudos pioneiros acerca das lectinas relataram o fato de Silas Weir Mitchell em 1860,
ter observado uma atividade hemaglutinante em extrato de veneno de cobra Crotalus Durissus
(MITCHELL, 1860), além disso, Peter Hermann Stillmark demostrou que a ricina, uma

lectina extraida das sementes de mamona (Ricinus communis) caracterizada por seu alto grau
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de toxidade (STILLMARK, 1888). A partir dessas descobertas surgiram novos trabalhos com

uma diversidade de lectinas vegetais.

Em seguida constatou-se através do isolamento e caracterizagdo biologica das
sementes da Phaseolus limensis e Vicia craca que havia lectinas que ndo apresentavam
toxicidade e que tinham a habilidade e preferéncia por aglutinar eritrécitos do sistema ABO
(SHARON; LIS, 2004). Outro ponto crucial na histdria das lectinas foi a descoberta de Peter
Nowell (1960), onde o mesmo revelou que a lectina de Phaseolus vulgaris possui atividade
mitogénica atribuindo informag¢des importante na area imunologica, gerando avangos nas
pesquisas e estudos das interagdes intraespecificas das células do sistema imunologico

(BRANDO-LIMA et al., 2006).

Depois disso, surgiu uma gama de estudos com lectinas, onde estas se mostraram
capazes de ativar células do sistema imune de animais (GUPTA, 2012), interferindo em varias
vias apoptoticas, como agentes antitumorais (HAMID et al., 2013; FU et al., 2011), sendo

consideradas bons agentes biotecnologicos para as diversas areas.

2.5 LECTINAS DE PLANTAS

Ha estudos que relatam a presenca de lectinas desde organismos mais simples
como as algas (LIMA et al., 2005) e musgos (MOLINA; VINCENTE, 1995) até aos mais
complexos, a exemplo as gimnospermas (HAN et al., 2005) e angiospermas, destacando-se

como as mais estudadas em relagdo aos demais grupos (KAUR et al., 2005).

As lectinas vegetais constituem um grupo heterogéneo de proteinas por serem
diferentes entre si no que diz respeito as suas propriedades bioquimicas e fisico-quimicas,
estrutura molecular, especificidade e atividades biologicas (VAN DAMME et al.,, 1998).
Apresentam diversidade estrutural e o aspecto comum entre estas moléculas ¢ a presenga de
pelo menos um sitio de ligagdo a carboidrato em cada cadeia polipeptidica (XIMENES,
2009).

Comumente, as lectinas de leguminosas consistem de duas ou quatro subunidades
idénticas ou quase idénticas (protdmeros) de 25 a 30 kDa cada, que geralmente sdo um unico
polipeptideo formado por cadeias com cerca de 250 aminoacidos, apresentando um ou dois
N-oligossacarideos ligados. Cada protomero contém um local de combinagdo de

carboidratos, um Ca®” firmemente ligado e um ion metalico, geralmente Mn*" (AMBROSI;
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CAMERON; DAVIS, 2005).

De acordo com Van Damme et al. (1998), as lectinas extraidas a partir de vegetais sdo
classificadas considerando suas habilidades de reconhecimento e especificidade de ligacao
aos carboidratos e seus aspectos estruturais, estando organizadas em quatro grupos:
merolectinas, hololectinas, quimerolectinas e superlectinas.

As merolectinas sdo proteinas que apresentam em sua estrutura apenas um dominio
ligante de carboidrato, sendo incapazes de aglutinar eritrécitos ou precipitar glicoconjugados,
visto que, sao monovalentes; por exemplo, tem-se a Hevea brasiliensis (VAN PARIJS et al.,
1991). Ja as hololectinas sao um grupo de lectinas que possuem dois ou mais dominios que
interagem com carboidratos iguais ou similares. As quais podem ser divalentes ou
multivalentes, apresentam ainda a capacidade de aglutinar células e precipitar
glicoconjugados. Maioria das lectinas compreende esta classe, entre elas, as espécies da
subtribo Diocleinae (CAVADA et al., 2001).

As quimerolectinas sdo proteinas com um dominio ligante a carboidrato que esta
associado a outro dominio catalitico ou atividade biologica distinta atuando independente do
dominio de ligacdo de carboidratos. De acordo com o numero de dominios ligantes a
carboidratos, esta classe de lectinas pode ser considerada como merolecinas ou hololectinas,
a exemplo tém-se a ricina (PEUMANS; VAN DAMME, 1998).

Por fim, as superlectinas sdo reconhecidas como uma classe de hololectinas que
possuem, no minimo, dois dominios ligantes a carboidratos. Entretanto, estes dominios
diferentes das hololectinas, ndo sdo iguais e nem similares os fazendo capazes de reconhecer
carboidratos diferentes em sua estrutura. Lectina do bulbo de tulipa ¢ uma superlectina que
apresentam dois dominios de liga¢do a carboidrato, a manose e N-acetil-galactosamina (VAN
DAMME et al., 1996).

Analises de genoma/transcriptoma de plantas forneceram evidéncias para a ocorréncia
de muitas proteinas contendo um ou mais dominios de lectina incorporados em uma
arquitetura de multiplos dominios mais ou menos complexa (VAN DAMME et al., 2008).
Devido a esta complexidade e heterogeneidade entre todas as proteinas de ligagdo a
carboidratos, ¢ preferivel considerar a classe de lectinas vegetais em termos dos dominios de
ligacdo a carboidratos presentes nessas proteinas (VANDENBORRE; SMAGGHE; VAN
DAMME, 2011).
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2.6 ASPECTOS GERAIS DA ESPECIE Dioclea violacea

A espécie D. violacea da qual foi extraida a lectina em estudo, pertence a subtribo
diocleinae, esta subtribo ocorre em grande escala na América Latina, sendo diferenciada das
demais subtribos pela presen¢a de caracteristicas primitivas, tais como habito lenhoso ou
grosso, flores grandes e a presenca do aminoacido ndo-proteinogénico canavanina (acido L-2-
amino-4-guanidinooxibutandico) que ¢ encontrado em muitas leguminosas. A referida
subtribo é composta por 13 géneros (Dioclea, Canavalia, Cymbosema, Cleobulia,
Macropychanthus, Luzonia, Cratylia, Collaea, Galactia, Calopogonium, Herpyzia,
Pachyrhizus e Camptosema), dentre estes, cinco possuem lectinas purificadas de suas
sementes, os quais sdo: Canavalia, Cymbosema, Galactia, Cratylia, Camptosema e Dioclea
(CAVADA et al., 2001; VARELA et al., 2004).

A espécie D. violacea (figura 2) é conhecida popularmente como cipd-de imbiri,
mucund, mucuna-assu, pé-de mico e olho-de-boi. A planta é uma trepadeira lenhosa, possui
folhas compostas, inflorescéncia no formato de espiga, os frutos sdo vagens grandes e
lenhosas cobertas de pelos dourado-castanho, contendo sementes grandes, duras e de cor

castanho-marrom de formato achatado globosa (LORENZI, 1999).

Figura 2: Ilustracdo da espécie D. violacea. Fonte: The Shirley Sherwood Collection.
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2.7 ASPECTOS GERAIS DA LECTINA DE Dioclea violacea

A grande maioria das lectinas de Diocleinae possuem afinidade primadria a glicose e
manose, mas apesar dessa caracteristica compartilhada e da proximidade filogenética, essas
proteinas podem apresentar atividades bioldgicas distintas (CAVADA et al., 2001).

Entre estas lectinas da familia Leguminosae, podemos destacar a lectina em estudo,
obtida das sementes de D. violacea (DVL). Esta lectina apresenta estrutura tetramérica (figura
3), independente do pH, que inclui um sitio de ligagdo com metais, interagindo com o calcio e
o manganés (BEZERRA et al., 2013). Do mesmo modo que outras lectinas da subtribo
Diocleinae, a DVL apresenta especificidade por residuos D-glicose ou D-manose

(MONTEIRO-TINEL et al., 2014).

Figura 3: Estrutura tetramérica da Dvl com a presenca de Ca*" ¢ Mn®*. O ligante X-man foi
utilizado como estabilizador de dobras flexiveis no dominio de reconhecimento de
carboidratos (BEZERRA et al., 2013).

A lectina DVL apresenta diversos trabalhos mostrando suas aplica¢des biologicas,

onde algumas estdo descritas na tabela a seguir (tabela 1):

Tabela 1 — Atividades bioldgicas da lectina DVL

Atividades biologicas Autores
Cicatrizante (SHIRATO 20006)
Anti-inflamatoria (ASSEURY 1997) (PAIM 2006)
Vasorelaxante (BEZERRA et al., 2013)
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Antinocicepitiva (LEITE 2009)

Anti-glioma (NASCIMENTO et al., 2018)

Tendo em vista que todas as atividades supracitadas ocorrem devido a capacidade das
lectinas de reconhecer e interagir com carboidratos especificos, se faz necessario estudar a

lectina DVL, como um agente modulador da atividade antibiotica de aminoglicosideos.
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3 OBJETIVOS

3.1 GERAL
Analisar a interacdo e a capacidade da lectina das sementes de Dioclea violacea

(DVL) em modular a atividade antibidtica da gentamicina em linhagens de bactérias

multirresistentes.

3.2 ESPECIFICOS

e Investigar a interacdo da DVL com antibidtico gentamicina
e Avaliar a atividade antimicrobiana da DVL

e Avaliar o efeito modulador da DVL no antibidtico gentamicina

e Analisar o efeito da DVL na inibigdo da tolerancia a gentamicina.
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4 MATERIAL E METODOS
4.1 COLETA DAS SEMENTES, EXTRACAO E PURIFICACAO DA LECTINA

As sementes de D. violacea foram coletadas na comunidade quilombola Piqui da
Rampa, no municipio de Vargem Grande/MA. Apos a coleta, as sementes foram descascadas
e submetidas a trituragcdo até se obter um pd fino na forma de farinha, apropriada para o
processo de extracdo proteica. Previamente, a farinha foi submetida a extragdo proteica na
propor¢ao de 1:10 (m/v) em solu¢do salina de NaCl 0,15 M em agitagdo constante por 4
horas. Em seguida, o extrato foi centrifugado uma tnica vez a uma velocidade de 1.500 rpm
durante 5 minutos. Posteriormente o sobrenadante foi separado da fracdo precipitada, para a
obtencdo de uma fragdo denominada de extrato bruto. O extrato bruto foi aplicado a coluna
sephadex G-75 equilibrada com a solu¢do de extracdo. A fragdo ndo retida foi retirada com a
mesma solugdo de equilibrio e a fragdo retida foi eluida com gliocose 0,2 M. A fracao retida,
referente a lectina, foi dialisada contra agua destilada e liofilizada, sendo o material liofilizado

utilizado para os ensaios de interag@o e ensaios de atividade microbiologica.

4.2 ENSAIO DE INIBICAO DA ATIVIDADE HEMAGLUTINANTE

A interacdo entre a lectina de D. violacea (DVL) e o antibidtico gentamicina foi
determinada pelo ensaio de inibicdo da atividade hemaglutinante, onde o teste de inibi¢cao foi
realizado utilizando uma solucdo de gentamicina na concentragdo de 0,1 M seguindo a

adaptag@o do protocolo descrito por Ramos e colaboradores (1996).

Em placas de micro titulagdo, foram adicionados em todos os pocos 50 pL de
Tris-HC1 0,1 M pH 7,6, posteriormente 50 pL da solugdo de gentamicina no primeiro pogo,
diluindo 3 vezes em cada pogo e passando para o seguinte até o ultimo poco, que ficou com
volume final de 100 pL, em seguida, foi adicionado 50 uL. da DVL com titulo de 4 unidades
hemaglutinante em cada pogo. Apds 1 hora, foram adicionados 50 pL de eritrocitos de coelho
a 3% em cada pogo. O resultado da inibi¢do da atividade hemaglutinante foi definido como a
menor concentragdo (ug/mL) do antibidtico necessaria para inibir a atividade hemaglutinante
(CIM), o qual foi observado 2 (duas) horas apos a adi¢@o dos eritrocitos. Todo o experimento

foi realizado em triplicata.
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4.3 ESPECTROSCOPIA DE FLUORESCENCIA

As medicdes de espectroscopia de fluorescéncia intrinseca para DVL foram realizadas
em um Espectrofotometro de Fluorescéncia Varian-Cary Eclipse de estado estacionario
equipado com um sistema de controle de temperatura. Os residuos aromaticos de DVL foram
excitados a 289 nm. Os espectros de emissdao de fluorescéncia (em média seis vezes) de DVL
na auséncia e presengca de gentamicina foram registrados em uma cubeta de quartzo de
comprimento de caminho de 1 cm de 300 a 450 nm a 293 K. A concentragdo de DVL foi de 1
uM em 50 mM Tris-HCI ajustado a pH 7,4 contendo NaCl 150 mM. As concentragdes finais
de gentamicina na solugdo DVL foram 0,0, 0,4, 0,8, 1,2, 1,6, 2,0, 2,4, 2,8, 3,2, 3,6, 4,0, 4,8,
5,6, 6,4, 72,79, 8,7 ¢ 9,5 uM. Para corrigir No efeito de filtro interno , a seguinte equagao

Azg9tAe

foiusada F,,, = F,,s10 2z (LAKOWICZ., 2006), onde F, and Fops s30 a intensidade de

fluorescéncia corrigida e a intensidade de fluorescéncia observada no comprimento de onda
de emissao, respectivamente. Aygo € A, sdo a soma da absorbancia de todos os componentes a
289 nm e o comprimento de onda de emissdo, respectivamente. Todas as experiéncias foram

feitas em triplicata. Os dados de fluorescéncia foram analisados pela conhecida relagdo Stern-
Volmer% = 1+ K,,[gentamicin](LAKOWICZ., 2006), onde F, e F sdo as intensidades de

fluorescéncia na auséncia e presenca de gentamicina, respectivamente, [gentamicina] ¢ a
concentragdo de gentamicina, e K, ¢ a constante de extin¢do de Stern- Volmer . A constante

de ligacdo ( Ky ) e o nimero de locais de ligag@o (n) foram determinados utilizando a seguinte

relagio log (F(’;F

)=log(Kb)+nlog[gentamicin] (LAKOWICZ., 2006). A Gibbs

variagio de energia livre (AG) foi calculada usando a equagio de Van't Hoff AG° =

—RTIn(K,): ,onde T é a temperatura absoluta, e R =8,314 J / mol.K .

4.4 REAGENTES, DROGAS E CEPAS BACTERIANAS.

O antibiotico gentamicina ¢ a DVL foram dissolvidos em 4dgua estéril a uma

concentragao final de 1024 pg/mL.

Foram utilizadas nos ensaios as cepas multirresistentes de Staphylococcus aureus

10, Escherichia coli 06 e Pseudomonas aeruginosa 15 (Tabela 2).

As cepas foram fornecidas pelo Laboratorio de Microbiologia e Biologia Molecular -

LMBM da Universidade Regional do Cariri — URCA. Estas foram mantidas em agar base de
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sangue (Laboratory Difco Ltda) e cultivados a 37 © C em 4gar Heart Infusion (HIA,
Difco.Laboratorises Ltda.).

Tabela 2 - Fonte bacteriana e perfil de resisténcia a antibidticos.

Cepas Fonte Perfil de Resistencia*

E. coli 06 Cultura de urina  Cf, Cef, Ca, Cro.

Ca, Cef, Cf, Oxa, Pen, Amp, Amox, Mox,

S. aureus 10 Cotonete retal Cip, Lev, Asb, Amc, Cla, Azi, Clin.

P. aeruginosa 15 Ponta de cateter Cpm, Ctz, Imi, Cip, Ptz, Lev, Mer

* Amp-Ampicilina; Asb-Ampicilina + Sulbactam; Amox-Amoxicilina; Amc-Amoxicilina +
Ac. clavulanico; Azi-Azitromicina; Ca-cefadroxil; Cf-cefalotina; Cef-Cefalexina; Cla-
Claritromicina; Cro-Ceftriaxona; Cip-Ciprofloxacina; Clin-Clindamicina; Imi - imipenem,;
Lev-levofloxacina; Mer Meropenem; Mox-Moxifloxacina; Oxa-oxacilina, Pen-Penicilina; Ptz

- Piperacilina + Tazobacta.

4.5 PREPARACAO E PADRONIZACAO DO INOCULO

Apo6s o cultivo e crescimento dos microrganismos no periodo requerido, os
indculos foram preparados de acordo com o CLSI (Clinical and Laboratory Standards
Institute, 2008). As bactérias foram colocadas em tubos de ensaio contendo 5 mL de soro
fisiologico estéril (NaCl a 0,9%), entdo esta suspensdo foi agitada com auxilio de um aparelho
de vortex e sua turbidez foi comparada e ajustada com base na escala de McFarland, que

corresponde a 10° CFU/mL.

4.6 TESTE DE CONCENTRACAO INIBITORIA MINIMA

Para os ensaios de Concentracdo Inibitéria Minima (CIM), foram utilizados
eppendorfs para a preparagdo contendo 100 pL do indculo e 900 pL do meio de cultura
liquido BHI em concentragdo de 10%, posteriormente foram utilizadas placas de
microtitulacao de 96 pocos que foram preenchidas no sentido numérico pela adi¢ao de 100 pL

desta solucdo em cada poco, seguido da realizagdo de dilui¢do em série com 100 pL da
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solugdo de lectina variando as concentragdoes de 1024 pg/mL a 1,0 ug/mL. As placas foram
transferidas para a incubadora durante 24 horas a 37 °C. Para a leitura da CIM bacteriana foi
adicionado a cada pogo 20 pL. de um indicador de crescimento bacteriano (resazurina), apos
uma hora a mudanga de cor dos pogos foi observada, onde a modificacdo da coloragdo azul
para vermelha corresponde ao crescimento microbiano e a permanéncia em azul corresponde

a auséncia de crescimento, conforme estabelecido pelo CLSI (2008).

4.7 EFEITO MODULADOR DA ATIVIDADE ANTIBIOTICA

A avalia¢do das lectinas como agentes moduladores da atividade da gentamicina foi
realizada segundo Coutinho e colaboradores (2017). Os testes foram realizados em triplicata.
Para cada eppendorf, foram utilizados 1162 pL de BHI a 10%, com 150 pL do in6culo de
cada cepa multirresistente e a solugdo contendo a lectina testada com volume correspondente
a uma concentragdo subinibitoria (CIM/8). Os controles foram preparados utilizando 1350 uL
de BHI (10%) e 150 pL de suspensdo bacteriana. As placas foram preenchidas em ordem
numérica e cada pogo recebeu 100 puL de solugdo. Em seguida foi realizada a diluicdo em
série com 100 pL da solugdo da gentamicina variando as concentracdes de 1024 pg/mL a 1,0
png/mL. As placas foram transferidas para a incubadora durante 24 horas a 37 °C. Para a

leitura da CIM bacteriana, foi adicionado a cada poc¢o 20 pL de resazurina.

4.8 PERFIL DA TOLERANCIA BACTERIANA A GENTAMICINA

Para a avaliacdo da influéncia da DVL no perfil da tolerdncia a gentamicina foram
utilizadas cepas de S. aureus ATCC 6538 fornecidas pela cole¢do microbiologica da

Universidade Ceuma (Sao Luis, Brasil).

Foram realizadas sucessivas culturas de S. aureus na presenca de concentragdo sub-
inibitoria (CIM/2) de gentamicina e DVL (CIM/8). Primeiramente, uma suspensdo de S.
aureus foi diluida (1:50) em caldo BHI contendo os compostos testados. Apos 48 h, a CIM
para gentamicina foi determinada. Depois disso, as bactérias foram cultivadas em caldo BHI
contendo os compostos testados por 24 h, apds cada ciclo de 24 horas a CIM de gentamicina
foi determinada. Este procedimento foi repetido por 10 dias. A concentracdo da droga (CIM)

para cada nova passagem foi baseada na CIM calculada para a passagem anterior.
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4.9 ANALISES ESTATISTICAS

A andlise dos dados foi realizada utilizando o programa estatistico Graph Pad
Prism 5.0. Os dados foram analisados através de um teste ANOVA de duas vias, utilizando
como dados centrais a média geométrica das triplicatas + erro padrio da média.
Posteriormente, foi realizado um teste post hoc de Tukey, sendo os valores considerados

significativos quando p< 0,05.
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5 RESULTADOS E DISCUSSAO

Os resultados do presente trabalho estdo publicados no artigo intitulado “Dioclea
violacea lectin modulates the gentamicin activity against multi-resistant strains and induces
nefroprotection during antibiotic exposure”. Este artigo foi publicado na revista International

Journal of Biological Macromolecules, Qualis A2 em medicina I, fator de impacto 5.162.

5.1 PURIFICACAO DA LECTINA E ENSAIOS DE INTERACAO DVL-GENTAMICINA

A purificagdo de DVL foi feita por cromatografia de afinidade em coluna sephadex-
G75 (Tabela 3) como previamente descrito por Moreira et al. (1996). O perfil do
cromatograma mostrou dois picos, o primeiro (PI) correspondendo a fragdo de proteina ndo
retida e o segundo (PII) correspondendo a fracdo de proteina retida (Fig. 4A). Na eletroforese
em gel sob condigdes desnaturantes (SDS-PAGE), PII mostrou trés bandas (Fig. 4B)
correspondendo a cadeia a (25,5 kDa ), cadeia B (14 kDa ) e cadeia y (12 kDa ) de DVL.

Tabela 3. Purificagdo de DVL (a partir de 10 g de farinha de semente).

Fracoes Proteina Atividade Atividade Purificaciao
(mg mL™)? hemaglutinante especifica fold
(U.H mL™")" (U.H mg'P) (x)
Extrato bruto 2.45 2,048 835.9 1
Sephadex-G75 0.08 512 6,400 7.65

* Concentragdo de proteina
® Atividade hemaglutinante expressa em unidades hemaglutinantes
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Figura 4. Purificagdo da DVL. (A) Perfil de eluicdo da DVL em cromatografia Sephadex G-75. (B) Perfil SDS-
PAGE, (MW) Marcadores de massa molecular: fosforilase B, 97 kDa;albumina de soro bovino, 66
kDa; desidrogenase glutdmica, 55 kDa; ovalbumina, 45 kDa; gliceraldeido-3-fosfato desidrogenase, 36
kDa; anidrase carbonica, 29 kDa; tripsinogénio, 24 kDa; inibidor de tripsina, 20 kDa e a-lactalbumina 14,2
kDa. (DVL) cadeia a, cadeia B e cadeia y de DVL

A inibicdo da atividade hemaglutinante mostrou que DVL tem afinidade a
gentamicina, glicose e manose com concentragdes inibitorias minimas de 12,5, 25 ¢ 12,5 mM,
respectivamente, enquanto nenhuma afinidade significativa foi observada para os outros
carboidratos testados (Tabela 4). O ensaio de hemaglutinagdo ¢ um método simples para obter
dados semiquantitativos sobre a ligacdo ao carboidrato e a especificidade de uma lectina
(ADAMOVA et al., 2014), A interagdo lectina-gentamicina foi descrita pela primeira vez por
Santos et al. (2020), que demonstraram a inibicdo da atividade hemaglutinante da lectina de
Vatairea macrocarpa (VML) na presenca de gentamicina com CIM de 50 mM. Embora
ambas as lectinas tenham afinidade pela gentamicina, foi observado que DVL tem uma

afinidade maior para o antibidtico em relagdo a VML.
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Tabela 4. Efeito inibitorio de monossacarideos e gentamicina na atividade hemaglutinante de DVL.

Substancias CIM (mM)*
Gentamicina 12.5
D-Manose 12.5
a-metil-D-mannopiranosidio 6.25
D-Glicose 25
D-Galactose NI®
B-Lactose NI

*MIC, concentragio inibitoria minima;

°NI, substancia ndo inibidora até uma concentracio de 100 mM.

Para confirmar os resultados de interagdo observados no ensaio de inibi¢ao (Tabela 4),
a interacdo entre gentamicina ¢ DVL também foi analisada usando espectroscopia de
fluorescéncia intrinseca com excitagdo a 289 nm. A absorbancia da gentamicina foi
praticamente zero, mesmo na concentracdo mais alta medida (inser¢do da Fig. 5A), e a
intensidade de emissdo de fluorescéncia foi desprezivel (Fig. 5A). O espectro de emissdo de
DVL em 293 K e pH 7,4 foi caracterizado por uma intensidade maxima em 336 nm , que ¢
tipico de residuos aromaticos parcialmente expostos ao ambiente tampao (Fig. 5A). Os
espectros de emissdo de fluorescéncia de DVL com a adi¢do de gentamicina foram medidos.
Os resultados revelaram uma diminui¢do gradual na intensidade de fluorescéncia de DVL
levando a extin¢do na presenca de concentragdes crescentes de gentamicina (Figura 5A).

Os dados de fluorescéncia foram entdo analisados pela conhecida relagdo Stern-
Volmer (LAKOWICZ., 2006). O grafico de Stern-Volmer (Fig. 5B) mostrou uma boa relagao
linear (r* de 0,986), indicando a predominincia de um tnico mecanismo de extingdo induzido
por gentamicina com Ky, = 1 x 10 M. A fim de obter informagdes sobre a ligagio da
gentamicina com DVL, a constante de liga¢dao (Kyp) e o niimero de sitios de ligagdo (n) foram

determinados assumindo que DVL tem sitios de ligacdo independentes (LAKOWICZ., 2006).
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De acordo com o grafico (Fig. 5C), n e Ky sio estimados em 0.55 + 0.04 x 10* M,
respectivamente. Os resultados revelaram que » foi aproximadamente igual a 1, sugerindo um
sitio de ligagcdo a gentamicina para cada mondmero da DVL, que corresponde ao numero de
DRCs por mondémero em DVL (BEZERRA et al., 2013), corroborando com os resultados
obtidos na inibi¢do da atividade hemaglutinante descrita acima. Além disso, o valor
determinado para K, foi semelhante ao valor relatado para a interagdo entre DVL e metil a-D-
mannopiranosideo (MeoMan) com Ky, of 1.27 x 10° M (CAVADA et al., 1998). Além disso,
a variagio calculada da energia livre de Gibbs (AG") foi — 21.0 kJ/mol. O valor negativo (AG®
< 0) indica que a interagdo da gentamicina com DVL ¢ espontanea, ¢ ¢ muito provavel que as
interagcdes de van der Waals e as ligagcdes de hidrogénio desempenhem papéis importantes

nessa interagao.
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Figura 5. Espectroscopia de fluorescéncia intrinseca de DVL na auséncia e presenga de gentamicina . A) As
concentragdes de gentamicina foram 0,0, 0,4, 0,8, 1,2, 1,6, 2,0, 2,4, 2,8, 3,2, 3,6, 4,0, 4,8, 5,6, 6,4, 7,2, 7,9, 8,7 ¢
9,5 uM. Insercdo : espectro de absorbincia para DVL e gentamicina . B) Stern-Volmer plot. C) Double
logarithmic plot of log[(F,-F)] versus log [ ( M 0 - F )] em fung@o de log [ gentamicina ] derivada a partir da
fluorescéncia de témpera de DVL (1 uM) induzida por gentamicina .
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5.2 ATIVIDADE ANTIBACTERIANA E MODULACAO ATIVIDADE ANTIBIOTICA
POR DVL

A atividade antibacteriana de DVL foi realizada contra cepas multirresistentes de S.
aureus , E. coli e P. aeruginosa e avaliada por CIM. DVL ndo mostrou atividade
antimicrobiana contra as bactérias testadas (CIM> 1.024 pg/mL) (Tabela 5). Esses valores
ndo sdo considerados clinicamente relevantes para seu efeito antibacteriano direto. Valores de
CIM maiores que 1.000 pg/mL sdo considerados sem atividade antibacteriana direta para a

pratica clinica (HOLETZ et al., 2002).

.....

Substancia Cepas bacterianas
E. coli 06 P. aeruginosa 15 S. aureus 10
DVL > 1,024 > 1,024 > 1,024

Embora DVL ndo iniba o crescimento bacteriano, avaliamos se a interagao entre DVL
e gentamicina poderia modificar o efeito do antibidtico contra cepas multirresistentes (Fig. 6).
Nossos resultados mostraram que DVL pode aumentar a atividade da gentamicina contra S.
aureus, diminuindo a CIM de 50,8 para 10,1 pg/mL (Fig. 6A). Proporcionalmente, esse valor
corresponde a uma redugdo de 80,1% na quantidade de gentamicina necessdria para ter o
mesmo efeito na cepa em estudo. Na presenca de DVL, a atividade da gentamicina diminuiu a
CIM de 32 para 12,7 pg/mL para E. coli (Fig. 6B). Esse valor corresponde a uma redugio de
60,3% na quantidade de gentamicina necessaria para ter o mesmo efeito em E. coli . Por outro
lado, DVL nao apresentou efeito significativo na modulagdo da atividade da gentamicina

contra a cepa P. aeruginosa (Fig. 6C).
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Figura 6. Modulagéo da atividade antibidtica da gentamicina complexada com DVL. A) Modulagio da atividade
antibidtica contra S. aureus 10. B) Modula¢do da atividade antibidtica contra E. coli 06. C) Modulagdo da
atividade antibidtica contra P. aeruginosa 15. Asteriscos quadruplos indicam diferenca estatisticamente
significativa com p <0,0001; ns, valor ndo estatisticamente significativo com p> 0,05.

Alguns estudos tém mostrado que as lectinas podem interagir com glicanos presentes
em bactérias Gram-positivas e Gram-negativas (HENDRICKSON et al., 2019) e, por
mecanismos ainda nao elucidados, podem alterar a estrutura das membranas bacterianas
(BARBOSA et al., 2010). Embora DVL ndo tenha inibido o crescimento microbiano, sua
associacdo com gentamicina aumentou a atividade antibidtica contra cepas multirresistentes
de S. aureus e E. coli. Assim, € provavel que DVL possa aumentar a atividade antibidtica de
gentamicina pelo mecanismo de interagdo com gentamicina no DRC, permitindo a
distribui¢do da droga para as células alvo através de reconhecimento de hidretos de carbono
da membrana, o que leva a liberagdo de gentamicina, e facilitando, assim, a entrada do
antibiotico no citoplasma bacteriano. No entanto, sdo necessarios estudos mais detalhados

para comprovar esse mecanismo de agao.

5.3 PERFIL DA TOLERANCIA BACTERIANA A GENTAMICINA

A exposicdo a longo prazo de uma populagdo bacteriana ao tratamento com
antibioticos estd associada ao desenvolvimento de fendtipos que permitem sua sobrevivéncia
sob estresse induzido por drogas (ZINNER et al., 2014). Este fendmeno resulta no surgimento

de resisténcia aos medicamentos devido a mutagdes em diferentes genes (LEVIN-REISMAN
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et al., 2017). Nesse sentido, examinamos se DVL poderia inibir a aquisi¢do do fenotipo
adaptativo por S. aureus durante a exposi¢do continua a gentamicina. Neste ensaio, as
bactérias foram tratadas com concentragdo Sub-CIM de gentamicina na presenga ou auséncia

de DVL. A CIM inicial para gentamicina foi de 4 pg/mL.

Observou-se que S. aureus aumentou rapida e gradualmente a CIM para este
medicamento e, apos quatro dias de exposi¢ao, a CIM aumentou 16 vezes. No final do ensaio,
as bactérias tratadas com gentamicina apresentaram um valor de CIM de 512 pg/mL para esta
droga (CIM aumentou 128 vezes) (Fig. 7). Este efeito foi radicalmente alterado pela
coincubagdo de S. aureus com DVL e gentamicina. Nesse grupo, o valor da CIM aumentou
apenas ap6s dois dias de exposicao e, ao final do periodo experimental (dez dias), a bactéria
apresentou CIM de 16 pg/mL (aumento de 4 vezes). Esses resultados sugerem que a co-
administracdo de DVL com gentamicina pode ser uma estratégia valiosa no combate ao
desenvolvimento de novas cepas resistentes. Isso também leva a mesma hipotese de que o
mecanismo de agdo esta relacionado a interacdo com DVL, que melhora o efeito da droga e

reduz a capacidade do S. aureus de adquirir tolerancia a droga.

-~ Gentamicina
-2 Gentamicina + DVL

CIM da Gentamicina (ug/mL)

0o 1 2 3 4 5 6 7 8 9 10
Dias

Figura 7. Efeito de DVL na aquisigdo da tolerancia a gentamicina por Staphylococcus aureus.
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6 CONCLUSOES

O presente estudo demostrou através de ensaios de inibicdo da atividade
hemaglutinante e espectroscopia de fluorescéncia que a gentamicina pode interagir com
DVL através do dominio de reconhecimento a carboidratos (DRC). Foi comprovado que no
modelo experimental proposto a DVL por si s6, ndo apresenta atividade antibacteriana
clinicamente relevante, entretanto quando associada com a gentamicina foi capaz de aumentar
o efeito do antibidtico contra linhagens multirresistentes de S. aureus e E. coli. Mostrou-se
ainda eficaz no combate ao desenvolvimento de novas cepas multirresistentes, tendo em vista
que a mesma reduziu o perfil de tolerancia de S. aureus frente a gentamicina, sugerindo que
os resultados obtidos neste estudo podem estar diretamente relacionados a interagdo DVL-

gentamicina.

Este trabalho abre perspectivas para utilizacao desta e de outras lectinas vegetais como

ferramentas biotecnologicas necessarias ao estudo da resisténcia bacteriana aos antibioticos.
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ARTICLE INFO ABSTRACT

Article history: Gentamicn is an aminoglycoside antibiotic used to treat infections of vadous origins. In the last few
Recelved 1 july 2012 decades, the constant use of gentamicin has resulted in increased bacterial resistance and nephrotoxicity
:;‘;"Ed in revised form 19 September in some cases. In this study, we examined the ability of Dioclea vidlacea lectin {DVL) in modulate the

antimicmobial activity of gentamicin and reduce the nephrotoxicity induced by this drug. The minimum
inhibitory concentration (MIC) obtained for DVL against all strains smdied was not dinically relevant
{MIC = 1024 peiml). However, when DVL was combined with gentamicin, a significantincrease in antibi-
otic action was observed against Staphylococcws aurens and Eschenchia coli. DVL also reduced antibiotic

Accepted 20 September 20019
Ao ailalle online 11 Rovember 2005

Keywords:

Nlmw;‘um& tolerance in 5. gurens during 10 days of continuous treatment. In addition, DVL presented a nephropro-
Lectin tective effect, reducing sodium excretion, N-Gal expression and urinary protein, that are important mark-
Neaplur protection ersof glomerular and tubular injuries. Taken together, studies of inhibition of hemagglutinating activity,

fluorescence spectroscopy and molecular docking revealed that gentamicin can interact with DVL vig the
carbohydrate recognition domain (CRD), suggesting that the results obtained in this study may be
directly related to the interaction of DVL-gentamicin and with the ahility of the lectin to interact with
glycans present in the cells of the peritoneum
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Abstract

The use of natural products together with standard antimicrobial dmugs has recently récerved more attention as a strategy to
combal mfectious diseases cansed by multidrug-resistant (MDE) microorgimisms. This study amimed to evaluate the capacity of a
galactose-bindmg lectn from Vatgirea macrocarpa seeds (VML) to modulate antibiotic activity agamst standard and MDR
Staphvococcus aurens and Excherichia coli bacterial struins. The minimum inhibitory concentration (MIC) obtained for VML
against all strains was not clinically relevant (MIC 2= 1024 pg/mL). However, when VML was combined with the antihacterial
drugs gentamicin, norfloxacm and pemicillin a significant increase in antihiotic activity was observed against 5 aurews. whereas
the combination of VML and norfloxacin presented decreased and, hence, antagonistic antihiotic activity against £, coli. By its
inhibition of hemagelinarng activity, gentamicin (MIC = 50 mM) revealed its interaction with the carbohydrate-binding site
(CBS) of VML. Using molecular docking, it was found that gentamicin interacts with residues that constitute the CBS of VML
with a score of — 120,79 MDS. It 15 this mteraction between the antibiotic and the lectin’s CBS that may be responsible for the
enhanced activity of gentarmicin in 5. aurews. Thus, our results suggest that the VML can be an effective modulating agent agamst
8. aureus. This is the first study to report the effect of lectin as modulators of bactenal sensitivity, and as such. the outcome of this
study could lay the groundwork for future research involving the wse of lecting and conventional antibiotics agamst such
infectious disenses such as community-scquired methicillin-resistant 5. aurewy (MBESA).
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Soructure-function study of plant lecting hag received astention for elucidating possible mechanizms of lecting in
cell models. Lecting hawe the ability to interact with target glycans and trigger responses able o inhibic the
development of various pathogens. In this work, we report amino acid sequencing, prediction of the three
dimengional structure of P pendula lactin (Ppel) and the effect of this lactin on inhibiting the development of
Leishmaric infontum promastigote. Ppel. was purified on affinity chromatography and has haemagglutinating
activity after expogure to temperatures up to 50 °C and at a pH corresponding to the range of 5.0 and 7.0. Ppel.
conzictz of 447 amino acids; the theorstical average molecular macs waz 47,410 Da. The three-dimenzional
model of Ppeli revealsd that it consist of three f-priam domains tandemly arranged with each one presenting
a different carbohypdrate recognition domain (CRD). Ppel inhibited growth of L infanmum promastigotes (45.6 4
1.92 %) within 45 h, an effect that occorred vig the CRD, suggesting an interaction batwesn Ppel and glycans
from L. infanmum. Our results confirm the leishmanicidal potential of Ppel,, suggesting that this lectin may be a
Mwmtegyfurﬂuﬂ:vdnpmmtnf:nﬁ]ﬂahmani_ﬂ ﬂ.rug:
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ABSTRACT
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Inflammatory response occurs when tissues are injured by pathogens, trauma, toxins, or heat. Lectins are pro-
teing that recognize and bind reversibly to glycans and glyeoconjugates and can modulate inflammatory re-
sponses in dn vitro and dn vive models. As such, this study aimed to evaluate the potential of an anti-inflammatory
lectin isolated from Machasrium acumfolivm seeds (Mal) in mice and LPS-stimulated macrophage models. The
protein was solubilized in sterile saline (0.9 % NaCl) immediately before treatment of mice by intraperitoneal
routes at doses of 0.02 mg/kg, 1 mg/kg and 5 mg/kg. Mal significantly decreased inflammation in the formalin
test, inhibited cell migration in experimental models of carrageenan-induced peritonitis, and blocked the fior-
mation of paw edema induced by carrageenan and dextran. In vitro studies showed that Mal downregulated the
proinflammatary cytokine genes indueible nitrie oxide symthase (INOS) and tumor necrosis factor-o (TNF-o), but
upregulated the anti-inflammatory [L-10 gene in LPS-stimulated macrophages. Therefore, this study suggests
that Mal. has an anti-inflammatory effect relative to modulated levels of pro- and anti-inflammatory cytokines,
indicating that MaL can be used as a potential therapeutic agent in cellular inflammatory events.
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ARTICLEINFO ABSTRACT

Feywords: A mew mannose,M-acetyl-oglucosamine-specific lecting named Mal, was purified from seeds of Mochaerum
Lectin aouifdium by precipitation with ammonium sulfate, followed by affinity and ion-exchange chromatography.
Furification Mal. haemagglutinates either native mbbit erythrocytes or those treated with proteolytic enzymes. MaL is highly
z’bﬂﬁ"l‘_ stable by the ability to maintain its haemagg ntinating activity after exposure to temperatures up to 50 °C. The
2’::;2_‘:“ lectin haemagglutinating activity was optimum between pH 6.0 and 7.0 and inhibited after incubation with -

mamnose and N-acetylo-glucosamine and a-methyl-o-mannopyrancside. Mal is a glycoprotein with relative
molecular mass of 29 kDa (a-chain), 13 kDa (B-chain) and 8 kDa (y-chain) with secondary struciure composed of
% o-helix, 4% [-sheet, 21% f-turn, and 32% coil. The orofacial antinociceptive activity of the lectin was also
evaluated. MaL (0.03 mg mL ~*) reduced orofacisl nociception induced by capsaicin, an effect that oceurred via
carbohydrate ecognition domain interaction, suggesting an interaction of Mal with the transient receptor po-
tential cation channel subfamily V member 1 (TRPVL) receptor. Our results confirm the potential phamaco-
logical relevance of Mal. az an inhibitor of acute orofacial mediated by TRFV1.
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ARTICLEINFO ABSTRACT

: Lecting have been studied in the past few years as an alternative to inhibit the development of pathogenic
Antmicrobiz] bacteria and gastrointestingl nematodes of small ruminants. The development of new antibacterial and an-

Aﬁ;ﬁ‘eh'fj’ftt thelmintic compownds B necesary owing to the mereate in dng rsistance among important pathogens.
mian

Therefore, this study aimed 10 evaluate the capacity of a glecose/ mannese-bind ing lectin from Parkia plaryae-
phala seeds (PPL) 1o inhibit the development of Hasmonchus congrms and to modulate antibiotic activity agains
multhresistamt bacterial straing, thereby confirming its efficacy when wsed in combination with gentamicin. PPL
al the eoncentration of 1.2 mg/mL did not show inhibitory activity on H. contorties in the egp katch tea or the
exsheathment asay. However, it did show significant inhibition of L contorne larval development with an 10
of 0,31 mgmL. The minimiem inhibdtony concentration (MIC) obtained for PPL agains all tested bacterial strains
was not elinically relevamt (MIC = 1024 pg/mL). However, when PPL was combined with gentamicin, a sig-
nificant increaie in antibiotic activity was observed against 5. awreus and E ol muolti-resistant strains. The in-
hibition of hemagglutinating activity by gentamicin (MIC = S0mM) revealed that it may be interacting with the
carbolydrate-binding site of PPL. It i this interaction betwesn the antibiotic and lectin carbaolyydrate-binding
site that may be responsible for the enhanced activity of gentamicin against muli-resistant strains. It can be
concluded that PPL showed selective anthelmintie effect, inhibiting the development of H. contoraws larvae and
that it increaged the effect of the antibiat e gemamicin againgt multiresistant bactedal raing, thus constinting
a potential thempeut ic resounce again resistant bacterial sraing and H. comonis.|

Lectin
Agghatinin
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Artigo referente a dissertacdo, intitulado: “Dioclea violacea lectin modulates the gentamicin

activity against multi-resistant strains and induces nefroprotection during antibiotic

exposure.”
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Gentamicin is an aminoglycoside antibiotic used to treat infections of various origins. In the last few
decades, the constant use of gentamicin has resulted in increased bacterial resistance and nephrotoxicity
in some cases. In this study, we examined the ability of Dioclea violacea lectin (DVL) in modulate the
antimicrobial activity of gentamicin and reduce the nephrotoxicity induced by this drug. The minimum
inhibitory concentration (MIC) obtained for DVL against all strains studied was not clinically relevant
(MIC > 1024 pg/mL). However, when DVL was combined with gentamicin, a significant increase in antibi-
otic action was observed against Staphylococcus aureus and Escherichia coli. DVL also reduced antibiotic

Keywords: . . . ..
A rz inoglycosides tolerance in S. aureus during 10 days of continuous treatment. In addition, DVL presented a nephropro-
Lectin tective effect, reducing sodium excretion, N-Gal expression and urinary protein, that are important mark-

ers of glomerular and tubular injuries. Taken together, studies of inhibition of hemagglutinating activity,
fluorescence spectroscopy and molecular docking revealed that gentamicin can interact with DVL via the
carbohydrate recognition domain (CRD), suggesting that the results obtained in this study may be
directly related to the interaction of DVL-gentamicin and with the ability of the lectin to interact with
glycans present in the cells of the peritoneum.

Nephroprotection

© 2019 Elsevier B.V. All rights reserved.

1. Introduction Among the antibiotics that inhibit bacterial protein synthesis,

aminoglycosides, such as streptomycin, amikacin, kanamycin, gen-

Antibiotics inhibit the synthesis of the bacterial cell wall,
proteins, deoxyribonucleic acid (DNA), and ribonucleic acid (RNA)
[1]. Antibiotics may also penetrate the bacterial cell wall through
binding, using the energy-dependent transport mechanisms in
ribosomal sites, which subsequently lead to the inhibition of
protein synthesis [2].

* Corresponding author at: Centro de Ciéncias Agrarias e Ambientais, Universi-
dade Federal do Maranhdo, Campus Chapadinha S/N, 65500-000 Chapadinha,
Maranhdo, Brazil.

E-mail address: claudener@gmail.com (C.S. Teixeira).
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0141-8130/© 2019 Elsevier B.V. All rights reserved.

tamicin and tobramycin, can be highlighted [3]. Gentamicin is an
aminoglycoside produced by various Micromonospora species,
widely used in treatments of enterococcal, mycobacterial, and sev-
ere Gram-negative bacterial infections [4].

Structurally, gentamicin is a 4,6-disubstituted aminocyclitol
composed of the core aminocyclitol moiety, 2-deoxystreptamine,
which is decorated by purpurosamine and garosamine amino
sugars at positions C-4 and C-6, respectively [3]. In its therapeutic
form, gentamicin comprises a complex of gentamicin C1, Cla, and
C2, which differ only in the degree of methylation of the C-6' posi-
tion of the sugar attached at C-4 of 2-deoxystreptamine [5].
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The principal collateral effect of gentamicin is its nephrotoxic-
ity, which may occur in up to 20% of exposed patients, among
whom those with renal dysfunction or those receiving high doses
or prolonged therapy are at highest risk [6]. Nephrotoxicity from
gentamicin causes nonoliguric renal failure and a drop in glomeru-
lar filtration, generally occurring seven days after treatment. Treat-
ment of nephrotoxicity caused by gentamicin basically consists of
the cessation of drug use, if possible, or replacing it with another
non-nephrotoxic antibiotic, but in some cases, this may increase
the resistance of the bacteria to the antibiotic, causing the patient
clinical prognosis to worsen [7].

Bacteria are acquiring resistance to gentamicin and other
aminoglycosides by various mechanisms. The most common is
the inactivation of aminoglycosides by enzymes called
aminoglycoside-modifying enzymes (AMEs) [8]. In addition, resis-
tance to aminoglycosides may result from mutations in ribosomes
or, more commonly, by modifications performed by a family of
ribosomal methyltransferase enzymes [9]. This scenario suggests
the need to find new molecules able to increase the efficacy of
these drugs.

Lectins are a group of widely distributed and structurally
heterogeneous proteins that contain at least one noncatalytic
domain that selectively recognizes and reversibly binds to specific
free sugars or glycans present on glyconjugates without altering
the structure of the carbohydrate [10]. These proteins are known
to possess some pharmacological propertiers such as antiprolifera-
tive, anti-inflammatory, antimicrobial, immunomodulatory, noci-
ceptive, vasoactive and antidepressant activities [11-14]. New
evidences have also suggested that lectins may potentiate the
activity of some antibiotics [15,16].

Dioclea violacea lectin (DVL) is a protein that recognizes and
binds primarily to Man/Glc saccharides present in cell surface gly-
cans [17]. This lectin exhibits various pharmacological properties,
for example anti-glioma, anti-inflammatory and vasorelaxant
activities [ 18-20]. All these effects are directly related to the ability
of these proteins to interact with carbohydrates via the carbohy-
drate recognition domain (CRD).

The present study examines the effects of DVL as a modulator of
antibiotic activity and its ability to interfere with the development
of adaptive phenotype by the continuous exposure to gentamicin.
The effect of DVL on the decrease of gentamicin-induced nephro-
toxicity was also examined.

2. Material and methods
2.1. Purification of native DVL from Dioclea violacea seeds

D. violacea seeds were collected from plants located at Vargem
Grande, Maranhdo, Brazil. The seeds from D. violacea were ground
to a fine powder in a coffee mill, and the soluble proteins were
extracted at 25 °C by continuous stirring with 50 mL of 0.15 M NaCl
and 5 g of D. violacea powder for 4 h, followed by centrifugation at
10,000g at 4 °C for 20 min. Protein purification was carried out by
the affinity chromatography protocol, as previously described by
Moreira et al. [17], using a Sephadex-G75 column (Sigma, Saint
Louis, USA) (2 x 10 cm). The fraction containing Dioclea violacea
lectin (DVL) was then freeze-dried and purity-tested by SDS-
PAGE [21].

2.2. Hemagglutination and inhibition assays

Hemagglutination assays were carried out as described by Mor-
eira and Perrone [22] using serial dilutions with rabbit erythro-
cytes, either native or treated, with proteolytic enzymes (trypsin
or papain). Results were expressed in hemagglutinating units

(HU), one HU being defined as the smallest amount (mg) of protein
per mL capable of inducing visible agglutination. Lectin
carbohydrate-binding specificity was defined as the smallest sugar
concentration capable of fully inhibiting agglutination. Two-fold
serial dilutions (initial concentration of 100 mM) of D-glucose, D-
galactose, o-methyl-D-mannopyranoside, D-mannose, B-lactose
and gentamicin were prepared in ultrapure water. DVL (4 HU)
was added to each dilution.

2.3. Intrinsic fluorescence spectroscopy

Intrinsic fluorescence spectroscopy measurements for DVL were
performed on a steady-state Varian-Cary Eclipse Fluorescence
Spectrophotometer equipped with a temperature control system.
The aromatic residues of DVL were excited at 289 nm. The fluores-
cence emission spectra (averaged six times) of DVL in the absence
and presence of gentamicin were recorded in a 1 cm path length
quartz cuvette from 300 to 450 nm at 293 K. DVL concentration
was 1 puM in 50 mM Tris-HCl adjusted at pH 7.4 containing
150 mM NacCl. The final concentrations of gentamicin in DVL solu-
tion were 0.0, 0.4, 0.8, 1.2, 1.6, 2.0, 2.4, 2.8, 3.2, 3.6, 4.0, 4.8, 5.6, 6.4,
7.2,7.9, 8.7, and 9.5 pM. To correct the inner filter effect, the fol-

Apgg +Ae

lowing equation was used [23]: Fer = Fops 10~ 2, where F.or and
F,ps are the corrected fluorescence intensity and the observed flu-
orescence intensity at the emission wavelength, respectively. A,gg
and A. are the sum of the absorbance of all components at
289 nm and the emission wavelength, respectively. All the exper-
iments were done in triplicate. The fluorescence data were ana-
lyzed by the well-known Stern-Volmer relationship [23]:
% = 1 + K, [gentamicin], where Fy and F are the fluorescence inten-
sities in the absence and presence of gentamicin, respectively,
|gentamicin] is the gentamicin concentration, and Kj, is the Stern-
Volmer quenching constant. The binding constant (K,) and the
number of binding sites (n) were determined using the following
relationship [23]: log(®eF) = log(K,) + nlog[gentamicin). The Gibbs
free energy change (AG®) was calculated using the Vant Hoff equa-
tion: AG® = —RTIn(K}), where T is the absolute temperature, and
R = 8.314 J/mol-K.

2.4. Microbial assays

2.4.1. Drugs and reagents

All reagents used in this study were of the highest purity analyt-
ical grade. Both DVL and gentamicin (Sigma, Saint Louis, USA) were
dissolved at a final concentration of 1024 pg/mL in ultrapure
water.

2.4.2. Bacterial strains
Multi-resistant Staphylococcus aureus 10, Escherichia coli 06 and
Pseudomonas aeruginosa 15 strains were used in the assays.

Table 1
Bacterial source and antibiotic resistance profile.

Strains Source Resistance profile*
E. coli 06 Urine culture Cf, Cef, Ca, Cro.
S. aureus 10 Rectal Swab Ca, Cef, Cf, Oxa, Pen, Amp, Amox, Mox,

Cip, Lev, Asb, Amg, Cla, Azi, Clin.

P. aeruginosa 15 Catheter tip Cpm, Ctz, Imi, Cip, Ptz, Lev, Mer

Amp - Ampicillin; Asb - Ampicillin + Sulbactam; Amox - Amoxicillin; Amc -
Amoxicillin + Ac. clavulanic; Azi - Azithromycin; Ca - Cefadroxil; Cf - Cephalotin;
Cef - Cephalexin; Cla - Clarithromycin; Cro - Ceftriaxone; Cip - Ciprofloxacin; Clin
- Clindamycin; Imi - imipenem; Lev - levofloxacin; Mer - Meropenem; Mox -
Moxifloxacin; Oxa - oxacillin, Pen -Penicillin; Ptz - Piperacilina + Tazobactam.
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The Microbiology and Molecular Biology Laboratory of the
Regional University of Cariri (URCA) provided the strains with
resistance profiles identified in Table 1. These were maintained
in blood agar base (Difco Laboratories, Detroit, MI) and cultured
at 37 °C for 24 h in Heart Infusion Agar (HIA, Difco Laboratories).

2.4.3. Preparation and standardization of the inoculum

After cultivation and growth of the microorganisms for the
required period, the inoculum was prepared according to CLSI
[24]. The bacteria were placed in test tubes containing 5 mL of ster-
ile saline (0.9% NaCl). The suspension was then shaken by vortex,
and its turbidity was compared and adjusted based on the McFar-
land scale, which corresponds to 10° CFU/mL.

2.4.4. Minimum inhibitory concentration test

For Minimum Inhibitory Concentration (MIC) assays, 100 pL of
the inoculum were diluted in 10% BHI (Brain Heart Infusion) to give
a concentration of 10° CFU/mL. A volume of 100 uL of BHI and
inoculum was added to each well of a 96-well plate, followed by
100 pL of serial dilutions of DVL, varying in concentrations from
1024 pg/mL to 1.0 uL/mL. The plates were submitted to incubation
for 24 h at 37 °C. To determine the bacterial MIC, 20 pL of resazurin
were added to each well, and after 1 h, the color change of the
wells from blue to red signaled microbial growth, whereas perma-
nent blue indicated the absence of growth in accordance with CLSI
[24].

2.4.5. Antibiotic and modulatory activities

The antibiotic and modulatory activities of DVL were evaluated
according to Coutinho et al. [25]. The tests were performed in trip-
licate. A volume of 100 pL of inoculum was diluted in 10% BHI
(brain heart infusion) to give a concentration of 10° CFU/mL of each
multi-resistant strain and DVL with volume corresponding to a
sub-inhibitory concentration (MIC/8 = 128 pg/mL). Controls were
prepared with only 1350 pL of BHI (10%) and 150 pL of bacterial
suspension. The microdilution was performed with 100 pL of each
antibiotic up to the penultimate well, and the final volumes were
discarded. The plates were then incubated at 37 °C for 24 h and
read through the addition of resazurin.

2.4.6. Influence of DVL on the development of adaptive phenotype
towards gentamicin

The evaluation of phenotype adaptation towards gentamicin
was performed through successive cultures of S. aureus in the pres-
ence of subinhibitory concentration (sub-MIC; MIC/2) of gentam-
icin and DVL (1024 pg/mL). First, one overnight suspension of S.
aureus was diluted (1:50) in MH broth containing the tested com-
pounds. After 48 h, the MIC for gentamicin was determined. Fol-
lowing that, the bacteria were grown in MH broth containing the
tested compounds for 24 h, and the MIC was determined. This pro-
cedure was repeated for 10 days. The drug concentration (MIC/2)
for each new passage was based on the MIC calculated for the pre-
vious passage.

2.5. Nephrotoxicity evaluation assays

2.5.1. Animals

The experimental protocol was approved by the Ethics Commit-
tee of the Universidade Federal de S3o Paulo and was performed in
accordance with the Brazilian guidelines for scientific animal care
and use (CEUA-UNIFESP - 52373004-19).

Twenty Wistar male rats aged 6 weeks and weighing 190-210 g
were maintained in metabolic cages. The cages were kept at a
temperature- (21 + 2 °C) and humidity-controlled (60 + 10%) room
with a 12 h-dark/light (artificial lights, 7 a.m.-7 p.m.) cycle and air

exhaust (15 min/h). Water and chow diet were supplied ad libitum
during 15 days.

Rats were divided into 4 groups: control group (CTL); Dioclea
violacea-treated group (DVL, 100 ug/kg, intraperitoneal injections,
during 15 days), Gentamicin-treated group (40 mg/kg weight,
intraperitoneal injections during 15 days, Schering-Plough Corpo-
ration, New Jersey, USA) and DVL + Gentamicin group, i.e., animals
that received gentamicin and were concomitantly treated with
DVL during 15 days.

Fifteen days after the beginning of the experimental protocol,
all animals were weighed, blood samples were collected from the
lateral tail vein, and rats were maintained in metabolic cages for
24 h for urine collection and quantification of urine volume. The
animals were euthanized 15 days after the beginning of the exper-
imental protocol with a toxic IP dose of ketamine (90 mg/kg)/xyla-
zine (10 mg/kg), (Agribrands Do Brasil Ltda em Paulinia/SP). The
right and left kidneys were then removed for immunohistochemi-
cal analysis. Biochemical parameters were measured in plasma and
urine samples.

2.5.2. Biochemical analysis

Blood and urine creatinine levels were assayed spectrophoto-
metrically according to standard procedures using commercially
available diagnostic kits (Labtest Diagnostica, Minas Gerais, Brazil)
based on Jaffé reaction [26]. Creatinine clearance (mL/min) was
calculated according to the following formula: (urine creatinine
concentration X urine volume)/(serum creatinine
concentration x 1440). Urea was assayed using a colorimetric
assay based on urease activity (Labtest Diagnostica, Minas Gerais,
Brazil) [27]. Urine sodium concentration was determined with a
Micronal B462 flame photometer (Micronal, Sdo Paulo, Brazil).
Sodium excretion is reported as percentage of mEq/24 h. Urinary
protein was analyzed using a colorimetric method based on pyro-
gallol red-molybdate [28]. Results are expressed as the mg/24 h.

2.5.3. Oxidative stress studies

Lipid peroxidation was measured by quantifying TBARS (thio-
barbituric acid reactive substances assay). Reactive substances
combine with thiobarbituric acid forming a red compound. Malon-
dialdehyde was used as a standard curve, and the results are
expressed as mM of MDA/mg protein. Urine samples were added
to a solution of 0.375% thiobarbituric acid, 15% trichloroacetic acid
and 0.25 NHCI (Sigma, Saint Louis, USA); after that, samples were
continually agitated while being heated to 95 °C for 20 min and
then allowed to cool to room temperature. Absorbance was spec-
trophotometrically determined at 535 nm. Protein level in urine
samples was assessed as previously described. The results were
expressed as 10-6 M/mg creatinine.

Urinary peroxides were determined by the ferrous oxidation of
xylenol orange version 2 (FOX-2) method [29]. Ferrous iron is oxi-
dized to ferric iron by peroxides contained in the samples. Xylenol
orange reagent shows high selectivity for the Fe>* jon, producing a
purplish-blue complex, the absorbance of which can be measured
at 560 nm (A = 4.3 x 104 M/cm). The following reagent was pre-
pared: 90 mL methanol; 10 mL double distilled water; 100 pM
xylenol orange; 4 mM butylated hydroxytoluene (BHT); 25 mM
sulfuric acid, and 250 uM ferrous ammonium sulfate. The urine
sample was mixed with FOX-2 reagent (1:9), vortexed and incu-
bated for 30 min at room temperature. Solutions were then cen-
trifuged at 15,000 g for 10 min at 4 °C for the removal of protein
residues. The absorbance at 560 nm was read against a blank.
Results are expressed as nmol/mg urinary creatinine.

2.5.4. Immunohistochemistry
Paraffin-embedded tissues were cut into 4-pm thick sections on
a rotary microtome (Leica Microsystems, Herlev, Denmark). Kidney
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slices were then deparaffinized and rehydrated. Kidney sections
were stained for hematoxylin eosin and images were obtained in
an Olympus BX60 microscope, 20X objective. A pathologist who
had no prior knowledge of the experimental groups analyzed the
images and evaluated the presence of inflammatory infiltrate,
tubular dilation.

For immunostaining, kidney slices were boiled in a target retrie-
val solution (1 mmol/l Tris, pH 9.0, with 0.5 mM EGTA) during
10 min for antigen exposure. Nonspecific binding was prevented
by incubating the sections in PBS containing 1% BSA, 0.05% saponin,
and 0.2% gelatin. Endogenous peroxidase activity was blocked with
5% H,0, in absolute methanol for 10 min at room temperature. The
sections were incubated with primary antibodies to neutrophil
gelatinase-associated lipocalin (NGAL), diluted to 1:100, and left
to stand overnight at 4 °C. After washing, the sections were incu-
bated with horseradish peroxidase-labeled polymer conjugated
to secondary antibody (Dako, Denmark) for 1 h at room tempera-
ture. The sites of antibody-antigen reactions were visualized with
0.5% 3,3’-diaminobenzidine tetrachloride (DAKO, Denmark) dis-
solved in distilled water with 0.1% H,0,. Thirty photomicrographs
per group along the kidney cortex were taken, and the light brown
staining was quantified (LAS software, version 3.8) and averaged
for each rat. The data are reported as percentage of stained area.

2.6. Statistical analysis

Data analysis was performed using the statistical program
GraphPad Prism 5.0 (GraphPad Inc., San Diego, CA, USA). The data
were analyzed with two-way ANOVA, using the geometric mean of
the triplicates and the standard deviation of the mean as the cen-
tral data. Subsequently, a Bonferroni post hoc test was performed
where p < 0.05 and p < 0.0001 were considered significant. For kid-
ney analyses, Shapiro-Wilk normality test was applied. Normally
distributed data were evaluated the two-way ANOVA and Tukey
post-hoc test, while data with another distribution were analyzed
by the Kruskal-Wallis and Dunn test.

Table 2
Purification of DVL (from 10 g of seed flour).

2.7. Molecular docking

The crystal structure of lectin from Dioclea violacea (DVL) mono-
mer (PDB code 3AX4) [20] was used for all molecular docking sim-
ulations. The gentamicin coordinates were obtained from Crystal
Structure of ANT(2”)-Ia (PDB code 5CFT) [30]. Molecular docking
analysis was performed with Molegro, using the MolDock method
[31]. MolDock is based on a search algorithm that combines differ-
ential evolution with a cavity prediction algorithm. The program
takes hydrogen bond directionality into account as an additional
term in the scoring function. The MolDock Score (MDS) was calcu-
lated using the scoring function. Grid resolution was 0.30 A with a
radius of 15 A. MolDock Optimizer with default settings was used
as the search algorithm. The number of runs was 10, and the max-
imum number of interactions was 2,000. Population size and max-
imum number of poses were 200 and 10, respectively. MDS was
calculated as MDS = Ejnter * Eintra, Where Ejneer iS the ligand-protein
interaction energy [31].

Polar interactions were analyzed with the CCP4 software CON-
TACT [32], adopting cutoff distances of 3.2 A. All figures and super-
position were performed with the PyMOL program [33].

3. Results and discussion
3.1. Lectin purification and DVL-gentamicin interaction assays

The purification of DVL was achieved by affinity chromatogra-
phy on sephadex-G75 column (Table 2) as previously described
by Moreira et al. [17]. The chromatogram profile showed two
peaks, the first (PI) corresponding to unbound protein fraction
and the second (PII) corresponding to the retained protein fraction
(Fig. 1A). In gel electrophoresis under denaturing conditions (SDS-
PAGE), PII showed three bands (Fig. 1B) corresponding to o--chain
(25.5 kDa), B-chain (14 kDa), and y-chain (12 kDa) of DVL.

The inhibition of hemagglutinating activity showed that DVL
has an affinity for gentamicin, glucose and mannose with mini-
mum inhibitory concentrations of 12.5, 25 and 12.5 mM, respec-

Steps Protein (mg mL™!)* Haemagglutinating activity (U.H mL~!)" Specific activity (U.H mg~'P) Purification fold (x)
Crude extract 245 2,048 835.9 1
Sephadex-G75 0.08 512 6400 7.65
¢ Protein concentration.
b Haemagglutinating activity expressed in haemagglutinating units.
A B
— 3,5 o o ggtga MW DvL
a
g 3 55kDa '
o 45 EDa .
36kDa i
@ 2,5 29kDa & . a-chain
o 2 Glucose 0.2 M 24 kDa .
o .
g L5 20kDa - B-chain
0 .
E 1 14.2kDa . yehiain
8 05 N |
< R o |
0 RSN SON PR Ty |

1 9 17 25 33 41 49 57 65 73 81 89 97 105

Fractions

Fig. 1. DVL purification. (A) Elution profile of DVL in Sephadex G-75 chromatography. (B) SDS-PAGE profile, (MW) Molecular mass markers: phosphorylase B, 97 kDa; bovine
serum albumin, 66 kDa; glutamic dehydrogenase, 55 kDa; ovalbumin, 45 kDa; glyceraldehyde-3-phosphate dehydrogenase, 36 kDa; carbonic anhydrase, 29 kDa; trypsinogen,
24 KkDa; trypsin inhibitor, 20 kDa and o-lactalbumin 14.2 kDa. (DVL) a-chain, B-chain, and y-chain of DVL.
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Table 3 tively, while no significant affinity was observed for the other car-

lnhibitgry effect of monosaccharides and gentamicin bohydrates tested (Table 3). Hemagglutination assay is a simple

on DVL's hemagglutinating activity. method to obtain semi-quantitative data on the sugar binding
Substances MIC (mM)* and specificity of a lectin [34]. Lectin-gentamicin interaction was
Gentamicin 125 first described by Santos et al. [35], who demonstrated the inhibi-
D-Mannose 12,5 tion of hemagglutinating activity of Vatairea macrocarpa (VML) lec-
oa-Methyl-D-mannopyranoside  6.25 tin in the presence of gentamicin with MIC of 50 mM. Although
g:gzggtsjse rz;l?b both lectins had affinity for gentamicin, DVL was observed to have
p-Lactose NI a higher affinity for the antibiotic relative to VML.

PryRa— —— - To confirm the interaction results observed in the inhibition

, MIC, minimum inhibitory concentration. assay (Table 3), the interaction between gentamicin and DVL was
NI, substance not inhibitory until a concentra- . . .. . .

tion of 100 mM. also analyzed using intrinsic fluorescence spectroscopy with exci-
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Fig. 2. Intrinsic fluorescence spectroscopy of DVL in the absence and presence of gentamicin. (A) The concentrations of gentamicin were 0.0, 0.4, 0.8, 1.2, 1.6, 2.0, 2.4, 2.8, 3.2,
3.6,4.0,4.8,5.6,6.4,7.2,7.9,8.7,and 9.5 uM. Inset: absorbance spectra for DVL and gentamicin. (B) Stern-Volmer plot. (C) Double logarithmic plot of log[(F, — F)] versus log
[gentamicin] derived from the fluorescence quenching of DVL (1 uM) induced by gentamicin.
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Table 4
Minimum inhibitory concentration values - MIC for pg/mL.

Substance Bacterial strains
E. coli 06 P. aeruginosa 15 S. aureus 10
DVL >1024 >1024 >1024

tation at 289 nm. The absorbance of gentamicin was virtually zero,
even at the highest concentration measured (inset of Fig. 2A), and
the fluorescence emission intensity was negligible (Fig. 2A). The
emission spectrum of DVL at 293 K and pH 7.4 was characterized
by a maximum intensity at 336 nm, which is typical of aromatic
residues partially exposed to buffer environment (Fig. 2A). The flu-
orescence emission spectra of DVL with the addition of gentamicin
were measured. The results revealed a gradual decrease in fluores-
cence intensity of DVL caused by quenching in the presence of
increasing concentrations of gentamicin (Fig. 2A). The fluorescence
data were then analyzed by the well-known Stern-Volmer rela-
tionship [23]. The Stern-Volmer plot (Fig. 2B) showed a good linear
relationship (? of 0.986), indicating the predominance of a single
quenching mechanism induced by gentamicin with K, = 1 x 10%-
M. In order to obtain information about the binding of gentam-
icin with DVL, the binding constant (K,) and the number of
binding sites (n) were determined under the assumption that
DVL has independent binding sites [23].

According to the plot (Fig. 2C), n and K}, are estimated to be
0.95 + 0.03 and 0.55 * 0.04 x 10* M~!, respectively. The results
revealed that n was approximately equal to 1, suggesting one bind-
ing site for gentamicin for each DVL monomer, which corresponds
to the number of CRDs per monomer in DVL [20], corroborating the
results obtained in the inhibition of hemagglutinating activity
above and as also further suggested by molecular docking results
described below. Furthermore, the value determined for K;, was
similar to the value reported for the interaction between DVL
and methyl o-D-mannopyranoside (MeoMan) with K, of
1.27 x 10* M~! [36]. Furthermore, the calculated Gibbs free energy
change (AG®) was —21.0 kj/mol. The negative value (AG® < 0) indi-
cates that the binding interaction of gentamicin with DVL is spon-
taneous, and it is very likely that van der Waals interaction and
hydrogen bonds play major roles in this interaction.

on

.

inhibitory concentrat
(ng/mL)

inimum

M

3.2. Modulation of antibacterial activity and antibiotic activity by DVL

Antibacterial activity of DVL was performed against multi-
resistant S. aureus, E. coli and P. aeruginosa strains and evaluated
by MIC. DVL did not show antimicrobial activity against the tested
bacteria (MIC > 1024 pg/mL) (Table 4). These values are not con-
sidered clinically relevant for their direct antibacterial effect. MIC
values greater than 1000 pg/mL are considered to lack direct
antibacterial activity for clinical practice [37].

Although DVL does not inhibit bacterial growth, we evaluated
whether the interaction between DVL and gentamicin could mod-
ify the effect of the antibiotic against multi-resistant strains
(Fig. 3). Our results showed that DVL could enhance the activity
of gentamicin against S. aureus, decreasing the MIC from 50.8 to
10.1 pg/mL (Fig. 3A). Proportionally, this value corresponds to an
80.1% reduction in the amount of gentamicin needed to have the
same effect on the strain under study. In the presence of DVL,
the activity of gentamicin decreased the MIC from 32 to 12.7 pg/
mL for E. coli (Fig. 3B). This value corresponds to a 60.3% reduction
in the amount of gentamicin needed to have the same effect in
E. coli. On the other hand, DVL showed no significant effect on
the modulation of gentamicin activity against the P. aeruginosa
strain (Fig. 3C).

Some studies have shown that lectins can interact with glycans
present in Gram-positive and Gram-negative bacteria [38], and by
mechanisms not yet elucidated, they can alter the structure of bac-
terial membranes [39]. Although DVL did not inhibit microbial
growth, its association with gentamicin enhanced antibiotic activ-
ity against multi-resistant strains of S. aureus and E. coli. Thus, we
may suppose that DVL can enhance the antibiotic activity of gen-
tamicin by the mechanism of interacting with gentamicin in the
CRD, delivering the drug to target cells through membrane carbo-
hydrate recognition, which leads the gentamicin release, and
thereby facilitating the entry of the antibiotic into the bacterial
cytoplasm. However, further detailed studies are needed to prove
this mechanism of action.

The long-term exposure of a bacterial population to antibiotic
treatment is associated with development of phenotypes that
enable their survival under drug-induced stress [40]. This phe-
nomenon results in the emergence of drug resistance owing to

EE Gentamicin
B Gentamicin + DVL

Fig. 3. Modulation of the antibiotic activity of gentamicin complexed with DVL. (A) Modulation of the antibiotic activity against S. aureus 10. (B) Modulation of the antibiotic
activity against E. coli 06. (C) Modulation of the antibiotic activity against P. aeruginosa 15. Quadruple asterisks indicate statistically significant difference with p <0.0001; ns,

not statistically significant value with p > 0.05.
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Fig. 5. Analysis of physiological parameters. Graphical representation of weight (A) and polyuria (B) in the CTL - control group, DVL - Dioclea violacea lectin group (100 pg/
kg), gentamicin group (40 mg/kg) and gentamicin + DVL group for 15 days. The significance level for the null hypothesis was set at 5% (P < 0.05). (*) all groups compared to the
CTL group; (**) DVL and gentamicin + DVL groups compared to the gentamicin group. N = 5 per group.

mutations in different genes [41]. In this sense, we examined
whether DVL could inhibit the acquisition of adaptive phenotype
by S. aureus during continuous exposure to gentamicin. In this
assay, bacteria were treated with Sub-MIC concentration of
gentamicin in the presence or absence of DVL. The initial MIC for
gentamicin was 4 pg/mL.

Unsurprisingly, S. aureus rapidly and gradually increased the
MIC to this drug, and after four days of exposure, the MIC
increased 16-fold. At the end of the assay, gentamicin-treated
bacteria showed a MIC value of 512 pg/mL for this drug (MIC
increased 128-fold) (Fig. 4). This effect was radically changed
by coincubation of S. aureus with DVL and gentamicin. In this
group, the MIC value increased only after two days of exposure,
and at the end of the experimental period (ten days), bacteria
showed a MIC of 16 ug/mL (4-fold increase). These results sug-
gest that co-administration of DVL with gentamicin may be a
valuable strategy in combating the development of new resistant
strains. This also leads to the same hypothesis that the mecha-
nism of action is related to the interaction with DVL, which
improve the drug effect and reduce the ability of S. aureus to
acquire drug tolerance.

3.3. Nephrotoxicity evaluation

Nephrotoxicity is one important side effect of gentamicin, what
limits its use in clinical practice. It is well known that gentamicin
can induce acute renal failure, which calls for alternative therapies
to prevent gentamicin nephrotoxicity, as indicated in the present
work.

Exposure to gentamicin, DVL and gentamicin + DVL did not
change the mean body weight of the animals when compared to
the control group (Fig. 5A). Nevertheless, we observed an increase
in polyuria only in the gentamicin group, when compared to the
other groups (Fig. 5B). It is interesting to note that DVL treatment
blunted polyuria induced by gentamicin.

In evaluating renal function, we observed creatinine clearance
and plasmatic creatinine. As expected, creatinine clearance
decreased and plasmatic creatinine increased in the gentamicin
group when compared to the CTL and DVL groups (Fig. 6A). DVL
treatment did not change the decrease in creatinine clearance
(Fig. 6A) nor the increase in plasma creatinine (Fig. 6B), suggesting
that in our experimental conditions DVL was not effective in pre-
vent gentamicin effect on kidney function. Plasma urea was not
statistically different among the groups analyzed in the present
study (Fig. 6C). Urea is a poor marker of glomerular filtration,
because plasmatic urea depends on diet and urea cycle enzymes,
so it may variate despite glomerular filtration rate, lacking speci-
ficity [42]. Nevertheless, gentamicin group presented a significant
increase in urinary protein when compared to the CTL and DVL
groups (Fig. 7A), while in the gentamicin + DVL, this increase was
blunted.

Renal tubular function was evaluated by means of sodium
excretion (Fig. 7B) and NGal production (Fig. 9B). Sodium excretion
and NGal expression increased only in the gentamicin group, when
compared to the CTL groups. Gentamicin + DVL group showed a
significant decrease of sodium excretion when compared to the
gentamicin group, suggesting improvement in kidney tubule
function.
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Fig. 7. Evaluation of renal function. Graphical representation of urinary protein (A), and urinary sodium (B) in the CTL - control group, DVL - Dioclea violacea lectin group
(100 pg/kg), gentamicin group (40 mg/kg) and gentamicin + DVL group for 15 days. The significance level for the null hypothesis was set at 5% (P < 0.05). (*) all groups
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Since the oxidant effect of gentamicin is well documented in
kidney [43], we analyzed lipid peroxidation (TBARS) and hydroper-
oxide (FOX-2) levels in urine. The gentamicin group presented an
increase in both lipid peroxidation and hydroperoxides compared
to these processes in the control group. In the gentamicin + DVL
group, TBARS and FOX-2 levels were reduced when compared to
the gentamicin group alone (Fig. 8). Without gentamicin-induced
renal injury, DVL alone had no effect on kidney TBARS and FOX-2
levels.

Fig. 9A demonstrates the hematoxylin eosin staining and
immunohistochemistry for N-Gal in the kidney cortex. Images
show in CTL and DVL groups a preserved morphology and intact
tubules (* asterisk), while the GM group has dilated tubules (star),
many areas of inflammation (arrows) and epithelial cell loss. How-
ever, in the GM + DVL group there was a reduction in tubular dila-
tion (star) and inflamed surface (arrows).

Tubular N-Gal marking increased in the gentamicin group com-
pared to the CTL group. Corroborating previous results in this
study, DVL treatment blunted gentamicin effect in NGal. Interest-
ingly, DVL induced a small, but significant, increase in NGal mark-
ing (Fig. 9B).

Gentamicin-induced nephrotoxicity is a well-documented
event in which reabsorption occurs mainly in the proximal tubule.
Studies showed that gentamicin acts on mitochondria and induces
oxidative stress and apoptosis. Other studies also showed that gen-
tamicin causes glomerular congestion, renal free radical genera-
tion, reduced antioxidant defense mechanisms, and acute tubular
necrosis [44-47].

Our experimental model of gentamicin-induced nephrotoxicity
was characterized by a decrease of creatinine clearance and an
increase in plasma creatinine, urinary protein, sodium excretion
and N-Gal, which are important markers of glomerular and tubular
injury, respectively [48]. Treatment with DVL in gentamicin-
exposed rats reduced tubular injury by normalizing the sodium
excretion and NGal, but not kidney function parameters.

We may speculate that DVL can partially protect the kidney
from gentamicin nephrotoxicity through antioxidant, anti-
inflammatory and maybe others effects, as previously reported in
ischemia/reperfusion model of acute kidney injury [49]. However,
it is reasonable to suggest that higher concentration of DVL could
be more effective to prevent gentamicin toxicity and improve kid-
ney function.
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Fig. 9. Analysis of kidney injury. Light microscopy of hematoxylin-eosin stained (A), immunostained kidney sections (B) and quantitative analyses of stained kidney sections
(C) for Neutrophil gelatinase-associated lipocalin (NGAL) in animals in the CTL - control group, DVL - Dioclea violacea lectin group (100 ug/kg), gentamicin group (40 mg/kg)
and gentamicin + DVL group for 15 days. The significance level for the null hypothesis was set at 5% (P < 0.05). (*) all groups compared to the CTL group; (+) DVL and
gentamicin + DVL groups compared to the gentamicin group. N = 5 per group. Asterisks represent preserved morphology and intact tubules, stars represent dilated tubules

and arrows indicate areas of inflammation and epithelial cell loss. Scale bar, 100 pm.

Treatment with gentamicin produces oxidative stress in cells
of the tubules, both in vivo and in culture [50]. In the cyto-
plasm, gentamicin acts on mitochondria, both directly and indi-
rectly, and activates the intrinsic apoptosis pathway, breaking
the respiratory chain, decreasing ATP synthesis and leading to
oxidative stress which results in cell death [51]. In the present
work, gentamicin group showed an increase in renal lipidic per-
oxidation and urinary peroxides. Oxidative stress caused by ROS
can damage both macromolecules, including DNA, proteins, and
lipids, and mitochondrial structure [52]. DVL played an impor-
tant role in reducing oxidative stress, thus minimizing nephro-
toxicity by gentamicin. It is likely that oxidative stress and
related oxidative cellular damage induced by aminoglycosides
underlie many of the adverse side effects associated with these
antibiotics [53,54].

Table 5
Energy values calculated during molecular docking between the DVL and gentamicin.

Type of energies Energy values (kcal-mol~!)

MolDock Score -118.23
Intermolecular -117.03
Hydrogen bonding -12.10
Intramolecular —28.62

Interaction energies of residues” Energy values (kcal-mol~!)

Tyr12 —23.60
Asn14 -14.71
Leu99 —6.81
Tyr100 —-4.73
Asp208 —6.55
Arg228 -15.43

“ All residues make up the carbohydrate recognition domain of DVL.
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Fig. 10. Molecular docking of DVL with gentamicin. (A) Representation of the monomeric structure of DVL complexed with gentamicin at the CRD. (B) Gentamicin interacting
with DVL trough H-bond interactions in CRD. (C) Ligplot representation of H-bonds and hydrophobic interactions between gentamicin and residues of the DVL. (D)
Electrostatic surface view of the docking of gentamicin in DVL structure.

Table 6

3.4. Structural analysis . . .
The van der Waals interaction and polar contacts between DVL and gentamicin.

To investigate the molecular details of the intermolecular inter- Amino acids Gentamicin Distances (A)
actions between DVL and gentamicin, molecular docking studies Polar contacts

were performed. The results of the energy calculations are shown Tyr12 OH N3 31
in Table 5. Gentamicin anchored at the CRD of DVL (Fig. 10) with Tyr12 OH 06 32
) . - . Tyr12 OH 07 32
energy values of —118.23 kcal-mol™’, revealing the interaction Proi3 0 N5 29
between gentamicin and amino acids Tyr12, Prol3, Asnl4, Asnl4 ND2 05 26
Asp16, Gly98, Leu99, Asp208, Gly226, Gly227 and Arg228 through Asp16 OD2 N4 3.1
hydrogen bonds and van der Waals interactions (Table 6). Our Asp208 OD2 01 3.2
results also show that gentamicin exhibits favorable interaction Cly226 0 02 27
. . . . . Arg228 N 02 29

energy with all amino acid residues that make up the lectin’s ) )
CRD. These interactions are mostly maintained by hydrogen bonds %’r'léegv adals interactions 05 -
and van der Waals interactions, corroborating the fluorescence Tyr12 OH c11 32
spectroscopy results. Tyr12 OH C12 25
Molecular docking is an excellent tool and has been used for Tyr12 OH c18 35
various purposes, in particular understanding the mechanism E"’gg 8? gi
underlying the development of resistance against microorganisms Grlggs CA o1 34
and obtaining detailed information about the active site of the Gly98 CA N1 33
enzyme [55]. Studies of molecular docking with different lectins Leu99 CB N2 3.1
have shown that these lectins can interact with heparan sulfates, Leu99 CD2 N2 3.5
complex carbohydrates and secondary metabolites [56-58]. The giyggg EA 83 g?
molecular docking findings, combined with the results of fluores- 615227 CA 02 33
cence spectroscopy and inhibition of hemagglutinating activity, Arg228 CB 03 35
suggest that DVL can serve as a carrier molecule of gentamicin Arg228 CG 02 34
for microorganisms, or even be used in studies with probes for Arg228 CG 03 30
Arg228 NE c6 3.3

the detection of gentamicin in different biological samples.
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4. Conclusion

DVL modulates antibiotic activity by a mechanism related to
the high affinity interaction with the drug, and could impair the
evolution of adaptive phenotype, as mediated by uninterrupted
exposure to gentamicin. The improvement of the drug effect
reduces the resistance capacity of tested bacterial strains. DVL also
protects the kidneys from toxicity induced by gentamicin. Our
studies further suggest that the interaction of DVL with carbohy-
drates present in kidney cells as well as its interaction with gen-
tamicin may be directly related to these effects.
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